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I I N T R O D U C T I O N 

his paper describes part of the Personal Income Tax system in the 
JL context o f w o r k in progress on a model o f the Irish economy. The model 

is a short-run one designed to quantify the effects o f fiscal pol icy on the 
major economic aggregates. I t is being estimated over the 21 year period 
1953 to 1973. We wished to consider only those effects of fiscal pol icy 
which occur w i t h i n one year o f a given fiscal action. Thus, in so far as 
personal income tax is concerned, we need only consider the Pay As Y o u 
Earn (PAYE) tax system; other personal income tax receipts in any year, 
such as those from self-employed persons, have been functions o f income 
and the tax system prevailing in the previous year, or in previous years. That 
is because there have been lags between the period when income accrued and 
when i t was assessed for tax, and a further lag between assessment and pay­
ment o f tax. No such lag operates in the P A Y E system. 

The P A Y E system was introduced in 1960. Therefore we examine that tax 
system for the period from 1960 to 1973. In the years 1953 to 1960 
personal income tax receipts are exogenous to our model , being determined 
completely by the level o f income and the tax system of the previous year, 
or o f previous years. 

*We would like to express our gratitude to P. J . Carro l l and C o m p a n y L i m i t e d for 
financing this research. F o r comments on an earlier draft, we thank several of our 
colleagues, especially Brendan R . Dowl ing , Patrick T . Geary and Richard Vaughan . 



Examinat ion o f the Personal Income Tax system in Ireland has been 
greatly facilitated by the recent work o f Dowl ing (1977). He constructs a 
detailed model o f the complete Personal Income Tax base. Already features 
o f that work have been employed to estimate personal income tax receipts 
for use in a macroeconomic model (Kelleher, 1976). Our attempt to analyse 
the P A Y E system in the manner in which Dowl ing examines the complete 
Personal Income Tax system leads us to adopt a procedure different f rom 
that o f Kelleher. 

Throughout our sample period the PAYE system covered almost all 
employees except civi l servants, the army and the gardai. 1 The system 
involves deduction of tax by the employer before payment of wages or 
salary to the employee. The amount o f tax payable was estimated, un t i l 
1974, by application o f a Standard Tax Rate to a tax base, known as 
Taxable Income. The Surtax system, which involved application of various 
tax rates depending on the level of income (and w i t h significant lags) was a 
separate tax structure and shall not be dealt w i t h here. 2 

The amount, Taxable Income, to which to apply the Standard Tax Rate 
(or, after A p r i l 1974, standard tax rates) was, and sti l l is, estimated by 
making various deductions f rom the Gross Incomes o f potential P A Y E tax­
payers. For the P A Y E system, Gross Income represents the total income 
that comes to the at tention o f the Revenue Commissioners. By and large, the 
incomes o f those who are below the "exempt ion l i m i t " , which is set by the 
level o f Personal Allowances, are excluded from the def ini t ion o f Gross 
Income. Next , under the heading "Exemptions and Deductions", are interest 
payments and payments under insurance policies; these payments are sub­
tracted from Gross Income to give a figure known as Actual Income. From 
Actua l Income, un t i l the A p r i l 1974 Budget, was subtracted Earned Income 
Relief. That was a system which allowed a worker deduct 25 per cent of 
to ta l Earned Income up to a maximum o f £500, from income before assess­
ment o f tax due. The deduction o f Earned Income Relief from Actual 
Income gave a figure known as Assessable Income. Personal Allowances were 
then, and sti l l are, 3 subtracted from Assessable Income to yield Taxable 
Income, to which the Standard Tax Rate was applied. 

1. C iv i l servants, the army and the gardai were brought into the P A Y E system in 
A p r i l 1976. 

2 . T h e Surtax system was abolished in 1974 and amalgamated with the Income T a x 
system. T h u s a single Standard T a x Rate no longer exists. Instead different tax rates 
apply to different bands of taxable income. 

3. Since E a r n e d Income Relief , after A p r i l 1974 , was zero, the concepts Actual 
Income and Assessable Income have been identical after that date. 



I I A N A L Y T I C A L PRINCIPLES A N D M E T H O D S 

Tax receipts are the outcome o f a tax rate (or rates) operating on a tax 
base (or bases). I n the case o f the P A Y E system, the overall base, Taxable 
Income, has been the outcome o f the operation o f several rates on several 
bases. Thus there have been three rates, or sets o f rates, in the P A Y E system 
in the period under review. These rates are instruments or potent ial instru­
ments o f fiscal pol icy . First, there was the rate o f Earned Income Relief; 
secondly, there are the Personal Allowance rates and l imi t s ; f inal ly , there was 
the Standard Tax Rate. To ta l Earned Income, as statutori ly defined, was the 
base upon which the rate o f Earned Income Relief operated. For each o f the 
Personal Allowance rates there is a base; these bases are the number of 
married persons, the number of single persons, the number o f widows and 
widowers, etc. A n d , as stated earlier, the Standard Tax Rate operated on the 
base Taxable Income. 

Unfortunately i t is not possible for us to fo l low the logic o f the P A Y E 
tax system as closely as Dowl ing has fol lowed the logic o f the complete 
Personal Income Tax system. That is because data are not available on the 
intermediate steps in the calculation o f Taxable Income for the PAYE 
system. We do not know what Actua l Income or Assessable Income were in 
the P A Y E system in any year. Nor are there any published data on how 
much Earned Income Relief or Personal Allowances were claimed by P A Y E 
earners in any year. 

Given the l imitat ions o f our data, we have to consider what features o f the 
tax system are of pr imary interest and in what way we can best analyse 
these. We wish to examine how tax receipts have been determined by the 
level o f Personal Income, the level o f Personal Allowances, the Standard Tax 
Rate and the rate o f Earned Income Relief. We have to consider whether to 
directly estimate tax receipts as a funct ion o f these four or whether to 
estimate the tax base, Taxable Income, on which the Standard Tax Rate 
operated to give tax receipts. 

We have to consider also how we can incorporate the instruments o f fiscal 
policy — the Standard Tax Rate, the level o f Personal Allowances and the 
rate o f Earned Income Relief. As far as possible we have tr ied to respect 
what Balopoulos (1967) calls "a fundamental principle, namely, that the 
parameters o f government action to be introduced ought to be pure govern­
ment action parameters, i.e., parameters o f action upon which the government 
exercises exclusive con t ro l " . A "composi te" government action parameter 
wou ld be a parameter the value o f which depended not only on government 
decisions but also on " the value o f a great variety o f economic and demo-



graphic variables, such as the level o f aggregate personal income, the pattern 
of income dis t r ibut ion , the number o f taxpayers, the p ropor t ion o f earned 
relative to tota l personal income, the personal circumstances o f taxpayers, 
etc., which are outside government con t ro l " . (Balopoulos, 1967, p . 14). 
Balopoulos points out that the use o f composite government action parameters 
could lead to poor forecasting where a change in the tax structure or in 
income dis t r ibut ion occurs. A n d in a model specifically designed to serve 
policy purposes, an estimate o f a composite government action parameter is 
inappropriate unless we have an estimate o f the l i n k between the composite 
parameter and some pure parameter o f government action. "The val idi ty of 
such composite estimates rests on the assumption that the underlying 
structure (the tax structure, income dis t r ibut ion, etc.) remains unchanged, 
b u t the principal objective o f any economic pol icy model is by def in i t ion to 
consider changes in the structure". (Balopoulos, 1967, p . 17). 

We decided to concentrate our at tention on estimating the determinants 
o f the P A Y E tax base, rather than on estimating P A Y E tax receipts directly. 
(We w i l l obtain the ul t imate determinants o f receipts indirectly, via the tax 
base and the tax rate.) Kelleher has applied part o f Dowling's w o r k to derive 
a more direct estimate o f to ta l Personal Income Tax Receipts as a funct ion 
o f Personal Income and the level o f Personal Allowances claimable. However, 
estimation of the determination of the tax base (from which we derive the 
determinants o f tax receipts) has, we believe, several advantages, some of 
which are noted by Dowl ing . First, i t allows us to separate the influence on 
tax receipts o f changes in the tax base and changes in the tax rate. Secondly, 
i t makes the functions we estimate more applicable to the Irish tax system 
after 1974 than wou ld be the case i f we estimated tax receipts directly. In 
1974 the Standard Tax Rate was abolished and replaced by a range of rates 

- applicable to different slices o f taxable income, but the calculation of the 
tax base, Taxable Income, remains more or less the same as before. As 
Dowl ing notes, the use o f an equation or model estimating the tax base, 
Taxable Income, after 1974 w i l l depend on some explorat ion o f the relation­
ship between tax rates and tax base in the new tax code. This is necessary 
i f we are to go from our estimate of the determinants o f the tax base, 
Taxable Income, to an estimate o f the determinants o f tax receipts. Th i rd ly , 
estimating first the tax base rather than direct ly estimating tax receipts 
allows us to incorporate the Standard Tax Rate in our model. Very l i t t l e 
variation occurred in the Standard Tax Rate during our sample per iod; thus 
i t was found impossible to directly estimate tax receipts as a funct ion o f the 
Standard Tax Rate. I t seems important , however, to include the Standard 
Tax Rate in our model in some way. Primarily because i t was an important 
fiscal pol icy instrument. Secondly, «'because o f the impossibil i ty of 



modell ing in as much detail as we wou ld ideally wish, the operation of 
Personal Allowances and Earned Income Relief in the P A Y E system due to 
the l imi ted nature o f the data available to us. As already indicated, Kelleher 
used Personal Income and Personal Allowances claimable to determine tax 
receipts. However, Kelleher notes that "s t r ic t ly speaking, other variables 
should be included to take proper account o f the tax structure. I n particular, 
tax rates and the rate at wh ich Earned Income Relief could be claimed, 
should be included". (Kelleher, 1976, p . 2). We shall consider the extent to 
which i t is possible to take account o f those two variables. 

A standard rate o f tax applied throughout our sample period 1960 to 
1973. Thus P A Y E tax receipts, T, i n any year, n , w i l l be Taxable Income, T I , 
i n year n mul t ip l i ed by the Standard Tax Rate, t , i n year n : 

T n = ( T I n ) ( t n ) 

We want to estimate the determinants of T I , the P A Y E tax base, as a 
funct ion o f Personal Income, Personal Allowances, and the rate o f Earned 
Income Relief, i.e., 

T I = f (Y, P A L , E I R ) , 

where Y = Personal Income 
P A L = Personal Allowances Claimable 
E I R = Earned Income Relief 

Having estimated the determinants o f P A Y E Taxable Income in our 
sample period, i t w i l l be a simple matter to estimate P A Y E tax Receipts. 

The only official data available for the P A Y E system are Gross Income, 
Tax Payable, and Tax Receipts. Otherwise the figures on P A Y E are included 
in the official data for the complete Income Tax system. Thus we have had 
to adjust many o f the official statistics to derive our data. The data used, 
along w i t h a description o f its derivation, can be found in the appendix. 
Before proceeding to estimation some comments on our data adjustments 
are appropriate. First, in relation to deriving a series for P A Y E Taxable 
Income we note that there is vir tual ly no lag between assessment o f income 
and payment o f tax in the P A Y E system, and so Tax Payable and Tax 
Receipts are practically identical; we w i l l thus assume that they are identical. 
Thus we do not have to choose between estimating tax liabilities and esti­
mating tax payments. This choice is clearly crucial in models o f taxat ion 
systems which contain lags. 

As ex post identities for the P A Y E system i t must be the case that actual 



tax yie ld = (tax rate) (actual tax base). So actual tax base = (actual tax y ie ld) / 
(tax rate). F r o m the published data we know actual tax receipts, so we can 
divide through by the Standard Tax Rate to get the actual tax base, what we 
w i l l call Taxable Income. I t is our objective to find the ult imate ex ante 
determinants o f this Taxable Income (in terms of behavioural equations 
rather than expressed as an ident i ty) and hence,,of PAYE tax receipts. 

Personal Allowances operate twice in the determination o f Taxable 
Income. Those whose incomes are below their personal allowances are 
exempted f rom income tax. Secondly, those who are actually in the tax net 
are enti t led to claim tax-free income up to the level o f their particular 
personal allowances. Because of the recursive nature o f his model , Dowl ing 
was able to incorporate these two effects separately s This cannot be done 
for the P A Y E system since we cannot estimate the intermediate steps in the 
determination o f Taxable Income. 

Our series P A L is a measure o f the Personal Allowances claimable by 
potential P A Y E taxpayers. Available data do not permit us to examine the 
relationship between the level o f allowances claimable and the level of 
allowances actually claimed. I f everyone were in the tax net the two wou ld 
be approximately equal. The value which P A L takes in any year depends 
pr imar i ly on the levels at which government sets the various personal allow­
ances b u t is also sensitive to demographic movements and shifts i n labour 
force composi t ion and employment status. These s magnitudes are largely 
beyond government's con t ro l . This makes the measure P A L no t a pure 
government action parameter i n the sense discussed earlier; strictly, speaking, 
a measure o f the responsiveness o f Taxable Income to changes in P A L does 
n o t tel l us exactly how Taxable Income responds to a given change in the 
money values o f the various personal allowances. But since our model is a 
short-run one, we can assume that the demographic ,and employment 
structure is constant i n any given year. Thus in a short-run model P A L con­
forms reasonably wel l to the analytical principles we would l i k e t o see in 
fiscal pol icy models. (See items 5, 6 a n d 7 in the,appendix). 

E I R was claimable at 25 per cent o f earned income up to a maximum 
claim o f £500 throughout our sample period 1961-1973. First i t interacted 
w i t h Personal Allowances in determining whether an individual was in the 
tax net. A person w i t h an income o f £1,100 and Personal Allowances o f 
£1,000 wou ld not have been in the tax net since the excess o f income over 
tax-free Personal Allowances was smaller than his/her entitlement to E I R at 
25 per cent o f £1,100, i.e., £275. Secondly, those who were in the tax net 
could deduct 25 per cent o f their earned income from their income that was 
otherwise subject to tax. Again, unlike Dowl ing , we cannot incorporate these 
two effects separately. •••< , ; -



I t seems impossible to adequately take account o f E I R i n the P A Y E 
system. First, because the rate o f E I R was constant throughout our sample 
period we saw no point i n at tempting to use the rate itself as an explanatory 
variable in estimating the parameters of a funct ion for Taxable Income. 
Second, the rate o f E I R is the only informat ion available on the operation 
o f E I R i n the P A Y E system. The effect o f a constant rate o f E I R could be 
analysed i f some data on the amount o f E I R claimed each year were avail­
able; bu t as already indicated such data were not available. I t was, however, 
felt that to ignore E I R w o u l d be to impute the deduction under E I R to 
either Personal Allowances or Personal Income. 

Thus we adopted a commonsense procedure by simply deducting 25 per 
cent o f Earned Income. 4 That is, we scale our Personal Income series by 
0.75. ( A l l income in the P A Y E system is Earned Income.) We must take note 
o f an assumption involved in this procedure. The system o f E I R contained 
a l i m i t o f £500 on the max imum claim. Thus a taxpayer w i t h Earned Income 
of more than £2,000 could claim only E I R o f £500 and wou ld not therefore 
be getting relief o f 25 per cent o f to ta l Earned Income. Our assumption is 
therefore unrealistic in as much as there were taxpayers w i t h earned incomes 
over £2,000. However, E I R was abolished in 1974 and the above adjustment 
which we propose to adopt for i t wou ld not be made in application o f the 
model to years after 1973. 

I n order to evaluate this adjustment for E I R we w i l l also estimate a 
funct ion for Taxable Income wi thou t any adjustment to our Personal 
Income series. 

I l l E S T I M A T I O N 

We wish to estimate two general functions: 
T I - f ( Y , P A L ) , w i t h no adjustment for EIR , and 
T I = f ( .75Y, P A L ) , w i t h an adjustment. 

We can identify some a priori expectations about some o f the derivatives. 

1 > 5 T I / 5 Y > 0 (i) 

5 2 T I / 5 Y 2 > 0 ( i i ) 

5 2 ' T I / 5 Y 8 P A L < 0 ( i i i ) 

- 1 < 5 T I / 5 P A L < 0 (iv) 

5 2 T I / 5 P A L 2 > 0 (v) 

'4. F o r a description of the procedure actually applied by the Revenue Commissioners 
see K e l l y and Carmichae l , 1968, p . 230 . , 



(i) We obviously expect an increase i n Personal Income to cause an 
increase in T I . However, we do not expect that an increase in Personal 
Income could cause a greater increase in T I . I f everyone were in the tax 
net, 8 T I / 8 Y w o u l d equal un i ty . 

( i i ) We also expect 5 T I / 5 Y , the responsiveness of T I to an increase in 
Personal Income, to increase as Personal Income increases. As Personal 
Income rises, more and more people enter the tax net and further 
changes in Personal Income are more ful ly reflected in T I . I f everyone 
were in the tax net, 8 2 T I / 8 Y 2 wou ld equal zero. 

( i i i ) As Personal Allowances claimable increase we expect 8 T I / 8 Y to fall . A n 
increase in P A L removes some people f rom the tax net, thus making T I 
less responsive to changes in Personal Income. I f all personal incomes 
were very high we might expect 8 T I / 8 Y to be unaffected by an increase 
in P A L ; however, this case is l ike ly to be outside the range of our 
observations. Given a certain cont inu i ty assumption condi t ion ( i i i ) is 
mathematically equivalent to 6 2 T I / 5 P A L 5 Y < 0. 

(iv) We expect 5 T I / 5 P A L to be negative. A n increase in P A L w i l l always 
reduce T I . Bu t we do not expect that, w i t h i n the ranges o f our obser­
vations, a given increase in claimable Personal Allowances could reduce 
T I by as much as that increase in Allowances. Thus 8 T I / 8 P A L > — 1. 

(v) We expect 8TI /8PAL to be increased as Personal Allowances are increased. 
A n increase in the level o f Personal Allowances removes people from 
the tax net. Then any given change in Personal Allowances w i l l be 
reflected less ful ly i n changes in T I ; the value o f 8 T I / 8 P A L w i l l have 
become less negative. Therefore 8 2 T I / 8 P A L 2 > 0. 

Several functional forms, which ideally should satisfy the more important 
o f our a priori condit ions, . were estimated. We preferred the double-log 
transformation: 

L n T I = ao + a! L n Y + a 2 L n P A L 

w i t h or w i t h o u t adjustment for EIR. 
I t is possible that this general specification w i l l satisfy all the a priori 

desirable conditions. O f the various alternative forms for which parameter 
estimates were made, the least unsatisfactory appeared to be 

T I = a 0 + a i Y + a 2 Y 2 + a 3 P A L 2 

I t w i l l be noted, however, that this fo rm inevitably violates a priori condi t ion 
( i i i ) . We re-estimated each equation w i t h the intercept constrained to be 



zero: we expect that i f Personal Income and Personal Allowances were zero 
there wou ld be no Taxable Income. The method o f estimation was ordinary 
least squares. 

Results 
I n all the non-homogeneous equations estimated, the coefficient o f P A L 

was insignificant at the 95 per cent level. Also the intercept was not signifi­
cantly different f rom zero in most selections. These considerations, along 
w i t h the fact that we expect that i f Personal Income and Personal Allowances 
were zero there w o u l d be no Taxable Income, led us to prefer the homoge­
neous selections. 

T u r n first to the double-log equations. These satisfied all our a priori 
conditions except one part o f condi t ion ( iv ) ; as we shall later show, for some 
later years o f our sample period, the responsiveness o f Taxable Income to 
Personal Allowances is less than minus one. This conflicts w i t h our under­
standing o f how the system operates. But before examining in detail the 
estimates for the double-log equations we shall l ook at how wel l our best 
alternative satisfies our a priori expectations. This other functional form was 
an attempt to avoid the short-coming o f the double-log equations, noted 
above, while at the same time capturing the expected non-linearity o f the 
system. This regression, constrained to be homogeneous, was (standard 
errors in parentheses): 

T I = 0.16059Y + 0 .000239Y 2 - 0 .00047626PAL 2 (1) 
(0.02651) (0.0000114) (0.00011419) 

R 2 = .998 DW = 1.65 Geary tau = 4 

I n this selection two o f our a priori conditions were not fulf i l led. These 
were condi t ion (v) and, o f necessity by virtue o f the specification, condi t ion 
( i i i ) . Condi t ion (v) is that 5 2 T I / 5 P A L 2 > 0. But in equation (1) i t is negative 
rather than positive. The coefficient o f b o t h Y and P A L are significant. I n 
absolute terms b o t h 5 T I / 5 Y and 5TI /SPAL increase through our sample 
period as we expected they w o u l d . 5 T I / 6 Y grows f rom 0.28 in 1961 to 0.66 
i n 1973. 5 T I / 5 P A L goes f rom - 0 . 2 5 in 1961 to - 0 . 3 8 in 1973. 

Al though this equation avoids a short-coming o f the double-log transfor­
mations (equations (2) and (3) below) that for some years 5 T I / 5 P A L < — 1 , 
i t involves viola t ion o f many other o f our a priori expectations. As already 
noted , the cross partial derivations, 5 2 T I / 5 Y 5 P A L and 5 2 T I / S P A L 5 Y are 
zero. The second derivative o f Taxable Income w i t h respect to Personal 
Allowances is negative instead o f positive. I n addi t ion to these short-



comings, we are inclined to believe that this selection does not adequately 
capture the nonlineari ty in the relationship between Taxable Income and 
Personal Allowances: on the basis o f Dowling's estimates for the complete 
Personal Income Tax system a 5 T I / 5 P A L o f —0.25 (referred to earlier) seems 
unduly negative for the year 1961 and —0.38 seems not negative enough for 
the year 1973. 

We now examine the properties o f the homogeneous double-log equations 
— selections (2) and (3) — in more detail. These are as fol lows: 

L n T I = 2 .40533LnY — 1.82744LnPAL (2) 
(0.05967) (0.06518) 

R 2 = .994 DW = .99 Geary tau = 3 

L n T I = 2 .35736Ln( .75Y) - 1 .65677LnPAL (3) 
(0.05714) (0.05955) 

R 2 = .994 DW = .91 Geary tau = 3 

Equat ion (3) contains an adjustment for EIR. Since L n .75Y = L n .75 + L n Y , 
and since L n .75 is negative, the effect o f this adjustment is to constrain the 
intercept to be negative in double log space, provided the coefficient associ­
ated w i t h L n Y is positive. We remark that this does not imp ly that i f Personal 
Income were zero, then Taxable Income wou ld be negative, only that i t 
w o u l d be zero; for the mult ipl icat ive form o f equation (3) is of course, 
T I = ( . 7 5 Y ) 2 - 3 S 7 3 6 P A L - 1 - 6 5 6 7 7 . 

We d id not apply the Durbin-Watson test for autocorrelation o f the 
residuals because that test is not tabulated for regressions w i t h less than 
15 observations. The Geary count o f sign-change was used. (Geary, 1970). 
A t the 5 per cent level and w i t h a Geary tau o f 3, as in the three equations 
above, we cannot reject the hypothesis that the residuals are independent. 

I n Table 1 below we present the values o f the multipliers 5 T I / 5 Y and 
5 T I / 5 P A L generated by our estimates. Lest our nota t ion be misleading, we 
point out that i t is clear from equations (2) and (3) above that 5 2 T I / 5 Y 2 > 0; 
thus 5 T I / 8 Y increases as Y increases. Yet in Table 1 5 T I / 5 Y falls in 1972. 
This is because we are evaluating 5 T I / 5 Y at the P A L which prevailed at each 
date. Thus 5 T I / 5 Y is to be interpreted as 5 T I ( t ) / 5 Y ( t ) , given P A L = P A L ( t ) , 
where t in this context denotes the year in question. Similar remarks apply 
to the other derivatives in the table. 

As noted earlier some o f these multipliers have values above uni ty for 
some later years o f our sample period. The problem area is 5 T I / 5 P A L (from 



Table 1: Responsiveness of Taxable Income to Personal Income and Personal Allowances 

5 77 5 7 7 577 577 
8Y 5 K SPAL 

Selection 2 3 2 3 

1961 .245 .240 - . 1 9 5 - . 1 7 8 
1962 .274 .268 - . 2 3 8 - . 2 1 6 
1963 .292 .286 - . 2 6 7 - . 2 4 2 
1964 .345 .337 - . 3 5 7 - . 3 2 3 
1965 .364 .356 - . 3 9 3 - . 3 5 6 
1966 .392 .383 - . 4 4 9 - . 4 0 7 
1967 .410 .402 - . 4 9 1 - . 4 4 6 
1968 .460 .451 - . 6 0 2 - . 5 4 6 
1969 .522 .511 - . 7 5 8 - . 6 8 7 
1970 .619 .604 - 1 . 0 2 1 - . 9 2 2 
1971 .749 .726 - 1 . 4 1 6 - 1 . 2 7 1 
1972 .698 .689 - 1 . 3 1 0 - 1 . 1 9 8 
1973 .811 .801 —1.719 - 1 . 5 7 2 

equation (2) where f rom 1969 its absolute value exceeds un i ty . 
In no year do selections (2) and (3) violate our a priori condi t ion 

5 T I / 5 Y < 1. A p p l y i n g the Standard Tax Rate to our estimates o f the 
response in Taxable Income to changes in Personal Income gives the marginal 
rates o f tax. For example, the value o f 5 T I / 5 Y for 1973, based on the 
estimated coefficient values from equation (2), is .811 . A n d mul t ip ly ing this 
b y the Standard Tax Rate o f 35 per cent gives a marginal tax rate, 5 T / 5 Y , of 
28.4 per cent. (Equation (3) implies a 5 T / 5 Y o f 28.1 per cent i n 1973.) Since 
the max imum rate o f tax in the PAYE system was the Standard Tax Rate, we 
find this result quite plausible. Dowl ing d id not estimate 5 T / 5 Y for years 
after 1971. However, our estimates o f 5 T / 5 Y for P A Y E earners in the earlier 
years, implied by our estimates o f 5 T I / 5 Y , conform quite closely to those o f 
Dowl ing for the complete Personal Income Tax system. (Dowling, 1977, 
p . 47) . For example, Dowl ing estimates 5 T / 5 Y to have been 6.3 per cent i n 
1961 ; our estimates for the same year are 7.8 per cent ( f rom equation (2)) 
and 7.6 per cent (from equation (3)) . For 1969 Dowl ing estimates 5 T / 5 Y to 
have been 20.2 per cent; our estimates for the same variable are 18.3 per 
cent ( f rom equation (2)) and 18 per cent ( f rom equation (3)) . 

In view o f the above considerations we see no a priori reasons to doubt 
the relative accuracy o f our estimates o f 5 T I / 5 Y . Our estimates o f 5 T I / 5 P A L 
for the PAYE system are reasonably close to Dowling's estimates (for the 
complete Personal Income Tax system) over the period 1961 to 1969. F rom 
1970 onwards, however, our estimates for those derivatives become implaus­
i b l y large. But i t should be noted, in this context , that since the OLS 



estimates are random variables w i t h normal distributions, the true coefficients 
could lie in a range around our estimates. We have constructed confidence 
intervals for our estimates o f selections (2) and (3) . The 95 per cent con­
fidence intervals gave very wide ranges o f possible values for the true 
coefficients. Using estimates o f the standard errors o f our coefficient esti­
mates, the standardised estimates are no longer normal bu t have a t-distribu-
t i o n . We constructed 70 per cent confidence intervals, that is, w i t h t = 1.088 
and 11 degrees o f freedom. 

For selection (2) the estimated parameter values were ax = 2.40533 and 
a 2 = —1.82744. The 70 per cent confidence intervals for these are: 

2.34041 < a x < 2.47026; - 1 .89835 < a 2 < - 1 . 7 5 6 5 2 

Combining these possible values o f the coefficients ai and a 2 gives a very 
wide dispersion o f possible values for our multipliers 5 T I / 5 Y and 5 T I / 5 P A L . 
For instance our estimated mul t ip l ie r 5 T I / 5 Y in 1961 is 0.245. Bu t i f the 
coefficients varied w i t h i n just over one standard error o f our estimates then 
5 T I / 5 Y could be anywhere in the range from 0.112 to 0.538. For 1973 our 
estimated coefficients gave a 5 T I / 5 Y value o f 0 .811 . I f the true coefficients 
varied w i t h i n 1.088 standard errors o f our estimates then 5 T I / 5 Y for 1973 
could vary f rom 0.32 to 2 .01 . Similarly the multipliers 5 T I / 5 P A L could vary 
around the estimated values shown in Table 1. We have calculated the 
possible spread o f 5 T I / 5 Y a n d 5 T I / 5 P A L based on the 70 per cent confidence 
intervals for 1961 and 1973. I n Table 2 we give the estimated values o f the 
t w o multipliers for 1961 and 1973 and the maximum and m i n i m u m values. 

Table 2 : Taxable Income Multipliers, 1961 and 1973, Selection 2 

577/5 r 8TI/8PAL 
Min Estimate Max Min Estimate Max 

1961 .112 .245 .538 - . 4 0 0 - . 1 9 5 - . 0 9 0 
1973 .320 .811 2 .010 - 3 . 9 8 9 - 1 . 7 1 9 - . 7 3 9 

Turning to selection (3), the estimated value o f aj was 2.35736 and of a 2 

was —1.65677. The 70 per cent confidence intervals are: 

2.95919 < a i < 2.41953; - 1 . 7 2 1 5 6 < a 2 < - 1 . 5 9 1 9 8 

We have also calculated the range o f possible values o f the multipliers 
5 T I / 5 Y and 5 T I / 5 P A L i f the true coefficients varied w i t h i n 1.088 standard 
errors o f our parameter estimates. These are presented in Table 3. 



Table 3: Taxable Income Multipliers, 1961 and 1973, Selection 3 

5 77/5 y 8TI/8PAL 
Min Estimate Max Min Estimate Max 

1961 .117 .240 .494 - . 3 4 0 - . 1 7 8 - . 0 9 2 
1973 .348 .801 1.843 - 3 . 3 8 9 - 1 . 5 7 2 - . 7 2 9 

Examinat ion o f these ranges of possible values o f the coefficients and 
multipliers shows that the dispersion of the possible coefficient values is not 
nearly as wide as the dispersion o f the possible multipliers. I t w i l l be noticed 
that the spread o f possible values o f 8 T I / 5 Y and 6 T I / 8 P A L is much greater 
i n 1973 than in 1961 . Thus we can put less confidence in any given estimate 
o f 6 T I / 6 Y or 5 T I / 5 P A L i n 1973 than we can in estimates for 1961 . We note, 
however, that the number o f observations over which we estimated these 
equations is small. We note also that our values o f P A L for years after 1971 
may be revised when census data become available. 

Out of Sample Forecasts 

A n important test o f our preferred equations is their abi l i ty to forecast 
outside the sample period. A t the t ime the present research began, 1973 
was the latest year for which workable fiscal and national accounts data were 
available. We accordingly re-estimated the equations over 12 sets o f observa­
tions (1961-72) and forecast the level o f Taxable Income for the year 1973. 5 

The equations forecast wel l . These forecasts are presented in Table 4. 

T h e regressions for 1961-72 were as follows: 

L n T I = 2 .39853 L n Y - 1.82025 L n P A L 

(0 .07087) (0 .07688) (2) 

R 2 = .992 D W = 0.96 Geary tau = 3 

L n T I = 2 .3555 L n ( . 7 5 Y ) - 1.6549 L n P A L 
(0 .06814) (0 .07049) (3) 

R 2 = . 9 9 3 D W = 0.88 Geary tau = 3 



Table 4: Taxable Income, 1973, actual and predicted, £ million 

1. 2. 3. 4. 
Actual Predicted Discrepancy 3 as per cent of 1 

Selection 2 . 383.3 377.16 6.14 1.6 
Select ion 3 383.3 381.57 1.73 0.45 

M u l t i p l y i n g the forecast values of T I for (2) and (3) by the Standard Tax 
Rate i n 1973, 35 per cent, gives our forecast values o f P A Y E Tax Receipts 
for 1973. Actua l receipts compare w i t h our forecasts as fol lows: 

Table 5 : PA YE tax receipts, 1973, actual and forecasts^ £ million 

Actual Forecasts 

134.15 Selection 2 132.0 
Selection 3 133.5 

These are clearly good forecasts. 

I V T H E Y E A R S A F T E R 1973 

The double log equation w i t h an adjustment for EIR , that is selection (3), 
forecasts outside the 1961 to 1972 sample period marginally better than 
selection (2) w i t h o u t adjustment for EIR. However, b o t h forecast very wel l 
for the one year outside the sample period. Adop t ing the equation w i t h an 
adjustment for E I R w o u l d imply using the coefficient values estimated in 
selection (3). But for the years after 1974, when EIR was abolished, we 
wou ld use the double log equation w i t h o u t making any adjustment to the 
Personal Income series. 

The estimate o f P A Y E tax receipts w i l l be an independent variable in 
other equations in our model . Inside the sample period 1961 to 1973 we can 
get a direct estimate o f tax receipts by application o f the Standard Tax Rate 
to our estimate o f Taxable Income. The tax code changes O f 1974 replaced 
the Standard Tax Rate w i t h a series of rates. Therefore, to get an estimate o f 
tax receipts in years after 1973 we w i l l need to apply some average tax rate, 
or rates, to our estimate of Taxable Income. The rate or rates to apply w i l l 
depend on empirical investigation o f the relationship between the series of 
tax rates and Taxable Income in the new tax code. 



We have seen that our preferred equations forecast very wel l for one year 
outside the sample years 1961 to 1972. I t may be wondered w h y we did not 
try to forecast Taxable Income and Tax Receipts for 1974. The changes in 
the tax code in 1974 were one consideration in that context. The abol i t ion 
o f E I R i n that year causes no problems, since this could be handled by 
simply setting E I R at a value o f zero for years after 1973. I t is admitted that 
the change f rom the Standard Tax Rate to a graduated tax structure in the 
P A Y E system would have caused difficulties. However, our principal reason 
for not at tempting to forecast beyond 1973 is that National Income and 
Expenditure 1973 was the latest such publ icat ion available when, i n the 
A u t u m n of 1975, w o r k was begun on several equations o f the complete 
macroeconomic model . Rather than revise what we have already done, we 
propose to complete the model on the basis o f the data available when w o r k 
on the complete model was ini t ia ted. I n fact, National Income and Expendi­
ture 1974 contained major revisions o f previously published macroeconomic 
data. We w i l l not at tempt to re-estimate our parameters in the l ight o f such 
revisions (and later revisions) un t i l specification and estimation o f the fu l l 
model for the years 1953 to 1973 is completed. 

REFERENCES 
B A L O P O U L O S , E . T . , 1967, Fiscal Policy Models of the British Economy, Amsterdam: 

North-Hol land Publishing C o m p a n y . 
D O W L I N G , B . R . , 1977 , The Income Sensitivity of the Personal Income Tax Base in 

Ireland, 1947-1972, Dubl in : Paper No . 8 6, T h e E c o n o m i c and Social Research Institute. 
G E A R Y , R . C . , 1970 , "Relative Eff ic iency of Count of Sign Changes for Assessing Residual 

Autocorrelat ion in Least Squares Regression", The Economic and Social Research 
Institute Memorandum Series N o . 57 . 

K E L L E H E R , R . , 1976 , " T a x Relationships in Ire land", CentraTBank of Ireland, Research 
Department Techn ica l Paper No . 4 / R T / 7 6 . 

K E L L Y , F . N . , and K . S . C A R M I C H A E L , 1968 , Irish Income Tax and Corporations Profits 
Tax, L o n d o n : H F L (Publishing) L t d . 



Appendix: Data 

1 2 3 4 5 6 7 

PAYE Standard Taxable Personal Total PAYE Personal 
tax tax rate income income claimable taxpayers allowances 

receipts t TI Y personal in total PAL 
allowances population 

£ million per cent £ million £ million £ million per cent £ million 

1960 3.4 35.0 5.8 289.3 
1961 9.0 31.7 25.2 275.7 309.8 85.0 262 .7 
1962 11.4 31.7 34.1 306 .0 313.9 85.3 267.8 
1963 13.2 31.7 40 .3 328 .7 319.5 85.5 273.2 
1964 18.9 31.7 55.1 378 .9 324.3 85.8 278.2 
1965 21.5 31.7 65.0 403 .2 329 .4 86.0 283.3 
1966 26.9 35.0 74.6 439.1 336 .9 86.3 290.7 
1967 32.1 35.0 88.0 474 .9 348.9 86.3 301.1 
1968 38.9 35.0 106.2 532 .7 358 .0 86 .3 308 .9 
1969 48 .7 35.0 132.1 616.3 373.2 86.4 322 .4 
1970 63.2 35.0 170.2 712.3 3 79.8 86.4 328.1 
1971 87.9 35.0 233.5 824.8 383 .4 86.4 331.2 
1972 104.7 35.0 287.1 941 .7 440 .4 86.5 380 .9 
1973 144.0 35.0 383.3 1123.9 465 .0 86.5 402 .2 



1. PAYE Tax Receipts 
Taken f rom Annual Report of the Revenue Commissioners, various issues. 

2. Standard Tax Rate, t 
From Annual Report of the Revenue Commissioners. 

3. Taxable Income, TI 
This series is P A Y E Tax Receipts divided by the Standard Tax Rate. I t is 
then adjusted to a calendar year basis by taking % o f taxable income o f 
fiscal year t / ( t + l ) plus lA o f taxable income o f fiscal year ( t — l ) / t to get 
Taxable Income o f calendar year t . 

4. Personal Income, Y 
This is the Personal Income o f P A Y E taxpayers. I t is derived f rom National 
Income and Expenditure. First we added agricultural wages and salaries 
plus non-agricultural wages and salaries plus net in f low o f wages and 
salaries from abroad. This aggregate is to ta l remuneration o f employees. 
From this we take Central Government wages and salaries, because during 
our sample period, civi l servants, the army and the gardai were not i n the 
PAYE system. Central Government wages and salaries was on a fiscal 
year basis, so this series was adjusted to a calendar year basis before we 
subtracted i t f rom Tota l Remuneration o f Employees to give non-Central 
Government wages and salaries or P A Y E Personal Income, which we 
denote by Y . Sources, National Income and Expenditure 1969 and 
National Income and Expenditure 1973. 

5. Total Claimable Personal Allowances 
This is Dowling's series for Personal Allowances potential ly claimable, 
adjusted to a calendar year basis (Dowl ing , 1977, p . 71). I t is the product 
o f the Personal Allowances for a given category o f taxpayer in a given year 
and the number o f people in that category in that year, summed over the 
various categories. I t is defined as 

PALt = Z j w i t N i t 

where w i t is the personal allowance for category i i n year t. N ; t is the 
number o f persons in category i in year t . The categories are the various 
classifications of taxpayers as defined by the tax code, e.g., married 
persons, single persons, widows, widowers, etc. The potential taxpaying 
populat ion was defined by Dowl ing as the tota l non-agricultural labour 
force and dependent children, where agriculture is defined as family farm 
workers only . (Dowl ing , 1977, p . 39) . 

6. PA YE Taxpayers in Total Population 
This is the percentage of Dowling's tota l gainfully occupied popula t ion 
that are classified as "non-agricultural own account worker" , "employees", 



"apprentices and learners" or "ou t of w o r k " in the Census of Population 
classification o f persons by employment status. (Dowling, 1977, p.70). 
This percentage is derived by summing the numbers in the above-
mentioned groups, all o f w h o m pay tax in the P A Y E system, and express­
ing this as a percentage o f Dowling's " T o t a l Gainfully Occupied" series. 
The exact percentage can only be derived for the censal years 1961 , 1966 
and 1971 . We interpolated the percentage in inter-censal years. The figures 
for 1972 and 1973 may have to be adapted when census data become avail-
ablenext. Sources, Census ofPopulation, 1961 ,1966 ,1971 ,Dowl ing , 1977. 

7. Personal Allowances, PAL 
This consists o f the Personal Allowances claimable by potential P A Y E tax­
payers. I t is Column 6 applied to Column 5. 




