The Econemic Jeournal of Nepal
Vol. VI No, 1 Jan—Pdar, 1984,

Sensitivity of Tax Yields and Their
Forecasting

G. S, Monga%k

In this paper, some methods of forecasting tax revenue have been examined, The
carlier part deals with various methods of estimating elasticity and buoyancy. The role
of discretionary changes is also considered. Apart from a briefsurvey of various techn-
iques employed in forecasting tax revenue some new techniques "and suggestions ﬁave

been given,

Elasticity and Buoyancy

The concepts of elasticity and buoyancy of taxes are often used to examine' the
responsiveness of tax collections to variations in national income. The measurement of
elasticity requires constancy of the tax rate and base over the period of time under exa-
mination. To meet this artificial and static assumption of constancy, elasticity has to be esti-
mated after adjusting the data for any discretionary changes that may have been made duz-
ing the period without any change in the tax structure or base of the tax, Buoyancy is esti-
mated without allowing for discref[ionary changes. It uses the data as they are and compared
to the elasticity measure, may reflect the excess burden of the tax system.

The frequency of discretionary changes does not necessarily follow any framed rule

and the magnitude of these changes can differ SLgmﬁcantly from one year to anohter
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There may or may not be any relation of these changes with the existing revenues. Even

in 2 single year, alterations in different taxes may vary widely and new taxes may be

introduced and some older omes abolished. For forecasting purposes, the discretionary
changes cannot be assumed to have the same effect throughout.

A historical tax revenue series cannot be fully adjusted for discretionary changes but
depending on their nature and frequency in the given series, some methods of adjustments
are available, These are proportional adjustment method, constant rate structure method,

dummy variable approach and Divisia index, the last two not requiring any prior purging

of the series.

Adjustments for Discretionary Changes

The proportional adjustments method of Frest (1962) is straightforward and has
been applied to the data of several countries: by Mansfield (1972) for Peru, Baas and
Dixzon (1974) for UK, and Byrne (1979) for Zambia.

The method requires the budget estimates of tax yield resulting from discretionary
measures. Only simple adjustments are involved through a constant proporticnality factor.
The proportional adjustment method has the drawback that the budget estimates of the
tax yied which are required for adjustment are often difficult to obtain, However, once
the adjusted tax data are obtained, obviously assuming constancy of elasticity of tax with

respect to income, the procedure is straightforward.

There is a reference year which provides the basic structure of rate and each year’s
actual yield is adjusted to allow for the impact of discretionary changes by using a
series of multiplicative factors. A simpliﬁed version of Prest’s formula is given by:
T..=T.A.A, pY
ij i ‘]_'losutta 2

Where, Tj is the actual yield in year j

Tij is the adjusted yield with reference to year i
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With vear 1 taken as the reference year we will have:
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In general,
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The observations before the reférenice year can be similarly adjusted. The choice
. of the reference yedr does not make any difference to the éifas't‘ioity\'meas;ure.

- In Sahota’s (1961} “version of adjustment for- discretionary ‘change, the new “rate
and base are allowed to influence tax elasticity. - Although the method adjusts for discre-
~ tionary changes in the year in which they take place, a‘gecast‘ir_lg of the model as done
by Bahl (1972} leads to the same result as that of prest. ”

The Sahota expression to determine the actual tax. ‘r.eceipts.j exoiuﬂiné‘ ‘di scretionary

effecis in the year i may be written as :

T!
L i, .
1 =2 e h J—
T.

1

Where T’. stands for ith year tax collections adjisted to rates in year 1i— 1,00 7

The emplrwal results obtamed from tlns method should be the same as those from
the Prest method. Othm pmpornonal ad_]ustment methods do not. dlﬂ’er mue h from the
Prest method. In the constant structure method, a series showmg the appropnate yield of
a constant rate tax is constructed. The choice ¢f a- proper ‘reférence”’ year i3 lmportant here
hecause the elasticity of tho t.a;‘_bcv_gttmo‘t‘_uro ,;n ;thq vr}@fc_rgnge year }nﬂgcnces any forecast

made from the data, It is usual to take the current year as the reference “period to base
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the forecast on the elasticity of the existing structuré. The method which amounts to the
<ireconstruction of a ‘simulated time series based on' the current tax structure, probably
results in the most appropriate - historical tax income relationship for forecasting purposes.
(It) requires separate consideration of each major tax whereas the data adjustment method

is a-generalised procedure appliéable to all taxes’” (Bakhl : 1972)
Dummy Variables

If T and Y are free from estraneous. influences, a loglinear relation between the
two gives an estimate of income éfasticityL But since administrative and discretionary
changes are usually present,” dummy variables may be used as additional explanatory
factors, It can be a Sin‘ipié lineas relation like: »

InT=a4(8-+YD) In Y
where the dummy variable D is associated with the discretionary change. D takes the
value 1 or O depending on whether there is or is not a discretionary change. To avoid the
loss of degrees of freedom, not many dummy variables can be introduced even if there
are many discretionary changes, The fﬂ&thod does not require purging of the series but
that ‘may not bﬂ a great 1dvant1crc Smger gives an altérnative equation using dummy

vanables D

0

T= a+BY—{—2 C, D,

c1='1
Where T and Y may be in aggreoate or per capita ‘terms, Also the equation may be used
with In T and in Y in ‘plce “of T and Y. ObmouslyG turns out to be representing

change in elasticity occuring because of ‘discretionary changes,

Divisia Iadex

In the Divisia index zépproach of Choﬁvdh‘ary ‘(1979) to measure the revenue
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effects of discretionary changes, the latter are considered as analogous 1o technical
change, assuming that the underlying tax function is homogeneous. The procedure is
elaborate and the tax revenue elasticity is estimated by adjusting the buoyancy by
a simple transformation of a Divisia index of discretionary changes,

The method does not  require the prior elimination of discretionary effects in tax
elastiéity estimation. This is done by first estimating the effects of discretionary
measures on revenue by an index which isolates automatic from total growth of revenue.
The buyoancy measure obtained by any standard technique is then adjusted by a suita-
ble transformation of the index of discretionary revenue to find tax vield elasticity.
The method which uses historical data does not require past discretionary changes. It
may not always give good results and the proportional adjustment method is suggested
in case full information on discretionary changes is available. The method is deécribed

briefly here.

Assuming a stable aggregate tax function relating tax yield and the base, the
upward movement along the tax revenue can be represented by tax elasticity relative
to growth in base. The shape of the tax function remains unaltered in the absence of
discretionary change which when introduced would bring about a movement along
the tax yield curve and may also induce =a shift in the same.

The Divisia index of the revenue effects of discretionary tax changes equals the
percentage increase in total tax yield divided by percentage automatic increase. The
index must possess the invariance property for which the tax function must be conti-
nuously differentiable. It is possible to do away with the linear homogeneity assump-
tion which is rather restrictive particularly because of progressive tax rate structures.
Choudhary (1979) begins with a continuously differentiable aggreate tax yield function
given by:

TE)= f (%, (rnennx, (U 1)

Where x, (t) is the proxy tax base with k categories of taxes (i=1...k }and the time

variahle t is a proxy for discretionary measures.

If D(t) is the Divisia index of discretionary change and D= (.i_'%iﬁ_ then
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measures over the period {o) Is:
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and D (0) is set egual to unity. Assuming a constant B]_:@ we have:

T (n)
T (o)

The indez D (n) may provide a reasonable measure of {lie efects of  discretionary

mDn=In

S

K
-3 B In x, {n)}xi{\}
p

changes. If the degree of homogeneity of the tax function T (t) = f [ Xi(*-), ...... Xy
(1), t ] is assumed ta be r > O and if the growth rates of all the bases are equal to that

of GDP or any income variable x (t} then the buoyancy W of tax yield can be found

. R * 3
from the tax function T (tj= a X D (t) = a X H

Where D¥, as a special case of D denotes an index of revenue growth due to discra-

tionary changes. For the time interval (O, n} we have

D*n) =[x (n) [x (o) Ju—r

Which equals unity when elasticity is the same as buoyancy in the cass of no discre-
. . - gt . . - 1 .
tionarv change. If the buoyancy is found from the tax function T=ax and the index

. . ~ In D {n)
D from the underlying tax function, we get = (

e et Depending . on
B ¢ In x (n}/x(o) pe ®
the index baing dtbngwnwe or aggregative there will' be two values of ¥ which
will b2 equal if the bases grew at rates proportional to GDP growth rate. Since
historical data are usually anaual we may use the discrete value of Beiven by
Bl(t) _T0-T, (=1} X, (t)
' X, (=X, (t—=1) T (1)

using - this we get the weighted average ofﬁ' s given by

R o
il
b

S Bt X/X w‘\cw n X f
1

}x dt = In \ (n) | X, (o)
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Tax Revenue Forecasting

The linear reg-ession model is commonly used to forecast tax revenue and we will
consider herc several variations and other possibilities. Before that we examine the tax
elasticity coefficient which is a useful parameter in vevenue forecasting, It measures the
progress of the (ax structure and administrative improvement. A low measure of elasticity
points out the need for additional efforts to mobilis: resources and for adoption of a
propér strategy to make the tax system revenue buoyant. It means that the buoyancy me-
asure alom& my not be a good substitute for elasticity ¢r built-in flexibility. If the tax
revenue series has been purged of bdiscretionary changes; its relation with incomes may be

casily established. Writing At =T, _ =T . Y=Y._ . in the deﬁnitioﬁ
i i 1 i 1’ i

1
N = 2‘—%—3; %;, we have T, = T (L -+ 2TAY | Xr;;»1)
which may De altérnatively written, using c=AT[AY for the flexibility coefficient,
T, =T - ,4cAY
for Lk lags, this may be written
T, =T, -, +cAY

where now A Y=Y, - Y, -,
Depending on the item to be forecast, use may be made in these equations of
the “elasticity of total tax or its various components. This may also be done for

two or three major tax groups separately.

Tax Functions

To estimate a simple tax income relation it may be useful to fit a linear

regression “of tax yield T on income Y:
I T=Ina + 8 In Y or T= «a Y'G

The regression coefficient can be easily seen to be the constant income elas-

ticity coefficient provided there are no discretionary tax changes over the period

under considerition: or, if theré are  such changes, they have been removed, If

the historical series has not been purged of discretionary changes, the regression
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coeflicient estimated from the same equation is termed buoyanecy. Depending on
the availability of data and the number of ohservations, additional explanatory
variables may be introduced in the tax function and their significance tested.
Confining ourselves to a single explanatory variable Y and assuming  absence
of discretionary changes, the constancy of elasticity deserves further : examination,

Taxes may be related to their base B and the base related to income Y, in the

equations: -
In T= o;+5, In B Oy
In B=a,+5 InY . oo {2)
By substitution, In T={ a,+p;0,) + 5, B0 Y
Obviously now the constancy of elasticity requires the constancy of the - product
B, B.- This means that the constancy of either [, or [, implies that‘ of 'the

other or, the variations in the two compensate each other to keep g8, 8, constant.

Returning to equations (2) and (3) we find that if the elasticity  coefficient

is: partitioned

n=LTY (Al E) (AB_ Jf)
AY T AB T AY B

tlie: two brackets on the righf stand for B, and [, which are, respectively, the

responsiveness - of taxes to changes in the base and the responsiveness of base to

income changes, ,
Equations (1) and (2) may be visualised as constituting a simple recursive

model. Equation (2) can be used to ‘obtain the estimate of lan B. If the estimated

I

values In B are substituted in (1} we have

A
InT=¢+8; InB

Instead of using (3, obtained directly, it can be obtained thus and ‘can be used
to examine the constancy of B, B,. Lags may also be introduced in the equations,

It - is useful to employ single -equation models to reprssent tax  functions,

changes in whose parameters represent changes -in the tax structure.. Linear modgls.
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secause the number of ohse.

pnn
iy

with two or more variables are usua

Iy not employed

rvations availal is not

explanatory variables may

owing to the pre and  institutional

circumstances, it is not muhipié regression

with some additional ex

On the left side of the tax equation, the tax - T need not be the

only explained factor. It ceuld as well be replaced by the ratio :VT {taxable inco-

me to total income ) or the ratio v

} or the ratio vy ( actual
: a

.
el
tax revenue fo taxable income ). Depending on the left side iactor, the explanatory

variables may be suitably chosen  from per ca

income Yp; population N, exemp-

tion range G, development and nondevelopmental .expenditures 3 and even  dummy

s

variables D representing discretionary - changes, icy factors or other e¢xogeneous

effects, Let 7 stand for one of T v, ¥, etc.and X'y etand for some or more of Y, Y/N

S

)
-

o)

N, G, S, D, etc. Dummy variables can be used in a varietly of well known ways. A typical

~equation then would be: Z=a+8 [ X, +R, X+ .. +7v D.
The above methodolgoy can be applied to total tax revenue as well as to indi.

vidual taxes with case has to be considered on its

merit in an empivical study provided biases resulting from multicollinearity, auto-

care of.

correlation etc, are

Further modification is possible in the “case of total tax revenue which can.
be explained by additional factors like the various components of total revenue.
But of bias may be introduced in this case.

1t is usual to think of discrétionary changes -as simple administrative matter

having nothm'? to do with other variables. But in practice, decisions about discreti-

onary changes may be aflected Dby the existing tax revenues and incomes, as well

gs&y their lagged values and past discretionary changes. - THus discretionary cha-
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possible 10 comstruct tax funciions by making

W

sitable assumpiions about

a function of . tax Income

) does i, elasiicity is made a2 linear function of the

rate structures:;

—

9, =a-+h (Z?‘f‘wzi
E

where 7 is the tax rate T3

ratc and Z. 13 the average tax

rate in year i, If absence of cyclical

fiuctuations is assumed during the period
of study and#, can be found for successive years, this relation or any similar

relation can be estimated directly, It is a differential equation which may also

be solved by substituting for 9 and Z and assuming Z% to be a constant, Thus

dy Y ;
e ST 2{——!— [ S

dt T Y

where the constanis

v 5 e O
may also be ezpressed as (T/Y)

The relation cannot be estim
A wvariety of other relations mav be similarly derived by assuming elasticity

to depend on some power of T/¥, A Y[ Y eic

3

If we use the adaptive ezpéctation scheme: we may write
TA-TX =BT, = T ) (3
ey TR el L (3)

where T?t* is the expected T for time t, and B is the adaptive expectation coe-
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fhicient (o< B < 1). We have then from (3) the expected value of Tﬁ: as a geometri-

cally weighted average of all previous actual wvalues of T:

1

52 2 gu—pilr

¢ T % B(1—g) Y
i=1 ‘

The adaptive expectations model may be used as a  first approximation. It takes

into account the authorities expectational behaviour in making their decisions though

it does not allow for any constraints.

Endogeneous Dummies

To incorporate the effect of discretionary changes on tax revenues (T) it is
usual to fit a regression of T on income ¥ and an egtra explanatory variable D
which is a dummy variable. However there is another side of the problem in
which D may be looked upon as an endogencus rather than exogenous variable.
This is because D itself may be determind by administrative choices on the basis
or expected tax revenues and other factors. This argument should carry weight in

the case of some taxes.

The usual 1~e§1*cssion methods will not work here. Use can be made of a
variety of discrete regression models, The choice will depend on whether D is
binary (taking only two values O, 1) or whether it can take more values as for
instance when discretionary changes fall into three or more intervals. For the
binary case we have the linear probability model of Ladd (1966) which is related
to the linear discriminant function. The probit model as suggested by Goldberger
(1964) may also be used. All these models have to be employed with approximate
statistical precautions. Use can be also made of simultancous recursive models as

has been done by Heckman (1978). This requires a separate treatment.
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