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Abstract:

By means of a Classcd modd of production it is demondrated, that energy
taxation may cause an increase of energy consumption. The reason for these
unexpected results is perverse subgtitution caused by perverse shifts of reative
prices. These effects will occur if there is choice of technique and if the energy
saving method of production is comparably "capitd intendve'. If an introduction
of an energy tax is complemented by a reduction of the taxation of labour income,
then the degree of reduction has no influence on the sysem of rdative prices if the

rate of profit is constant.
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Perverse Results of a Greening of the Tax System’

Chrigtian Lager

1. Introduction

The firs and second oil shock and the increasing damage of the spaceship earth crested an
increasing interet in energy and environmental economics. The roots of environmentd
economics are, however, much older and may be traced back to the externdlity theories of
Marshdl, Pigou and Scitovsky, to the public good theory of Wicksdl or even to the rent
theories of the classicds'. One of the very fird indruments of environmenta policy were
environmental tax and/or subsidy schemes which are designed to interndise the externa costs
created by polluters. The idea is smple a tax levied on energy inputs or on damaging
activities will increese the cost of energy intendve products or damaging |Processes.
Increasing prices of energy intensve products will cause producers as well as consumers to
subgtitute these products by other goods and induce producers to choose production methods

which use less energy and which are more favourable to the environment.

Taxation of energy or emissons is often discussed together with a reduction of the cost of
labour. The idea of such a "greening of the tax sysem” is, hat the tax burden is shifted from
the use of labour to the utilisation of the environment. It is argued that a reduction of the
labour cost and an increase of the cost of energy will induce producers to subgtitute energy
and energy intendve products by labour and labour intensve goods. Hence, such a greening
of the tax sysem will result in a decrease of the unemployment rate and in a reduction of

energy use.

The object of this paper is to contradict this widdy hed view. In particular the following
issues are addressed: In section 2 the possbility of ,perverse” subdtitution is demondtrated. It
is shown that an introduction of an energy tax or an incresse of the tax rate may increase the
use of energy. On the contrary, a subsdy levied on the use of energy may decrease the
demand for energy. Sufficient conditions for ,perverss® subdtitution are presented in section
3. In section 4 it is demondtrated, that the degree of the reduction of the cost of labour has no
influence on the sysem of rdative price, if the rate of profit is kept congtant. Hence, the

This paper is based on Gehrke and Lager (1995) and on Lager (1998a).

1 For an application of the Ricardian theory of differential rent to environmental issues see: Ch. Lager (1998b).



recongruction of the tax sysem yields the same results as an introduction of an energy tax
would do. Findly the reason for peverse subgtitution, which is s not less peverse is
explored: A energy &x, with or without the reduction of labour cost, may chegpen an energy-

intendve product (relative to aless energy-intensve one).

The method of andyss adopted in this paper is classcd equilibrium andyss and consdts in
comparing long run postions®>. The modd used in this paper is, in paticular, based on the
following assumptions (i) There are no primary factors other than homogenous labour. (ii)
There is no joint production and, therefore, there is no fixed capitd. This redrictive
assumption is teken for amplicity and could be relaxed by taking smple fixed capitd systems
into account without rendering any conclusons drawn in that paper. (iii) All products are
badic, i.e. the input matrix isindecompaosable. (iv) The economy is closed.

2. |s perverse substitution possible?

Given that st assumptions we may characterise a feasble system of production a, or a
technique a, by the triplet {A_,a,, 1.}, i.e by a square semipositive input matrix A, 1T R"",
by a semipositive vector of energy inputs, a, I R", and by a semipositive vector of |abour
inputs, |, T R". Denoting the wage rate, the rate of profit and the energy tax rate by w, r, and
t, the corresponding system of prices of production, involving a quantity-based tax rate may

be written asfollows:

L) p. =Ap, [Q+r)+l, wra t=1,(rw+a,(r)t

where T.(r)° [I- A, @+r) "1, =1 +A, [@L+r)+AZ(@+r) +.)

a’

ad A (r)°[l-A, (1+r)'a = ( A, (1+r)+A2 (1+r)2+..-)aa

ae vectors of sums of dated (and discounted) quantities of labour and energy inputs
respectively. Hence, teking a quantity-based tax into account, prices of production are
determined by the sum of two vaue magnitudes, i.e. (i) the sum of discounted cost of labour

and (ii) the sum of discounted cost of the energy tax. Note that if there is no energy tax, i.e. a

2 For adetailed discussion of the concept of long run position or long run equilibrium see: Kurz and Salvadori

(1995)



t =0, then the energy content is irrdevant and the prices are, as usud in the prices-of-

production theory, proportiond to labour commanded price.

It is well known thet, if the input matrix is productive, i.e. if the Frobenius-root, |, of that

matrix issmdler unity, then

(@ for w=0 and t =0 thereisapogtive maximal rate of profit, R, :Ii_ 1,

(b) fordl r:0<r £ R, , the prices defined in (1) are positive, and

() the dated quantities of labour and energy, i.e. the dlements of vectors I, (r), and &, (r),

are increasaing functions of the rate of profit, which
(d) approach infinity asthat rate becomes the maximd rate of profit.

The posshbility of subditution, i.e. choice of technique, is a precondition for an energy saving
effect of energy taxation. Assume fire, for smplicity, that there is choice of technique only in

a vey limited sense There are two processes for the production of one single product, say

commodity k. Hence we have an aternative system of production b: {A,,a,,l,} which is

adjacent to technique a, in the sense that the sysems a and b differ only with respect to the

two processes producing commodity K.

Assume that the process which produces commodity k in sygsem a requires comparably less

direct and indirect energy, i.e.
@  ligh- A ) e ]<ligh - A,) "]

Therefore and because of assumption (iii), i.e. dl products ae badc, it follows tha the

production of any commodity bundle requires lesstotal energy if techniquea isin use

@  [E©°(-A) <@ (-A,) ]



Given arae of profit a r =7 and expressng dl prices in units of [abour commanded (W:l),
we obtain prices sysems for both feasble techniques where the prices are increasng and

linear functions of the tax rate;
(4 p, =1,(r)+3, (1) ad (48 p, =1, (r)+13, ().

Optimisng producers will seek for the cost minimising method of production and will adopt
the energy saving method a if and only if

® (b =L0)+E )<, =T, )+, (7))

A enagy tax ams & increasng the cost of energy intensve methods of production such that
these methods are substituted by processes which use comparably less energy. Hence, an
energy tax is successful in reducing energy consumption if and only if it decreases the
difference between the cost (or the price) of the energy saving method a and the cost of usng
method b . Thisisthe caseif

o PG ap)o

By assumption (2) technique a is comparably less energy intensive, i.e. 3, (0)<a, (0). Hence
we will first andyse the two cases where 3, (F) <3, (F) a a given rate of profit, 7. Assume

first that 1, (F) < I, (7). This caseis depicted for an arbitrary commoxiity in figure 1a
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If there is no taxaion of energy, i.e a t = 0, the energy intensve technique b is cost
minimisng and will be used. A taxation of energy will increese the cos of method b
compared to a. At atax rate t =t( both techniques are equi-profitable and at arate t > t( the
energy saving method a minimises cost of production and will be used. This will reduce the
use of energy and the emisson of pollutants. In this case taxation of energy is successful if the

tax rate is high enough.

If, on the other hand, 1,(F)> I, (7), then the energy saving method a is cost minimising a

any nonnegative tax rate and will be used anyway. Taxation of energy has no effects, except
that it increases the differentid of cost between methods a b. This case is illudrated in fgure
1.b.

Because of assumption (2), which assarts that sysem b requires more direct and indirect
energy, the condition (6) is satisfied if the rate of profit is zero or is close enough to zero. This
need not be the case for any podtive rate of profit. Hence we will dso analyse the case where

condition (6) isnot satisfied and 2, (F) > 3, (F).

If 1,(F)> 1 (F) then the energy saving method a is cost minimising if there is no energy tax

Taxation will, in this case, reduce the comparative advantage of technique a and will, findly,
a a rate t>tC, induce a peverse switch from the energy saving method to the energy

intendve technique b . This case of adamaging energy taxation isillustrated in figure 2.a
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fig. 2a fig. 2b
(perverse substitution (perverse substitution
caused by energy taxes) caused by subsidies on energy use)




However, even in the case that a taxation of energy reduces the cost advantage of the energy
saving process, there is the posshility of a successful energy policy. But the mechanism of
that policy adso involves perverse substitution. If I, (F)< I (F), then a negative energy tax,
i.e. a subsdy on the energy use, will decrease the comparative advantage of the energy
intendve method b and will result in a perverse switch to the energy saving technique a at a
rate t <t° < 0. Thiscase of perverse subdtitution isillusirated in figure 2.b.

The andyss presented above caries over to the generd case with choice among a finite
number of processes available for the production of more than one commodity. This case is

illustrated by figure 3 in which the choice of technique among four processes is accounted for.
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fig. 3
(The generd case: More than two systems of production)

Assume that the available techniques a, b, ¢ and d are ranked according to energy intengity

such that system a involves the less energy intensive processes and d requires most energy,
ie 2 (0)<a,(0)<a,(0)<a,(0). At agiven postive rate of profit, ", it may be the case that

3, (F)<a,(F)<a, (f)<a (F) and that, without taxation, sysem c minmises cost of



production. A energy tax will decrease the comparative advantage of that system in use and,
a a podtive rate t: t(<t<t«, producers will adopt technique d. The taxation induced a
perverse switch to the most energy intensve system of production. A further increase of the
tax rate will induce the intended result, i.e. a switch to the energy saving technique b. Thisis,
however, from an environmenta point of view, just the second best solution. The least energy
intendve sysem of production, a, is dominated a any podtive tax rate. A subsdy of the use
of energy will bring about the most wished-for result which, again, involves a perverse

switch.

Summarising that section we must conclude that we may exclude perverse subgtitution effects
if and only if the sums of discounted energy contents of the energy saving technique is

smaller than that of the adjacent method which comesinto useif the tax rate is increased.

3. Sufficient conditions for “perverse’ substitution.

Up to now it was damply podulated, that for two adjacent systems of production
a (0)<a, (0) is compatible with 3,(F)<a,(F) a a postive rae of profit, and that,
therefore, perverse subdtitution is possble and cannot be neglected. We may proof the
exigence of such peverse results by means of an example However, it is much more
intereting to provide sufficient conditions for perverse subdtitution and assess whether these

conditions are quite likely and may exig in red life.

It is wel known tha for any viable and basic technique e the associated prices of production
(without energy taxation), vaued in terms of commanded labour, given by vector

p,=1.(r)=(- A [+r)) "I, are (i) increasing functions of the rate of profit r: 0<r <R,

and tha (ii) these prices tend to infinity as the rate of profit gpproaches the maxima feasble
rate R, .2

% The proof is sraightforward if one accepts two smplefacts: (i) the dements of the matrix
(I- A_(L+r))" areincreasing functions of r. (ii) the maximal rate of profit is attained if the
redl wage rate, measured in terms of an arbitrary bundle of goods, is equa to zero and hence,
the reciproca of that wage rate, i.e. the price of that arbitrary bundle, isequad to infinity.



Because of the forma equivadence between labour commanded prices and the sums of

discounted energy content, given by a_(r)=(1- A (1+r)) "a,, of products, these results

obtained for the former can be carried over to the latter. Hence,

Ta,(r)
7) T>O,6nd

) rl(i@r% a,(r)=¥.

The possble shapes of two functions representing the sum of the discounted energy content
for an arbitrary commodity produced by two adjacent techniques are depicted in figures 4a

and 4b.
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It is again assumed that technique a reguires less energy than technique b, i.e. a, (0)<a, (0).

Hence, for amdl raes of profit we can exclude the posshbility of perverse subditution. But if
R, <R,, i.e if the maxima rae of profit of the energy intensve method b exceeds the

maxima ataneble profit rate of the energy saving method a, then functions a, (r)and a, (r)

have a least one switch point. Hence there exidts (at least one) range of the rate of profit,
depicted in figure 4a as F:r(<fF <R, a which a, (F)>a,(F) and a which perverse

subdtitution effects will happen.




Even in the case that R, < R,, we cannot preclude that the functions a, (r)and a, (r) will not

switch. This case is illusrated by fig. 4b where peverse subgtitution effects will happen for

ratesof profitat r:r@®<r<r-.

Hence the condition that the technique which requires comparably more direct and indirect
energy has the larger maxima rate of profit, is a sufficient but not a necessary condition for

the existence of intervas of the rate of profit at which perverse substitution will occur.

The maximd rate of profit is a central concept for the exigence of perverse subditution
effects. In order to understand the economic meaning of the sufficient condition specified

above one must explore the sense of the concept of amaximal rate of profit.

The eigenwert problem which brings about the maxima rate of profit is usudly specified in
terms of the direct capital input matrix A:

© (1-AQ+R)p=0,

but may be eguivdently defined in terms of Pasinetti’'s matrix of verticdly integrated capita
inputs (1 - A)"A =H which showsthetotdl, i.e. direct and indirect capita inputs

100 (1-HRp=0

A is indecomposable by assumption. It follows that H > O and indecomposable. Hence the
maxima rate of profit feasble for the system with respect to A is a decreasing function of the
dements of H*. If there are two systems of production, a and b, then fallowing implication
holds:

(19 |H,®H,] P |[R <R

If technique a is comparably “capitd intengve’, in the sense that it requires in generd not
less but at least in one respect more direct and indirect capital goods than the other technique
b, hasthe smaler maxima feasible rate of profit.

4 See: Horn and Johnson (1996, S. 515)
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Congdering the comparably high capitd intengty of some, if not most, methods designed to
reduce energy consumption, we can conclude that perverse switches to energy intensve

techniques induced by the introduction of an energy tax system may not be exceptiondl.

4. A socio-ecological greening of tax system

For two reasons the greening of the tax system, i.e. introducing taxes on energy or on
emissons, is usudly discussed in connection with a reduction of the tax on labour. Fird, it
seems to be generdly agreed tha the governmentd share in totd income is close to its
acceptable limit, and it is therefore hardly possble to incresse overdl taxation. An
introduction of a new tax must therefore be accompanied by a reduction of other taxes. Since
labour is, by far, the most taxed factor of production, it is a natural candidete for a reduction
of taxaion. Second, most European countries suffer from unemployment. It is argued that a
redigribution of the burden of taxation by an introduction of environmenta or energy taxes
accompanied by a reduction of taxes levied on labour will raise the cost of the use of energy
and will, smultaneoudy, decrease the cost of labour. Hence, cost minimising producers will

not only use less energy and creste less pollutants but will so employ more [abour.

Let s denote the share of the reduction of the cost of labour caused by a reduced taxation of
that factor. Hence we obtain a system of prices of production which accounts for energy taxes

aswell asfor areduction of the taxation levied on wages and sdaries.
(11) p=Ap{+r)+Iw{- s)+at=T()w1- s)+a(r)t

where T(r) and é(r) are the sums of discounted labour and energy respectively as defined in

section 2.

Assume that the economy produces the net output bundle d. Hence gross outputs are
determined by x¢=d¢l - A)™*. The yield of the energy tax is T = x@t = d@(0)t and the sum

required to finance the reduction of taxes levied on labour incomeis S=x¢s=dd (0)ws.

1



Define the degree of (budget) neutrality of the greening of the tax system

i.e. the share of totd reduction of taxes levied on labour in per cent of the additiona yield by
taxation of energy. Obvioudy, m =1 means that the recondruction of the tax system is budget

neutrd and, =0, is the specid case which has been andysed in section 2 and 3, i.e an

introduction of an energy tax without any reduction of taxes levied on wages.

The rate of the reduction of taxes on labour (s), may be expressed as a function of the tax rate

(t), the wage rate (w), the degree of neutrdity of the tax system (), and the aggregate

energy/labour ratio denoted by e = e a(O) X
dd (o)

(12) g=ent

Subdtitution of (12) into (11) gives

(13) p=T(r)w+a(r)t- T(r)emt.

Expressng dl prices, the wage rate and the tax rate in terms of a numeraire good |, i.e
p; =1, weobtain for the price of an arbitrary commodiity i:

Pio

i

@ Do g =T +2 [0 T(remt),

t . .
where W) = p and t!V) = F are the wage rate and the tax rate respectively expressed in
i j

terms of the numeraire commodity j. Note that

Congdering that the price of the numeraire commodity j is set equd to one we obtain a
relation between the wage rate and the tax rate.

y 1 1- &,(r) 0
(159 wi) T



The wage rate condsts on two additive components. The firg is the wage rate which would
occur if =0, i.e if there is taxation of energy without any reduction of taxes on labour. The

second, emt!) | indicates the effect of that tax reduction. Since the rate of profit is taken as

given thistax reduction must necessarily raise the wage rate.

Subdtitution of (15) into (14) gives.

where prices of production depend on the rate of the energy tax but do not depend on the
degree of (budget) neutrdity of the greening of the tax system. Hence, if the rate of profit is
gven, the sysem of reative prices is completely invariant with respect to the degree of
reduction of the tax burden on labour. It is only the wage rate (and not the profit rate) which
benefits from the reduction of taxes on labour. Hence, a decrease of taxes on labour income
will not cause any change of the cost and, therefore, we cannot reasonably expect that there
are any subgtitution effects which will creete jobs.

5. Perverse movement of relative prices.

Assume that product i is comparably energy intensve in the sense that its production requires
more total energy per unit of tota labour than another product j:

3(0)_ &0
0 1,0

(17)

Can we expect that the price of the energy intensve product i relaive to the price of the

labour intensive product j will rise with a rigng tax rate? From 16 it follows, that this is the

caeif
ﬂaep

w e B T
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By definition (17) this must hold true if the profit rate is equa to zero. For podtive rates of
profit we can, however, not ensure that condition (18) is satisfied. Even if (17), i.e the
relation of energy intensties in terms of tota energy and total labour content holds it might
happen that this rdation is reversad if it is defined in terms of "discounted” energy and labour
and that the "discounted" energy intendties of good j exceed the "discounted” energy
intengtiesof good i, i.e.

(19)

This could be the case if the energy saving product j requires more energy and less labour on
earlier stages of production.

Whether commodity i becomes chesper or dearer (relative to commodity j) with an increase in
the tax rate depends on the production characteristics of the economic system as a whole and

on the digtribution of income.

6. Summary and conclusions

In this paper it has been demonstrated by means of a Classcad modd of production that
energy texation may cause an increase of energy consumption. The reason for these
unexpected results is perverse subditution caused by perverse shifts of reative prices. A
suffident condition for these effects to occur is that there is choice of technique and that the
energy saving method of production is comparably "capitd intensve’. If an introduction of an
energy tax is complemented by a reduction of the taxation of labour income, then the degree
of that reduction has no influence on the sysem of reative prices if the rate of profit is
constant.

These unexpected and seemingly peverse findings are some of many examples which
demondrate that we should be careful in relying on results found by patid anadyss or by

models which are based on regular economies.
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