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Abstract

This paper proposes a methodology for testing for whether tax reforms are pro-poor.
This is done by extending stochastic dominance techniques to identify tax reforms that
will be deemed absolutely or relatively pro-poor by a wide spectrum of poverty analysts.
The statistical properties of the various estimators are also derived in order to make
the method implementable using survey data. The methodology is used to assess the
pro-poorness of possible reforms to Mexico’s indirect tax system. This leads to the
identification of several possible pro-poor tax reforms in that country. It also shows
how the pro-poorness of a tax reform depends on one’s conception of poverty as well as
on the revenue and efficiency impact of the reform.
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1 Introduction

Recent policy objectives have often focused on improvirmgwelfare of the
less fortunate in society. There are several reasons fardbime are related to a
rise in the ethical and policy importance of poverty redutijbest exemplified by
the salience of the United Nations’ Millennium Developm@&ials), while others
are linked to more specific conditions, such as concern$éoetfect on the poor
of food price variability and of the recent global financiabeeconomic crisis.

Signs of such policy interest abound, in particular regagdine use of indirect
taxation and price subsidies as tools for poverty allevratFor instance, a report
from an initiative recently launched by the UNDP, the Goweemt of China and
DFID states that “the depth and coverage of China’s fiscarmefprocess has
been uneven, and there is scope for strengthening the letiwselen fiscal reforms
and poverty reduction goal$.Commentators in the Philippines have argued that
the “fiscal crisis hurts the poor Filipinos more than it huttie rich and the big
corporations. [...] Only a pro-poor management of the fiscalis will make
Filipinos rally behind the Arroyo administration duringghdifficult time.” One
element of the reaction of the Filipino government has iddasen to expand the
use of the Value Added Tax (VAT) because it claimed that “iteden falls heavier
on those who consume more ‘VATable’ goods and serviées.”

In India, the press has “wanted Finance minister P. Chidaanbao balance
tight fiscal policy with pro-poor policies*. The recent 2008 Pakistan budget has
also been criticized because it “was hoped that the curremérgment would
realize that achieving fiscal discipline and increasingneses is important, but
not on the backs of the poor. If the government wants to addteschallenges
of inflation, rising inequality and poverty, it must devis@magressive taxation
policy that relies less on indirect taxes and more on inangase tax-GDP ratio
by extending the tax net to untaxed sectdrs.”

Concerns for the poverty effect of government financing edoces have also
extended to other areas, such as how health care financitegrs/san be designed
and implemented to be “pro-poor” (see for instance Bennadt @ilson 2001).
This naturally suggests the broader policy problem of uaitexx and expenditure

Ihttp://www.undp.org.cn/projects/39815.pdf

2 http://aupwu.blogspot.com/2004/11/pro-poor-respenskscal-crisis.html

Shttp://www.sunstar.com.ph/static/dav/2006/02/13kxsanded.vat.is.pro.poor.solon.html

*http://Iwww.financialexpress.com/news/fm-should-ba&policy-with-propoor-plans-
fitch/127916/

5 http://www.opfblog.com/2901/is-pakistan-budget-208-poor-by-sadia-m-malik/



system to minimize poverty subject to some government bdusigestraint. As is
well-known, an overriding tradeoff in such problems is ttelpae potential gains
in equity and in efficiency.

The last decade has also seen several conceptual and einpamtributions
on whether growth is “pro-poor”. A central issue is whethes poor’s benefits
from growth exceed some norm — see, among many recent ititgyesntribu-
tions to that issue, Bruno, Ravallion, and Squire (1998)tadhNations (2000),
Eastwood and Lipton (2001), Ravallion (2001), Dollar an@d§r (2002), World
Bank (2002) and Bourguignon (2003). This norm may be absabutrelative
to the changes in the entire distribution of income, as dised for example in
Duclos (2009).

A similar issue applies to the effect of public policy in gesle As is clear
from the above, we may wish for instance to assess whetheca fisform is
“pro-poor”, in the sense that the benefits that the poor ddrovm it exceed some
norm. Unfortunately, as with many other distributive assesnts, the precise
definition that can be given to the pro-poorness of a tax nefisr essentially a
matter of normative judgement and can be open to the crtiofbeing arbitrary
to at least some extent. Elements of arbitrariness amige alia in the choice
of a poverty line to separate the poor from the non-poor arttierchoice of an
aggregative procedure to summarize the reform’s impacherpbor® To show
how one can reduce these sources of arbitrariness in uaddnst) pro-poorness
is the first main objective of this paper.

The second main objective of the paper is to assess how aifraBrx re-
form can be considered to be pro-poor. Santoro (2007) caregahe economic
literature on the impact of marginal tax reforms into thrééedent approaches.
The first is based on Ahmad and Stern (1984) and uses a speuifal svel-
fare function. The second identifies directions for marljiaa reforms based on
classes of (“second-degree”) social welfare functions display an aversion to
inequality and that are symmetric — this was introduced kyhéki and Thirsk
(1990), Yitzhaki and Slemrod (1991) and Mayshar and Yitzl{g®96). The third
approach supposes that marginal tax reforms can also beagsadtruments for
affecting more general classes of welfare functions (oftllninportant particular
cases are poverty indices) and is baiseer alia on Makdissi and Wodon (2002),

SDifferent approaches have been proposed to separate thérgwathe non-poor and to com-
pute indices of “growth pro-poorness”. See, for instanceCMlloch and Baulch (1999), Ravallion
and Datt (2002), Kakwani, Khandker, and Son (2003), Raakind Chen (2003), Klasen (2004),
Son (2004), Essama-Nssah (2005), Araar, Duclos, AudetMakdlissi (2007) and Kakwani and
Son (2008).



Duclos, Makdissi, and Wodon (2008) and Liberati (2003).

This paper extends this third approach by testing for whatidirect tax re-
forms can be considered to be pro-poor. By this, it is meaattdh indirect tax
reform must be deemed to be “equitable towards the poor” ofavor of the
poor”, in the sense that the benefits of the reform must adans®me sense to be
made precise later) “more” to the poor, or that its costs rmust“less” the poor.

The first and second main objectives are dealt with in Se@iohhe results
are general enough to cover the cases of negative (sujsadie@ positive indirect
taxation, and of tax reforms that may or may not be revenuéoarafficiency
neutral. Although for expositional simplicity the papecésses on indirect tax
changes, the methodology can be relatively easily adaptdddl with the effect
of changes in direct taxation and in-kind benefits. Sectidurther hints to how
the paper’s framework and analytical results can also be tesassess the impact
of tax reforms on absolute and relative inequality.

The analytical results of Section 2 show that whether tagrme$ involving
only one good are pro-poor depend roughly on whether the goad inferior,
a necessary, or a luxury one. More generally, the pro-pasroéa tax reform
depends on a mixture of income (for redistribution) ande(for efficiency) elas-
ticities that are easily combined to check for necessarysaifiitient conditions
for whether the tax reform can be considered to be unambgiyquo-poor. Al-
though simple to test for, the pro-poorness of a tax reformrevertheless differ
quite significantly from the optimal taxation literature&sults on whether a tax
reform improves social welfare.

For instance, an efficiency-neutral and revenue-neutsakdéorm that in-
creases the price of gogdbut decreases the price of goods absolutely and
relatively pro-poor if the poor’s (weighted) share of theat@onsumption of good
1 exceeds their (weighted) share of the total consumptioroofilg, the shares
being given by the poor’s poverty gaps. If, however, reabme falls after the tax
reform (because of a rise in the total deadweight loss)tivel@ro-poorness de-
mands that the share of the poor in total real income doeshaiffer the reform,
but absolute pro-poorness demands that the absolute ceaheof the poor does
not fall after the reform by more than the absolute fall inrage real income.
An economically inefficient reform will therefore be morkdly to be absolutely
pro-poor than relatively pro-poor.

The more inefficient it is to tax a good, the greater the ta® that must be
levied on that good to generate the tax revenues needed teadectaxes on an-
other, less price-elastic, good. If the more price-elagtiod is not a luxury good,
this makes increasing its price less likely to be relatiyely-poor. Only when the
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price-elastic good is also a luxury good will an increasetsntax be conducive
to greater relative pro-poorness. An efficiency-decreptan reform will also be
more likely to be considered relatively pro-poor than absay pro-poor as the
importance given to the poorest of the poor increases.

Section 3 then proceeds by proposing estimators and dgrsampling dis-
tributions for the tools needed to test for tax pro-poorneshis is needed to
implement the analytical methods using survey data. Fointip®rtant case of
first-order pro-poorness, these estimators involve noamatric regressions, for
which the sampling distributions that need to be derivedhaoee involved. The
estimators and their sampling distributions cover all & possible analytical
cases derived in Section 2.

Section 4 applies the methodology to Mexico’s indirect tgstem using Mex-
ico’s 2004 ENIGH database. We find for instance that a maktgaeduction on
Foodor onEnergywould be relatively pro-poor, and that this conclusion vedog
valid for a very large class of relative pro-poor judgemeist, according to the
paper’s definition of absolute pro-poorness, a marginalggdn in taxes on any
of the different goods considered would need to be thougasdifeing absolutely
anti-poor. A revenue- and efficiency-neutral tax reform that decreBsedtaxes
and increase$ransportatiortaxes would be considered absolutely and relatively
pro-poor for all indices and lines within a wide class andgenThe application
also shows that applying statistical inference technigaesalter conclusions in
a way that sometimes contrasts importantly with the analysde solely on the
basis of sample estimates.

The paper is a natural and significant extension of some ofmMbrk that
we have carried out in the recent yearsThe current paper uses and adapts
the consumption-dominance curves introduced in Makdisdi \Wodon (2002)
to analyze both absolute and relative pro-poorness of taxmes, and this, in a
framework that allows for absolute pro-poorness to diffenf the usual objec-
tives of absolute poverty reduction — see for instance Dim2 on page 9. As
in Araar, Duclos, Audet, and Makdissi (2009) for testingwtto pro-poorness,
the current paper provides statistical inference methodtesting pro-poorness,
but the methods developed in this paper are more involvesk dimey deal with
the impacts of marginal price changes and since they must tdke into ac-
count the joint distribution of total and specific commoditynsumption levels.

It is also a much revised and corrected version of a papeeptes at a symposium held
in Monterrey in October 2007; see Audet, Makdissi, Araad Buuclos (2007) for a preliminary
version of this paper that appeared in the Symposium pracged



The statistical methods developed in this paper also diff@rkedly for first- and
higher-orders of pro-poorness. The current paper alsdoeveneasurement and
statistical methods that help address the difficult traifi®etween efficiency and
distribution. It also examines why the usual search for ieffictax reforms may
not be justified in the presence of concerns for relativecggro-poorness and
for inequality alleviation.

Section 5 concludes by summarizing briefly the main resuMsst of the
proofs of the main results can be found in the Appendix of iBed.

2 Notation and methodological framework

2.1 Poverty Measurement

We first start with the presentation of rather general viefdswav poverty and
tax pro-poorness can be assessed. For simplicity, supipatsedverty indices are
additivé® and therefore take the form of

P(2) = / Cp(y.2)dF (y)., 1)

wherey is real income; is the poverty line (in real termsk; (-) is the cumulative
distribution function of income with support ovir, w], andp (v, z) is a function
that measures the poverty of an individual with an inconand using a poverty
line z. Itis useful here to think of both andz as defined with respect to constant
reference prices — or as “real” variables. Defining the piyvine in the real
income space rather than in the nominal income space is n@mtesince the
poverty line is then invariant to tax reforms. In this paperd as discussed below
in Section 2.2, we also suppose that pre-reform nominal ealdmcomes are the
same since we set reference prices to pre-reform ptices.

We suppose that(y, z) > 0 and thatp (y, z) = 0 for all y > z. Duclos and
Makdissi (2004) use the properties Bf(z) to define classes of poverty indices
I1°(z) for some ordek. These classes are defined by:

8The Foster, Greer, and Thorbecke (1984) indices are an d&ahpopular additive poverty
measures. Other examples of additive indices can be fouits (1968), Clark, Hemming, and
Ulph (1981) and Chakravarty (1983).

9This is the common — though arbitrarily-made — assumptidhénliterature; see Donaldson
(1992) for a general discussion.



oy e O (),
I°(2) = S P(2) | (=1)'p@ (y,2) >0fori=0,1,2,...,s, (2)
p® (z,2)=0fort=0,1,2,..., s,

wherep® (y, z) represents théth derivative ofp (y, z) with respect tay andC*
is the set of continuous functions that arémes differentiable orf0, w].

For poverty indices” € I1'(z), an increase in the income of any one individ-
ual will weakly reduce the poverty index. This class of ireigs thus Paretian.
The indices are also symmetrical since exchanging incomiggden two individ-
uals will not affect poverty (by the property of the anonymadalistribution func-
tionin (1)). This type of indices can thus be said to satisdyp PL971)’s principles
for comparing distributions (see Duclos, Makdissi, and Bfod008).

The poverty indices included ii?(z) are also convex. This implies that they
respect the Pigou-Dalton principle of transfer, a prireiplat states that a transfer
from any one individual to a poorer individual should weattcrease poverty. In
addition to obeying the above principles, the poverty iadithat belong tol?(2)
must also obey the Kolm (1976) principle of transfers, whstdtes that a Pigou-
Dalton transfer that takes place at the bottom of the digtiolp should have a
greater impact on poverty than one taking place higher umeéndistribution.
Hence, a progressive transfer that occurs within a lower gfathe distribution
will reduce poverty even if it is accompanied by a symmeteigressive transfer
higher up in the distribution. Indices of a cldd%(z) with s greater ther3 can be
interpreted by using the generalized transfer principtgopsed by Fishburn and
Willig (1984). This generalized principle states that tlieager the ordes, the
greater is the sensibility of an index to changes occurnng lower part of the
distribution.

2.2 Impact of price changes

Let us now suppose that we wish to test whether an indirecefaxm can be
considered to be pro-poor. We consider three possible sosrtarough which
this can be done.

1. The government wishes to implement a marginal reductiothe tax (or
a marginal increase in the subsidy) on gapdithout attempting to offset
the fall in total government revenue (possibly because thesighment is
running a budget surplus).



2. The government wishes to implement a marginal increasieeinax (or a
marginal decrease in the subsidy) on gap@ithout attempting to offset
the increase in total government revenue (possibly bedaesgovernment
is running a budget deficit).

3. The government wishes to implement a revenue-neutraieictdax reform.
It must therefore finance a marginal tax reduction on gom a marginal
increase in its subsidy) with a marginal increase in the taxa(marginal
decrease in the subsidy) on gopek .

Now assume that producer prices are held constant and, pos#ional sim-
plicity, setthem td, so that; = e-+¢, whereg is the vector of current consumption
prices,e is a vector of ones, ands the vector of indirect taxes. Letbe nominal
income (which could be full income, including the value aslee if we were to
model labor income taxation). The indirect utility funatics given byu (v, q).
Following King (1983), we use a vector of reference priggs,to assess welfare
in the presence of varying tax rates. Denote the real (orvatgrit) income in
the post-reform situation by, wherey is measured on the basis of the reference
pricesq”. y is implicitly defined byv (y, ¢®) = v (v, ¢), and explicitly by the real
income functiory = p (v, ¢, ¢"*), where

v(p(m,4.4%),4%) =09 3)

By definition,y = p (v, ¢, ¢™) gives the level of income that provides undér
the same utility ag yields unde.

We then wish to determine how welfare is affected by a malgimange in tax
rates. Letr; (n, ) be the consumption of goadf a consumer with incomgand
facing pricesg. Using Roy’s identity and setting reference prices to @fenm
prices, we find:

Ay ~ 9p(v,4,4") _ R
o T . (n,¢"). (4)

7 q=qR
Equation (4) says that the observed pre-reform consumpfigood: is a suffi-
cient statistic to know the impact on consumer welfare of eginal change in the
price of good;.*°

ONote that (4) is valid for rationed goods too.



With p initially equal top’, a marginal changet; to the tax on a goodwill
impact an individual's poverty level (y, =) by

ap (y7 Z) _ (D 3y
Introducing (4) into (5), we then have that
op (y, 2

2.3 Pro-poorness

We do not wish, however, to determine if a tax reform reducemareases
poverty, but rather if it can be considered pro-poor. Theurees distinguishing
between relative and absolute pro-poorness. We will sayathax reform isk-
pro-poor for relative pro-poorness addpro-poor for absolute pro-poorness. In
the growth terminology of Duclos (2009) and Araar, Ducloadat, and Makdissi
(2007), relative pro-poorness is checked by compa#irig) using 1 ((1 + g)y)
for a posterior distributio’, (y) to P (z) using an initial distributiorf; (y), using
arelative “norm”g (to be discussed later). The posterior distributia(1+ g)y)
is the distribution of actual posterior incomes when thoseimes are divided by
(1 + g). Absolute pro-poorness with an absolute narifalso discussed below)
is checked by comparing (z) using i (y + a) for a posterior distributior (y)
to P (z) using an initial distributiony(y). The distributionF(y + a) is the
distribution of actual posterior incomes minusFormally:

Definition 1 A movement from an initial distributiofy to a posterior distribu-
tion F} is judged relatively pro-poor by an indgX(z) if and only if

/0 T (2 dFL (1 4+ g)y) — / T (. 2) dFy () < 0. 7)

Definition 2 A movement from an initial distributiofy to a posterior distribu-
tion F} is judged absolutely pro-poor by an indé€x z) if and only if

/Ooop(y,z)dF1(y+a)—/Ooop(y,z)dFo(y)<0. (8)



For expositional simplicity, we will assume for the purpesé this paper that
the relative norny is set to the growth rate of average real income. This is sensi
tent with the view of Kakwani and Pernia (2000) (p.3) thatdimoting pro-poor
growth requires a strategy that is deliberately biasedvorfaf the poor so that
the poor benefit proportionately more than the rich.” It soatonsistent with the
view that relative pro-poorness is tightly linked to indlieshess and participation
of the poor in growth processes and (more generally) inilligional changes.
Settingg to the growth rate of average real income also allows linkiglgtive
pro-poorness to relative inequality reduction, as we wakdss more explicitly
later.

Again for expositional simplicity, the absolute nomnis set in this paper to
the numerical (as distinct from the proportional) changevarage real income.
Loosely speaking, this implicitly supposes that we wishatises between in-
comes and the mean not to be increased by distributionalgeisanThis also
implicitly links absolute pro-poorness to absolute indigpaeduction. Along
that view, a tax reform that decreases mean income becamsedases govern-
ment revenue could still be considered absolutely pro;guoussibly because the
increase in government revenue would allocate to everyomecaease in the ab-
solute value of public goods equal to the increase in avegagernment revenue.
Generalizations of this to other settings would not be diffidy setting for in-
stanceg to growth in some quantiles (such as the median), or by geitito O
(which would be equivalent to arguing that a change is prorfat increases the
poor’s absolute living standards e-g, Ravallion and Chen 2003).

2.4 The impact of single price changes

Let then:
* R Y
g —_—, 9
y Ty 9)
vyt = y—a, (10)
op™ (y, z oy*1
W72, P e 4 R). (11)

ot ot, '

y*f is thus incomey divided by a relative nornfil +g), andy*# is incomey minus
an absolute norm.

We now wish to assess hayt”* andy*4 vary with a marginal variation im,.
The average impact aft; on real income in the total population is given
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times the average consumption of gapdhich is denoted aX; (¢):

;&m>=[fxa%mdF@» (12)

Using this, the proportional change in average real incdoll®{ing a change
dt; in a tax rate;) is given by

/ot X.(q)

0

wherep = [ydF(y) is average income. The absolute change in average real
income is given by

dt;, (13)

o
ot;

In order to determine the impact of a marginal variation,ian y* andy*4,
we must subtract from the gross impact on real income gived Johe impact on

real income of the change in the pro-poor norm given by (9)(@09. This leads
(atinitial g = 0) to

—Xi (q) dt;. (14)

oy’ X;
gt‘ =—zi (y,q0) + yﬂ (15)
and
8 *A
gt‘ = —; (y,q) + Xi(q)- (16)
Using (15) and (16), we obtain
o *R , XZ
% = (y.2) | (9, ) — y D) (17)
and
a *A L2
WD) .2 s () — X)) (19)

To obtain the impact on total poverty, we integrate (17) &) over the entire
income distribution. The result is

P - [T fnwa - 2 ar) a9

11



and

8P;71<Z) - /Ooop(l) (v, 2) [2i (y,q) — Xi(@)]| dF (y) . (20)

2.5 Testing for pro-poorness of single price changes

We can now introduce pro-poor consumption dominance cU&/és’ "), n €
{A, R} ands € {1,2,3...}.1* Those pro-poor consumption dominance curves are
defined as:

( zi(2,9) z o
Ris [Xi(qq) o ﬁ] f(z) fors=1
CDZ (Z) - [ R:s—1 (21)
J D (y)dy fors > 2,

0

\
and

( (2,
[X(i(qq)) — 1} f(z) fors=1,

CDA(2) =4 = 22
) [ CDF"(y)dy fors > 2. (22)
0

\

By integration by parts, (21) and (22) can be writtendoet 2, 3, ... as

R:s _ 1 [ i (Y, q) _ Y

and

oot ) = o [ |5 a] e tare). @9

This leads to our first main analytical result.

Theorem 1 A marginal decrease in the tax on gooid -pro-poor () € {A, R})
for all indicesP (z) € II° (z) and for all poverty lines € [0, z*] if and only if

CD}*(2) >0, Vz € [0,27]. (25)

Consumption dominance curves were introduced in MakdissMdodon (2002).
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It is useful to interpret Theorem 1 in the context of the fikgbtscenarios
listed at the beginning of Section 2.2 on page 7. For thisiddirst classify goods
according to their income elasticity,.

Definition 3 A good: is said to be an inferior good #! < 0 and a normal good
if €/ >0, forall y.

Definition 4 A normal good is said to be a necessary goad ik 1 and a luxury
good ifs? > 1, for all y.

Four simple remarks can then be made as a corollary to Thebrem
Corollary 1 Regardless of the value sfand z*:

1. areduction (an increase) in the tax of goo never (alwaysy-pro-poor
if the good is a normal good,;

2. areduction (an increase) in the tax of gooid always (nevery-pro-poor
if the good is an inferior good,;

3. areduction (an increase) in the tax of gooid never (always)yz-pro-poor
if the good is a luxury good;

4. areduction (an increase) in the tax of gooid always (neverR-pro-poor
if the good is a necessity.

For goods to be normal, inferior, luxury or necessity godls,income elas-
ticities have to beverywherenegative, positive, or below or above 1 for all values
of y. The income elasticities’ do not of course have to be uniformly negative,
positive, or below or above 1 for all values gf When elasticities araot so
uniformly distributed, condition (25) will have to be chetkon a case-by-case
distributional basis using Theorem 1.

2.6 Testing for pro-poorness of tax reforms

The above results are useful only in the cases in which onéytar or one
price is changed, if for instance the government does na&ssaeily want to keep
its overall revenue unchanged. For the case of a revenueahtax reform sce-
nario, one must finance a marginal tax reduction for a goby a marginal in-
crease in the tax on a gogdin order to keep overall tax revenue constant. To

13



show how to do this, suppose that there Areonsumption goods and denote by
R theper capitatax revenue of the overall indirect tax system:

R(q) =Y txXi(q). (26)
k=1

The impact of the marginal tax reform @er capitatax revenue is then given by
dR:

K
Xi(a)+ Yty 8);;;@) dty. — (27)

k=1

X,
x(a) + Y 1O

k=1

dR = dt; +

Revenue neutrality implies thdi? = 0. Using (27), this leads to:

1 K 0X
L+ X:(qQ) Zk:l 28 a’;fq)

1 K, 9Xi(@) "
1+ X;(q) D =1 b 8]qu

(28)

dtj = —%Yij (i((l—iqq%) dtZ Where%,j =
J

Wildasin (1984) describeg ; as the efficiency cost ratio of obtaining one dollar of
public funds by taxing good to subsidize good (In what follows, we will often
drop the; ; from ~;, ; for expositional simplicity.) We can now state our second
main result.

Theorem 2 A marginal tax reduction on goadfinanced by a marginal increase
in the tax on good is n-pro-poor (7 € {A, R}) for all indicesP (z) € II° (z) and
for all poverty linesz € [0, 2] if and only if

CD}* (z) —yCDT* () > 0, Vz € [0,27]. (29)

The proof follows directly from that of Theorem Jn

2.7 Discussion
Efficiency and dominance

Yitzhaki and Thirsk (1990) and Yitzhaki and Slemrod (199hylfthat ify is
superior to one, it is impossible to secure a second-ordéargedominant tax
reform due to the efficiency loss incurred. From a povertgpective, Makdissi
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and Wodon (2002) note, however, that it is possible to haeéoam that is poverty
dominant at all orders of stochastic dominance even whiemreater than one, so
long as that part of the burden is supported by the non poas.rékult also applies
in this context of pro-poor tax reforms. The main differebetween Theorem 2
and the stochastic dominance condition in Makdissi and W¢@002) lies in the
mathematical formulation of th€'D” curves. This difference is important if
we want to test for pro-poorness of a reform, a condition ihatore demanding
than in the poverty reduction framework of Makdissi and Wo@2002). In the
context of R and A pro-poorness, it is indeed the weighted difference between
CD/” (y) —yCD}” (y) that matters. A tax reform can be economically inefficient
(with v > 1) and still be considered to be pro-pooiD’/” (y) is not too large.

Pro-poorness and inequality

Theorems 1 and 2 can also be used to assess the impact of paioges and
tax reforms on absolute and relative inequality for any gigeder of dominance.
This is because of the specification ofind g chosen in this paper. In (9) for
relative pro-poorness, post-reform incomes are norndizethe ratio of average
real incomes. This essentially serves to equalize aveeajencomes across the
pre- and the post-reform distributions. Using Duclos andcdfissi (2004), the
conditions (2) on the class of evaluation functions then enialpossible to use
Theorems 1 and 2 to provide unambiguous conclusions on thadtof price
changes and tax reforms on relative inequality.

For absolute pro-poorness, (10) essentially centers meames around their
respective mean value. That makes it possible to use Thedtemd 2 to provide
unambiguous conclusions on the impact of price changesaangktorms on ab-
solute inequality — that is, on inequality indices that aaggte distances between
incomes and their mean value in a way that is consistent Wwélconditions de-
fined in (2).

The role of consumption shares

Whens = 1 and whemny = 1 (when there is no efficiency benefit or cost
to the tax reform), Theorem 2 says that a tax reform is abslylytro-poor if
the poor’s share of the total consumption of ge@xXceeds their share of the total
consumption of good. Exactly the same interpretation applies to the relatiee pr
poorness of a tax reform when= 1: the poor’s share of the total consumption of
goodi must exceed their share of the total consumption of goddhis is because
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mean real income is unaffected by a revenue-neutral taxmefdheny = 1.2

Efficiency-changing reforms

When~ # 1, the interpretation ofl and R pro-poorness differs. Take> 1,

a case in which average real income falls after the tax ref@racause of the
efficiency cost). This is analogous to a case of negative troRelative pro-
poorness demands that the share of the poor in total ream@aoes not fall
after the reform. Absolute pro-poorness demands that thel@te real income of
the poor does not fall after the reform by more than the alsdall in total real
income. Since the initial share of the poor in total incomkess than oney(/ 1.
is less than one in (23)), an economically inefficient refevithbe more likely to
be absolutely pro-poor than relatively pro-poor.

The reverse reasoning applies to the case of an economéfhdient tax re-
form, for which~ < 1 and average real income increases. Relative pro-poorness
demands that the share of the poor in total real income isegeafter the reform,
and absolute pro-poorness will require that the absol@tkineome of the poor
increases by more than total real income after the reforncaBge of this, an
economically efficient reform will be more likely to be raiadly pro-poor than
absolutely pro-poor.

If v < 1, a reform will also be more likely to be considered relatvpto-
poor than absolutely pro-poor asncreases. The converse holds/if- 1. This
is because the greater the valuespthe greater the importance given to the poor-
est of the poor in assessing pro-poorness conditions. (&LJ22) show that the
standard in assessing relative pro-poorness is the differbetween shares in the
consumption of a good and shares in total income, but thadttrelard in assess-
ing absolute pro-poorness is the difference between shathe consumption of
a good and 1. For the poor, that difference for relative pyorpess will be larger
than for absolute pro-poorness. Since an increaseingreases the importance
given to the poorer individualsseteris paribusan increase i will also lead
more quickly to the validation of (29) fay = R than forn = Aif v < 1, and
more quickly to the validation of (29) foy = A than forn = Rif vy > 1. If y =1
this difference vanishes as the conditions for relativebsiotute pro-poorness of
tax reforms become both equivalent to the condition thatxaré¢éorm reduces
poverty (see Duclos, Makdissi, and Wodon 2008).

12Wheny = 1, we havey = a = 0 sinceXdt; + X;dt;=0.
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3 Estimation and inference

To be able to implement empirically the above tools, we oughtonsider
the estimation and the sampling distribution of the curvesded to test for pro-
poorness. For this, we suppose for expositional simplitiat we dispose of a
sample of N independently and identically distributed observatibhand that
the pre-reform income and consumption of gogdmd! for observationi (: =
1,..., N) are denoted by;, 9:3 andz!, respectively. Ignoring the consta@{_lz—)!,
the CD™* curves can then be estimated for 2 by the natural estimators

1 N i s—2 1 N s—2
T (2 -y T v (2 -y

D" (2) = == - (30)
k
and N
T 25 )
CD), (2) = —— 3 —NZ('Z—%)T ; (31)
k i=1

wheref, = max(0, f), X, = + Zf\il ri is an estimator of average consumption
of goodk, andyu = % ZiNzl y® is an estimator of average income.

The estimator@?'s(z)—751\)?:8(,@ are given analogously. L&tD*(xy; z) =
—8 N . _
[Z 2y, q) (= —y)* 2 dF(y) andCD (wy; 2) = %leg (2 — ;)5 . The asymp-

1=

totic sampling distribution o@s(xk; z) for s > 2 is given in Theorem 3.

Theorem 3 Let the second population momentf(y, 0) (z — y)i‘2 be finite.
Then, fors > 2, N0 (@S(xk; z) — CD*(xy; z)) is asymptotically normal with
mean zero and with asymptotic variance given by:

lim N - var (@S(xk; z) — CD*(xy; z))

N—oo

= (s— 2)!‘2/ (2 (z = )7  dF(y) — CD* (w15 2)%. (32)

13The analytical results can be extended to account for complti-stage sampling designs.
Taking into account sampling design is indeed done in theiddexillustration below, using ana-
lytical asymptotic methods along the lines of those describ Duclos and Araar (2006), Chapter
16. More details can be obtained from the authors upon réques
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Prof: See the appendia

The asymptotic distribution o@f (z ) and CDk ( ) can be obtained by
notlng that (30) and (31) are functlons oD’ (xg; ) Xk, cD’ (y; 2), i, and
cD’ (1; z). The sampling distributions' D’ (y; z) and cD’ (1; z) can be obtained

as special cases of TheoremZBand)?k are simple sums of independently and
identically distributed random variables. Using the “detiethod” of Rao (1973),

the sampling distribution oﬁ?'s(z) and @,I:'s(z) can then be obtained by a
linear transformation of the covariance matrix@s(xk; z), X, @s(y; 2), i,
and@s(l; 2).

For s = 1, we need an estimator of; (z, ¢), the expected consumption of
goodk at z, times f(z). For this, we can use a non-parametric estimation proce-
dure, using for instance a kernel estimator defined such as

«Tk; Zﬁh 2= i) T, (33)

whereh is a kernel bandwidths, (u) = h‘lm(u/h), [ E(w)du=1, [uk (u)du =
0 (for symmetry), and v’ (u) du = ¢,. In the illustration below, we choose a

Gaussian form fok (u),
6—0.5’11,2

but other kernel functional forms could also be used. Inithstration, we choose
h using the cross-validation method, which is asymptotyoaitimal (see Hardle
1990, Theorem 5.1.1), and we also use a locally linear estinh@avoid biases at
the lower bound of expenditures. Theorem 4 then gives thepistic sampling

distribution of CD' (. 2).

Theorem 4 Let i) [ x (u)? du exists, ii)h ~ N=°2 iy CD} (y) be twice differ-
entiable iny aty = z, |v) f(z) > 0,and V)ci(z) = x(z )2 be continuous at.

Then,(Nh)%° <@1(xk; z) — CD (zy; 2) — thk(z)) is asymptotically normal
with mear0 and limiting variancé/,(z), whereBy,(z) = 0.5 ¢,.0> CD" (xy; 2) /(02)?
andVi(2) = f(2)er(z) [k (u)? du.
Prof: See the appendia

The sampling distribution o@le(z) and @?;1(2) can then be obtained
by a linear transformation of the covariance matrix@l(:ck; 2), X’k and 1

18



using the delta method. As far > 2, the terms needed to carry out statis-
tical inference are either constants @nd | m(u)Qdu) or can be readily esti-
mated consistently in a distribution-free manner (thishis tase, for instance,
of [ (zx(z —y)572) 2 dF(y), CD (x4; 2)%, 92 CD (zy; 2)/(02)2, f(2) andex(2)).
Note, however, that it is usual to consider (and to find) ttees bermsB;(z) and
By (z)/ X}, to be of negligible practical importante and we also make this as-
sumption in the illustration below.

4 An application to Mexico’s indirect tax system

4.1 Mexican data

We now briefly apply the above methodology to Mexico’s indireax sys-
tem. The data used for our application comes from the 200 h&tincome and
Expenditure (ENIGH) Survey, whose 22,595 observationsatienally represen-
tative of the Mexican population. ENIGH surveys collecoimhation on incomes
and various expenditure items, goods and services useeélfecsumption, as
well as socio-economic characteristics and labor marketises of all household
members.

As is common in Latin America, we use total incoiper capitaas the mea-
sure of living standards for all members of a household. Twoectd for spatial
variation in prices, we express all incomes in units of ryprades by multiplying
urban household incomes by the ratio of rural to urban pgJarés. Mexico’s
Ministry of Social Development estimates the food povente las the income
required to purchase a food basket that is sufficient tofgatsne minimal nutri-
tional requirements. This food basket is estimated seggradr rural and urban
areas, and is based upon the food consumption of those hmdsehat just meet
the minimal nutrient requirements. The non-food poverg lis estimated by av-
eraging the non-food shares in total consumption of theer@gmt of households
whose food expenditures are closest to the food poverty [ies provides the
average non-food component of the total poverty line. Esgad in 2000 prices,
the total rural poverty line is then estimated to be appratety 550 pesos per
monthper capita®®

YThis is particularly true in the study of consumption datheve the second order derivative
of expected consumption at 9> CD* (z; 2)/(0z)?, may be expected to be small. For more on
this, see for instance Hardle (1990), p.101.

15For more details, see World Bank (2004).
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To simplify the interpretation of figures and the discussiwa normalize in-
come by that rural poverty line so that a household with aonme equal to one
is at the level of the rural poverty line and a household withirecome of 2 has
a real income equal to twice that line. We weight househoydthb product of
household size and household sampling weight; this is atgntto formulating
our estimators on the basis of the population of individivahg standards.

Tax revenue in Mexico mostly comes from the income tax, tHaesadded
tax (VAT), and local levies on real property. The federalgmment also imposes
excise taxes on alcohol and cigarettes as well as produeti@s on mining. The
main indirect tax is Mexico’s value-added tax (VAT). Sinc@80, Mexico’s stan-
dard VAT rate is 15% on most goods and services, except indbaahes where
it is 10%. Health and food products are zero-rated. VAT-gxegoods and ser-
vices include animals, vegetables, and fruits other theimttustrial use; tractors,
fertilizers, and pesticides; rentals of agricultural maehy; international freight;
international air passenger service, pre-paid cellulanphservice, radio paging
and beeper services, natural gas for car fuel, and impod®gports in specific
warehouse facilities. A 5% luxury tax on luxury cars, jetsslgalmon, golf, horse-
back riding, was abolished in 2003. Though the tax refornZ96flL give the states
leeway to impose sales taxes up to 3%, none has done so. \féith ®bm 1 Jan-
uary 2010, standard VAT rates in Mexico have increased by 1%.

We consider indirect tax reforms affecting four broad aasef goods and
services (food, energy, transport and other goods) as weth@ous foodstuffs®
Table 1 presents the total expenditure shares of the consxmap different goods
and services, by quintil¥. As expected, the share of total expenditures on food
items decreases from the poorest to the richest quintilenvésely, the share
of total expenditures on transportation and other good®ases with quantiles.
Table 1 also shows that the composition of the food baské¢vavith income
guantiles; households in the poorest income quintile spegréater share of their
total food expenditure on cereals (25.88%) and on vegetdb830%) than those
in the richest quintile — who spend relatively more (46.44%protein-intensive
foods (milk, meat and fish).

161n 2004, all foodstuffs were exempt of value-added taxesT(MA Mexico. A few of these
goods were subsidized, however.

17See also Navajas and Porto (1994) for a nice discussion ofitwhythe evolution of these
shares across quantiles — and not the level differenceseétshares across goods and services
for a given quantile — that matter for optimal tax purposes.
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4.2 Impact of tax changes

Figure 1 presents relative dominance cur¢ds™(z) for three broad classes
of goods and services and for= 1, 2, along with two-sided 90% confidence in-
tervals. Using the results of Theorem 1, this shows that gmalrtax reduction on
Foodor onEnergywould be relatively pro-poor, and that this conclusion vedog
valid for any relative pro-poor judgements based on indiees IT'(z) (namely,
those that in agreement with the Pen principle) for a widgeaof poverty lines
reaching almost 3. For = 2, this is true for all possible poverty lines. Con-
versely, a marginal increase in the tax on any of these twssekof goods would
be considered relatively “anti-poor”. This suggests thestimportant to consider
the use to which increases in tax revenues are put to knowhehattax reform
is globally pro-poor or not, since tax reforms generate gleann more than one
price. We return to this below.

Figure 2 presents the corresponding absolute dominanees@bD**(z) for
three broad classes of goods and services. A marginal iedunttaxes on any
of the different goods could not be considered to be abdglpte-poor. As in-
dicated in Corollary 1, this result is not surprising comsidg the fact that the
absolute pro-poor requirements are typically more denmgn@ince most goods
are normal goods) than the relative ones (since not all nogoads are luxury
goods) in the case of tax decreases. Conversely, incraasgseis on any of the
different goods will be absolutely pro-poor for &l € I1'(z) for a large range of
poverty lines and for alP € I1%(z) for all poverty linest®

4.3 Impact of efficiency-neutral tax reforms

We now turn to the pro-poorness of revenue-neutral tax megoiVe first as-
sume that the tax reforms are efficiency neutrad, thaty = 1. Recall from page
16 that withy = 1 the tests for absolute and relative pro-poorness are dgqoiva

4.3.1 Efficiency-neutral reforms involving broad classesfaqyoods

Figure 3 presents the difference between the absolute gwogonsumption
dominance curves dioodand Transport and this, for first and second orders of

BTheoretically speaking, the dominance tests carried o®ection 4 must be applied over
ranges varying between 0 and somé. Statistically speaking, however, there is a general
“information-less” problem in the tails of distributionisat impedes such testing for values:of
close to 0. Hence, statistically speaking, we must redtretests to a range that is lower-bounded
somewhere above 0. See Davidson and Duclos (2006) for asdiscuof this.
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dominance. Except for rather low poverty lines, the lowarrmbof the confidence
interval of this difference is always greater than zero, lagitce a revenue-neutral
tax reform that decreases food taxes and increases traaspotaxes would be
considered absolutely and relatively pro-poor for &lle I1'(z) for a range of
poverty lines extending to about 3, and for &l e I1%(z) for all poverty lines,
except again for a bottom range of relatively small povartgd. (As mentioned
in footnote 18, little statistical information is usuallyalable over intervals of
rather low poverty lines, and it is therefore reasonableto@onsider tests over
such intervals.)

Figure 4 presents a similar difference, but this time betwe®mdandEnergy
For s = 1, the lower bound of the confidence interval is greater thao asly up
to about the official poverty line. Given this degree of stidal insignificance, it
is therefore not immediate that one should consider asdidsf pro-poor a rev-
enue and efficiency neutral tax reform that decreases fo@ditm and increases
energy taxation — or indeed the reverse. The concern isialéxVif we move to
s = 2: the lower bound of the confidence interval is greater thao atter around
z = 0.4 and up to almost 3.

Such tests of the effect of revenue and efficiency neutrateéorms can be
performed on every pair of goods. Table 2 summarizes thedsslts for the pairs
of the three main goods. Here are some of the main findings.

e A tax reform that were to increase taxation tiansportand decrease tax-
ation onFoodwould be absolutely and relatively first-order pro-poorrve
wide range of poverty lines (0.145-3 for the estimates, @.2971 for the
statistically significant rangéy.

e A tax reform that were to increase taxation transportand decrease tax-
ation onEnergywould also be absolutely and relatively first-order pro4poo
over a wide range of poverty lines (0.137-3 for the estimalexl1-2.953
for the statistically significant range).

e Applying statistical inference techniques can alter cosicins substantially.
For instance, the estimates of Table 2 suggest that a taxiréifi@t increases
taxes onEnergyand that decreases taxesod is pro-poor over a wide
range of poverty lines (0.15 to 2.711). Thisis considerahlyrtened (0.206

9Note that the poverty headcountat= 0.145 is around 0.3%. Very little statistical informa-
tion is thus available below that value, an indication ofitifermation-less problem mentioned in
footnote 18. It would also require a pro-poor judgement tinatld be almost strictly Rawlsian to
reverse the pro-poor judgements implied by the tests od€553 and 0.190-2.971.
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to 0.925) when one focusses on the range over which the rquuithe
curves is statistically significant.

e If a reform is first-order pro-poor over a range of povertyerthat starts
at 0, then that range widens as we move to second-order [oogsEs —
see for instance the estimates shown in the first column,entherrange of
poverty lines over which a rise iFood taxes combined to a fall iEnergy
taxes is pro-poor increases from 0-0.15 to 0-0.31 as we mowe first to
second-order dominance.

e This last result, however, is true only when the ranking igdvir a first-
order range of poverty lines that right at 0. Table 2 showsradtive in-
stances of interesting relationships between the ranges whlich first-
order and second-order dominance hold. For instance, egaise irEnergy
taxes and a fall ifFood taxes (third column) is statistically first-order pro-
poor over a range 0.206-0.925 of poverty lines; that rangeres 0.383-
2.753 for second-order dominance. Increasing the ordeowiirtbnce thus
reduces statistical significance over the lower values otpy lines (the
lower bound increases from 0.206 to 0.383), but it increasesiderably
(from 0.925 to 2.753) the upper bound of poverty lines oveicihe rank-
ing of the curves is statistically significant.

4.3.2 Efficiency-neutral reforms involving foodstuffs

Let us now turn to the pro-poorness of revenue and efficieecyral tax re-
forms involving solely food items. Figure 5 shows for ingtarthe difference
between the pro-poor consumption dominance curv@ekalsand that ofVeg-
etablesfor first and second orders. The results are not statisticagjnificant.
Moreover, and as discussed above, when a reform is nott&tallis pro-poor
within a range of poverty lines that starts at 0, the statidly insignificant range
can tend to widen as is increased. This can be seen in Figure 5 by noting that
the area over which the confidence intervals overlap witlOthee is pushed up
and is wider with second-order than with first-order domg®n

The pro-poorness results involving the pairs of the thremrtand items are
summarized in Table 3. They indicate that increasing Maxia&es orMilk, meat
and fishto decrease taxes @erealsand/or onvegetablesvould be pro-poor, both
in terms of normative robustness and in terms of statissicadificance, and this,
whether we consider first or second-order dominance. Thatsesf Table 3 also
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show that reforms involving any other combination of foahits would not be so
robustly pro-poor.

4.4 Impact of efficiency non-neutral tax reforms

We have assumed until now that tax reforms would be efficiemsaytral and
that~ was unity. This assumes that the marginal deadweight lossloéct taxa-
tion per dollar of tax raised is the same across all commeslifT his is unlikely to
hold since it implicitly assumes that compensated pricstieliies are the same
across all of the goods involved in the reform. Using (28)inestes ofy can be
obtained from elasticity estimates as

|:1 + Eszl ek’i%]
Yig = % ; )
[1 + D ko1 Chyj ﬁ}

wheree, ; is the cross-price elasticity of a change in the price of gpoa the
consumption of good. Table 4 uses equation (35) and the cross-price elassicitie
across 9 major consumption categories provided in RegmiSaade (2010) to
estimatey; ; for differenti, j pairs of good$? These estimates range from 0.83
and 1.2.

To show the role of efficiency considerations in tax reforassume for sim-
plicity and to start with thaty = 2 — that is, that tax reforms are inefficient to the
extent that eacper capitadollar of tax raised on googito finance a tax decrease
on good: (see (29)) decreasger capitawelfare by 1 (namely, by-1) dollar.
Figure 6 shows the difference between the first-order absalnd relative pro-
poor consumption dominance curvegobdand ofEnergy when the dominance
curve forEnergyis weighted byy = 2. Settingy = 2 in that way implicitly sup-
poses that the compensated price elasticityéardis lower than that foEnergy
and that the marginal deadweight loss from tax@mgrgyis thus greater than that
from taxingFood

Recall from Figure 4 that the difference between the firgieopro-poor con-
sumption dominance curves Bbodand ofEnergywas statistically positive only
over a small range of poverty lines whenwas set to 1. Withy = 2, Figure 6
shows that the difference in the absolute curves is now neybasitive. It is even
in fact negative between around 0.7 and 2.2, which meanstthaiuld now be

(35)

20Regmi and Seale (2010) provide elasticity estimates forchlstries using 1996 price data
from the International Comparison Program.
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relatively pro-poor over that range of poverty lines to @éaseEnergytaxes and
increasd~oodtaxes.

The more inefficient it is to tax a good, the greater the ta® that must be
levied on that good to generate the tax revenues needed ieadectaxes on an-
other, less price-elastic, good. If the more price-elagbiad is not a luxury good,
this makes the poor lose proportionately more from an ineffidax reform than
under an efficiency-neutral tax reform. This also makeseiasing the price of
the more price-elastic good less likely to be relatively-pomr. Only when the
price-elastic good is also a luxury good will an increasdsnax be conducive to
greater relative pro-poorness. SirErergyis not a luxury good in Mexico, the
greater the deadweight loss associated to takimergy the more relatively pro-
poor it will be to taxFoodinstead. This is true even though, as shown on Figure
1, Foodmay be less income elastic thenergyin Mexico.

Figure 6 also shows that the difference in the absolute copsan dominance
curves is now everywhere positive, which also means thahibw absolutely pro-
poor to taxEnergyto finance a tax decrease Bood The reverse also holds: it
would be absolutely anti-poor to finance a tax decreaderamgyby raising taxes
onFood This is in sharp contrast to the above results for relatreegmorness. If
the price elastic good is a normal good, the distance betieeabsolute loss of
the rich and that of the poor for > 1 will be even more considerable than with
an efficiency-neutral tax reform. Absolute pro-poornessofeasing taxes on the
more price-elastic good is then also more likely to hold it ttontext.

A similar exercise is repeated in Figure 7, which shows tiermince between
the first-order relative and absolute pro-poor consumpti@minance curve for
Cerealsand that forVegetables The curve forVegetablegpresumably the more
price-elastic good) is being weighted hy= 2. This can be compared to Figure
5 in whichy = 1. With v = 2, it now possible to declare that a revenue-neutral
reform that increases taxes Q@erealsand decreases them dggetabless first-
order relatively pro-poor. The reasoning is the same agéeiegetablesire not
aluxury good, and it is thus better not to raise taxes on theg{lastic good. But
a revenue-neutral reform that decreases taxeSayralsand increases them on
Vegetablesvould be first-order absolutely pro-poor over a wide rangpaferty
lines, again because, for > 1, that would maximize the distance between the
absolute loss of the rich and that of the poor.
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4.5 Trading off efficiency and distribution

The trade-off between efficiency (which is related to prileestcities) and the
shape of theC'D curves (which is related to income elasticities) can beullsef
exemplified by the following ratig;’(z) of CD curves:

. CD}” (2)
7:8 - 7
5i,j (Z) - CD?S(Z) . (36)
Using (29) and supposing thatD’(z) > 0, we then find that a revenue-neutral
tax reform that reduces taxation on goodnd increases taxation on gogds
n-pro-poor € {A, R}) if and only if

575 (2) = iy Vz € [0,27], (37)

wherey; ; is the efficiency cost of taxing gogdrelative to good. If CD7*(2) <
0, then the condition is rather that

When CD7*(z) > 0, condition (37) shows that we can interptgt’(z) as
those critical efficiency ratios that must not be exceeded;pyor a tax reform
that reduces taxation on goodand increases taxation on gogdto be declared
pro-poor. A reverse use of;(z) can also be made: we can interpsgf(z) as
the critical efficiency ratios that must be surpassedybyfor a tax reform that
reduces taxation on gogd(and increases taxation on gogdo be declared pro-
poor. WhenCD7*(z) < 0, condition (38) shows that we can interpsgf () as
critical efficiency ratios that must be exceededybyfor a tax reform that reduces
taxation on good (and increases taxation on gopdo be declared pro-poor.

Figure 8 shows thé"*(z) curves for a reform involvingood and Energy
Let us set an upper bound = 2 to the range of poverty lines. Consider first
the absolute pro-poorness of a revenue-neutral reforndéaeases taxation on
Food and increases taxation d&nergy Since CDg‘;fergy(z) < 0 (see Figure 2),
for such a reform to be absolutely pro-poor according to Fedy the efficiency
cost, ; of taxing energy relative to food must be larger than 1.7.sBtatistic
is given by the maximal height of the upper bound of the configeintervals
shown in Figure 8. At that maximal height,; is indeed statistically greater than
d;; (), and condition (38) is therefore statistically verified. th\; ; larger than
1.7, the absolute fall in average real income will alwaysdrgér than the fall in
the poor’s real income, no matter what valuezobelow 2 is selected. This is

26



because &; ; larger than 1.7 will always involve a sufficiently large irase in
the tax onEnergyto compensate for the effect of the fallloodtaxation.

Consider then a revenue-neutral reform that increasesigaxan food and
decreases taxation on energy, for the same upper bound ef 2. For such a
reform to be absolutely pro-poor according to Figure 8, ffieiency costy; ; of
taxing energy relative to food must be lower than 0.79. Ttastic is now given
by the minimal height of the lower bound of the confidenceridks, for reasons
that are the reverse of those just mentioned.

A similar exercise can be carried out for relative pro-p@ss) but with quite
different results. Since we now have th@b > (z) > 0 (see Figure 1), the
condition to check is (37). A revenue-neutral reform thatrdases taxation on
Food and increases taxation dmergywill be relatively pro-poor according to
Figure 8 if the efficiency cost; ; of taxing energy relative to food iswer than
around 0.5. Conversely, a revenue-neutral reform thaeases taxation ofood
and decreases taxation Bnergywill be relatively pro-poor if the efficiency cost
7.,; Of taxing energy relative to food is greater than 4.5. Wheén< ~; ; < 4.5,
the effect on relative pro-poorness of a tax reform invajMiood and Energyis
either statistically insignificant or normatively sengitito the choice of indices
and poverty lines between 0 and 2.

5 Conclusion

This paper develops a methodology for checking wether éutlitax reforms
can be considered to be pro-poor or not. The methodologynhdgterevious
stochastic dominance techniques and enables one to advéradbx reforms on
the basis of wide spectra of possible views of “pro-poorhe$sis is done for
both absolute and relative pro-poorness, for ranges ofilegsoverty lines, and
for different degrees of distributional sensitivity to tdéferentiated impact of
tax reforms across pre-reform values of welfare. The pageimework allows
for absolute pro-poorness to differ from the usual objestiof absolute poverty
reduction. Statistical inference techniques are alsoigeavto make these tools
empirically applicable. Unlike previous papers, the statal methods developed
in this paper take into account the joint distribution ofdand specific commod-
ity consumption levels since they address the pro-poor atspaf price changes.
The current paper also provides measurement and stdtistetaods that help
deal with the trade-off between efficiency and distribution

The methodology is applied to the pro-poorness of possditams of Mex-
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ico’s indirect tax system, both across broad classes ofgand across foodstuffs.
This leads to the characterizations of a number of possitdgopor indirect tax
reforms. The results also show that whether indirect teorne$ can be deemed to
be pro-poor can depend to an important extent on the typestflalitional and/or
pro-poor views that are applied to the analysis, and thattherefore important
to make such views clear when making policy recommendafmmsro-poor tax
reforms. The results further indicate that whether inditag reforms are pro-
poor depends 1) on whether government revenue neutralitaistained, and 2)
on the size of the deadweight gains/losses incurred in #uetoff between bal-
ancing efficiency and redistribution.

6 Appendix

6.1 Proof of Theorem 1
First note that, substituting (21) in (19) and (22) in (20 @btain

OP* (2)
ot;

The sufficiency condition fos = 1 is proved from (39) by noting that? (y, 2)
is negative. We then need to integrate by pgftsp(®) (y, z) CD7 (y)dy,

— Xy / W (g, 2) CDT(y)dy. (39)

/ p (y,2) CDF (y)dy = pV (y,2) CDF* ()| (40)
0
— / p? (y,2) CD}? (y) dy.
0

We know thatCD* (0) = 0 and thatp' (oo, z) = 0. The first term on the r.h.s.
of the above is thus nil. Consequently, equation (40) maebeitten as

/ p (y, ) CDP (y)dy = / p® (y,2) CDI2 () dy.  (41)
0 0

Now, assume that we have:

/0 W (y,2) CDP (y)dy = (1) /0 TP (y,2) OO (y) dy. (42)
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Integrating by parts equation (42), we get
> (1) n:1 o 5=2 (s—1) n:s—1 0
| 0w ety = 17 @) oor T )l @)
0
0 [ ) CDP ) dy
0

CD* (0) = 0 andp®~Y (00, 2) = 0 is implied by the definition obo and by (2).
We can rewrite (43) as

/0 T (y,2) CDT (y)dy = (—1)°" /0 T (y,2) CDY* (y)dy.  (44)

Equation (41) obeys the relation depicted in (42). We hawsvshthat if (42) is
true then equation (44) is also true. This implies that dqug#@4) is true for all
integers € {2,3,...,s — 1}. From equation (39) and (44), we get

OP* (z)
ot;

This last equation together with equation (2) proves théceicy of the condi-
tion.

In order to establish necessity, consider the set of funstidy, =) for which
the (s — 1)th derivative (withp©® (y, z) = p (y, 2)) is of the following form

= (-1)" Xi(q) /0 T (y, 2) CD}* (y) dy. (45)

(=1 e y<7y
PP (,2) =S (1) Fte—y) T<y<Gte (46)
0 Yy >1Y+e

Poverty indices whose functign(y, z) has the particular above form fpt =" (y, 2)
belong tol1®. This yields:

0 y<y
P (y,z) =4 (1) J<y<T+e (47)
0 y>7y+e

Imagine now thatCD}”* (y) < 0 on an intervaly,y + €| for y < 2™ and fore
that can be arbitrarily close to Forp (y, z) defined as in (46), expression (45) is
then positive and the marginal tax reform induces a margneaéase of poverty.
Hence, it cannot be thatD]” (y) < 0 fory € [7,7+ €] wheny < z*. This
proves the necessity of the conditiom.
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6.2 Proof of Theorem 3

@S(xk; z) is a consistent estimator 6fD°(x,; z) by the existence of the first
population moment af.(y) (z — y)i‘2 and the law of large number@s(xk; 2)
is N5 consistent and asymptotically normal by the existence estrtond pop-
ulation moment and the central limit theorem, with asynmiptedriance given by
(32) by simple calculationm

6.3 Proof of Theorem 4

Note first thatE [CD T 2 ] [ kn(z—y)zk(y) f(y)dy. Denotingt =

h~'(z — y) and expanding aroung = 0, for smallh this is approximately equal
to

E [@1(% z)} (48)
~ / (1) [ 0D (2:2) = thODY (2:2) (2) + 05202 CD (a4 2) (2)]
— 10.5h2CD "(a; 2) () e (49)
since [k (u)du = 1, [uk (u)du = 0, and [ v’k (u) du = ¢,. Hence, the bias

[CD (2 )] — CD'(zy; 2) is given by0.5h20D "2 2)Cr

By (33), note tha@l(xk; z) is a sum of iid variables to which we may apply
the central limit theorem and show asymptotic normality. i@ have that

N var (@1(xk; 2)
= var(s, (2~ y) 7sly)) = B [ (= — )* (00(0))*] — B [CD ()]
= [0 @) R~ £ [0 s 2)]
_ / W% () (= — uh)* dF (2 — uh) — B [OD (a4 2) " (50)

u

where the last expression is obtained by substitutifigr 2=1(z — y). For small
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h, (50) is approximately equal to
Nvar< (a2 )
E / 5 () (x(2) f()du — B [OD ()]
u - )
= h! Y | k(u)’du—E [CD (xk;z)] (51)

@ [ )
= z,(2))? / K (52)
_ / . (53)

Hence,

lim Nhovar <@1(xk; z) — OD*(wy; 2) — h23k>

N—o0

= f(Z)Ck(Z)/K,(U)Q du = Vi(z),

which concludes the proois

References

AHMAD, E. AND N. STERN (1984): “The Theory of Reform and Indian
Indirect Taxes,Journal of Public Economi¢®5, 259-98.

ARAAR, A., J.-Y. DucLOS, M. AUDET, AND P. MAKDISSI (2007): “Has
Mexican growth been pro-poor?” Tech. rep., Universitédlav

(2009): “Testing for pro-poorness of growth, with an Aggtion to
Mexico,” Review of Income and Wealthb, 853-881.

AUDET, M., P. MAKDISSI, A. ARAAR, AND J.-Y. DucLos (2007): “Pro-
poor food taxation and subsidy reforms in Mexico,’Social Perspec-
tives Proceedings of the Eight Symposium on “Capital Humano¢Cre
imiento, Pobreza: Problematica Mexicana”, MonterreyxMe, Octo-
ber 12 and 13, 2006, vol. 9, 49-64.

31



BENNETT, S. AND L. GILSON (2001): “Health financing: de-
signing and implementing pro-poor policies,” Tech. rep.FID,
http://ww. df i dheal t hrc. org/ publications/ health_
sect or _financi ng/ Heal t h_fi nanci ng_pr o- poor . pdf.

BOURGUIGNON, F. (2003): “The Poverty-Growth-Inequality Triangle,” in
Conference on Poverty, Inequality and Grow#aris: Agence francaise
de développement.

BRUNO, M., M. RAVALLION , AND L. SQUIRE (1998): “Equity and Growth
in Developing Countries: Old and New Perspectives on thécyds-
sues,” inincome Distribution and High-Quality Growtled. by V. Tanzi
and K. C. (eds.), Cambridge: MIT Press.

CHAKRAVARTY, S. (1983): “Ethically Flexible Measures of Povert@ana-
dian Journal of Economi¢XVI, 74-85.

CLARK, S., R. EMMING, AND D. ULPH (1981): “On Indices for the Mea-
surement of Poverty,The Economic Journaf1, 515-526.

DAVIDSON, R.AND J.-Y. DUCLOS(2006): “Testing for Restricted Stochas-
tic Dominance,” IZA Discussion Paper No 2047, IZA.

DOLLAR, D. AND A. KRAAY (2002): “Growth Is Good for the PoorJour-
nal of Economic Growth7, 195-225.

DONALDSON, D. (1992): “On the Aggregation of Money Measures of Well-
Being in Applied Welfare EconomicsJournal of Agricultural and Re-
source Economigd7, 88-102.

DucLos, J.-Y. (2009): “What is “Pro-Poor"?'Social Choice and Welfaye
32, 37-58.

DucLos, J.-Y. AND A. ARAAR (2006): Poverty and Equity: Measure-
ment, Policy, and Estimation with DADBerlin and Ottawa: Springer
and IDRC.

DucLos, J.-Y. AND P. MAkDISSI (2004): “Restricted and Unrestricted
Dominance for Welfare, Inequality, and Poverty Orderihgsurnal of
Public Economic Theory6, 145-164.

DucLos, J.-Y., P. MakDISSI, AND Q. WODON (2008): *“Socially-
Improving Tax Reforms,’International Economic Reviewt9, 1507—
1539.

32



EAsSTwWOOD, R. AND M. LIPTON (2001): “Pro-poor Growth and Pro-
Growth Poverty Reduction: What do they Mean? What does the Ev
dence Mean? What can Policymakers dé®ian Development Review
19, 1-37.

ESsSAMA-NSSAH, B. (2005): “A unified framework for pro-poor growth
analysis,"Economics Letters89, 216-221.

FISHBURN, P.AND R. WILLIG (1984): “Transfer Principles in Income Re-
distribution,” Journal of Public Economic¢5, 323-328.

FOSTER J., J. REER, AND E. THORBECKE (1984): “A Class of Decom-
posable Poverty Measuregtonometricab2, 761-776.

HARDLE, W. (1990): Applied Nonparametric Regressiowol. XV, Cam-
bridge, cambridge university press ed.

KAKWANI, N., S. KHANDKER, AND H. SON (2003): “Poverty Equiva-
lent Growth Rate: With Applications to Korea and Thailantgth. rep.,
Economic Commission for Africa.

KAKWANI, N. AND E. PERNIA (2000): “What is Pro Poor Growth&sian
Development Review8, 1-16.

KAKWANI, N. AND H. H. SON (2008): “Poverty Equivalent Growth Rate,”
Review of Income and Wea|th4, 643—-655.

KING, M. (1983): “Welfare Analysis of Tax Reforms Using Househol
Data,” Journal of Public Economic®1, 183-214.

KLASEN, S. (2004): “In Search of the Holy Grail: How to Achieve Prodp
Growth?” inToward Pro Poor Policies-Aid, Institutions, and Globaliza
tion, ed. by B. Tungodden, N. Stern, and I. Kolstad, New York: @afo
University Press, 63—-94.

KoLm, S.-C. (1976): “Unequal Inequalities, IJournal of Economic The-
ory, 12, 416-42.

LIBERATI, P. (2003): “Poverty Reducing Reforms and Subgroups Con-
sumption Dominance CurvesReview of Income and Wealt9, 589—
601.

MAKDISSI, P.AND Q. WODON (2002): “Consumption Dominance Curves:
Testing for the Impact of Indirect Tax Reforms on PoverBgonomics
Letters 75, 227-35.

33



MAYSHAR, J.AND S. YITZHAKI (1996): “Dalton-Improving Tax Reform:
When Households Differ in Ability and Needslournal of Public Eco-
nomics 62, 399-412.

McCuLLOCH, N. AND B. BAULCH (1999): “Tracking pro-poor growth,”
Tech. Rep. ID21 insights #31,, Sussex, Institute of Devalemt Studies.

NAVAJAS, F. AND A. PORTO (1994): “Budget shares, distributional charac-
teristics and the direction of tax refornrEconomics Letters5, 475 —
479.

PEN, J. (1971):Income Distribution: facts, theories, policieew York:
Preaeger.

RAO, R. (1973): Linear Statistical Inference and Its Applicatignsew
York: John Wiley and Sons Inc.

RAVALLION , M. (2001): “Growth, Inequality and Poverty: Looking Beybn
Averages,’ World Developmen®9, 1803-15.

RAVALLION, M. AND S. CHEN (2003): “Measuring Pro-poor Growth,”
Economics Letters/8, 93—-99.

RAVALLION , M. AND G. DATT (2002): “Why Has Economic Growth Been
More Pro-poor in Some States of India Than Other&®irnal of Devel-
opment Economi¢$8, 381-400.

REGMI, A. AND J. L. J. SALE (2010): “Cross-Price Elasticities of De-
mand Across 114 Countries,” Technical Bulletin 59870, BaiStates
Department of Agriculture, Economic Research Service.

SANTORO, A. (2007): “Marginal commodity tax reforms: a surveygur-
nal of Economic Survey21, 827—-848.

SON, H. (2004): “A note on pro-poor growthEconomics Letters82, 307—
314.

UNITED NATIONS (2000): A Better World for All New York.

WATTS, H. W. (1968): “An Economic Definition of Poverty,” ilinder-
standing Povertyed. by D. Moynihan, New York: Basic Books.

WILDASIN, D. (1984): “On Public Good Provision With Distortionaryxfa
ation,” Economic Inquiry22, 227-243.

WORLD BANK (2002): “Globalization, Growth, and Poverty,” World Bank
Policy Research Report.

34



(2004): “Poverty in Mexico: An Assessment of Trends, Gitions,
and Government Strategy,” Tech. Rep. 28612-ME, WashinDt@n

YITZHAKI, S.AND J. S EMROD (1991): “Welfare Dominance: An Appli-
cation to Commodity Taxation American Economic Review XXXI,
480-96.

YITZHAKI, S.AND W. THIRSK (1990): “Welfare Dominance and the De-
sign of Excise Taxation in the Cote D’lvoireJournal of Development
Economics33, 1-18.

Table 1: Shares (by population quintiles) of total expanéi on different goods
and services

Expenditure shares in %

Quintile Poorest 2 3 4 | Richest
Goods and services

Food 42.99| 28.88| 22.61| 17.20 8.04
Energy 6.13| 5.09| 4.45| 3.87 2.64
Transport 11.74| 11.90| 12.09| 13.32| 12.42
Other goods 39.14| 54.13| 60.85| 65.61 76.9
Shares of food expenditures

Cereals 25.88| 23.91| 21.20| 18.95| 15.90
Milk, meat and fish 28.66| 37.92| 41.90| 45.61| 46.44
Vegetables 19.30| 18.30| 17.63| 17.86| 17.66
Other food items 26.16| 19.87| 19.27| 17.58| 20.00
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Table 2: Intervals of poverty lines over which a revenue affidiency neutral
tax reform that decreases taxes on row goods and that iesréaees on column
goods can be considered pro-poor (absolutely and relptspeaking)
First-order dominance

Goods Food Transport Energy
Food — 0.145-3.000+ | 0.150-2.711
— (0.190-2.971) | (0.206-0.925)
Transport 0.000-0.145 — 0.000-0.137
Energy 0.000-0.150, 0.137-3.000+ —

(0.211-2.953) —
Second-order dominance

Goods Food Transport Energy
Food — 0.279-3.000+ | 0.310-3.000+
— (0.375-3.000+)| (0.383-2.753)
Transport 0.000-0.279 - 0.000-0.269
Energy 0.000-0.310, 0.269-3.000+ —

— (0.458-3.000+) —

Note: The intervals that appear on the first line of each celeatimates. The intervals over which
the results are statistically significant at a 95% level &@g within parentheses on the second
line of each cell.

36



Table 3: Intervals of poverty lines over which a revenue affidiency neutral
tax reform that decreases taxes on row goods and that iesréases on column

goods can be considered pro-poor

First-order dominances(= 1)
Goods Cereals Milk, Meat and Fish| Vegetables
Cereals — 0.000-2.231 0.000-0.171
— (0.010-2.159) (0.000-0.107)
Milk, Meat and Fish| 2.231-3.000+ — 0.010-0.012
(2.294-3.000+) — —
Vegetables 0.171-0.588 0.012-2.421 —
(0.271-0.458) (0.044-2.040) —
Second-order dominance € 2)
Goods Cereals Milk, Meat and Fish| Vegetables
Cereals — 0.000-3.000+ 0.000-0.328
— (0.219-3.000+) —
Milk, Meat and Fish — — 0.067-0.112
Vegetables 0.328-0.701 0.067-3.000+ —
— (0.196-3.000+) —

Note: The intervals that appear on the first line of each celeatimates. The intervals over which
the results are statistically significant at a 95% level &@\g within parentheses on the second
line of each cell.
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Table 4: Estimates of the efficiency costs of tax reforms gigistimated price
elasticities
Efficiency~; ; parameters estimated from estimates of own and cross-price
elasticities for aggregate consumption categories
Ci1 C2 C3 C4 C5 C6 Cc7 Cc8 C9
Cl1 1.000 0.944 0.963 0.959 0.833 0.844 0.962 0.977 0.965
C2 1.060 1.000 1.020 1.017 0.883 0.895 1.019 1.035 1.023
C3 1.039 0.980 1.000 0.997 0.865 0.877 0.999 1.014 1.002
C4 1.042 0.983 1.004 1.000 0.868 0.880 1.002 1.018 1.006
C5 1201 1.133 1.156 1.152 1.000 1.014 1.155 1.173 1.159
C6 1.185 1.118 1.140 1.136 0.987 1.000 1.139 1.157 1.143
C7 1.040 0.981 1.001 0.998 0.866 0.878 1.000 1.016 1.003
C8 1.024 0.966 0.986 0.982 0.853 0.864 0.985 1.000 0.988
C9 1.036 0.978 0.998 0.994 0.863 0.875 0.997 1.012 1.000
1 stands for line goods angdfor column ones
~i,; can be interpreted as the efficiency cost of subsidiziagd taxing;j
The aggregate consumption categories are:
C1: Food, beverage and tobacco
C2: Clothing and footwear
C3: Gross rent, fuel and power
C4: House furnishings and operations
C5: Medical care
C6: Education
C7: Transport and communication
C8: Recreation
C9: Other
Source: Based on equation (35) and on the elasticity esgriat Mexico
found in Regmi and Seale (2010).
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Figure 1: 90 % two-sided confidence intervals around relative pro-mmmsumption
dominance curves; D (2)
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Figure 2: 90 % two-sided confidence intervals around absolute pro-ponsumption
dominance curves;D4*(z)

First-order dominances(= 1)

Second-order dominance € 2)

T T T T
4

. 12 18 2.
Income (z) (1 equals the official poverty line)

[ Food [T Transport
[ Energy

T T T T

o

d 12 18 24 3
Income (z) (1 equals the official poverty line)

[ Food [T Transport
[ Energy

39



Figure 3:Difference between absolute pro-poor consumption donceanrves
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Figure 5:Difference between pro-poor consumption dominance curves
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Figure 6: Difference between pro-poor consumption dominance cyua&suming that
the deadweight loss from taxirignergyis twice as large as that from taxifgod
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Figure 7: Difference between pro-poor consumption dominance cum&suming that
the deadweight loss from taxingegetabless twice as large as that from taxigereals
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Figure 8:The ratio between pro-poor consumption dominance curves
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