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established as a research unit, under the title "Centre of Economic 
Research ", in 1959. Its primary aims were the scientific study of the 
problems of the Greek economy, encouragement of economic re
search and cooperation with other scientific institutions. 

In 1964, the Centre acquired its present name and organiza
tional structure, with the following additional objectives: (a) the 
preparation of short, medium and long-term development plans, in
cluding plans for regional and territorial development and also pub
lic investment plans, in accordance with guidelines laid down by the 
Government; (b) the analysis of current developments in the Greek 
economy along with appropriate short-term and medium-term fore
casts; also, the formulation of proposals for appropriate stabiliza
tion and development measures; (c) the further education of young 
economists, particularly in the fields of planning and economic de
velopment. 

The Centre has been and is very active in all of the above 
fields, and carries out systematic basic research in the problems of 
the Greek economy, formulates draft development plans, analyses 
and forecasts short-term and medium-term developments, grants 
scholarships for post-graduate studies in economics and planning 
and organizes lectures and seminars. 

Within the framework of these activities, the Centre also pub
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PREFACE 

The system of personal income taxation is usually designed to 
achieve a number of different and often conflicting objectives. As a 
result, income tax policy is often controversial and attracts a great 
deal of attention. 

In modern economies, debates about the properties of alterna
tive tax systems or reforms focus on the degree and structure of tax 
progression and on the associated policy implications of tax changes 
under consideration. In particular, three types of effects are of in
terest: the budgetary, the redistributional and the incentive effects of 
taxation. 

The present study attempts to address all three of the above 
issues in a framework which enables the assessment of such effects 
by actually simulating the Greek personal income tax system into 
the model and investigating the implications of alternative tax policy 
options. The goal is to trace the interrelations between the alloca
tive, redistributive and budgetary implications of taxation, keeping 
restrictive assumptions to a minimum. Thus, the trade-off problem 
between the objectives of income redistribution and economic effi
ciency comes out quite clearly, showing the costs of obtaining one 
objective in terms of the other. By introducing into the analysis 
controllable tax parameters it is hoped that models so constructed 
can serve as policy instruments and provide interesting empirical 
findings for policy appraisal and formulation. 

Professor MARIA J. CONSIANTOPOULOU 
Scientific Director 

Centre of Planning 
and Economic Research 

December 1989 
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ABSTRACT 

The present study investigates the characteristics of a graduated 
personal income tax system in relation to the revenue responsiveness 
of the tax, its effectiveness as a redistributive device and its alloca
tive effects on labour supply through altering the individuals' utility-
maximizing decisions. 

The revenue characteristics are examined by means of a time 
series model which incorporates the main determinants of the tax 
yield while, at the same time, it is flexible enough to study the var
ious parts of the system separately. The methodology combines a 
simulation method for adjusting the tax series for discretionary 
changes in the tax laws with a time-series regression analysis, mak
ing the model useful for both policy and forecasting purposes. 

Then, the distributional aspects of raising revenue comes into 
focus. First, it is explicitly recognized that the notion of the "redis-
tributiveness" of the tax presupposes the adoption of value judge
ments as to the particular way in which income shares at different 
parts of the distribution are weighted. A set of alternative inequality 
indices are employed. These indices belong to a particular family of 
inequality measures which is shown to possess some useful proper
ties for analysing the redistributional effectiveness of the tax. Thus, 
the policy-maker is allowed to choose the particular set of estimates 
which accords more with his own value judgements on income "in
equality". 

In the last part of the study the assumption of exogenous pre
tax incomes is relaxed and the feedback effects of taxation on la
bour supply and the original distribution of incomes are taken into 
consideration. In studying the individual labour supply decisions, 
the piecewise-linear nature of the budget constraint as well as the 
non-convexities of the budget set are explicitly taken into account. 
Then, the labour supply model is used to investigate the effects of 
the tax on the number of hours worked and the distribution of pre
tax incomes for a number of alternative tax regimes and conclusions 
for policy formulation are drawn together. 
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INTRODUCTION 

In most countries, the taxation of personal income has a pro
gressive structure usually composed of a number of deductible allo
wances beyond which incomes are taxed with a graduated rate 
schedule. Such a structure has important implications for the re
venue responsiveness, redistributional effects, and incentive effects of 
the tax. More specifically, a progressive income tax system: 

i. causes tax revenue to rise faster than money incomes, thus con
tributing to economic stabilization and fiscal discipline, 

ii. has an equalizing impact on the after-tax distribution of income 
since the average tax rate rises as it moves up the income scale, 
and 

iii. brings about distorting and undesirable effects on economic effi
ciency and incentives. 
Fiscal discipline and built-in stabilization through the respon

siveness of tax to income growth is of particular importance for the 
day-to-day government economic policy. Nevertheless, due to voters' 
awareness on the one hand and to a highly competitive economic 
environment on the other, the merits of alternative policy options in 
modern economies are mainly assessed in terms of a trade-off be
tween distributional and allocative criteria. Therefore, investigating 
the income responsiveness, the redistributive impact and the incen
tive effects of income taxation is interesting to the economist and 
particularly useful to the policy-maker. 

The present study is constructed around an examination of 
these issues with particular reference to the Greek case. 

The determinants of the income tax yield are investigated in 
terms of a personal income tax model based on time series observa
tions. Such a model may be useful for budgetary and medium-term 
forecasting, for analysing past fiscal policy and for examining the 
built-in stabilizing properties of the tax; it may also be used as an 
essential ingredient of an overall econometric model of the econo
my. The main features of the proposed approach are the following. 
First, it goes some way toward overcoming the problems encoun-
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tered in time series studies due to frequent changes in the tax laws 
that have usually occurred during the data period. This is done by 
actually simulating a substantial part of the tax system being stu
died by introducing explicitly into the analysis pure tax parameters 
provided by the tax law, using published data. Secondly, the regres
sion model, apart from income, makes an attempt also to include 
into the analysis other tax determinants that have often been over
looked, such as changes in the pattern of income distribution, de
mographic magnitudes and evasion. Furthermore, the aggregate tax 
equation is broken down into a number of intermediate relation
ships which make it possible to study the different parts of the tax 
system separately. 

Decision-makers are well aware of the existence of redistribu-
tive effects and often need specific and reliable information about 
the implications of alternative tax policies. For instance, interest 
may focus on such questions as: 

— Which are the determinants of the redistributiveness of the 
tax, or in what way and to what extent can this be affected by the 
policy instruments at our disposal? 

— Can the equalizing effects be increased by merely changing 
the progressivity of the tax with the general level of tax rates re
maining unchanged, or vice-versa? 

The present work makes an attempt to come to grips with 
these questions. Our approach in studying the redistributive effects 
of the tax differs from previous empirical work in that: (a) It recog
nizes the fact that the answer to such questions depends on how the 
term "equalizing effect" is interpreted. In that direction, a number 
of alternative inequality indices are used in order to measure tax 
progressivity and assess the equalizing impact of the tax. (b) It ex
plores the relative redistributive importance of the individual com
ponents of the tax system, such as exemptions, rate schedule, deduc
tions and so on. Such an approach may greatlj help the policy-
analyst to identify the particular tax components and policy instru
ments which are more appropriate for succesfully bringing into ef
fect the government policy. 

Another question concerns the redistributive effects of inflation 
through its altering the fixed-in-money-terms components of the tax 
structure in real terms. An inflationary increase in money incomes 
gc urates increased tax revenue due to rising average tax rates, 
though real incomes may remain unchanged. The issue of interest 
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here is where this extra revenue comes from. The "distorting" ef
fects of inflation are typically analysed by computing and compar
ing over time the resulting changes in the real tax burden for specif
ic examples of various types of taxpayer. Apart from this kind of 
analysis, this study makes an attempt to improve on previous work 
by estimating the overall redistributional effects of inflation on the 
after-tax distribution of income. These effects are derived and eva
luated for a number of different inequality measures, while the 
analysis is carried out both for the tax system as a whole and for 
each individual tax component separately. 

In the final part of this study, the investigation of the implica
tions of a graduated income tax is performed within a more general 
context where pre-tax incomes are endogenous to the individuals' 
labour supply decisions. Until recently, there was no convincing 
empirical evidence of any significant and consistent effects of taxa
tion on labour supply. Recently, however, a small but increasing 
body of empirical work based on improved mathematical and com
puter techniques provides evidence that labour supply is affected by 
the multi-rate income tax system when explicitly taken into account. 
The present work may be viewed as another step towards a more 
complete investigation of the effects of taxation on the incentives to 
work. The procedure proposed here not only introduces the actual 
multi-rate tax structure into the analysis, but also accounts for the 
existence of more than one market wage rate due to overtime pre
miums. Thus, labour supply decisions are examined by taking into 
consideration the individuals' actual non-convex budget constraints. 
This approach accounts for more of the variation in labour supply, 
providing better estimates f̂ the preference parameters, and also 
makes it possible to estimate/predict the differential effects of var
ious tax regimes on labour supply and the distribution of before-
and after-tax incomes. The simulations performed in this study refer 
to: (a) the 1975 income tax reform, (b) a proportional tax of equal 
yield, (c) a poll tax of equal yield, and (d) inflation, through its 
changing the statutory tax structure in real terms. 

The considerable and increasing literature on the subjects dealt 
with in this study is no doubt indicative of their intrinsic impor
tance. In our case, however, there is an additional reason that 
makes this work even more useful and topical. This reason is that, 
apart from tax elasticity estimates, empirical work on all the other 
issues considered here is almost non-existent for the Greek case. On 
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the other hand, the Greek government is currently and actively in
terested in both the distributional and allocative or efficiency effects 
of alternative economic policies, in its attempt to follow the fastest 
route forward on both fronts given the economic and human re
sources available. 

The study is organized as follows. Chapter 1 presents a descrip
tion of the Greek personal income tax system. Chapter 2 investi
gates the determinants of the aggregate income tax yield by con
structing and estimating a personal income tax model. In Chapter 3, 
we discuss the problems of measuring inequality and present some 
empirical results, using a number of different inequality measures. 
Chapter 4 analyses and estimates the effective progressiveness and 
the redistributive effects of the tax, with pre-tax incomes and their 
distribution taken exogenously. Chapter 5 discusses and measures 
the distorting effects of inflation on the distribution of the tax 
burden and after-tax income. Chapter 6 is devoted to the incentive 
effects of taxation. A model of labour supply function in the pres
ence of a multi-segment and non-convex budget set is estimated. A 
number of simulations are then carried out for various tax regimes 
and their differential effects on labour supply and the pre-tax distri
bution of incomes are presented and discussed. Finally Chapter 7 
summarizes the work presented in this study and draws together its 
main conclusions. 
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CHAPTER 1 

THE GREEK PERSONAL INCOME TAX 

The purpose of this chapter is to describe the system of per
sonal income taxation in Greece. 

Broadly speaking, income tax is charged on income deriving 
from all income sources. Deducting from the total gross income all 
the expenses made for its acquisition or allowances for business ex
penses, compulsory insurance contributions etc., the individual ar
rives at the concept of total net income that has to be declared to 
the tax authorities and is taxed under the provisions of the tax 
structure currently in use. The tax system basically consists of a 
number of income exemptions and deductions after the subtraction 
of which we arrive at the individual's total taxable income which is 
subject to tax on the basis of a (single) graduated rate schedule. The 
resulting amount of tax is then reduced by a number of tax credits. 

Various sources of income are treated differently, mainly 
through the structure of deductions, certain surtaxes, and the provi
sions concerning the payment of personal taxes. A characteristic of 
the Greek tax system is the substantial and increasing reliance on 
the "pay-as-you-earn" technique. By far the largest amount of in
come assessed from wages, salaries and pensions, and a good part 
of income distributed by corporate business are taxed on a pay-as-
you-earn basis. 

The above basic features have characterized the tax system 
throughout the period 1970-1983 to which the empirical part of this 
study refers, except for tax credits which were first introduced in 
1977. Nevertheless, changes in the magnitude of individual tax com
ponents have taken place frequently in recent years. 

In the following section, we describe in some detail the tax sys
tem of 1983. This is the structure under which Chapter 2 investi
gates the responsiveness and the determinants of the personal in
come tax yield. In section 1.2., we present the main components of 
the 1972-1974 and 1975-1978 structures which come into focus in 
Chapters 4, 5 and 6 of this study. 
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1.1. The Personal Income Tax System 

Personal income tax in Greece is levied in accordance with the 
provisions of L.D. 3323/1955 as subsequently amended. The latest 
amendments included here came about by virtue of L. 1326/1983. 

1.1.1. Individuals Liable to Tax 

Liable to tax is every individual earning income: 
i. In Greece, regardless of his nationality or place of residence, 

ii. Abroad, regardless of his nationality, so long as he resides in 
Greece. In this case, tax proved to have been paid abroad is de
ductible up to the amount of tax payable in Greece for the same 
income. 

1.1.2. Tax Unit 

Married persons are subject to tax on their own earned as well 
as unearned income, but are required to file a joint tax return. In
come of a spouse who runs a sole proprietorship business financed 
by the other spouse is aggregated with the income of that other 
spouse. If both spouses participate in the same General or Limited 
Commercial Partnership or Limited Liability Company, then the 
profits from their participation are taxed as income of the spouse 
whose income is higher. Allowances for costs of medical and hospi
tal care and tax credits due to one of the spouses, which cannot be 
used against his/her income, may be used against the income of the 
other spouse. The income of children under the age of 18, other 
than income from employment, pensions or alimony or income 
from inherited or donated property (from a person other than the 
parents) is taxed as income of the parent whose total income is 
higher. 

1.1.3. Income Subject to Tax 

Personal income tax is imposed on the total "net income" from 
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any source as defined by the tax laws. In particular, Net Income is 
defined as the total gross income after deducting the expenses (allo
wances for expenses etc.) incurred in acquiring it. Income is classi
fied according to source as follows: 
Income from buildings (Source A) 
Income from farm land (Source B) 
Income from movable values (chattels) (Source C) 
Income from commercial business (Source D) 
Income from agricultural enterprises (Source E) 
Income from wages and salaries (Source F) 
Income from professional services (Source G). 

Positive and negative elements (earnings and losses) for each 
source are added up and offset to reach the total income. 
The net income from each source is derived as follows. 

Source A — Income from buildings: This source includes in
come deriving from the leasing and use of any buildings, including 
dwelling houses, places for advertising, factories, summer theatres, 
car parks, etc. The allowances provided by the law are: 

i. 25 per cent of the income from buildings rented out as residen
ces, schools, hotels, guest houses, clinics, or garages, 

ii. 17 per cent of the income from buildings rented out as theatres 

or cinemas, 
iii. 10 per cent of the income from buildings rented out as shops, 

offices or stores, 
iv. 5 per cent of the income from land rented out as car parks, 

summer theatres or cinemas, 
v. Drs. 120,000 plus drs. 24,000 for each child, without ceiling, for 

imputed income from owner-occupied buildings (for main dwel
ling only). 
Source Β — Income from land: This source includes income 

from the leasing of land, forests, fisheries, grazing land and quar
ries. Net income is obtained after deducting 5 per cent of the result
ing gross income as well as the mortgage interest, if any. 

Source C — Income from movable values: This is income from 
dividends1 paid by corporations and limited liability companies, and 
also interest from bonds and securities in general. Where assets are 

1. Dividends paid on bearer shares not quoted on the Athens Stock of Exchange can al

ternatively be taxed at a flat rate of 53 per cent. 
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distributed, e.g. on liquidation, tax is normally chargeable under 
this category but only on the amount by which the amount distrib
uted exceeds the paid-up capital. Also taxable in this category are 
director's fees received in addition to salary. Bank deposit interest, 
interest and dividends paid by shipping companies, and interest 
from foreign banks with branches in Greece, are tax exempt. The 
following amounts are deducted from income deriving from mova
ble values: 

i. Drs. 25,000 a year on income from dividends distributed by 
Greek corporations whose shares are listed on the Stock Ex
change, 

ii. Drs. 100,000 a year on income from dividends of more than one 
Greek corporation or from one or more investment companies. 
Source D — Income from commercial business: This includes 

income from profits from one or more commercial enterprises, han
dicrafts, or any profit-pursuing profession not included in source G. 
Where proper accounts are kept, net income is gross profit less ad
missible deductions. The latter include general trading expenses, sa
laries and wages paid, depreciation allowances, loan interest, charit
able etc. contributions, taxes paid other than income taxes and bad 
debts written off. Where no accounts (or not proper ones) are kept, 
liability is estimated on gross receipts to which a coefficient varying 
with the type of business is applied. Profits from shipping, selling 
tobacco by retail or performing various other jobs inside buildings 
in which civil services are housed and which are carried out by war 
invalids are all exempted from tax. 

Source E — Income from agricultural enterprises: This source 
includes profits obtained in each financial or agricultural year (as 
the case may be) from one or more agricultural enterprise of any 
kind, that is, farming, fishing, forestry, poultry rearing, etc. The 
rules for computing the net income are much the same as for com
mercial enterprises; it can be computed either from the accounts of 
the business if these are properly kept, or, in case no such accounts 
are kept, as a percentage of gross income, 10-30 per cent, with the 
highest percentage applied to those not personally engaged in agri-
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culture. Moreover, individuals deriving income from agricultural op
erations are granted the following deduction2 from their gross earn
ings: 

i. Drs. 1,250,000 if themselves engaged in agricultural activities as 
their main job, or 

ii. Drs. 375,000 otherwise. 
Source F — Income from wages and salaries: This source in

cludes income deriving from wages, salaries and pensions. Net in
come is arrived at by deducting compulsory contributions paid to 
social security funds. 

Source G — Income from professional services: This is the in
come earned from rendering independent professional services, such 
as those of doctors, dentists, lawyers, notaries public, architects, en
gineers, chemists, decorators, musicians etc. Any income that cannot 
be classified in any of the previous sources is also regarded as in
come from professional services. 

The following items are tax exempt: 
a. Interest on deposits with banks and postal savings bank. 
b. Interest on national bonds and annual bond certificates issued 

by banks. 
c. Interest on bond issues of the Public Power Corporation (DEI) 

and the Greek Telecommunications Organization (OTE). 
d. Dividends from founding shares of Greek corporations engaged 

in the exploitation of ships. 
e. Income of lower crew members of merchant ships. 
f. Pensions paid by foreign countries to Greeks or foreign citizens 

permanently residing in Greece. 
g. The emoluments of personnel residing abroad earned from servi

ces rendered abroad to technical enterprises for business outside 
Greece provided that 35% per cent of the emoluments are im
ported into Greece in foreign exchange and the individual has 
resided abroad for at least 3 months. 

2. Taking into account the very small size of Greek farms (average farm size is about 4 
hectares) and their consequently small incomes, the agricultural income is effectively tax ex
empt. 
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1.1.4. Taxable Incoine 

The bulletin of Personal Income Tax Statistics issued yearly by 
the NSSG (National Statistical Service of Greece) provides data on 
the net income declared on tax returns and refers to it as Reported 
Income. From the taxpayer's declared income, the tax authorities 
subtract those exemptions and deductions that the individual is en
titled to (according to the information provided in his tax return 
about his family circumstances, income sources, medical and other 
deductible expenses etc.) in order to arrive at the Taxable Income to 
which the statutory rate schedule is applied. The allowances, exemp
tions and deductions, provided by the tax law are as follows. 

1. 
ii. 
iii. 
iv. 
V. 

vi. 
vii. 

vin. 

Exemptions 

Personal exemption 
Exemption for wife 
Exemption for 1st child 
Exemption for 2nd child 
Exemption for 3rd child 
Exemption for each additional child 
Exemption for dependent disabled, 
provided that the disabled person has personal 
income of less than drs. 150,000 
Personal exemption of a handicapped taxpayer,drs. 

drs. 
drs. 
drs. 
drs. 
drs. 
drs. 
drs. 

20,000 
20,000 
15,000 
15,000 
25,000 
35,000 
100,000 

100,000. 

Occupational Deductions 

a. For employment income (wages, salaries, pensions): 
50 per cent of income drs. 1 - 300,000, and 
5 per cent of income drs. 300,000 - 1,000,000. 

b. For income deriving from professional services (Source G): 
25 per cent of income drs. 1 - 120,000, and 
5 per cent of income drs. 120,000 - 400,000. 

c. Certain categories of independent professionals (such as journal
ists, writers, actors, artists, dancers, musicians, composers, thea
tre producers and football players) are granted special higher 
deductions. 

d. Certain groups of independent professionals (lawyers, notaries 
public, doctors, dentist? veterinarians, engineers, chemists, ecor-
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omists, accountants and tax consultants) are, for the first five 
years of practising their liberal profession, entitled to the same 
deductions as those allowed for employees (see a. above), in
stead of deduction b. above, 

e. In case that an individual derives income both from Source F 
and Source G, the total deduction cannot exceed the maximum 
of deduction a. above. The professionals included in c. (above) 
are excluded from this restriction, being granted their own spe
cial deduction but only that. 

Other Deductions 

i. Medical and hospital expenses of the taxpayer and of all his 
dependants. 

ii. Donations in money or kind to the State, municipalities, com
munities, churches etc. 

iii. The amount of alimony paid to the wife or husband and child
ren. 

iv. Compulsory contributions paid to social security funds. 
v. Life or death insurance premiums paid by the taxpayer, his wife 

and children until the age of 18. The amount deducted cannot 
exceed 10 per cent of declared income and up to drs. 40,000. 

vi. Interest paid on loans granted by banks or other credit institu
tions or the National Tourist Organization for the purchase of 
property. 

vii. Expenses for the purchase or installation of a solar heater so 
long as this does not exceed 10 per cent of declared income and 
up to drs. 30,000. 

viii. 30 per cent of the amount paid annually by the taxpayer as rent 
for his principal residence up to the amount of 120,000 and 10 
per cent for the part of the rent exceeding this amount. This de
duction may be increased in the case of salaried people and pen
sioners by 5 per cent for the first and second child and by 10 
per cent for every child thereafter; and 

ix. 10 per cent on the declared income of a female taxpayer earning 
income from salaried services or the exercise of a liberal profes
sion for expenses incurred for the care of her children aged up 
to 6 years. This deduction may not exceed drs. 45,000 for the 
first child and drs. 7,^00 for every other child up to the age of 
6. 
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1.1.5. The Rate Schedule 

The taxable income, that is, the income remaining after the 
above allowances have been deducted from the taxpayer's total net 
income, is subject to tax on the basis of the rate scale shown in Ta
ble 1.1. 

TABLE 1.1 

The Rate Schedule of 1983 

(in drs.) 

Income 
bracket 

80,000 
44,000 
44,000 
44,000 
44,000 
75,000 
75,000 
75,000 
75,000 
150,000 
150,000 
300,000 
300,000 

1,500,000 
1,500,000 

Over 

Tax 
rate 

% 

— 

11 
14 
17 
20 
23 
26 
30 
34 
38 
42 
46 
50 
54 
58 
60 

Bracket 
tax 

— 

4,840 
6,160 
7,480 
8,800 
17,250 
19,500 
22,500 
26,500 
57,000 
63,000 
138,000 
150,000 
810,000 
870,000 

Total 
Income 

80,000 
124,000 
168,000 
212,000 
256,000 
331,000 
406,000 
481,000 
556,000 
706,000 
856,000 

1,156,000 
1,456,000 
2,956,000 
4,456,000 

Tax 

— 

4,840 
11,000 
18,480 
27,280 
44,530 
64,030 
86,530 
112,030 
169,030 
232,030 
370,030 
520,030 

1,330,030 
2,200,030 

The amount of tax assessed under the above rate scale is re
duced by the following tax credits: 

a. Marriage credit drs. 4,800 
b. Credit for first child drs. 6,500 
c. Credit for second child drs. 8,000 
d. Credit for third child drs. 9,500 
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e. Credit for each addittional child drs. 20,000 
f. Credit for each person living with and maintained 

by the taxpayer drs. 2,000 
g. Credit of drs. 10,000 for individuals marrying for the first 

time (i.e. for each spouse), and 
h. Credit of drs. 10,000 for children born in the tax year 

concerned. 

1.1.6. Imputed Income 

Individuals are taxed on whichever of the following income 
concepts is higher: either their declared income, or the income im
puted in accordance with L. 820/17.10.1978 entitled "Measures to 
prevent tax evasion". The imputed income is determined on the ba
sis of two categories of presumptive evidence. First, the acquisition 
of certain assets, and secondly, the taxpayer's living expenses. The 
main factors considered in imputing income from living expenses 
are the engine size of motor vehicles owned by the taxpayer, the 
cost of maintaining household staff and the cost of operating plea
sure boats. Income thus imputed will constitute an individual's tax
able income, unless there is evidence that the difference between the 
imputed and declared income is covered by borrowing, by expedi-
ture from savings that had been taxed or exempted from tax in the 
past or by gifts which have been subject to or exempted from gift 
tax. 

The difference between the income declared and the income 
imputed on the basis of presumptive evidence is added to the 
former and so the taxpayer is taxed on the resulting total amount 
of income. 

Presumptive evidence does not apply in the case of: 
a. farmers, provided that they are engaged in agricultural exploita

tion as their main job, 
b. workers and employees, provided that their wages and salaries 

are their only income and that their privately-owned car is not 
in excess of 10HP, 

c. foreign personnel not permanently residing in Greece and who 
are employed by enterprises falling under the provisions of E.L. 
89/67, 378/68 and L. 27/75 (art. 25) with reference to the ex
penditure presumed on the basis of the use of car. 
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1.1.7. Additional Taxes (Surtax) on Income 

1. If the taxable income includes: 
— income remuneration to members of the Board of Directors, 
— dividends paid by limited liability companies, 
— profits of limited partnerships (only as far as the limited partners 
are concerned), then that income is liable to an additional 3% tax. 

2. If the taxable income includes income from buildings or 
lease of land, the total net income from such sources, in the aggre
gate and before deductions under Article 8, L. 3323/1955 are app
lied, is liable to supplementary tax (surtax) according to the follow
ing scale: 

Income Tax Bracket Total net income Total 
bracket rate tax from buildings tax 

and land 

100,000 100,000 
100,000 2 2,000 200,000 2,000 
200,000 3 6,000 400,000 8,000 

over 4 

The amount of surtax may in no case exceed the tax corres
ponding to the total taxable income according to the above scale. 

3. The income from buildings in certain towns is liable to water 
supply and sewerage duties at a rate of 3 per cent. 

1.2. The Main Components of the 1972 and 1975 Tax Structures 

This section presents the basic components of the 1972 and 
1975 structures since they will be employed for the purpose of some 
later chapters of this study. It is noted that these structures, as op
posed to that of 1983, include no tax credits. 

The following main allowances are deducted from the taxpay
er's net income (in drs.): 
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1972 
15,000 
15,000 
7,000 
10,000 
20,000 
30,000 
5,000 

1975 
20,000 
20,000 
15,000 
15,000 
25,000 
35,000 
15,000 

a. Exemptions 
i. Personal exemption 

ii. Exemption for wife 
iii. Exemption for first child 
iv. Exemption for second child 
v. Exemption for third child 

vi. Exemption for additional children 
vii. Exemption for each of other dependants 

b. Deductions 

i. For employment income (from wages, salaries and pensions) 
— 1972: 30 per cent up to a maximum of drs. 18,000 
— 1975: 30 per cent up to a maximum of drs. 40,000 

ii. For income deriving from the provision of independent 
professional services. 
— 1972: 25 per cent up to a maximum of drs. 12,500 
— 1975: as in 1972. 

The statutory rate schedules of the two tax structures are as shown 
in the Tables 1.2 and 1.3. 
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TABLE 1.2 

The Rate Schedule of 1972 

Income Tax Bracket Total 
bracket rate tax Income Tax 

• % 

5,000 
5,000 
5,000 
5,000 

10,000 
10,000 
10,000 
10,000 
20,000 
20,000 
20,000 
20,000 
30,000 
30,000 
50,000 
50,000 
50,000 
50,000 

100,000 
100,000 
200,000 
200,000 

Over 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
16 
19 
22 
25 
28 
31 
35 
39 
43 
46 
49 

100 
150 
200 
250 
600 
700 
800 
900 

2,000 
2,200 
2,400 
2,600 
4,800 
5,700 

11,000 
12,500 
14,000 
15,500 
35,000 
39,000 
86,000 
92,000 

5,000 
10,000 
15,000 
20,000 
30,000 
40,000 
50,000 
60,000 
80,000 

100,000 
120,000 
140,000 
170,000 
200,000 
250,000 
300,000 
350,000 
400,000 
500,000 
600,000 
800,000 

1,000,000 

100 
250 
450 
700 

1,300 
2,000 
2,800 
3,700 
5,700 
7,900 

10,300 
12,900 
17,700 
23,400 
34,400 
46,900 
60,900 
76,400 

111,400 
150,400 
236,400 
328,400 
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TABLE 1.3 

The Rate Schedule of 1975 

Income Tax Bracket Total 

bracket rate tax Income Tax 

% 

20,000 

20,000 

20,000 

20,000 

30,000 

30,000 

30,000 

30,000 

50,000 

50,000 

50,000 

50,000 

100,000 

100,000 

200,000 

200,000 

1,000,000 

Over 

3 
5 
7 
9 
11 
14 
17 
20 
23 
26 
30 
34 
38 
42 
46 
50 
54 
60 

600 
1,000 

1,400 

1,800 

3,300 

4,200 

5,100 

6,000 

11,500 

13,000 

15,000 

17,000 

38,000 

42,000 

92,000 

100,000 

540,000 

20,000 

40,000 

60,000 

80,000 

110,000 

140,000 

170,000 

200,000 

250,000 

300,000 

350,000 

400,000 

500,000 

600,000 

800,000 

1,000,000 

2,000,000 

600 
1,600 

3,000 

4,800 

8,100 

12,300 

17,400 

23,400 

34,900 

47,900 

62,900 

79,900 

117,900 

159,900 

251,900 

351,900 

891,900 
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CHAPTER 2 

A MODEL FOR PERSONAL INCOME TAXATION 

The purpose of this chapter is to present a model for studying 
the determinants of the personal income tax yield. The basic as
sumption underlying our approach is that a historical relationship 
exists between aggregate tax yield and the growth in total personal 
income, its distribution, and other demographic factors. Such a rela
tionship may be used for forecasting as well as policy purposes. 

For such purposes, we are mainly interested in measuring the 
automatic or built-in responsiveness of the tax with respect to in
come changes which presupposes a fixed tax structure. Actual tax 
series, however, usually reflect more than one tax regime because of 
the discretionary changes that may have occurred in the statutory 
tax laws over the data period. As discretionary tax changes, we de
fine those particular changes in the tax structure under considera
tion that have taken place through legislative action. In order to in
vestigate the built-in sensitivity of the tax, we introduce a method 
that eliminates the effects of changes in the levels and types of ex
emptions, deductions and the rate schedule. The basic feature of 
this method is that it introduces into the analysis important parame
ters of the tax system which are controllable policy instruments. 

In constructing an income tax model, we follow an approach 
that partitions the tax function into intermediate relationships with 
a view to investigating the various parts of the tax structure separ
ately. 

In the next section, we present and evaluate the main methods 
of estimating the responsiveness of the tax to income changes that 
are found in the literature. In the second section, we set out a mod
el for investigating the impact of factors affecting the personal in
come tax yield. We also present a constant structure method for 
eliminating the revenue effects of discretionary tax changes. In the 
third section, the tax model is applied to the Greek case and the 
empirical results are presented. Finally, the fourth section presents 
concluding remarks for this chapter. 
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2.1. The Main Approaches to the Measurement of Revenue Responsiveness 

Studies concerning revenue responsiveness of the tax may be 
classified into three main categories according as they employ re
gression analysis, mathematical formulae, or the simulation ap
proach. 

In what follows, we briefly discuss and evaluate these ap
proaches with a view to selecting an appropriate method for analys
ing the responsiveness of the Greek personal income tax. 

2.1.1. Regression-Based Approaches 

Regression studies are based on income tax equation models 
and may at first be classified according as they use time series or 
cross-section data. 

a. Time Series Analysis 

Time series analysis represents a direct approach for investigat
ing the sensitivity of the income tax system. The basic assumption 
underlying this approach is that an aggregate tax function exists re
lating total tax yield to total personal income and its distribution as 
well as to other demographic variables. 

Although many of the time series studies explicitly recognize 
the importance of the role played by income distribution and demo
graphic factors in determining the aggregate revenue elasticity, little 
attempt is made to identify it. There are, however, two exceptions 
in this respect. Prest (1962) introduces a time trend as an additional 
explanatory variable into linear tax functions in order to account 
for the effect of "secular changes in the pattern of incoi ι Γι distribu
tion and demographic magnitudes as well as other factors correlated 
with time". However, Prest himself is far from being satisfied, as 
pointed out in his closing remarks (op. cit., p. 596): "Nevertheless it 
cannot be emphasised too often that such variables (demographic 
magnitudes, income distribution, etc.) ought to appear in their own 
right rather than in this disguise". Hutton (1980) focuses on the ef
fect of income distribution on the elasticity of the tax. In particular, 
assuming that incomes follow the Pareto distribution, he shows that 
Pareto's constant is not only an inequality measure but also the in-
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come elasticity of the tax irrespective of the form of tax function, as 
long as this function has an income threshold. This implies that tax 
responsiveness is independent of the tax structure. Evidently, this re
sult is specific to the Pareto distribution assumption which may be 
reasonably plausible only when the tax structure under investigation 
has a high enough income threshold below which no tax is paid.1 

However, Hutton's analysis demonstrates the particular importance 
of income distribution as a determinant of tax yield. 

A serious problem arising in time series analysis is that the tax 
system may have changed too frequently, with the result that the 
number of observations relating to the same legal structure is not 
sufficient to provide statistically significant estimates. Most time ser
ies studies make an attempt to tackle this problem. Some studies 
merely confine their analysis only to periods during which there are 
no statutory tax changes (Lewis, 1962; and Goode, 1964). In many 
cases, however, this is not possible. Then, the problem arises of how 
to eliminate or isolate the revenue impact of discretionary tax 
changes (DTCs) in order to measure the pure income responsiveness 
of tax yield. Three basic methods of approach may be found in the 
literature: (i) the dummy-variable technique, (ii) the proportional adjust
ment method, and (iii) the constant effective rate method. 

The most straightforward method is the dummy variable tech
nique (Waldorf, 1967; Singer 1969, 1970; Pechman, 1973). This me
thod suggests that whenever DTCs occur, dummy variables can be 
introduced to capture their effects. The method is easy to apply and 
involves minimum data requirements since all it needs for its appli
cation is raw data. Another advantage of the dummy-variable tech
nique is that it can separate discretionary from automatic effects 
both on the level of tax yield and on the income elasticity, by in
troducing both an intercept-dummy and a slope-dummy for each 
discretionary action. Moreover, its application provides an inde
pendent estimate of the effect of discretionary tax changes on re
venue. Notwithstanding these advantages, however, this method has 
a serious disadvantage: substantial loss in degrees of freedom whe
never tax changes have occurred often in the past. Consequently, its 
application is not feasible when changes in tax laws have been too 

1. On this point, see also Hutton and Lambert (1980). 
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frequent to provide enough observations that relate to the same tax 
structure. 

The other two methods suggest the construction of a series 
showing a hypothetical tax yield under an income tax system as
sumed to remain unchanged throughout. In the case of the propor
tional adjustment method (Sahota, 1961; Prest, 1962; and Chand, 
1975), actual revenue in each year is multiplied by adjusting factors 
that measure the ratio2 of the actual tax yield to what tax yield 
would have been without DTCs, for those particular years in which 
DTCs did take place. To this end, use is made of the revenue ef
fects of tax changes estimated by the Treasury. The main assump
tion on which this method implicitly relies is that the effects of each 
separate tax change on tax yield are proportionally constant 
throughout the period considered. The immediate implication of the 
constant-proportionality assumption is that the discretionary tax 
changes are confined only to the constant term of the loglinear tax 
function, leaving the income elasticity of the tax unaffected. As a 
result, changes in the sensitivity of the initial tax structure brought 
about by DTCs are not captured by this method of adjustment and, 
in effect, the resulting elasticity is merely a weighted average with
out referring to any particular structure. Moreover, the available 
(published) estimates of the effects of DTCs employed by this me
thod are usually prepared when the budget is formulated. Hence, 
they are nothing more than forecasts that may well prove inaccu
rate, introducing bias into the resulting estimates. 

Another method of purging tax revenue series of discretionary 
changes is the constant effective rate method (Choundry, 1975). In 
this case, the effective tax rates of the reference year's income 
classes are applied to the corresponding base values for the other 
years of the period being studied, in order to obtain a hypothetical 
revenue series. The basic assumption underlying this method is that 
changes in the statutory tax laws do not affect the income figures 
on which the calculation of the adjusted revenue series is based. In 
other words, the effects of tax changes on reported incomes through 

2. This definition of adjusting factors is only valid when as a reference year it is taken 
the last year of the data period rather than the first. In the latter case, this ratio should be 
reversed. 
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changes either in the work/leisure choice or the degree of tax eva
sion are assumed away. It should be noted that this assumption is 
implicitly made by the proportional method of adjustment as well. 
Another assumption implied by the constant effective rate method is 
that the distribution of income as well as the distribution of taxpay
ers by occupation and by family circumstances within each income 
class remain unchanged throughout the data period. Such an as
sumption, however, is considered to be restrictive, especially as far 
as the composition of taxpayers in each income class is concerned. 

b. Cross-Section Analysis 

Due to the difficulties of direct estimation on the basis of his
torical data, many empirical studies employ a cross-section ap
proach. One could distinguish between two types of cross-section 
studies according to whether their analysis is based on data classi
fied by income groups or on data collected on a regional basis. The 
former was first developed by Mishan and Dicks-Mireaux in 1958 
and subsequently employed by many researchers (amongst whom, 
Blackburn, 1967; Karageorgas, 1963; and Snowbarger and Kirk, 
1973). A log-linear function is specified, relating mean tax yield (T) 
by income classes (i = 1, . . . , n) to the corresponding mean in
come (Y,), logt t = a ' + b logyt. This equation is obtained from an 
individual tax function t = ayb by aggregating over income units 
and assuming equiproportional income growth. The slope coefficient 
is both a measure of aggregate revenue elasticity and tax progressiv-
ity, for this is the only function yielding an aggregate elasticity in
dependent of income distribution (Balopoulos, 1967; Hutton, 1980).3 

The main advantage of this model is its computational simplicity. 
Nonetheless, its basic assumptions are oversimplifying. In particular, 
the assumption of equiproportional growth is not plausible, unless it 
is supported by the empirical evidence. Moreover, this model fails 
to introduce into the analysis demographic factors and, in particular 
fails to consider the strong interrelationship that exists between the 
level of income and the personal and family circumstances of the 
taxpayers, resulting in biased estimates. 

3. Nonetheless, the constant term of the aggregate tax function does depend on the exist
ing pattern of income distribution, as shown by the same authors. 
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The second cross-sectional approach (Tanzi 1969, 1976) applies 
the same constant-elasticity relationship to data collected on a re
gional basis in order to allow for a form of non-equiproportional 
income growth. The estimated slope coefficient is a measure of re
sponsiveness with respect to aggregate income, under the assump
tion that its distribution evolves in a manner parallel to the inter
regional pattern of income distribution. This assumption apart, the 
above method does not offer an adequate treatment of demographic 
factors. The applicability of this approach is rather limited, since 
very few countries have data available on a regional basis. 

Welling (1974), using income-group data, derives a total tax re
ceipt equation as an exact function of distribution and tax parame
ters which have been estimated from: (a) a regression equation re
presenting income distribution under the Pareto Law, and (b) a se-
milogarithmic regression of average effective tax rates, by income 
classes, to the corresponding average incomes. The tax receipt func
tion is then employed to predict tax revenue and to simulate the ef
fects of changes in inequality and total income. Welling's model 
crucially depends on the Pareto assumption, while his average-tax-
rate equation is liable to the same criticism as the approach of Mi-
shan and Dicks-Mireaux as far as demographic factors are con
cerned. 

2.1.2. Mathematical Formulae 

Tax responsiveness is sometimes measured directly by applying 
appropriate mathematical formulae to the data. The information 
provided by such measures depends on the particular definition of 
the measure used. If Τ (Y) is the aggregate tax function, the follow
ing measures can be derived:4 

(i) The liability responsiveness: 

LR = (dT/dΥ) / (T/Y) (2.1) 

4. This terminology was first suggested by Hutton and Lambert (1979) and Lambert 
(1984) in order to indicate that these measures correspond (definitionally) to the well-known 
progressivity measures: liability progression (LP) average rate progression (ARP), and residual 
progression (RP). 
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(ii) The average rate responsiveness: 

ARR = [d (T/Y)] / dY (2.2) 

(iii) The residual responsiveness:5 

RR = [d (Y - Τ) / dY] / ([Υ - Τ ) / Y] (2.3) 

Recently, Hutton and Lambert in a series of papers (1980, 
1982, and 1983) have proposed a new formula for calculating the 
income elasticity of total tax liabilities directly from tax data. The 
formula is easy to apply and yields 'exact' values. Furthermore, it is 
additively decomposable allowing to measure the contribution of the 
various parts of the tax system to the tax sensitivity. More specifi
cally, the authors exploit the piece wise-linear nature of the tax to 
derive the following formula: 

ρ ρ 
Σ mjBji Σ (mj — mj - -ι) bjNj 

e = 1 + + K/"v 

where 
0 < mo < mi < ... < m p are the bracket rates 
0 = bo < bi < ... < b p the thresholds of taxable income bands 
Τ = total tax liabilities 
Nj = the number of individuals contributing to the yield of the 

marginal rate mj and 
Bj = total lump-sum allowances of all individuals whose highest 

marginal rate is mj. 

The basic assumptions underlying this method are: (i) changes 
in income are infinitesimally small so that the individuals inside the 

5. This is, in fact, the reciprocal of Kay and Morris's (1984) "gross earning deflator". 
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tax net do not change marginal tax rate, while those outside it do 
not become taxable, (ii) individual incomes are assumed to change 
equiproportionately. 

However, the first assumption may be restrictive because in
come tax reforms as well as income changes (especially during infla
tionary periods) usually change the marginal tax rates of a consid
erable number of people. This is especially so, as individuals are ex
pected to concentrate at the top end of tax brackets, and right out
side the tax threshold. To overcome the second assumption of un
changed income distribution, the authors (1982c) suggest a modifica
tion of the formula which allows different rates of income growth in 
the various income classes. Nevertheless, in practice, it may be diffi
cult to find the rates at which the different subgroups of income 
will grow in the future years for which revenue forecasts are to be 
obtained.6 Finally, the classification of taxpayers and their allowan
ces by highest (staturory) bracket rate that is required by formula 
(2.4) are not available for most countries (including Greece). 

2.1.3. Simulation Approach 

Simulation studies usually employ a very detailed computer 
model which incorporates a thorough representation of the statutory 
tax laws. Through such a model, a large amount of information is 
processed concerning each separate individual included in the sam
ple, which sometimes may be extremely large. Evidently enough, 
this is the best possible approach and may, in principle, provide 
highly accurate results under a wide variety of possible assumptions 
— such as changes in income distribution, allowances, family or in-

6. In fact, this method of approach requires not only knowledge of the direction and the 
extent to which the overall inequality changes as a whole (as measured by a summary in
equality measure), but also the exact way in which that change takes place. In order to obtain 
such information, one needs to investigate the way in which the income of each separate rate 
bracket grows over time and assume that the same pattern of growth will continue in the fu
ture. In the process, however, it is likely to come across one of the following two problems. 
First, the rate structure may have changed too frequently so that there are not enough data 
for such an investigation. Secondly, where there is no such problem, one may still find out 
that for some of the rate brackets income growth rates are actually variable rather than fixed, 
as assumed by the formula. 
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dividual circumstances, etc. The degree of accuracy varies with the 
amount of information at hand, the completeness of the computer 
program used, and the size of the sample. As this approach is par
ticularly costly and demanding in data, it is mainly used by minis
tries or government institutions which are usually the ones meeting 
these requirements. There are some individual researches, nonethe
less, that have used a simulation approach (Dorrington, 1974; 
Pechman, 1973; and Greytack and McHugh, 1978). However, there 
is the additional difficulty with the simulation approach that one 
cannot usually compare the studies of different researchers, mainly 
because of differences in premises, amounts of information used, 
and sample sizes. 

2.1.4. Concluding Remarks 

Summing up the above discussion on the various methodologi
cal approaches, the following remarks can be made. 

The mathematical formulae for the income responsiveness of 
the tax, though useful and occasionally flexible, cannot be used as a 
substitute for an income tax regression model by means of which 
the contribution of the individual determinants of the tax may be 
identified. Moreover, such a model can directly relate to macro-
variables and can therefore be incorporated into large macroeco-
nomic models of which income tax is an essential part. 

Comparing cross-section with time series studies, the former 
usually incorporate several untestable hypotheses mainly concerning 
the distributional pattern of income growth and changes in demo
graphic factors. Furthermore, cross-sectional tax variability is not 
necessarily the same thing as intertemporal variability, so that simu
lating the latter by the former may result in estimates suffering from 
cross-section bias. 

Thus, time series analysis appears to be, in principle, preferable 
to its cross-section counterpart. Nevertheless, the accuracy of the re
sulting time series estimates crucially depends on two factors. First, 
on the specification of the model which should be designed to esti
mate the individual effects not only of income changes, but also of 
other determinants affecting tax yield, such as changes in income 
distribution and demographic magnitudes. The second prerequisite 
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of time series analysis is the use of an efficient method of adjusting 
tax series for changes in the tax law, so that the resulting estimates 
refer to the tax structure being studied. As shown earlier in this sec
tion, the methods employed in the relevant literature for adjusting 
revenue for frequent discretionary changes have been rather crude. 

In the remainder of this chapter we employ a time series analy
sis for investigating the Greek tax system. In doing so, an attempt 
is made to account for all the main determinants of the tax and 
formulate an adjustment method that overcomes some of the short
comings of previous approaches and broadens their scope. More 
specifically, in formulating our model we propose an adjustment 
method which (a) imposes minimum restrictions by taking explicit 
account of the actual distribution of taxpayers by family circum
stances and by occupational categories within income classes, (b) in
troduces actual policy parameters of the tax system into the analy
sis, providing a better adjustment of the revenue series and also 
making it possible to investigate alternative tax policy options, and 
(c) enables estimation of intermediate relationships by means of 
which one may study different parts of the tax system separately.7 

2.2. A Personal Income Tax Model 

2.2.1. Determinants of Total Tax Yield 

The main factors affecting the total tax yield can be convenient
ly brought under four headings (i) personal incomes, (ii) tax struc
ture, (iii) income distribution, and (iv) demographic and other fac
tors. 

The most obvious as well as important determinant is money 
income. Rising incomes will move individuals from non-taxed to 

7. Using the proportional adjustment method (Prest, 1962) or the constant effective rate 
method (Choundhry, 1975), one would be able to investigate only the overall tax-to-income 
relationship. This is because estimating intermediate relationships (e.g. the tax-to-taxable in
come and the taxable income-to-assessed income relationships) requires separate adjustment 
for the discretionary changes occurred in the corresponding parts of the tax system. Thus, to 
study the tax-to-taxable income and the taxable-to-assessed income relationships, both the tax 
yield and taxable income series have to be adjusted for such changes. 
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taxed income brackets and from law-taxed to high-taxed income 
brackets with the result that, other things being equal, tax yield will 
increase even faster. A question naturally arises as to the approp
riate income concept to be used. What we are interested in is the 
amount of income which may potentially become taxable. Personal 
Income (PI) as defined in the National Income Accounts is a much 
wider concept and constitutes the broadest notion of income with 
which to start. However, there are components of PI that are not 
taxable, such as employer's insurance contributions and non-taxable 
transfer payments, which should be subtracted from PI. On the oth
er hand, items that are taxable but excluded from the definition of 
PI (such as capital gains, in some countries) should be added. The 
resulting amount is the income appropriate for present purposes and 
will be referred to as adjusted personal income (API). 

Another important factor affecting tax revenue may be changes 
in the tax system. It is evident that each tax change creates a new 
tax structure and different tax structures result in different revenues. 
Therefore, the effects of discretionary changes in the tax law (that 
is, changes in tax rates, personal exemptions, deductions, and so on) 
are reflected in the actual revenue series. However, for forecasting 
as well as policy purposes, what we are mainly interested in is the 
automatic or built-in responsiveness of tax revenue to changes in in
come under a given statutory tax structure. Hence, the historical tax 
series has to be adjusted in order to eliminate the effects of discre
tionary changes during the period under consideration. In case such 
an adjustment was not made, the estimated income coefficients 
would measure the so-called buoyancy of the tax, including both the 
automatic and discretionary effects. 

Changes in the pattern of income distribution may also have an 
effect on tax yield. An income-distribution change, say, in favour of 
the lower income classes, ceteris paribus, may (a) decrease taxable 
income since some incomes may go to people outside the tax net 
(i.e. with "negative" individual taxable incomes), and (b) decrease 
tax yield, since incomes will move further down on the rate sche
dule, being taxed at lower marginal rates than before. The opposite 
would be the case for a redistribution in favour of high-income 
groups. 

Another determinant of revenue may be tax evasion. Evasion 
may be conveniently put under two headings: cases where no tax re
turn is filed and cases where the return is incorrect. In both cases, 
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the higher the evasion is, the lower the amount of income actually 
taxed. Consequently, the level of tax yield varies inversely with the 
level of tax evasion. 

Finally, tax yield may be influenced by a number of other fac
tors most of which are correlated with time. Demographic magni
tudes, such as population changes and the composition of family 
units, may affect yield. Both of these factors are expected to be 
negatively related to revenue; the former through the rate schedule, 
and the latter through personal exemptions and tax credits. In addi
tion, shifts in the distribution of incomes by income sources may in
fluence revenue via the different treatment of those incomes by the 
tax. This is also the case for shifts in the distribution of taxpayers 
by occupational categories. 

Before we proceed to a formal setting of an income tax model, 
it is useful to present the method for eliminating the effects of dis
cretionary tax changes. 

2.2.2. A Method for Eliminating the Effects of Discretionary Tax Changes 

The adjustment method presented in this section (hereafter re
ferred to as constant structure method) is distinctly different from 
methods employed by previous studies in that it explicitly introduces 
into the analysis controllable tax parameters of government action. 
This enables the analyst not only to adjust the tax series to the base 
year's tax system with a greater degree of accuracy, but also to car
ry out simulations of alternative policy options through changing 
important provisions of the tax law that are directly incorporated 
into the adjustment method. 

Thus, our purpose here is to obtain an adjusted tax series 
under the assumption that the tax regime being studied applies 
throughout the data period. The adjustment procedure may be di
vided into two steps. First, we derive the adjusted taxable incomes 
by income classes, by adjusting the corresponding deductible allo
wances. Secondly, we obtain an adjusted historical series of the tax 
yield by applying the effective tax rates of the individual income 
classes for the reference period to the corresponding adjusted taxa
ble incomes. 
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a. Purging Taxable Income of Changes in Allowances 

Denoting the income reported on tax returns by Y and adjusted 
allowances by AA, the adjusted taxable income by income classes 
(ATI i t)is 

ATIit = Yit — AAit for i = 1,..., I income classes (2.5) 
and t = 1,..., Τ years 

where AAit = AEit + AD i t 

with AE and AD standing for adjusted exemptions and adjusted de
ductions, respectively. 

Let the structure of exemptions be composed of J + 2 statutory 
exemption rates that are fixed in money terms, including personal 
exemption (pe), exemption for wife (ew), exemption for 1st child 
(ex,), exemption for 2nd child (ex2) and so on. Denoting by Q. the 
sum of exemptions that the taxpayer with family situation j (j = 
1,..., J) is entitled to, we have 

e, = pe 
e2 = pe + ew 
e3 = pe +ew +ex, (2.6) 

ej = pe + ew + ex, + . . . . ex J 2 

Introducing the following notation: 

e, for the actual weighted average of exemptions in the i th in
come class, 
Ν.; for the number of taxpayers on situation j and in the i th 
class, and 
Nj (= Σ Ν.;) for the number of taxpayers in the i th class. 

j 

The amount of total exemptions in the i th class (Ε;) may be written 
as 
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Ε· —— C· χ Ν-
' = Σ ( ^ χ Ν , ) i = l , . . . 5 1 (2.7) 

since8 e; = Σ (e. χ Ν.. / Ν ) (2.8) 
j J J ι 

Equation (2.7) indicates that N« (i.e. the distribution of taxpayers by 
family circumstances and by income classes) is all one needs in 
order to calculate the actual exemptions by income classes for the 
whole data period, under the reference year's structure of exemption 
rates (ejr). More specifically, the adjusted exemptions by income 
classes in year t may be calculated as follows: 

AEit = X(e j rxN j i t) for i=l , . . . . , I (2.10) 
j a n d t = 1,....,T 

where subscript r stands for the reference year. 

For the case of fixed-in-money-terms deductions, we may pro
ceed in a quite analogous way. Using the notation: 

dh for the statutory deduction rates h = 1,..., H, 
d; for the actual weighted average of deductions in the i th class, 

and 
Nhi for the number of taxpayers, in the i th class, entitled to 

deduction h. 
The amount of total deductions in the i th income class (D;) is 

D, = d; χ N. 
= I ( d h x N h i ) f o r i = l , . . . , I (2.11) 

h 

8. The average exemptions for the total population of taxpayers may be expressed as 

ë = Σ (ëj χ Ν; / Ν) = Σ Σ (e: χ Ν:; / Ν) (2.9) 
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since dj = Σ (dh χ Nhi / Ν) 
h 

Once data for Nhi is available, the actual adjusted amount of deduc
tions by income classes under the reference year's structure of de
duction rates (ehr), can be derived as follows 

AD i t = Σ (dhr χ Nhit) f o r i = l , . . . , I (2.12) 
and t = 1,...,T 

with r standing for the reference year9. 
Finally, in the case of the "other" or "miscellaneous" deduc

tions of smaller importance no adjustment is usually possible be
cause they are not provided individually by the income tax statistics. 
Nevertheless, this is not a serious problem since most of those 
smaller deductions are mainly based on the taxpayer's expenses, 
such as medical expenses. 

Now, summing up by income classes all the adjusted figures for 
exemptions (AEit), deductions (ADit), and "other" deductions (ODi(), 
we get the corresponding adjusted taxable incomes as 

ATI,, = Ylt - (AE t + AD,t + ODit) (2.14) 

for classes i = 1,...,I and years t = 1,...,T. 

Finally, it should be noted that although the above methodol
ogy may seem computationally demanding, once data on the distri
bution of taxpayers by income classes and by family and/or occupa-

9. If deduction rates are, instead, fixed in percentage terms (denoted by Ôh, h=l,...,H), 
equation (2.12) becomes 

ADi( = Σ (5 h r χ Yh i) f o r i = l , . . . , I a n d t = Ι,.,.,Τ (2.13) 
h 

were Yhit is the income base on which deduction h applies. Finally, for deductions that are 
fixed in percentage terms up to a certain amount but fixed in money terms thereafter, a com
bination of equations (2.12) and (2.13) can readily be employed. 
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tional situation has been put into a computer, simulating alternative 
structures of exemptions and/or deductions becomes a relatively ea
sy task. 

b. Purging Tax Yield of Changes in the Ra te Structure 

The method employed here is the constant effective rate me
thod which may be described as follows. First, the effective tax rate 
(ETRj) with respect to taxable income is calculated for each income 
class in the reference year. Then, applying these rates to the corres
ponding adjusted taxable incomes in all other years and summing 
up over the income classes for each single year gives the adjusted 
series of tax yield that would have resulted if no discretionary 
changes in the rate structure had occured during the data period. 
Formally, this procedure may be expressed by the following equa
tions: 

ETR = T / T I i r f o r i = l , . . . , I 

AT t = ETR χ ATI,t for i = Ι,.,.,Ι 
andt = Ι,.,.,Τ (2.15) 

AT = Σ AT 
1 i it 

where 

ETR = effective tax rate, 
Τ = tax yield, 
TI = taxable" income, 
AT = adjusted tax yield, and 
ATI = adjusted taxable income. 

For the sake of simplicity, AT and ATI will hereafter be denoted 
by Τ and TI, referring to the adjusted (rather than the actual) tax 
yield and taxable income series, respectively. 
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2.2.3. A Formal Setting of the Model 

Having discussed the main determinants of aggregate tax liabili
ty and eliminated the effects of discretionary changes, the implicit 
form of tax function may be written as 

Τ = f (API, DI, DF, DIS, TE) (2.16) 

where 
Τ = income tax liabilities 
API = adjusted personal income 
DI = size distribution of income 
DF = demographic factors 
DIS = distribution of income by income sources, and 
TE = tax evasion. 

In order to investigate the effect that the various parts of the 
tax structure have on tax yield and, through that, the way in which 
the various determinants affect the tax, the above equation may be 
partioned according to the identity: 

A TÏT RI ΓΙ ι 
= API (2 17) 

API RI TI K } 

where TI and RI are taxable income and income reported to tax au
thorities respectively. 

Thus, the individual ratios may be written in the following 
form of implicit functions, having as independent variables the fac
tors on which each ratio depends: 

RI/API = f, (API, DF, DIS, TE) (2.18) 

TI/RI = f2 (API, DI, DF, DIS) (2.19) 

Τ/ΤΙ = f3 (API, DI, DF) (2.20) 
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The advantage of such a partitioning approach is that it allows 
us to examine not only the overall tax-income relationship, but also 
a number of intermediate relationships, representing in greater detail 
the behaviour of the personal income tax. More specifically, equa
tion (2.20) reflects the rate schedule and the structure of tax credits; 
equation (2.19) reflects the structure of personal exemptions and de
ductions; and equation (2.18) provides a connection of the tax yield 
with NIA data which is also useful for incorporating the income tax 
system into large macroeconomic models. 

Let us first consider equation (2.18). As already mentioned, RI 
is the income reported to tax authorities which, in the absence of 
evasion, coincides with the statutory concept of "net income". The 
latter results from gross income (from all sources subject to tax) af
ter allowances for business expenses, repairs to land and buildings, 
employment and insurance contributions, etc. are subtracted. Since 
many of these allowances grow less than proportionately with in
comes, RI is expected to grow faster than API. Tax evasion is 
another factor affecting the RI-to-API ratio. It is self-evident that 
the higher the evasion the lower the reported income is. This ratio 
may also be affected by shifts in the distribution of income by in
come sources; firstly, between taxable and non-taxable sources, to 
the extent that the latter have not been excluded from API (mainly 
income from interest, in the Greek case); and, secondly, among in
come sources for which different amounts of deductible allowances 
are prescribed for business expenses, etc.). Through the structure of 
these allowances, demographic changes or shifts may also have an 
impact on the aggregate income that is reported on tax returns. 

The T-to-RI ratio (equation (2.19) depends firstly on adjusted 
personal income. As the latter rises, more and more individual in
comes will exceed the level of deductible allowances and be brought 
into the tax area. At the same time, for individuals already inside 
the tax area, taxable incomes are expected to rise at a faster pace 
than reported incomes, since personal and occupational allowances 
are largely fixed in money terms. Secondly, income-distribution 
changes may also affect the ratio ΤΙ/RI. This is because a redistri
bution, say, in favour of low-income groups may decrease TI to the 
extent that some of the income transfers are directed to taxpayers 
with "negative" taxable incomes. Thirdly, demographic shifts may 
affect TI as there is a whole range of allowances applied to different 
taxpayers according to family and/or individual circumstances, such 
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as family size and disability. As these circumstances change over 
time (other things being equal), taxable income may vary. Moreov
er, an increase in the number of taxpayers will cause a decrease in 
TI that will be proportionately larger than that in RI, due to the 
structure of allowances. These factors apart, shifts in the distribu
tion of incomes by income sources and/or taxpayers by occupation
al categories may also affect the ΤΙ/RI ratio through the different 
occupational deductions assigned to them by the tax system. 

Finally, the ratio T/TI (equation (2.20) ) varies directly with 
income. Indeed, tax liabilities are expected to rise faster than taxa
ble income, as a result of API increases, due to the graduated rate 
schedule and the fixed-in-money-terms tax credits. However, the 
contribution of the rate schedule to the overall sensitivity of the tax 
is more complicated than it might seem at first sight. Evidently, if 
an individual's income rises, his liabilities will increase faster than 
taxable income, since average tax rate is rising. At the aggregate 
level, however, things are not as obvious. The resulting change in 
T/TI eventually depends on the relative shares of each fraction of 
taxable income to which the same bracket rate is applied. To the 
extent that the bulk of tax units find themselves inside the tax net, 
the above shares are expected to shift in favour of higher rate 
brackets resulting in a rising T-over-TI ratio, as API rises. A nearly 
constant ratio could aiso be envisaged in cases with particularly 
high tax thresholds in relation to average incomes. Changes in the 
pattern of income distribution may also influence tax yield. For in
stance, a redistribution of income from high to low-income groups 
will shift incomes down to lower marginal tax rates leading to a de
cline in revenue. Finally, demographic changes may also affect the 
T/TI ratio. This is because an increase in the population of taxpay
ers will ceteris paribus bring about a faster decline in tax liabilities 
than in taxable income due the graduated rate structure and the 
11xed-in-money-terms tax credits. 

2.2.4. Specification of Variables 

a. The Tax Variable 

The first question that arises is whether to use tax liabilities or 
actual tax collections as a tax variable in the model. Although the 
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two concepts are closely related, they are different in that the time 
at which tax liability is paid does not coincide with the time that li
ability arises. The latter coincides with the time that income is 
earned, whereas the former partly refers to incomes earned in other 
years too. The relationship between tax liabilities and tax payments 
is determined by the tax law. For tax payments made on a pay-as-
you-earn basis,10 this relationship will be more or less stable over 
time, implying that these payments can easily be obtained once we 
have first determined the corresponding liabilities. However, for 
cases in which the law allows the actual payments to be made a 
considerable time after the income is earned, tax collections may al
so be affected by other factors, mainly among which are the rate of 
interest and the rate of inflation. 

For purposes of economic policy, it is useful to know both ag
gregate tax liabilities and tax collections, since the economic behav
iour of individuals is mainly affected by the former, while the latter 
directly affects the government budget. For present purposes, how
ever, we use aggregate liabilities as a tax variable in the model, for 
they relate directly to the income earned in each particular year, al
lowing investigation of an income tax system. On the contrary, tax 
collections relate to different years' income and thus to different tax 
structures, making the investigation of a certain tax system very dif
ficult. An additional reason for employing tax liabilities rather than 
tax collections is that data on them provide a lot of detailed infor
mation which is indispensable for the empirical application of the 
analytical framework set out in the previous section. 

b. The Income Variable 

In line with our discussion in sec. 2.2.1, there are four main 
components of personal income that give rise to problems in speci
fying the adjusted personal income for Greece: the agricultural in
come, current transfers to households, the employer's contributions 
for social insurance and income from interest. 

The agricultural income (comprising about l/6th of the total 

10. For Greece, the percentage of tax collections made on a pay-as-you-earn basis was 
about 56% in 1983, but varies considerably over time. 
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income accruing to households and non-profit institutions) is practi
cally tax exempt because farms are far too small to be brought into 
the tax net. Thus, in 1983, the percentage of farmers who paid taxes 
was only 0.2 per cent, and the taxes paid by them were only 0.03 
per cent of the total income tax yield. Given that the share of agri
cultural income in personal income has in general been declining, it 
is clear that a strong possibility of misspecification would arise if 
income from agriculture were included into the API concept. 

The second major discrepancy between personal income as es
timated in the National Income Accounts and income for tax pur
poses is due to the treatment of transfer payments. Broadly speak
ing, personal transfer payments may be divided into three catego
ries: transfers from government to non-profit institutions, transfers 
from government to persons and households, and current transfers 
from abroad. Transfers to non-profit institutions are mainly to edu
cational institutions, hospitals, and certain quasistate agencies. In so 
far as these transfers are used for the wages and salaries of the in
stitutions, this aggregate is already included in the wage and salary 
component of personal income. The balance, which would be used 
for the purchase of goods and services, would not be taxable. 
Therefore, these transfers represent a non-taxable form of income 
and, as such, are not included in the income measure used as an 
explanatory variable for personal taxation. 

The second category of transfers consists of the transfers to 
households, mainly social welfare transfers such as pensions, unem
ployment benefits etc. The tax treatment of such transfers depends 
on the nature of the transfer. In general, "long-term" benefits, such 
as pensions, are taxable, whereas "short-term" benefits, such as un
employment benefits, are tax exempt. Consequently short-term but 
not long-term benefits are subtracted from personal income. 

The third category of transfers, that is, transfers from abroad, 
is a less important component of personal income. Since these are 
basically emigrants' remittances, no liability to income tax arises 
from them. Thus, these transfers are also subtracted from personal 
income. 

Employer's contributions for social insurance are also included 
in personal income yet they are not included in the income as de
fined for tax purposes. 

The income from interest is exempted from taxation and should 
therefore be excluded from API. However, this was not made possi-
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ble for there is no relevant NIA information available. Finally, the 
income from capital gains is not included in the NIA concept of 
personal income but, under Greek tax law, it is not taxed either. 

Thus, in order to arrive at the concept of income used for tax 
purposes, agricultural income, transfer payments except pensions, 
and social welfare contributions by employers are deducted. Income 
from interest has not been excluded from API, and this is a possible 
source of misspecification to the extent that the income share of this 
source has been varying over time. Of course, there may also be 
other secondary discrepancies between personal income and income 
as measured for tax purposes. However, if it is accepted that these 
discrepancies are too small and unlikely to have changed apprecia
bly over the data period, the use of adjusted personal income (API) 
as an explanatory variable for personal income taxation is accepta
ble. 

c. The Income Distribution Variable 

In order to account for the revenue impact of changes in the 
pattern of income distribution, a variable reflecting these changes 
should be included in the relevant equations. An obvious candidate 
for such a variable is a measure of inequality. It should be emphas
ized, however, that the notion of inequality in the present context 
has a predictive interpretation. Thus, the choice of an appropriate 
measure should be based on its predictive ability and, hence, this 
choice may not necessarily coincide with one's perceptive (norma
tive) notion of inequality.11 The inequality measure should accord 
with the actual tax structure under investigation. In other words, 
the measure should place more weight on transfers which have 
greater impact on tax revenue. Consider, for example, the simple 
case of a linear tax with an income threshold below which no tax is 
paid. Obviously, transfers among individuals either below or above 
the threshold have no effect on revenue (as long as they do not 
bring about movements across the threshold), although they do 

11. A number of inequality measures and the way they reflect the various parts of the 
distribution is discussed in the next chapter. 
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have an impact on income inequality. Therefore, the inequality mea
sure to be used, in this particular example, should be carefully 
chosen to reflect only income transfers across the threshold. In a 
more general case where the threshold varies substantially with oc
cupational categories and the tax schedule includes many bracket 
rates, matters become more complicated. 

In our case, there are no data on the size distribution of per
sonal income for the period under consideration, nor any inequality 
estimates from official sources or previous empirical work. Never
theless, there are data available on the distribution of reported in
come (RI) by income classes which is the top part of the distribu
tion of adjusted personal income (API). It is, therefore, possible to 
calculate the income shares of a top percentile of the population 
over the years and use that as an inequality measure in our model. 
The percentile we use is the top twenty percent, P20, of the popula
tion. Inequality, as measured by P20, has been declining from 0.441 
in 1971 to 0.405 in 1983.n The main shortcoming of this measure is 
that it provides only partial information about changes in the patt
ern of income distribution and its predictive ability is far from per
fect. 

d. Other Variables 

As already discussed in previous sections, there are a number 
of changes or shifts in various demographic magnitudes that may 
affect tax liabilities, such as changes in the population of taxpayers, 
or shifts in their distribution by family circumstances, etc. There
fore, the variable DF is a composite variable representing more 
than one demographic factor. This is also the case for the variable 
DIS, representing not just changes in the factor distribution of in-

12. Empirical work on measuring income inequality in Greece is very limited (Karageor-
gas, 1973 and 1977; and Athanassiou, 1984) and refers mainly to two years (1964 and 1974) 
in which a Household Expenditure Survey (HES) took place. Another indication that inequa
lity has been declining over time comes out of Karageorgas' papers which use data from the 
HES of 1964 and 1974, respectively. Employing similar methodological procedures, he finds 
that the Gini index fell from 0.588 in 1964 to 0.45 in 1974. Finally, Athanassiou (1984) makes 
use of a more sophisticated procedures on 1974 data and obtains a Gini index of 0.372. 
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corne (from capital13 or labour), but changes in its distribution by 
income sources treated differently by the tax system as well as by 
taxable and non-taxable income14 sources, to the extent that the lat
ter have not been excluded from API. It is evident that the individ
ual effects of all these factors cannot be easily identified. As most 
of the above factors are expected to be correlated with time, in 
what follows we introduce a time trend as a composite variable to 
account for their effects. 

Finally, tax evasion may be defined as the discrepancy between 
the statutory concept of "net income" which should be reported to 
tax authorities, and the income actually reported on tax returns. On 
evasion, however, there is no information available. In the following 
section, we shall see how we can get away with this problem. 

2.2.5. Parametric Model and Stochastic Specification 

The functional forms usually employed in the relevant empirical 
literature are either linear or log-linear. These forms imply, respec
tively, that the marginal response or the elasticity of the tax with 
respect to income changes remains constant. In this study, we em
ploy a log-linear form of regression equation since a priori consid
erations concerning the progressive nature of the tax structure (in 
the sense of a rising average tax rate) tend to support the view that 
a constant-elasticity assumption is less restrictive.15 Moreover, the 
model has to be complemented by introducing a random distur
bance term representing its stochastic part. This term may be at
tributed to several factors, such as measurement errors, not exact 
specification of the mathematical form of the model and omission 
of variables. These unspecified factors are all assumed to be un
corrected with the variables included in the deterministic part of 
the model. Therefore, the explicit form of the equations correspond
ing to equations (2.16) and (2.18) - (2.20) may be written as 

13. Here, it should be noted that the liabilities accruing from the 3 per cent surtax levied 
on profits, dividends etc. have been excluded from the empirical analysis in order to focus 
our attention on the investigation of the main tax structure. 

14. Income from interest, in the Greek case. 
15. For more on this point, see Morawetz (1971). Moreover, it should be noted that em

pirical experimentations with the two functional forms indicated that the logarithmic form 
performed better than its linear counterpart. 
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Τ = a API" P20b t c TE d u (2.21) 

T/TI = ai API"1 P20 b 1 tC 1 ui (2.22) 

TI/RI - a2 API n 2 P20 b 2 t c 3 uz (2.23) 

RI/API = a3 A P I n 3 t c 3 T E d ι u

3 (2.24) 

where P20 is the income share of the top two deciles of the popula
tion, t is the time trend, while the remaining variables are as de
fined in equation (2.16). 

Referring to tax evasion, previous studies have usually made 
the tacit assumption that evasion is included in the error term. 
However, the OLS coefficient estimates would only be unbiased if 
the error term was assumed to be uncorrelated with any of the in
dependent variables of the regression equation. Nonetheless, there is 
little doubt that this is not the case for evasion since it is expected 
that, in general, higher levels of income result in greater tax eva
sion. Introducing evasion as an additional explanatory variable — 
as done in equations (2.21) and (2.24) — would not solve the prob
lem because of its correlation with another independent variable 
(API), making the application of OLS inappropriate once again. To 
get away with this problem, we assume that the following relation
ship exists between TE and API: 

TE = aAPIße?Dv (2.25) 

and that this relationship remains unchanged over the data period, 
where D is a dummy variable to represent measures taken against 
tax evasion in 1978. D is set equal to one for the years before 1978 
and equal to zero elsewhere for it is 1983 that is taken as a refer
ence year. 

Thus, substituting equation (2.25) into (2.21) and (2.24), the set 
of equations (2.21) through (2.24) in a logarithmic form may be 
written as follows 

log Τ = a' + η ' logAPI + b logP20 + c logt + yD 4- u ' (2.26) 

log T/TI = aί 4- ni logAPI + bi logP20 + ci logt + ui (2.27) 
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log TI/RI = a 2 + η ζ logAPI + b 2 logP20 + c2 logt + u 2 (2.28) 

log RI/API = a 3 + η 3 logAPI + c3 logt + yD + u 3 (2.29) 

where 

u ' = log u + d log ν 

u Ί = log ui 
u 2 = log U2 
U 3 = log U3 + di log V 

are the error terms of the above equations assumed to have zero 
means and constant variances. Moreover, 

n ' = n + dß, and (2.30) 

n ' 3 = n3 + diß (2.31) 

while, according to identity (2.17), we expect the overall tax-to-
income estimated elasticity (n ') to be equal to unity plus the sum of 
the component elasticities obtained from the intermediate equations, 
that is 

n ' = 1 + ni + n2 + n 3 (2.32) 

Obviously, the elasticities n ' and η 3 reflect the combined effects 
of both income and evasion and, taken as such, the resulting esti
mates are unbiased. In this way, it is permissible to use equations 
(2.26) - (2.29) both for forecasting and fiscal policy purposes. 

16. The pure income effects are shown in equations (2.21) - (2.24) where 

η = 1 + ni + n2 + n3 

Nevertheless, the OLS method could not be applied to equations (2.21) and (2.24) because of 
correlated independent variables. 
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2.3. Empirical Results 

This section presents the empirical findings obtained from the 
application of the above methodology to Greek data. The data pe
riod covers the years 1971-1983 for which the data information ne
cessary for our approach is available. The last year of this period is 
taken as a reference or base year, and the 1983 tax structure is the 
one under investigation. 

All calculations have been based on data derived from the Per
sonal Income Tax and the National Income Accounts Statistics of 
Greece. Fiscal and financial years coincide in the Greek case. The 
liabilities and taxable-income series employed in the estimating 
equations were first adjusted for the effects of changes in the tax 
laws by using the constant-structure method set out in section 2.2.2. 
In the adjustment process, we incorporated pure policy parameters 
of the statutory tax structure thus considerably increasing the accu
racy of the resulting hypothetical series. The constant structure me
thod was applied by exploiting all the data available from the tax 
authorities on the distribution by income classes as well as by fami
ly circumstances and occupational categories of individuals filing tax 
returns. 

The hypothetical series were then used to estimate equations 
(2.26)-(2.29). The results obtained are presented in Table 2.1, with 
the numbers in parentheses showing the value of the t-statistics. 
Comparing the F values of these regressions with the corresponding 
theoretical values at both 5 per cent and 1 per cent significance lev
els, the regressions as a whole are found to be highly significant. 
(The F values are not included in the table as they are directly re
lated to the coefficients of determination). The estimated equations 
explain 96,8%, 87,3%, 96,1% and 96,9% of the total variation of the 
dependent variables, respectively. A first-order serial correlation of 
the disturbances is checked by the DW-statistic. Having used the 
maximum-likelihood iterative technique to correct for autocorrela
tion, the DW values reported in the table are all significant at a 5 
per cent level, except for the first equation for which the DW value 
falls in the region of indeterminacy. 
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TABLE 2.1 

The Estimated Tax Equations 

Dep. Constant logAPI logP20 logt D R2 D.W. 
variable 

(1) logT -7.85 1.92 1.44 -0.16 -0.36 0.968 1.79 
(3.8) (12.7) (2.32) (1.92) (6.9) 

(2) logT/TI -3.66 0.41 1.25 -0.05 0.873 1.91 
(2.9) (5.8) (2.38) (1.45) 

(3) logTI/RI ^2.47 0.32 0.14 -0.07 0.961 2.13 
(5.2) (6.2) (0.91) (1.45) 

(4) logRI/ATI -1.91 0.21 -0.028 -0.29 0.969 1.92 
(7.1) (12.1) (0.84) (8.6) 

The signs of the regression coefficients are, in general, as ex
pected, while most of the basic variables are significant at the con
ventional level of 5 per cent. More specifically, the income variable 
(API) is significant in all equations and verifies the a priori expecta
tion that the tax is income-elastic, and that the sum of the compo
nent elasticities plus unity adds up to the overall income elasticity, 
that is, 1 + 0.41 + 0.32 + 0.21 « 1.92. The unity represents the 
elasticity of a proportional tax, whereas the component elasticities 
show the extent to which the tax system deviates from proportional
ity. Hence, the component income sensitivities indicate the contribu
tion of the main parts of the structure to the overall sensitivity of 
the tax. In the present case, the rate structure (including tax credits) 
has contributed by 0.41, the structure of exemptions and deductions 
by 0,32 and the structure of allowances for business expenses etc. by 
0.21 (see lines (2), (3) and (4) of Table 2.1, respectively). The former 
is mainly due to the tax credits rather than to the rate schedule. If 
tax credits were non-existent — as was the case a few years before 
1983 — the contribution of line (2) would be expected to be much 
lower, since the relative shares of total taxable income as distributed 
by statutory rate brackets would not have changed substantially as 
new taxpayers came into the rate schedule every year. The contribu
tion of exemptions and deductions to the overall income sensitivity 
of the tax is higher than that of the various allowances for ex-
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penses. This may be accounted for by the nature of personal exemp
tions and deductions which are largely fixed in money terms, as op
posed to business expenses, employee's insurance contributions, etc., 
most of which taken individually tend to grow in line with gross 
personal incomes, although taken as a whole they do not quite do 
so. 

Changes in the pattern of income distribution, as represented 
by the income share of the top two deciles of the population (P20), 
have positively affected tax liabilities. The estimated inequality elas
ticity is 1.44 and is marginally significant at a 5 per cent level (line 
(1)). Thus, a one percent change in inequality will lead to a change 
in liabilities of nearly one and a half percent in the same direction. 
Since P20 has in general been declining over the data period, from 
0.441 in 1971 to 0.405 in 1983, this determinant has slowed down 
the overall growth of tax yield. With regard to the contribution of 
the intermediate relationships, the T/TI regression has contributed 
the most, as was expected. The relevant coefficient (1.25) is signi
ficant at a 5 per cent significance level. The corresponding coeffi
cient of line (3) in Table 2.1 does not appear to be significantly dif
ferent from zero. This result, however, may be accounted for by the 
fact that P20 does not reflect a good part of distributional move
ments across the tax threshold. As already pointed out in section 
2.2.4, P20 is only a partial-information measure of inequality, the 
predictive ability of which is relatively poor.17 This is bound to have 
some bearing on the inequality parameters of the previous equations 
as well. 

The time variable intended to capture other factors (such as 
demographic magnitudes and shifts in the distribution of income by 
source or factor) does not appear to be significantly different from 
zero at the conventional 5 per cent level, except in one of the esti
mated equations, that is in line (3). The overall regression (1) in 
Table 2.1 presents a time coefficient which is significant only at a 
10 per cent level. The negative sign of the estimated coefficient indi
cates that those of the above factors with a negative impact on tax 

17. This is due to the fact that (a) there may be income transfers not recorded by P20 
which result in an inequality variability different from that indicated by P20, and (b) transfers 
of equal amounts of income that are recorded by P20 are assigned equal weights, although 
their revenue impact may be different, due to the multi-rate structure of the tax. 
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yield seem to predominate. As suggested by line (3), the most im
portant of these factors seems to be a substantial upward shift that 
has taken place (a) in the percentage of taxpayers earning income 
from wages, salaries and pensions (from 47.5% in 1971, to 57.7% in 
1983), and (b) in the share of income declared by these taxpayers 
which increases even more (from 51.2% in 1971 to 68.7% in 1983). 
These factors directly increase the weight of the particularly high 
occupational deduction that the above taxpayers are entitled to, and 
which accounts for more than 50 per cent of the total amount of 
exemptions and deductions in 1983. 

Finally, the measures against evasion taken in 1978 brought 
about a significant upward shifting in the overall estimated equa
tion, as shown by the estimated coefficient of the dummy variable. 

2.4. Concluding Remarks 

In this chapter, we have employed a time series analysis to in
vestigate the determinants of the income tax yield under the 1983 
tax system. 

The new element in our methodology lies in the attempt to 
combine a simulation approach introduced by the constant-structure 
method of adjustment with a time series regression analysis. The 
former actually simulates a substantial part of the tax system in 
order to derive historical data series that are purged of discretionary 
tax changes. Then, these series are used in a set of regression equa
tions in order to estimate the composite tax parameters (elasticities) 
and, through them, tax liabilities for the particular structure being 
studied. 

Following a partitioning approach, the model used is composed 
not only of an overall tax-income relationship, but also of a number 
of intermediate relationships in order to study the separate contribu
tion of the different parts of the tax system to the overall relation
ship. 

The adjustment method employed here is based on weaker as
sumptions than those of other methods found in the literature. Al
though computationally more demanding, it has the further advan
tage that it introduces explicitly into the analysis pure tax parame
ters provided by the tax law, directly controllable by the govern-
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ment. The implication of this is that a substantial part of the basic 
structure can be treated as variable. Simulating alternative sets of 
pure parameters provides different hypothetical or adjusted tax ser
ies and, through the regression equations, different tax yields. Esti
mating the revenue effects of alternative tax policy options can be 
regarded as a possible extension of the present empirical analysis 
that would be useful for fiscal policy purposes. 

Despite the advantages of the methodology of this chapter, 
there are a number of limitations that should not escape our atten
tion. First, the scope of our results is narrowed by the partial na
ture of this analysis. Feedback effects through linkages with other 
fiscal and economic variables, although existent, have not been con
sidered. Such effects could only be taken into account by construct
ing a comprehensive econometric model where all these linkages 
would be specified. 

Secondly, even in the present context of partial analysis, the es
timated coefficients of inequality (P20) and demographic and other 
factors (t) should be interpreted with caution. Indeed, more work is 
needed in order to identify, first, the predictive ability or properties 
of different inequality measures under a given tax structure, and se
condly, the individual tax effects of demographic magnitudes and 
shifts in the factoral distribution of income. One way of pursuing 
the latter may be to carry out the analysis at a more disaggregated 
level. 

Thirdly, the estimated elasticities are influenced by the limita
tions of the adjustment procedure used. Like any other method of 
adjustment, the constant structure method is based on the underly
ing assumption that changes in the income tax law have no effect 
on the individual's work/leisure decisions and, through this, on the 
income figures on which the calculations of hypothetical series is 
based. Nonetheless, there are good theoretical reasons for expecting 
that pre-tax incomes and probably their distribution as well may be 
affected by the tax, through its impact on the utility-maximizing 
work/leisure combination of the individuals. This issue will be 
brought into focus in the sixth chapter where the effects of taxation 
on the incentives to work are investigated. 
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CHAPTER 3 

MEASURING INCOME INEQUALITY 

As the redistributive and allocative effects of the tax are central 
issues in the remainder of the study, the present chapter focuses on 
the question of income inequality. The main objectives are: 

— to explore the basic concepts and issues involved in inequali
ty comparisons, 

— to discuss and evaluate the various methods and tools of 
measuring inequality between alternative income distribu
tions, and 

— to present information on before and after-tax inequality of 
assessed incomes and tax liabilities in Greece. 

The present discussion will also serve as a reference point for 
the analysis and discussion in subsequent chapters to the extent that 
these investigate aspects and effects of taxation which are related to 
inequality. In the following section we discuss some basic issues of 
inequality comparisons. Section 3.2 concerns the criteria employed 
in evaluating alternative inequality measures. A number of measures 
are presented and discussed in section 3.3 which are then applied to 
the Greek case in section 3.4. Finally, some concluding remarks are 
made in the last section of the chapter. 

3.1. Basic Concepts 

A given income distribution is characterized by a certain degree 
of inequality if it differs from a specified reference distribution. In 
the literature of income inequality, the reference distribution is usu
ally identified with the egalitarian one, that is, a distribution prevail
ing when all income units receive identical incomes.1 

1. This does not in any way imply a general acceptance of the egalitarian definition of 
"equitable distribution". In fact, there are numerous definitions of "equitable destribution". 
e.g. see Alker (1970), Nicholson and Britton (1976), Tinbergen (1978) and Cowell (1977). 
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The basic questions asked relate to: (a) inequality comparisons, 
(b) inequality measurement and (c) decomposition of inequality. 

In order to be able to deal with this kind of questions one must 
be equipped with certain criteria which provide the means of form
ing some idea about the shape of various distributions and which 
thus can serve as a basis for inequality judgements. The statement, 
for example, that "the egalitarian distribution is the most equitable" 
may represent one such criterion. It is, however, obvious that al
though this principle admits comparison of any arbitrary distribu
tion with an egalitarian alternative, it does not by itself allow other 
pairs of distributions to be compared. Numerous other criteria have 
been proposed in the literature, representing different notions of in
equality.2 Most current writers, however, adopt the Lorenz criterion 
as a basis for ordinal inequality comparisons. 

FIGURE 3.1 

Income 
proportion 

Population 
proportion 

2. For example, according to the Pareto criterion, the income vector Y is not more un
equal than the vector Z, if Uj (yj) ^ Uj (zj.), V i=l,.··, N, where Uj is the utility of the i th 
income unit. According to Rawl's criterion, on the other hand, the income vector Y is not 
more unequal than the vector Z, if 

min [u i(y,),U2(y2),...,UN(yN)] > min [ υ , (z,), U2(z2),...,UN(zN)]. 
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Figure (3.1), above, represents the Lorenz curves for two hypo
thetical income vectors, Y and Z. The horizontal axis denotes the 
values of relative distribution functions, i.e. cumulative population 
shares, whereas the vertical axis represents the values of the corres
ponding income shares. 

When the two income distributions are plotted in a Lorenz-type 
diagram and the Lorenz curve of distribution Y is situated strictly 
inside the Lorenz curve of Z, then the distribution of Y is judged to 
be less unequal than the distribution of Z. If, however, the two 
curves intersect, neither distribution can be said to be more equal 
than the other. The ordinal approach is, therefore, "incomplete", 
since the Lorenz criterion can be used to rank some pairs of distri
bution but cannot be used to rank others. 

Completeness is achieved by the cardinal approach through the 
use of numerical inequality measures which summarize the income 
distribution into a single figure. 

A numerical measure of income inequality is usually defined in 
terms of deviations of the distribution in question from the egalitar
ian (or some other) distribution. In translating those differences into 
the vector of real numbers, all measures incorporate, explicitly or 
otherwise, specific normative distributional preferences. As a result, 
alternative .inequality measures do not in general provide the same 
ranking of distributions. 

The literature on inequality measures is very extensive and a 
great number of such indices are now available. They can be distin
guished, according to the type of analysis on which they are built, 
into three broad categories: 

(a) Ad hoc measures generated mainly from diagrammatical il
lustrations or based on conventional statistical concepts, and 
their transformations. 

(b) Measures based on the axiomatic approach that is designed 
to fulfill a certain desired set of properties. 

(c) Measures derived from the social welfare theory and there
fore explicitly stated in terms of a well defined social welfare 
function or class of functions. 

The measures in the last category are usually characterized as 
"normative" because they relate to the normative notion of social 
welfare, but as Sen (1973) points out, every positive measure embo
dies some form of social welfare function. Indeed, the various as
sumptions about the form of the social welfare function implied by 
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different positive inequality measures are discussed in a series of ar
ticles by Atkinson (1970), Dasgupta, Sen and Starret (1973), Roth
schild and Stiglitz (1973), and Pyatt (1985), among others. It must 
also be mentioned that once the social welfare function is specified, 
normative measures can be expressed in terms of the income vector 
alone and thus examined according to the same rules as positive 
measures. 

3.2. Criteria for Choosing between Alternative Cardinal Measures 

Much of the literature on measuring inequality has been con
cerned with the problem of choice between alternative inequality 
measures. Most applied researchers start with a set of measures and 
examine their properties in order to select the most appropriate in
dex (or indices) on the basis of the "reasonableness" of those prop
erties. A second approach is to specify from the beginning a set of 
"reasonable" criteria and then to examine whether various measures 
available satisfy this set. The second approach offers the advantage 
of a more clear display of the value judgements involved in each 
particular choice. The approach employed here is of the second 
type. In what follows, we categorize and discuss a number of crite
ria that are found in the literature. On the basis of this discussion, 
selected inequality measures are then presented and calculated in 
subsequent sections. 

3.2.1. A Minimum Set of Axioms 

Let Y = (y,, y2,..., yN) be a non-negative income vector denoting 
an ordered income distribution among Ν income units. Let us also 
denote by I(Y) a numerical measure of inequality such that I(Y) in
creases when inequality increases. We shall define the following set 
of axioms, as a minimum set of properties for the inequality mea
sure I. 

a. Symmetry: 

I(Y) = f(h(Y)) 
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where h is any permutation of Y. 
This axiom simply states that any interchange of positions 

among income units does not affect the inequality measure. It there
fore ensures impartiality of inequality judgements, among income 
receivers. The symmetry axiom is commonly accepted in the litera
ture because of its intuitive appeal and great convenience. If, how
ever, income receivers are not defined in homogeneous units it may 
result in distortion of our prescriptive notion of inequality. This is 
the case, for example, when income units refer to households with 
significant variation in members. 

b. Principle of Transfers 

Let Y be the ordered income vector and y yr any two individ
ual incomes such that yp < yr. Consider now the income vector Ζ 
obtained by the following transformation of Y: 

z. = y. for any i Φ ρ and i # r 

and zp = yP + t (3-1) 
zr = yr - t for t > 0 

According to the principle of transfers, when Ζ differs from Y by a 
finite number of transfers of type (3.1), other things being equal, 
(including the relative ranks of givers and receivers, i.e. t < (y2 — 

yP)/2, 

I ( Z ) < I (Y). 

The intuitive justification for this axiom is simply that it is reasona
ble to regard as more equal a distribution obtained from another by 
a richer person giving part of his income to a poorer person. The 
principle of transfers originates in the work of Dalton (1920) and is 
a criterion of general approval.3 It must be mentioned that applica-

3. See, for example, Atkinson (1970), Sen (1973), Fields and Fei (1978), and Cowell 

(1985), among others. 
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tion of the princile of transfers presupposes that symmetry is ac
cepted. It has also been shown by many writers4 that under symme
try the principle of transfers is equivalent to Lorenz domination, 
where the Lorenz diagram is of the absolute type, i.e. the vertical 
axis indicates cumulative incomes and the horizontal axis number of 
income units. 

3.2.2. Additional Axioms 

a. Scale Independence 

If c is a positive constant (c > 0) and Ζ obtained from Y as 

Ζ = c(Y), 

then I (Z) = I (Y). (3.2) 

This axiom essentially states that the inequality measure should not 
be affected by proportionate changes in all incomes, and is the basis 
of all relative inequality indices. The implicit assumption underlying 
scale independence is that, although "social wellbeing" depends 
both on the level of total income and the inequality of the distribu
tion, inequality per se depends only on relative incomes. Although 
most current writers adopt "scale independence", the axiom is not 
in any way self-evident and has not escaped criticism. Kolm (1976) 
writes: " I have found many .people who feel that it is an equal ab
solute increase in all incomes which does not augment inequality". 
Kolm's statement can be taken as an axiom alternative to "scale in
dependence" and indeed it is the basis of his "absolute measures" 
and of subsequent work by Blackorby and Donaldson (1980). 

b. Independence of Proportional Population Changes 

Let Y be an income vector with number of income units Ν and 
total income T. If Ζ is a k-fold replication of Y with number of in
come units kN and total income kT, then 

4. Rothschild and Stiglitz (1973), Atkinson (1970), Fields and Fei (1978). 
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Ι (Y) = Ι (Ζ). 

According to this criterion inequality remains unchanged if a pro
portionate number of persons are added at all income levels. The 
justification behind this principle is that if two or more identical 
distributions are merged, it is reasonable to regard the combined 
distribution as equally unequal to the original ones. As in the case 
of "scale independence", "population indepedence" is accepted by 
most writers, not so much for its intuitive appeal5 but on the 
grounds that it enables inequality ranking to be based solely on the 
relative distribution of income. 

Notice that acceptance of symmetry, principle of transfers, scale 
independence and population independence is equivalent to Lorenz 
domination in relative terms. Alternatively, this set of criteria con
stitutes an axiomatic justification of relative Lorenz domination as a 
method of inequality ranking.6 

A number of remarks can be made at this point about the 
significance of the criteria discussed so far. It may be argued that 
the minimum set of axioms can be used as a decisive argument 
when considering different inequality measures. In other words, if 
we accept that symmetry and principle of transfers impose a min
imum reasonable requirement on the inequality measure, it follows 
that indices which violate this set are less than satisfactory in meas
uring inequality.7 However, a large number of indices which in 
general do not result in the same ranking of distributions satisfy the 
minimum set. Depending on the additional axioms adopted with re
gard to changes in total income and population, these measures can 
be further distinguished into two broad categories:8 

5. Some doubts about the desirability of population principle are expressed in Cowell 

(1977). 

6. See Feilds and Fei (1978). 

7. Examples of such inequality measures that fail to satisfy globally the principle of 
transfers are: the relative mean deviation, the logarithmic variance, the variance of logarithms 
and the Kuznets' measure. For more on these measures, see Cowell (1977) and Sawyer (1976). 

8. A category of "compromise inequality measures", that is, pairs of absolute and rela
tive measures interlinked to each other is suggested in Blackorby and Donaldson (1980). 
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(a) Absolute indices based on the minimum set plus population 
independence and independence of equal absolute additions, 
and 

(b) Relative indices based on the minimum set plus population 
independence, and independence of proportional additions. 

Obviously, each of the above categories corresponds to a differ
ent prescriptive position and yields an inequality ranking of its own. 
Most measures in current use fall into the second category. Howev
er, even within this set of measures, alternative indices agree on the 
ranking of distributions for which Lorenz curves (LC) do not inter
sect. This follows directly from the equivalence with relative Lorenz 
domination (LD). When the LCs do intersect, however, the various 
measures yield different inequality rankings. To be able to evaluate 
alternative results we must consider the additional value judgements 
adopted by the selection of a given measure or a set of measures. 
This brings us to the question of the cardinal properties of inequali
ty indices. 

3.2.3. Cardinal Properties of Inequality Measures 

a. Strong Principle of Transfers 

The question of how an inequality measure reflects the incomes 
at different parts of the distribution is clearly interlinked with the 
principle of transfers. If one wishes the inequality measure to be 
more sensitive to changes among the poor than among the rich, the 
inequality index to be chosen should place more value on transfers 
at lower parts of the distribution than at higher parts. A measure 
which attaches weights to transfers at different levels of income in 
accordance with the above rule is said to satisfy the "strong princi
ple of transfers". There is more than one version of a strong princi
ple of transfers in the literature. For instance, Kolm (1976) states 
that "we value more a transfer between persons with a given (rela
tive) income difference if these incomes are lower". According to 
Mehran (1976), "a small positive transfer from a richer to a poorer 
individual, with a given proportion of population in between them, 
decreases the inequality and the decrease is larger the poorer the re
cipient". For a given positive infinitesimal transfer one can obvious
ly think of other versions of the strong principle of transfers (SPT), 
depending on whether differences between givers and receivers are 
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defined in terms of monotonie transformations of incomes.9 Which 
version is actually relevant depends on the specific mathematical 
form of the index in question. Restrictions on certain families of in
dices for the fulfillment of the SPT have been discussed by Mehran 
(1976) and Cowell (1977) among others. 

b. Decomposition Properties 

It is often desired to attribute overall inequality to income dif
ferences between major subgroups associated with population char
acteristics like age, sex, race, occupation. 

A measure of inequality is said to be additively decomposable 
if it can be written as the sum of two terms: (a) A weighted sum of 
inequalities within the specified population subsets (as measured by 
the index in question) and (b) a function of the mean incomes in 
the various groups. It has been shown in the literature (see Shor-
rocks (1980), Cowell (1980) and Rüssel (1985)) that the subclass of 
additive inequality measures turns out to be a single parameter fam
ily which includes the squared coefficient of variation and the en
tropy measures proposed by Theil. 

3.3. Selected Inequality Measures and Their Properties 

The discussion in the previous sections has indicated that in
equality comparisons cannot be made without adopting value 
judgements, explicit or otherwise, about the relative significance of 
income variability at different parts of the distribution. Since alter
native measures tend to emphasize inequality at different parts of 
the distribution, inequality comparisons are invariably sensitive to 
the choice of the inequality index used. Consequently, we do not 
here pursue any "best" inequality measure. Instead, we present and 
discuss a number of indices which are employed in the next section 
to measure inequality of reported personal incomes and taxes in 

9. Cowell (1977) introduces the notion of "distance" and "distance function" as a reflec
tion of differences between givers and receivers. 
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Greece over a period of recent years. The indices chosen are pres
ented as indicative of different approaches to inequality measure
ment and therefore embody different sets of value judgements. 
However, all of them satisfy the Lorenz domination criterion and 
thus the principle of transfers. 

3.3.1. Inequality Measures Belonging to a Generai Linear Class 

Mehran (1976) defined the general class of linear measures as 

" 0 

where 
0 < ρ < 1 is the cumulative fraction of the number of income 
recipients, 
F~1 (p) is the inverse of the distribution function representing y 
for a given value of p, 

μ is the expected value of the distribution and 

W(p) is a weight function assumed independent of F(y) and sa

tisfying the condition J w (p) dp = 0. 
0 

Each weight function in (3.3) defines a particular linear mea
sure.10 One attractive feature of this category of measures is that 
they have a simple geometric interpretation in terms of the LC. It 
can be shown (see Mehran 1976) that equation (3.3) can be written 
as 

1 

I = [ [ p - L ( p ) ] V ( p ) dp (3.4) 

where V(p) = W (p) 

and L(p) = 7 f / P F _ 1 (t) dt (3.5) 

is the Lorenz curve equation. 

10. Mehran uses the term "score function". 
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Therefore, each linear inequality index is a weighted Lorenz 
1 

area, n ^ — Γ Γ« — L(p)l dp), t n a t i s > t n e a r e a between the LC and 

the line of perfect equality. It can also be shown (see Mehran 1976) 
that a linear inequality measure satisfies the principle of transfers if 
W(p) is strictly increasing, and satisfies a version of the .strong prin
ciple of transfers if V(p) is strictly decreasing. Consider the follow
ing three inequality measures: 

i. The Gini Index 

1 

G = 2 / [ρ - L(p)] dp (3.6) 
0 

or G = i-j(y,Y_x| d f ( Y ) d f ( X ) ( 3.7) 
2μ ° ° 

The Gini coefficient is the most widely used inequality measure. 
As eq. (3.6) indicates, G equals twice the Lorenz area. It is also 
known as the concentration ratio (a term used by Gini in his origi
nal work), since it can be interpreted as the ratio between the ob
served Lorenz area and the maximum Lorenz area. A number of 
other interpretations of the Gini index can be found in the litera
ture. (See, for example, Kakwani, 1980 pp. 70-71). It can easily be 
shown that the Gini index can be derived from eq. (3.3) by setting 
W(p) = 2p — 1. This weight function implies that the measure is 
more sensitive to extreme incomes.11 Since W(p) is strictly increas
ing, the measure fulfills the principle of transfers. It does not, how
ever, fulfill the strong principle of transfers as V(p) = 2. The effect 
of a transfer is, in fact, proportional to the relative rank difference 
between the receiver and the giver. 

11. This can be seen more easily by writing the Gini index as 

G = ! ( 2 p - l ) d p 
0 μ 

79 



iL Mehran 's Measure [Mehran (1976) ] 

1 

Μ = / ό (1 - ρ) [ρ - L(p) ] dp (3.8) 
•Ό 

or M - 4 / f (Y - Χ) [1 - F(X)] dF (Y) dF (X) (3.9) 
μ *o ο 

M was constructed to fulfill Mehran's definition of strong principle 
of transfers. It is derived from equation (3.3) when W(p) = 1 — 3 
(1 — p)2, which implies V(p) = 6 (1 — p) and V'(p) = —6. It also 
follows from the weight function that the measure is more sensitive 
to lower incomes. 

Hi. Piesh 's Measure (Piesh, 1975) 

P = / 3 p [ p - L ( p ) ] d p (3.10) 
ο 

1 2 

Ρ can derived from (3.3) by setting W(p) = — (3p — 1). 

The measure fulfills the principle of transfers but does not fulfill the 
strong principle of transfers,V'(p) = 3 > 0. It attaches more weight 
to transfers, at higher parts of the distribution. It is also more sensi
tive to higher incomes. 

3.3.2. Non-Linear Inequality Measures 

Most of the commonly used indices involve non-linear trans
formations of Y. The following are interesting examples. 
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i. Atkinson's Index (Atkinson, 1970) 

ι 

A = 1 - — J [ y ' - d F ] 1 _ ε ε # 1 (3.11) 
μ 

The inequality aversion parameter ε has to be selected. Each particu
lar choice directs attention to different parts of the distribution. 

Atkinson's measure is directly derived from a social welfare 
function. It is based on the concept of equally distributed equivalent 
level of income, that is, the level which if received by every individ
ual would result in the same level of welfare as the existing distribu
tion. It has therefore a considerable intuitive appeal. For example if 
A = 0.2, it is implied that when incomes are equally distributed on
ly 80 per cent of present total income is required to achieve the 
same level of welfare. 

The measure is more sensitive to lower incomes and the higher 
ε is, the more weight on low incomes. It fulfills the principle of 
transfers and the Kolm's version of the strong principle of transfers 
(SPT). 

iL Kolm's Relative Leftist Measure (Kolm 1976}1 

K a = 1 + — l o g / e α ^ dF α > 0 (3.12) 

Kolm's measure also involves a parameter α to be selected. As in 
the case of Atkinson's measure, Ka is more sensitive to lower in
comes and the higher α is, the more weight on low incomes. The 
index was designed to fulfill the Kolm's version of SPT. 

Hi. TheiVs Measure (Theil 1967) 

T = fQ y/μ log (y/μ) dF (3.13) 

12. Kolm has suggested a number of indices in his 1976 paper. Amongst them are a two 
parameter family generalizing Atkinson's measure, and a class of absolute indices. 
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Τ is based on the notion of entropy in information theory. If Y e 
[1, » ] the measure is more sensitive to higher incomes. It fulfills 
the principle of transfers and the Kolm's version of SPT; unlike all 
other measures suggested here, it ranges from 0 to », and not from 
0 to 1. A very attractive feature of Τ is that it is additively decom
posable and therefore can be used to analyze the effect of income 
differences between subpopulations. 

3.4. Measures of Inequality in Greece 1972-1983: 
Pre-Tax Income, Tax Liabilities, Post-Tax Income 

This section presents some basic results for the distribution of 
declared incomes, tax liabilities and disposable incomes in terms of 
the inequality measures discussed above. Apart from the interest 
that the measured inequalities have in their own right, they will also 
be employed as an input material for the purposes of the following 
chapters. 

The source of data used for computing inequality measures is 
the yearly bulletins of the Personal Income Tax Statistics issued by 
the National Statistical Service of Greece. Results are presented for 
the period 1972-1983. 

The pre-tax income concept used is the income reported on tax 
returns. There are income sources that are not included in this in
come concept (such as income from interest, capital gains and, ef
fectively, agricultural income). Of those included, there are large 
parts of income which are deducted by the taxpayer himself in 
order to arrive at his statutory net income; if this is negative, no tax 
return has to be filed. Some forms of transfer payments (such as 
unemployment benefits) are tax-free, while some low-income people 
are not liable to file tax returns if their taxable income is not posi
tive. Finally, income which evades taxation is generally believed to 
be substantial, although no information is available about the order 
of its size (see, for instance, the Government Budgets submitted to 
Parliament for the years 1978 and 1982). Although no major 
changes in the tax laws have taken place during the data period to 
alter the coverage of declared income (apart from the 1978 measures 
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taken against evasion), this coverage has risen considerably.13 More 
specifically, the percentage of the total number of families in the 
population that filed tax returns rose from 29 per cent in 1972 to 62 
per cent in 1983 (see Personal Income Tax Statistics of 1972 and 
1983); and the percentage of the adjusted personal income that was 
reported to the tax authorities rose from 33 per cent in 1972 to 48 
per cent in 1983. 

All the distribution data refer to the family unit as defined for 
tax purposes. No adjustment has been made here for the unit size, 
since the focus of the present analysis is on the investigation of the 
tax system and its distributional effects for the given statutory defi
nition of family (tax) unit. 

Distribution data are ranked by pre-tax income; adequate in
formation is not provided about the distribution of data by tax paid 
and by disposable income. Nevertheless, the inequality measures ob
tained on the basis of the above ranking will also prove useful in 
the next chapter for estimating the effective progressiveness and the 
redistributive effects of the tax system. As allowances vary by family 
size, (a) inequality of taxes would be greater if income units were 
ranked by tax paid (with no adjustment for tax unit size in the dis
tribution data) since many large-family units would shift down to 
lower percentiles of the population filing tax returns, and (b) by the 
same token, inequality of disposable incomes would be smaller if 
income units were ranked by post-tax income since some large-
family units (paying very low taxes or none at all) would move up 
to higher percentiles than those suggested when their ranking is by 
pre-tax income. 

Since the data are available in a grouped form, some assump
tions have to be made regarding the within-group variation in order 
to calculate the inequality measures. Two approaches are usually 
employed. The first is to assume that there is a zero inequality with
in groups which results in an underestimation of total inequality. 
The second is to specify a probability density function for the entire 

13. This is thought to be mainly due, first, to administrative and organizational im
provements on behalf of the tax authorities and, secondly, to the computerization of the 
computational work which has not only saved a great number of man-hours, but has also 
made it possible to cross-check the information provided by taxpayers by combining different 
domains of information. 
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income range and derive the inequality measures from the estimated 
parameters of that function.14 The approach adopted in this section 
is to calculate both a lower and an upper bound for all the inequal
ity measures used. The advantage of this approach is that it avoids 
using interpolation methods or fitting curves, specifying instead the 
limits within which the actual inequality lies. In particular, the low
er bound is based on a zero inequality assumption within group (all 
incomes being equal to the arithmetic mean), while the upper bound 
is based on a maximum inequality assumption. The latter is 
achieved if a proportion λ., (0 < λι < 1) of the taxpayers within the 
i th income class receives its lower bound (a, ,), whereas the pro
portion (1 — λ;) receives its upper bound (α;), subject to the condi
tion that the arithmetic mean income (μ,) remains unchanged15. In 
our calculations, the lower income bound of the first class is set 
equal to one and the upper bound of the last class is set equal to 
50 million drs. (approximately, 17 times the lower bound of this 
class). 

The computed measures of inequality for the distribution of 
pre-tax income, tax liabilities and post-tax income, with the income 
units ranked by pre-tax income, are presented in Tables 3.1., 3.2 
and 3.3. 

The following remarks can be made with regard to these re
sults. Although inequalities of reported income vary considerably 
from year to year, these changes should not be taken as merely re
flecting changes in the distribution of total personal income. In fact, 
the intertemporal variability of the latter would be expected to be 
smaller and not necessarily in the same direction. The year-to-year 
differences in the inequality values of Table 3.1 may also be ac
counted for by the fact that the coverage of the distribution data 
changes substantially over time. Furthermore, as compared with the 
distribution of total personal income, there are several factors con
ducive either to a higher inequality value (such as exclusion or om
ission of incomes accruing mainly to high-income people, e.g. in
come from interest, capital gains, fringe benefits and tax evasion 

14. For various interpolation and extrapolation methods, see Brittain (1962), Kakwani 
and Podder (1973), Gastwirth and Glauberman (1976), and Kakwani (1980). 

15. See Gastwirth (1972 and 1975), Gastwirth and Krieger (1975), Nygard and Sandström 
(1981). 
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o i m ^ i - i n s o r - o o o s o — · < Ν Γ ^ Ι 

Os Os Os Os Os Os ON Os Os Os Os Os 

<u Ο Ο 

Λ x> χι 
"3 Ir, t-

ε % I 
JE il II 
H _) D 



es <s oo S 
fì -H ON 

m 
v-> <N 

ON 
<N 
(S 

_ 1 

00 
fi 

NO 
<N 
ON 

•<t 
00 
00 

oo 
(N Tj-

m 
NO 

NO 
ON 
00 
Vi 

IO 
VI 
NO 

IO 

s 
Ρ
ΙΟ 

r» 
NO 

NO 
VI 

NO 
OO 
ON 

v> 

OO 

es 
NO 

TT 
•ο 
(N 
V) 

NO 
fN 
(N 
NO 

m 
VI 

NO 

m 
OO 
NO 

τι-
Ό 
Γ
ιο 

ON 
OO 
NO 
NO 

VI 

m 

OO 

ο m 
00 

rr 
00 

·* 00 

NO 
Vi 
NO 
OO 

ON 

•<f 
OO 

Tt 

8 
OO 

CN) Q 
Ο NÖ 
NO Tt δ 

•J3 M 

NS 

NO -H 

NO NO N 5\ (N 

ON 
ΓΜ 

<N 

m 
m 
m 

tml 

~* 
V) 
Ci ,—. NO 

NO 8 

»n m io 

ON ΟΛ ON 

© I O <N V» -H ON 

— — -r ON ON 
5 

<N « ON 

oo rvi in NO -H NO m 
0\ <N <N v> ci m 

oo oo oo m 

O O O O O N i O O \ N O O \ f > < N 
NO NO NO Ν Ο ^ Ο Ν Ο Ν Ο Ν Ο Ό Ν Ο ν - 1 

00 IO v> 
<N rt -H NO 
IO Vi IO ~ 
OO 00 oo s 

N h α « η n 
<N fO NO tN NO IO 

io 00 ON Ο NO ΙΟ Ο 
OO OO OO OO 00 oo oo 

00 ON Ο —* <S Ci 

ON ON ON ON ON ON 

-C ° 

oo en io » (N « OO M N 
i O r - ) N O O O N O r - C N O \ 

Ü 

Ci s 
© l O t N I O O O O O C I C S V i 

<*- 3 

86 



η Ν os ^ ι^ - " ^ · sc —«</-> — os 

O s O s O s O s O O O O s f l f i f i ^ ' W s 

•<t OO P~ —<—ι Ο Ν - ' - « M » 
s o r - - t ^ r ~ t ~ o o r ~ — -> Ν c i ^ 

O s < N r ^ t N C 1 0 s < N C 1 0 0 0 s © t " - -
© τ Τ Ι Π Ι / Ι Γ Ο Ι ^ - Ο ί Ν Ο Ο Γ - ) · — OO 

CI f*1 f*% co f i rn co co co co co co 

r - s o c o o c o c M · * — »ι ι^ m η 
f - O O s ^ O s C s l f s l O O O C O c O C M 
0 ν Ο 9 ι 9 ι 0 0 » 0 0 - · Ο - Ν Μ 

_ _ © Os Os © © (S <S <Ν — Ο 

O N » n ^ » a n N 

Μ Ο Μ Ο Ο - Ο ι Μ / Ι β Ο Κ Τ Ϊ « 

so so so so SO so ΟΟ ΟΟ 00 00 Os 

π t ι Q » S « SO — Ι Λ Ο 

< N — · — ' O 0 © < N 0 0 c o r s i s O © 
Q 00 sç Os "Λ - ~ • - - ' — Ό Ή * M m 

n r i N m i s r i N n 

u - i o 0 T * ' ^ c O ' / - i © T t , ' / 0 © w i © 
O s O s O \ v - ) © c O r ~ r s l « V " > ' - H C s l 

Ο Φ ( Ί Ο ί * 1 Ό Ο > Ο Ο Φ « * Ί Ν Ο Ο 
<Nt--'<i-i/->f-wiO\vo©'<»oor-
- ^ 0 > Ο Ο Μ " Λ » ν ΐ Ι Λ ( η ι η * ^ 
n ( S ( N ( M N ( N M f S I S N ( S ( N 

r ~ r - s o r ~ © r - r - © ' f ' < t o s o - i 

vo ΙΛ ΙΛ "tf (S f^ — •*»• co rr v-> Tt 

co ·— — oo Ό ο es Os >n 
_ _ ^ oo ^* r— 

C-J <N Cs) — oo © Os — « O O — ' © 
C O C O C O C O Î N C O C N C O C O C O C O C O 
in Ν M - " 0\ Ν M 

•<* — > η * ί ι Ο Ο ι η « Ό * · " 
M » « v O f - » a n o o o * o o 
© © © o s o o o o r ~ © o s © © o s 
c o c n c o c S C S C J C N l c O f N c o c O c s l 

SO O0 Os -H 
m os r- ο 

ο ο ·* —' v> »η so 
"Λ «Ν ο so W"> r- oo 

ττ — -Η — « \ο ο\ ο> r-
ο CM οο — τ}· r-
Os Ο Os Os Ο0 00 Γ-
•* m ττ ·^ •»» Tt Tt 

co — oo oo r~ 

- » o o t s i ^ t e v o o o ^ o » * 
O s o o o o r ^ v o s o w o o o r ^ o o o o o o 
c o c o c o c o c o c o c o c o c o c o c o c o 

• ^ • o o - " * r * i < N ( N < N v - ) - < 3 - - H r ^ r ^ 
~ <N © — m i f ì ^ w a f i o ^ 
t ^ r ^ r ^ s O O > o r t r ^ s o r ^ o o r ^ 
co co co co m m co co co co co 

( N c O T * v - i s o r ^ o o o s © ~ < N c o 
r ^ r - ( " ^ r ~ t — r - ^ r ^ r ^ o o o o o o o o 
CT^ Os Os Os Os Os Os Os Os Os Os Os 



amongst incomes deriving largely from entrepreneurial activities and 
professional services), or to a lower inequality value (such as the ef
fectively exempted agricultural income and the exclusion of various 
benefits from government expenditure which accrue mainly to low-
income people). The most striking of the year-to-year inequality dif
ferences, for all inequality measures, is the decline of the inequality 
value for the year 1978 which may be explained by the fact that in 
1978 taxpayers with a taxable income of less than 60,000 drs. were 
not obliged to file tax returns. 

As expected, all measures used rank inequality of taxes higher, 
and inequality of disposable incomes lower than that of pre-tax in
comes, since all these measures fulfill the LD criterion. However, 
for each given year, the various measures result in different inequal
ity values since they are relatively more sensitive at different parts 
of the distribution. For the measures involving an inequality pa
rameter, the higher the value of that parameter the more unequal 
the distribution is judged. 

To demonstrate how the calculated measures attribute different 
weights at different parts of the distribution, consider the results for 
the years 1981 and 1983 which provide an example of crossing Lo
renz curves (the latter crosses the former once from below). As 
shown in Table 3.1, the Gini indices for incomes are approximately 
equal. However, the Theil and Piesch measures judge the 1983 dis
tribution to be more less unequal (more weight at higher parts of 
the distribution), whereas the measures of Mehran, Atkinson and 
Kolm judge the same distribution to be more unequal (more weight 
at the lower parts of the distribution) than that of 1981. 

Finally, the decline of inequality between pre- and after-tax in
come distrubutions varies among measures since each of them at
tributes different weight to transfers at different parts of the distri
bution. Similarly, differences between lower and upper bounds of 
inequality vary among measures since the distribution for the upper 
bound may be regarded as derived from that of the lower-bound af
ter a series of non-egalitarian transfers. Notice that even measures 
fulfilling the strong principle of transfers respond to the same series 
of transfers in a varying degree. 
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3.5. Concluding Remarks 

The analysis and the results presented in this chapter have 
demonstrated that inequality comparisons cannot be made without 
the adoption of value judgements as to the particular way in which 
the income shares at various parts of the distribution must be 
weighted. If one whishes the inequality measure to be more sensitive 
among the poor than among the rich, then the measure to be chos
en should fulfill some stronger version of the principle of transfers. 
In the opposite case, that is, if one is more concerned with high in
comes, a measure attributing more weight to the upper parts of the 
distribution will be more appropriate. 

Since no single measure can reflect all aspects of an income dis
tribution, the computation of a range of inequality indicators proves 
a particulalry useful approach, especially when such measures are to 
be used for judging the distributional effects of alternative tax poli
cy changes or regimes. On the basis of this assessment and using 
the results of this chapter as an input material, the following chap
ter investigates the effective progression and the redistributive effects 
of the tax system. 
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A P P E N D I X 

Formulae for Inequality Measures* when Data Are Given in a Grouped Form** 

Lower Bound 

k - 1 

Gini, G Σ (pi - L(pi)) (pi + ι p, - 1) 
i= ι 

k - 1 
Mehran, Μ. Σ (pi - L(pi)) (pi + ι - pi - 1) (3 - (pj + ι + pj + pi -1)) 

i= l 

k - l 

Piesch, P. (1/2) Σ (ρ, - L(pO) (ρ, • ι - p, - ,) (p, + ì + ρ, + ρ, - ,)) 
ì= 1 

\-ν.-ι I ( l - '--) 

Atkinson, Α. 1 — |_ Σ (ρ, — ρ, - ι) t, j 

k 

Theil, Τ. Σ (L(pi)-L(pi-·,)) log ti 
i = l 

r k -. 

Kolm, K. 1 + (I/a) log [ Σ (pi - pi - i) e"atiJ 
i = ι 

* For more on these and other forms see Gastwirth (1972), Gastwirth and Glauberman (1976). 
Kakwani (1980) and Nygard and Sandström (1981). 
** Letting a, denote the upper boundary of the income group i, we have: r, = α,/μ; t, = μ,/ μ; 
λ, = (r, — t,) / (r, — Γ, - Ι ) ; ρ* is obtained iteratively as p i = 2p, — ρ* for i = l , . . . . k—1 and p* 
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Upper Bound 

GL + μ-1 Σ (pi-pi-i)2 λ, (μ~tti-i) 
i = 1 

k-1 

Σ (Pj - L(pi)) (pi-pi-i) (3 -<pi+pi +Pi-0) + 
i = l 

k - 1 

Σ (p,-L(p,))(p7 + 1 - p t )(3-(ρΤ + ι + Ρ ί + ρ Τ )) 
i = l 

k - l 

(1/2) Σ ( pT -L(pi)) (ρ,-ρ,-ι) (ρ,+ρΓ f PÌ - I ) + 
i = l 

k - 1 
(1/2) Σ (pi - L(Pi)) (p*+1 -pT ) (pf+1 + P i + p T ) 

i = l 

1 - Σ (pi — pi - ι) (λϊΓί - ι + ( 1 - λί)ΓίΙε) 
i= ι 

Σ (pi - pi - ι ) [λ.η - ι log η - ι + (1 - λί)η log η] 
i= ι 

1 + (1/α) log Σ (pi - pi - ι) [he ^ - ' + (1 + λ,)β ""'] 
i = 1 
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CHAPTER 4 

PROGRESSIVITY AND THE 
REDISTRIBUTIVE EFFECTS OF THE TAX 

We may now turn our attention to a closer investigation of the 
distributional effects of the tax system. 

The distributional incidence of a tax may be viewed as "abso
lute", "differential", or "budget" incidence. The former relates to 
the absolute magnitude of a tax change which is not accompanied 
by a counterbalancing change in expenditure, or an offsetting 
change in another tax(es). Such a tax change may well affect em
ployment or the price level which will, in turn, have their own dis
tributional implications that cannot be separated from those of the 
tax change itself. This is the reason why empirical studies employ 
either the balanced-budget or the differential incidence approach. In 
the studies employing the former (such as Browning, 1978; and 
Browning and Johnson, 1979), tax revenue is assumed to be spent 
by government so that the incidence is reflected in the way the joint 
tax-expenditures operation affects the disposable incomes of house
holds. Both sides of the budjet increase and both affect private in
comes; but as their effects occur simultaneously, they cannot be se
parated. As a result, the individual effects of the tax cannot be 
singled out. Indeed, since determining the actual expenditures fi
nanced by a given tax is impossible as a practical matter, the 
balanced-budget approach makes the apparently strong assumption 
that government expenditures«^ ι re "distributionally neutral". The dif
ferential incidence approach overcomes this problem. Studies em
ploying this technique (Musgrave et al. 1951, Musgrave et al. 1974, 
and Pechman and Okner, 1974) examine the distributional changes 
which result from substituting one tax for another. Both sides of the 
budget are assumed to remain unchanged and the tax change in
volves no resource transfer either to the public or to the private sec
tor. It merely brings about a redistribution among households. 
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Thus, the resulting total change in the distribution indicates the in
cidence of a certain tax option as against another. Such a discussion 
appears to be more useful for policy analysis than the other two 
methods, since it is based on less restrictive assumptions. 

In what follows we employ a differential incidence approach in 
order to examine the distributional effects of the income tax. Like 
most studies investigating separately the redistributive effects of the 
income tax, we compare the tax system under investigation to a 
proportional tax which is used as a benchmark. In this way, we ex
amine how the distribution of the disposable incomes of individuals 
differs from what it would have been if the same amount of taxes 
had been collected through a proportional tax of equal yield. In 
general terms, the redistributive effect of the tax is the resulting 
change between the inequality of incomes before and after tax. It 
must be underlined here that such an approach presupposes that the 
inequality relation fulfills .the proportion criterion and therefore that 
inequality remains unchanged by a proportional decrease in all in
comes. In terms of our discussion in the previous chapter, this in ef
fect implies that inequality is measured by a relative index. 

Evidently enough, redistributiveness as defined above is crucial
ly related to the concept of progressivity of the tax structure. The 
first section of this chapter takes up the progressivity notion. The 
main approaches to progressivity measurement are reviewed, and 
the method employed as well as the empirical results obtained are 
presented and discussed. Section 2 concerns the redistributive effects 
of the personal income tax system. The redistributive impact of the 
overall tax structure and of the individual tax components, separate
ly are analysed, and empirical evidence is provided for a recent pe
riod. Finally, in section 3, some concluding remarks are drawn. 

4.1. Measurement of Progressivity 

4.1.1. The Main Approaches 

While there is a general agreement that a progressive (propor
tional, or regressive) tax system is one where the average rate of 
taxation increases (remains unchanged or decreases, respectively) 
with income before tax, there appears to be a controversy regarding 
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the multiplicity of indices employed in measuring progressivity. 
The choice of the progressivity measure should be determined 

by the problem in hand. If one wanted to investigate the degree of 
progressivity of a given tax structure as such, an appropriate indica
tor would be a structural measure: that is, a measure describing the 
properties of a given tax structure independently of the distribution 
of income on which the tax is levied. Such measures are the "mar
ginal rate progression", "liability progression", "residual income 
progression", and "average rate progression" (Musgrave and Thin, 
1948). If, however, one wanted to measure the extent to which a tax 
system redistributes income, then structural measures would be in
adequate because the redistributional effect of the tax relates not 
only to the structure itself but also to the distribution and the level 
of income. Measures of effective progression are more relevant in 
this case, since they depend not only on the structure but also on 
the distribution of incomes on which the tax is levied. Thus the less 
equal is the distribution of income before tax, the more potent a tax 
structure of a certain progressivity in equalizing income will be. 

The measure which has proved to be the most popular, in this 
respect, is the Musgrave and Thin measure of effective progression. 
This measures "the extent to which a given tax structure results in a 
shift in the distribution of income towards equality". It is expressed 
as: 

n M T = G ( D ) / G ( I ) (4.1) 

where Π stands for progressivity and G(D) and G(I) are the Gini 
coefficients of inequality of the distribution of income after tax and 
before tax respectively. As this measure depends not only on the 
steepness of the structure of the effective rates but also on their 
general level (Musgrave and Thin, 1984), effective progression can
not be regarded as an unambiguous index of tax progressivity. Since 
these two determinants can change independently of each other, 
doubling the rates at all levels while keeping their steepness un
changed will increase progressivity according to this measure (for a 
proof, see Khettan and Poddar, 1976). This, however, is in contra
diction with what is generally accepted, that progressivity is the de
viation of the tax system from proportionality. What Musgrave and 
Thin are in fact measuring is not the degree of progression, but the 
effect of the tax on income distribution which does indeed depend 
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not only on progressivity but on average tax rate as well. 
The need for an alternative measure of global progression that 

is independent of the average tax yield was first noticed by Khettan 
and Poddar (1976), who suggested the following measure: 

n K P = ( l - G ( I ) ) / ( l - G ( T ) ) (4.2) 

where G(T) is the Gini coefficient for the concentration of tax pay
ments. 

One year later, Kakwani (1977) and Suits (1977) suggested two 
progressivity indices closely related to one another. 
Kakwani's index is 

Π κ = G(T) - G(I) (4.3) 

and Suits' index is 

1 

n s = 2 / [h,(g) - hT (g) ] dg (4.4) 
0 

The h-curves graph the concentration of tax payments (T) and pre
tax income (I) against proportion of income recipients. 

A more recent index has been suggested by Pfahler (1983): 

Π ρ = LI (p) - LT (p) (4.5) 

where ρ — F(x) is the "proportional shares coefficient", χ stands for 
the unique (for progressive taxation) income which experiences an 
average rate of tax t(x)/x equal to the overall rate T/X, and L de
notes the corresponding Lorenz curve. Π ρ measures the maximum 
vertical distance between the concentration curves Lt and LT. Hence 
Πρ is a length measure, as opposed to Π κ and Π δ which are area 
measures. 

Finally, a group of recent studies employs progressivity mea
sures based on the Atkinson index. In particular, Blackorby and 
Donaldson (1984) propose the following index 

n B D = (A(I) - A(D) )/(l - A(D) ) (4.6) 
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where A stands for Atkinson index and I and D always denote pre
tax and disposable income respectively. Kiefer, too, (1985) uses a 
similar index (for a hypothetical example). 

Π κ = A(I) - A(D) (4.7) 

Both indices, however, depend not only on the steepness of the 
rate schedule but also on the average tax rate. Obviously this is true 
for all measures relating pre and after tax distributions.1 

4.1.2. A More General Approach Applied to Greek Data 

In what follows, we take a more general approach to the prob
lem of measuring effective progression. 

Let us first adopt the notion of tax progressiveness in its intui
tive sense, that is, as the deviation of the tax system from propor
tionality. This implies a distinction between the concepts of tax re-
distributiveness and progressiveness, since the former depends not 
only on the steepness of the tax structure but also on its general 
level (that is, the total average rate of taxation). As will be seen in 
the next section, such a distinction is particularly useful when inves
tigating the redistributive impact of the tax, for it makes it possible 
to identify the contribution of its individual determinants. The de
gree of progression can therefore be measured by means of compar
ing the distribution of before-tax incomes (which is taken exogen-
ously in this chapter) and the distribution of taxes (which reflects 
the graduation of the tax structure), both ranked by income recip
ients. Within this general framework, any relative inequality index 
may be employed for measuring progressivity. It is evident, howev
er, that different indices will result in different progressivity esti
mates. 

Consider the following measure of tax progressiveness 

I(T) 
Π * I(D (4.8) 

1. Kay and King (1984) use a measure based on the Atkinson inequality index and relat
ing before and after tax income distributions, but interpret it as a redistributive effect rather 
than as a progressivité measure. 
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where 1(1) and I(T) stand for an inequality measure of the distribu
tion of incomes and taxes, respectively. A tax system is progressive, 
proportional or regressive according as the above measure of pro-
gressivity, Π, is greater than, equal to, or less than unity. 

Using the inequality measures presented in the previous chapter 
(Tables 3.1, and 3.2), the corresponding progressivity measures can 
readily be derived. These measures have been calculated only on the 
basis of the lower bounds of the inequality indicators, since their 
upper bounds could not be obtained for the distribution of taxes. 
The results are presented in Table 4.1. All progressivity measures 
show that, during periods of an unchanged tax structure — that is 
to say, both before and after the 1975 tax reform — progressivity is 
declining except for the year 1978, for which there was a lower in
come cut-off point as already mentioned in the previous chapter. In 
the years after 1979, yearly tax reforms occurred so that the corres
ponding progressivity values refer to different tax structures. Ac
cording to all measures the least progressive structure is that of 
1983. 

The results of the table bring out very clearly some interesting 
issues concerning the degree of progression, when alternative in
equality indicators are used implying different perceptive notions of 
inequality. Although the tax is found progressive by all measures of 
progressiveness used, the deviation of a given structure from pro
portionality as assessed by the various measures is different. To ac
count for this (not unexpected) result, one has to go back to the 
discussion in the previous chapter about the weights attached by 
different inequality indices to transfers at the various parts of the 
distribution. The distribution of taxes may be thought of as derived 
from the distribution of incomes as follows. All income units are at 
first taxed at the overall actual effective average tax rate (scaling 
down the original distribution but leaving inequality unaffected) and 
then all the necessary tax transfers (i.e. from low to high-income un
its) that are required to obtain the actual distribution of taxes are 
conducted. For any particular progressivity measure, the degree of 
progression depends first on where these transfers have occurred 
and secondly on the differential importance attributed to them by 
the inequality index used. When transfers are mostly located at the 
higher parts of the distribution, of the indices for which the effect 
of a transfer between two individauls depends only upon their 
ranks, those applying more weight to transfers at the lower parts re-
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TABLE 4.1 
Measures of Tax Progressivity* 

FIG ΠΜ ΠΡ ΠΑ, ΠΑ2 ΠΑ3 ΠΚ, ΠΚ 2 ΠΚ, 

ε=0.5 ε=1.2 ε=1.8 α=1 α=2 α=5 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1.88 

1.87 

2.08 

2.00 

1.88 

2.01 

1.71 

1.70 

1.82 

1.74 

1.61 

1.63 

1.62 

1.76 

1.72 

1.64 

1.75 

1.47 

1.49 

1.57 

1.53 

1.44 

2.08 

2.06 

2.33 

2.22 

2.07 

2.23 

1.90 

1.87 

2.03 

1.92 

1.76 

3.65 

3.53 

4.52 

4.19 

3.66 

4.30 

2.88 

2.80 

3.16 

2.96 

2.43 

2.66 

2.56 

2.63 

2.54 

2.21 

2.52 

2.00 

2.00 

2.13 

1.98 

1.62 

2.15 

2.07 

2.13 

2.05 

1.71 

2.02 

1.55 

1.53 

1.54 

1.41 

1.15 

2.67 

2.60 

3.03 

2.90 

2.63 

2.93 

2.39 

2.34 

2.60 

2.48 

2.17 

2.11 

2.07 

2.34 

2.24 

2.07 

2.27 

1.87 

1.85 

1.99 

1.89 

1.73 

1.62 

1.59 

1.71 

1.66 

1.56 

1.68 

1.39 

1.40 

1.46 

1.42 

1.31 

* Where FIG, ΠΜ, ΠΡ, ΠΑ, (ΠΑ,, ΠΑ 2, ΠΑ3), and ΠΚ (ΠΚ,, ΠΚ 2, ΠΚ3) denote the mea
sures derived when the progressivity index is based on the inequality indicators suggested by 
Gini, Mehran, Piesch, Atkinson and Kolm, respectively. 

suit in a lower inequality change —as compared to indices which 
attach more weight to transfers at the upper parts of the distributi
on— and hence also result in a lower progressivity measure. Thus, 
in the Greek case (Table 4.1), the Mehran-based measure (ΠΜ) 
provides a smaller progressivity value, since the Mehran index as
signs more weight to the relatively fewer transfers occuring at the 
lower end of the distribution. With the opposite case of the Piesch-
based measure (ΠΡ), the progressivity value is higher. Finally, the 
Gini-based measure (FIG), which is mostly affected by transfers near 
the mode of the distribution, gives a progressivity figure lying in be
tween those of the previous two measures. 

On the other hand, the measures for which the effect of a 
transfer between two units depends on their relative incomes rather 
than ranks result in a progressivity value that depends on the in
equality aversion parameter used; the higher the value of the in-
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equality aversion parameter, the lower the resulting progressivity es
timate. (See the Atkinson-based and Kolm-based progressivity mea
sures presented in the table — Π As and IlKs, respectively). 

Finally, as may be seen from a comparison of the years 1979 
and 1980, two tax regimes may be ranked differently with regard to 
their progressivity when this is measured by using different inequali
ty indices. 

4.2. The Redistributive Effects of the Tax 

As already discussed at the beginning of this chapter, the 
distributional effects of the tax system are examined using a propor
tional income tax as a basis for comparison, and assuming that in
come tax is not shifted by the taxpayer. The question asked is how 
does the distribution of after-tax incomes differ from what it would 
have been if the income tax were collected through a proportional 
tax of equal yield. To answer this question, we compare the size 
distribution of income before and after taxes. Such a comparison, 
however, reflects only the overall redistributive effect of the tax; it 
does not allow statements about the distributive effects of the indi
vidual components of the structure. Comparing the distributions of 
various intermediate income concepts, and not only those of before 
- and after - tax incomes, we also attempt to study the partial redis-
tributive effects of the different parts of the tax system separately. 

4.2.1. The Overall Effects of the Tax 

We shall first consider the redistributive effect of the income 
tax system as a whole. Such an effect is obtained by the income tax 
through changing the interval shares of post-tax income between the 
various income classes. Letting 

S, = I . / I , then (4.9) 
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li —Τ, _ ( l - t i ) I i = (1-ti) g b 

I - τ (i -1) I (i -1) 
(4.10) 

where: 

I; = income of the i th interval 
I = total income 
t( = effective tax rate of the i th interval (T; / I,) 
t = average tax rate (T / I) 
Τ = total tax of the i th interval 
Τ = total tax 

S b = i th interval share of before-tax income 
I 

S a = i th interval share of after-tax income 

For a progressive tax, t( increases as we move upward on the income 
scale. In the lower intervals, t, < t, with the result that S* > Sb, that 
is, the tax increases the interval income shares. In the upper inter
vals, t > t with the result that S? < Sb, that is, the income tax de
creases the income shares in these intervals. Therefore, a progressive 
income tax has an equalizing effect on the distribution of income 
since it redistributes income from the upper to the lower income in
tervals. The opposite is true in the case of a regressive income tax; 
the tax has the effect of redistributing income from the lower to the 
upper intervals, with an inequalizing effect on income distribution. 
For a proportional income tax, where t; = t for all i, S_a = Sb for all 
intervals and therefore no change occurs in the distribution of in
come whatsoever. 

In terms of the Lorenz diagram, the LCs of the distributions of 
pre-tax incomes, disposable incomes and taxes (Lt (p), LD (p) and 
LT(p), respectively) for a • graduated tax structure are as shown in 
Figure 4.1. 

Throughout this work, the term "Lorenz curve" is used in a gener
alized sense to refer to all three distributions represented in the fig
ure, regardless of the fact that the last two are ranked by income.2 

2. Strictly speaking LD (p) and LT (p) are concentration curves since the relevant distribu
tion data are ranked by pre-tax income (and not by disposable income and tax paid, respec
tively). 
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FIGURE 4.1 

L,(P) 
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Kakwani (1977b) shows that the above Lorenz curves are 
linked by the following relationship: 

LD (P) - L, (ρ) = γ ^ γ [L, (p) - LT (p) ] (4.11) 

where t is the overall effective average tax rate. He then employs 
this equation in order to derive a relation between his Gini-based 
progressivity index and the redistributiveness of the tax. 

Combining equation (4.11) with our index of progressivity, Π, 
and the definition of a general class of linear inequality measures, 
we can establish a relationship between the progressiveness and the 
redistributive ability of the tax, for any inequality indicator belong
ing to that class. From the definition of the general class of linear 
inequality measures referred to in the previous chapter (see equation 
(3.4)), the inequality of disposable incomes, I (D), may be written as 

1(D) = / V(p) [p - LD (p) ] dp (4.12) 

Using equation (4.11), we get 

J 

1(D) - J V(p) ÎP-~L L -(p) - LT (p) ] + L, (p) ] } dp = 
ο ι~~ t * 

{ V(p) [ (P - L, (p) ) - p ^ f - (p-L, (p) ) + (P-LT (p))]] dp 

= J V(p) (P - L, (p) ) dp + - ^ — [/v (p) (p - L, (p) ) dp -
ο 1 — t 

- / V ( p ) ( p - L T ( p ) ) d p ] (4.13 

in: 



or 

1(D) = 1(1) + j ^ - p [ 1(1) - I(T) ] (4.14) 

where 1(1) and I(T) stand for inequality measures of pre-tax incomes 
and taxes, respectively. In terms of our earlier definition of progres-
sivity, equation (4.14) may be rewritten as 

KD) = Id) C T - ' t " ) ( 4 · 1 5 ) 

This equation shows that, for the class of linear inequality indica
tors3 under consideration, the post-tax inequality of income is a 
function of the pre-tax income inequality, progressivity, and average 
rate. Thus it would be easy to calculate the value of 1(D) once one 
had the three required quantities: 1(1), Π and t. It is evident that for 
a progressive tax where (Π > 1), 1(D) < 1(1), that is, income is re
distributed from the higher to the lower income intervals so that the 
coefficient of the after-tax inequality is lower than it was before tax. 
The opposite is the case (i.e. 1(D) > 1(1) ) for a regressive (Π < 1) 
tax. In the case of a proportional tax (Π = 1), equation (4.15) gives 
1(D) = 1(1) as would intuitively be expected. Total differentiation of 
(4.15) gives: 

4 i 2 L = e I ( I ) M + e ^ + e n f f i L (4.i6) 
1(D) 1(1) t π Π } 

where "e"s denote the elasticities of 1(D) with respect to 1(1), t and 
Π respectively. These elasticities can readily be derived from equa
tion (4.15) and may be written as follows: 

e Ki) = l (4.17) 

_ ~tt I(I)t lit - ι 

' n (1 - tt) 1(D) t - ι e~= - - * ;·_._·, - (4.18) 

3. It can easily be seen from equation (4.13) that linearity of the indicator with respect to 
I. (p) is crucial for the derivation of the simple result shown in equation (4.15). 



e i = (i - π,) i(i), t, -, ( 4 1 9 ) 

( l - t , ) 2 I ( D ) , - , 

Equation (4.16) shows the percentage change of 1(D) that is due to 
the three quantities on which the after-tax income inequality de
pends. 

Let us now define the redistributive effect of the tax as the per
centage change between before- and after-tax inequality of incomes 
which we term "impact on inequality" and denote by II. From 
equation (4.15), we have 

H = — ( 1 - Π ) (4.20) 

One can readily see that 

an - t 
an 1 - t 

an ( ι - n) 

< 0 and (4.21) 

> 0 for Π < 1 
= 0 for Π = 1 

d t 0 - t ) < o for Π > 1 (4.22) 

The first of these equations shows that progressivity affects II nega
tively. The second one shows that changes in average rate t may af
fect II positively, negatively or not at all, according to whether pro
gressivity is less than, greater than or equal to unity. Equation 
(4.20) shows that the redistributive effect of the tax is a function of 
two quantities: the average tax rate and the progressivity of the tax. 
Figure 4.2 shows diagramatically the way in which progressivity Π 
affects the impact on inequality II, for any given average tax rate t. 
We can see that as the degree of progression rises, the impact on 
inequality declines. More specifically, as the regressivity of the tax 
decreases (i.e. as (1 — Π) approaches zero from above), the impact 
on inequality gets smaller and smaller, becoming zero when the tax 
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FIGURE 4.2 

π 

« Π > 1 * 

becomes proportional (Π = 1); as the degree of propression rises 
above unity, the impact on inequality (II) becomes more and more 
negative. Thus, the more progressive a tax is, the greater is its con
tribution to income equality, as would be expected. 

Finally, the impact on inequality also depends on the average 
tax rate t; the greater the average tax rate, the higher the impact on 
inequality in absolute terms. 

Empirical Results 

Using the methodology just described, we shall now present a 
set of estimates showing the redistributive properties of the Greek 
tax and its impact on the distribution of disposable incomes. The 
relevant fiqures are presented in Tables 4.3 to 4.5 and have been 
derived by using three different linear inequality indicators for 
which our approach holds; namely, the indices suggested by Gini 
(G), Mehran (M) and Piesch (P). The reason for choosing these par
ticular indices is that they attach more weight to transfers at the 
middle, lower and upper parts of the distribution, respectively. 
Thus, in the case of crossing Lorenz curves, we may see how the 
different value judgements embodied in the three inequality indica
tors affect our conclusions about the redistributive effects of the tax. 

Of the two composite policy parameters determining the redis-
tributive impact of the tax, the progressivity measures have already 
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TABLE 4.2 

The Overall Average Tax Rate (t) of Personal Income Taxation 

Year 

t 

1973 

.064 

1974 

.076 

1975 

.060 

1976 

.066 

1977 1978 

.078 0.78 

1979 

.089 

1980 

.104 

1981 

.092 

1982 

.100 

1983 

.102 

TABLE 4.3 
Elasticities of the After-Tax Income Inequality w.r.t.* 

Changes in Progressivity and Average Tax Rate 

Based on Gini Based on Mehran Based on Piesch 

Year w.r.t. (flG) w.r.t. (t) w.r.t. (ΠΜ) w.r.t. (t) w.r.t. (ΠΡ) w.r.t. (t) 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

(1) 

-0.1670 

-0.1277 

-0.1574 

-0.1840 

-0.1734 

-0.2116 

-0.2162 

-0.1874 

-0.2193 

-0.1356 

(2) 

-0.090 

-0.097 

-0.072 

-0.075 

-0.098 

-0.078 

-0.083 

-0.114 

-0.094 

-0.099 

(3) 

-0.1418 

-0.1085 

-0.1306 

-0.1552 

-0.1477 

-0.1790 

-0.1810 

-0.1599 

-0.1849 

-0.1101 

(4) 

-0.069 

-0.068 

-0.051 

-0.054 

-0.071 

-0.050 

-0.057 

-0.077 

-0.065 

-0.082 

(5) 

-0.1954 

-0.1340 

-0.1797 

-0.2082 

-0.1952 

-0.2394 

-0.2462 

-0.2099 

-0.2503 

-0.1714 

(6) 

-0.117 

-0.120 

-0.089 

-0.093 

-0.121 

-0.101 

-0.105 

-0.146 

-0.119 

-0.121 

* w.r.t. = with respect to. 

been shown in Table 4.1, while the figures for the average rate of 

taxation are presented in Table 4.2. Table 4.3 shows the responsive

ness of the after-tax inequality, 1(D), to changes in progressivity, Π, 

and average tax rate, t, using equations (4.18) and (4.19). Both elas

ticities are negative throughout the period under consideration. 

Comparing these figures across indices shows that the higher the in-
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come levels at which the index places more emphasis on transfers, 
the more sensitive 1(D) is to changes in Π and t. Thus, the index Ρ 
gives higher elasticity values than the G index and yet higher values 
than M, a result that is intuitively appealing and underlines the im
portance of using different inequality indicators. 

Table 4.4 presents the contribution of changes in the pretax dis
tribution, 1(1), progressivity and average tax rate to the total change 
in the distribution of disposable incomes calculated from equation 
(4.16). The contribution of these three factors is, in absolute terms, 
higher for Ρ than it is for G and higher still for M, in most years. 
Nevertheless, when Lorenz curves cross the situation becomes differ
ent. For instance, in 1979 and 1980 the Lorenz curves of the aftex-
tax distribution of incomes cross, with the result that using the G 
index results in a positive change in the pre-tax inequality of in
comes, whereas the Ρ index results in a negative one (see columns 
(1) and (9), year 1980). Thus, the change in the distribution before 
tax appears to have an inequalizing impact on the after-tax distribu
tion when G is used, and an equalizing one when Ρ is used as an 
inequality measure. In the same year (1980), the G-based contribu
tion of progressivity is positive (i.e. inequalizing), whereas the cor
responding M-based contribution is negative (i.e. equalizing; see co
lumns (2) and (6)). Finally, the relative importance of the three con
tributing factors varies from year to year, as do their magnitudes 
and their signs. However, this is hardly surprising as discretionary 
tax changes have occurred in most periods. 

The first of the above determinants, that is, changes in 1(1), 
cannot be affected directly and significantly by governmental action 
because it is mainly influenced by factors (such as the stage of de
velopment, the growth of population, the political setting etc.) 
which cannot be changed by the Government in the short run. On 
the contrary, both progressivity and average rate of taxation are 
composite policy parameters controllable by the Government. These 
parameters are the factors on which the impact of the tax system on 
the after-tax distribution of incomes depends. The redistributive im
pact of the tax is calculated for the three alternative inequality indi
ces using equation (4.16), and the relevant fiqures are shown in Ta
ble 4.5. According to all three indices, the impact on inequality is 
equalizing. In spite of this, the redistributiveness of the system 
differs substantially among the indices used, due to the different 
value judgements that they embody. The lower are the parts of the distri-
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TABLE 4.5 
The Redistributive (%) Impact of the Tax System 

Year 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

Based on Gini 

(1) 

-7.13 
-6.86 
-7.04 
-7.47 
-8.57 
-6.94 
-8.08 
-8.28 
-8.26 
-6.98 

Based on Mehran 

(2) 

-5.10 
-4.84 
-5.08 
-5.45 
-6.31 
-4.61 
-5.67 
-5.76 
-5.85 
-4.97 

Based on Piesch 

(3) 

- 8.71 
- 8.48 
- 8.62 
- 9.12 
-10.42 
- 8.82 
-10.07 
-10.46 
-10.26 
- 8.69 

bution at which the index used attaches more weight to transfers, 
the smaller is the redistributional effectiveness of the tax. Thus for 
any given year, with the distribution of assessed income taken exo-
genously, the M index gives the lowest equalizing impact on in
equality, the Ρ index gives the highest (in absolute terms) and G 
gives a value in between those of M and P, as shown by comparing 
the figures between the columns of Table 4.5. These results are 
much in line with what might be expected. Evidently, one could 
readily envisage a case in which two indices that are affected most 
by transfers at the extremes (such as M and P) would result in re-
distributive effects of opposite signs (i.e. inequalizing and equalizing, 
respectively), if the tax system under consideration were only margi
nally "progressive" with tax "progressiveness" measured by using 
an index affected most by transfers in the middle (such as G). This 
indicates that the policy implications drawn from an empirical anal
ysis based on a single inequality indicator can be seriously mislead
ing. 

4.2.2. Redistributive Effects of the Individual Tax Components 

So far, we have investigated the redistributive effects of the 
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overall tax system as a function of the average tax rate (t) and the 
degree of progression (Π). Nevertheless, the results of the previous 
section do not allow statements about the contribution to the over
all redistributive effect of the individual components of the tax 
structure. In determining the redistributive impact of any individual 
tax component, two analytical steps are necessary. These steps in
volve comparing two different distributions: one is the "gross" in
come distribution (i.e. that of pre-tax income I) and the second is a 
" n e t " income distribution such as the distribution of (I-
Exemptions), (I-Deductions) and so on. The two steps are: first, to 
examine how each tax component under consideration changes the 
interval income shares in any given distribution, and secondly, to 
investigate how the impact of each component is reflected in the re
spective inequality measure, and what is its final contribution to the 
overall redistributive effect of the tax. 

Allowances 

The redistributive effect of allowances may be determined by 
comparing the inequality of the pre-allowance income (i.e. reported 
income) with the inequality income after the deduction of allowan
ces. In so far as allowances are nonproportionally distributed, they 
are expected to have an impact on the distribution of after-tax in
come. 

Let us first see how exemptions affect the individual income 
shares. Let Sb

t and S** denote the i th interval share of the pre-
exemptions income and post-exemptions income, respectively. 
Then, 

oa _ I. " E i 

' ~ I - E 

where 

e = E/I, 

d = Ej/Ij, and 

S* = Ii/I. 

- ( 1 ~ e i ) S b 

(1 - e) 
(4.23) 
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In a tax system like that of Greece, where personal exemptions are 
fixed in money terms, one would expect: (a) for the lower income 
intervals, ej > e with the result that S^ > S*, and (b) for the upper 
income intervals, e, < e with the result that S , < S*. Such a system 
thus has a regressive structure of exemptions. This regressivity in ef
fect implies that the Lorenz curve of exemptions lies above the Lo
renz curve of income. Thus, the progressivity of exemptions is less 
than one, namely Π(Ε) = I(E)/I(I) < 1, where 1(E) is the inequality 
index of the distribution of exemptions, as ranked by income. As a 
result, the impact of exemptions on the inequality of post-
exemptions, income H(E), will be positive. In line with the analysis 
of the previous section, this impact may be expressed as 

11(E) = ~ - (1 - Π(Ε)) (4.24) 
1 C 

As shown by this equation, the impact of exemptions on inequality 
is also positively affected by their average rate (e). 

How do exemptions affect the overall distributive effect of the 
tax? The answer lies in the distribution of tax savings generated by 
exemptions. Each drachma exempted is a drachma decrease in taxa
ble income which gives rise to a tax saving. Since exemptions are 
regressively distributed, so too are tax savings. The decrease in tax
able income is greater in the lower intervals, leading to an incrase 
in the after-tax shares of income for these intervals (and vice-versa 
for the upper income intervals). Exemptions, therefore, have the ef
fect of equalizing the distribution of after-tax incomes. The analysis 
so far makes it obvious that the greater the impact of exemptions 
on the inequality of after-exemptions income (that is, the greater is 
11(E)), the greater will be the equalizing effect of exemptions on the 
post-tax distribution of income. 

As far as deductions are concerned, their redistributive effects 
may be examined in a quite analogous way. The combined effect of 
both exemptions and deductions will depend on whether the more 
or less regressive items actually dominate, as well as on their rela
tive share in the overall amount of total allowances. 
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Rate Schedule 

The shares equation (4.23), in this case, becomes 

= TI, - Τι = (1 - ri) b 

1 Τ Ι - Τ ( 1 - r ) ' 

where TI and Τ stand for taxable income and tax liabilities respec
tively, S** and Sb

{ stand for the i th interval share of taxable income 
minus tax liabilities and of taxable income respectively, r is the av
erage tax rate with respect to total taxable income and r, is the av
erage rate in the i th interval. 

If the rate schedule is proportional — that is, r, = r for all i — 
then S^ = S, for all intervals. For a progressive rate structure, how
ever, in the lower intervals we have r, < r, with the result that S^ > 
S t; whereas in the upper intervals we have η > r and therefore S^ < 
Sb

r In other words, the shares of the (TI — Τ) income in the lower 
intervals are greater than the corresponding shares of TI itself. Con
sequently, the Lorenz curve of taxes would be expected to lie below 
the Lorenz curve of TI with the result that the inequality of the 
former would be greater than that of the latter. Therefore, I~I(R) = 
I(T) / I(TI) > 1, where I(T) is the inequality of taxes, I(TI) is the 
inequality of taxable income (both ranked by taxable income), and 
n(R) is the progressivity of the rate shedule. 
So, as the formula 

II(R) =~— ( l - n ( R ) ) (4.26) 
1 — r 

suggests, the impact of a graduated rate schedule on the inequality 
of (TI — Τ) is negative. Evidently, the greater the impact of tax 
rates on the inequality of (TI — Τ) in absolute terms ,the greater is 
their contribution to the overall egualizing effect on the aftex-tax 
income. 
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Empirical Results 

For the sake of simplicity of exposition, our empirical results 
are derived by using a single inequality index (the Gini coefficient), 
as the purpose of this section is to concentrate on the comparative 
redistributive importance of the individual elements of the tax. The 
analysis is confined to the period 1973-78, during which the same 
set of tax components was in use. 

Table 4.6 shows the average rates of total allowances (a = 
e+d), exemptions (e), deductions (d), and tax liabilities (r), for the 
period under consideration. The first three are derived with respect 
to pre-tax income (I) and the latter with respect to taxable income 
(TI), to which they respectively apply. From the first three columns 
one may see that the general level of allowances was falling over the 
periods of unchanged allowance rates. Thus, as a result of the 1975 
tax reform, there is a substantial upward shift in the average rates 
a, e, and d, only to start declining again in the following years. 
Quite the opposite is the case with the average tax rate, r, which 
tends to rise over the same periods. These movements result in a 
rising overall average tax rate, t, as shown in Table 4.2 above. 

TABLE 4.6 

Average Rates of Total Allowances a, Exemptions, e, 
Deductions d, and Tax Rate r 

1973 
1974 
1975 
1976 
1977 
1978 

a 

(1) 

45.01 
40.74 
50.94 
46.43 
41.45 
36.77 

e 

(2) 

29.30 
26.48 
31.42 
27.45 
23.60 
20.85 

d 

(3) 

15.71 
14.26 
19.53 
19.03 
17.85 
16.72 

r 

(4) 

10.93 
12.27 
12.81 
12.64 
13.58 
13.13 

The concentration indices of assessed income G(I), taxable in
come G (TI) and the various parts of the tax structure are present
ed in Table 4.7. All columns except (5) and (6) were computed from 
data as distributed by assessed income classes, whereas columns (5) 
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and (6) were computed from data as distributed by taxable income 
classes, since the rate schedule applies to taxable rather than to as
sessed incomes. The concetration of exemptions and deductions de
clines over the years. As some of the deductions provided by the 
tax law are rising with incomes, their distribution is more unequal 
than that of exemptions. Also, taxable income is more unequally 
distributed than pre-tax income and less so than tax liabilities. 

TABLE 4.7 

Gini Indices of Pre-Tax Income G(I), Total Allowances G(TA), 
Exemptions G(EX), Deductions G(DD), 

Taxable Income G(TI) and Tax G(T) 

1973 
1974 
1975 
1976 
1977 
1978 

G(I) 

(1) 

0.3952 
0.3994 
0.3873 
0.3792 
0.3870 
0.3756 

G(TA) 

(2) 

0.1893 
0.1807 
0.1863 
0.1765 
0.1723 
0.1460 

G(EX) 

(3) 

0.1068 
0.1048 
0.0884 
0.0776 
0.0743 
0.0458 

G ( D D ) 

(4) 

0.3435 
0.3196 
0.3462 
0.3195 
0.2812 
0.2671 

G(TI) 

(5) 

0.5034 
0.4753 
0.4456 
0.4473 
0.4479 
0.3903 

G(T) 

(6) 

0.7511 
0.7398 
0.7361 
0.7006 
0.6903 
0.7128 

Table 4.8 shows the progressivity measures for the various tax 
components. As expected, the degrees of progression decline over 
the periods of unchanged structure. Tax liabilities are progressively 
distributed, whereas exemptions and deductions are distributed re-
gressively. Total deductions are not very regressive, since some of 
their main elements are partly fixed in percentage terms while others 
of smaller relative importance depend upon the taxpayer's actual 
expenditures. Consequently, the progressive rate schedule and the 
regressive structure of allowances both contribute to a progressive 
income tax system. The picture appears to be abrupt in 1978, due 
to the change of data coverage in that year mentioned above (see 
section 3.4). This has a bearing on all the results referring to 1978 
throughout this chapter. 
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TABLE 4.8 

Progressivities of Total Allowances ΙΊ(ΤΑ), Exemptions Π(ΕΧ), 
Deductions II(DD) and Taxes n(R) 

Π(ΤΑ) 

(1) 

0.4790 

0.4525 

0.4812 

0.4654 

0.4453 

0.3886 

Π(ΕΧ) 

(2) 

0.2702 

0.2625 

0.2282 

0.2049 

0.1921 

0.1220 

n ( D D ) 

(3) 

0.8692 

0.8001 

0.8939 

0.8425 

0.7265 

0.7110 

n(R) 

(4) 

1.4919 

1.5608 

1.6509 

1.5661 

1.5349 

1.8264 

Table 4.9 presents the coefficients of inequality of the various 
"net-income" concepts, that is (I - TA), (I - EX), (I - DD) and 
(TI — Τ). As indicated by the first three columns of this table, ex
emptions and deductions bring about an even more unequal distri
bution than that of before-tax income (see Table 3.1 of the previous 
chapter), although deductions are much less responsible for this 
than exemptions, since they were a lot less regressive. On the con
trary, the progressive rate schedule has an equalizing effect on the 
distribution of taxable income, and this is why G(TI — T) is less 
than G(TI) throughout the 6-year period. As a result, both allowan
ces and tax rates have positively contributed to a more equal distri
bution of the post-tax income (see Table 3.3 of Chapter 3). 

The question now arises as to what extent the resulting change 
in the inequality of the "net-income" concepts is due to changes in 
the original income inequality, progressivity, and the average rate. 
To answer this question, we compute the elasticities of the Gini in
dex of the various net-income concepts with respect to all these 
three quantities, as indicated by equation (4.16). The results are 
presented in Tables 4.10 and 4.11. We can see, from the first three 
columns, that a percentage increase in the progressivity of allowan
ces will result in a decrease in inequality, whereas a percentage in
crease in their average rate will bring about an increase in the in
equality of income after the allowances (exemptions or deductions) 
have been deducted. The elasticities of G(TI — T) with respect to 
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the corresponding progressivity, n(R), and average tax rate, r (see 
column (4) in the two tables) are negative, showing that G(TI — T) 
varies inversely with both progressivity and average tax rate. 

TABLE 4.9 

Gini Indices of the Different Net-Income Concepts 

1973 

1974 

1975 

1976 

1977 

1978 

G(I - T A ) 

(1) 

0.5670 

0.5506 

0.5946 

0.5448 

0.5427 

0.5091 

G(I - EX) 

(2) 

0.5152 

0.5062 

0.5249 

0.4928 

0.4837 

0.4683 

G(I - D D ) 

(3) 

0.4052 

0.4133 

0.3972 

0.3931 

0.4102 

0.3994 

G(TI - T) 

(4) 

0.4840 

0.4451 

0.4029 

0.4107 

0.4098 

0.3420 

TABLE 4.10 

Elasticities of the Different Net-Income Inequalities w.r.t. 
the Corresponding Progressivities of the Various Tax Components 

(TA, EX, DD and R) 

en(TA) επ(ΕΧ) en(DD) eÄ (R) 

(1) (2) (3) (4) 

1974 -0.2323 -0.0756 -0.1427 -0.2071 
1975 -0.3307 -0.0921 -0.1821 -0.2295 
1976 -0.2662 -0.0623 -0.2007 -0.2652 
1977 -0.2299 -0.0498 -0.1681 -0.2695 
1978 -0.1795 -0.0374 -0.1336 -0.2209 
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TABLE 4.11 

Elasticities of the Different Net-Income Inequalities w.r.t. 
the Corresponding Average Rates of the Various Tax Components 

(TA, EX, DD and R) 

1974 
1975 
1976 
1977 
1978 

et(TA) 

(1) 

0.4951 
0.5396 
0.6291 
0.5243 
0.3985 

et(EX) 

(2) 

0.3104 
0.3329 
0.3428 
0.3001 
0.2317 

et(DD) 

(3) 

0.0422 
0.0220 
0.0449 
0.0708 
0.0645 

et(R) 

(4) 

-0.0790 
-0.1052 
-0.1055 
-0.0992 
-0.1416 

Table 4.12 shows the extent to which the percentage changes in 
the inequality of the various net-income concepts are due to changes 
in before-tax income inequality, in the degree of progression with 
which the individual tax components are distributed and in the av
erage rate of each of these components. Adding up the percentage 
contributions of these three quantities gives the year-to-year overall 
changes of the net-income inequalities. The contribution of the pre
tax inequality, (columns (1), (5) and (9)) to total changes in net-
income distributions (columns (4), (8) and (12)) is the same, since 
assessed income is taken as the pre-allowance, pre-exemption and 
pre-deduction income concept. The total change in G(I — TA) 
stems mainly from the contribution of average rate, (a, in column 
(3)) which, in turn, is due to the relatively high sensitivity of G(I — 
TA) to changes in "a" (see Table 4.11). The whole picture for total 
allowances (columns (1) - (4)) is mainly a reflection of the situation 
in columns (5) - (8) concerning the redistributive ability of exemp
tions for which the above remarks made for TA also hold. Thus, 
columns (3) and (4) of Table 4.12 for total allowances mainly reflect 
columns (7) and (8) for exemptions, as the total amount of these is 
substantially greater than that of deductions, the second component 
of TA. For deductions, the contribution of progressivity to the total 
change in G(I — DD) is greater than that of the average deduction 
rate, d. This may be attributed to the relatively high elasticity values 
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of en(DD), (see Table 4.10). The contribution of d, on the other 
hand, is smaller due to the low responsiveness of G(I — DD) to 
changes in the average deduction rate (see et(DD) in Table 4.11). 
Thus, in the case of deductions, the situation is quite the opposite 
of that of exemptions as to which of the two factors, progressivity 
and average rate, has contributed the most to changes in the distri
bution of the respective net-income concepts. 

Finally, coming to the analysis of the rate schedule, it should 
be pointed out that changes in the distribution of TI (column (13)) 
differ from those in the distribution of (I — TA), (column (4)). This 
is because the income units in the two distributions are ranked on 
the basis of a different variable; moreover, the distribution of (I — 
TA) also includes units with negative taxable income. As shown in 
columns (14) and (15), in three out of five periods tax progressivity 
has contributed more than the average tax rate to the total change 
in the concentration of after-tax incomes in column (16). 

In Table 4.13, we present the redistributive impact of the var
ious components of the tax system, as computed by employing for
mula (4.24) for exemptions, an analogous formula for deductions 
and formula (4.26) for the rate schedule. One can see from the rele
vant columns that allowances have a positive impact on the inequal
ity of income after them (columns (1), (2), and (3)); and the greater 
this impact, the larger the equalizing contribution of allowances on 
the after-tax income distribution. On the other hand, the rate sche
dule has an equalizing effect (that is, negative II(R)) on the inequal
ity of TI (column (4), which means that its contribution to the 
overall redistributive effect of the tax is also equalizing. Thus, all 
the three parts of the tax structure, exemptions, deductions and rate 
schedule, have an equalizing effect on the after-tax income distribu
tion, contributing to a negative overall impact on inequality (co
lumn (1) of Table 4.5). This table shows just what Figure 4.2. 
would suggest: namely, that the declining average rate of allowances 
(Table 4.6, columns (1) - (3)) bring about a decrease in the inequal-
izing impact on the after-allowance income (columns (1) - (3) of 
Table 4.12) and, through this, a decrease in the equalizing effect 
that allowances have on the aftex-tax income. The opposite effect 
that the declining progression of allowances (Table 4.8, columns (1) 
- (3)) has on income distribution is by no means strong enough to 
reverse this trend. As for the equalizing effect of the rate schedule, 
it rises over time along with rising incomes. 
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TABLE 4.13 

The (%) Impacts of Inequality, of Total Allowances II (TA), 
Exemptions II (EX), Deductions II (DD), 

and the Rate Schedule II(R) 

1973 
1974 
1975 
1976 
1977 
1978 

II(TA) 

(1) 

42.64 
37.64 
53.87 
46.33 
39.27 
35.55 

II(EX) 

(2) 

30.39· 
26.56 
35.36 
30.08 
24.96 
22.02 

II(DD) 

(3) 

2.44 
3.32 
2.58 
3.70 
5.94 
5.81 

II(R) 

(4) 

- 5.38 
- 7.84 
- 9.56 
- 8.19 
- 8.41 
-12.49 

The combined effects of allowances and the rate schedule result 
in an equalizing overall effect which is rising throughout the period 
being studied. It should also be noted that the impact of exemp
tions, II (EX), is much greater than that of deductions, 11(D), as co
lumns (2) and (3) indicate. Tax changes apart, this is due to two 
reasons: first the average rate of exemptions is greater than that of 
deductions (Table 4.6, columns (2) and (3) ), and secondly the pro-
gressivity of deductions is greater than that of exemptions (Table 
4.8, columns (2) and (3) ). As to the fact that the impact of exemp
tions falls whereas that of deductions rises over the periods of un
changed tax structure, this is almost exclusively due to the average 
rate of the former, e, decreasing faster than that of the latter, d, so 
that the relative weight of exemptions becomes smaller and smaller 
as they are fixed in money terms. 

It is pointed out that although average rates, progressivities, in
equalities, elasticities and inequality impacts of the deductible allo
wances can be compared with one another, they cannot be com
pared with the corresponding magnitudes for the rate schedule. The 
reason for this is that while the former apply to assessed income in 
order to exempt some of it from being taxed, the latter applies to 
taxable income in order to levy tax. Moreover, the various redis-
tributive effects II(·) do not add up to the total effect of the system 
(column (1) of Table 4.5), because this depends on the interaction 
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between the various tax components which operate on different in
come concepts and for different purposes. Thus, the inequalizing 
impact that deductible allowances (Table 4.12, columns (1) - (3) ) 
have on the after-allowances income means that they too, along 
with the rate schedule, have an equalizing effect on the after-tax in
come, (column (1) of Table 4.5). However, this cannot be derived 
for each individual element of the tax, separately. It should now be 
clearer why the individual redistributive effects presented in Table 
4.12 do not add up to the overall effect. 

The above analysis could be carried out at any level of disag
gregation in which the tax analyst might be interested, provided that 
the necessary data were available. Although the individual effects do 
not add up to the total, one may estimate the redistributive ability 
of the different elements of the tax, compare them with one anoth
er, and classify them accordingly. This may help the analyst to de
sign an income tax reform in order to achieve the redistributional 
objectives set by the policy-maker. 

To demonstrate this, we conclude this section by computing the 
redistributiveness of the individual elements which compose the 
structure of exemptions and deductions for the year 1978. The re
sults are presented in Table 4.14. The redistributive effects are 
shown in the last row of this table. Exemptions are more redistribu-
tive than deductions. This is mainly due to the fact that the former 
are much more regressive than the latter. The personal allowance 
has the highest impact on inequality, since it is the most regressive 
component of all. The deduction on incomes from Source G has the 
lowest impact, due to its particularly low average rate (0.17). The 
next lowest impact is that of miscellaneous deductions which is the 
least regressive (nearly proportional) element of the structure of al
lowances. For all exemptions, the progressivity elasticities of the 
after-allowance income inequalities en (·) are (absolutely) lower than 
the corresponding average-rate elasticities et (·). The opposite is true 
for deductions. This indicates the relative importance of the two 
policy paremeters, that is, average rate and progressivity, in deter
mining changes in the concentration of net incomes. Moreover, it is 
interesting to notice that the classification of all allowances by size 
of their redistributive impact and by size of et (see the last two 
rows of Table 4.14) gives indentical rankings. 
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TABLE 4.14 

Estimates for the Individual Allowances of the Greek Income Tax; 1978 

Exemptions Deductions 

Average Rates 

Gini Indices 

Progressivities 

Gini Indices of 

After-Allowance 

e 
ΓΓ 

e t 

Incomes 

Impact on Inequality (II) 

C3 

e 
ο 
χα 
u 

a. 

(1) 

6.79 

0.0285 

0.0820 

0.3711 

-0.0055 

0.0661 

6.69 

% 
c 

PU 

(2) 

5.89 

0.0471 

0.1356 

0.3658 

-0.0081 

0.0546 

5.41 

e 
<υ 
(Η 

'£ 

υ 
u 
Ο 

UH 

(3) 

6.47 

0.0524 

0.1508 

0.3676 

-0.0099 

0.0594 

5.87 

li
en <U 
1) <J 

ε 5 
Ο Ο 

Et 
C Ο 

Ο £ 
(4) 

10.61 

0.2252 

0.6482 

0.3618 

-0.0739 

0.0449 

4.18 

Ο 
ta ω 
<U CJ 

ε ε 
Ο Ο 
y vi 

~ ε 
C Ο 

Ο £ 

(5) 

0.17 

0.2132 

0.6137 

0.3478 

-0.0010 

0.0007 

0.07 

s 
ο 
ω 
α 

-3 
"ο 

ι 
(6) 

5.93 

0.2878 

0.8284 

0.3508 

-0.0517 

0.0114 

1.08 

To sum up this section, the above analysis shows that investiga
tion of the redistributive effects of the tax at a disaggregated level 
can provide information about the redistributive properties of each 
individual element of the tax system which may be particularly use
ful for the redistributional purposes of an income tax reform. 

4.3, Concluding Remarks 

The approach employed in this chapter for studying the pro-
gressiveness and the redistributive effectiveness of the tax adds to 
previous empirical work in that it makes it possible to assess the 
redistributive ability of the individual tax components and the tax 
as a whole under different sets of value judgements about "inequali
ty" and with respect to two composite tax parameters on which re-
distributiveness depends. 

It is shown that a family of inequality measures possesses some 
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The same graphic representation could be made for the shrink
ing in the real value of TI bands; however, in this case, it is not 
possible since the 1975 reform changed not only the bands but also 
the corresponding bracket rates. We shall, therefore, limit ourselves 
to showing this shrinking from 1975 onwards, for the 1975 rate 
schedule. This can be seen in Table 5.2, where we present the lower 
bounds of each .tax bracket for the year 1978 at constant prices, as 
well as the corresponding tax that "should" be paid at each level of 
real TI, if inflation were not allowed to erode the rate schedule. 

TABLE 5.2 

Changes in the Real Value of the Statutory Taxable Income 
Brackets and the Corresponding Tax (1975 = 100) 

(in 000 drs.) 

Taxable 
Income 

1975 

Total 
Tax 

1978 

Taxable 
Income 

Total 
Tax 

20 
40 
60 
80 

110 
140 
170 
200 
250 
300 
350 
400 
500 
600 
800 

1,000 
2,000 
3,000 

.6 
1.6 
3.0 
4.8 
8.1 

12.3 
17.4 
23.4 
34.9 
47.9 
62.9 
79.9 

117.9 
159.9 
251.9 
351.9 
891.9 

1,471.9 

14 
28 
42 
56 
77 
98 

119 
140 
175 
210 
245 
280 
350 
420 
560 
700 

1,399 
2,099 

.4 
1.0 
1.7 
2.7 
4.5 
6.8 
9.3 

12.3 
18.4 
25.7 
33.7 
42.6 
62.9 
87.4 

143.0 
205.7 
567.5 
949.1 
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CHART 5.1 
Changes in the Real Value of Personal and Dependent Allowances;11 

1972 to 1978 (1972 = 100) 

Drs. 
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Year 

Deflated by the Consumer Price Index. 
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TABLE 5.1 
Changes in the Real Value of Allowances; 1972 to 1978* (1972=100) 

Qrs. 1972 1973 1974 1975 1976 1977 1978 

Personal Allowance 

and Allowance 

for Wife 

Allowance for 1st 

Child 

Allowance for 2nd 

Child 

Allowance for 3rd 

Child 

Allowance for 4th 

Child and over 

I 

II 

III 

IV 

I 

II 

III 

IV 

I 

II 

III 

IV 

I 

II 

III 

IV 

I 

II 

15,000 

14,657 

14,657 

14,480 

7,000 

6,840 

6,840 

6,758 

10,000 

9,771 

9,771 

9,654 

20,000 

19,543 

19,543 

19,307 

30,000 

29,314 

14,415 

14,016 

14,244 

13,736 

6,727 

6,541 

6,647 

6,410 

9,610 

9,344 

9,496 

9,157 

19,220 

18,688 

18,993 

18,314 

28,831 

28,032 

13,410 

12,685 

12,280 

10,743 

6,250 

5,920 

5,731 

5,013 

8,940 

8,456 

8,186 

7,162 

17,880 

16,913 

16,373 

14,324 

26,820 

25,369 

13,785 

12,949 

12,949 

11,981 

10,339 

9,712 

9,712 

8,986 

10,339 

9,712 

9,712 

8,986 

17,231 

16,187 

16,187 

14,977 

24,124 

22,662 

11,837 

11,396 

11,396 

10,674 

8,878 

8,547 

8,547 

8,006 

8,878 

8,547 

8,547 

8,006 

14,797 

14,244 

14,244 

13,343 

20,716 

19,942 

10,372 

9,992 

10,023 

9,567 

7,779 

7,494 

7,518 

7,175 

7,779 

7,494 

7,518 

7,175 

12,965 

12,490 

12,529 

11,959 

18,151 

17,486 

9,337 

8,934 

8,897 

8,462 

7,003 

6,700 

6,672 

6,347 

7,003 

6,700 

6,672 

6,347 

11,672 

11,167 

11,121 

10,578 

16,340 

15,634 

III 29,314 28,489 24,559 22,662 19,942 17,541 15,569 

IV 28,961 27,471 21,486 20,967 18,680 16,743 14,809 

* Allowances prevailing in each year are deflated by the Consumer Price Index. 
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bution of the tax burden for the Greek case. The present analysis 
refers to the periods 1972-74 and 1975-78, during which the tax 
structure remained unchanged in money terms. Our calculations are 
based on the notion of a hypothetical taxpayer who claims no de
ductions other than personal allowances. It should be remembered, 
however, that there are two other important allowances, that is, the 
reductions of 30% and 25% that are fixed in percentage rather than 
money terms, with an upper limit that cannot be exceeded. Conse
quently their real value is not expected to be very much affected by 
the rate of inflation. 

5.2.1. The Real Value of Allowances and Taxable Income Bands 

Table 5.1 and Chart 5.1 show the decline in the real value of 
personal allowances over the period 1972 to 1978. During this peri
od, the real value of allowances decreased as follows: personal allo
wance and allowance for wife by 43.6 percent, and allowances for 
the 1st, 2nd, 3rd, and 4th (and over) child by 9.8, 36.9, 47.4, and 
50.9 percent respectively. At first glance, these changes look quite 
surprising since the decreases in real allowances were very large 
despite their descretionary increase introduced by the 1975 tax re
form. If there had been no tax change in 1975, then all personal al
lowances would have decreased by 57.9 per cent in real terms as a 
result of inflation. It can easily be seen that for most of the allo
wances the largest part of this decrease has actually been realized in 
spite of the 1975 discretionary change. These results are illustrated 
in Chart 5.1, which shows the role played by the discretionary tax 
policy in offsetting the inflationary effects. The solid lines represent 
total changes in the real value of allowances after allowing for the 
statutory change of 1975. The broken lines represent automatic 
changes, assuming that the 1972 allowances have been continuously 
operative. The vertical distances between solid and broken lines re
present the effects of the 1975 tax change. 
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across income levels. This elasticity is, by definition, equal to the ra
tio of the actual marginal rate of tax to the initial average tax rate, 
both defined in relation to taxable income. In the first rate bracket, 
the marginal rate is equal to the average one and , hence, elasticity 
is equal to unity throughout. In all remaining brackets, elasticity is 
greater than unity, since the former rate is greater than the latter. 
Within each particular bracket, however, elasticity is decreasing be
cause the average rate increases continuously whereas the marginal 
one remains unchanged throughout the bracket. On the contrary, 
the elasticity exhibits upward jumps when moving up to the next in
come bracket. The pattern of elasticity changes across brackets de
pends on the particular rate structure: the steeper the graduation of 
the bracket rates and/or the shorter the taxable income brackets, 
the greater the elasticity. Finally, for any graduated rate schedule 
and beyond a certain level of income, the elasticity of tax liabilities 
to taxable income tends towards unity, as the two rates, marginal 
and average, tend to converge. 

5.1.3. Overall Effects 

So far, we have examined the mechanisms through which infla
tion affects the tax burden distribution by considering separately the 
system of allowances and the rate schedule. The overall effects are 
composed of the effects of the individual components. It follows 
from the above discussion that the overall redistributive effects may 
not be systematic. They depend on the particular tax structure being 
studied and the distribution of the pre-tax incomes. In general 
terms, individuals outside the tax net, as well as those in the final 
bracket rate, may be expected to improve their relative position. 
Taxpayers just above the threshold and those with a large number 
of dependants are adversely affected, whereas the relative position 
of various groups in intermediate income bands cannot be predicted 
on a priori grounds. Therefore, the overall redistributive effect of 
inflation can only be assessed empirically. 

5.2. Inflation and Redistribution of the Tax Burden 

In this section we quantify the effects of inflation on the distri-
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of assessed to taxable income which is inversely related to the tax
payer's initial level of income. Thus, the greater the assessed in
come, the lower is the elasticity. 

Following the same line of reasoning, we notice that among 
taxpayers with identical initial incomes but different family circum
stances, the taxable-to-assessed income elasticity equals the ratio of 
assessed to taxable income. Since, however, the more exemptions a 
taxpayer is entitled to the lower is his taxable income, this ratio and 
in effect the elasticity vary directly with the number of dependants. 

Thus, we may conclude that: 
a. of those already inside the tax net, taxpayers with low incomes 

and large families are expected to have the largest percentage in
creases in taxable incomes as a result of inflation, since they are 
the most adversely affected by the redistributive distortions that it 
gives rise to, and 

b. for individuals initially below the relevant limit of allowances, the 
elasticity depends on the rate of inflation and on their original 
income level. If an individual's inflated income does not exceed 
the above limit, his elasticity remains equal to zero. It it clear 
that after-tax income is redistributed in favour of such low-
income individuals (in comparison with the pre-inflation situa
tion). On the contrary, if a person is brought into the tax area, 
'then his elasticity will become equal to infinity while his income 
share will decrease in comparison with those who still remain 
outside the tax net. 

5.1.2. Rate Schedule 

The second channel through which inflation redistributes the 
tax burden is the rate schedule. Unlike the case of allowances, how
ever, the effects of inflation here do not follow a simple pattern. It 
is true that a graduated rate schedule leads to income tax liabilities 
rising faster than taxable income, for any given increase in the lat
ter. This will be the case no matter whether the inflationary income 
increment has brought the taxpayer into a higher bracket rate or 
not with the exception of the first income bracket. The question of 
interest with regard to the redistributive effects of inflation is how 
the elasticity of tax liabilities with respect to taxable income varies 
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5.1.1. Tax Allowances 

Tax allowances determine the relationship between taxable in
come and assessed income. Indeed, some of the deductions tend to 
reflect the current rate of inflation, either because they are fixed in 
percentage terms (such as the reductions of 30% and 25% — with a 
maximum limit, however, — of the net income earned from "wages 
and salaries" and "liberal professions" respectively, in the case of 
the 1972 and 1975 tax structures), or because they are based upon 
the actual expenditures of the taxpayer (such as medical expenses, 
social insurance contributions etc.) Nevertheless, personal allowances 
(which in Greece represented more than 60 per cent of total allo
wances in 1978 and nearly 40 per cent in 1983) are fixed in nominal 
terms, with the result that their value in real terms is eroded by in
flation with the passage of time. As a result of these fixed-in-
money-terms amounts, inflation results in taxable income increasing 
more rapidly than assessed income even if the taxpayer's real in
come remains unchanged. The increase in the proportion of income 
becoming taxable leads to higher average tax rates for all taxpayers 
who were initially subject to tax. This is the case even if they have 
not moved up to a higher marginal rate, and even for those taxpay
ers who were (and still are) in the first income bracket, that is, 
those still charged at a proportional tax rate. 

The rate of increase in taxable income is expected to vary be
tween different levels of income. As money income rises, the 
amount of income that is tax exempt becomes relatively smaller and 
smaller. This implies that the rate of increase in taxable income re
sulting from a given increase in assessed income varies inversely 
with the initial level of the latter. Moreover, the rate of increase in 
the former also varies among taxpayers with the same level of in
come but different family circumstances. Since the larger a taxpay
er's family the higher his total allowances, the rate of increase in 
taxable income varies directly with the numbler of dependants. 

The above discussion may be carried out more informatively in 
terms of elasticities. For any given category of taxpayers, (that is, in 
terms of family circumstances), the elasticity of taxable to assessed 
income varies between different levels of income. For incomes in
itially in excess of the deductible amount applicable to this category, 
any increase in assessed income brings about an equal absolute in
crease in TI. This indicates that elasticity becomes equal to the ratio 
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The present chapter is organized as follows. The first section 
describes the workings of inflation through the tax system. In sec
tion 5.2, we measure the effects of inflation on the distribution of 
the tax burden for selected categories of taxpayers. Section 5.3. as
sesses the overal redistributive effects by simulating the 1975 tax 
structure, held constant in real terms, for the period 1975-78. Final
ly, the last section contains the concluding remarks of this chapter. 

5.1. Income Tax and Inflation 

Consider a tax system characterised by a set of allowances lar
gely fixed in money terms, and a rate schedule with rising bracket 
rates applying to taxable income bands which are fixed in nominal 
terms. During an inflationary period, such a tax system is changing 
in real terms, with the result that, at any given period, each taxpay
er is taxed with a real tax structure which is different from the legis
lated structure. The implications of such a situation are twofold: 
— First, the individuals' average tax rates tend to grow so that the 
amount of tax to be paid is in real terms greater than it would have 
been in non-inflationary period. Average tax rates rise even when 
real incomes are actually falling. Taxpayers who are already taxed 
become subject to a higher average (and often also marginal) tax 
rate, while others previously exempted from paying any tax may 
now become taxable. 
— Secondly, the rate of increase in average rates varies between 
taxpayers. The size of these increments depends, first, on their indi
vidual and family circumstances and, secondly, on the level of their 
initial income. 

In what follows, we investigate the way in which inflation alters 
the tax structure in real terms and redistributes the income tax 
burden. The analysis is carried out in terms of the two familiar rela
tionships: first, between taxable income and assessed income, and 
secondly, between tax liabilities and taxable income. This is equival
ent to studying the way in which the structure of allowances and 
the rate schedule change in real terms during inflationary periods. 
In order to concentrate on the effects of inflation alone, we assume 
— unless otherwise stated — that real income remains unchanged 
and that any change in nominal income is due solely to inflation. 
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CHAPTER 5 

INFLATION AND PERSONAL INCOME TAX 

In the previous chapter, we investigated the redistributive ef
fects of the tax over a period of rising money incomes. Changes in 
incomes consist of both real and inflationary changes, when prices 
are rising. Since inflation alters the tax structure in real terms, it 
would be of interest to identify and measure the distorting effects of 
inflation on the distribution of post-tax incomes. 

Existing work on the interaction of rising prices and the per
sonal income tax system is by and large expository in nature, based 
on specific examples, and is not intended to assess the overall dis
tributional implications of inflation12 using actual tax data. 

The purpose of this chapter is to investigate the redistributive 
effects produced by the interaction of personal income tax and in
flationary income increases in Greece, during the periods 1972-74 
and 1975-78 for which the statutory tax structure nearly remained 
unchanged in money rerms. 

The analysis proceeds in two stages. First, we deal with the 
mechanisms through which inflation redistributes the tax burden 
among taxpayers and measure the redistributive effects for taxpayers 
with different family circumstances and different income levels. In 
the second stage, we examine the overall impact of inflation on the 
distribution of after-tax incomes, based on the data provided by tax 
authorities in the Personal Income Tax Statistics. This impact is 
measured not only for the tax as a whole, but for each individual 
tax component as well. 

1. See Allen and Savage (1974) and (1975) Allan, Dodge and Podder (1974), OECD 
(1976), Sunley and Pechman (1976 and 1979), Brechling and Utgoff (1979), Von Furstenberg 
(1980), Puri (1980). 

2. A paper by Greytak, D., and McHugh R. (1980) investigates the overall redistributive 
effect of inflation, without however attempting any disaggregation either by tax component or 
by policy instrument. 
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useful properties for analysing the redistributional impact of the tax 
in terms of the progressiveness of the tax, as defined to reflect the 
steepness of the system, and the average tax rate, reflecting the 
general level of the tax structure. This analytical framework is then 
applied to Greek data in order to investigate the redistributiveness 
of the tax system, using three different linear inequality indices (M, 
G, and P) which attach more weight to transfers at the lower, mid
dle and upper parts of the distribution (respectively). This is per
formed both for the tax as a whole and for each of its main com
ponents. In each case, the redistributive importance of the two poli
cy parameters, progressiveness and average rate, is assessed separate-

iy. 
Our empirical results show that the inequality measure used 

may seriously affect the conclusions drawn from such an analysis. 
This is especially so in the case of crossing Lorenz curves. Further
more, the analysis of this chapter makes it evident that the evalua
tion of the tax as a redistributive device requires a detailed knowl
edge of the redistributive properties of each individual element of 
the tax system. This is because their redistributive ability varies 
widely, while their effects on the distribution of disposable incomes 
are generally not obvious and often not what they seem. 

To conclude, the results of this chapter add to the existing 
work in the field in that they allow the policy-maker to choose that 
particular set of estimates which accords best with his own value 
judgements on "inequality", and also they provide useful informa
tion about the direction in which a tax system should be reformed 
in order to achieve a redistributional objective. 
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This table shows that taxpayers in 1978 with much less real in
come than in 1975 are charged with much more tax. For instance, 
as Table 5.2 suggests, a taxpayer with TI 140,000 drs. in 1975 
would pay 12,300 drs. as tax, whereas in 1978 he would pay just the 
same amount in spite of his income at 1975 prices having been re
duced to 98,000 drs. The table shows that if this taxpayer were 
taxed on his real rather than his money income, he should be 
charged with 6.800 drs. which is only a fraction of the amount he 
actually paid in 1978. Thus, the rate schedule, in conjunction with 
allowances, constitutes an important means through which inflation 
redistributes the income tax burden. 

5.2.2. Tax Burden Redistribution 

There are basically two ways of measuring the redistribution of 
the tax burden which is brought about by the interaction between 
inflation and an unchanged3 tax structure. The first way is to mea
sure the percentage increases in effective average tax rates, and the 
second is to measure the resulting changes in real disposable in
comes. The former relates to the amount of tax that a taxpayer has 
to pay, whereas the latter relates to the amount of real income left 
in the taxpayer's hands after the tax has been paid. Thus both me
thods are appropriate for measuring the tax burden redistribution, 
though they look at it from different perspectives. In what follows, 
we present information on both average tax rates and real disposa
ble incomes. 

Average Tax Rates 

For equity purposes, both horizontal and vertical, the best cri
terion is the percentage changes in average tax rates. This is be
cause, as between different levels of real income, equiproportional 

3. As a word of warning, by the term "unchanged tax structure" we always refer to the 
structure in real terms, unless otherwise explicitly stated. 
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changes in average rates at all income levels leave the distribution 
of the burden unchanged. On the other hand, as between different 
taxpayer categories with the same level of real income, equipropor-
tional changes in all average rates will bring about no redistribution 
of the tax burden. 

TABLE 5.3 

A Breakdown of the Actual Changes in Average Tax Rates, 
between 1972 and 1978, into two Components: One Due 
to Inflation and Another Due to the 1975 Tax Reform 

(1972 = 100, drs. 000) 

Assessed Income 
(Unchanged in Real 

Terms) 

% Change in Average Tax Rates 

Actual 
(total) 

Due to 
inflation 

Due to the 
1975 reform 

(1) (2) (3) (4) 
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80 
100 
200 
600 

1,000 

2,000 

4,000 

80 

100 
200 

600 

1,000 

2,000 

4,000 

84 
84 

106 
66 

43 
30 

26 

163 
132 

129 

73 

47 
31 

26 

96 
90 
99 
54 

30 
12 
5 

274 

194 
141 

63 

34 

13 
6 

-12 
- 6 

7 
12 

13 
18 
21 

-111 

- 62 

- 12 

10 

13 
18 
20 
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Table 5.3 shows the actual changes in average tax rates and 
their breakdown into changes brought about (a) by inflation, 
through the non-indexed structure, and (b) by the 1975 discretionary 
change in the tax law. This analysis is carried out first for a single 
and then for a married taxpayer with two children4, both assumed 
to have a number of different levels of income which rise in money 
terms to such an extent that they just keep pace with inflation as 
measured by the Consumer Price Index. All changes refer to the pe
riod 1972-78. The changes that are due to inflation (column (3)) 
have been calculated by keeping the 1972 system unchanged in mo
ney terms throughout the period. As shown in the table, the effects 
of inflation have nearly doubled the rates for single taxpayers and 
have more than tripled them for married taxpayers with two child
ren, at the lower income levels. Moreover, these effects vary inverse
ly with the level of income and directly with the number of depend
ants, which is in line with a priori expectations. Since the actual 
overall changes (column (2)) are dominated by changes due to infla
tion, they follow much the same pattern as these latter. Column (4) 
presents the effects of the 1975 tax reform which not only did not 
offset the impact of inflation on the individual's tax burden, but ac
tually reinforced these effects at the higher income levels. The redis-
tributive nature of the 1975 reform becomes evident when its effects 
across income levels as well as between single and married taxpayers 
are compared. It should be remembered that the 1975 tax change 
increased personal allowances on the one hand and the higher 
bracket rates on the other, so that its redistributional effects on tax 
burden in favour of low incomes and large families are much as 
expected. 

Table 5.4 breaks down the effects of inflation and the 1975 tax 
change by tax component (columns (2) and (5)), taking the case of 
a married taxpayer with two children. The effects of inflation 
through the structure of personal allowances (column (3)) has been 
obtained by indexing this time the rate schedule only. This is done 
by widening all the brackets by the rate of inflation, so as to re
main unchanged in real terms during the period under consideration 
Comparison of these effects with the total changes of column (2) 

4. One could also consider taxpayers with different occupational circumstances in a quite 
analogous way. 
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then gives the corresponding effects of inflation through the rate 
schedule presented in column (4). Columns (3) and (4) show that 
the changes in average rates through allowances are greater than 
those through the rate schedule at low income levels, and smaller at 
high income levels. Moreover, during inflationary periods, both the 
structure of allowances and the rate schedule redistribute the tax 
burden in favour of high-income people. As for the effects of the 
1975 reform, the table shows that, at low incomes levels, the in
crease in allowances reduced the average rates to about the same 
extent as did the decrease in the bottom rates of the statutory sche
dule. Moving up to higher income levels, the former leads to declin
ing decreases in the average rates, whereas the latter leads to rising 
increases. Thus, the two last columns of the table reflect quite clear
ly the redistributive nature of the tax change of 1975. 

Real Disposable Income 

The redistributive effects of inflation could also be investigated 
in order to study its implications for aspects of personal taxation 
other than those concerning tax equity. Indeed, if the implications 
of inflation for wage bargaining, stabilization policy and allocation 
of resources between the private and the public sectors were to be 
examined, then differential changes in real disposable incomes 
would seem to be a better criterion than changes in the effective av
erage tax rates. 

Table 5.5 presents the effects of the interaction between infla
tion and tax structure on real disposable incomes at selected income 
levels, which are assumed to be rising in money terms so as just to 
keep pace with inflation. As before, these effects are derived by in
dexing the 1972 structure in order that it remains unchanged in real 
terms throughout the period. The system is then applied to a mar
ried taxpayer with two children at different income levels in order 
to obtain the resulting changes in real disposable incomes. The ef
fects of inflation (column (3)) are all negative but the largest abso
lute impacts have occurred at the middle income levels, affecting ac
cordingly the actual total change (column (2)). This however, con
sistently rises in absolute terms as one moves up to higher incomes. 
This is accounted for by the changes caused by the 1975 tax reform. 
Column (4) shows that the effects of the reform on real disposable 
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incomes are positive but decreasing at the lower income levels, whe
reas at the higher incomes the effects are negative and increasing in 
absolute terms. 

The evidence presented in Table 5.5 is illustrated in Chart 5.2. 
The broken line shows the automatic changes which are due to in
flationary income increases, assuming that the 1972 tax structure 
has been continuously operative, whereas the solid line shows the 
total actual changes in real disposable incomes. The vertical distance 
between the two lines stands for those changes in disposable in
comes which are due to the tax reform. 

TABLE 5.5 
Percentage Changes in Real Disposable Incomes: Selected Income 

Levels of a Married Couple with two Children; 
1972 to 1978 (1972 = 100, drs. 000) 

Assessed income 
(unchanged 
terms) 

(1) 

80 
100 
200 
600 

1,000 
2,000 
4,000 

in real -
Actual 
(total) 

(2) 

- 2.8 
- 4.1 
-10.6 
-20.7 
-20.7 
-20.7 
-21.1 

% Change in disposable 

Due to 
inflation 

(3) 

- 4.8 
- 6.1 
-11.6 
-18.0 
-15.2 
- 8.9 
- 4.8 

incomes 

Due to the 
1975 reform 

(4) 

2.0 
2.0 
1.0 

- 2.7 
- 5.5 
-11.8 
-16.3 
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CHART 5.2 

Changes in Real Disposable Income of a Married Couple with two Children; 
1972 to 1978 
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5.3. The Overall Redistributive Effects of Inflation 

Let us now move from specific examples to a consideration of 
the overall redistributive effects of inflation, using the actual distri
bution data as published by the tax authorities. Such an attempt 
would require the following three steps: (i) the tax structure must be 
adjusted for inflation in order to remain fixed in real terms, (ii) the 
adjusted5 structure must be applied on actual pre-tax incomes as 
published by income classes in order to obtain the distribution of 
allowances, taxable incomes and taxes, under the assumption of full 
indexation, and (iii) the redistributive effects of the tax under the 
indexed tax regime must be computed and compared with the re
sults obtained from the non-adjusted structure in the previous chap
ter. 

5.3.1. Adjusting the Tax System for Inflation 

In order to keep the tax structure fixed in real terms, each se
parate component must be adjusted appropriately. To this end, a 
single price index is used for all individuals, namely the Consumer 
Price Index.6 Personal exemptions are adjusted by inflating each one 
of their components, as distributed by income classes, separately, 
since they are all fixed in nominal terms. In the case of deductions 
that are partly fixed in percentage terms with a ceiling, no adjust
ment is needed for people who have a smaller income than that 
corresponding to this ceiling. However, for taxpayers with higher 
incomes, these deductions are nominally fixed and are therefore ad
justed in the same way as exemptions. Finally, a number of relative
ly small "Miscellaneous" deductions (the data on which are pub
lished under this heading) are not adjusted for inflation, since most 

5. The terms "adjusted" and "indexed" are used interchangeably in this chapter, al
though for present purposes we are inclined to prefer the former since the adjustment is done 
on an income-class basis and we do not directly index the legislated tax structure as such. 

6. This index is an average measure of price increases and, as such, it does not allow for 
the differential effects of inflation on people at different income levels. If different price indi
ces were available for different income groups, more than one price index should be used. 
Unfortunately, no such indices are available for Greece. 
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of them rise more or less in line with inflation as they are based on 
the taxpayer's expenditure. Moreover, there are no disaggregated da
ta available on the distribution of the individual components of 
miscellaneous deductions. Having obtained the distributions of the 
adjusted-for-inflation components of allowances, the corresponding 
distributions of the respective "net-income" concepts as defined in 
the previous chapter can readily be derived. 

However, deriving the distribution of tax liabilities resulting 
from an indexed rate schedule is more complicated. This is because 
the statutory taxable income bands corresponding to the various 
bracket rates are inflated so as to keep their values unchanged in 
real terms. The approach employed here is a follows. First, we ad
justed accordingly the bounds of the taxable income classes on the 
basis of which tax liabilities were distributed. Secondly, an interpo
lation method was used in order to derive the distribution of taxa
ble income by the new (indexed) taxable-income classes. To this 
end, and assuming a uniform within-class distribution of tax re
turns, the proportion of class income between any two points yi 
and V2 inside the class was calculated by: 

Γ (2y/(ß2 - α2) ) dy, 
yi 

where α and β stand for the bounds of the income class. For the 
open top income interval, a Pareto interpolation was used. Thirdly, 
the effective average tax rate of each income class in the base year, 
1975, was applied to the taxable income of the corresponding 
classes in the next two years, 1976 and 1977. The use of effective 
average rates is based on the assumption that the within-class dis
tribution has not changed significantly. 

5.3.2. The Redistributive Impact of Inflation through the Tax System 

This section presents our empirical results concerning the dis
torting effects of inflation on the distribution of aftex-tax incomes. 
These results were obtained using the methodology just described as 
well as the analytical framework of the previous chapter. The empir
ical analysis of this section is based on the three inequality measures 
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TABLE 5.6 
Effective Tax Rates and Degrees of Progression with and 

without Adjustment for Inflation 

FIG ΠΜ ΠΡ t 

Actual Indexed Actual Indexed Actual Indexed Actual Indexed 

(1) (2) (3) (4) (5) (6) (7) (8) 

1975 2.08 2.08 1.76 1.76 2.33 2.33 0.060 0.060 

1976 2.00 2.062 1.72 1.77 2.22 2.29 0.066 0.062 

1977 1.88 2.053 1.64 1.78 2.07 2.283 0.078 0.066 

TABLE 5.7 
Redistributive (%) Impact of the Tax (II) with and without 

Adjustment for Inflation 

Gini based Mehran based 

Actual Indexed Actual Indexed 

(1) (2) (3) (4) 

Piesch based 
Actual Indexed 

(5) (6) (1-2) 

Distortions 

(3-4) (5-6) 

1975 -6.86 -6.86 -4.84 -4.84 -8.48 -8.48 

1976 -7.04 -7.05 -5.08 -5.11 -8.62 -8.57 0.01 0.03 -0.05 

1977 -7.47 -7.50 -5.45 -5.55 -9.12 -9.14 0.03 0.10 0.02 

that were also used in Chapter 4. 

In Table 5.6 we present the corresponding progressivities of the 
tax system as well as the effective average tax rates, for both adjust
ed and unadjusted tax structures. As can be seen from this table, in
flation has resulted in lower degrees of progression for all three 
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measures and in higher effective tax rates. The redistributive impacts 
are showh in Table 5.7. When inequality is measured by the Gini 
and Mehran indices, the distorting effects of inflation are found to 
be inequalizing though in the latter case more so than in the 
former. When inequality is measured by the Piesch index, the 1976 
results show that the inflation induced distortion of the redistribu-
tive impact of the tax is equalizing. This outcome obviously relates 
to the way in which the various measures weigh the effects at var
ious parts of the distribution. Furthermore, the fact that the overall 
distortions are small in magnitude suggests that the distributional 
effects at various parts of the distribution to a great extent outweigh 
each other. However, in order to arrive at more specific conclusions 
about the workings of inflation through the tax system, a more dis
aggregated analysis by tax component is necessary. 

5.3.3. Distorting Effects of Inflation Through the Individual Tax Components 

Empirical results on individual tax components are based on a 
single inequality measure, the Gini coefficient, for the sake of sim
plicity of exposition. Table 5.8 presents the average rates of the dif
ferent tax components for both the actual tax structure and the ad
justed one. It can be seen from the table that although indexation 
results, as expected, in higher rates for allowances, the effective av
erage tax rates (r), calculated on taxable incomes, also become 
higher. At first, one would expect r to decrease because, when ad
justing the rate schedule for inflation, all individual taxable incomes 
are charged with a lower average rate, since all taxable income 
brackets moved upwards whereas bracket rates remained unchanged. 
On the other hand, however, adjusting allowances for inflation — 
which are known to fall more heavily on the lower income groups 
— results in adjusted taxable income that is more unequally distrib
uted as compared to the situation of no indexation. In our case, the 
latter effect slightly outweighs the former. 

Table 5.9 shows degrees of progression of different tax compo
nents. Again, realized and indexed results are presented. One can 
see that progressivity of exemptions remains unaffected by the ad
justment. Thus, although adjusting for inflation raises the average 
level, it does not change the progressivity of exemptions. Deduc-
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TABLE 5.8 

Average Rates of Total Allowances a, Exemptions e, 
Deductions d, and Tax r, with and 
without Adjustment for Inflation 

a e d r 

Actual Indexed Actual Indexed Actual Indexed Actual Indexed 

(1) (2) (3) (4) (5) (6) (7) (8) 

1975 50.94 50.94 31.42 31.42 19.53 19.53 12.81 12.81 

1976 46.43 54.33 27.45 31.13 19.03 23.20 12.64 13.00 

1977 41.45 56.59 23.60 30.33 17.85 26.26 13.58 14.32 

TABLE 5.9 

Progressivities of the Different Tax Components with and 
without Adjustment for Inflation 

Π(ΤΑ) Π(ΕΧ) n(DD) n(R) 

Actual Indexed Actual Indexed Actual Indexed Actual Indexed 

(1) (2) (3) (4) (5) (6) (7) (8) 

1975 0.4812 0.4812 0.2282 0.2282 0.8939 0.8939 1.6509 1.6509 

1976 0.4654 0.4853 0.2049 0.2049 0.8425 0.8604 1.570 1.4590 

1977 0.4453 0.4886 0.1921 0.1921 0.7265 0.8300 1.530 1.3283 



tions, however, become more progressive because indexation mostly 
affect higher incomes, since some major deductions are propotrional 
at low income levels. The progressivity of the indexed rate schedule 
is lower than the non-indexed one due to the increase in inequality 
of taxable incomes. The progressivity of the rate schedule is lower 
with indexation than without indexation. This is mainly due to the 
increase in inequality of taxable income brought about by the in
dexation of allowances. 

Table 5.10 shows the impact of the different tax components on 
the inequality of the respective net-income concepts. As far as allo
wances are concerned, this impact is invariably greater than it was 
before the adjustment and is mainly due to the rise in their average 
rates. The case of exemptions in particular illustrates the possibility 
stressed in the previous chapter that the redistributive impact of the 
tax may well change as a result of a change in the average level 
alone even though the degree of progression may have remained 
practically unchanged. The impact of the schedule is, in absolute 
terms, lower than is was before the adjustment. There are two fac
tors opposing each other that make up this decrease in the equaliz
ing effect of the rate structure: the first is the greater average rate r 
which increases this effect, and the second is the lower progressivity 
n(R) which reduces it. In our case, the predominant factor seems to 
be the latter. 

In Table 5.11 we present the distorting effects that inflation 
brought about through the tax structure during the period 1975-77, 
as obtained by the difference between the realized and indexed im
pacts. In 1975 these impacts are all zero since 1975 is the base year. 
In the two next years, inflation resulted (a) in allowances reducing 
the overall equalizing effect of the tax through decreasing their in-
equalizing effects on taxable income, and (b) in the rate structure 
increasing the equalizing effect of the tax. These two factors to 
some extent offset each other, but the first seems to dominate, since 
the overall redistributive effect of inflation is inequalizing (when in
equality is measured by the Gini coefficient) throughout the period 
considered, as already discussed. Furthermore, as Table 5.11 shows, 
exemptions contributed to the inequalizing effect of inflation much 
more than did deductions. 
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TABLE 5.10 

The Redistributive (%) Impact of Various Tax Components 
with and without Adjustment for Inflation 

II(TA) II(EX) II(DD) II (R) 

Actual Indexed Actual Indexed Actual Indexed Actual Indexed 

(1) (2) (3) (4) (5) (6) (7) (8) 

1975 53.87 53.87 35.36 35.36 2.58 2.58 -9.56 -9.56 

1976 46.33 61.23 30.08 35.94 3.70 4.22 -8.19 -6.86 

1977 39.27 66.67 24.96 35.17 5.94 6.05 -8.41 -5.49 

TABLE 5.11 

Redistributive Distortion Due to Inflation through 

Each Part of the Tax System 

TA EX DD R 

1975 0.0 0.0 0.0 0.0 

1976 -14.90 -5.86 -0.52 -1.33 

1977 -27.40 -10.21 -0.11 -2.92 
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5.4. Conclusions 

In this chapter we have tried to identify the distributional ef
fects resulting from the interaction of a fixed-in-money-terms tax 
structure and inflationary increases in money incomes. 

It has first been demonstrated in terms of specific examples (of 
individuals with different income levels and different family circum
stances) that, during inflationary periods, the impact through the 
fixed-in-money-terms allowances proved to be particularly burden
some to lower-income households with large families. 

Coming to the overall effects, our results indicate that in the 
case of Greece and in the period under consideration, the overall 
distorting effects of inflation on the distribution of aftex-tax in
comes are mainly inequalizing although estimates of these distor
tions are small in magnitude and vary according to the inequality 
measure used. This result is mainly due to the structure of exemp
tions and deductions, which are the main tax elements contributing 
to the above result. On the contrary, the equalizing impact of the 
rate schedule on the aftex-tax distribution of incomes would have 
been smaller, had the income tax system been fully adjusted for in
flation. The results of this chapter suggest that changes in the tax 
law intended to offset the rate increases caused by rising prices 
should take into account the different impacts of inflation at var
ious parts of the distribution.7 

It should, finally, be stressed that the above analysis was car
ried out in terms of liabilities, whereas the distributional effects on 
tax payments are also affected by the differences in the tax withold-
ing system between various types of income. Also, inflationary con
ditions affect income distribution through the tax system to the de
gree that they accentuate income tax evasion and avoidance in cer
tain income groups. Finally, the overall distributional effects of in
flation also depend on labour supply responses to changes in the 
tax structure, in real terms. We shall come to consider this issue in 
the next chapter, where pre-tax incomes and their distribution be
come endogenous to the individual labour supply decisions. 

7. In the period after 1977, Greek governments have brought about frequent alterations 
of the tax law which aimed (amongst other objectives) at reducing the effects of inflation on 
average tax rates. Obviously, apart from redistributional considerations the case for or against 
indexation is also related to issues of macroeconomic stabilization and is interlinked with the 
causes of and expectations for inflation. 
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CHAPTER 6 

TAXATION, LABOUR SUPPLY AND INCOME DISTRIBUTION 

In the previous two chapters, we investigated the redistributive-
ness of the tax under the implicit assumption that the pre-tax in
come levels and income distribution were given exogenously. In par
ticular, it was assumed that the statutory incidence, as determined 
by the legal liability of individuals, coincided with the final tax 
burden. In other words, the effects of the tax on the individuals' la
bour supply were assumed away. In this chapter, we examine the 
tax effects under more general conditions, recognizing that before-
tax incomes and their distribution are endogenous to labour supply 
decisions. 

Labour supply could be defined very broadly, taking into ac
count not only the number of hours worked but also other qualita
tive factors like work effort or intensity of work, willingness to 
work irregular hours, etc. Although these factors may also be af
fected by the tax, such effects are in general difficult to measure. 
Thus, in what follows, labour supply is defined as hours of work 
and these two terms will be used interchangeably. 

The aim of this chapter is to investigate the effects of the tax 
on hours of work and the distribution of pre-tax incomes. We shall 
also consider the extent to which these effects reinforce or counte
ract the equalizing impact of the tax system. More specifically: 

— First, we set out a procedure for estimating the parameters 
of the labour supply function when the actual budget constraint fac
ing the individual is non-linear. Two basic sources of non-linearity 
are explicitly incorporated into our model: (a) the actual piecewise 
linear tax structure, and (b) overtime premiums, introducing non-
convexities in the budget set. 

— We then employ the above procedure to investigate the poli
cy implications of a number of different tax changes and regimes 
for the supply of work and the distribution of before and after-tax 
incomes. 
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The remainder of this chapter is organized as follows. The first 
section examines the basic theory of labour supply and the effects 
of taxation on incentives to work. Section 6.2 briefly reviews the ex
isting empirical work in the field. Section 6.3 presents a procedure 
for solving the individual's maximization problem, making explicit 
allowance for the multirate tax system and the non-convexities in 
the budget set due to overtime premiums which, in Greece, are paid 

•to all workers as a legal requirement. Section 6.4 describes the data 
used in the empirical analysis and discusses their deficiencies as well 
as the theoretical and measurement problems that we faced in defin
ing the variables of the model. Section 6.5 (a) sets out the computa
tional technique that we followed in applying our procedure, (b) 
describes the non-linear maximization / minimization algorithm em
ployed in estimating the maximizing preference parameters, (c) pres
ents the estimated parameters of the objective function as well as a 
number of statistical tests carried out in order to test for the 
soundness of the model and also for the empirical importance of al
lowing for non-convexities. Section 6.6 presents a number of simula
tions of alternative tax regimes and discusses the resulting policy 
implications. Finally, section 6.7 serves as a guide to the interpreta
tion of our results and places our analysis in a more general pers
pective. 

6.1. Taxation and Labour Supply 

The standard theory of labour supply assumes that the individ
ual has a well-behaved utility function U(L,I) defined over the Hick-
sian composite good (I) representing the consumption of all goods 
other than leisure, and hours of leisure (L) which equals the total 
number of hours available (h) minus the number of hours worked 
(HW). It is also assumed that the individual is free to vary his 
hours of work; that both leisure and consumption are normal 
goods; that each hour of work is equally productive; that there is 
only one wage rate; and that the demand for labour is perfectly 
elastic. The budget constraint which is determined by non-
employment income and an exogenously given wage rate, in the ab
sence of taxation, is: 

WL + P I ^ W h + OI (6.1) 
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Where: 

W = gross wage rate per hour 
L = hours of leisure 

price of the consumption good I. In empirical work, it is 
usually assumed that all individuals face the same prices 
for consumption goods and therefore Ρ = 1 for all individuals 

= net income 
= total number of hours available 
= other (non-labour) income. 

p = 

I 
h 
ΟΙ 

Thus, the individual maximises his welfare subject to his budget 
constraint by working up to the point where the benefit from a 
small amount of extra work is just equal to the benefit of taking 
some amount of time as leisure (Figure 6.1). 

FIGURE 6.1 

Leisure 
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The effect of a change in the wage rate on hours of work 
(H=h—L) may be expressed in terms of the Slutsky equation: 

aw \ 9 W y& 901 

The first term on the right-hand side of this equation is the 
substitution effect which is always positive. The second term is the 
income effect which, under the conventional assumption that leisure 
is a normal good, is negative. Evidently, the net effect of a change 
in wage rate can go either way. 

There are, nevertheless, many reasons to believe that the as
sumption of a single marginal wage rate for every hour worked is 
not valid. The most usual of these reasons is the existence of a 
graduated income tax, overtime premiums paid for hours worked 
beyond the standard working week, transfer payments (such as in
come maintenance programs), second jobs, moonlighting etc. 

In the presence of a progressive income tax system and assum
ing that gross wage rate, other income and deductible allowances 
are exogenously given, the budget set facing the individual becomes 
non-linear and is given by 

WL + I < Wh + OI - F(TI) (6.2) 

Where: 

F(TI) = an income tax function representing the rate structure with 
bracket rates less than unity and F(0) = 0 

TI = taxable income which is equal to total (labour and non-
labour) income minus the deductible allowances to which 
the individual is entitled, with TI always being greater than 
or equal to zero. 

Introducing additional factors into the analysis, the constraint 
becomes more complicated. Consider, for instance, the case of an 
overtime wage rate Wi, with Wi > W. This results in a non-convex 
budget set that takes the form: 

LWi + I ^ W (NH) + Wi (h - NH) + OI - F(TI) (6.3) 
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FIGURE 6.2 

Income 

Leisure 

A diagrammatic illustration is given in Figure 6.2, where NH stands 
for normal hours of work. 

The budget constraint differs between individuals because they 
may have different gross wages, other incomes and allowances. Each 
individual, maximizing his utility function subject to the above non
linear constraint, chooses the hours of leisure (L = L*(W,M), where 
M stands for his budget) and consumption (I = I*(W,M) that max
imize his welfare. Nevertheless the piecewise-linear form of the 
budget constraint makes it particularly difficult to derive the de
mand functions for leisure and consumption analytically. This is a 
serious problem when trying to investigate empirically the effects of 
taxation on labour supply. More specifically, the equilibrium point 
may be either on one of the budget segments or on one of the 
concave-to-origin corners, such as C, E, or F. Accordingly, there 
are implications for the comparative static results as well. In partic
ular, as the slope of the constraint is not defined on the kinks, sub
stantial tax changes may leave equilibrium unaffected, unless the 
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position of the maximizing corner point is itself shifted. Also, non-
convexities may bring about equilibrium discontinuities in labour 
supply, so that marginal changes in the tax system may result in 
substantial jumps in the number of hours worked. 

We close this section with a brief reference to a number of 
theoretical results concerning formal links between progressivity of 
the tax structure, labour supply and tax redistributiveness under the 
assumption of simple, mainly linear, tax functions. Thus, Chatterji 
(1979) and Hemming (1980) try to find the necessary and sufficient 
conditions under which an increase in progressivity will result in 
greater labour supplied by the individual. Their analysis strengthens 
the case against the popular belief that the more progressive the tax, 
the greater its disincentives to work. On the other hand, Sandmo 
(1983) strengthens the case for the conventional view that higher 
progressivity leads to reduced labour supply. In particular, assuming 
a Cobb-Douglas utility function, he concludes that the optimal line
ar tax schedule involves a degree of progression which at the mar
gin reduces the number of hours worked. More recently, Lambert 
(1985c) examines the robustness of a number of propositions con
cerning the connection between progressiveness and redistributive
ness of the tax as derived by other researchers1 in the more realistic 
situation where labour supply and pre-rax income distribution be
come endogenous to the individual's work-leisure choice. 

6.2. Empirical Work in the Field 

In this section, we briefly discuss how and to what extent exist-

1. The propositions examined are all based on the assumption of a fixed pre-tax income 
distribution and are as follows: 

(i) If residual progression becomes strictly greater for all income levels, then the tax 
change in question is necessarily redistributive (Jacobson, 1976), 

(ii) If two tax schedules, A and B, are of equal yield and the former crosses the latter 
once from below, then schedule A is necessarily more redistributive than Β (Hemming and 
Keen, 1983), and 

(iii) For a linear income tax above a threshold e, as e is raised from zero to infinity the 
post-tax Gini coefficient first falls and then rises again, giving a maximum redistributive effect 
at that level of e for which the proportion of non-taxpayers equals the post-tax Gini coeffi
cient (Lambert, 1985). 

Lambert's analysis finds that proposition (i) is not entirely robust, proposition (ii) re
mains valid, while proposition (iii) has no analogue. 
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ing empirical work tackles the complexities of a real-world budget 
constraint and their implications for estimating the utility-maxi
mizing parameters of the labour supply function. 

Researchers have mainly employed three broad approaches for 
making allowance for the effects of taxation on work: 

i. The interview approach, based on questions in which re
spondents are asked how taxation has affected their behaviour 
(Break, 1957; Fields and Stanbury 1970 and 1971; Brown and Lev
in, 1974; and Holland, 1977). 

ii. The experimental approach, based on various maintenance 
experiments applied to some States of the U.S.A. (Rees and Watts, 
1975; Hall, 1975; Haveman and Watts, 1977; Watts and Horner, 
1977; and Cogan, 1978). 

iii. The econometric approach, which in the last fifteen years 
has been the one most commonly used for allowing for the (dis-) 
incentive effects of taxation and is the approach with which we are 
mainly concerned in this study. This approach has been through 
many stages as researchers have been trying to improve it so that 
they allow for more of the variation of labour supply and make 
more reliable and informative predictions of policy implications. 
Our intention here is by no means to review all the econometric 
studies. Instead, we shall merely refer to some indicative studies in 
order to highlight the main developments of this approach and see 
the extent to which the econometric problems encountered in at
tempting to take into account the complexities of the budget set are 
dealt with satisfactorily. 

In what follows, we distinguish between two broad categories 
of econometric studies. The first category includes studies that do 
not take into account the actual usually non-linear budget con
straint but, instead, use some kind of approximation. The second 
category includes studies employing a "full-information"2 approach, 
that is, an approach making use of the actual piece wise-linear 
budget constraint. 

2. This term was originally used by Wales and Woodland (1979). 
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6.2.1. Studies Based on an Approximation Approach 

A large number of the earlier studies in the field (such as Kos-
ters, 1969; Ashenfelter and Heckman, 1974; Masters and Garfinkel, 
1977) base their empirical work on an ad hoc, usually linear, func
tional form specified for the number of hours worked. As a result, 
there is no link between the theory — based on the utility-
maximization assumption — and the estimating equations used in 
the empirical part of the work. One of the main problems faced by 
all studies is the selection of the appropriate wage rate as the varia
ble explaining labour supply. 

Some of the earlier studies use as a wage variable the gross av
erage wage rate — defined as the gross labour income divided by 
the hours of work — while other more recent studies employ the 
net average wage rate. In the presence of a multi-segment budget 
constraint, both approaches involve two kinds of problems. First, 
there is a misspecification problem since the entire wage structure of 
the individual is approximated by a linear combination of its com
ponents. Moreover, it may represent more than one budget con
straint and therefore does not uniquely define labour supply.3. Se
condly, these studies suffer from endogeneity bias because — al
though the wage structure as a whole is exogenous — the average 
wage depends upon the number of hours worked, and is thus corre
lated with the disturbance term. However, in the special case where 
the tax is the only source of the non-linearity of the budget con
straint, the average gross (unlike net) wage rate is independent of 
the hours of work. 

In a number of other studies, researchers go some way towards 
overcoming the above shortcomings (Hall, 1973, Wales, 1973; Dick
inson, 1975; Brown, Levin and Ulph, 1976; Wales and Woodland, 
1976, 1977). More specifically, they approximate the piecewise-linear 
budget constraint by a linear one, passing through the observed 
point and having the slope of the net marginal wage rate. Figure 
6.3 illustrates this case. Let the actual budget constraint be 
ABCDKF and assume that ALo denotes the observed hours of 
work. The linear approximation is then given by Gli which implies 

3. On this point, see Brown, 1980, pp. 51-54. 

155 



FIGURE 6.3 
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a hypothetical non-labour income or intercept (ΑΙ-i) that consists of 
the actual non-labour income (AB) and an adjustment factor (BI1). 
Here, labour supply is uniquely determined by the observed margi
nal net wage rate and the hypothetical intercept. Assume now that 
the equilibrium hours worked A L E lie on the same segment (DK) as 
the observed ones. LE then represents the work-leisure choice under 
both the actual and the linearized constraints. In this case, the line
arization approach offers an adequate solution, removing the speci
fication and endogeneity problems. If, however, the maximizing and 
observed positions lie on different segments, these problems are still 
present. To illustrate this case in terms of Figure 6.3, assume a 
larger disturbance term so that hours observed are given by AL^. 
The individual's constraint is the approximated by HI2 instead of 
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the correct approximation Gli signified by the equilibrium point E. 
This obviously leads to the use of wrong predictors in the hours 
equation and therefore to specification and endogeneity problems. 
Similarly, it may be shown that these problems are also present if 
the maximizing position lies on one of the kinks. 

Due to differences in the data sets used, the functional specifi
cation and the definition of the main arguments in the hours equa
tion, the estimated labour supply parameters vary substantially be
tween studies. As a result of the serious weaknesses inherent in 
them, earlier studies in the field obtain contradictory estimates 
which are often inconsistent with the theory, in the sense that their 
estimated income and substitution elasticities have the wrong signs. 
A considerable number of these studies may be found tabulated in 
Cain and Watts (1973). Improved results are obtained by studies 
which follow the linear-approximation approach, as they are the 
first really to establish that there is no inconsistency between theory 
and empirical estimates after all. Indeed, Brown (1977) presents es
timates of income and substitution elasticities obtained from both 
the linear-approximation and the average wage rate procedures, 
where signs are as expected in the former case and wrong in the lat
ter.4 However, to the extent that there are individuals whose maxim
izing points are either on a segment different from the observed one 
or at one of the kinks, the linear-approximation estimates will also 
be biased. 

6.2.2. Studies Based on a Full-Information Approach 

Although researchers were very much aware of the methodolog
ical shortcomings discussed so far, overcoming them was not easy 
because of the complexities of the actual budget sets. These prob
lems were recently given almost the same answer by the authors of 
three different studies (Wales and Woodland, 1979; Burtless and 
Hausman, 1978; and Ashworth and Ulph, 1981). The basic feature 
of full-information studies is that they allow for the piecewise-linear 
nature of the bubget constraint and introduce explicit representation 

4. A summary of results from linear-approximation studies may be found in Table 14.12 
of Brown and Jackson (1982). 
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of individual preferences through a utility function, the parameters 
of which are to be estimated. 

In particular, Wales and Woodland (WW) as well as Ashworth 
and Ulph (AU) explicitly solve for the hours of work which maxim
ize utility subject to the piecewise-linear constraint for each individ
ual in the sample. Estimates of the parameters are then obtained by 
maximizing the likelihood function over the parameter space. All 
individuals are assumed to have the same preferences and thus the 
same utility function. WW make use of a direct CES utility function 
and derive the associated labour supply function. AU employ a 
generalized CES indirect utility function and derive the supply func
tion, using Roy's identity from the duality theory. 

Burtless and Hausman (BH) introduce the possibility that peo
ple differ in their tastes for work. To this end, they allow for varia
tion in preferences by permitting one of the parameters to vary ran
domly among individuals. They derive then probability of obtaining 
an observed level of hours worked by determining the subset of the 
parameter space for which optimum occurs on any particular seg
ment of the budget contraint and at any kink point. They then 
form and maximize the likelihood function of the observed sample 
with respect to the parameter vector. 

The former approach (WW and AU) can be applied for any 
well-behaved utility function for which the associated labour supply 
function can be derived. However, it rests upon the assumption that 
preferences are constant among individuals. The attractiveness of 
the latter approach (BH) lies in the fact that it deals simultaneously 
with the non-linearities of the budget constraint and the heteroge
neity of preferences. Nevertheless, it can only be employed under 
rather restrictive forms of labour supply functions. Indeed, the orig
inal BH paper as well as all the subsequent work using their ap
proach (see, for instance, Hausman 1979, 1980, 1981, 1981b and 
Blomquist, 1983) employs a linear form of hours equation. Also, the 
calculation of probabilities becomes particularly cumbersome either 
when the budget constraint becomes more complicated, or when 
more than one preference parameter is allowed to vary across indi
viduals. 

A question of interest concerns the extent to which various full-
information studies take into account the complexities of actual 
budget constraints. In their original work, Burtless and Hausman 
(1978) analyse the Gary (Indiana) Income Maintenance Experiment 
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which was designed to test the impact of various negative income 
tax plans. Hausman (1979) estimates labour supply in the presence 
of a convex budget set due to progressive taxation, using U.S. data. 
In his 1981a and 1981b papers, he examines the effects of taxation 
on work, while at the same time he allows for the non-convexities 
that are brought about by fixed costs of working and a certain de
duction to which the taxpayers of a particular income class were en
titled. The case of more than one gross wage rate due, for instance, 
to overtime premiums or second jobs, and their importance in the 
population subgroup studied are not discussed in any of Hausman's 
papers. WW (1979) explicitly exclude people who work overtime 
from their sample. Thus, their work relates only to the simple case 
of a convex budget set brought about by the graduated tax struc
ture. AU (1981) include into the analysis overtime and second-job 
wages, if any. However, as they have no indication concerning the 
sequence in which budget segments should occur, they impose the 
restriction that for an individual to be included in the sample (a) his 
second job wage rate had to be lower than the overtime hourly 
(gross) rate, and (b) he had to have indicated that he would have 
liked to work overtime rather than on a second, lower paid job. 
These rather strong restrictions allow the authors to order the 
budget segments, but at the risk of ending up with a non-random 
sample.5 As for the tax system, AU do not take into account the 
complete rate schedule but approximate it by a single tax rate, the 
basic rate.6 A very similar procedure is adopted by Glaister, 
McGlone and Ulph (1981) using a CES, rather than generalized 
CES, utility function. They investigate the implications for labour 
supply and income inequality of some policy options. Nevertheless, 
the possibilities for policy simulations are limited by their procedure 
which — like AU's — reduces the graduate rate structure to a sin
gle rate. More recently, Blomquist (1983) investigates the effects of 
taxation on work, using Hausman's procedure and Swedish data. 
Although Bfomquist recognizes that "overtime premiums constitute 
an important problem", he adopts the simplifying assumption that 
"both overtime hours and second-job work are paid at the same 
rate as normal hours of work". 

5. These restrictions and others led to a reduction in their sample size by 25%. 

6. This kind of linearization may be not a bad approximation of the UK tax system but. 
in general, it is certainly restrictive. 
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From a purely empirical standpoint, full-information studies re
sult in a wide range of parameter estimates and, through them, of 
income and substitution elasticities for the average individual. This 
can mainly be attributed first to the great diversity of data sets that 
are handled by these studies, and secondly to the different function
al forms used to which the empirical estimates are known to be 
quite sensitive (see Brown 1981). Perhaps the most interesting empir
ical result is the consistently higher elasticities of substitution ob
tained by these studies as compared to studies based on less sophis
ticated approaches. 

The conclusion to be drawn from the discussion so far is that a 
full-information approach provides a solid analytical framework for 
modelling labour supply decisions in the presence of progressive 
taxation. This approach can be further extended to allow for han
dling additional complexities in the budget constraint. In what fol
lows, we propose a procedure for modelling the individual work-
leisure choices, allowing for the actual piece wise-linear tax system 
and, at the same time, for the existence of more than one market 
wage rate due to overtime premiums. Our approach may be consi
dered as an extension of the WW method. 

6.3. A Procedure for Estimating Labour Supply 

The present section first presents a procedure for solving the 
individual's maximization problem when taxed with a multi-rate tax 
system. The procedure is then extended in order to allow explicitly 
for the existence of non-convexities in the budget set due to over
time premiums. Thus we shall not only allow the basic theoretical 
assumption of utility maximizing behaviour to be carried through to 
our empirical methodology, but we shall also make an attempt to 
take into account a budget constraint much closer to reality. 

6.3.1. The Convex Case 

An individual who has a well-behaved utility function defined 
as U=U (L,I) where L and I stand for hours of leisure and net in
come, and who faces a convex budget set has a unique equilibrium 
point indicating the maximizing work-leisure combination. Atlhough 
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the global maximum cannot be found analytically, it can be deter
mined by considering each budget segment separately. More specifi
cally, the procedure for obtaining the equilibrium point may be des
cribed as follows. 

For any given vector of preference parameters, the reduced 
form of the demand function for leisure (L) is calculated along the 
linearized budget constraints (KD, IG and so on) corresponding to 
each and every budget segment (BC, CF and so on, respectively; 
Figure 6.4) If L is feasible, that is, falls in between the leisure hours 
corresponding to the ends of the segment under consideration, then 
it represents the individual's global optimum. If L is not feasible, 
the same procedure is applied for the next segment and so on, until 
the maximizing leisure (L*) is found on another segment. In terms 
of Figure 6.4, E* is feasible and therefore utility-maximizing, whe
reas Eo is not. Finally, in the case that a feasible solution is not 
found on any segment, the maximizing position will obviously be on 
one of the kinks. To locate the maximizing kink point, utility func
tion is calculated at all kinks and the one yielding the highest utility 
is chosen as the equilibrium point. 

FIGURE 6.4 
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The above analysis indicates that every single point on the 
piecewise-linear budget line could potentially be an equilibrium 
point depending on the values of the preferences parameters. Thus, 
the demand function for leisure may be written as follows: 

Ρ L(Wo, Mo) i f L o < L ^ h 

-L(Wi,Mi) i f L i < L ^ L o 

L(W,M) 

- L(Wi? Mj) if 0 < L <L f - ι (6.4) 

LLj ifUi = max (Uo, Ui, . . . . Uj - i), 

where i = (0, 1, ...., 1-1) 

Where 

Wo,..., Wj stand for the marginal (net) wage rates, 

Mo, ..., Mj for the linearized budget constraints, 

Mi = Wi χ Li + li for i = 0,1,..., f - 1 , and 

li = after-tax income calculated at the kinks, 

Lo, . . · . , Lf - ι for the hours of leisure calculated at the kinks, 

Uo, ..., Ui - ι for the utility calculated at the kinks, and 

h for the total number of hours available. 

The former i + 1 equations refer to the £ + 1 budget segments, 

while the latter equation refers to the i corner points. 

6.3.2. The Non-Convex Case 

So far, it has been assumed that the non-linearity of the budget 
constraint is due to the graduated income tax. Now, including non-
convexities into the analysis results not only in a non-linear con
straint but also in a non-convex budget set. Non-convexities have a 
number of implications for the individual's maximization problem. 

Unlike the convex case, not every point of the budget con
straint is a potential equilibrium. As a result, there is a discontinui-
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ty in the equilibrium labour supply that may have serious implica
tions for estimating the effects of taxation on the incentives to 
work. To demonstrate the importance of non-convexities, let us 
consider the case of a flat premium rate paid for overtime work, 
that is, for the hours worked in excess of the standard working 
week. The number of both budget segments and kinks then in
creases by one and the non-concave part of the budget constraint 
includes two segments lying on either side of the kink point Κ cor
responding to the normal hours of work (Figure 6.5). Let the actual 
budget constraint of the individual be ABKD resulting in equilibri
um at Eo. Suppose that a minor tax change takes place, involving a 
reduction in the threshold of a tax bracket so that the new budget 
constraint becomes AB1K1E1D1. Then, the position of the equilibri
um point will jump from Eo to Ει, indicating a substantial increase 
in the number of hours worked. Let us now consider a case where 
the non-convexity ot the budget set is not taken into account, mak
ing the simplifying assumption that overtime hours are paid at the 
same gross wage rate as those of the standard working week. The 
budget constraint of the individual, before the tax change, would 
then appear to be ABF, while after the tax change it would become 
AB1F1. In this case, the initial equilibrium point Eo would appear 
to have moved to ΕΊ and not to the true equilibrium point E L 
Therefore, when non-convexities are not taken into consideration, 
the effect of a tax change on labour supply may be grossly misesti
mated (in this case, both in terms of magnitude and direction). 

FIGURE 6.5 
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The non-convex case involves the possibility of more than one 
feasible tangency between indifference curves and the budget con
straint. Such cases are presented in Figures 6.6 - 6.9. However, 
these are only of theoretical interest, since, in practice the possibility 
of them occurring is extremely small. Moreover, unlike the convex 
case, a feasible local optimum along a budget segment does not ne
cessarily coincide with the global optimum. Thus, the methodology 
set out in the previous section may not give the maximizing work-
leisure combination. Figures 6.10 - 6.11 show a number of cases 
where a feasible tangency, Q, does not represent the equilibrium po
sition of the individual. 

Now the question to come to grips with is how to tackle the 
problems arising from non-convexities in solving the utility maximi
zation problem of the individual. For a given parameter vector, 
consider each budget segment separately: 

i. If a feasible tangency occurs along any of the first k-i concave 
segments of the budget, this point will also be the global max
imum, as in the convex case, 

ii. If, instead, such a tangency point is found on one of the two 
segments (k and k + 1) composing the non-concave corner K, 
the utility at this point will be calculated and compared with 
the utility at the opposite kink point. If the former utility is 
higher (Figures 6.12 and 6.13), the global optimum will be at 
the tangency point. Otherwise (as in Figures 6.10 and 6.11) we 
move on to the next segment.7 

iii. Supposing that the remaining part of the budget constraint is 
concave to the origin, if a local optimum falls on one of the 
remaining segments, then this is chosen as the individual's glo
bal maximizing position. 

7. Of course, non-convexities could be much more complex. For instance, overtime hours 
could be paid, not at a flat premium rate, as assumed so far, but at a graduated structure of 
premium rates, depending positively on the number of overtime hours worked (e.g. a similar 
structure has recently been adopted in Greece). If there were such rates, the budget constraint 
would be as shown in Figure 6.14 . 
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iv. In the case that no feasible solution is found along any of the 
segments, the global maximum will obviously be at one of the 
kinks (excluding K). This will be the kink giving the highest 
utility. 

FIGURE 6.14 
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If a feasible solution occured on 

a. segment Si (S3), then its associated utility should be compared with the utility at kink K4 
(Κι, respectively), and 

b. segment S2, then its associated* utility should be compared with the utility calculated at 
both Id and K4. 

If the utility at the tangency point is higher, this point is chosen as the maximizing one. 
In the opposite case, we move on to consider the next budget segment. 

I mally, it should be noted that, as the budget constraint becomes more complicated, global 
comparisons of utility may be required. This will, of course, raise the computational burden 
which is the main drawback of the full-information procedures. 
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Based on the above analysis of the non-convex case, the de
mand equation for leisure may be written as follows: 

-L(Wk, Mk) 

-L(Wk+i, Mk+i) 
L(W,M) =-

L(Wo, Mo) 
L(W15 Mi) 

L(Wk+2, Mk+2) 

LL, 

if Lo < L ^ h 
if Li < L ^ Lo 

if Lk < L ^ Lk-i and the associated 
Û = max (Û, Uk+i) 

Lk+i < L < Lk and the associated 
Û=max(Û,Uk-i) (6.5) 

if Lk+2 <C L ^ Lk+i 

L(W|+i, M|+i) if 0 < L ^ Li 

if U, = max (Uo, iJ-i, . . . . Uk-i, 
Uk+i,..·., U|) 
where i = (0, 1, , k 1, k + 1, ....,{) 

The relevant notation is the same as that of equation (6.4). 
In a quite analogous way, one may also write the demand func

tion for consumption. For short, the outcome of the maximization 
process may be written as 

L= L(W,M) 

I = I(W,M) 
(6.6) 

which are the demand functions for leisure and consumption, re
spectively. In the following section, we discuss the appropriate sto
chastic framework for the empirical application of the model. 



6.3.3. The Stochastic Model 

In order to obtain estimates of the preference parameters from 
a given sample of observations, the deterministic model (6.6) should 
be complemented with a stochastic specification. As the individual 
may not be able to maximize his utility function accurately, there 
may be a discrepancy between maximizing and observed hours of 
work. For instance, unexpected expenditure or illness may induce 
him to work longer or shorter hours, respectively. Such a discrepan
cy may also reflect the impact of other random variables that affect 
labour supply decisions but cannot be observed. 

The simplest stochastic specification would be to add directly to 
the right-hand side of equations (6.6) a random disturbance term. 
As shown in Wales and Woodland (1979), however, the problem 
with this kind of specification is that the requirement that observed 
and maximizing points lie on the boundary of the budget set is not 
consistent with the assumption of constant variance of disturbances 
(homoskedasticity). A preferable approach is to specify equations 
(6.6) in terms of shares in the total value of leisure and consump
tion. Adding the error term to the share equations removes the in
consistency just mentioned. However, although the transformation 
of the demand functions into shares is straight-forward when budget 
constraints are linear, in piecewise-linear budgets the question arises 
as to which wage rate should be used. Although the marginal net 
wage would be an obvious answer, this cannot be used for it is en
dogenous to the labour supply decisions. For this reason, we use 
the gross wage rate, Wo, for transforming the demand equations in
to shares:8 Thus, the system of the share equations for leisure and 
consumption in stochastic form may be written as 

Wo L(W,M) _ 
Wo L(W,M) + 1 (W,M) ι , , o, L κ ) 

S > = w τ^χτ/π;^ + V i = S i < W ' M > W ° ) + V . ( 6 · 8 ) Wo L(W,M) + I (W,M) 

8. If the kinks of the budget were all convex to the origin (e.g. in the case of a flat tax 
rate and a graduated premium structure), one could instead use the wage rate corresponding 
to the individual's equilibrium position, as there would be no corner solutions. 
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where L(W,M) and I(W,M) are given by equations (6.5) and (6.6); 
and Vi_, V, are jointly and normally distributed, with Vi_ + V, = 0. 
Finally, the share formulation has the additional advantage that a 
single share equation can be estimated by itself since the other 
equation may be omitted as their disturbances always add up to ze
ro. Thus, we consider the share equation for leisure, hereafter de
noted by S(W, M, Wo) without subscript. 

The demand for leisure may take any of the forms of equation 
(6.5), each with a certain probability Po, Psi, ...., Psf+1, Po, P i , - · , 
Pk{_i' where superscripts s and k stand for segment and kink respec
tively. Therefore, assuming that disturbances are independently and 
normally distributed with mean zero variance σ2, the probability 
density functions of S, for the j th individual, may be written as 

fj= (Ρδ

0/(2πσ2)1/*) exp - (Sj - Sj(W0j, M0j) f / 2σ2 

+ (PV, / (2πσ2)1/2) exp - (Sj-S^W^, Ì5 Μ|_,,,, M0j) f / 2σ2 (6.9) 

Since, however, global equilibrium is unique,9 all probabilities be
come equal to zero except for that which relates to the individual's 
maximizing demand for leisure. Hence, all but one of the additive 
factors in the above density function are equal to zero. Thus, the 
likelihood function for the unknown parameters is 

L = Π (fj) = Π (Ps

0 / (2πσ2)1/2) exp - (Sj - Sj (W0i Moj) f / 2σ2 + 
j = l j = l 

+ + P i , Ι(2ποψη exp - (Sj - Sj ( W ^ , h Mt_v h M0j) f Ilo2 

L = Π (1/(2πσ2)1/2 ) exp - (Sj—S* (Wj, Mj, M0j) f /2σ2 (6.10) 

where S j (Wj, Mj, Moj) is the utility maximizing share of leisure for 
the j th individual. The log likelihood function is 

9. Except the limiting case of double equilibria which has a practically zero probability of 
'Cturrence. 
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logL = Σ log (fj) = " Ι log (2π) - y log σ 2 -

Σ (S, - S* (Wj5 Moi) ) 2 

2σ2 (6.11) 

It is evident that for the log likelihood to obtain a maximum, 
Π 

Σ (Sj — S* (Wj, Mj, Moi) ) 2 has to assume a minimum. 

From the analysis so far, it is evident that the above likelihood 
function is non-differentiable at the kinks and discontinuous at the 
point where the marginal wage rate is rising. It is, however, reaso
nable to assume that there exists an interval including the true pa
rameter vector for which the likelihood function is continuous and 
differentiable up to the third order. If this assumption is valid, then 
maximum likelihood estimates have the usual asymptotic properties 
and the likelihood ratio test may be applied for testing nested hypo
theses. 

6.4. Data Description, Quality and Problems 

It is always preferable to base empirical estimates and to simu
late policy changes on a randomly selected sample taken from the 
entire population. However, obtaining such a sample is extremely 
difficult because of the great amount of information required of 
each individual. Moreover, the methodological and computational 
problems that arise make the whole exercise very intractable, as the 
number of parameters and variables involved (such as individuals, 
family and occupational circumstances, tax parameters, market 
wages, different preferences, sex, etc.) becomes particularly large. 

In this study, we restrict our analysis to a single population 
subgroup, namely to weekly-paid non-agricultural workers, which 
will be further specified later in this section. The source of our data 
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is the Household Expenditure Survey (HES) of 197410 carried out by 
the National Statistical Service of Greece (NSSG). 

6.4.1. Description of the Household Expenditure Survey 

The 1974 HES was intended to compile data on the level and 
composition of the household pattern which would be used princi
pally for revising the consumer price index and for studying the dif
ferences in the level and structure of expenditures among house
holds of differing social and economic groups, areas, etc. Neverthe
less, the survey also contains information on variables concerning 
individual labour supply decisions. In particular, it includes data on 
the number of hours worked by the heads and other members of 
the households, as well as data on labour incomes and incomes 
from other sources. 

The only information available concerning concepts, definitions 
and the methodology employed for selecting the survey sample is 
provided in the rather brief introduction to the "Household Expen
diture Survey of 1974", NSSG, Athens, 1977. Moreover, this infor
mation refers basically to household consumption data, whereas de
finitional and methodological issues concerning hours worked and 
incomes are treated very poorly. For the hours of work, in particu
lar, the questionnaires only include a single question11 concerning 
the total number of hours worked "last week" without any further 
qualifications. Information on incomes is more detailed, as shown 
by the relevant questionnaire presented in the appendix of this 
chapter. 

The survey covered 7,424 households selected on the basis of a 
random sample as follows: the 5,947 Municipalities and Communes 
(or urban agglomerations) in the country were distributed into eight 
major strata, according to their size. Greater Athens and Greater 
Salonica, which constituted independent major strata, were further 
divided into 20 and 10 strata of a nearly equal size, while the re
maining major strata were sub-divided into 42 smaller strata accord

io. A more recent HES carried out in 1982 does not include any information at all about 
the number of hours worked. 

11. For the wording of this question, see section 6.4.3 (a). 
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ing to the prevailing administrative sub-division of the country. In 
Greater Athens and Greater Salonica sampling was taken in two 
stages, with the block or group of adjustment blocks as the primary 
sampling unit (area unit), and the dwelling as the secondary unit. In 
the remaining major strata, however, sampling was taken in three 
stages, with the Municipality or Commune (or the urban agglomera
tion) as the primary unit, and the area unit and the dwelling as the 
secondary and the tertiary unit respectively. 

Municipalities or Communes and area units were selected at 
random, with probabilities proportional to their size. For practical 
reasons, the number of the households surveyed in each area unit 
was nearly the same; in order to ensure an equal sample distribu
tion among the strata, the number of area units was nearly propor
tional to the size of the related stratum. For the whole year, four 
independend selections were made (by replacement) corresponding 
to the year's quarters. The selection of households from each area 
unit was made by the interviewer in the course of the survey. The 
interviewer enumerated all the dwellings and systematically selected 
some of them, on the basis of the unit's sampling interval. This lat
ter was estimated on the basis of the number of households con
tained in the unit at the 1971 population census, and in such a way 
as to ensure the same selection probability for each household, 
which will be equal to the general sampling fraction (3/1000). To 
ensure an equal selection probability, in the case that there was 
more than one household in a selected dwelling, all the households 
were surveyed. If however, the dwelling was vacant or was a coun
try house, it was excluded from the survey. 

Information was collected by specialized employees-interviewers 
of the NSSG, who visited the selected households for seven consecu
tive days and completed special forms (questionnaires). The com
pleted questionnaires "were finally subjected to a special control in 
order to check the consistency of the entries and to locate and cor
rect eventual errors". n 

12. More specific methodological information on this point is not available. 
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6.4.2. Sample Selection and Related Problems 

a. Sample Representativeness 

Our sample is unrepresentative, not only of the population as a 
whole but indeed of the sub-group of workers as well. All one can 
hope for is that the sample be representative of that particular 
subset of the population sub-group which is defined by the selection 
criteria set out below. This is therefore the population subset that 
our results hopefully apply to. But even this may be problematic, 
due mainly to the non-response bias as well as to the false response 
bias. There is no published information about response rates either 
in the aggregate or by occupational groups. In discussions that I 
had with NSSG officials, they claimed that the overall non-response 
rate was about 30 per cent13 and also that this rate was lower for 
workers and higher for other occupational groups such as execu
tives, professional people and self-employed businessmen. Of course, 
there would still be no problem in case respondents and non-
respondents were not significantly different; but since there is no 
such assurance, non-response bias cannot be assumed away. In ad
dition, there may be a number of respondents who provided wrong 
or even deceitful answers, either because of memory failures, or for 
fear that the tax authorities might somehow use the data to identify 
tax evading incomes, or other personal of social reasons. This may 
lead to false response bias since some of the respondents might be 
not representative of the corresponding population subset. Although 
existent, false responses are likely to be more prevalent among high-
income groups than among workers, which is a view shared by 
NSSG officials. Finally, as to the direction or the magnitude of the 
above sources of bias, nothing conclusive could be said on a priori 
grounds, except that they are particular to the survey. 

b. Selection of the Sample 

In this work, we restrict our analysis to weekly-paid workers. 
We made this choice since we wanted a population sub-group for 
which: 

13. This rate is similar to the non-response rate of surveys conducted in other countries. 
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— people are as free as possible in choosing their hours of work, 
— individuals are as homogeneous as possible so that they may 

reasonably be expected to have similar tastes for work, 
— the data information contained in the HES be relatively more 

accurate and with a higher response rate, and 
— people have similar pay systems, work practices and tax treat

ment. 

In order to obtain a group of people for whom the assump
tions of homogeneity in tastes and typicality of the survey week do 
not seem too unreasonable, we further subjected our sample to a 
number of additional restrictions. Thus, the sample includes only 
non-agricultural workers and excludes those employed in tourism-
related activities. Moreover, we singled out all those households that 
had males as their heads with a non-working wife and two children. 
In order to exclude retired as well as young people, we restricted 
our sample to individuals whose age was between 20 and 65 years. 

The distribution of the sample of workers (as specified by the 
above mentioned criteria) by the number of hours worked is pres
ented in Table 6.1. Either as a matter of choice or necessity, certain 
additional groups of workers are also omitted from the sample. For 
instance, there is information that enables us to identify characteris
tics indicating that some sample members may not satisfy some of 
our assumptions. Such characteristics, if used as selection rules, will 
lead to a sub-sample which includes individuals to whom our model 
will be more closely applicable. Of course, this refinement is made 
at the expense of the sample size. Of the total number of 423 mar
ried males, we excluded the following categories of workers: 

a. Those who did not work at all during the survey week, being 
36 in number or 8.5 per cent of the sample. Four of them, although 
they had a job, did not work "last" week for reasons not specified 
in the survey, and therefore their survey week is not representative. 
Of the remaining 32 who had no job, 10 workers were unemployed 
(registered as "seeking work"), while the other 22 were "not seeking 
work". The former, considered as unemployed, are omitted for they 
are presumably constrained to have zero hours of work. It is, how
ever, recognized that for some of them this may not be the case. 
For example, the worker who gets a job offer but rejects it in order 
to look for a better one is not constrained to have zero hours of 
work although he will be counted as unemployed. The 22 who were 
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TABLE 6.1 
Distribution of the Sample of Workers by Number 

of Hours Worked 

Hours Number of % 
worked workers 

0 36 8.5 excluded (Of them, 10 are unemployed; and 4 did not 

work, although they did have a job) 

1-8 2 0.5 excluded 

9-34 27 6.4 (of which two who received sickness benefits are 

excluded) 

35-47 107 25.3 

48 68 16.7 excluded 

over 49 183 43.3 (of which four who are second-job holders are 
excluded) 

Total 423 100.0 
Size of sample finally selected: 311 

not seeking work may be regarded as having freely chosen to partic
ipate in the labour force. Hence they should normally be included 
in the final sample. However, this would require investigation of 
two decisions that are made simultaneously14 by the individual in 
the labour supply context: namely, not only how many hours to 
work, but also whether to participate in the labour force. In the 
present work, we focus attention on the first of the two labour 
supply decisions since our task is already difficult due to the explicit 

14. These decisions are simultaneous only under the implicit assumption of perfect mobil
ity and information. However, in a world of imperfect information and uncertainty the two 
decisions are made separately. 
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introduction of the multirate tax system and the overtime premiums 
into the analysis. This was the practical reason for excluding non-
participants from the sample, yet we recognize that the truncation 
of the labour supply variable at zero hours in conjunction with the 
lack of information on the wage rate of non-working people is a 
source of bias in our results. Nevertheless, this bias is expected to 
be less serious here than it is in female labour supply studies where 
the participation rates are much lower. 

b. Those working between one and eight hours. The limit of 
eight hours was arbitrary and meant to exclude individuals whose 
motives for working were different from those in the rest of the 
sample. 

c. Those who worked exactly the hours of the standard work
ing week, that is, 48 hours. This level of work-hours is expected to 
be a concentration point of people constrained either upward, or 
downward, or both ways. As we shall see later, the corresponding 
point on the budget line is non-concave to the origin (due to over
time premiums) and, as such, cannot be an equilibrium position. 

d. Those receiving sickness benefits, since their survey is proba
bly not typical. 

e. Second-job holders, because the survey provides no informa
tion abour either the wage rate or the number of hours worked in 
the second job. 

The total number of workers omitted is 112 and the size of the 
final sample is 311. The individual impact of the above categories of 
excluded individuals on the size of the sample is shown in Table 
6.1. These exclusion criteria, together with the lack of information 
on the wage rates of non-working individuals will, in general, lead 
to some degree of truncation and selectivity bias in our estimates. 
In the following section, we discuss this problen in more detail in 
order to highlight its various aspects and demonstrate the complexi
ties of allowing for sample selection in this particular study. 

c. Selectivity Bias 

Selectivity or sample selection bias may arise when the econo
metric model is applied to incomplete data. Incompleteness may 
arise from two distinct reasons. First, it may be a direct conse
quence of actions taken by the researcher in specifying the sample 
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and, secondly, it may result from self selection by individuals being 
studied. The former case presents itself when the anaKst applies se
lection criteria that are endogenous to labour supply behaviour, 
such as those based on hours of work or income.15 A typical exam
ple of the second case is the self selection due to the individual's 
decision not to work with the result that his wage rate cannot be 
observed. Indeed, wages are observed only for people who have ac
cepted wage offers and not for those refusing them. The hours 
equation based on incomplete samples will not have a zero mean 
disturbance term as usually assumed, even if this assumption holds 
true in the population. An appropriate stochastic specification must 
recognize this fact, and failure to do so will lead to biased and inef
ficient estimates. 

Various approaches to the estimation of labour supply func
tions in the presence of non-working persons are found in the litera
ture. These approaches differ in terms of computational complexity 
and the statistical properties of their estimators. Their applicability 
also depends on whether wage observations are available for people 
working zero hours, and whether the wage rate is endogenously de
termined. 

An approach usually employed (see, for example, Hall, 1973 
and Rosen, 1976) is to estimate a wage equation for the sample of 
those who work by OLS and use the estimated equation to predict 
wages for those who do not work. The predicted wages are then 
used to estimate the hours equation again by ordinary least squares. 
Heckman and other reseachers have shown that the parameter esti
mates of the first equation are in general inconsistent because of se
lectivity bias, while those of the hours equation are biased and in
consistent for an additional reason, that is, because of the trunca
tion of the dependent variable at zero hours. 

Given the necessary distributional assumptions, one can in 
principle set up and maximize a likelihood function which allows 
explicity for the sample selection mechanism (see Wales and Wood
land, 1980; and Amemiya, 1984). This approach was originally pro
posed by Tobit (1958) in the context of demand for durable goods, 

15. Similarly, many other selection rules could be regarded as endogenous to labour 
supply behaviour and, hence, as leading to sample selection bias. Evidently, it would be diffi
cult to cope with the selection bias problem in such a broad sense. 



and is known as the Tobit model. Assuming that the hours equa
tion is given by 

Hj = H (xj5 b) + UJ if H (xj5 b) + UJ > 0 (6.12) 
= 0 otherwise 

j = 1, ..., η the number of observations in the sample where Xj is a 
vector of independent variables (one of which is the wage rate) and 
Uj is independently and normally distributed with mean zero and 
variance o2

u. The Tobit likelihood function (LT) may then be ex
pressed in the following forms: 

LT = Π Pr (j 's work = HJ; and Hj > 0) · Π Pr (H < 0) (6.13) 

= H P r (j 's work = Hj | Hj < 0) · Π Pr (Hj > 0 ) · Π Pr (Hj <0) (6-14) 
w « -

= L (Hj I Hj > 0) · Π Pr (Hj > 0) · Π Pr (Hj ^ 0) (6.15) 

= Π f ( u j / o u ) o u n ( l - F ( i L & i Î > ) ) ( 6 . 1 6 ) 

where f and F are the standard normal density and distribution 
functions, respectively, and, w and w denote the number of working 
and non-working persons, respectively. Maximizing the logarithm of 
the likelihood function (6.16) provides estimates that have the usual 
desirable properties of being asymptotically unbiased, efficient and 
normally distributed. However, this estimation is computationally 
difficult since equation (6.16) is non-linear in the parameters, even if 
the hours equation is linear. Moreover, the maximization of LT re
quires information on all the variables, both dependent and inde
pendent, and for all individuals working or not. Otherwise the Tobit 
likelihood function cannot be formed. 

Notwithstanding this, one could still compute and maximize the 
following likelihood function for the sub-sample of working people 
only: 
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LTT (Η, Ι H, > 0) = Π 
w 

which is known as the truncated Tobit model for it is only a part 
of the complete Tobit model (see equation (6.15)). On theoretical 
grounds, the estimates are consistent, asymptotically efficient and 
normally distributed only with respect to the sub-sample of those 
who work. 

Now, considering the case where the wage rate is endogenously 
determined, the wage equation (the wage rate being a function of a 
vector of exogenous variables, z) is also introduced into the analy
sis. The situation here is more realistic for the additional reason 
that there are both working and non-working people, but for the 
latter, wage data are not observed and hence not available. The 
previous techniques can be extended to allow for this more complex 
case. The basic procedures are the same as in the case of the exo
genous wage rate, but they are computationally more difficult since 
the likelihood functions are now based on a bivariate distribution. 
The complete Tobit likelihood function can be rewritten to depict 
the two-equation case, as follows: 

LT = L (Hj, Wj | Hj > 0) · Π Pr (Hj > 0) · Π Pr (Hj ^ 0) (6.18) 
W V, 

under the assumption that the disturbance terms of the wage and 
the hours equations are jointly and normally distributed. Maximiz
ing equation (6.18), for all the sample, exploits all available infor
mation while being consistent with the fact that wages are only ob
served for a working person. However, such maximization may be 
computationally difficult because the unconstraint probability, Pr(Hj 
< 0), that individual j will not work is a particularly complicated 
integral.16 

Another approach is the Heckman two-step estimator (Heck-
man, 1976, and 1979) proposed as an attempt to reduce the compu 

16. A variant of this approch is used by Heckman (1974), expressing the model in terms 
of reservation wages and assuming linearity of the hours equation which considerably simpli
fies computations. 

f(u,/ou)o2/F ( H ^ ' b ) ) (6.17) 
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tational burden of the Tobit model. This approach employs a linear 
hours equation and obtains consistent estimates of the reduced-form 
parameters. Consistent estimates for the structural model are then 
derived by applying OLS to the so-called selection bias-corrected re
gressions. More specifically, the probit likelihood function for the 
reduced-form model is first maximized with respect to the parame
ters. The estimated parameters are then used to construct a measure 
of selection bias that is derived for all individuals, working or not. 
Next, this selection bias term is included in the hours and wage 
equations as an additional explanatory variable. These selection 
bias-corrected regressions are then estimated by the OLS method to 
obtain estimates of the original paremeters of the two equations. Al
though the resulting estimates are consistent, they lack efficiency 
(Nelson, 1984, and Wales and Woodland, 1980). 

The discussion, so far, implicitly assumes that "participation" 
and "employment" are identical. This assumption implies that there 
are numerous enough job offers as well as perfect mobility and in
formation, so that as soon as the individual decides to work he 
immediately gets the job offer at the going rate. Of course, this is in 
general not the case, since some labour force participants are unem
ployed and thus potentially constrained.17 The question that is of in
terest is how to account for the selection bias resulting from the 
omission of unemployed workers. A method attempting to tackle 
this problem is suggested by Ham (1982). Ham extends Heckman's 
sample selection technique in order to test the hypothesis that the 
unemployed and underemployed are truly constrained. The extended 
technique is applied to the case where two correlated selection rules 
generate the sample. First, the probabilities of being unemployed 
and being underemployed are estimated by bivariate probit analysis. 
Then, labour supply behaviour is estimated by excluding constrained 
workers from the sample and using probit coefficients to correct for 
selectivity bias in the estimation. Finally, Hausman's specification 
test is employed to determine whether the use of the standard least 
squares method leads to biased parameter estimates. 

17. Some of the existing work in the field of labour economics employs a quite different 
type of analysis for modelling unemployment. Such models are those of compensating wage 
differentials (see, for example, Abowd and Ashenfelter 1979, 1981); the optimal employment 
contract models (see Azariadis 1975, 1976, 1981); and the job-search models (see Kiefer and 
Neuman, 1979). 
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Although ML estimates have been shown to be the most ap
propriate methods of estimation, nearly all empirical work involving 
labour supply models with sample selection has been based on 
Heckman's two-step estimator. Empirical evidence on the serious
ness of selectivity bias comes mainly from studies on the labour 
supply behaviour of women, where the non-participation rates are 
usually large. Most of these studies present evidence that selectivity 
bias is empirically important in the estimates of labour supply func
tions but there seems to be little evidence of selection bias in esti
mates of the hourly wage equation. 

The models and methodologies discussed above concentrate on 
the problems arising from the truncation of the dependent variable 
in conjunction with the fact that wage rates are not observed for 
people who do not work. However, they all ignore the existence of 
the multi-rate income tax system and the differential rates of pay 
for overtime work which are the focal issues in this chapter. Mo
reover, such methods have only been used for ad hoc, linear in the 
parameters labour supply functions, while two-step estimators are 
crucially dependent on the linearity assumption. Nevertheless, there 
may be good reasons for specifying a non-linear form of supply 
function. A case in point is the methodology followed in this chap
ter which maintains consistency with the theoretical assumption of 
utility maximization. For these reasons, and since our purpose is to 
formulate a methodology flexible enough to simulate alternative tax 
policy options, we shall make no attempt here to allow for sample 
selection, our estimation problem being already computationally 
burdensome. Nevertheless we shall return to this question in the 
next chapter to discuss possible ways of extending the procedure 
employed in this work in order to account simultaneously for the 
problem of sample selection. 

6.4.3. Variables Used and Measurement Problems 

a. Hours of Work 

As already mentioned, there is only one single question con
cerning the hours of work in the HES, namely: "How many hours 
did you work last week?" This number includes any type of paid 
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work, no matter whether in the main or second jobs, "normal" or 
overtime work, and so on; and it excludes any time that may be 
spend in travelling to work. 

Since the tax system is defined in annual terms, the tax horizon 
of the individual's behaviour is one year. Unfortunately, no infor
mation is available on the number of weeks worked during the year. 
Thus, the annual-hours labour supply variable is defined as the 
product of hours worked in the survey week times 52 weeks.18 

To the extent that this estimated number of workweeks involves 
an error, our results on labour supply will be biased upward, in an
nual terms. In any other respect, there is indeed no difference be
tween using weekly hours and annual hours as a labour supply var
iable. 

However, there are several reasons why the above measure of 
work is far from perfect. First of all, there are problems associated 
with questions about demand constraints. Not infrequently, the em
ployer may set either an upper or a lower limit, or even a take-it-
or-leave-it number of workhours. Work practices and the legislated 
overtime premiums suggest that this limit is usually the hours of the 
standard working week, that is, 48 hours (in 1974). Since some in
dividuals might like to opt for hours outside these constraints, the 
above limit is expected to be a concentration point of constrained 
workers who, however, cannot be identified. Moreover, due to over
time premiums, the corresponding kink point of the budget line 
cannot be a maximizing one for it is a non-convex point where, ac
cording to the theory, individuals should not be observed. Thus, we 
decided to exclude from the sample all those who worked 48 hours 
(see Table 6.1),19 recognizing that some of them might be at this 

18. Other studies define annual work to be equal to weeks worked in the year prior to 
the survey (which is not available in our case) by either the survey week hours or the "usual" 
hours worked per week; see Hechman (1976), Rosen (1976), Leuthold (1978), Schultz (1980 in 
Smith ed). It has been argued by some researchers that using "usual" hours in defining annu
al labour is preferable to using "last" week's current hours because: (a) it minimizes the im
portance of temporary disturbances (Kalachek, Mellow and Raines, 1978) and (b) if conbined 
with the use of current hours for defining the wage variable, it avoids the spurious correlation 
problem (see next section) due to measuring the wage rate as income over hours (Borjas, 
1980). 

19. Of course, apart from demand constraints, there may also be personal and/or family 
constraints. However, nothing is known about these. 

183 



non-convex kink because of a random disturbance rather than a 
demand constraint. Although to include the latter into the analysis 
raises no problems since the discrepancy between actual and desired 
hours is random, the inclusion of people with constrained hours 
may bring about a systematic error in the dependent variable of the 
hours equation and an identification problem for the model, since 
the regression equation may measure demand for, rather than supp
ly of, labour. 

Another problem is that "last" week's hours may be not typi
cal. This problem could potentially be serious as there is no direct 
information either about the usual weekly hours or the annual 
weeks worked. A main source of non-typicality may be the seasonal 
nature of the individual's work. The fact that the HES was carried 
out by making four independent selections corresponding to the ye
ar's four quarters overcomes the seasonality problem for total ex
penditures but not for the individual hours worked. To circumvent 
the seasonality problem, we included in the sample workers em
ployed only in the non-agricultural and non-tourism related sectors 
where the implicit assumption of a perfectly elastic demand for la
bour (all year round) is less likely to be invalid. Of the remaining 
list of about 30 groups of occupations for workers, the only one 
readily identified as directly affected by seasonal factors is "fore
men, workers, and machinery operators for site modifications"; this 
category has been excluded from the sample as well. Moreover, the 
individuals receiving sickness benefits during the "last month" have 
been also excluded from the analysis since their survey week may be 
not typical. Finally to the extent that some degree of non-typicality 
still remains, this is assumed to come mainly as a result of non-
systematic factors accounted for by the error term of the labour 
supply equation. 

To use the "annual hours" as the only choice variable for work 
in the labour supply decisions implies that the worker is indifferent 
to varying his labour supply through variation in hours, days, 
weeks, or even months worked. This is in general not the case be
cause the corresponding types of leisure are plausibly expected to be 
used for quite different leisure activities which cannot be regarded 
as perfect substitutes. This is the reasoning on the basis of which 
Hanoch (1980 and 1980b) suggested that time dimensions of work 
should be included separately in the individual utility function. 
Thus, the annual hours, weeks, and so on will "be jointly and si-
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multaneously determined within a multidimentional labour/leisure 
context" (Hanoch, 1980, p. 120). In the present work, no attempt is 
made in that direction not only because the necessary data are not 
available but also because such an undertaking would make our 
task even more intractable. Instead, as in most of the literature, our 
analysis is restricted to one time dimension, that is annual hours of 
work. We recognize, however, that this may influence our results, 
for it is equivalent to assuming that workers are indifferent to varia
tions in the allocation of any given total amount of annual work 
among time dimensions such as hours and weeks. 

b. Wage Rate 

Direct information on wages is not provided in the HES. As a 
result, gross wages have to be constructed from earnings and hours 
of work. In doing so, we have to distinguish between people work
ing at the basic wage rate and those receiving overtime premiums as 
well. 

In Greece, it is a legal requirement20 that all workers are en
titled to an overtime premium for the number of hours worked 
beyond the standard working week, which constists of six 8-hour 
working days, from Monday to Saturday. The overtime premium is 
set at 25 per cent of the basic wage rate for all the extra hours 
worked.21 Apart from this general provision, there is a number of a 
few special cases where higher overtime premiums may apply but 
which can only be regarded as exceptions. The law also specifies 
that work on Sundays as well as at night be paid at the basic wage 
rate increased by 75 per cent and 100 per cent, respectively. Since, 
however, there is no information available about the timing of 
work, as a first approximation this study assumes that the total 
amount of work has taken place during the week and at day-time, 

20. Law 4020/1959 and law 748/1966. 
21. It is worth noting that a later labour law, 435/1976, defines overtime premiums as a 

function of the extra hours worked and on a yearly basis as follows: 25% for the first 60 
hours, 50% for the next 60 hours and 75% for the hours of overtime work above 120. Al
though such a premium structure increases the complexity of the budget set (by raising the 
number of non-convex kinks and the budget segments), the methodology suggested in this 
work could readily be extended to apply to this more complex situation as well. 
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; 

and that it is evenly distributed among the working days of the 
week. This implies that overtime work is considered to be the 
number of hours worked in excess of 48 hours per week.22 

For individuals working normal hours NH (that is, < 48 hours 
per week), gross wages are obtained by dividing pre-tax income 
(PTI)23 by hours worked (H). Following our discussion on overtime 
payments, the basic wage rate (Wo) for overtime workers is derived 
by solving the equation 

PTI = W χ NH + (H - NH) χ 1.25 χ W (6.19) 

for W. There is, however, a problem arising from the basic wage 
being definitionally related to hours. As a result, any errors in the 
measurement of work will also be reflected in the measured wage 
rate. This may lead to a spurious correlation between wage and 
hours of work and this, in turn, to biased estimates. In our attempt 
to obtain consistent labour supply estimates, we employed an in
strumental variable technique.24 In other words a wage equation is 
estimated by OLS to predict the wage for each individual and this 
wage rate is used in the estimation procedure of labour supply as 
an instrument for the measured wage rate. Although there is no 
doubt that the predicted wage measures the true wage with some er
ror, there is probably no spurious correlation between such mea
surement errors and errors in the measurement of hours since the 
predicted wage is obtained "independently" from hours of work. 

In particular, it is assumed that the wage rate is derermined by 
a semi-log function (Mincer 1974) which, in exponential form, may 
be expressed as 

22. For some workers, this might not be the case. For instance, although an individual 
may have worked less than 48 hours, some of these hours might well be overtime, if he hap
pened to work more than 8 hours on some days and less on others. 

23. Pre-tax income is derived from its net counterpart provided in the survey, using the 
statutory tax structure. The actual calculation is described in the next section. 

24. This method has been used in several studies, among which Hall (1973), Boskin 
(1973) and Schultz (1980). Borjas (1980) suggests an alternative way to overcome the spurious 
correlation problem. This is to calculate the gross wage by dividing earnings over hours, but 
using the "usual" rather than the observed hours of work. This will give the usual wage rate 
which is not spuriously correlated with "last" week's hours. However, data on the usual 
hours worked per week are not available in our case. For another particularly sophisticated 
p-ocedure, see Aigner (1974). 
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r k , ι (6.20) 
Wj = exp [βο + Σ Xjf + 8j J 

f=l 

j = 1,..., η individuals 

where 

Wj is the measured wage rate defined as earning over hours 
Xj worked, is a vector of observed variables dictated by an 

economic model of wage determination (such as a human 
capital model) and maybe some control or other variables, 
and 

6j is a multiplicative error term that accounts for other 
measurable or unmeasurable factors not included in the 
equation. 

The variables that we used to predict wages were: education 
(ED) = schooling years of formal education; work experience (EXP) 
= age—years of schooling — 6; work experience squared (EXPS) 
divided by ten; region (RG) = 1 if respondent was living in the re
gion of Attica and 0 otherwise; size of place of residence 1 (SPR1) 
= 1 if the place of residence was between 2000 and 10000 inhabit
ants (semi-urban dwelling) and 0 otherwise; and, finally, size of 
place of residence 2 (SPR2) = 1 if the place of residence was 
smaller than 2000 inhabitants (rural, non-farm, dwelling) and 0 oth
erwise. The first three arguments are human capital variables usual
ly employed in earning functions and which determine market wages 
by affecting the productivity of the individual. The remaining three 
are included as control variables to account for the effect of market 
differentials from the human capital wage. Thus, the regional dum
my (RG) is introduced in order to capture the wage differentials 
due to substantial differences in quality of education and in trade-
union participation and power between the region of Attica and the 
rest of the country. The distinction between urban, semi-urban and 
rural dwelling is assumed to be associated with tastes, home produc
tivity and labour markets segmentation, causing wage differentials 
between equally productive individuals. 

The estimated parameters of the wage equation are shown in 
Table 6.2. In the same table we also present the results obtained 
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when the control variables are not included in the equation, in 
order to test their joint importance in explaining the variation of 
the wage rate.25 In spite of the significance of the equation as a 
whole and of most of the coefficients, these variables do not explain 
more than 23 per cent of the natural logarithm of hourly wage. 
However, the low coefficients of determination are typical for cross-
section data on wages (see, for example, Mincer and Polachek, 
1974) and represent the omission of a variety of factors, many of 
which are unmeasurable. Moreover, the joint F ratio indicates that 
the control variables are jointly significant at the conventional 5 per 
cent level, although two of them are individually not significant. All 
coefficients have the expected signs. More specifically, education and 
work experience have a positive effect on wages, while work expe
rience squared has a negative one. The declining impact of the ex
perience variable, as defined here, accounts for the fact that produc
tivity is reduced as the individual grows old. The impact of the 
wage differentials represented by the regional variable, RG, is signif
icantly positive. The variables SPR1 and SPR2, intended to capture 
the semi-urban and rural differences, have a negative impact on 
wages, although this is not significant. 

The predicted wages obtained from the estimated equation are 
theoretically free from spurious correlation, thus avoiding the "div
ision bias" problem resulting from the empirical definition of the 
wage rate. However, two words of warning are necessary. First the 
predicted wage rate of W may still suffer from selection bias since 
the equation was estimated for the sample that is restricted to work
ing individuals only, for whom wages are observed. Our earlier dis
cussion on this subject suggests that, as a result, the error term of 
the above equation may not be zero as assumed, so that the OLS 
estimates may be biased. However, it is also known that sample se
lection bias in predicted wages varies inversely with the labour force 
participation rate. Since, in our case (married males, in year 1974) 
the participation rate is particularly high (see Table 6.1), it is rea
sonably hoped that the selectivity bias problem will be not prohibi-

25. We experimented with several alternative specifications of the wage equation, while in 
some of them we also included interactions of control variables with education and expe
rience. 
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TABLE 6.2 

Wage Equation Parameter Estimates* 

Variable 

Constant 
ED 
EXP 
EXPS 
RG 
SPR1 
SPR2 

R2 

R2 

F(6,304) 
F(3,307) 

Equation 

Coefficient 

2.817 
0.060 
0.028 

-0.003 
0.202 

-0.082 
-0.091 

0.245 
0.230 

16.44** 

Joint F (4,304) 4.96** 

1 

t 

10.05 
3.35 
4.08 

- 2 . 5 9 
2.76 

- 1.57 
- 0 . 9 5 

Equation 

Coefficient 

2.962 
0.062 
0.026 

- 0.003 

0.180 
0.172 

22.45** 

2 

t 

10.52 
3.71 
4.87 

- 2 . 6 3 

* The dependent variable is the natural logarithm of the hourly wage rate. Hence, the 
coefficients should be interpreted as percentage changes in the market wage rate for unit in
creases in the independent variables. 

** Significant at the conventional 5 per cent level in testing the hypothesis that the coef
ficients are zero against the hypothesis that they are not (nil) zero. 

tively serious.26 Secondly, the instrumental variables technique itself 
is indeed a compromise solution to our spurious correlation prob
lem. This is because the instrumental variables estimator, as in the 
usual case, yields consistent estimates only if certain conditions are 
met, while its asymptotic efficiency crucially depends on the choice 
of instruments and it cannot generally be taken to possess this 
property. 

Having obtained a measure of gross wage that is not spuriously 

26. It should be noted that even in studies of female labour supply where participation 
rates are usually low, most empirical work suggests that, though it exists, selection bias in the 
wage equation is not significant. Even so, selection bias has been found to overpredict the 
wages of working people by a moderate amount. 
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correlated with hours, the whole vector of net wage rates for each 
individual may be derived by multiplying the gross wage rate by (1 
— ti), where ti is the marginal tax rate of the ith rate bracket (i = 
0,...,!).* 

Under the assumptions made earlier in this section concerning 
the distribution and timing of the individual's labour supply, the 
above definitions of gross and net wage rates in conjunction with 
other income and allowances uniquely determine his budget con
straint and the equilibrium hours of work. However, cases where 
these assumptions are not met by some people, such as those work
ing on days (e.g. Sundays) or at a time of day for which the law 
prescribes different rates of pay, there may be a problem of "theo
retical indeterminacy". This is because such cases are not taken into 
account as our data do not provide any timing information for 
work or identification of the relevant individuals. 

There are at least two further problems in measuring the wage 
rates which we merely mention here but have not been able to take 
into account. The first problem is that the reported work payments 
may be only a part of the total compensation paid for providing an 
hour's work. Some people may be paid by piece-rate or bonus in 
addition to their reported basic payment. The presence of such peo
ple would introduce the work effort into the analysis as another as
pect of labour supply. As already noted by Brown, Levin and Ulph 
(1976), this would require a simultaneous determination of both 
hours worked and work effort level. No data are available regarding 
such additional payments, and the relevant workers cannot be iden
tified. The present analysis proceeds on the assumption that work 
effort is constant across individuals, recognizing that this may be 
not very realistic. Secondly, in some job careers the work performed 
may contain an investment component resulting in a low present 
wage rate and an expected high one in the future, as for example 
with manpower trainees. In this case, too, the reported wage rate is 
an inaccurate measure of the price of leisure that should enter the 
demand for leisure function. 

27. Borjas (1980) suggests an alternative way to overcome the spurious correlation prob
lem. This is to calculate the gross wage in the way destribed earlier, but using the "usual" 
rather than the observed hours of work. This will give the "usual" wage rate which is noi 
spuriously correlated with "last" week's hours. However, data on the "usual" hours worked 
per week are not available. 
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c. Non-Labour Incoine 

There are many problems both conceptual and practical, in 
measuring non-labour or other income. 

Information on other income (in pre-tax terms) is provided in 
the third paragraph of the questionnaire28 cited in the appendix of 
this chapter. The particular income sources are: income from rent, 
interest, dividends, transfer income (and in particular, "benefits due 
to sickness, unemployment, death etc."29 and income from "other 
sources". 

First, a question arises as to which of the above sources should 
be regarded as "other income", that is, theoretically defined as be
ing independent of the amount of work supplied and the related la
bour income, (a) The first source to l\ · included is income from 
rent, (b) Within the confines of a static model, income from interest 
and dividends is also included, although in a dynamic context deci
sions concerning the portofolio composition and the amount of la
bour supplied should be interconnected, (c) Income from sickness 
and unemployment benefits should be excluded from the definition 
of other income, since both directly depend on the individual's la
bour supply. It should be remembered that workers with income 
from either of these sources have been excluded from the sample al
together (see Table 6.1 and sections 6.4.2c and 6.4.3a), and (d) No 
workers appear to have income from "other sources". 

Secondly, there are in addition difficult measurement problems. 
On a priori grounds, other income should also comprise the imput
ed income from house ownership and ownership of other physical 
assets such as consumer durables. Since imputing income to such 
real assets is particularly difficult, we must leave this important 
component of other income out of the analysis. 

It should finally be noted that most workers in the sample have 
no other money income at all, while the rest of them usually have 
very small amounts of non-employment income. Also, non-labour 
incomes are provided by the survey in pre-tax terms. 

28. The questionnaire is filled in by all the family members. 

29 There are no means-tested benefits (such as child benefits) in Greece. 



6.5. Empirical Application 

6.5.1. Computational Technique 

For the empirical application, we at first specify a parametric 
model representing the individual's preference ordering. Assume that 
every individual in the sample population has the same preferences 
described by a CES direct utility function: 

U (L,I) = [α 1 / σ L Ml/a) + (J _ a ) 1 σ I I-0/σ)] σ/(σ-1) (6.21) 

where σ is the elasticity of substitution between leisure (L) and 
after-tax income (I), with σ ^ 0 and 0 < α < 1. The resulting de
mand function for leisure along the i th segment may be written as 
follows: 

L (W., M.) = α Μ. \ν,~σ/ (α W' σ + (1-α) ) i = (0,1,...., £,+1) (6.22) 

The CES utility function offers substantial flexibity, since it al
lows the constant elasticity of substitution to take any positive value 
and can nest other functional forms, such as the Cobb-Douglas 
function. CES was also chosen for its tractability, as it is a manage
able function facilitating algebraic manipulations. Due to its small 
number of parameters, it also facilitates convergence. Finally, its 
coefficients have a straightforward meaning, since α is the distribu
tion parameter and σ the elasticity of substitution. 

It should, however, be mentioned that CES imposes a negative 
income effect.30 From equation (6.22), it can readily be shown that, 
for α > 0, 3L / 3M > 0 and since the hours of work are H = h — 
L, 3H / 3M < 0. Although this is in principle restrictive, more flex
ible forms31 which allow unconstrained estimation of the income ef
fect are more intractable, since they involve a larger number of pa
rameters. Also most of them are not well-behaved for every set of 

30. It is noted that most full-information studies impose such a restriction; for example, 
Burtless and Hausman, 1978; Hausman 1980, 1981a; Wales and Woodland, 1979. 

31. Such as the generalized Leontief, translog, and generalized CES utility functions. 
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parameter values; their application requires the imposition of extra 
restrictions in order to ensure that they are at least locally well-
behaved. It is interesting to note that the results presented by Ash-
worth and Ulph (1981, Table 6.1), based on a generalized CES 
function, showed that once the restrictions required for a well-
behaved function were imposed, the additional restrictions imposed 
for a CES form made little difference (op. cit., p. 64). 

In order to implement the model, we must derive the complete 
vector of net wages (Wj) and budgets (Mi) along the linearized con
straints signified by the different segments of the budget. We also 
calculate the value of every other quantity entering the demand 
equation for leisure (6.5). In other words, we need to construct the 
actual non-convex budget constraint of each individual and solve 
for his optimizing work-leisure combination. 

Since there are no data on wages while labour income is pro
vided in net terms,32 the first step is to calculate the pre-tax labour 
income ( P T I L ) for each individual in order, through that, to derive 
his gross wage rate. 

P T I L is obtained by applying "backwards" the actual legislated 
rate schedule to the after-tax labour income (ATIL). In particular, 
— we first calculate the taxable income minus the associated tax 

(TIj — Ti) at the ends of the statutory taxable income bands (i = 
l,...,l) to which we compare the individual's ATIL reduced by the 
amount of allowances A (since A T I L — A = TIL

 _
 TL) in order 

to locate his marginal tax bracket. 
— Then, we compute the individual's taxable income by using the 

formula: 

TIL = TIB + (ATIL - A) - (TI - T)B / (I - MTR) (6.23) 

where TIB stands for the bottom limit of his marginal TI band, 
(TI — T)B for the difference TI — Τ corresponding to TIB, and 
MTR for the statutory marginal tax rate. 

— Hence,· the pre-tax labour income of the individual is: PTIL — 
TIL + A. 

32. Workers' labour income is taxed on-a-pay-as-you earn basis. 
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Allowances, A, include (a) the personal allowance, (b) allo
wance for wife, (c) allowances for children, and (d) the occupational 
deduction. The first three (a)-(c), are fixed in money terms, while 
(d) is 30 per cent of the employment income and up to a maximum 
limit which cannot be exceeded. Apart from these, there are also a 
number of other deductions which depend not on occupation or 
household composition but on various kinds of expenses, such as 
medical expenses made mainly in the private health sector, dona
tions, life insurance payments, interest on loans used for buying or 
building dwelling houses, etc. Unfortunately, there is no information 
available on either the amount or the distribution of such deduc
tions, since the survey does not even identify the individuals who 
incurred expenses on the basis of which the deductions were made. 
Nevertheless, it is plausible to expect that most of these deductions 
relate to expenses not usually made by low-income people.33 For 
workers who do have some additional deductions to make, the ef
fects of ignoring them depend on where the equilibrium point is 
found. In particular, if this point is found on the first segment, the 
equilibrium hours of work will remain unaffected. However, if the 
equilibrium is found on a higher segment, labour supply will be 
overestimated, unless the equilibrium point on the actual budget 
constraint is on a kink in which case the bias may go either way. 
The overestimation will come about because ignoring some deducti
ble amounts shifts the constraint downward in a parallel direction, 
thus bringing about an income effect. 

The gross wage rate (W) is calculated as follows, depending on 
the individual's observed hours of work (H): 

if H < NH, then W = PTIL / H and 

i f H > N H , then W = PTIL /(1.25 χ Η - 0.25 χ NH) (6.24) 

where NH stands for the normal hours of work, and 0.25 is the leg
islated premium rate for overtime work. Having obtained the mea
sured wage rate (W), we employ the instrumental variables tech-

33. A possible exception in this respect might be the deduction of the interest on loans 

received for purchasing dwelling houses. 
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nique in the way described in the previous section to derive the 
predicted or imputed gross wage variable denoted by Wo. 

The after-tax income variable (ATI) is derived as follows. The 
pre-tax income is at first computed as PTIL + PTINLT, where PTINLT 

is non-labour taxable pre-tax income. Then, applying to this the 
statutory tax system gives us the corresponding after-tax income, to 
which we add the non-taxable part of non-labour income34 to obtain 
the total after-tax income, ATI. 

The next step is to construct the complete budget constraint of 
each individual. The variables required are first computed on the 
assumption that all the hours worked are paid at the basic gross 
wage rate. Next, we locate the non-convex kink Κ (Figure 6.15) and 
then recalculate all the quantities referring to segments correspond
ing to overtime hours of work in order to take into account the 
overtime premiums. Thus, 

A. In the absence of overtime premiums, we have: 

i. The net marginal wage rates are calculated as 

Wi = Wo (1 - MTRi) for i = l , . . . , | (6.25) 

where MTRi is the marginal tax rate of the ith tax bracket, 

ii. We compute at the kinks: 

(a) the after-tax incomes ATIo,..., ATIf - •[ 

(b) the hours of work 

Ho = (A - PTINLT) / W0 (6.26) 

Where PTINLT < A for all the individuals in our sample that have 

non-labour income.35 

34. This is the income from interest. 

35. In the case of a sample with P T I N L T $ A, formula (6.26) could be modified according
ly. For example, if PTINLT corresponded to the first rate bracket for some individuals, the 
slope of the first budget segment would be Wi (instead of W0) and Hi = ATI1 — (PTINLT — 
A) (l — ti) + A/W1, while the remaining H,s, would again be calculated according to formula 
(6.27). 
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Hi = Hiι - ι + (ATIi - ATIi - 1) / Wi for i = 1,..., I - 1, (6.27) 

(c) the hours of leisure 

Li = h - H i i = 0, 1 , . . . , ! -1 

iii. We derive the linearized budget constraints (Mo, Mi, ..., Mj) 
facing the individual along the budget segments: 

Mi = Wi χ Li + ATIi, i = 0,...., I - 1 

and M| = W | χ L| - ι 4- ATIj - ! (6.28) 

B. In the non-convex case, it is evident that the non-convex 
point Κ could potentially be on any segment depending on the basic 
wage of the individual and his other income. To locate the position 
of K, we compare the normal hours (NH) with the hours of work 
at the kinks (Hi) as calculated above. Then, assuming that Hk - ι < 
NH < Hk, the variables referring to the segments that lie beyond 
point Κ are recalculated as follows: 

i. We set the hours of work at kink Κ equal to NH, that is Hk = 
HK. 

ii. The net marginal wage rates Wk + i, ..., W£ - ι are obtained by 
multiplying the previously calculated (see case a.) Wk, ..., Wj, 
respectively, by 1.25. 

iii. The after-tax income calculated at kink Κ is 

ATIk = ATIk - ι + (NH - Hk - i) Wk (6.29) 

whereas ATIk+i, ..., ATty are the previously calculated ATIk, ..., 
ATIf - ι, respectively. 

v. For the hours of work at the kinks, the following formula is 
used: 

H i + i = H i + (ATIi + i - A T I i ) / W i + i fori = k,...., I (6.30) 

v. For the hours of leisure at the kinks: 

Li = h - H i for i = k,....,l 

and 
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vi. The linearized budget constraints Μκ,...., Mj+i, for the seg
ments lying beyond the non-convex kink K, are calculated as 
before but using the new quantities for the variables involved. 

Having constructed the piecewise-linear budget constraint36 for 
each individual, we evaluate the demand function for leisure (6.22) 
along every segment as well as the utility function, where required, 
in order to find the utility-maximizing work-leisure combination 
(L*), according to the procedure presented in section 6.3. 

Then, following the stochastic specification in section 6.3.3, ob
served and maximizing quantities of leisure are transformed into 
shares. Thus, the residuals of the share equation may be written as: 

V = S - (WoL* / M*) (6.31) 

where S = W0 L / (W0 L + ATI), and M* = W0 L* + ATI*. L* 
and ATI* are the equilibrium levels of leisure and income, respec
tively. To obtain the unknown ATI* and, through that, M*, we 
make use of the already known linearized budget constraint Mi (see 
Figure 6.16) corresponding to the equilibrium leisure L*. Thus, 

ATI* = Mi - L*Wi (6.32) 

which, in turn, makes the calculation of M* evident. 

Therefore, the sum of squares function (SSF) to be minimized is: 

SSF = Σ Vf = Σ (Sj - (WoL* (W,M) / M*) )2 (6.33) 
j = l J' = l 

which is non-linear in the parameters. To minimize this function, we 
use a non-linear minimization algorithm, the well-known Davison-
Fletchel-Powell method which is briefly described in the following 
section. 

36. The actual number of segments included is 13 and corresponds to the bottom 13 
brackets rates of the statutory tax schedule. It is noted that observed incomes are concentrat
ed mainly at the bottom segments, while there are no observations beyond the 11th segment. 
The last two segments have been included in order to allow for the case that some high-
income individuals might have a large negative disturbance term. 
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FIGURE 6.16 

Income 

ATP 

Leisure 

6.5.2. The Non-Linear Minimization Method 

Let Φ(Θ) be the objective function which is non-linear in pa
rameters. Assuming that Φ is continuous and has first and second 
partial derivatives, estimates of the parameter vector Θ can be ob
tained by iterative numerical techniques. A number of such methods 
are available in the literature.37 

In very general terms, all methods start with an exogenously 
given initial guess of Θ, say Θο, and generate a sequence of points 
ΘΙ, . . . ,ΘΪ which converges to Θ* that minimizes Φ(Θ). Each element 
of the sequence is based on the preceeding one on which a vector σ, 

37. For several of these methods, see Bard (1974), and Goldfield and Quandi (1972, 

1976). 

199 



called step, is added. Thus 

0 i + ι = Θ + σί (6.34) 

The iterative process is stopped on the basis of one or more criteria. 
The various methods differ from one another in the manner in 

which they choose the direction and the length of the step, σ. 
In order to estimate the parameters of the labour supply func

tion in this study, we employed a well-known iterative technique, 
the Davison-Fletchel-Powell (DFP) method (see Bard 1974). This 
method belongs to the general class of gradient methods, since the 
direction towards the i th step of the process is determined by oper
ating on the negative gradient. More specifically, let qj be the gra
dient vector (3Φ/3Θ) evaluated at Θ = 0i, and H, be the Hessian 
matrix of Φ(Θ) evaluated at the same point, 0j. If Φ is an analytic 
function that admits of a Taylor expansion, it may be expanded 
around the current value of Θ, 0j, 

Qi (Θ) = Φι + q H 0 - 0i) 4- 0.5 ( 0 - 0 0 ' Hi ( 0 - 0i) (6.35) 

Differentiating Qi(0) with respect to 0 and setting the result equal 
to zero, we have 

9Qi / 3 0 = qi + Hi ( 0 - 0i) = 0 (6.36) 

which, if Hi is non-singular, has the solution 

0i • ι = 0i - HI 1 qi (6.37) 

This is the basic equation for the iterative procedure of gradient 
methods. Although some methods specify the step direction in each 
iteration in terms of the inverse of the Hessian matrix (e.g. the 
Newton-Raphson method), in general the Hessian may not be posi
tive outside a small neighbourhood around the minimum, in which 
case iterations of the form (6.37) may lead to a maximum or saddle 
point instead of a minimum. Also, ft.»ι mars empirical application*· 
analytic derivation of the second-order partial derivatives is extreme 
ly difficult; even if they could be derived however, their computa
tion is consideied to be a possible error source. As a result, most 
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minimization methods employ some approximation of the inverse of 
the Hessian matrix. Thus equation (6.37) is replaced by 

0i + ι = 0i - ti Ai qi (6.38) 

where ti Ai qi = σ, is the ith step, Aj is the approximation to H~i] 
and ti is the step length. In each iteration, the approximation (Ai) to 
the inverse of the Hessian is obtained by adding a correction matrix 
to the approximation inverse used in the previous step, 

Ai + ι = A,- + AAi (6.39) 

where AAj is the correction matrix. The choice of the correction 
matrix results from a first-order approximation of the gradient: 

q i ^ qi + i +H i + i (0i - 0i + i) => 

Η"ί1

+ ι (qi + ι - qi) - Θι • ι - θ ι 

and substituting Ai + ι = Ai + ΔΑ, for H"i1+ Ι gives 

AAi (qi + ι — qi) = 0i + ι — Aj (q. + ι — qi) (6.40) 

Therefore, AAi must satisfy equation (6.32) in order for A, + ι to be 
a first-order approximation of H"i + i. However, equation (6.32) can 
be satisfied by more than one different correction matrix. In the 
DFP method, the correction matrix is given by 

AAj = (l/oj'ni) Oj of— (1/nfAj n,-) Ai mnf Aj' (6.41) 

where σ, = 0j + ι — Θι, and n, = qi + ι — qi (Bard 1974). 

If the step length, tj, is chosen to minimize Φ(0ί + Oi) for the given 
0i, A,, and qi, then the resulting approximation of H~i1+ ι will al
ways be positive definite (see Fetchel and Powell, 1963). Hence, this 
choice guarantees an acceptable step, that is, a step which implies 
O(0i) > Φ(0ί + ι). Also, the starting value of A (that is, Αι) is set 
equal to the identity matrix and, therefore, no initial approximation 

1 Η 1 is required. 
The iterative search is stopped on the basis of a combination of 
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criteria including, in particular, the following: 

a. Further iterations fail to change the parameter values signifi
cantly, Θί — ΘΪ + ι < ε, 

b. Further iterations fail to reduce the objective function, 
Φ(Θί)-Φ(Θ ί + 1 )<ε 

c. Vanishing of the gradient, q(0), < ε 
where ε is a sufficiently small number. 

Finally, it should be noted that the choice of a good initial 
guess may spell the difference between success or failure in locating 
the optimum, or between rapid and slow convergence to the solu
tion. In choosing initial guesses, we relied on prior knowledge and 
information provided by previous studies. Nevertheless, as there is 
no agreement about the values of the parameters (especially that of 
the elasticity of substitution), we performed experiments with a large 
number of guesses covering a wide variety of combinations of pa
rameter values. As our process converged to the same point, say 
Θ*, from a number of different but neighbouring initial guesses, this 
point will represent an approximate minimum. 

6.5.3.Empirical Results 

Using the methodology and data described in previous sections, 
the following estimates were obtained: 

Parameters 

α 
σ 

Log likelihood 
RSQ 
Residual sum of 
squares 
Standard deviation 
of residuals 

Initial guesses 

0.65 
0.75 

Estimates 

0.605 
0.769 

Standard errors 

0.029 
0.035 

481.9 
0.475 

0.819 

0.051 
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The estimated parameters are highly significant at both conven
tional levels of five and one per cent, while the percentage of var
iance explained by the share equation is 47.5 per cent. RSQ (R2) 
was calculated as the square of the correlation coefficient between 
the actual and the desired or maximizing shares. The goodness of fit 
may be regarded as rather satisfactory. However, a relatively good 
fit does not necessarily mean that the model is correct; it merely es
tablishes that there is no reason to reject the model on the basis of 
the data at hand. This, of course, is all that one can hope for. 

A key assumption in the maximization method is that the er
rors are normally and independently distributed with mean zero and 
variance σ2. Consequently, it is necessary to test the hypothesis that 
the residuals form a sample from the distribution that we have pos
tulated for the errors. Moreover, the residuals should always be at
tributed to errors, no matter what kink of model they were comput
ed from. In this respect, it makes no difference whether the model 
equation is linear or not. In what follows, we test three hypotheses 
concerning the errors: the first is that their mean equals zero, the 
second is that their variance is constant and the third is that the re
siduals are completely random.38 

Since the errors Vj are assumed to be Ν(0,σ2), the mean of the 
residuals ν should be N(0, (1/n) (1 — 1/η)σ2). When the variance of 
the errors is unknown, it may be estimated by the formula S 2 = 
(l/(n — 1) ) Zj (VJ —v) 2 where j = l,...,n. If our hypothesis of a ze
ro mean is true, then the statistic 

λ = η (η - 1) ν 2 / Ij (VJ - ν) 2 (6.42) 

follows the t-distribution with η — 1 degrees of freedom. Since, for 
workers λ = (311) (310) (0.0039)2 / 0.819 = 1.790, the zero mean 
hypothesis, at the conventional 5 per cent significance level, cannot 
be rejected. 

The possibility of testing the assumption of homoskedasticity 
depends on the nature of the sample data available. Since we have a 
relatively large sample of cross-section data, we can apply the 
standard test for homogeneous variances. This is a likelihood ratio 

38. For a discussion of these tests and others see Bard (1974), Maddala (1977), and 
Judge et al. (1980). 
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test applied to large samples only. In line with this test, we first 
order the residuals according to the absolute magnitude of the pre
dicted values of the dependent variable. The residuals are then di
vided into ί groups with nj observations in the ith group, so that 
Σηι = η. In our case, i = 4 and n, = {77, 78, 78, 78}, i = 1,...,4. 

Next, the residual variances (S2) arc estimated for each group, 
whereas the corresponding variance for the entire sample is S . 
Then, the statistic 

μ = - 2 log λ (6.43) 

has a x2-distribution with ί — 1 degrees of freedom, where 

λ = ( Π (Si)"1 / Sn and 

S? = Σ (VÌJ — Vi)2 / ni 
j = i 

The standard deviation of residuals in the four groups of 
workers were 0.036, 0.042, 0.061, and 0.069. Hence, the resulting μ-
statistic is 8.87. The 1 per cent value of Chi-square for 3 degrees of 
freedom is 11.34. Therefore, the null hypothesis that there are no 
significant differences between the residual variances is accepted. 

We must now test for the assumption concerning the random
ness of the residuals by counting up the number of " runs" (that is, 
sequences of residuals with the same sign) and then checking wheth
er the actual number of runs was much lower than expected. More 
specifically, if ni and n2 are the numbers of negative and positive 
residuals respectively, then the expected number of runs is 

μ = (2ηι Ώ2 / (ni + n2) ) + 1 

and the variance of the number of runs 

η im ii, ι .Y-tv m n2) / [ (ni + n2) (η-ι + n2 — 1)] 

when both ni and n2 exceed 10, then the statistic 
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Ζ = (r - μ + 0.5) / σ (6.44) 

(Γ = the number of actual runs) is distributed approximately as Ν 
(0,1). In our sample there were 135 negative residuals, 176 positive 
residuals and 139 runs. Therefore, the expected number of runs is 
154 and the variance of the number of runs 74.82, so that Ζ = 
—1.676. Comparing this empirical value of Ζ with its theoretical 
value at the conventional 5 per cent significance level, we accept the 
assumption of randomness of the residuals not because it has prov
en correct, of course, but because there is not strong enough evi
dence for rejecting it. 

The above statistical tests apart, the ability of our approach to 
generate useful results depends crucially on the quality of our data, 
the deficiencies of which have already been discussed. It also relates 
to the extent to which the functional form used provides a satisfac
tory representation of the underlying preferences. 

Comparing these results with those of Wales and Woodland 
(1979) who used the same functional form as ours, we may notice 
that the elasticity of substitution between leisure and consumption is 
smaller in our case (0.91 and 0.769, respectively). This difference 
might primarily be accounted for (a) by the fact that our study 
makes full allowance for non-convexities due to overtime premiums, 
whereas Wales and Woodland exclude overtime-working individuals 
from their sample altogether, and (b) by differences in the data sets 
used. Other full-information studies derive smaller estimates of the 
elasticity of substitution. For instance, Ashworth and Ulph (1981) 
obtain an estimate of 0.58, using a generalized CES utility function; 
Ruffell (1981), too,· found an elasticity of substitution as low as 
0.03, employing a quadratic form of supply function. 

Comparing the individual's maximizing level of work with the 
hours of work corresponding to the kinks of the budget constraint, 
we found that of the 311 workers, 65 are maximizing their utility on 
a kink point of their budget constraint, 96 on their observed seg
ment, and 150 on a segment other than the one observed. These 
numbers, which are calculated for the estimated parameters present
ed above, reflect the form of the tax structure. Thus, the fact that 
the percentage of individuals maximizing their utility on their ob
served segment is only 31 per cent may be attributed to the rate 
schedule which has very narrow tax brackets, especially at its bot
tom end. The relatively small number of people that remain on 
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their observed segment suggests that it is essential to take the 
peicewise-linear nature of the budget constraint explicitly into ac
count. 

6.5.4. The Empirical Importance of Allowing for Non-Convexities 

It would be of interest to see how our results would be affected 
if non-convexities were not taken into consideration at all. To this 
end, our procedure was modified so that overtime premiums were 
assumingly non-existent. The individuals included in the sample re
mained the same as before. The reason for this is that if the over
time individuals were excluded altogether,39 the resulting sample 
would not be representative and, of course, no comparison could 
possibly be made with the results obtained from the non-convex 
case because the data sets used would be different. The program 
was executed as before, and the estimates obtained for the distribu
tion parameter α and the elasticity of substitution σ were 0.54 and 
0.67, respectively. In order to see whether these estimated parame
ters are significantly different from those obtained in the non-
convex case, we compared the log-likelihoods between the two 
cases, using the likelihood ratio test. According to this test, minus 
twice the logarithm of the likelihood ratio (or else, the difference 
between the two log-likelihood values) asymptotically has a x2-
distribution with 2 (= the number of parameters) degrees of free
dom. The Chi-square value based on the null hypothesis that the es
timated parameters in the convex case are equal to the supposedly 
" t rue" ones (in the non-convex case) is 14.9. Since this value is 
greater than the theoretical value of Chi-square at a 5 per cent sig
nificance level (5.99), the null hypothesis of no difference in the pa
rameters has to be rejected. This finding suggests that leaving over
time premiums out of analysis, as if they were non-existent, may 
lead to a significant misestimation of the parameters and therefore 
to misleading results on the effects of taxation. Thus, non-conve
xities should be taken into account as closely as possible, if we are 
to obtain anything like indicatively reasonable results. 

39. This is done by Wales and Woodland (1979). 
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6.6. Implications of Tax Policy Changes for the Incentives 
to Work and the Distribution of Income 

In the previous section, we estimated the benchmark equilibri
um for the base year (1974) and the then existing tax structure. Af
ter having fully specified our model, it may now be used for policy 
analysis. The policy changes which are to be investigated in this sec
tion are incorporated into the model and a new equilibrium is com
puted under the new policy regime. Policy appraisal then proceeds 
on the basis of pairwise comparisons of the resulting new equilibri
um with the benchmark equilibrium. The tax changes to be evaluat
ed in this section are: 

a. the 1975 tax reform, 
b. a proportional tax of equal yield, 
c. a poll tax of equal yield, and 
d. the changes in the statutory tax system that are brought 

about by inflation in real terms. 

Predicting the implications of a certain policy option is a com
plex exercise that may be carried out as follows: 

i. After having estimated the labour supply model, the budget 
constraint of every single individual is recalculated in order 
to take into account the tax change being studied, 

ii. Using the already estimated set of preference parameters, we 
once again maximize the utility function of each individual 
subject to his new budget constraint, and — following the 
same procedure as before — obtain the new maximizing lev
els of labour supply and, through them, the corresponding 
pre-tax incomes and their distribution, 

iii. The differences of labour supply and pre-tax income inequal
ity between the two maximizing points obtained under the 
two different tax regimes are the incentive effects (at the in
dividual level, the sum of which gives the aggregate effect) 
and the distributional effect, respectively. Finally, compari
son of the differential effects on the pre-tax distribution and 
the post-tax distribution of incomes shows the extent to 
which the incentive effects of the tax have actually reinforced 
or counteracted its redistributive effects, as defined in the 
previous two chapters. 
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6.6.1. The 1975 Income Tax Reform 

In order to be able to evaluate properly the results obtained 
when people are taxed with the new 1975 structure, we should first 
have a closer look at the details of the tax change. 

The aim of the 1975 change was to redistribute the tax burden 
in favour of low-income people. Thus, deductible allowances rose by 
nearly fifty per cent. For example, for a couple with two children, 
personal allowances rose from 47,000 drs. in 1974, to 70,000 drs. in 
1975. The rate schedule was also changed. In particular, the bottom 
rates (which are the ones that mainly apply to our sample) were 
marginally reduced, their decrease not exceeding 1.5 percentage un
its. In the upper part of the rate structure, however, bracket rates 
rose substantially, their increase ranging from one to fourteen per
centage units. Therefore, as opposed to high-income people, low-
income individuals are, in general, taxed less heavily under the new 
tax structure. 

The results under the 1975 tax may be obtained as follows. 
First, we introduce the parameters of the new tax structure into the 
model. Then, using the preference parameters of the benchmark 
equilibrium, we once again solve the maximization problem of each 
individual and find the corresponding hours of work and the result
ing pre-tax incomes at the new equilibrium points. 

We may now proceed to analyse the results derived under the 
1975 tax structure. These results are presented in Table 6.3. The to
tal number of hours worked (THW) decrease, as does the total pre
tax income (TPTI). The concentration of the pre-tax incomes 
(GNBT)40 rises from 0.1936 to 0.1969, whereas the after-tax increase 
(GNAT) in inequality is smaller, from 0.1758 to 0.1773. An inspec
tion of workers' individual data shows that the great majority of 
them are favoured by the tax change under consideration. However, 
the tax cut for such people took place in two ways; first by lower
ing their bracket rates and, secondly, by raising their exemptions. 

40. In relation to our discussion in Chapter 3, it should be pointed out that the use of a 
single inequality measure in the context of this chapter is made solely for the sake of clarity 
of exposition. Evidently, different inequality measures might result in different inferences with 
regard to the distributional effects of the tax. 
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TABLE 6.3 
Estimates, under the 1974 and 1975 

Income Tax Structures* 

THW Δ% TPTI Δ% GNBT GNAT 

1974 tax str. 809,904 37,592,741 0.1936 0.1758 

1975 tax str. 797,674 -1.51 36,957,620 -1.69 0.1969 0.1773 

* THW = Estimated Total Hours Worked 
TPTI = Estimated Total Pre-Tax Income 
GNBT = Gini Coefficient of Before-Tax Incomes 
GNAT = Gini Coefficient of After-Tax Incomes. 

And whereas the former may result in more work since it increases 
their marginal wage rates (substitution effect), the latter will proba
bly result in less work, since it increases the amount of potential 
earnings that remain untaxed (income effect more likely to domi
nate). Obviously enough, the tax cut in question may lead to either 
more or less work, depending on which of the two changes is the 
prevailing one. In our case, the prevailing change is that in allowan
ces, for the change in the bottom rates of the rate schedule is rather 
marginal. This may be the reason why our results show a decrease 
in the total level of labour supply and pre-tax income. The slight 
increase in inequality may be accounted for by the fact that the tax 
cut is less of a disincentive for workers with higher incomes than 
for those with lower incomes. Nevertheless, it is interesting to notice 
that it is only part of this increment that carries through to the 
post-tax inequality. This may be explained by the fact that the re-
distributive impact of the new, 1975 structure is substantially greater 
than that of the 1974 one (see Chapter 4). 

6.6.2. The Differential Effects of the 1974 Structure as against Proportionality 

Our purpose here is first to estimate the implications for labour 
supply and pre-tax income distribution if the 1974 tax structure is 
replaced by a proportional tax of equal yield. Secondly, an attempt 
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is made to estimate the differential effects of these two regimes over 
a 2-year period of rising gross wages. To this end, we carry out two 
experiments, one under the 1974 tax (Experiment I) and another 
under an equal-yield proportional tax (Experiment II). Both experi
ments use 1974 as a base year. For the second year, we use hypo
thetical data assuming that gross wages increase at an annual rate 
of five per cent due to a rising productivity. It is also assumed that 
both tax structures remain unchanged during the period under con
sideration. 

Let us first consider what is the flat rate that should be used in 
place of the 1974 tax system that will give an equal tax yield. This 
rate is expected to be, in general, different from the average tax rate 
of the progressive tax, for it is endogenous to the work/leisure cho
ice of the individual. Thus, finding the appropriate rate is a separate 
problem on its own. 

More specifically, the proportional rate (τ) of equal yield is 
found by way of minimizing, over τ, the function: 

min F = ( Τ - Σ tj ) 2 (6.45) 

where 
Τ is the total tax yield of the progressive 1974 tax, 
tj is the tax paid by the individual j at his maximizing level of 

hours worked and is 

tj = τ · (h - HLEQj) · W0j 

where 
HLEQj and Woj stand for hours of leisure equilibrium and gross 

wage rate, respectively, 
h is total number of hours available, and 

HLEQj = [a* h (1 - τ)1 "σ* Wifσ*] / [a* (1 - τ)1 σ* W ^ ^ (1 - a*)] 

where a* and σ* are the already estimated, utility-maximizing 
values of α and σ. Solving this minimization problem is a relatively 
easy task because of the linear form of the tax function. 

Having obtained the appropriate proportional rate of equal 
yield and using the labour supply parameters already estimated as 
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well as the same methodology as before, we re-calculate the maxim
izing labour supplied by each individual in both years. It is evident 
that the problem, in the proportional case, becomes much simpler 
because of the linear form of the tax function. The empirical results 
of Experiment I and II are presented in Tables 6.4 and 6.5, respec
tively. 

TABLE 6.4 
Experiment I: Estimates, under the 1974 Tax Structure* 

Year 

I (1974) 

II 

THW 

809,904 

803,263 

Δ% 

-0.82 

TPTI 

37,592,741 

39,156,807 

Δ% 

4.16 

GNBT 

0.1936 

0.1931 

GNAT 

0.1758 

0.1745 

TABLE 6.5 
Experiment II: Estimates, under a Proportional Tax of Equal Yield 

Year 

I (1974) 

II 

THW 

827,675 

824,778 

Δ% 

-0.35 

TPTI 

38,269,614 

40.037,670 

Δ% 

4.62 

GNBT 

0.1984 

0.1982 

GNAT 

0.1982 

0.1979 

Table 6.4 shows that the total level of labour supply (THW) is 
declining in the 2nd year. The corresponding level of the total pre
tax income (TPTI) rises, but by less than 5 per cent a year which is 
the increase in gross wages. This is evidently due to the small de
cline in the labour supplied. The concentration of incomes is much 
smaller than would be expected for the population as a whole since 
it refers to a quite specific and homogeneous group of people. The 
last two columns show that there is a marginal improvement in the 
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inequality of both before and after tax incomes. The results ob
tained from Experiment II suggest that replacing the 1974 tax by a 
proportional one would bring about an increase not only in labour 
supply and TPTI), but also in the degree of pre-tax inequality. 

A comparison between the results presented in Tables 6.3 and 
6.4 shows that: 

a. As far as the base year is concerned, THW, TPTI, GNBT 
and GNAT are greater under the proportional tax. This means that 
a proportional tax is more of an incentive (or less of a disincentive) 
to work. Moreover, the rise in labour supply tends to be higher for 
the high-income people of the sample, which explains the greater in
equality in pre-tax incomes under the new tax. As to the after-tax 
concentration of incomes, it has increased substantially more than 
the pre-tax inequality; this is due to the proportional tax being re-
distributionally neutral. Thus our results suggest that, on aggregate, 
the first-year effects of replacing the 1974 structure by a propor
tional one include a greater labour supply, but also a higher in
equality of incomes before tax and, even more so, after tax. 

b. Comparing the development of THW, TPTI, GNBT and 
GNAT in the two-year period, during which real gross wages rose 
by five per cent, shows that (i) there is a decline in THW, in both 
experiments, (ii) total pre-tax incomes rise by less than 5 per cent 
which was the percentage increase in wages. This is because the 
wage increase was partly offset by a reduction in labour supply, and 
(iii) although inequality — both before and after tax — markedly 
deteriorates as a result of the first-year impact of substituting a 
proportional for a progressive tax, the second-year effects under the 
two different tax structures result in a Gini coefficient practically 
unchanged under a proportional tax, but smaller under a progres
sive tax; and this goes for both before-tax and after-tax incomes. 

The results from the two experiments show that the propor
tional tax is more of an incentive (i.e. greater labour supply) in the 
first year, and less of a disincentive (i.e. smaller decrease in labour) 
in the second year. As to the redistributional aspect of the tax 
change, there is an increase in inequality in the first period. In the 
second year, however, inequality declines under the 1974 tax system, 
whereas it remains virtually unchanged under a proportional tax. 
Thus, it becomes evident that although a proportional tax leads to a 
better allocation of resources, it is redistributively inferior to a pro
gressive tax structure. Therefore, the empirical evidence neatly illus-
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trates the classical trade-off problem between the two traditional but 
conflicting objectives, that is, economic efficiency and income redis
tribution. 

6.6.3. The Differential Effects of an Equal-Yield Poll Tax 

The effects of an income tax are often compared with those of 
an equal-yield poll tax. This is because, in some respects, a poll tax 
may be regarded as the opposite of an income tax. Indeed, the 
former as opposed to the latter has no distorting effects on the allo
cation of resources and in particular of labour with which we are 
mainly concerned with in this chapter. As a result of the declining 
marginal net remuneration of work under an income tax, the indi
vidual may choose to substitute untaxed leisure for taxed labour ev
en when, in the absence of the tax, he would have preferred (more 
of) the latter. This may lead to economic inefficiency because the 
tax interferes with the work/leisure choice of the individual. On the 
contrary, a poll tax has no distorting effects for it leaves the relative 
(net-of-tax) prices of work and leisure unaffected. It is, therefore, 
the substitution effects (change in relative prices) that bring about 
allocative inefficiency which in the case of the poll tax are non
existent. Such a tax does, of course, have income effects but these 
do not distort the trade-off between earnings and leisure, that is, the 
slope of the budget constraint. Indeed, it is because of this that 
some writers (such as Tinbergen, 1977) have even suggested that 
lump-sum taxes should be universally adopted in order to preserve 
the advantages of zero marginal tax rates. 

When considering taxes of equal yield, as we do here, their dif
ferential effects on labour supply and income distribution stem from 
their different substitution effects, for their income effects are the 
same (at least at the individual level41) since they all absorb the 
same amount of income. As in the previous section, the question 
arises as to which is the actual poll tax to use to replace the pro
gressive 1974 structure and still have the same tax yield. Unlike a 
proportional tax, an equal-yield poll tax is not endogenous to the 

41. At the aggregate level, no a priori prediction is possible. 
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individual's work-leisure choice. This is so because a poll tax does 
not depend on the individual's labour supply or income but only on 
the number of taxpayers, which is exogenously fixed. Therefore, the 
poll tax of equal yield to simulate in our computer program coin
cides with the average tax paid under the 1974 tax system. 

TABLE 6.6 
Estimates, under a Poll Tax of Equal Yield 

THW TPTI GNBT GNAT 

POTEY* 831,147 38,475,279 0.1972 0.1991 

PLTEY 827,675 38,269,614 0.1984 0.1982 

1974 tax 809,904 37,592,941 0.1936 0.1758 

* POTEY = Poll Tax of Equal Yield 
PLTEY = Proportional Tax of Equal Yield. 

Table 6.6 shows the incentive and redistributional effects of an 
equal-yield poll tax as compared to those of a proportional tax and 
the 1974 tax. The differential effects of a poll tax, as compared with 
the benchmark equilibrium, are in trie same direction and of rough
ly the same magnitude as those of a proportional tax. The "same 
direction" might be expected, since a progressive tax is more of a 
disincentive than either of the other taxes at the individual level. 
What remains to account for is why an equal-yield poll tax gives re
sults similar to those of the proportional tax, although the former, 
as opposed to the latter, has no distorting effects at all. The only 
possible explanation is the difference between the individual and the 
aggregate levels of analysis when trying to predict the differential ef
fects of alternative tax systems. This is to say that the actual distri
bution of individuals in our data set is such that the incentive ef
fects of those people who are away from — and on either side of 
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— the average individual to some extent counterbalance42 one 
another. Thus the two taxes appear, on aggregate, to have about 
the same impact on labour supply as on the pre-tax and post-tax 
distribution of incomes. It may be noted, however, that unlike the 
proportional tax, the concentration of incomes in the case of the 
poll-tax is greater after tax than it is before tax. This indicates that 
the resulting income effects are (on average) slightly greater for the 
low-income individuals in the sample than for the high-income ones. 

6.6.4. The Effects of Inflation Through the Changes it Produces in the Statutory Tax Structure 
in Real Terms 

An attempt is made here to estimate the effects of inflation on 
labour supply through the "distortions" it causes to the progressive 
tax structure in real terms. 

During inflationary periods, the allowances and the taxable in
come bands which are fixed in money terms get smaller in real 
terms. As a result of this and for any given level of labour supply, 
the individual will find himself higher up on the rate schedule even 
though his real gross wage rate may be unchanged, whereas his net 
wage will fall. Consequently, other things being equal, inflation will 
in general cause a downward shift of the individual's budget con
straint. The maximizing level of the labour supplied by the individ
ual is likely to change, and this change can only be predicted empir
ically. 

To this end, we carried out a simulation exercise, assuming that 
the 1974 tax system remained unchanged in money terms during a 
2-year period. The first year (1974) is used as a base year, while in 
the second year prices are assumed to rise by 20 per cent affecting 
everybody's consumption basket to the same extent.43 Finally, in 
order to isolate the effects of inflation on work, it is assumed that 
all market wages rise to such an extent as just to keep pace with in
flation, so that they remain unchanged in real terms. 

42. On a priori grounds, these individual effects might outbalance one another in either 
direction, thus resulting in an aggregate effect quite different from the effect that may be pre
dicted for the average individual. 

43. This implies that the composition of the consumption basket is the same for every
body. This is an admittedly strong assumption but still a necessary one for carrying out our 
simulation exercise. 
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Using the same methodology as before, our model is modified 
to take into account the above assumptions. More specifically, as it 
is the real rather than nominal wages, incomes and tax structure 
that affect the individual labour supply, we deflate them so that 
they are all in real terms. As to the tax structure, our computer 
program is modified in order to incorporate the new (deflated) tax 
components. 

The results concerning the implications of inflation for labour 
supply and inequality of incomes are presented in Table 6.7. This 
table shows that the total number of hours worked rises, and this 
goes for pre-tax incomes as well. Small though they may be, these 
effects are perhaps indicative of the fact that what might have 
counted more is the decrease in allowances (income effect) rather 
than the increase in the marginal tax rates; this is due to the double 
nature of the tax change brought about by inflation. We make this 
remark, although (once again) it is an oversimplification to talk in 
terms of income and substitution effects, because it is only when the 
budget constraint is linear that their values give sufficient informa
tion to draw conclusions about the effects of taxation on labour 
supply. Finally, with regard to the distribution of pre-tax and post-
tax incomes, their inequality remains nearly unchanged. 

TABLE 6.7 
Estimates, under a Tax System Destorted 

by Inflation in Real Terms 

Year 

I (1974) 

11 

THW 

809,904 

812,638 

TPTI 

37,592,941 

37,656,834 

GNBT 

0.1936 

0.1933 

GNAT 

0.1758 

0.1754 

6.7. Concluding Remarks 

A basic aim of this chapter has been to specify a model that 
provides an accurate representation of the individual's choice set in 
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order to: 
a. obtain better estimates of the labour supply parameters, 

and 
,b. enable simulation of alternative policy options. 

In line with this aim, the labour supply model presented in this 
chapter involves individual utility maximization over a non-linear 
budget constraint that explicitly accounts, not only for the multiplic
ity of net wage rates resulting from the piecewise-linear tax func
tion, but also for non-convexities in the budget set due to overtime 
premiums. Our procedure was applied to weekly-paid workers, using 
data from the Household Expenditure Survey of 1974. 

The model was subjected to a battery of diagnostic tests which 
indicated that the statistical reliability of the model itself as well as 
its parameters cannot be rejected on the basis of the data being stu
died. 

The number of individuals for which observed and maximizing 
levels of work coincided on the same budget segment was found to 
be relatively small. This indicates that any assumptions doing away 
with the piecewise-linear form of the budget constraint are bound to 
lead to misestimations, especially for tax systems with narrow rate 
brackets. In addition, we also tested for the importance of allowing 
for non-convexities, and found that they affected significantly the 
estimated parameters of the model. Hence, introducing non-conve
xities into the analysis is an important step towards modelling the 
individual's actual maximization problem. 

The already estimated preference parameters were then em
ployed in order to estimate/predict the differential effects on the 
hours worked and the distribution of income: 
— of the 1975 income tax reform, 
— of a proportional tax of equal yield, 
— of a poll tax of equal yield, and 
— of inflation, through the changes it produces in the statutory tax 

structure in real terms. 
Now, coming to the results obtained from these simulations, 

the following remarks can be made. 
The results related to the 1975 tax reform reflect the redistribu-

tive objective at which the tax change was mainly aimed. Indeed, al
though the effects of changes in exemptions and tax rates seemed to 
run in opposite directions, the change in exemptions proved to be 
the prevailing one, resulting in more total hours worked. The redis-
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tributive effect of the change on post-tax incomes is now complete, 
in the sense that it does not only allow for the conventional redis-
tributiveness of the tax (which applies to an exogenously given dis
tribution of pre-tax incomes), but also for its effects on the distribu
tion of before-tax incomes that now becomes endogenous to the in
dividual's maximization problem. Although the direction of the 
former can in general be predicted on a priori grounds, the latter 
can only be predicted empirically. This comes out very clearly from 
the results obtained under the various policy regimes examined in 
this chapter. For instance, we may notice that although the 1975 
structure is evidently more redistributive than the 1974 one, its final 
redistrubutive effect amongst workers is negative (i.e. GNAT rises), 
just because it has a positive effect on pre-tax inequality. Indeed, al
though the latter is mitigated by the 1975 tax structure, it is not 
reversed. These findings are particularly useful to the policy-maker 
as they show that the so-called "redistributiveness" of the tax sys
tem, in the conventional meaning of the term, may actually result in 
a final redistribution of after tax incomes quite different from what 
expected. Consequently, investigating the incentive effects of the var
ious policy options is not important only because of their impact on 
labour supply as such but also because of their significant role in 
predicting the final redistributiveness of alternative policy regimes. 

As for the proportional tax of equal yield, our experiment 
shows that this is less of a disincentive than the 1974 tax, as would 
be expected. At the same time, however, the former causes a deteri
oration in the income inequality after tax. This illustrates the under
lying classical trade-off problem between allocative efficiency and 
income redistribution. The effects of the poll tax are much the same 
as those of the proportional tax, although one would expect them 
to be greater since the poll tax has no distortionary effects on the 
work/leisure choice of the individuals. With reference to the incen
tive and redistributional effects that may be brought about by infla
tion through its changing the statutory tax structure in real terms, 
they were found to be rather marginal on the basis of the data at 
hand. 

The reader might find some of the resulting differential effects 
relatively small for tax regimes as different as those considered in 
this chapter. The reason for this is that, although under a propor
tional or a poll tax all individuals are taxed "in the same way" — 
which is not the case under the 1974 graduated tax structure — the 
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tax change per se affects the various income groups in the sample in 
a quite different way. Indeed, the individual's average tax rate 
(ATR) and marginal tax rate (MTR), in comparison with the 1974 
tax, may be affected as follows: 

a. By a change to a proportional tax of equal yield: 

ATR smaller 
High-income individuals: 

The average individual: 

Low-income individuals: 

MTR smaller 

ATR same neighbourhood 

MTR smaller 

ATR greater 

MTR greater/smaller, and 

b. By a change to a poll tax of equal yield: 

— ATR in the same way as in the proportional case, whereas 

— MTR is reduced to zero for everybody. 

Impacts as different as these among individuals with the same 
utility function are bound to bring about incentive effects that may 
to some extent counterbalance one another, so that the aggregate ef
fects appear to be smaller than might be expected. 

Finally, it should be noted that no comparison is possible of 
the results concerning the redistributive effects of the tax between 
this and the previous chapters, because their data base is entirely 
different. The difference, however, between the two approaches con
vincingly suggests that most of the empirical and theoretical investi
gation of the effects of taxation on labour supply that has been un
dertaken in recent years should be embodied in studies concerning 
the distributional incidence of alternative tax policies. 

The empirical results discussed above were obtained under the 
particular maintained hypothesis of CES individual preferences. In 
assessing these findings, one should therefore relate them to the pa
rametric model employed, since the choice of functional form is 
bound to affect the resulting estimates. 
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Although the data employed are certainly the best available in 
Greece for present purposes, the empirical results presented in this 
chapter should be treated with caution and only considered in the 
light of our earlier discussion concerning data quality, limitations 
and problems. Additionally, the work/leisure choice may well be 
more complex than assumed: for instance the individual may face a 
choice between paid market work, unpaid non-market work (e.g. 
painting, or cultivating his garden) and leisure. Non-pecuniary forms 
of remuneration (e.g. provision of accommodation, etc.) are ignored, 
with the result that money earnings may misrepresent the full re
muneration of some individuals. Finally, no allowance is made for 
other aspects of labour supply, notably among which is the intensity 
of work. 

Estimates concerning the incentive effects of taxation are of 
considerable importance to policy-makers. However, when drawing 
policy inferences from our results, one should be aware of the fol
lowing caveats to the present methodology. 

First, the model employed in this chapter (a) relies on cross-
section data and thus our estimates may not hold over time, and (b) 
it does not allow for life cycle factors which for some categories of 
people may be particularly important; e.g. some people may work 
hard not for current earnings but for (hoped-for) future income. 

Secondly, the analysis is based on the implicit assumption that 
the demand for labour is perfectly elastic. In other words, the indi
vidual's gross or market wage rate is assumed to be exogenously 
fixed, unaffected by the tax. This is a restrictive assumption since a 
flat demand curve implies a constant rather than a diminishing 
marginal product of labour in the production process. In fact, since 
the income tax applies to all individuals supplying labour, it affects 
the aggregate supply of labour and thus might be expected to influ
ence the market wage rate. Although it is obviously difficult to al
low for this factor within the context of the analysis of the present 
chapter, the demand side of the labour market should also be taken 
into consideration before drawing any policy conclusions. 

Finally the effect of income taxes has been investigated using a 
partial-equilibrium framework and assuming that the taxes collected 
from individuals are used by the government to make transfers to 
other individuals. The former implies that general-equilibrium effects 
on labour supply are ignored, while the latter assumption disposes 

220 

' 



of difficult issues that might arise if the government used its tax 
proceeds to purchase government goods. 



APPENDIX 

QUESTIONNAIRE44 CONCERNING MONEY INCOMES 

1. IF PAID WEEKLY: 

a. How much net income did you receive last week (Mon.-Sun.) 
from wages, overtime work, etc. (excluding any compensations 
or presents)? 

b. Was there any amount withheld to cover loans to you (not included 
in a.) and how much? 

c. How much did you receive, in the last 12 months, as compensa
tions or presents? 

d. Do you work in another job as well? If yes, 
i. Paid monthly? If yes, answer the questions 2a-c. 

ii. Paid weekly? If yes, reanswer the question la-c. 
e. Are you also an employer or self-employed? 

If yes, what was your net income from your business or enter
prise in the last period for which you have data available? (Men
tion the reference period and kind of business or enterprise). 

2. IF PAID MONTHLY: 

a. How much net income did you receive last month from salary, 
overtime work, committees, boards etc. (excluding any compen
sations or presents)? 

b. Was there any amount withheld to cover loans to you (not included 
in a.) and how much? 

c. How much did you receive, in the last 12 months, as compensa
tions or presents? 

d. Do you work in another job as well? If yes, 
i. Paid monthly? If yes, reanswer the questions 2a-c. 

ii. Paid weekly? If yes, answer the questions la-c. 

44. This is only the part related to the occupational category of workers, either directly 
or indirectly. 



e. Are you also an employer or self-employed? 
If yes, what was your net income from your business or enter
prise in the last period for which you have data available? (Men
tion the reference period and the kind of business or enterprise). 

3. ALL MEMBERS 

a. In the last 12 months, did you receive any amount from interest 
or dividends and, if so, how much? 

b. Last month, did you receive any amount from rents and, if so, 
how much? 

c. Last month, did you receive any benefits due to sickness, unem
ployment, death, etc.? 
If yes, 
i. How much? 

ii. What kind of benefit was that? 
d. Last month, did you receive any amount from any other source? 

If yes, 
i. How much? 

ii. What is the source? 



CHAPTER 7 

CONCLUDING REMARKS 

The purpose of this study has been to examine some basic as
pects of personal income taxation with a view to increasing our 
understanding of the tax and, through this, to help in policy formu
lation in the long-run. More specifically, we have investigated three 
important questions relating to the characteristics and implications 
of a graduated tax structure, that is, revenue responsiveness, rcdis-
tributive effects and incentive effects, with reference to the Greek 
case. 

In dealing with these questions, we have tried to use a disag
gregated analysis in order to investigate the properties and the ef
fects of the individual tax components as well. Such an approach is 
useful from a policy point of view because it offers the advantage of 
more detailed information, enabling an appraisal of the relative sig
nificance of the various parts of the tax system with regard to the 
issues of interest. 

The main themes and findings of the study can be summarized 
as follows. 

The first question of interest concerns the identification of the 
main factors determining aggregate tax liabilities and the estimation 
of their impact with regard to the various parts of the tax system 
and the tax as a whole. The present analysis has been carried out 
within a time series framework by proposing and implementing a 
method of purging the tax series of the revenue effects of discre
tionary changes in the tax laws. This method introduces explicitly 
into the analysis pure tax parameters as provided by the tax law, 
directly controllable by government. The advantage of this approach 
in comparison with previous work in the field is (a) that it provides 
more accura e hypothetical tax series, as adjusted to the structure 
being considered, < l.tking tlv «ime series regression analysis more ef
ficient and ι*-*) .h«-i >nst« nual part of the legislated tax structure 
can be trtat;d as vai «able, enabling evaluation of alternative tax 
policy option:». 
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The effective progressiveness and the effectiveness of the tax as 
a redistributive device is the second issue dealt with in this study. 
The approach employed here makes it possible to assess the redis-
tributive ability of the individual tax components and the tax as a 
whole, under different sets of value judgements about "inequality" 
and with respect to two composite tax parameters on which redis-
tributiveness depends, that is, the "steepness" of structure and the 
general level of the effective average tax rates. It has been shown 
that a family of linear inequality measures possesses useful proper
ties, for present purposes, and it is on these measures that our ana
lytic framework is based. The same methodology has also been em
ployed for studying the redistributive effects of inflation. The empir
ical findings provide detailed information about the redistributive 
properties and effects of the tax system, using three alternative in
equality measures stressing the income shares at different parts of 
the distribution. Our results show that different perceptive notions 
of inequality may result in different conclusions about the redistri-
butiveness of the tax system. 

In the final part of our work, personal income taxation is in
vestigated in a more general framework, allowing original incomes 
to become endogenous to the individuals'^labour supply decisions. 
Thus the effects of the tax on the incentives to work and, through 
them, on the pre-tax distribution of incomes, come into perspective. 
Our analysis is based on individual utility maximization over a non
linear budget constraint that explicitly accounts not only for the 
multiplicity of net wage rates due to a piecewise-linear tax function, 
but also for the non-convexities of the budget set due to overtime 
premiums. The data used and their limitations and related problems 
are analysed. The model is then subjected to a number of diagnostic 
tests to check for its statistical reliability. Finally, our procedure 
and the estimated preference parameters are employed in order to 
estimate/predict the differential effects of a number of different tax 
changes and regimes. The policy implications that emerge from the 
results of these simulations are particularly revealing and are set out 
in Chapter six. 

There are undoubtedly many limitations to the results presented 
in this study, and these limitations have been discussed in detail in 
the relevant parts of the text. 

Several extensions of the study can be envisaged and, in what 
follows, we list only a few of them. 
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The analysis of revenue effects of the tax could be further en
riched by employing a more disaggregated approach that considers 
incomes from various sources separately. Such an approach might 
prove particularly useful in identifying the effects of demographic 
and other factors on tax revenue. Another empirical extension 
would be to estimate the revenue effects of alternative tax policy 
changes by simulating them through the method of adjustment pro
posed in Chapter two. 

Coming now to the question of redistributive effects, one might 
look for ways of expressing the redistributive impact of the tax, in 
terms of progressivity and average tax rate, for the case of non
linear measures as well. Furthermore, the redistributive properties of 
the tax could also be examined outside the conventional relative Lo
renz framework, using absolute inequality indices. 

Finally, another extension of the present work could comprise 
the modelling of labour supply decisions in the presence of non
linear budget sets and incomplete samples (for example, the case of 
labour supply of women). In what follows, we give some considera
tion to this question, as an indication for future research in that di
rection. 

Various methods of estimation in the case of incomplete models 
are found in the literature and most of them are surveyed by Ame-
miya (1984). The most interesting approaches, in the sense that they 
generate estimators with satisfactory properties, are the original 
Tobit model (Tobin 1958), the truncated Tobit model (Hausman 
and Wise 1976 and 1977, Wales and Woodland 1983), and the 
Heckman two stage estimator, (Heckman 1976, 1979, 1980). Given 
normality assumptions about sample distribution, the Tobit model 
involves setting-up and maximizing the likelihood function which al
lows explicitly for the sample selection mechanism. 

In a demand for leisure context, the traditional Tobit likelihood 
function can be written as1-2 

m η A 

LT = Π f (UJ / ou) / ou · Π (1 - F (h - h ( w > M ) )) (7.1) 
ι = I i=m + 1 O u 

1. It should be noted, here, that all the relevant empirical work on labour supply has 
been based on ad-hoc, mainly linear, hours-of-work equation. 

2. See Amemiya (1984). 
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where f and F are the standard normal density and distribution 
functions; u the error term of the demand equation for leisure (Lj); 
h is the total number of hours available; and i = 1,..., m is the 
sample for workers whereas i = m+l,...,n is the sample for non-
workers. Maximizing the logarithm of the likelihood function (7.1) 
provides estimates which have the usual desirable properties of be
ing asymptotically unbiased, efficient and normally distributed. 

In the case of non-linearities in the budget set, the above model 
may be combined with our demand for leisure function, equation 
(6.5), resulting in the following likelihood function 

m η 

LT = Π f (Lj - L* (Wj, Mj) / σ„) σ„ • Π (1 - F (h ~ L*i (w> M))) (7.2) 
i = 1 i = m + l G u 

where L* is the utility-maximizing demand for leisure as defined in 
Chapter six. Maximization of (7.2) requires information on all vari
ables, including the wage rate of non-working individuals. If such 
information is not available, as is usually the case, the Tobit likeli
hood function cannot be formed. However, one could still compute 
and maximize the truncated Tobit likelihood function with respect 
to the subsample of workers. In our case (i.e. with non-convexities) 
this function may be written as: 

L (Lj | Lj < h)=fi [ f(Lj - L*(Wj, Mj) / σ„) GJ 1 / F (h Ζ L * (W>M)) ] (7.3) 

which is only part of the complete Tobit model. The parameter es
timates obtained by maximizing (7.3) are consistent and asymptoti
cally normal and efficient only with respect to the subsample of 
workers3. 

The third approach, that is Heckman's two-stage estimator, 
cannot be applied in this context, since the statistical properties of 
the estimates have been established only for the case of a linear la
bour supply function. It is pointed out that estimation of (7.2) and 
(7.3) is a more complex exercise than the one in Chapter 6, from a 
computational point of view, since maximization of the likelihood 

3. See Wales and Woodland, 1980. 
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function is no longer equivalent to minimization of the error sum of 
squares and, as a result, the number of parameters is increased. 
Equation (7.2), in particular, presents additional problems since glo
bal concavity of the Tobit likelihood function has been shown only 
with respect to a transformed set of parameters (Olsen, 1978). 

In spite of the obvious difficulties, further research in the above 
direction, apart from being particularly interesting in its own right, 
may also help the researcher to answer topical questions, such as 
the effects of changes in the tax treatment of family income. 
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