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Abstract

This paper examines the empirical relevance of the double dividend of revenue neutral marginal -
environmental tax reforms. For this purpose we use an extended version of the Ahmad-Stern model
of indirect taxation. This version includes environmental externalitics. We estimate the key
parameters of the model with different dynamic specifications of the Almost Ideal Demand System.
We find no evidence that a revenue neutral environmental tax reform that increases the energy or

gasoline tax yields a double dividend.
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1. Introduction

There has been a recent academic and public interest in revenue neutral environmental
tax reforms. An important question when discussing environmental tax reforms has
been the possibility for the government to reap a double dividend. An environmental
tax reform yields a double dividend if it (i) creates environmental benefits and v(ii)
reduces existing tax distortions. The second postulate results from the argument that
the magnitude of environmental benefits is largely unknown due to missing markets for
environmental quality, see Goulder (1995). Thus, if different welfare components
move in opposite direction there is no guarantee that overall welfare changes Are
positive. Some authors, e. g. FitzRoy (1996), emphasize thgt a miésing double
dividend might be a serious obstacle for an enviréﬁmenta] tax réfofm to‘ vget ever
implerented.

There exist a number of theoretical models, that analyze the existence of double
dividends. However, to our best knowledge no attempt has been made to test these
models empirically. This paper analyzes tlle:empi.rical possibility of double dividends
using an extended version of the indirect tax reform model of Ahmad and Stern (1984).
The extension allows for environmental externalities and follows the work of Orosel
and Schéb (1995), Schob (1996), and Pirttil and Schb (1996). This framework allows
us to identify the crucial parameters on which welfare enhancing tax reform prostals
are based. These parameters are the marginal cost of public funds and ﬁhe.

environmental benefits that will be defined below. _In order to calculate these
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parameters we need to estimate the uncompensated demand elasticities. Hence, the

question arises which demand system to use to estimate the elasticities.

Qiie of the major obstacles to the practical applicatioii of optimal taxation théory is the
dependence of the results on the specification on the demand systéms eriiéi;yed. to
gstimzite the reactions of the consumers. This problem might be less sev:ere‘ in the
context of marginal tax reforms. Howe\ier, Decoster and Schokkaeit (19905 zind
Madden (1996) have shown that the dvynvaimic specification is of importance .for thc
sensitiizity of marginal tax reform proposals based on welfare analysis. Thesé authors
e_:;s;ti_rriate various versions of Deaton and Muellbauer’s (1980) Almost Ideal Demand
S:ys?tem_ (AIDS), the Rotterdam model of Theil (1975), the CBS model of Keller arid
van Driel (1985) and Stone’s (1954) liine.ar Expenditure System (LESS. Wiih t}ie
ex{cep_tion of the LES, the tax proposals of all deterministic specifications yield highly
-coi're]ated ieéults. Except for the LES all systems have in common that they cari be
understood as a Taylor approximation of first order to any demand function, Therefore,
1t is not surprising that ihese papers find that tax pioposals are 'r‘elatively insénsiiive to
ilie deterministic specification. In the light of this result we choose the AIDS as a
deterministic specification and analyze tax reform proposals using different dynamic
_speciﬁcatioris. The choice of the AIDS is further justified, Sinée the indirect 'utility
function of the AIDS IS known. This is not the case for the Rotterdam model and the
CBS model. The indirect utility functicin is also known in the case of the LES, but as

Deaton (1987) has pointed out that its functional form is so restrictive that it



predetermines the outcomes of tax proposals independently of the particular parameter

estimates.

The data :set we use is a sampie of German monthlyb consumpﬁén survéy data,
disaggregated into three household types. The time period we choose is Januafy 1969-
December 1995. Therefore, we have substantially more degrees of freedom than other
papers that analyze marginal tax reforms through econometric demand analysis. This
data set also gives us the possibility to analyze various dyhamic specifications, which
cannot be estimated in a lot of cases due to the lack of degrees of freedom.! Also
because we have data by household groups (a sample of elderly persons, low-incoine
and high-income workers, each with their own price indices), the results may indicate
how tax reform proposals affect different household groups. In addition the analysis of
the tax reform proposals may indicate how sensitive the demand specifications are

across different household groups.

Each AIDS specification incorporatés a different‘ sioéhéstic and dy.riamic specﬁiczition.
Our starting point 1s, as in Anderson and Blundell (1982), a general lag structure from
wlﬁch we derive six versions of the AIDS model along the lines of Wickens and.
Bfeusch ( 1988). These versions enable us tov estimate the long run relationship
between budget shares of commodity éxpenditure, prices and income.':We also

estimate the static AIDS model plus a quadratic and a linear time trend. However, all

' 'We do not present any estimation results in this paper due to space restirctions. However, these
are available from the author on request.
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thes_e_ models yield positive own price elasticities. This contradicts neoclassical
household theory and has the implausible policy implication that in order to yield
environmental benefits the government should cut the energy tax, although energy is

assumed to be a polluting commodity!

An exp]anagon fpr this‘“result might be that the standard demand system completely
neg‘leCFS technq]ogical progress. Technological progress has the consequence that the
cnergy efficiency of energy consuming commodities is rising constantly. Therefore,
energy Qemand should react less sensitive to energy price (lecteasés. Energy prices
havq been falling since the mid 1980’s and therefore the neglqci of technological
progress mlght be responsible for an estimated positive value of own price elasticity of
energydemand We model technologicgl progress for energy and gasoline efficiency
as a restricted time trend. We follow some parts of the literature on computable
general equilibrium models and assume that the efficiency of energy and gasoline use
grows at the exponentlal rate of 0,01 (e. g. Burniaux, Martin, et al. (1992) p- 104). We
choose tl'us form of modelmg technological progress for convenience as ‘1t avoids
additional nonlinearities in the equation system to be estimated. We dé no; estlmate, as
dﬁne in Decoster and Schokkaert (1990) and Madden (1996), any difference Vergibns
of the AIDS. It is a standard result of time series analysis that difference versiéns
might neglect important long-run information about the levels of the variables. Aﬁd,
indeed, models estimated in differences and in levels typically yield very different

results.



The rest of the paper is organized as follows: Section 2 describes the theoretical
framework of analysis. Section 3 sets up the econometric framework and section 4

describes the results. Section 5 gives some conclusions.

2. Theoretical framework

Our approach to measure tax disto;tions and evnvironmental benefits follows previous
work on this topic closely. We extend the indirect tax reform model of Ahmad and
Stern (1984) along the lines of Orosel and Schéb (1995), Schob (1996), and Pirttil aﬁd
Schob (1996) in order to accouht for environimental extenh;i]ities. We will develop the

crucial parameters of interest in this section.

We assume that there are constant returns to scale in production and that there, are no
pure profits, so that tax changes are reflected as consumer price changes only. We

assume that the government requires a fixed and exogenous revenue.

Consider a social welfare function of the Bergson-Samuelson type:

2.1) W(g: ' 175 1" 2) = W(V' (g: 1 2); VA g5 2) s Vi (@i 1 2)).
where
2.2) Vi(q: li,'z) = ;11,gx{tti(xi,'z).' I'> qx'} with i=1;2;..h

and where x' denotes the 7 +1 vector of private commodities, with x; as the untaxed

numeraire. I' denotes the income of household i. The variable ¢ denotes the consumer

price vector. The consumer price vector ¢ can be written as a function of the producer



price vector p and the vector of taxes ¢, in the following way:
g=p+t.

If factor incomes and producer prices are fixed we may speak interchangeably of

changes in, and derivatives with respect to, ¢ and r. Since we assume that:'the

government is not able to'levy lump sum taxes, we can neglect the dependence of the

vz:l’r'iabies on I' for all i=1;2;...h.

du'(xi;z
[ )>0, for all i=1;2;..h,

4

The variable z denotes environmental quality, i. €.

which is a public good. The variable X; for j=0;1;...;n denotes the aggregated demand

for commodity j and is given by:

It is assumed that environmental quality z depends on the consumption of the

commodities X, and X, in the following way:

0z Xei Xg) 32X, Xg)

ox,

23)  z=2(X,:X,), with =7'<0,

€

where the subscripts ¢ and g stand for epergy and gasoline. We also assume that

consumption of private goods and environmental quality are weakly separable.
,xl‘
Therefore, we have sz 0 for ali i=1,2;...h and j=0;1;...;n. The assumption of weak

aq,

separability enables us 1o divide the welfare effect that results from a change of the tax

8



system into welfare effects related only to changes in the consumption of the public
good environmental quality (environmental benefits) anci those related to changes in
the consumption of private goods (private benefits). Undér the assumption of weak
separability follow the uncompensated demand functions of individual households

from (2.2) and (2.3):

x =x; (q, ) foralli=/;2;. .hand j=0;1:.;n

The revenue constraint of the government is:

2.4) R:iszj(q;ll;...;Ih),
j=1

where R denotes government revenue and 7; denotes the épeciﬂc tax on commodity i.
Now consider a tax reform that changes r, and adjusts ¢; such that the government
revenue constraint is fulfilled. Differentiation of (2.1) under consideration of (2.2) and
(2.3) yields:

aw  Loawavi Lowoav' [(ax, X,
—_— =y —— Z—T———z —+ ==
dyy [ Zjov'iogy DoVt 0z \dgy  dgy

N «,,Jr_:,lj, E_IK?_V_IJr h -aKay’, , (aX anJ it/_
Sovidg [Sovi 9z (94 dqr ) |d

(2.5)

Since the tax reform is revenue neutral we obtain after differentiating (2.4):



X+Zt~*

dt, ! E)qk

“(2.6) T= .
dt,
Z j 8q,

(2.6) gives the necessary adjustment of 7, in order to keep the government revenue

constant. Substituting (2.6) in (2.5) yields under consideration of Roy’s Identity:

h .
aw [ oax; XB'gs ZB 9k
—=| X +ZI""L = CER - izl
d k J i a .
{ i=1
- J QX+ X9 XE G X+ Zfﬂjxﬁﬂf

@7 j=1 =y

h X, +E X £ X, +e,X,
[Xl\"'zt ] 2 ekte gk*g _ elte gty
k on

P L
et TUaX e X+ XTaiX e

j=1 Jj=1
{ i . i ) )
thiV_V_BL_ ﬂix’ —_Bixi, and a—W_éz—zn'. T, =t;/q; is the overall
avidgr  avial K KTV % r

effective tax rate as a proportion of the consumer price. The variable ' denotes the
social marginal utility of income of household i, of the welfare weight. The variable 1’
represents th¢ social marginal utilﬁy.bf erl_vir,onméntal quality of household i. Note that
B and 7' arc; posﬁive. Bi and 0’ are value judgments and considered aé €xogenous.

The variable ¢, is the uncompensated cross price elasticity of aggregated demand

10



h
between goods a and b.> Note also that zn determmes social welfare, which results
i=1 :

from the public goods characteristic of environmental quality.

The first term in (2.7) describes the change in welfare due to a change in the
consumption of privéte goods. This term neglects environmental quality. in the
brackets of the first term stands the difference in marginal cost of public funds of tax ¢,
and 7,. Therefore, the first term is positive and contributes to a social welfare increase,
if the marginal cost of public funds of 7, is greater then the marginal cost of public
funds of ty. This, of course, is a standard result of optimal taxation that neglects

environmental externalities. A tax reform yields private benefits if:

ho. h P
2. Blarx; Y Blarxy
2.8) MCF; = PL > l=1n = MCF,.
aX+ v XEj aXe+ 2T95XE jk
j=1 J=1

Inequality (2.8) states that in order to yield private benefits the government should
raise taxes with a low MCF and should cut taxes with a high MCF. The larger the

inequality the larger the private benefits that arise from raising ¢, and cutting r,. If (2.8)

* Note the following relationship between the uncompensated cross-price elasticities for aggregated

demand, £,,, and the uncompensaled cmss-price elasticities for individual household demand,
. i .
El(lb: Egp = X, 4y 6117 gX" =—l- . 3 Lx, = anxaeﬂb Also note that
a(lb a X, i1 %9p Xa i=1 xa 9b q" a i=t
| & .
j ==X
95 ix



'i‘;E}{iiﬁlled the tax reform yields:)én in:crease:’in the welfare compohent that is deriQé(Ti
from the consumption of private goods. In the numerator of MCFj, stands-the marginal
.r_eactior_r of social welfare W that results from a change of the consumption of. private
goods, neglecting any changes in environmental quality, to a marginal change of 1. In
the denominator we find the marginal tax revenue of t,. Therefore, MCF}, gives the
effect of a change in the consumption of private goods on social welfare per additional

unit.of government revenue that is raised through an increase in 1.

For a better understanding of the welfare judgments of various tax proposals and its

distributional effects, it is-helpful to decompose the inverse of MCFy, as in Ahmad and

Stern (1984):

The inverse of MCFy, gives the necess'ary cut in r;a;'énﬁe if welfare is ‘to;'be increased
by éne ﬁm‘t through a reduction of ¢,. The first pért‘.ozn the right Hanyiyi“sivde}éizves the
reciprocal of Feldstein's (1972) distributional characteristic of the good &, T the
welfare weights B’ for all i=1,2;...h equal unity, that is all individuals are treated the
-same by the government, then this term would always equal one f;)'r all goods and it
would not contribute to any differences m the various MCF. If the welfare weights are

different for individual‘ households this term plays a role in the ranking of the MCF.

12
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Consider the case where the government favors household j and sets 8/ =1 and ' =0
for all £ j. Taking the effect of the first term only, the highest MCF would be for the
good with the highest consumption share by household j in its total. A government that
cares only about household j would therefore raise a tax with a low value for x/ and a
high value for X, and cut a tax on a commodity that is consumed disproportionately
more by household j than by other households. The second term measures the demand

responses on revenue: It is clear-that a MCF is small if the tax increase causes only

little substitutional effects by households.

Since we have data for three different household types, we can investigate the impact

of different welfare weights on the MCF. Table 1 shows the extreme values we have

chosen:
B B g’
MCF111 1 ] 1
MCF100 1 0 0
MCFO010 - 0 1 0
MCF001 0 0 1

Table 1; Welfare weights.

The welfare indicator MCF111 allows us to analyze the private welfare benefits of tax
reforms according to a Kaldor-Hicks criterion. The government compares losses and
gains of the different household groups and calculates whether the gains outweigh the
losses. The gains and losses are calculated as Hick’s equivalent income variations for

each household. The difference between MCF111; and MCF111; gives then the

income that would be left over after the winners have compensated the losers.



The :_(:)ther three MCF allow us to ca]culgte how a rax reform is judged by a_single
household type. This allows us to asses the winners and losers of a tax reform.
.Additionally, if all household‘ types judge a tax reform in the same way it is pOSSib,k. to
“avg‘hieve Pareto improvements, since gverybody will be better off at least on the basi;
qf private benefits.

The second term in (2.7), analogously to Schob (1996), describes the difference in the
marginal environmental impact of the tax rates ¢, and z,. The marginal environmental
impact of\ti is positive if the consumption of the polluting commodities decreases after
an increase in #,. The second term in (2.7) is posi?ive if the marginal environmental
impact of 1, exceeds that of 7,. However, the marginal environmental impact of ¢, and

t, is not calculable for us, because we do not have any data that allow us to draw

h
" conclusions about the magnitude of the terms 0" and z’. Since there is no market for

i=1
the public good ens}"ifonmental quality, n' cannot be observed. Also z” is not known in
a lot of cases due to a lack of information. All that is known with certainfy about 1
and 7" are th¢ signs. Therefore, we do not estimate the marginal enviror_l_r_nental impact
of the various tax rates. We estimate only whether a tax reform mlght prgate
environmental ben_efus through a reduction of the consumption of thg pollqting
qqm@gdities X, aﬁd X,

An environmental tax reform yields environmental benefits as long as:

14,



£ X, +£gng €X, e X
[et e 878 =
R < - =EB.

n
quk + Z‘CijXjEjk q,X, + ZquijSﬂ
j=1 =S

(2.9) EB; =

In the numerator of EBj stands theﬁmarginal reactio'n‘ of the aggregated demand of
polluting commodities to a marginal change of r,. In the denominator we find the
marginal tax revenue of ¢,. Therefore, £Bj, gives the change in aggregated demand for
polluting goods per additional unit of government revenue that is raised through an
increase in .. It is more convenient to express the change in polluting demand per unit
of fevenue raised through r,; instead of per unit of tax change, since this takes into
account the effects of tax changes on the budget constraint of the government.
Therefore, the comparison of EBj and EB; takes. into account that the marginal
revenue of a tax rate determines how much a tax rate has to be raised or how much
other tax rates can be cut in order to keep government revenue constant. The higher
the marginal revenue of a tax rate the better it is for the government 1o raise this tax
since the tax has to be increased only a little to achieve an additional unit of
government revenue. Analogously, it is better for the government to cut tak rates- that
have a relative small marginal revenue. |

if tﬁe inequality m (2.9) is ﬁjvlﬁ.lled,.the ﬁggfegéted demand of polluting commodities
dgcreéses if 1, _'méreases and décreases.“T};erefore, in order to yiclduenvironmental
benefits, the government should raise the tax with the lower EB ana cut the tax with

the higher £B. The larger the inequality the larger the environmental benefits that arise



from raising ¢, and cutting 1,. If (2.9) is tulfilled the tax reform yields an increase in the

A

welfare component that is derived from the public good environmental quality.

Qur objective is to analyzg whether a revenue environmental tax reforms might be able
to yiéld a double divideﬁ(vi.. For this purpose we ne;édlto calculate the MCF and EB.
These parameters detenﬁine the existence of ab double dividend. If aﬁ énvironmental
tax reform yields environmental benefits and private benefits at the géme time, it yieldsv
a double dividend. In this case the welfare components that are derived from the

consurnption of the public good environmental quality and of private goods are both

improving. The determination of the EB makes sure that there are environmental

; -
benefits. although the exact size cannot be determined, because the terms ¥ 1y’ and z’

i=]
cannot be observed. In order to calculate these parameters we need the uncompensated

demand elasticities and the tax rates 1;, for j=0;1;...;n. These are derived in the next

section. ST I

3. Econometric framework
In this section we estimate the potential for a double dividend using monthly German
data from 1969:01 to 1995:12 on ten commodity groups of consumer expenditure. We

coné}&élfliégré'gel’téicbnsumér behavior for three different types of households. Type 1

isa ﬁWo-persdﬁ-houéehold of elderly married couples with low income, typically

FERTN

céﬁsisﬁng of a pensioh or other public assistance. Types 2 and 3 are four person

households consisting of a married couple and at least one child under 15 'years of age.

16



The difference between household type 2 and 3 is that household type 2 are
households of a low income blue- or white collar worker while household 3 consists
only of high income white collar workers. The exact classification can be found in the
publications of the Statistisches Bundesamt. Household type 2 and 3 are single earner
families, so that the assumption of inelastic labor supply may be appropriate. The

expenditure data were available in the following categories:

(1) ex01 =food food

(ii) ex02 = clothing cloth

(ii1) ex03 = housing services rent

(iv) ex04 = energy ) . energ

(v) ex05 = other expenditures on housekeeping houseex
» (vi) ex06 = cosmetics and health products » cosm

(vii) ex07 = transportation and communication services without gasoline trans

(viii)ex08 = gasoline gas
(ix) ex09 = educational and cuitural goods and services. cult
(x) ex10 = personal goods pers

Also available were commodity price indices for each of the three household types
except the gasoline price index. Here we choose a price index for all German

households. The polluting commeodities are assumed to be enérgy and gasoline.

Expenditures on housekeeping consists mostly of expenditure for furniture and
household appliances, like washing machines etc. Educational and cultural goods and
services include mostly expenditure during leisure time, for expample cinema, theater,

and books. Personal goods include services such as travelling.

We assume that changes in the vector of budget shares sh are responses to anticipated -



and unanticipated changes in the price vector ¢ and inicome / in an attempt to maintain

‘a'long-run relationship of the form:

sh(e)=T1-a(r),
where a(t) is a vector containing prices, income and an intercept term. Such a model
may be written in vector notation, using the lag operator L, as:

m A n .
sh(t) =Y yiL'sh(t) + Y z;L a(s),

o=l i=1
where y; and z; are vectors associated with endogenous and exogenous variables,

respe‘:cti\./elyA The lag operator is such that sh(t —i)= Lish(l‘), i=1,;2;...;n. In order to

obtain the the matrix TT that describes the long run relationship between shi(t) and

a(t), ‘*we subtrac sh(r)Y.y; - on both- sides. After some rearranging and
i=1

reparameterization we obtain:

(3.10)  sk()= Ha(t)+ 2Y(1—L’)sh(t)+ 22(1—L’>a(r)
. B | RN =1 . [

N

SR A R M S (0

i=|

For more details on this see Anderson and Blundell (1982) and Wickens and Breusch

(1988).

18



We assume that the long-run relationship takes the form of Deaton and Muellbauer’s

(1.980) almost ideal demand system (AIDS) with:

. 10
M-a(t)=a+ Y g;Ing; + b(Inl - InPI)

i=1

and:
N 10 1 1010
InPI=ag+ Y ajlng; +—2-Z D&ijlngiingj. -
i=1 i=1j=1
' : 10
The price index PI is approximated through the Stone price index [n P = Zsh.,- Ingi
. ) [:1 vl

in order to obtain linearity of the demand system. This approximation method is

common in empirical works estimating the AIDS. See e.g. Deaton Muellbauer (1980).

Since the shares sh;, i=1,...,10 have to add up to one, we have the following

restrictions:

10 10 10
Eg,-j =0, Zhi =0 and Zai =1.
i=] i=] ’

=1
Further we want to impose homogeneity and symmetry in the long-run. Homogeneity

10 :
yields g; =0 and the symmetry of the Slutzky matrix implies g; = g ;.

j=l
The equation system (3.10) is specified most generally if ¥, and Z; are specified as

general matrices and high numbers are chosen for n and m. However, due to data

19



lirﬁifatic;ﬁs, we are restricted to choose rather restrictive ' versiois' of "demand
specification. For example if we specify m=n=12 and specify ¥, and ' Z, as general
matrices we would need about seventy years of montﬁly ‘dvata to estimate our ten
commodity demand system. Since the data constraint is sﬁch that it 1s impossible for us
to estimate nested forms we estimate demand specifications which are contained as
special cases in (3.10). This strategy is justified by the following reasoning: Usually, it
is stated that the parameter estimates of the long-run economic structure vary
substantially with the dynamic specification (see e.g. Anderson, Blundell (1982)). This
sensitivity highlights how critical the dynamic specification 1s in ul;imat’e_lyvdriawing
conclusions about the long-run economic structure. Therefore, we estimate different
dynamic speciﬁcations of our demﬁhd system and we show that at least the policy
conclusions do not vary substantiaily with the dynamic specification. As in Madden
('1996) we are not making any inferences regarding what is the best demand system.
Since we are not able to estimate the nested dynamic specification, the choice of any
particular system as best is prob]e@tic. There are non-nested tests, see the literature
quoted in Madden (1996), but in general tﬁere does not appear‘vt;) be any well-
éé"t'zi'blis‘ﬁédepro‘cedufe which 'would allow one to-unambiguously choose between non-
nested models. Thus, the best strategy seems to estimate differgp; :gpgciﬁcations of the
AIDS and analyze the policy conclusions for all these specifications. We choose the

following specifications: ’ ' g
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G.11)

3.12)

(3.13)

(3.14)

(3.15)

(3.16)

g; ()

shj(ty=a; +2gu In—=—=+ b (Inl(t) - In PI(t)) + u(t) AIDS,
i=1 q10()
shy(t)=a; +2g,] A +bj(ln1(t)~lh.PI(t))
i=1 10(0.
12 AR,
+3 piult — i)+ u(t)
i=1
shiy=a; + Y gy In"=+ b (InI(t) — In PI(2))
S e TT2.
+)’Ul + )’2]'12 + M(t)
(1= L)shj(ty=m| a; +zg,jl 9 (1)
o1 G0 PARA,
+bj(In(0) — In P()) ~ Lsh; ()] + u(t)
shi(t)=a; +2gu 20 +b; (lnI(t) lnPI(t))
o g0l AB
9 )
+3yji(1 = L)shi(6) + u(r)
i=1
IO
shi()=a; + D, g;ln ( +b;(In () —In PI(1))
ERE BEWLEY

12 ,
+ 2y (1= sk () + ut)
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gi(t ))+b (Ind(t) - In PI(2))

shi(ty=a; FZg,]ln
= ] qi0i

(1)
g10()

3.17) . +2 vjill= Lyshi(t) + Zz il = D ALLG.

i=]
+2jp (1= LY(InI(t) = In P](t)) +u(t)

The specification AIDS is the standard static version of the almost ideal demand
system as it is found in Deaton, Muellbauer (1980). AR describes the static version
plus a autoregressive proéess of 12th order. TT2 is the only speciﬁcaﬁbn which is not
a special éase of (3.10), but nevertheless it has been estimated frequently, e.g. Ng
(1995). PARA is a partial adjustment version of the AIDS and can also be derived as a
speciél case of (3.10). AB includes the first lag of all commodvitvy‘ shares in all
equations. BEWLEY includes the static version plus twelve lagged shares of the

corresponding endogenous variable in each equation. ALLG includes AB plus the first

lag of all exogenous variables in each equation.

All demand systems include monthly dummies so that purely seasonal variation in
expenditures is not attributed to the independent variables. According to the German
Statistical Office, (Statistisches Bundesamt), the data before 1986 and afier 1986 were
generated with different methods. This structural break is reflected in an additional
dunmy. Also one share cquation is dropped due to the adding-up restrictions; as

shown in Barten (1969) it is irrelevant for estimation which equation 1s dropped.

From (3.11) and the identity p,x; = sh,/ we can derive the uncompensated clasticities,
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. sh.
(3.18) g,.j=-5i.+§i_,,i°_f_,
Toosh sk,

where & is Kronecker’s delta, i.e. 8;; =1 and 8,-1,» =0, where i # j. In calculating the
elasticities we use the arithmetic mean of the shares sh, for 1995.

In order to calculate the unobservable tax rates T j» for j=0;1;...;n we express t ; in

proportion to the unobservable producer price for good j, p;. In this case we can write:’

3.19 tj:’chjz%'jpj,

where %, is the observable value added tax rate on commodity j. Since g; = (1+%,)p;,

(3.19) can be rewritten as:

At

/

1+rj

{1+ T)p, =%, @1, =

For 1995 we calculate with the following tax rates %j, where j=1,...,10:

~

Tor Tz To3 To4 Tos Tos Ty Tos Too Tio

007 | 015 0.15 0.15 0.15 | 0.15 0.15 200 | 015 | 015

Table 2; Tax rates.

One problem we have encountered in estimating the above demand specifications is
that all these models yield positive own price elasticities. Especially, the own price
elasticity of energy demand is positive, contradicting neoclassical household theory

and most empirical studies oil energy demand. As a demonstrative example the next
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table shows the uncompensated ownprice demand elasticities for energy:

HH1 HH2 HH3 agg
AIDS 0.27 0.22 0.17 0.20
BEWLEY 0.34 0.27 003 017
TT2 0.13 0.51 0.46 0.51
PARA 0.30 0.15 0.17 0.18
AB » 0.43 041 035 0.38
AR 0.09 043 0.14 0.02
ALLG 031 0.45 0.29 0.35

HH] HH2 T HH3 agg

- Table 3: upcompensated ownprice demand elasticities for energy demand

An explanation for this result might be that all of the above demand specifications
completely neglect technological progress. Technological prégress h has the
consequence that the epergy efficiency of energy and gasoline consuming commoditi;as
is tising constantly. Therefore, energy demand should react less sensitive to energy
price decreases. Energy prices have been falling since the mid nineteen eighties and’
- therefore, the rieglect of technological progress might be responsible for an estimated:
: positive value of own price elasticity of energy demand. Indeed, prehmmary research
has shown that estxmatlon of the demand system AIDS from 1969:01 until 1985: 12>
ylelds negative uncompensated own pnce demand elasticities for energy. Therefore,

we provide a simple attempt to model techno]oglcal progress.

The commodities energy and gasoline have the characteristic that they are not
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consumgd directly, but used as an input to use other consumption goods. Energy, for
example,- is not consumed directly, but serves as a commodify to use electrical
househéld‘appliancé's; Also gasoline functions as anvinput té d.e:rive':a service strearﬁ
from the commodity automobile. Therefore. we assume that' not the cbrﬁinodities itself,
but a service stream ¢ of the commodities generates utility. We assume a household
production function y,(-) that uses energy, gasoline and .commodity i to produce a

service ¢;:
¢ =vi(x Eouxoy0 EggXog) i=1..;ni#48 and u(c: 7).
The variable E; reflects the effects of technological progress. We assume that E;,
i=04; 08, grows at rate 0,0.1. The maximization problem of the household is now:
(3.20) Vi(q;]";z,) = mcizx{ui(x; EpyXp4s Eosxog;z): I'> qxi}, where i=1;2;...h.

The utility function reflects not-only preferences but also technological characteristics
of the household production - function. From the first order conditions of the
maximization problem in (3.20) and the assumption of weak separability between

private and public goods follows that the Jong-run relationship between shares, prices

and income can be written as:

{ o4 408 o
et
Egy Epg ) -

where f(-)isa continuous function. Assuming now that f () =11 a(t), where a(t) is



a vector éontaining prices, g, income [, Z‘M Z()S and an intercept term. If T takes
04 108

the funct10na1 form of the almost ideal demand system (AIDS), we obtain the

fo]]owmg equation system in vector notation:

10
M-a)=a+ Y gilnd v bnl —InPI) = goy 0,011~ gog - 0,01 -1,
-1 q10

and:

N 10
in PI = 2Shi lnq,- - Sh()4 0,01t~ Sh()g -0,01-t.
i=1

This form of modeling technological progress has the convenient property that it does

not add any nonlinearities to the demand system.

Except for the demand system TT2 we extend all of the .above deméndv specifications
to include technological progress. Demand specifications including technological
progress are labeled with the prefix fp. The uncompensated own price demand
elasticities are all negative when technological progress is considered. The next table
shows the uncompensated ownprice demand elasticties for energy, estimated with vthe

inclusion of technological progress:

HHI HE2 HH3 s
pAIDS 0,61 20,7 2036 053
(PARA 20,52 0,68 20,40 0,53
PALLG 071 0001 025 021
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(BEWLEY |  -0,79 069 | -047 -0,60
AR ' 2053 058 | o1z ] 036
t(pAB T -0,68 0,71 0,27 -0,50

- HHl HH2? = HH3 agg

Table 4: uncompensated ownprice demand elasticities for energy demand
In the next section we analyze different tax reforms and their welfare effects as implied
by the demand elasticities that we calculate from different demand systems estimated

for Germany.

4. Empirical results

In this section we give a summary of the estimation results and discuss some of their

political implications.

4.1. Summary of the estimation results

The following statements are referring only to the demant_i_ systems that include
technological progress. The smallespdemand‘_igystem__spcc;ﬁcgtions: f;gqtains 1“7]
parameters. Due to space restrictions it is impossible fo present all estimati_on results.
However, they are available from the author on request.:In this section we merely
- .summarize the estimation results. In a ten commodity AIDS dc;mand system with
impos_ed homogeneity and symmetry there are 63 parameters tha; describe the long-run
behavior of households. In the following.table we list the pumber of these parameters

that are statistically significant at a 5% and 10% levcl,vrespectively.



5% 10%
HH1 |HH2 [HH3 |HHT JAH2 JAH3
WAIDS |31 |27 185 |37 |32 |38
toPARA [34 |24 |30 |35 |28 |34
tALLG 80 |27 |40 |38 |32 |42
ipBewley 45 |53 [43 |49 |56 |45
wAR |24 |25 |19 |30 |28 |e4
toAB 28 |21 |33 136 |25 |37

Table 5: Number of statistically significant parameters that describe long-run behavior

At the 10% level these results are in accordance with the studies of demand systems
that can be found in the literature. The residuals seem at least partially to- show some
systemzitic movement which indicates serial correlation and heterosced;sticity.
Regarding this aspect this paper cannot draw any comparisons with the literature, since
these results are usually not given, or statistics are presented that are designed to

detect only first order serial correlation. In the next section we discuss the policy

implications of the statistical results.

4.2. | Pdlicy implications”

In this section we discuss some policy implications of the results. After calculatingall
MCF and EB we can order them according to their rank. Comparing the ranks of the
MCF and EB gives the effects of tax refornis on the various welfare indicators. For
example if the rank of MCF of the energy tax is higher than the rank MCF of the
gasoline tax, then the energy tax should be cut in order to yield an increase in the
private welfare. Analogously, environmental quality improves if the tax on a
commodity with a high rank of the EB is cut and in exchange the tax of a comumodity

with a lower ranking EB should increased. In the appendix we have provided the
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complete ranking -of all commodities for the various. MCF and EB and demand

systems. .

Regarding an environmental tax reform, the energy tax and the gasoline tax are the
most interesting ones. Therefore in the next table we present the ranks of the MCF and

EB for the comunodities energy and gasoline. ' Lo o

tpAIDS | (pPARA | tpALLG |WBEWLEY| (AR | (pAB.
energy
-[EB 5 5 | 9 9 9 9
MCFI11 2 2 3 3 3 2
MCF100 I B i I I T
MCFO10 2 2 3 T2 R
MCFO01 i 4 6 3 5 4
gasoline » _ | |
EB 10 10 6| 10 T | 10
MCFI11 | 1 B 1 1 1 I
MCF100 3| 4 3 R R EER T
MCFO10 1 I 1 1 | 1 T
NCFO0T 1 1 N T3 .

PATDS | pPARA PALLG 'At_psg\ypgif AR | pAB

Table.6: Rankings of welfare indicators for energy and gasoline.
There seem to be two remarkably stable results. Regarding the energy tax in all
household demand systems household type 1 prefers the e\;x}x_e{gvy‘“tax to be cut before all

other tax rates. A similar result holds for household type 2 and the welfare indicator
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MC.’FI:II regarding ihe gasoline tax. Tﬁeréfore, a tax réform that waﬁts to create
private benefits for all household types, should not raise the tax on energy or gasoline.
Theréfore, an envi;onmental tax refdfm thét yields a double dividend in a strictly
Pareto improving sense must be one without increases in the energy tax or gasoline

tax. A gasoline tax increase can be also rejected in a Kaldor Hicks improving sense.

The intuition for this result is easier understood when we look at the inverse of the
distributional characteristics of the commodities energy and gasoline that can be

observed directly given our choices of B’ for i=1,2;3.

commodity X, /x| X, [x} X /X
food ‘ 584 ' 254 1,98
clothing . 16,94 » : 2,65 . 1,78
rent 8,86 2,57 2,01 .
energy 7,53 2,47 2,17
housekeéping 14,21 2,87 1,72
cosmetics and health 11,31 - 4,15 1,49
transportation 14,58 2,60 1,83~
gasoline 20,57 2,35 1,90
Jcultural 19,53 2,68 1,74
bersonal T 1384 2.86 1,73
variance 4 17,48 0,23 0,03
commodity X, /x,1 X; /xl2 v X /)c,3

Table 7: Inverse of the distributional characteristics.
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For household .1 and 2 energy and gasoline, respectively,.have the highest

distributional characteristic. This means that when these.two goods are taxed,

_hc?usehold 1 and 'houysehold 2, respectively, carry the highest burden. Another

argument against higher taxation of energy and gasoline are their comparably low

marginal revenues as can be seen from their ranking in the next table.

R, tpAIDS | tpPARA | tpALLG. [tpBEWLEY| = tpAR tpAB.
o 1 2 2 1 2 1
R, 6 6 7. 6 6 _6V
R,O? 2 1 1 2 1 2
R, 3 3 5 8 3 5
R, 5 5 5 5 5 3
R, 7 7 6 7 7 7
R, 4 4 4 3 - 4 -
R, 10 10 107 10 10 - 10
R, 3 3 3 4 -3 3
R, 9 . 9 -8 9 9 8
Ryo | (pAIDS .| tpPARA | tpALLG. {tpBEWLEY| AR | tpAB

- .Table 8: Ranking of the marginal.government revenue.,

Raising the energy and gasoline taxes leads only to a relatively small additional tax

revenue. Thus, the government is not able to sufficiently compensate households in

form of tax cuts. Tax rates with a small marginal tax revenue are good candidates for a

tax cut, since the effects on the government budget are only small. Hence, the last table
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tells us that also the tax rate on personal goods is a good candidate for a tax cut. This

view is confirmed below.

From the variances in table 4 it follows that for household type 3 distribﬁtiona]
characteristics matter the least. Therefore, the correlation between MCFI11 should be
the highest with MCFO01, followed by MCF0I10. For household type 2 and 3
* efficiency is fnore important than for household type 1, since for these two household
types distributional characteristics are quite uniform. Thus, they judge tax reform

proposals more on the basis of government revenue effects.

Now consider how sensitive. the rankings are to the specification of the demand
system. In.appendix C we have listed the Spearman rank coefficient that gives the
correlation between the rankings given by each demand system for the EB and the four
MCF. TheFSpearman rank coefficient r is significant at the 5% level and at the 1()07::::»’i
level, if || 20,754 and |r|> 0,611, respectively.® As can be seen from the appendix C
correlation is significant between the various demand specifications. In general we find
that the demand speciﬁca\ion seems to be the most important for household type 3. For
this household type the correlation coefficient is the lowest. We find high correlationb
between tpAIDS and tpPARA, tpAiDS and‘thEW\LEY, tpAIDS and tpAB, tpPARA

and tpAB and tpBEWLEY and tpAB. Thus, wé can confirm the result of Madden

* The Spearman rank coefficient r is is significant at the 5% Jevel, if lr|\/n — 121 Where ¢t is the
value of the t-statistic and » is the number of observations. See Dougherty (1992), p. 206.
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(1996) that the correlation between the static AIDS, tpAIDS, and its partial adjustment

version, t(pPARA, is very high. -~

The sensitivity of the rankings are summarized in the next table, where we calculated

the arithmetic correlation coefficient for each welfare indicator.’

EB |MCFI11l {MCFI100 {MCF0I0 {MCFO00I--
0,75 0,87 0,92 0,92 0,82

Table 9: Sensitivity of the remk;"ngs to the demand specifications.

-In this section we have shown that a revenue neutral environmental tax reform ‘thvaftk
-r'aises the energy tax cannot yield a double dividend according to the’ Paré:;to-criterioh.
A revenue neutral environmental tax reform that raiseé the gasoﬁ-r;_e tax ‘;""auf:ls“tqr yield a-
double dividend according to the Pareto- and also acco_fdin'g*to Kaldor-Hicks criter“i(-)‘h;..
_However, due to the substitution- and comp]ementafy- L>r.e]atiqnships. l?etween the
commodities it might be possible-that revenue neutral tax ,reformA‘_rr'ﬁght .yi{:ld.a.double‘
dividend by raising other taxes than the energy or gasoline tax. ’fhis”quéStion is
analyzed in the next two sections. In the third section we analyze whether it is possible

to achieve private benefits if the energy and gasoline tax is recycled in:a- lump-sum

fashion.

4.2.1. Pareto-improving tax reforms.

In this section we describe marginal revenue neutral tax.reforms that tax create an
environmental benefit and are judged as welfare improving from all three household

types. Thus a Pareto-improving tax reform is based on the welfare indicators MCF100,
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MCF010; MCF001, and EB. We label these tax reforms as Pareto-improving since

they fulfill the sufficient condition that gnarantees all three household types to be better

off.
tpAIDS | tpPARA | tpALLG | ®WBEWLEY | (pAR tpAB
110 ud
25 du du : du
29 du du du ' du
210 ud ud
57 _ : . . | ud
510 ud ud
67 ud ud ud
610 ud ud ud ud ud
79 du du du ' du du
710 ud ud
910 ud ud ud ud
tpAIDS | tpPARA | tpALLG | tBEWLEY | tpAR tpAB

Table 10: Pareto-improving tax reforms.
14 ud means tax on commodity 1 up and tax on commodity 4 down.

There is some degree of consistency in the tax reforms that are suggested by the
different demand systems. All demand systems that suggest tax changes for the same

pair of commodities also suggest tax changes in the same direction.

Note that no strictly improving tax reform involves changes in the gasoline tax. Raising
a gasoline tax would create environmental benefits, but at the same time it increases
also the inefficiency of the tax system from a non-environmental point of view.

Therefore, a trade-off would occur between private and environmental benefits.
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Therefore, the evidence should be rather interpreted that an increase of the energy tax
yields environmental benefits, but lowers private benefits. The main conclusion that we
would like to draw is that it .is very likelyﬂth.at an environmental tax reform that raises
the energy or ggsohne tax does not yield a double dividend in a strictly Pareto
improving sense. A_s‘indicated_babove,u the losers from an energy and gasoline tax

increase would be household type 1 and household type 2, respectively.

Candidates for an environmental tax reform that yieidk a double dividend and are

mentioned at least four times are the following pairs:

taxcut taxincrease
(10) personal goods ©) " cosmetics and health pfioducts

(10) personal goods ®) educational aﬁd culturai goods
,(2) clothing ) educationﬁl and éulturai_goods
(7) transportation and communication (9) educational and culturai goods-

After baving shown that an environmental iax reform that involves increases in the
energy or gasoline tax isv unlikely to mak;a eve;’ybody better off, we might ask whether:
the losses _Qf the losers could be (over)compens_gt_ed by the gains of the winners. Ttnx.éi
Vpurpose,of_ the next section is to_apply the K.al_dQ.r}HickS welfafe critériqn @;§ a meaSﬁ%éi

for welfare comparisons.
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4.2.2. Kaldor-Hicks-improving tax reforms:
Welfare comparisons on the basis of the Kaldor-Hicks welfare criterion are possible if
we set the welfare weights of the government B =1, for all i=7;2;3. The welfare

indicators that have to be analyzed in this section ate MCF111 and EB.

tpAIDS | tpPARA | (pALLG |®BEWLEY | (pAR tpAB
12 ud “ud ud ' ud
15. du
16 - du du du du ud I du
17 ud ud ud ud
19 du du du du
110 ©ud ud ud ud ud
25 .. du du du du du
26 ) du du du du du
29 du . du du du - du
210 ud B : ud
35 : du
36 du ud
37, ud ud ud ud
310 | ud ud ud ud
r— wd
410 ud ud
56 du du du du ud
57 ud
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59 | ud |

sio | | ud ud T ud

67 - ' ud oud ‘ ud -~ ud

69 uds | ud ud - du ud

610 - . | - ud ~ud o ud | . ud ud

79 du 1 T da . — Cdu cda | 0 du

%710 e O TR I od .

910 ud ud _ ud - ud
tpAIDS | tpPARA | tpALLG |®HBEWLEY ! (pAR |- tpAB i

v Table 11: Kaldor-Hicks.improving tax reforms.

The tax reform proposals thatyield a-double dividend ‘when the Kaldor-Hicks -criterion
is employed does not show the consistency that the Pareto improving tax PIQPQ??‘IS
show.  For some pairs of tax changes that are suggested by more than one demand
specification it is not clear in which direction the tax changes should go. F_o; example,
tpALLG suggests to cut the tax on housing services and to raise the tax (‘)_n:,cosmetics
and health products. The demaﬂd specification tpAR suggests the opposvilte._ :ﬁA}ll tax
pairs that show this inconsistency are in italics and are underlined. ,

Three demand specifications suggest to raise the energy tax. To cut the tax on personal
goods and to raise the tax on energy is suggested by two specifications, tpBewley,
tpAR. tpALLG suggests to raise the energy tax and to cut the tax on transportation _and
communication services. All other-demand specification -suggest that the energy and

gasoline tax should not be changed at all. -
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_Therefore; the evidence is rather weak that a revenue peutral environmental tax reform
might yield a double dividend according to the Kaldor-Hicks criterion, when the
energy or gasoline tax is changed. This point is further supported by the next table.

The next table gives the Spearman rank coefficient for the MCF and the EB.

AIDS | tpPARA | (pALLG | WBEWLEY| (pAR ' téABb
A11.E8 039 | 038 | 062 | -075 0,15 047
Noo.eB .| -0,65 -0,65 071 | -061 -0,08 -0,65
T010,E8 20,44 20,50 20,60 0,77 20,15 047
Toves | 025 | 019 | & | 061 | o0 | 027

AIDS | (pPARA | tpALLG |WBEWLEY | (pAR | (pAB

Table 12: Spearman for EB and the various MCF.

This table gives the Spearman rank coefficient for environmental benefits and the
marginal cost of public funds. The first row gives Spearman rank coefficients for EB
and MCF111. In this row all of the coefficients are negative. The same is. true for the
row that gives Spearman rank coefficients for EB and MCF100 and MCF0I0. For the
row that gives Spearman rank coefficients for E8 and MCF00! there are only two
positive values. Thus, the objectives to raise the private welfare of households-and to
improve environmental quality are rather contradictory. From this evidence we would
like to draw the conclusion that it is rather difficult to achieve a double dividend, since
the coefficients indicate that the aim of increasing environmental benefits contradicts
the aim of decreasing distortions of the tax system. Table 12 also indicates that the

lower the income the more difficult it is to yield a double dividend.
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4.2.3. ‘Recycling the revenue in a lump sum fashion

In this section we analyze if it is possible if the additional revenue of an energy tax of
gasoline tax is recycled through tax cuts in the income tax. Considering’that household
types 2 and 3 have only one working family member it seems quite‘re;sc‘)nabil:e; to
assume that the labor supply of these two household types is inelastic. In this case an
income tax cut might be considered as a labor income tax cut. This interpretation is not

appropriate for household type 1 since the household receives only transfer incoine. -

If the marginal revenue of a tax increase is used for lump sum transfers we get the
following expression for the: welfare effects of a revenue neutral environmental: tax

reform from (2.1), (2.2), (2.3) and (2.4): -

i .
, v ﬁ'x;{
dyy D) dne Eh:Bzfl_]L
i=1 dry
h h
N T T A AT
o, oy Z\art or jdy

From the budget testriction of the government follows Y — = X, + 3 1, 8_ Far the;
. ) i=) Ay j=1 " 9q o

welfare weights B’ we consider only cases where it equals either zero or one. A
-welfare weight of zero indicates that the government does not care about the

 corresponding household. Therefore, it is reasonable to assume that in this case the
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household with welfare weight zero does not receive any additional lump sum transfer,-

hoo dll n o oX. L )
so that ZB‘-C-It—zxk +2tja—’< From this follows the necessary condition for a
i1 K j=1 - 0qy

double dividend:

noo9X. 1 .
MEB, =| X, + >.t; —L (MCFk-1)>0.
1" 9k
j=1
This expression is well known in public finance as marginal excess burden MEB.
Multiplication with the g, gives the additional DM amount that the government would
need in order to fulfill the necessary condition for a double ‘dividend. This amount is
calculated in the next table for the energy and gasoline tax and for the four

specifications of welfare weights.

DM (pAIDS | (pPARA | tpALLG |tBEWLEY | -(pAR t(pAB

7o MEB, | -12051 | 121,63 | -134.21 | 111,77 | 131,23 | -116,63

qo.MEBZ, | -62,18 | -63,30 | -7589 | -5344 | -72,90 -58,30

qosMEB;, | -50,11 51,23 |- -63,81 -41,37 | -60,83 | -46,23

GosMEB,, 65,00 63,88 51,30 73,74 54,28 68,88

qusMEBy, | -50,36 | -50,48 | -58,19 | -62,33 | -78,14 | -54,62-

G MEBL, | 4.44 4,32 -3,40 754 | -23,35 0,18

Gos MEB; 19,15 19,03 11,31 717 -8,64 14,89

qusMEB; 88,10 87,98 80,26 76,12 60,31 83,83

DM tpAIDS | tpPARA | tpALLG |tpBEWLEY| tpAR tpAB

Table 13: MEB of an energy and gasoline tax increase.
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As expected from standard results of optimal taxation, when the proceeds of an energy
or gasoline tax are recycled in a lump sum fashion, it is impossible to compensate all
households. This.can be seen in rows 5 and 9. For the energy tax the additional amount
that the government needs to compensate all households, lies between DM 51,30 and
73,74. For the gasoline tax this amount lies between DM 60,31 and 88,10. It is
important to note that the number of all households has been normalized to one when
these numbers were calculated. For the energy tax it is always possible to.compensate
a single household type. This is not so for the gasoline tax. In the demand
specifications that model technological progress there gxist cases where it is not
possible to compensate household types 2 and 3 even if all the marginal revenue from
a gasoline tax increase is returned to them. It can be alsp séen that the gasoline iax is
more distortionary than the energy tax. In fact, the_ table in _appendix A suggests mat
the gasoline tax is the most di;tortionary indirect tax in the German tax system, when

only private welfare is considered.

5. Conclusions

The main result of this paper is the lack of empirical evidence supporting the double
dividend hypothesis of a marginal revenue neutral environmental tax reform, when the
energy or gasoline fax is raised. Goodvcandidatesr for an environmental tax reform that
yields a double dividend are the following pairs: cut the tax on personal goods and
raise the tax on cosmetics- or cultural expendiflues, respectively. Other p?irs are to

raise the tax on cultural goods and to cut the tax on clothing or transportation
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.gxplend_it_lxresv One can also conclude that the least expensive way to raise the energy or
;gasoline tax in terms of private welfare is to recylce the additional revenue in form of
tax cuts on personal goods. This is. so, because personal goods have the- highest
‘marginal cost of public funds next to energy and gasoline and also a,comparable high
ranking of the measure for environmental benefits. Analogous arguments. apply for
increases of the tax on cultural goods. Hence, we have found evidence that an
environmental tax reform could yield a double dividend if taxes on personal goods and

cultural goods are changed..

In order to derive these results we have estimated six dynamic specifications of the
‘Almo'st Ideal Demand System (AIDS). This gives us also the possibility to see how
stable the policy ‘suggestions are and to which degree they depend on the dynamic
specification. In general'we find that the demand specification seems to be the most
important for household type 3. For this household type the correlation coefficients are

the lowest.

At least for the Pareto improving tax reforms our suggestions show a certain dggree of
consistency. All demand systems that suggest tax changes for the same pair of
commodities also suggest tax changes in the same direction.

One of the major obstacles to the practical application of optimal taxation theory is the
dependence of the results on the specification on:the demand systems used to estimate

the reactions of the consumers. Previous work has shown that especially the dynamic

specification seems to play a role. Therefore, our strategy was to estimate different
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dynamic specifications of a demand system and to show that at least the major policy

conclusions can be considered as stable.
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Appendix A.

Rankings of the MCF and EBfor all commodities and dermand specifications

. tpaids |tppara |tpallg |tpbewley.|tpar [ipab
food/EB ST -]
MCFi1l
MCF100
MCF010
MCF001 - |
cloth/EB
MCFI111
IMCF100 |
MCFO10

MCF001

~{rent/EB

MCF111

MCEF100

MCF010

MCF001

energ/EB
MCF111 |
MCF100 |- -
MCF010- |-+
MCF001

house/EB
MCFl111

MCF100 -
MCEF010
MCF001 1
cosm/EB |. -
MCF111 |- -
\MCF100

MCF010 1
MCF00!1
trans/EB
MCF111
MCF100
MCEF010
MCF001
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Appendix B.
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gas/EB 10 10 10 10] 10 10
MCF111 1 1 1 1 1 1
MCF100 3l 3 4 CEEE 3
MCF010 1 1 1 1 ] 1
MCFO001 1 1 1 1 2f 1
cult/EB R 2 6| 6l 6
MCF111 8 7 8 8 10 8
MCF100 10 10 10 10[ 10 10
MCE010 8 7 8 8l 8 8
MCF001 7 5 7 8 7 8
pers/EB 3 1 4 7 1 3
MCF111 3 3 5 A 2 4
MCF100 5 5 6 3l 3 5
MCF010 3 5 7 3 2 5
MCF001 2 2 3 2 1 2
tpaids |tppara |tpallg |tpbewley |tpar

Inverse of the distributional characteristisc

‘ tpab

commodity |X;/x! X [x2 |X/x
food|9,84 12,54 1,98
cloth|16,94 2,65 1,78
rent|8,86 2,57 2,01
energ|7,53 2,47 2,17
" houseex|14,21 2,87 1,72
cosmj11,31 4,15 1,49
trans{ 14,58 2,60 1,83
gas|20,57 2,35 1,90
culf|19,53 2,68 1,74
pers{13,84 2,86 1,73

Ranking of the inverse of the distributional characteristisc

Xi/xi1 Xi/x? Xi/x?
food 3 3 8
cloth 8 6 5
_ rent 2 4 9
energ 1 2 10
houseex| 6 9 2




cosm| 4 10 1
trans 7 5 6
gas 10 1 7|
. cult 9 7 4
pers '5 8] 3
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Appendix C.

Sensitivity to demand specification-Spearman rank correlations

itpAIDS {tpPARA tpALLG * [tpBewley|tpAR
tpPARA/EB 0,95
MCF111 0,96
MCF100 0,99
MCF010 0,95
MCF001 0,90
tpALLG/EB 0,77 0,76
MCF111 0,94 0,90
MCF100 0,98 0,96
MCF010 0,84 0,90
MCF001 0,95 0,81
tpBewley/EB 0,82 0,65 0,68
MCF111 0,98 0,94 0,89
MCF100 0,93 0,94 0,89
MCF010 0,98 0,92 0,83
MCF001 0,93 0,81 0,84
tpAR/EB 0,68 0,77 0,48 0,50
MCF111 0,75 0,76 0,66 0,73
MCF100 0,84 0,85 0,84 0,96
MCF010 0,99 0,92 0,79 0,96
MCF001 0,68 0,56 0,66 0,79
tpAB/EB 1,00 0,95 0,77 0,82 0,68
MCF111 0,98 0,94 0,96 0,93 0,76
MCF 100 1,00 0,99 0,98 0,93 0,84
MCF010 0,95 0,96 0,95 0,95 0,92
MCF001 0,99 0,89 0,94 0,92 0,66
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