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1. Introduction
The first of the Millennium Development Goals targets global poverty. The numbers that support
this goal are estimated by the WbBank, anccome froma worldwide count opeople who live
below a common international poverty line. This line, loosely referred to as thealddgrline,
is calculated as an average oventhe r |padoest countries of their national poverty lines
expressed in international dollars. The counts of those below the line come from household
surveys, the number and coverage of which have steadily increased over thegtiamal
poverty lines are converted to international currency using the purchasiey parity (PPP)
exchange rates from the various rounds of the International Comparison Program (ICP). These
PPPs, unlike market exchange rates, are constructed as price indexes that compare the level of
consumeprices across countries.

In the first ddlar-a-day poverty calculationshe World Bank (1990used price indexes for
GDPas a wholebut this practice was later improvedthg use of price indexes for
consumptionBut even this is insufficient the price indexes for national aggregate cornsion
are different from those that are relevant for people around the global poverty line. Price indexes
are weighted averages of prices, and both weights and prices could be wropgcdshe
collected by the IChay be different fronthe prices faced bihose at the poverty linand the
expenditure patterns at the poverty line are almost certainly different fromgdihegate
expenditure patterns in the National Accounts that provide the weights for the usual consumption
PPPsThis paper is concernedthithe second of these issues, the recalculation of purchasing
power parity exchange rates using éixpenditure patterns of those at the global poverty line.
We shall refer to thegmovertyweighted purchasing power pariti@esPPPP®r P4s, as opposed
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to the aggregate weighted PPPs or.P3#hough we recognize the importance of the first issue
andshalldiscuss it briefly, the procedures and calculations here usatiomalpricesof goods
and servicesollected by the ICBo that our P4 indexes diffeom the P3s published by the ICP
only in the methods that we use to turn these prices into national price indexes.

Although our objectives are relatively modest, there are substantial theoretical and technical
issues to be faced. First, in order to aldte the appropriate weights in each country, we need to
identify those who are close to the local currency equivalent of the global poverty line. But for
this, we need the4B, so that the & and their weights need to be simultaneously calculated.
Secoml, the global poverty line is calculated as an appropriate average of locablinested to
international units using tHeds, so that our calculations need to simultaneously solve for
weights, price indexes, and the global poverty line. Third, thecustandard proceduuses
aggregate data from timational accounts$o calculate the PPPs and the global poverty line in
international dollars, buhen takes the global poverty linehousehold survegata to calculate
the numbers of poor people in Bamuntry.In the calculations in this paper, wee household
survey data throughout. We use (a) local currgmmes for 102 basic headings of consumption
from the 2005ound ofthe ICPR, (b) nationally representative household surveys from 62 poor
counties, andc) national poverty lines in local currency for 50 countréexj combine (a), (b)
and (c)to calculate a set of povertyeighted purchasing power parity exchange rates for
consumption, a global poverty line, and a set of global poverty caumgsc¢h country and the
world as a wholeThe 62 countries for which we have survey data repreSgmergent of the
population of the countries included in the global poverty counts; the 50 poverty lines also cover
79 percent of the population of poor edties.Fourth, when calculatingd8, we cannot follow
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the usual practice with3 of taking the US as base because there are no households in the US at
apoverty line in the vicinity of a dollar a daso it is not possible to calculateights. Our
calcuations use only information from the countries included in the global poverty count. This
has the advantage that prices and expenditure patterns in rich countries have no efecron P
on the global povertycount and t hat we arowertyliogatwhishimughofa A gl o
the (rich) world could not survivédt has the disadvantage that we lose the rhetorical value of the
dollar poverty standardhut we will propose a method for remedying this.

The paper is laid out as follows. In Section 2 wplain the theoy of the P4 indexeand the
differences between P3s and PHsis section aims to be succinct but is-selhtained, so that it
can serve as a brief introduction to the PPP literature for those who are most interested in poverty
analysisWe work with three different types of multilateral indexes, the Fisher and Térnqvist
versions of the EKS index, and the weighted country product dummy index. We explain why the
calculation of povertyeighted indexes poses a simultaneity problem, and plerexseveral
methods of solving it. Wehow that thé®3 and P4 indexder any pair of countries will differ
according to the crossommaoditycorrelation between relative prices anditimme elasticities
If food is relatively expensive in poor counsjehis will raise the P4 relative to the P3 for a poor
country relative to a rich country, but there is unlikely to be large differemitieis poor
countriesas a group

In Section3 we turn to the definition of the global poverty line. We consider &ternatives.
One, which follows Chen and Ravallion (20Q@8R), computes the global poverty line from an
unweighted average of the national poverty lines (in international currency) of fourteen of the
poorest countries in the worlichsed on per capi{&PP) expenditure data from the national
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accountst CR have 15 |l ines, but we | ack mmwaedwmeey dat
excludes both India and China, whose per capita incomesaahggh, though they contamore

than halfo f t h e global pobr.dS6 we also consideralternative in which the global

poverty line is a povertyeighted average of the international currency value of the poverty

lines of 50 poor countries. Both of these global poverty lines use the P4 rates in thitioalcu

and so must be calculated simultaneously with them. Neither depends on information from rich
countries, including the purchasing power parity exchange rates between poor countries as a

whole and rich countries as a whole. We express it, not indJ&sl as has previously been the

case for global poverty | ifwrapees)fobahndrt. Howmeveib wor | d o
we also provide exchange rates that allow conversion into US dollars or other rich country
currencies.

Sectiord explains low we calculate standard errors for our international price indexes. One
concern is with the sample size of some of our household surveys, so that we need to ensure that
using samples, as opposed to populations, does not affect the precision of theestinwher
concern is related to the fact that, in a world where relative prices are different in different
countries, different index number formulas give different answers, and we develop a standard
error concept that captures the degreuncertaintyfrom this cause.

Section5 discussea number of practical issued/e discuss how the ICP constructs the
prices for the basic heads of consumption, and how we need to modify those procedures for our
own work. We also note that the P3s calculated by tReal@ constrained by various regional
and political constraints that do not apply to our work, and which make a difference to the
indexes. We discuss the matching of consumption categories in the household surveys with the
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basic headings of consumptiontire ICP and note that there are several categorestand
healthbeing perhaps the most importdrthatare not adequately representedhe surveys.
Beyond that, some surveys contain imputations for the use value of durables, as opposed to
expenditure®n those items in the national accounts and the AGR. result, even when we
calculate P3s as opposed to P4s, our estimates will not coincide with those in the ICP. A final
practical issue is that, for some countries, the ICP collected only urban pridesg have good
evidence from many countries that urban prices are higher than rural prices, so that an
adjustment is necessary.

Section6 presents our results. The first subsection is concerned with the price indexes
themselves. We present our estirsai€P3s and P4s for 62 of the countries included in the
global poverty counts and compare them with the P3s from the ICP Regiiaps our major
conclusion is thatprovided we use household survey dathothcalculationsthe reweighting
to a povertybasis makes little difference, so that our P3s are close to our P4s. However, our P3s
are somewhat further away from the P3s in the ICP, in part because of our different aggregation
procedures (definitions of the indexes), and in part because sbhassgestimates of aggregate
expenditure patterns often differ from ti®se presented in the national accounts. As is often
the case in poverty work, data discrepancies are more important than definitional or conceptual
issuesThe final subsection calculatpeverty counts, examining the effects of different P3s and
P4s on the estimate of global poverty, as well as the effects of different procedures for

calculating the international line.

2. Poverty-weighted purchasing power parity exchange rates: theory
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2.1 PPP indexes: notation, P3 and P4

Purchasing power parity exchange rates are multilateca pmdexeslesigned teummarize

price levels ireach ofagroupof countriesIn this paperye are interested in price indexes for
consumption, and wish to dep&rom the standard practice of calculating indexes for aggregate
national consumptiarinstead, our aim i® calculate indexes for people that are at, or at least
close to, the global poverty line. We provide a brief treatment from first principles.

We start with notation. We haw countries, labeled using the indexin each country,
there is a vector of prices fbritems of consumption, labeled using the indeso thatp; is the
price of goodh in countryc. Associated vih those prices is a pattern of consumption, which we
shall typically measure in terms of the shares of the budget devoted to each good, sfenoted

The sum of these budget shares avisrunity for each countrg, so that they aabe thought of

as weightsThey are defineds the expenditure on each gatidided by the total expenditure on

all goods and serviseEach household has a set of budget shares, and the economy as a whole
has budget shares defined as aggregate expanditwgach good divided by aggregate total
expenditure on all goods. We shall distinguish these as necessary.

Throughout the work described in this paper, we shall assume that the prices are the same for
all consumers in the country, and we willuse pdcat a on 10igs G bafsi come@ampt
collected by the ICPThe expenditures and prices of these basic headings are themselves
aggregates of the thousands of narrowly defined goods and services whose prices are the
collected in the ICP; in our workye do not go below the basic heading aggregates, and treat
them as our underlying price¥he difference between what we do and the standard practice is

in the treatment of the budget shares or weights. In the national accounting treatment of the ICP,
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theweights are the shares of aggregate national expendpard oreach good whereas, in our
treatment, the weights are calculated from household surveys, and are defined as an average of
budget shares for households at or near the global poverty lingldia poverty line is itself

defined in PPP terms, and we shall show how to simultaneously measure the price indexes and
the global poverty line. For the moment, we assume that we know the line, and that we have

calculated the povertjne budget shareer each country.

2.2 EKS indexes

There are two different types of PPP indexes that we shall use in pleis ffee ElteteKoves
Sculc (EKS) type, and the weighted counyoductdummy (CPD) type. We start with the EKS
indexes.They, in turn, start froma set of superlative indexealculated for each pair of
countries. (On superlative indexes, Beewert 1976. We work with two familiar superlative
indexes, thdirst of which is theTdérnqvist index, defined as

10 ©
NP* =24 (s )Lty (1)
2 n=1 p

n

Note tha we adopt the convention that the base country, here caymoynes first in the
superscript on the index, followed by the comparison country,chéiiee Torngvist index is
thus a weighted geometric average of the price relatives of each good, witsights the
average of the two budget shares andd. We leave the precise definition of the budget shares
for later, but (1) will apply whatever budget shares we use.

The second familiar index is the Fisher ideal index, defined as the geometrioftiean

Paasche index and the Laspeyres index spithktgarithms,
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The first term in brackets on the righénd side is the Laspeyres indexdaelative toc, while
the second term in brackets is the Laspeyres ffelative tod, which isidentical tothe
reciprocal of the Paasche fdrelative toc.

Thelog Fisher and Tornqvist indexes in (1) and (2) give uMdy M matrix of index
numbers comparing every country with every other couifitng. diagonals of these miaes are
zero because the underlying indexes are uttigyprice level in Morocco relative to Morocco is
one The Fisher and Triaqvist indexeglike all superlative indexebave the reversibility
property, that the price level ahrelative toc is thereciprocal of the price level iorelative tod.
In consequenceéhe matrices of logarithms from (1) and (2) skewsymmetricwith the bottom
left triangleequal tominus the topight triangle. Even so, these matrices do not give us entirely
what we vant. In particular, they are not transitive, so that if we compute the price level of India
relative to China, and of the US relative to India, the product of the two will not generally be
equal to the price &t of the US relative t€hina Indeed, we wold like this property to hold
for alll Achainsd through the countries, so
countries whether we compare them directly or indirectly via any number of intermediate
countriesArbitrage guarantees that marketBange rates satisfy this propeByt here, we
need to resort ttorce majeureandsomehow adjust the price indexes so that transitivity holds.

It is straightforwardo show that transitivity will hold for all paths through the countries if,
and only f, there is a vector of price indexes, one for each country, so that the price level of

relative toi is given by the ratiof the price index foy to the price index for. Suppose that we
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write b’ for the logarithm of the origal intransitive indexes, (1) or (2). For transitivity to hold,
we need, for ali, j, andk,
b' = (3)

Suppose that country 1 is the base country, whose currency we are using as numeraire: this will
be India in the calculations losv. Since (3) holds for all countries, it holds for country 1, so that
we can write

b' =g 4 =P b+ a! a (4)
where we have used the skewmmetry of thd matrix, and we definthe a' to be equal td" .
Becausethe6s are the | ogarithms of the price | evel
country, they are the logarithms of the PPPs that we are looking for. Once (4) is satisfied, with
b' =a -a forsomesetchd s , b8 Jatisfed, and we will have what we want, a system of
purchasing power parity exchange rates with dvly 1 distinct numbers.

The simplest way to adjustthé s t o s aht EKSfprgceduré, Yirst preposed by Gini
(1921) Thischooses thad s that the differencea’ - d areascloseas possiblén a least

squares sense to the log price indexégjiven by either (1) or (2)The pairwise indexes (1) and
(2) have all of the adhntages of superlative indexes, in particular that they can be thought of as
approximations to cost of living indexes, at least if tastes are identical in the two countries.
(These advantages are a good deal diminished i€eagnizethat Indians, Bulgaans,

Ethiopians, and Peruvians do not have the same tastes.) But there is no basis in standard

consumer theory for thaarticularway in which transitivity is imposed.hese concerns are



somewhamollified by the fact that, in practice, the pairwise ingeare usually close to being

transitive before adjustment.

To see how té final adjustmenivorks, writeb' for the log price indexes (1) or (2),

whichever we are working witWe then selectth@dd s t o mi ni mi ze the sum o

f:é{ Mé[bkj (@  &))? ®)

k=1 j 2
subject to the constraint that =0, so that country 1 provides the base currenaytiich all

others are expressed. The solution to this problem is

=LE (0 ) ®)

=1

or in terms of theriginal priceshe PPP priceindexfari n country 106s units i

1

au [
R=a) 'R & 7)

ci=t =

for the EKSFisher, with a identicalformula with T replacingF, for the EKSTornqvist. Each
index inside the brackets is the price levet aélative tol computed via countiy so that the
EKS index comes from taking a geometric average of these indexes over all possible

intermediate countries.

2.3 Weighted CPD indexes
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We shall also work with PPP indexes, constructed accordwbabis known atheweighted
country product dummy methoA.starting point here is what would happen if the law of one
price were true with perfect price arbitrage in goods and service across countries. In this case,

prices would differ only in currency units, so that wewldobe able to write

Inpi=a® +4 ®)
wherea® is the logarithm of the value of count§ s currency rel ative to
a* =0, and b, is the price of good in country 1, which is also the price of goodh all
countries, up to unit scaling.(8) were true, PPP exchange rates would be equal to market
exchange rates, and we would be done. In reality, we can construct a set of price indexes that

approximatehe structure&) by projectingactual prices on to a set of country and product

dummies by running a weighted regression of the form
InpS=a® +h ©)
in which the weights are the budget shares of each good in each cafintrige intuitive

argument for the budgshares weights is the same as for other price index calculations, that

goods with large (small) budget shares should count more (less) in the calculations.

The CPD procedure traces back to Summers (19%8) used it in unweighted form, and the
weighted version was developed by Prasada Rao, Selvanathan and Rao (1994), and Rao (1990,
1995, 2001, 2002, 2004), and further investigated by Diewert (2004, 2005). Selvanathan and Rao
(1994,p. 25) show that in t two country case, the weighted CPD index is a weighted average

of the logarithms of the price relatives with weights that are (normalised)onicmean of the
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budget shares in the two countries. Diewert notes that this implies that it is then agdeond
approximation to the Térnqvist around any specific price and quantity combination, so that the
two indexes are likely to be close in practice, though it is worth noting that this results does not
establish that the weighted CPD is a superlative intde¥, only an approximation to a

superlative index, which is itself an approximation. And as with superlative indbees is no
known extension beyond the two country case.

For future reference, the formula for the weigh@®RD is
F=(X'SXY* X S (10)

whereX is anMN by N +Mi 1 matrix of ones and zeroes,withit 1 col umns f or t he

commoditiesMi 1 columns for the countries, plus a constant and rows corresponding to the

vectoryy whi ch i s the st HiolkeacdaM countdes.dh&Smatfixislaog pr i

diagonal matrix with the budget shares on tiagdnal,N for each country. The element of the
estimated parametércorresponding to the country dummies are the estgwoétde log of the
weightedCPD-PPP exchange ratéor each country in terms of country 1. Note that, although

(10) can be thoughtfas a generalized leastjuares estimator, the weighting maiis

included for substantive reasons to do with the importance of each good in spending patterns,
and not because of any supposed relationship between the budget shares and the vatiances of
errorterms in9). Indeed,9) s houl d not be thought of as a
process; rathe®f and(10) should simply be regarded as a convenient device for projecting the
log prices on country and commodity effects in a melyat tecognizes the different importance

of each commodity in the budget.
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2.4 GearyKhamis indexes?

Although we shall not use it in the rest of this paper, we briefly discuss another PPP formula, due
to Geary (1958) and Khamis (1970), and which forms#sas of the calculations for the Penn

World Table. In the Geafithamis system, the prices in each country are compared with those of
an imaginary composite country, itself constructed from averaging the countries in the system.

The GearyKhamis PPP indels computed as a Paasche index that compares domestic prices

with fAworl do prices, which arc=21l,2,he prices of
N
a pa;
R =R (11)
a p.a;
n=1

wherep, is the world price of good, which is itself defined as the quantity weighted average of

the prices of good in each country, expressed in the global currency. Hence

M j i
Lopl Q
P, = Y (12)
Ja:l Pk a q;
k

where the upperca$gd s d aggregatejuantities. Na that (11) and (12) need to be solved
simultaneously, which can be done iteratively, or as shown by Diewert (1999) as the solution to
an eigenvalue problem.

The GearyKhamis system of indexes has one great advantage, which is that it preserves
aggregatia over subgroups of consumption. Because there exists a world price for each good,
each item of consumption can be repriced at the world price, and added up to give repriced
subgroups or totals. This aggregation property is not shared by the other ididexssed so far

which would give, for example, PPPs for food, +ioad, and total consumption that would not
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be mutually consistent in the sense that the sum of food arfibadin the international

currency would not generally add up to total consunmgticthe international currency. For a

system of national accounts, such as the Penn World Table, the absence of aggregation would be
inconvenient, although not insuperable; indeed the ICP uses Fisher EKS indexes for all regions
except Africa. For the povey work that is our main concern here, where we need only an

exchange rate for total consumption, failure ofraggtion is not a serious issue, while lack of
comparability with (most of) the ICP would be more serious.

But the GearyjkKhamis system has didvantages that make it unattractive for our purposes.
Unlike the Fisher and Torngvist indexes, it is not superlative. In consequence, if the two
countries had the same homothetic tastes, the &dwmis index would not be a seceadier
approximationtd h e A t -ofdiveng index I§this were the main concern, Ge&ityamis
could be replaced by Pet er Ne aKhanissbutwBichdss5) GAI
fully utility consistent, though its evaluation requires the estimation of a full atieral system
of demand equations. However, given that we do not want to assume identical tastes, nor use the
costof-living framework that would be arguably appropriate if tastes were identical, these
objections to GeariKhamis are not decisive.

To seehe central problem, note that the quantity weighting of prices in (12) means that the
country with the larger physical volume of consumption of a good gets greater weight in the
construction of the composite world prices. If, for example, we used Béanyis to compute a
PPP for Bangladesh relative to the US, the world prices would be close to those of the US. In the
Penn World Table as a whole, it has been argued by Daniel Nuxoll (1994) that the composite
world prices are those that would characterie@ddle-income country such as Italy or
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Hungary. The use of such prices has the effect of overstating the level of consumption in poor
countries. For example, many servigdsaircuts, domestic service, restaurant ntease cheap

in poor countries because pd® are poor, because such services cannot be traded, and because
labor is not free to move around the world. If we use (say) Italian prices to value (for example)
Indian consumption, these components of consumption will be valued very highly, and will
inflate the value of Indian consumption at international prices. This is called the Gershenkron
effect, the overvaluation of one countryds <co
prices. Put another way, it is the understatement of the price lema¢ioountry relative to

another that comes from using a Paasche indeg;l)rttfe domestic value of consumption in the
numerator is divided by the inflated value of consumption at world prices in the denominator. Of
course, the understatement of the Plaasiedex is an understatement relative to a trueafost

living index, which is itself not weltlefined in the current context. But if we compare the

Paasche inl(1) with the superlative indexes presented above, the latter always averages weights
from bothcountries, whereas the Gedfhamis index uses onljomestioveights. Compared

with the superlative indexes, Geaffiamis indexes will understate PPPs in gooountries

relative to ricler ones, and overstate their living standards. They make the wokddo equal,

and understate poverty in the poorest countries. Of course, these effects are likely to be much
smaller than the effects in the opposite direction that we would get by using market foreign
exchange rates. Even so, we do not want to minipoxerty inthe poorest countries in our

groupby valuingtheir services athe pricesof countries that are betteff.

2.5 Index weights: P3 and P4
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The EKS and CPD formulas allow us to calculate a set of PPPs given budget shares and prices

for each contry. In our calculationfor povertyweighted PPRsve usethe budget shares for

households at or near the global poverty.lifl@s distinguishes our PPE34s)from the

consumption PPR#3s)from the ICP, in which the budget shares are the shareggade
consumersd expenditure on each good im"the ag
is the budget share on gondby householdh in countryc, the aggregate budget shares that go

into the ICP indexes can be weitt

§ =23 (13

where X" is the total expenditure of househbldndexes using weights such d8)are
sometimes referred to as plutocratic indexes, because the budget share of each household is
weighted byts total expenditure.
The weights that we shall use for the poverty PPPs arel 3ob(t

S =HgI(X 1) =43 (14)
where n™"is household size angf is the poverty line in local currency, so tlaatording tq14),
the budget shares for poverty weighting are the average budget shares of households at the
poverty line. The computation of4Lwill be discussed below. Note ththe averages in both
(13) and (¥) include the budget shares of all helslds, even if they do not purchase a good, in
which case their budget share is zé&xdousehold who buys nothing of gonds unaffected by
changes in its price, and this weight needs to be counted in the overall index. This is also relevant

because imany surveys, especially around the poverty line, some goods are bought by only a
16



few households, and the precision of the estimates will depend on the total number of households

(or the total number near the poverty line), not on the number who purchase.

2.6 Simultaneity of budget shares and P4ndexes: aclosedform approximation
The global poverty line is expressed in international curréneyost famously the dollar a day
lined while the calculation of the budget shares from the sunvefi!) requires hat the line be
expressed in local currencyits purchasing power equivalemih consequence, the expenditure
weightsusedto calculate the price indexes requinat weknow the price indexdsefore we
start.We propose two methods for dealing with tisisue. The first allows the calculation of an
exact, onestep solution, but works only for the Torngvist index, amdquires that the Engel
curves in each country have a specific functional form. The second is an iterative procedure that
uses the firstethod to provide starting values.

To illustrate the exact method, start from the-teointry case. Suppose that the global

poverty | ine i n zcThabodgeatshards i eackecountryare a fynitiors
among other things of household totgber capita expenditure (PCE)which we write ass; (%)

for goodn in countryc, with the function interpreted as the expected budget share for households

with PCE ofx. The equation we need to solve for the relevant Tornqvist PPP is
12 1 N A 2 pﬁ
Ink :Eagi(Z) +5( P )ZIQE (15
n=1 n
so that the budget shares for the index are at the global poverty line in both countries. Suppose

that the budget shares in each country are linear functions of the logarithm of total expenditures,
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a functional form thatften fits the data well, and that is consistent with choice theory, see for

example, Deaton and Muellbauer (1980, Chapter 3.)

Sn=Xon TN X Ay (16)

wherec is the country, here 1 or 2, is a disturbance term, and, and x;, are commodity
and countryspecific parametergor each countrythe x;, parameters add to zeower all the
goods in the budgetvhile the x;, paraméers to one. If we substitute thenditionalexpectation

of (16) into (15), the povertyline Térnqvist index can be written

N 2
a6+ & € Dinz)in
In F%_lz _ =l . 2 n (17)
2- g x3InFn
n=1

1
n

whichis in closedform andcan be calculated directly from the prices, the budget shares,eand th
global poverty line.
TheMi country extension of (@ is straightforward in principle. Assuming the same set of

Engel curves @), the logarithm of the Tornqgvist index fpin terms ofi is written

i L0 ' i i by ik p)
0 =28 (¢ +8) i Wz Laxa)e R (18)

n=1 n

wherea', from (6), is the TérnqvisEKS PPPexchange rate for countryn terms of country 1.

This can be rewritten in the form
b =y’ +ha I (19
where thedefinitions of thenew terms can be read off fronBj1Given the relative pces, the

coefficients of the Engel curves, and the global poverty line, the quaptitiemd g' are
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known. Equation®) also links the EKSTérnqvist PPPs to the pairwise Térnqvist indekeso

that, if we combine) and (B), we reach

& 1M o e1M 1M, i
dad+—aq¢d o~ a(qd 9d = @'y "4 (20
C M j=1 -M ji2 M i E
where we have used the fact tl@at= 0. Equation 20) is a system oM - 1 linear equations in

the M - 1 unknown EK$ TérnqvistP4indexes under the assumption that the Engel curves take

the form (). So once again we have an exact, closed form solution.

2.7 Simultaneity of budget shares and P4ndexes: iterative solution
In general, one ofthe EKSI Térnqvist, EKSI Fisher, or weighte@PD P4index ha a closed
form solution. Instead, we start from the global poverty line converted to local currencies using
the Tornqvist approximation (or some other set of PPPs, such as the consumption PPPs from the
ICP), calculate a set of budget shares for households at or near those poverty lines in each
country, which are used to calculate a new set of povegtghted PPPs. At the next iteration,
these are applied to the global poverty line instead of the originthhgtaalues, and so on.

We calcul ate finear the |l ined budget shares
shares in the sample with weights that are largest at the poverty line, and decline as we move

away from it. Define the weighty, (z) for household in countryi by

() =% Kgln(xh/m)- I[n z4nd 1)

wherezis theglobalpoverty line, andx, /n,, for household size,, is per capita total

expendituran local currencyThe funcionK( . ) i s a fAkernel 6 function;
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nortnegative, symmetric around zero, and decreasing in the absolute value of its argument. (It
can be thought of as a density function, and indeed the standard normal density is often used as a
kernel weightingfm ct i on. ) The parameter U is a fibandwi
tradeoff between bias (too large a bandwidth) and variance (too small a bandwidth. If

small, only households near to the poverty line will neeenuch weight while, it is large,

more households will be included. Ideally, we would likéo be zero, using only householts

the line, but thiss notpossible with a finite sample of householasgeneral,t will be smaller

the larger is the sample and, in practice, allows us to-bHgeecision (by including more

households) and closeness to the poverty line (for relevance, and lack of bias.) In practice, we

will work with bandwidths that are multiples of the standard deviation of the logarithm of per

capita total expenditure in each sample.

In general, it is not possible to guarantee that there exists a unique solution for the set of
povertyweighted PPP indexes. Wever, we know that uniqueness is guaranteed for the EKS
Tornqvist when the Engel curves satisfg) 1t is also straightforward to show that in the case
where all countries have the same tastes, and the price indexes -@felivosg indexes, there is
a unique solution. Given that both the Fisher and Tornqvist indexes are superlative indexes, this
result would be useful if we could accept the unlikely position that there is no international
heterogeneity of tastes. Deaton and SchulRéfehl (2009)showthat, while it is possible to
construct cases with multiple solutions, even for two countitiesyery unlikely that there will

be multiple solutions in real data.

2.8 Differences betweerP4 and P3indexes
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In order to interpret ouesults, it is usefl to investigate the differences between the various
indexes, between different types, BKSher, EK$ Tornqvist, and weighted CPD, and between
indexes that use poverty weighersus those that use aggregate weigtits.two country

Tornqvist approximatin (17) is a useful starting point for the latiequiry. If the budget shares
do not vary with total household expenditure, the paramefeiia (17) are zero, so that the term
involving zin the numerator of () and the seconérm in the denominator are both zero. In this
case (¥) is simply the B Tornqvist index, because th¢ parameters are the averages of the

budget shares, armbcausehe budget shares do not vary with income, they are also tecihe!
aggregate weights an#l3) and (%) coincide.
More generallythe difference between the povewgighted and plutocratic Térngvist

indexescan be written in the form

NP~ 1B 053 [h(nZ %) [£0n 2 In -xﬁ)lln%'f (22)

n=1 n

Where Z' and z* are the two local currency poverty lines, &his an (entropy) inequality

adjusted measure of mean expenditure

C

c_ oz X c
In¥ =8 -—2—In (23
ha % %

h
and where&® is measured itocal prices These equations tell us that, if the effects of income on
the budget shares, as measured bydh@arameters, are orthogonal, for each country, to the

logarithms of the price relatives, the plutocratic and powsdighted indexewill be the same.

When these orthogonality conditions fail, the plutocratic and powvestghted indexes will
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differ by an amount that depends on the correlation betweefithe and t he r el ati v

the inequalityadjustedevels of living in the two countries, and on the poverty line.

To illustrate with an important caséwe are comparing a rich country and a poor country,
and if food in both is mostly traded, then food will be relatively expensive in the poor camtry
is typically the caseSuppose that there are only two goods, fio@hd noAfood n, and that the

Engel curve parameteps, are the same in both countries. The food parameter is typically

estimated to be arourid.15, so thathe norfood parameter would be 0.15. Then the numerator

,zlz2 ap?; /p;
X;; In,[—.In — (24)
B XX ?Ff P,

whichis positive if food is relatively more expensive in the poor country, and if the poverty lines

of (22) simplifies to

are less than inequaliadjusted mean @enditure in both countriel this example, the P4
index for the poor country relative to the rich country wilhigherthan the corresponding P3
index, essentially because the food share is declining in income and the relatively higher food
price getamore weight in the Rihdex than in the RBdex. The size of the effect will be larger
the larger the Engel effect, and the larger the distance between the poverty lines and inequality
adjusted mean expenditures in both countries.
It is a good deaharcer to think of any such systematic effects between countrgsadr levels
of development which, as we shsdle, is the relevant case here wherealeulate P3s and P4s
for a set ofrelativelypoor countries.

The above argument is specific to thegvist and to the two country case. But the

argument about the correlation between Engel patterns and the structure of relative prices is
22



clearly a general one, and should serve as a rough guide to the way in which we would4xpect P
indexego differ from P3 indexes The extension to multiple countries is hardeddave

formally, butpracticalexperience has been that the EKS adjustment of the matrices of Fisher and
Tornqvist indexes is typically not very large, so that the final index is likely t@lmengted by

the pairwisdandexes not by the finaEKS adjustment.

2.9 Differences across index number formula
We shall calculate three different indexes, and it is useful to understand something about how
they relate to one another. This is not alwagaGlbut some progress can be made by using
eqguation 9), which was earlier used to define the weighted CPD index, as an approximation.
Repeating the equation here for convenience

Inpi=a°® +f + (25)
we can think of the international strutlof prices as being approximated by a common set of
relative prices, scaled up by a set of purchapimger converters, one for each country. We can
substitute (8) into the formulas for the various different indexest the Torngvist, we have at

once hat
i (a0l Ly XDk g
nR=(a' -a) a4 W'e > (26)
n=1
The logarithm of the Laspeyres index is

2 N
InP' =" -4) I@ggé_ s explle '-le (27)
Cn=1

which, to a first order of approximation, can be written as
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nFi=(@ -4) &sexplle ' (29)

n=1

Recalling that the logarithm of the Paaschesintbrj relative toi is minus the logarithm the
Laspeyres index fdrrelative toj, we have that the approximation to the Fisher is ag#i) 2
that to this order of approximation, the Fisher and the Térngvist are identical. Given that the EKS
adjustnent works in the same way for both, we would expect this approximation to carry through
to the multilateral indexes.

No similarly useful results are available for the weighted CPD index, where the weighted
regression framework does not lead to simple@pmations. However, we know from
Selvanathan and Rao (1994) that, for two countiréexlj, the log of the CPD index can be

written (exactly) as

INP! =(a' -4) gi("ne D) (29

n=1
Where?n"i s the Anor mal i z edulgehsharesformoodn conmtreesnandj.f t h

This normalization procedure involves calculating the harmonic roean andj for each good,
and then dividing by the sum of the harmonic means over all goods, so that the normalized
harmonic means add wp unity over all goods together. While this formula is somewhat less
useful that it might appear because, unlike the case for the other two indexes, there is no
immediate link from the two country case to Meountry case, it does illustrate for theotw
country case thato this degree of approximatiahe weighted CPD will be diffent from the
other two indexes. In the empirical results in sec@owe shall consistently find that this to be

true.
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3. Constructing a global poverty line

So far, we laveassumed that we are simply givise global poverty line in the base currency.
Given the familiarity of the dollaa-day line, and of the US as the base country,mnhght seems
reasonableHowever, thayloballine is calculated from selected natiopalverty lines converted
at PPP exchange rates, which means beapovertyweighted purchasing power parity
exchange rates and the global poverty line need to be derived simultanééislyall also

argue that it can be unhelpful to think of the linglallar terms, an issue that we discuss below.

3.1 Which method to use?

Since the dollae-day global poverty lingvas first proposedhe line has bedmased orthe

national poverty lines of the poorest countries in the world. The intention is thabbaé e

be a minimum absolute standard of subsistence that can reasonably be taken to be constant
across countries. The poverty lines of the poorest countries argliagtier arounduch a

standard, and in many cases are at least ostensibly setferdnme to the amount of money
necessary to buy a minimal bundle of food and a few other items, for exampléoatekevel

of household per capita expenditure at which minimal recommended calorie intakes are met on
average. These lines, once choseacanverted into international dollars using the consumption
PPP for each country, and a simple average chosen as the global poverty line in dollars. Hence
the dollara-day ling though there is nothing that guarantees that it takes this value. Indeed, it
nominal dollar value has increased with successive revisions, from a $1.00, to $1.08, to $1.25 in
the 2008 revision
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The global poverty calculations that depend on this line require conversion back to local
currencies using the consumption PPPs, styeollar plays no substantive role; the
calculations could have been done with any currency used as nuraechir®uld haveielded
exactly the same value$ the poverty countsThe use of the dollar has been very successful as a
communicatiorand rhetrical device, and thanimaginablesmallness of the dollar amount
relative to Western incoméss doublessplayed an important part in highlightinige extent and
depth of global poverty. The corresponding disadvantage it teatiose to or actually
impossible to live in the US on an expenditure of one dollar per person per day, which
undermines the notion that the global line is indegbbbal minimum. In the calculations
proposed here, we bypass the dollar altogether though, at a final stage o lhumbers back
to the dollar standard. Indeed, given that there is no one in theot&her rich countrigs
living at anything close to a dollar a day, we cannot include those countries in our poverty
weighted PPP calculations, because there arelenard budget shares with which to compute
them.We include only those countridisat appeain theWorldBanldb s gl obal ;poverty
these include a number of middle income countries, but all of these have people living near the
global poverty line.

In their most recent calculations, Chen and Ravallion (20p8ate their previous estimates
using consumption3 from the 2005 ICP. They start from a set of 75 local currency poverty
lines from low and middikencome countries around the warkt least som of these have
genuine local legitimacy, though some are likely to have been calculated by the World Bank
itself. A plot of these lines in international dollars against per capita consumption in international
dollars shows that, in general, better off mmies have higher poverty lines and that, among the
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poorest countries, the curvedi®se to beindlat. These observations arensistent with their

view that, in the poorest countries of the world, the internatidoldr valuesof poverty lines

are sattered around an absolute poverty standard that can be taken to be a reasoffiatole cuto

subsistenceChen and Ravallion seletb very poor countries along the flat of their curve, and

they use these to compute the international povertyAithéut two of these countries (Nepal

and Tajikistan) are in suBaharan AfricdChad, Ethiopia, Gambia, Ghana, GuiRiasau,

Malawi, Mali, Mozambique, Niger, Rwanda, Sierra Leone, Tanzania, and Ugansia)ple

average oer the 13ines, converted to dollars ug the 2005 consumptior8®from the ICR

yields a new international poverty line of $1.25 per person per day in 2005 internatioaa. doll
The new line is a good deal lowtkian the previous line of $1.08 per person per day in 1993

international dollas, whichis $1.45 when we allovior USinflation in the intervening period.

The prximate reason for this decrease inithal dollar value of thinternational linds the

upward revision in the 2005 ICP of thellar-denominatedonsumptiorprice levelsn many

poor countrieswhich is par® although not the most important ganf the increase in the price

indexes for GDRhat has made the economies of India and China much smeddigve to rich

countriesthan was previously thought to be the cd$e2005 US dollar values dlie 15local

poverty lines are lower than would have been expected from the 1993 PPPs and intervening

inflation ratesChen and Ravallion attribute the upward revisionansumptiorprice levels to

improvementsn ICP methodologyparticularlythe strictermatching ofgoods and service across

countries by much more precise specification of itéfhe argumenthat these changes are an

improvementlmost certainly has some truth to it, but it is also possible that the correctibn wen

too far and overstated pricbg matching with goods that are rarely consumed locally and are
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only found, if at all, in a few expensive stores in capital gises for example Heston (X))
Deaton and Heston (2008)

It is important to note that étupwardrevision ofpoor country PPPs relative to rich country
PPPs, although it affectse dollarvalue of the global povertine, has areffect on global
povertyonly in so far as it changes relative PPPs within the countries included in the poverty
cownts. When there is only one poor country and one rich country, the revision has no effect on
the poverty count. @ see this, suppose that there were only one poor country in the world,
fAfrica0 s ay, aAfridanpgovedytliineisi@ a f rper pessd per daylf the
consumption PPP for Africa in US dollarsHsand kecause there is only one poor country, the
global poverty line is 1® dollars per person per dayn upward revision P decreases this
dollarline, as was the case in the latests®mnsTo count t he rAlicaberwe f
convert the global poverty line to local currency, by multiplyimg global lineby P which
givesoneagainl0Ofiaf ri asd the number of gAfickhal cpobot
of people in pwoerty. Revisions to PPPaffectthe global povertycounts, not by changing the
PPPs relative to the US, by changing the relative PPP exchange rates between the poor
countrie® or at least Part 2 coundd themselvesAnd indeed, we shall argue below tliae
upward revision in the latest countdasgelydriven by changes in the PPPs between Africa and
Asia, and by excluding the two countries with the most poor pédpigia and Chind from the
construction of the global line.

When there are many pooruwtries, some of whose poverty lines are included in the global

line, a similar analysis goes through, but we need a little more notation. ¥Viie the local

poverty line in local currency in counteyand let P¢ be the purchasing power parity exchange
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rate expressed in local currency per US dollar. The global line (the dollar a day line, or its
update) is then given by

1. Z¢
20:_ _

M; Wi r P (30

whereR s the set ofm, countries whose poverty lines go into the global line. The number of
people in countrg who are globally poorN°®, is given by

e 1. Z
N°=F°(P°?) =F'¢PF—3& = 31
MR e Y >

where F°(.) is the dstributionfunctionof percapita expenditure in countcy We see

immediately from 81) that the national and global poverty counts are homogeneous of degree
zero in all of the PPP exchange rates togethdrso depend only on the relative PPPs between
the poor countries.fere isno effect on global poverty if the PPPs of the poor countries are
revised upwards relative to the United Statitisough, by (30), this will reduce the dollar value
of the global lineSuch a revision reduces the size of economies in the poor worldedtathe
economy of the US (or other rich countries) but it has no effect on the global poverty Bounts.
this seera counterintuitive it is because wsometimeshink in terms of the US dollar, and of
dollar-a-day povertyline as being fixed in dollar tesalthough, in reality, global poverty is
definedentirely in terms opoverty linedrom the poor world aloné&caling up the PPP
exchange rates of the poor countries by 10 percent, say, has no effect on global poverty because
it reduces the global poxtg line from a dollar (say), to 90 cents.

Equations 30) and @1) are also helpful for thinking about how revisions in the PPPs affect

global poverty. For example, global poverty will rise when the price levels are revised upwards
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in countriesexcluded fom R relative to countries included R especiallwhen the former are
countries with a large (absolute) number of people near the povertinliparticular, if the price
level in India and China (which are notincludedinéhb e n  a n d Rfargnaelgtoupp n 6 s
are revised upwards relative to those of the poorer countries that are included in the poorest
group from which the global line is computed, global poverty will increase, particularly since
India and China are countries with large numbergooir people near the global poverty line.

We shall follow Chen and Ravallionbés met hods
need to make some changes to recognize that4sulépend on the global poverty line which, in
turn, depends oaur P4s. We mustalso exclude one of their 15 countries, GuiBgssau, for
lack of suitable survey data, though this has little effect on the redoltsever, we also
consider an alternative that uses poverty lines from all low andrlimldle income countries. In
particular,we usepoverty linesfrom 50 countries; 49 of tielisted in Appendix 1 oRavallion,
ChenandSangraulg2008) plusBhutan Wedrop countries for which we either have no
household survey data, or where the surveys are unusable because ofaggomnadequacy or
lack of documentationVe useall of thesecountriesto compute the international poverty line,
converting them to a common currency and averaging over countries, weighted by the number of
peoplein povertyin each countryOnce againthis needs to be done simultaneously because the
PPP conversion depends on the line and vice versa.

The differencébetween whatwe doatth en and Ravallionds proced.l
many more poverty lines, albeit with poverty weighting, whicans that each popersongets
equal weight rather than each paountry, irrespective of its population of poor. Even so, the
poverty weighing will tend to give poor countries more weight, which is similar in spirit to what
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Chen and Ravallion déloweve, we are more skeptical thameChen and Ravallion that
poverty lines of the poorest countries are really interpretable as global subsistence minima, as
opposed tdeing setlirough some process débate and negotiatioti we are really looking for
a subsistence minimum, we should not exclude lower poverty lines from major countries, such as
the poverty line from Indiavhich is not among the X®untries used by Chen and Ravallion.
We take a moreolitical interpretatiorof the lines and¢hoose to usall poverty lines available
to us from Part 2 countries, ignoring the fact that lines are higher in-b#tteruntries(though
our weighting by the numbers of poor will automatically downweight them.)

Our procedure also hasstatistical advantageatwill become more obvious when weme
to the actual numbers. A simple example illustrates. Suppose that there are only two poor
countries, Africa and Asia, and that Africa is a good deal poorer than Asia, so we choose the
local African poverty line to beur global line, excluding the richer Asia. Suppose, however,
that because of population differences, most of the poor people in the world are in Asia, not
Africa. If there are errors in the local African poverty line, or in the calculation of African,PPPs
these will have their effects, not on the African poverty cdumhich does not depend on the
African PPP, because the global line is the Africandibet on the estimate of poverty in Asia.
If the Asian and African local poverty lines dethincluded n the calculation of the global line,
African errors will still matter, but by less, in part because they are given less weight, but also
because the inclusive procedure penalizes deviations between the local values of the global line
and the local povertynes. An error in Africa can no longer result in an Asian poverty line that is

unrestrained by the Asian local poverty line.
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Onedisadvantage of our procedure is that we are hostage to a large country that is not one of
the poorest but which neverthedesets a high poverty line, which will possibly attract a large
amount of weight in the construction of the global limepractice, however, it is almost exactly
the opposite situation that is relevant. Because neither India nor China are among Chen and
Ra v al 15pamnesd cuntries, tke twopoverty line® which are low relative to their income
levels at least judged by the standards of theef&rencecountrie® are not included in the
construction of the global average, in spite of the fact buatet two countries contain more than
half of the worl dbdés poor.

Figure 1 illustrates our argumeiihe graptuses data from Table Al of Ravallion, Chen,
and Sangraula (2008) aptbtsthe value opoverty lines, i,005P3 dollargper month against
the lag of monthlyper capitaaken from the National Accounts.sthows the welestablished
regularity that, in general, poverty lines are higher among the richer countries, albeit with very
little such relation among the poorest countries. The size of tlesiir the figureis
proportional to the population of each country, anchate in particulatwo countrieof very
different sizesIndia, with a population of more than a billiand Guinedissau, with
population of 1.5 million. Te line PP, which ithe unweighted average of theverty line of the
15 countries with lowest levels ofieanper capitaexpenditure is thglobal poverty lineof $38 a
month or $1.25 a dayhe line, AA, shows the cudff level of per capit@xpenditurebelow

whichthecont r y 6 s nat i &maduded mthe ieterritatjonal poversy line
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Figure 1: National poverty lines and mean expenditure
(data from Ravallion, Chen, and Sangraula, 2008)

Over time, as coury incomes change, either in reality, or through measurement error, some
countries will move across the cutoff AA. Consider first India, and suppose that India has
recently moved across the line. At the point where it is just on the line, there will be a
discontinuity in the globgbovertyline as India drops out of the averagead thegloballine will
increasaliscontinuously when India crosses Agnd this discontinuity will be transmitted into
the global poverty count. There will be a lamgereasein global poverty much of it from
Indiad associated with a marginaicreasein Indian incomes. Not only are such disconiiiias
undesirable in and of themselves, but in this particular exathglehange is of therong sign,
with a smallincreasein Indian incomes causing a largereasen Indian and other countries
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poverty countsindia becomes poorer because it has become rithen'now toGuineaBissay
and suppose th#atbecome riché¥ either in reality, through an increase in the world price of
cashews, or only apparently so through measurement &eoausesuineaBissau has high
poverty line, the global poverty line willecrease, as will global poverty, bgther more than 20
times the population dbuineaBissaueven though, by assumptiohgte has been no change in
poverty inany other countryAs with India, & GuineaBissaucrosses the line thevéll be a
discontinuiy in global poverty.

These problems would not occur if the relationship in Figure 1 were exact, rather than a
scatter. ©@untries would immediately adapt their poverty lines to changes in their incomes. This
will likely happen in most cases, but only oviene, and when poverty lines do not adapt
immediately, discontinuitieare always a possibilityNote also that our alteative procedure,
which takes a weighted average of all poverty lines, is not subject to these problems. There are
no discontinuities, and no sign reversals.

When all poor countries are included, the global line0) is replaced by

v 2 k0w
aHF (P9

“TTAREP (52

where the indek runs over all part Il countries for which we have lines. Equation (31) is also
adaped in an obvious wayEquation 82) defines the global linenplicitly and kecause the line
appears in the weights, it is no longer truat the global poverty line is linearly homogeneous in

the local poverty lineBut these effects work entirely through the weights, and are likely small.
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Our calculations proceed as follows. Because we cannot use the United States or any other

rich county in our calculations, we use the Indian rupee as our base, and convert everything to

world rupees, which we refer t ourb@lscalfpoverty pees.

lines and converthemto wrupees using Toérnqvist P3s that are computedyuke ICP prices

and aggregate expenditure weights from the national accounts; we shall describe these P3s in
more detail below, but because they are P3s and not P4s they require no itéatictstting

value of the global poverty line is a populat@eighted average of those 50 lines in wrupees.

We then use this initial global poverty line to calculate the clésed approximation to the
EKS-Toérnqgvist P4. These P4s are then taken back to the 50 local currency poverty lines and used
to convert thento wrupee lines, which are averaged over the 50 countries using as weights the
numbers of poor people in each of the 50 countries at its own local pover{yfieee poverty

counts ardased on the latest available survey data updated using consunnptidim fgjom the

national accounts, following the procedures in Chen and Ravallion, Z008.new global line

is used to calculate EK®0rnqvist, EKSFisher, and weighted CPD indexes, which are the new
P4s. These are taken back to the 50 local poverty, limeich are averaged with weights equal to

the numbers of people in each who are below the new global line in local currency. This
procedure is then repeated until we have a convergent solution for the three different P4s. At the
last stage, we also calate the standard errors using the concepts and procedures laid out in the
next section. @r version of the Chen and Ravallion proceduogks exactly as aboybutwe
averagenot the 50 lines buhelines from the 14of the 15 poorest countriefor whichwe have

datg and the averages poverty lines are simple averages without weights.
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The resulting set of43 ae denominated iworld rupees, but it is important to note that India
plays no special role in the calculations, and the results would havedeag&nal (up to scaling)
if we had worked in international Indonesian rupiah, Bangladeshi taka, or Kenyan shillings, for
example. Nor does the Indian poverty line play any specialiralee calculations, thoughis
certainly true that because alafge acti on of the worl dds poor ar e
poverty lines play a relatively large role in the calculationsnia (typical)final calculation,
India accounts for a littleessthan46 percent of the total number of poor people in38e
countries, followed by hina (L5 percent)Nigeria(8 percen), andBangladesl{3.5 percent)in

our version of the Chen and Ravallion procedure, like theirs, the Indian line does not appear.

3.2 Adollar line?
The calculations so far give us everything need to produce counts of global povéutythe
countriesfor which we have survey daté&/e have a common international lidenominated in
world rupeeswith a set of Bs that are weighted by expenditure patterns around that line, which
is all that weneed to convert to local currencies and to calculate the number of people below that
line. We do not need to know its equivalent in international dollars, and indeed, no dollar
labeling would have any effect on the line or on the global poverty calcidaten that there
are no people in the US that are at or below the international line. So the first question to ask is
why we need a dollar equivalent at all.

One esponseés that we need some link with previous global poverty lines, which were
calculaed in terms of per capita dollars a day. Even so, previous attempts to update the dollar
lines, have sometimes generated more confusion than elucidation because the change in the
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international line has not been in line with inflation in the Eierbecaise of shifts in the

international PPP value of the dollar relative to a basket of poor currentiesausesuccessive

revisions of the line do not match the relative rates of inflation of the US and some average of

the inflation rates in which poor pdegive. It is also unclear, to say the least, why variations in

the US CPI should play any role in counting t
backcast our own calculations, at least in principle, and provide a link with previous poverty

rates without ever involving the US dollar.

A better reason for deriving a dollar equivalent is the rhetorical success of the dollar a day in
discussions and programs concerned with global poverty, the lead MDG being only the most
obvious example. The targeg¢re is the educated public in the US and other rich courfoies,
whom an international line df7 world rupeeper daywould require some explanation,
especiallyif the 17 rupees is converted at the current exchange rate to get even less than a dollar
aday (41 cents at the current exchange rate.)

Here we explorene way of calculating a dollar equivalemh i ch i-enancéahddl at i
in the sense thalhere is no feedback from this step to the international linehaAias been
established as descedb in Sectior8.1 above Instead we are simply trying to establish the value
of thisinternational line 17 wrupeesper person per day) in US dollars using some appropriate
index number. Welo this by computing fA st ar 0 sy s posenindekesdpeaahofh asi ng
our 62countries using the US as the star; a star system of PPPs is simply a set of bilateral index
numbers for each countgyn terms of the star. As always, we use the ICP prices for each of the
102 basic headings. That leaves the questiovhath expenditureveights to use. In line with
the target group of educated people in the US thinking about poverty in the world, we use the
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povertyline weights for each poor country and #dggregatdNIPA consumption weights for the

US. Under appropriatconditions, the NIPA weights represent a household at around the third
guartile of the US expeitdre distribution, which is perhaps reasonable for those who concern
themselves with world poverty.n 't hi s cal cul ati on, eaftsh of t
converted into world rupees, so that the star calculations give us 62 purchasing power parity
exchange rates, all of which are expressed in wrupees per US dollar. In preettall see that

they are close to one another, and we use their agdoagxpress our international wrupee line in

dollars.

4. Standard errors: concepts and formulas
We provide two different sets of standard errors for our P3 and P4 estimadssildnd
probably the more importaitalthough they araot the largegt arethe sampling standard
errors. These treat the prices from the ICP as fixed data, and are concerned with the variability in
the indexes that is induced by the fact that the household sumwigysample the populaticso
that the weights for the indexes asimated, not known. This is a particular concern for the
smaller surveys, and for poventyeighted indexes in relatively rich countries, where there are
relatively few households near the poverty line. The sampling standard errors typically rise when
we use smaller bandwidths, so that we are more exclusively focusing on households near the
poverty line. They are therefore useful in deciding which bandwidths to use.

We also provide a second type of type of standard etimhwer e f er t o afs t he
arbitrageo standard errors. These come from
we write the price of goodin countryc in the form(9) or ()
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Inps=a® +4 (33
so that, as in the CPD formulation, the logarithm of pisdée sum of a country effect, a
commodity effect, and an error. In a world of perfect arbitrage, where relative prices were the

same in all countries, and absolute prices differed only according to the currency unit, the error

terms in 83) would be zew, and thea® would be the logarithms of the PPPs, of the exchange

rates, or of any reasonable index of prices in the country. Because perfect arbitrage does not

hold, theg’ are not zero, and different indexmber formulae will give different answers for the

indexes. It is this variability across indexe
errors.
There is a simple |Iink betwkaspeuwresospepad,

another measure of the extent to which different price formulas give different answers when
relative prices differ across countries. By equati@),(@nd the corresponding expression for the
logarithm of the Paasche index, the log of the ratio of the Laspeyties Paasche takes the

form

cd

nf =5 W)e B (3

cd
Pp n=1

from which we see that t he 33pithesddalsdvihgadsd s o n
with larger budget shares getting larger weights.

Il n cal cul ati ng o undard érrars, the corceptudl experinentisoree e 0 st
which we think ofe] asdrawn repeatedly, which generates stochastic prices accordi@goio (

(33), which are then combined with nastochastic expenditure weights to generatelststic

P3s and P4svhose standard errors are calculated. Note that these standard errors are conditional
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on thebudget sharewhich we are talng as fixed. It is easy to imagine an alternative set of
standard errors which models the dependence of théigaig the prices, for example through a
crosscountry model of consumer behavior. We do not consider that extension here, in large part

because we do not want to commit to any such model, instead regarding the failure of arbitrage
standard errors as degtive measures of the dispersion of #fe not directly, but through the

PPP indexes.

The formulae are developedtime rest of this section, which can be skipped by readers
willing to take them for granteVe st artawi thetdbd®e &fbitrageo sta
developed above, continoato the sampling standard errors associated with the household
surveys and finally show how to deal with both at on€ée simplescaseto deal with is the
weightedCPD P3 and P4 indexesh& CPD indexes are estimated by running a generalized least
squares regression 083, see (0) aboveandan estimate of the variance covariance matrix of

the estimated parameters can be obtained from

7070

V(b)=(X'SXY*( X SSSK X 9X (39
whereX is the matix of country and product dummieSjs a diagonal matrix of theudget share
weights, andS is an estimate of the variarcevariance matrix of thef, the deviation of the

log prices from perfect arbitga. In practice, we estimat by a diagonal matrix containing the
squares of the estimated residuals from the CPD model.
WecanuseequatioBy) t o derive fAfailure of arbitragebo

indexes. Here it ibest to start with the two country case and then move to the EKS adjustment.
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Note that 83) implies that we can write logarithms of the relative prices of country 2 relative to
country 1 as

In(py /PN =¢* +ff €& Ha( *ey (36)
where d i s t hR8orlP4exchangetraterof coufdriyttehms of countrg. From

(36), we have immediately that the log of the Tornqvist index satisfies
10
Inp* =g Egl(sf ) A G sH (37
in an obvious notation for the mean of the budget shares over the two countriearidinee of
this expression can be written
V(In P*) =% yots™ (39)

wherev® is the varianc&ovariance matrix df*’. We can estimate this using the infation

from the unweighted CPD regression, in parallel to the estimatiSriarf(35). In particular,
from t he deB6),wdcanirawrite @és d i n (
V(n Py =z vz (39)

wherez®'=[ 5% 5] is a (1 x N) matrix formed from theN x 1) matrix of averaged

budget shares®. Equation (3) can be estimated using te the diagonal matrix of squared
residuals from the CPD regression

V(n )=z g~ (40)

Given 36), theapproximatdog Laspeyres index takes the form

N
InR =g A 55 A (4

n=1
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So that, parallel to40Q), we can approximate the variance of the log Laspeyres by
VinPY =2 & (42)
where z°' =[ &', . Following through the same logic for the log Paasche, and remembering

that In P> = 4n P®we have the parallel estimate of the variance
V(inPy=2" & (43)
where 2% ' =[§"", -¢"]. By averaging the log approximations for the Laspeyres and Paasche, it

turns out that the corresponding approximation for the log Fisher is identical to the
approximation for the log Térnqvis37), so that40) can serve&louble duty, as an estimator of
the variance of both the log Risr and the log Térngvist. We cowdtsohave shown this directly
from the earlier demonstration that, to the same order of approximation that we are working to
here, the Fisher and Tdrnqvistlexesare identical, see SectiorDabove.

Before extending these standard errors to the multilateral EKS indexes, it is useful to
consider the sampling standard errors, since the extension from bilateral to multilateral is the
same in both cases. ThaateralplutocraticLaspeyres indefor countryd relative to country

can be written in the form

N -1 Cgre
AP/ ) A WPl B L
PLcd:n:l N_ _h=1 EcngN — ~ h E (44)
aXn aeaxﬁh 3 %
n=1 h=1Cn 2 ~hE

where an overbar denotes a sample avenapés the survey weight in countg/for household

h, H¢is the total number of households in the surveyxfandx denotes expenditure, so that
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X', is the expenditure on goarby householdh in countryc. Note that (4) can be interpreted as

the ratio of tle (weighted) average overcountys househol ds of expendi t
countrydd s prices to the weight edpriees. Sincathecrelabvie e x p et
prices are taken to be measured without error, this is simply a ratio estinthggyen the
survey design in country; typically the weights, the stratification, and the multistage structure,
its (asymptotic) sampling standard error can be calcufededstandard softwarg@uch as
STATA) that handles complex survey designs.

The Iy of the Fisher index is the average of the log of the Laspeyres indginfterms ofc
and the Laspeyres index foin terms ofd. The variance of the Fisher index tbin terms ofc is
therefore given by

V(log B*)=[V(log F) /(log P*)}/4 (45)

because thsurveys forc andd are statistically independent of one another. The variances of the
log Laspeyres can be approximated frod) (dsing

1
Vllog R*]=——M F* 46
[Og L ] (PLCd)z\/[ Ld] ( )

The pairwise Tornqvist index Tan be rewritten in terms of the survey data as

He N Hy N Hy
(A aon(ew) A & an(w )
Inprcdz_hzl r:{; +_h1: nil= hil = (47)
2 He N, B 2 Ha N Ho o,
a awx,/ av avaﬁh/ WA
h=1n#% h & hilsn 1= hi =

whereH_and H, are the numbers of sample households in each of the two surveys. Because the

prices are being treated as known, the first term depends only on the firgt smd/¢he second
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only on the second survey, so the sampling variance7pig4he sum of the two variances. Each
term is a ratio of means so that, once again, standard software will give the asymptotic variances
given the design of each survey.

The buget shares used in the formulas above are the budget shares as they would appear in
the national accounts, the average expenditure on each good divided by the average expenditure
on all goods. We shall present these calculations below. But veésamncerned with the
povertyweighted indexes that use the average of the budget shares for households at or near the
poverty line.Estimation variances for these P4 indexes can be calculated in essentially the same
way, both for the sampling variances andtfa variances associated with the stochastic
approach. When calculating variances and covariances for the weighted average budget shares
using the kenel weights (2}, we have once again a ratio estimator, in this case the average of
the budget shares miglied by the kernel weight, divided by the average of the kernel weights
themselves. Once again, standard software for surveys with complex design can be used to
calculate variances and covariances.

We can either present the two kinds of standard eseparately they correspond to
different concepts, and the sampling error might be seen as of obvious relevance, but the failure
of arbitrage standard error as lesd sw we can add them together by summing the two kinds of
variance and taking the squaret.oThe sampling variances come from variability of the budget
shares in the survey, while the failure of arbitrage variances are associatdtewdhiability of
the prices across goods and countries, so the two can be taken as independent.

The weighéd CPD indexs given by (L0), which is a GLS estimator, and the sampling
variability comes through the budget shares, so that, given the vaceveeance matrix of the
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budget shares from the surveys, we can calculate the sampling variance covarterdeoma
(8) using the delta method, as described, for example, in Hayashi (200098 9Be

estimated budget sharfes countryc are calculated as

%f@:g}vm A A0E, (48)

nthE

In equation 10), these budget shares are arranged into a diag@takmwith N shares for
country 1 followed byN shares for country 2 and so on up to couMnAs usual, (8) is a ratio
estimate, and its variance and covariances with the other commodity shares for the country can
be calculated in the usual way.

Suppos that we denotky sthe MN by 1 vector of stacked shares whose elements are
estimated from48). We then write

W =E($" §(s™"¥ (49)

for the variancecovariance matrixBecause the surveys are independent of one another, this is
an NM by NM block diagonal matrixit is then possible to show, using tteltamethodapplied

to (10), we obtaina variance covariance matffizr the weighted CPD estimates of
V, =(X'S¥t X EWEX X SK* (50)
whereE is a diagonal matrix whose diagonal elementsta®&MN residualse defined by
e=y -Xb (51
Paralleling the discussions of the Fisher and Torngvist ab&®ecdptures the sampling

variance. If we add the variance from the stochastic appr@&®hwe get the total variance

covariarte matrix for the CPD index

V, =(X'SXY* X[ EWE +S B X X $X (52)
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where, once agairs =£7 is a diagonal matrix with the squared residuals on the diagtinal.
variances and covariances of the logarithms of the PPP indexes are theNbipyl&f

submatrix of $2).

The final task is to use the variances of the pairwise Fisher and Tornqvist indexes to derive
variances for the multilater&8lKS indexes based on thefquatiors (6) and {7) give the log

EKS PPP rates as a function of the uhdleg log Fisher or Torngvist indexes, whose standard
errors we have already discussed. So the only new issue is to deal with the covariances between
the various fundamental indexa these formulas'he Tornqvist is t most straightforward

case, and wdeal with it first.

We write the Tornqvist index for countyyvith countryi as base in the form
ij_:l--'\-l i li i i
b’ =23 (3 €t =(s 9t (53
2o 2
where
t =log(p,/ B,) (54)

is the vector of the logarithms of the priegios, and the second term &8) is a dot product. If

we substitute53) into (6), we get the logarithm of the Térnqvist indexes

<

S
a—ZMjlgsl.t1 H.(f #) ‘st (55)

The variance of these log PPPs is driven by the sampling variances of the vectors of budget
shares. Because the surs@yeachcountryaredrawn independently of one another, there are no

crosscountry covariances. If we denote the sampling vari@os@riance matrix of the budget
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shares for each country by tNex N matrix V', (55) gives an exact samplingriance for the

log PPPs as, farrunning from 2 tavi

M M M M
AaMAV @)= -2,)4 a’v'tc 2 vt 2 vt
j=1k % i E j 1=

M M M (56)
3 AUVHE + FVit
j=1k % i E

The expressions in @ of the formx.Vx demote quadratic forms in the various country variance

covariance matrices. The quantity is the Kronecker delta and is unity whenl and zero

otherwise. As is easily checked, the variance of the baseline PPP, foravki€his zero.

The pairwise Fisher indexes are not linear fiomst of the budget shares, so that we need to
take an approximate linearized approach. The pairwise log Fisher indexes can be written

b :%(In S/ dnd ¥ ) (57)

where r’ =pl/p, (58)
is the veadr of price ratios. Equation Td gives the log Fisher as the average of the log

Laspeyres and theddPaasche. The log EKS indé {s then given by
d=t Zand.r st kst Ikt (59)
M : : : :

We then apply the delaethod to derive the approximate variances. Define the vectors whose

nth elementn=1, .. N, is given by

b =—"— (60)
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If we follow through the algebra in a way that closely mirrors the calculations for the variance of

the Tornqvist indexn (56), we eventually reach

AMV (@)= (1 -%i)g '\/lla.b.-\/1 b "\'A'aiﬂ a8y “ bM+(é{ BYHNHT 1 B
=1k % j Bk 1= 1=

M M (61)
+2é blj.\/l( 6 _ 1@ 2 a( ii b i_l)w ij b
j=1 i %
As before, wecan compute variances that reflect the failof arbitrage, or that the #8nd P4s
are compromise indexes that fAaverageo over

Torngvist is the more straightforward. Frane CPD formulation, equatiof)(or (25, the

pairwise log Térngvist indexes are
iy 1N
b'=a' -a ;a ($’| $1-B( Jne n)- (62)
n=1

Thelog Tornqvist PPPs are, frort)(
T T R -
a=a +q (¢ $)(e ¥ ZAls H& eh (63)
2 j=l 2] EY
We assume that the variances of #esatisfy
E(é =, o (64)

where g, is the Kronecker delta and, if we follow our previous practiteis a diagonal matrix
whose elements are replaced in the calculations by the squares of the residuals for that country

from the CPDregression. The variances iMj@rethen obtained by squaring the expression for

a - &' in (63), and taking expectations usingdjéand treating the vectors of budget shares as

fixed. T-bfias biift aialge0e v aToingvietndex takes thte foen E K S
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IMV@E)=(1 208 BE $). W 'S & Es '9.4(sWy +

j=1k 2 j Bk 1=

A(s-$)WE -5 28(s ‘9 (W'3-2 F's' B (s

j=1 j 2

(65)

We earliershowed that, given the CPD model, the Fisher and Torngvist indexes were identical to
thefrstor der of approximation so that, (tftbeldghi s or
PPP from the modified Fisher, the Eff&her index, is the same as that of the modified

Tornqvist. This reult holds here too, sothattje s er ves as the fAfailure o
both the EKSFisher and the EKS6rnqvist. And as was éhcase with two countries, the
sampling variances and the fAfailure of arbitr
variance of the EKS 6rnqvist isgiven by the sum of (52) and (6&and that for the EK&isher

is given by the sum of6(l) and(65).

5. Matching ICP prices with survey weights

We are now in a position to discussw tobring together the prices of goods and services from
the ICP with the budget weights from the household surVdese are some immediate
differences between thed projects. Firstte ICP covers all of the countries in the world, at
least in pringdle, while our interest here is confined to the Part Il countries that are included in
the global poverty counfs we shall seehts necessitates some prgmreeningandprocessing

of the ICP price dat&econd not all of therelevantcounties in the ICP havkeousehold

surveys, and some do not allotiemto be used for povertselated analysisThird, the surveys
that we do have were nobllected for the purpose oélculating international price indexes. In

particular, the categories of consumption for which we have data are not uniform across
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countries, and none match exactly the list of consumption goods that is used for the ICP itself
some of which are not coredl in the surveys at allVe discuss each of these issues in turn.
5.1 Consumption prices from the ICP
At its heart, the ICP is a larggeale price collection effort in which a list of commodities is
priced in many countries. In practice, it is impossital use a single list for all countries of the
world, and for this and other management reasons, the 146 countries that were included in the
2005 round were broken up indox geographic regions, Africa, AsRacific, Commonwealth of
Independent StateSputh America, and Western Asia, and the OE@ost Central American
andCaribbearcountries did not participate this round.) At a first stage, each region carried out
its own regional calculations in which PPP indexes were calculated for all oftthiies in
each regionwith onenumeraire currency in eachgion At a second stage, teregional
estimates werknkedto give a global set of PPPs with the (international) US dollar as the unit of
accountAt the first stage in each region, the psder the detailed regional list in each country
are combined to give prices for fiemSofibasic he
Ai ndi vi dual consumpt i onT hei xsp ecnodnicteuprte si sb yd i hf of uesree
consumpt i on bich mauded expenditwes on behalf of households by government
and NGOs on such items as health and educa&ione household surveys do not (and cannot)
coll ect such expenditures, it is the Aindivid
attampt to match to the surveys.

At the first stage then, we have a .Jhese of pr
come separatelyy region,so thateachparity gives us the price of an item in terms of the base
country for the region. Foxample, in the South American region, where Argentina is the
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numeraire, the parity for pork in Bolivia is 2.16 and is 1136 in Columbia; if pork were the only
good consumed in those countries, the PPP exchange rate relative to Argentina woulddoe 2.16
Bolivia and 113dor Columbia.For the calculations in this paper, these regional commodity
parities are the prices that we combine into P3 and P4 indices. However, before we can do so,
they need to be linket givea single numeraire, not one for each oagiWe need to explain
how this is donén the ICR becausé¢he linking for the ICP wasomewhatlifferent from the
linking that we use here¢he procedure we developed by Diewert (2008), which contains a full
account see alsdill (2007a, 2007l

Thergi ons are | inked together through a set
Pacific, two in South America, two in Western Asia, and four in the OECD. In each ofdhdse,
for each basic heagrices were collected forglobalor ringlist of goods and servicedistinct
from the lists used in each regidrhese were converted to the numeraire currency of each
region using th@arities for each basic hetttht each region had developed at the first stbge.
take an example, the ring givesprgces forvarious items opork in Cameroon, Egypt, Kenya,
Senegal, South Africa and Zampé&nd the African region of the ICP gives us couptrgk
paritiesthat allow us to convert theail to the currency units of the regional numeraivhich in
Africa was a composite of countri@milarly, the ring givegprices for fresh milktemsin

Jordan and Omanhich are converted to twmmmon Western Asiamumeraire currencysing

the within region paritiesWrite p;" for thesenormalzed ringprices, where, as beforigis a

basic head; is a country, the newubscripf indicates an item on the ring list within the basic

headi, and the newsuperscript denotes one of the five regions. (For reasons that need not
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concern us, the Cl&untries were treated differently, and effectively combined with OECD.)

These prices are then put through a(n unweighted) CPD regression of the fdrerg®yritten
Inp’ =/ +g9 4 (66)
where we have dummies for each region, each comynwdthin the basic headut not for each

country because all country prices are already expressed in regional currency. The estimates of

f,

., or rather ofexp(f, ), are the scaling factors that allow us to converteach basic heathe
numeraire of each region into a common global currency.

At this stage, we have all the elements for the final calculation of an integrated set of PPP
exchange rates for all of the countries in the ICP. For each country andaséchead, there is a
pricein international currencfor each basic head, and thesabe used together with
expenditures to calculate PPPs using any of the standard methods. Howd @R itbedf needs
to respech politically necessary (and perhagonomically desirablejonstraint which is the
Afi xityo of r el a,twhicheequiRred that theMinal PPPfor coentriesavithin
each region are the same as the original PPPs before linking. The ICP does this by aggregating
expenditure®n each basic head across countries within each region so that the regions

effectively become countriesach of which has an (aggregate) expenditure for each basic head
and an aggregate pricexp(f; ), taken from (62). The EKS formula then applied to the
regions to give regional PPPs over all goods. These are used to scale the originalegihin
PPPs, to yield a full set of international PPPs that respect the fixity constraint.

For our own calculations, we respentich but not kof this procedureOne difference is

thatwe drop the OECD region from the CPD regressi@). (Bhe reason is that we want our
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calculations to be independent of any price data from the rich countries. Our global poverty line
is developed entirely frormformation from the countries whose poverty is being measured, and
neither the total number of global poor, nor of the globally poor in any poor country, should
depend on commodity prices or expenditure patterns in rich countries. Dropping the OECD
regionaccomplishes this, and the scale factors fro@) fftat are used to exprdsasic head
paritiesfor each countryn a common currency do not depend on OECD country informdtion.
practice, this change makes very little difference, and the prices weresefobasic head in

each country are almost identical to those used by the ICP.

A seconddifference between our procedures and those of thésl@Rt we do not work on a
regional basis naito we imposdixity . We have survey data f62 ICP countriesn all regions
except the OECD. When we calculate our P3 and P4 indexes, we treat all 62 countries
simultaneously, with no regional structure, other than that incorporated into the prices for the
basic headings of consumption, as discussed above. Unlikerteemption indexes for the ICP,
we do not hold fixed the withiregion P3s calculated for each region. We see no advantage in
doing so, even if there were regional P3s that matctdteestructure of our surveys, on which
more below.

Finally, there ar@ number of other differences between our calculations and those used by
the ICP. One is that, for the African region, the ICP used a different aggregation procedure, a
variant of the Iklé (1972) method, than in the other regions. We treat all pooriesuntr
symmetrically, using the same formulas for all. Another difference is that the published ICP
calculations use data other than the standardized list of basic heads for all regions, for example
more basic heads for the Eurostat countries. Although nidihe &urostat countries are included
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here, the Eurostat results, as well as the way in which the CIS countries were merged into

Eurostat, affect the calculation of regional PPPs at the upper stage, whichafigatmhe

comparisons between, for exampidrica and Asia. It is effectively impossible to trace back all

of the differences between our estimates and the ICP estimatmscitic details of the

procedur e. Even so, we wil/ be able to get cl

poverty line using variants of our calculations.

5.2 Matching surveydata to the ICP

When the survey categories airgef than tle basic headings for consumptionthe ICP, they

can be aggregated up to match. The harder case is when the categoriesrarettergeirvey

than in the ICP, or are neither larger nor smaller, but different. For example, one basic head in

the I CP consumption is fAbutter and margari ne;
of a | arger group febuotitlesr,,0 noarr ghaarvien et,w oa ncda teedgio
contains butter together with other items, and one of which contains margarine together with

other items. In the two last cases, our procedure is to aggregate the survey categories until we

hawe a category thatontains multple whole basic heags, and then to split the aggregate

according to the proportions in the national accounts on a household by household basis.

Foll owing the same example, I f we have a surv
and if the countrybds nat i on-thitds citbeccatagorgtis s how t
edible oils, we then go through the survey data, household by household, and allo¢hielsvo

of each househol dbés r ecor dtid toebuttpreand dnargatine.e t o e
There are clearly lots of other and potentially more sophisticated ways dfsgizng the two
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lists, someof whichmight be worthexperimental calculationslowever, the example of butter
and margarine was deliberately ska to illustrate a typical case. All of the surveys used here
have many categories of consumption, and there is no case in which we were forced to allocate
large groupings, such as cereals, let alone all food.

In all cases, we used the latest nationaidetold survethat was available to uf the
worst case (Argentina andjibouti in 1996 and Burundi from 1998weights calculated from
the survey wre almost a decadsarlier than the ICP prices (2008)! of the other surveys used
here argost 200Qwith 20 themodal yearthe countries, survey names, and year of data
collection are listed il\ppendix A.4 While it would be ideal to be able to match expenditure
weights to the year of survey prices, we would expect the expenditure patterns & sibarhg
enough that even a lag as long as a decade is unlikely to invalidate the procedure. Indeed, most
statistical offices around the world construct their domestic consumer price indexes with weights
that are several years (in extreme cases severdlégcolder than the prices themselves.

There are a number ohses where consumption items that are basidrigsaih the ICP do
not appear in the surveldeed, here is considerable diversity in survey questionnaires and
methodology. The number of ceumption items covered in questionnaires vary from 39 in
Djibouti (recall method, with 64 out of the 105 basic headings omitted) to 6,927 in Brazil (diary
method, with only 7 basic headings not covered). On average, 23 of the 105 basic headings are
Ami g6i nn survey quest i on basic reamgthatrepresenbvery cas e s
limited consumption shares (e.g., animal drawn vehidiess)clear that there ian urgent need

to improve and harmonize practices of household consumption measiirem
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It is usefulto separate items that are indeed consumed, but are not collected in the survey,
from items that are not consumed but still appear in the ICP lists. The most important example of
the former is owneoccupier rents, an imputed item thatognizes the flow of services from
houses to their owners who happen also to be their occupiers. Such imputed flows are rarely
collected directly (though in places where there is an active rental market, it is sometimes
possible to ask owners how muchitheme could be rented for), but can be imputed ex post
from housing characteristics weighted up according to the coefficients in a hedonic regression
estimated on the (selected) subset of rented houses. This method is probably good enough to give
an aveage for the national income accounts, but we doubt that it gives adequate answers at the
individual level, andve were not successful in calculating satisfactory estimatddtdack into
our surveys. One major concern with any attempt to do so is titat nearkets are often
primarily urban, so that a hedonic regression will primarily reflect the value of housing amenities
in towns and cities. To take those coefficients and use them to impute rents to rural housing runs
the risk of attributing consumpticto the poor that bears little relationship to the real rental value
of their homesThe situation is further compromised by the fact that, in many of our surveys, we
do not have adequate documentation of how the rental cgt@gsrconstructed. Given thiand
some unsatisfactory early experiments, we eventually dropped the rental category from all the
surveys, so that our P3s and P4s exclude this catélgusyis clearly unsatisfactothough, as
we shall see below, there are considerable difficultieing betterif only because there are
additional issues with the parities for housing estimated by the ICP.

A more extreme casstill is financial intermediation indirectly measured (FISIM). According
to current national accounting practice, the psadif banks and insurance companies which, in
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competitive markets, would be equal to the value of financial intermediation axizkaskg

services to their customers, are added into the estimates of consumption by households. Once
again, these items donhshow up in the surveys. While we can imagine imputing FISIM to

survey households according to some formula, we have chosen not to do so, in part reflecting our
skepticisms about the extent to which households arourgldhal poverty line receive much

benefit from these services.

There are also a number of items that are (almost) never represented in the andveys,
which in some cases never appear in the ICP price suimels]ing purchases of narcotics and
prostituti on, a sonwesdendtial ogsehdlgsinrthe écansreicsterrtioyy of the
country. o0 rErtandtSiMewe drop these items from the listssnumber of other
expenditure items are also excluded, namely purchases of animal drawn vehicles, the
maintenance and pair of major durables used for recreation and culture, and purchases by
residential households in the rest of the world (though some of these items are probably included
in other basic headings.) After all of these exclusions, our calculations are hak@® aut of
the 110 consumption basic headings in the ICP.

There are also items thatte included in the ICP but are not purchased in some countries. The
most notable examples are pork and alcohol in Muslim counftiiese cases are different from
FISIM, prostitution, or narcotics, in that there are also no prices for these items in the countries
where they are not consumed. We do not want to drop these items, however, because there are
valid observations on both prices and expenditures for the majbtitg countries in the groups,
and we do not want to discard that information. For such cases, our procedure is to impute the
missing price using the CRi2gressions9) so that, for example, we impute a price forkoor
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Bangladesh using the courveffect for Bangladesh (which essentially gives us the exchange
rate for Bangladesh) and the fipork effectsbo
typical relative price for pork. We then leave the item in the suexpgnditure files, but assign
zeroexpenditureto all households.

One aspect of the surveys that cannot be defended is measurement error. There are good
studies for a number of countries that compare national accounts and survey estimates of
comparablydefined items, and that frequentlyd enormous differenceBor example, Triplett
(1997 has found such differences for the United States, even for items that are almost certainly
well-measured in the national accounts. Studies in India tend to favor the accuracy of the survey
estimates oer those from the national accounts, at least for fowtlapart from some special
casesKulshesthra and Kar (®6). Note that we are nobncernedherewith the increasing
divergence in many countries between total expenditures in the surveys andbotie nat
accountsdocumented for example in Deaton (8D0'hat discrepancy is important for the
measurement of poverty (and of GDP), but price indexes are invariant to the scale of
consumption and depend only on its distribution. Unfortunately, the plawsibbunts of the
survey errod selective nosresponse by the richest or poorest households;bhssad non
responsé will also affect the distribution over commodities. In consequence, differences in
indexe® even aggregate plutocratic inde@eaccording to wether they are constructed with
national accounts or survey weights will reflect both deliberate choices about the definition of
goods, and accidental choices that come from poorly understood measurement errors.

Another important issue is tlreatment 6China. China collects household survey data from
both rural and urban households and publishes summary tables annually in the Statistical
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Abstract of China. However, the household level data were not made available to us for this
work. Adding China to té list of countries without dataiisconceivable giveits importance in
the poverty calculations, and to avoid this we need a method that will allow us to calculate the
pattern of expenditures for Chinese househatdsrious levels of household per itap
expenditure. The published tables contain sufficient information to allow this to be done, at least
approximately. We implemented this by creating a synthetic household survey fam@lose
overall means and means by level of per capita expendittghrithe published numbees
fuller account of this is included the Appendix.

A final issue in matching ICP prices to the surveys is the treatment of rural and urban sectors.
All of our surveys are nationally representatieeering bothrural and urenhouseholdsln
contrast, the ICP collected only urban prices in a number of countries, including most of Latin
America, but also in China while, in India, urban outlets were overrepresented in the price
surveys. For the urban only countries, we neettasure of the price of consumption in rural
relative to urban, and for this we follow Chen and Ravabinduse the ratio of rural to urban
poverty lines in those countries. While it is a big assumption that the ratio of the poverty lines
correctly measusthe relative price levels, there is no other obvious source of such information,
and some correction is necess&gr countries where the adjustment is made, we adjust our
surveys prior to the calculations by converting all household expenditurdsato prices by
scaling up per capita household expenditure for each rural household by the ratio of the urban to
rural poverty line. Once this adjustment is made, the sectors are ignored, and the survey treated
as a single national sample to which the glgoserty line, converted at the urban PPP, can be
applied to calculate expenditure weights and counts of the numbers in pbwiigys treated
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somewhat differently to take account of the fact that, although the ICP collected both urban and

rural pricesthe former were ovenrepresented, seébeAppendix.

6. Results

6.1 P3 price indexes from surveys and national accounts

Table 1 shows our calculations of the aggregate (or plutocratic) purchasing power parity
exchange rates for household consumptionttmgevith those from the ICHhere are 62

countries, and they are listed regionally, Asia first, then South America, Western Asia, and
Africa. The ICP numbers the first columrcome from the final reporty/orld Bank (2008),

and relate houmphnidoNni eéxpéndiot wwneaculétignsihthis s e ho |
table,with two calculations eaclor EKS-Fisher, EKSTornqvist, and weighted CPD, uketh
surveysandnational accountsso that both sets of weights relate to aggregate national peschas
with one estimated from the surveys and one estimated directly from the national adtthets.
surveyand national accounts consumptatata were consisterand had the same coveraife

goods and servicethe two calculations wouldive the sameasults. The ICP estimates in the

first column are a subset of the global estimates that come from the global parities for each basic
heading, which wereonstructed differently from our numbers, see the discussion in Séction
above.Our calculationsfor both national accounts and surdegsed aggregate weightieat all

62 countries symmetrically in a single calculation. We are also using parities for the basic heads
that were calculated without the rich country dage Sectios.1 above, though thimade

almost no difference in practice.
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In Table 1all of theP3 exchange ratesedivided by the market exchange rates listed in
World Bank (2008) so t hat these numbers can be interp
each countryThis measurallows us to express all of the indexes in the same units, unobscured
by differencesin h e A surrenei@svhich leads to PPP rates that can range from 1000 to
0.001, and easeformal comparison between the indexeise base country is Indiag thatall
Indian figures are unity. For other countries, if the price of consumption is less than one, the P3
exchange in terms of rupees is lower than the market exchange rate in rupees, so that a rupee
converted at the market exchange rate will buy more consoimibtan it will in India.

According to the ICP numbers in column 1, E}ji59) Cape Verdé€2.49) Gabon(2.38) and the
Maldives(2.15)havethe highestonsumption price levalsfor comparison, the figure for the

US is 2.89 and only Tajikistan (0.84), Kgyzstan (0.89), Bolivia (0.90), Ethiopia (0.90),
Paraguay (0.97), Pakistan (0.98), and Laos (0.99) have price levels lower than India. In spite of
many of the African countries being poorer than India, onlyafrikose listed herkas a lower

price level

The final six paired@umns of Table 1 show our calculations of the aggregate prices of
consumption according to the three aggregation fornaridghe two sources of weightthe
immediate impression is that, in spite of the different weighting sebeamd different
procedures, our indexes are very close to the official ones. The correlation with the ICP price of
consumption across the 62 countries is 0.24%50.937 for thesurvey and national accounts
versions of th&KS-Fisher, 0.930and 0.980 for the EKST6rnqvist, and 0.925and 0.936

for the weighted CPD; note that these are not correlations for the raw P3s, which would be
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inflated by the variation in units from country to country, but the correlations of the price of
consumption, which isomparable across countries.

Table 2 explores the similarity and differences in the indexes in a more transpaserithe
top panel of the table presenlistances between paiof indexes usinthe root mean squared
differences over countrider eachpair of indexesThe firstimportant finding is that the
distances in the first row are larger than any of the others, showing that the official ICP number
is further away from all of our indexes (RMSEs around 0.15 to 0.16) than any of our indexes are
from one anotheiThe ICP index and our natioratcounts based indexes use the same
information, but differ for two reasons. One is that our indexes are calculated in one step using a
single aggregation formula, rather than different aggregation formulaglmn, the ring for
linking regions, the imposition of fixity of the regional PPRsd other detailsThe second is
that our indexes use only 102 of the 105 consumption basic heads in the ICP; we exclude rental
(actual and imputed), FISIM, and prostitutiin order to match our NIPA based and survey
results. As we shall see in Secti@8, these differences have substantial effects on the calculated
P3s.In terms of Table 2, recalculating the NIPA based PPPs using 105 basic headings, instead of
102, redues the MSE with the Fisher NIPA index, 0.156 in Table 2, to 0.099 (not shown), with
the remainder of the discrepancy coming from the different methods of calculation.

The distances between the survey and national accounts(fh88duhsic headsersionsof
our consumption price indexes are only83.QFisher), 0.08 (Tornqvist) and 0.0 (CPD), less
thanhalf the sizeof the difference between our survey based indexes and the ICPs national
accounts based index@hese differences are important, but seralhan the differences
induced by the combination of dropping some basic heads and using the ICP method of
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calculation.The top panedf Table 2 als@hows that the EKEisher and EKS 6rnqvist indexes

are typically close to one anotlBewhether the weiglstcome from surveys or from national
accountd and both are somewhat further away from either of the weighted CPD indexes, a
result that is consistent with the approximation themg so should not be taken as an
endorsement of EKS versus CPD index®ghin a weighting schende national accounts or

survey® different indexes tend to be closer to one another than are the same indexes across
weighting schemes. The overall conclusion is that the most important difference comes from the
procedures used in the I@Brsus those adapted haxe,well as the exclusiaf three basic

headsthe second most important difference is between whether the aggregate expenditure
weights come from the surveys or from the national accounts, and the least important difference
is the choice of formula, with Fisher and Térnqvist ctdseone anothethan is either to the

weighted CPD.

The second panel shows the means and standard deviations of the indexes. The standard
deviations are very similar, but the ICP mean is about 3 pelmeer than the others. Put
differently, and in comparison with the direct calculations, the theregionalstructure of the
ICP, and other differences in calculatiogsults in the Indian consumption price level being
higher relative to the other gotries listed herél'he dropping of the three basic heads turns out
not to be important; replacing them and recalculating the Ni&ged PPPRsith 105 basic heads
givesthe same estimates as with 102 basic he&idse India is the country with the larges
numbers of poor, and the largest numbers of people near the global poverty line, this change is
likely to be important for the overall poverty numb#rsugh, as we shall see, there are other
differences that have a larger effect
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The final panel of Tdk 2 shows a series of regressitimst tesfor systematic differences
between the national accounts aumvey versions of our indexes; thésdpunderstand why the
indexes differ, buwill alsohelpimpute indexes for countries where we have natioca@bants
but no survey estimates. The estimates show that survey estimates are lower-gffbetter
countries, with the ratio falling byetween one and twaercent for every doubling of per capita
income. Even so, the effects are barely significant. Fratistics for the regional effects are
typically close tosignificarceat five percent level, but tend to be inconsistent across indexes and
quite small. It is not clear whether it would be worth whilegshese results to estimate survey
based indexesicountries without surveys, rather than simply using the national accounts based
indexes themselves.

Table 3 looks in more detail at the reasons for the differences between the national accounts
andthesurveybased indexes. Since both indexes use time sarities for the 10Basic
headings, differences are driven entirely by the pattern of expenditures over the parities. Table 3
lists each survey, together with its eaf collection, and the correlation between the (processed)
surveybased estimates tife aggregate budget shares and those from the national accounts, for
all categories of consumption and for the subgroup of food, drinks, tobacco and ndtastics.
not obvious what to expect of these numbers, nor how low a correlation needs to ke tbama
source of concern. There are a few very low numbers, even for the somewhat easier to measure
food categoryln an extreme caséhe budget shares from the 2003 survey of Chad correlate with
the national accounts numbers at only 0.0@erall, andonly 0.023 for foods. There are a

number of other correlations undeb,tand these are highlighted in the tabl&e have done
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some crosghecking of these numbers, and as is usually the case in comparing surveys and
national accounts, the problems are eenily attributable to one side or the other.

Table 4 presents the standard errors associated with the plutocratic lsaseeyPPPs. We
show only the EKS-isher and the weighted CPD; the results for the -EKE&\qvist are similar
to those for the EK%isher, and indeed the estimates of the sampling standard errors are
identical. We present the PPPs themselves here, rather than price of consumption; the former is
the latter multiplied by the market rate of exchange of local currency to rupees. The standard
errors are the standard errors of the logarithms of the PPPs, and so can be thought of as relative
standard errors. They are also the standard errors for the logarithms of the prices of consumption
in Table 1.There are two main points to note. First, saenpling errors are very small. Although
some of the surveysavesmallsample sizeghe sampling standard errors for the PPP indexes
are negligible. Second, the same is not true for the standard errors associated with failure of
arbitrage. Akin to the #schd.aspeyres spread, these standard errors measure the uncertainty
associated with picking one particular index number when relative prices are not the same in
different countriesThese standard errors are typically in the vicinitgight toten pecent, as
opposed t@ half to a tenth obne percent for the sampling standarwrs. This finding of
negligible standard errors from sampling, but substantial uncertainty from variatiehetive

prices, characterizesl of our results.

6.2 Poverty-weights purchasing power parities, P4
Table 5 shows the first set of povertgighted PPPer P4s these are calculated using all 50
poverty lines that we have available. Column 1 shows the Térngvist approximation to the PPP
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that serves as the startingiqt for the further calculation, followed by the iteratively calculated
Torngvist indexes at bandwidths of 1, 0.5, and 0.1 standard deviations of the log per capita total

expenditureThroughout we use the-kieight version of the kernel function in (21),

15 :

K(t):ﬂs(l 12)? if Jt] 1 (63)
Kt)=0 if |t|>1

The final two columns show the Fisher and weighted CBF) IBoth calculated using the
smallest (0.1 standard deviation) bandwidthe Torngvistapproximation starting value is
something of an outlier relative to the atlmdexes which, one again, arery similar to one
another. Choosing a good bandwidth is a question of trading off bias against variance; a small
bandwidth means we only use households near the poverty line, but the result is a larger
sampling variance iour estimates. Tables 6 and 7 show how this works; Table 6 lists the
numbers of households at each bandwidr the indexes in Table 5, whileable7 liststhe
corresponding standard errors of the log PHRs.example, in Table 6, we see that for a
country with a large survey such as Indonesia, ther@2y&0households in the band around
the poverty line when the bandwidth is 1 standard deviation, which fdll344.5with a
bandwidth of a half, and onll,916with a bandwidth of 0.1. The correspamgl sampling
standard errors in Table(iultiplied by 100 compared with Table 43e from 0.06 to 0.08 to
0.15 of one percent so that, even with the smallest bandwidtisathelingerrors are negligible.
Even for countries with much smaller sample sirdbe surveys, where the standard errors are
correspondingly larger, for example Paraguay, the sampling standard errors at the smallest

bandwidth are not much more than one percent.
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Table 8 extends Table 2 and shows the root mean square differefeedstances between
the various indexes expressed, as before, as the price of consumption. In this table, F, T, and C
stand for Fisher, Térngvist, and CPD, respectively, while N and S stand for national accounts
and surveys so that, for example, F(S) a() are the plutocratic Fisher index using survey
weights and the plutocratic Térngvist index using expenditure weights from the national
accounts. The indexes with numbers refer to the bandwidth, so that F1, FO.5, and FO.1 are the
Fisher P4 prices of ceamption calculated at bandwidths of 1, 0.5, and 0.1 of a standard
deviation of the logarithm of per capita household expenditure. The first row shows, as expected,
that the ICP price levels of consumption are relatively far away from the other indetkes, wi
distances around (1o 0.18 Ourrecalculated national accounts indexes are closer to the P4
indexes, and their survéhased counterparésecloser still. The three national accounts P3
indexes ardetweer0.0 and 0.1Jaway from the Fisher and Towigt P4s, and 0.1tb 0.17
from the CPD version of the Poihe survey based P3 indexes, which share the same data with
the P4s, are closer, about 0t03.07away from the Fisher and Térnqgvist and 0.09 and 0.12 for
the CPD. The closefbrm Tdérnqvist appmimation that we use to start the iterations for the P4s
is about as far away from the final P4s as the plutocratic survey based indexes, so these latter
could also have been used for starting values. Once we look within the P4 indexes alone,
changing thdandwidth does not move the indexes apart by much, especially within a specific
index, though, as is to be expected, the adjacent bandwidths are closer than are the two extremes.
Even here, the CPD P4 is not only further away from the other two indexethéyaare from

one another, but it also shows the largest internal changes as the bandwidth is reduced.
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Table 9 looks at what happens when we calculate pebedgd purchasing power parity
indexes with different global poverty lines. We consider tweradtives. In the first, we use the
same procedure as before, based on national poverty lines from 50 of our 62 countries, but we
multiply all of them by two before starting the calculation. This variant is motivated by the usual
World Bank procedure of taulating poverty using both a one and two dolldag global
standard; if our baseline is like the dolday calculation, our variant is the two dollar a day
calculation. The second variant we consider is to use, not our procedure for calculagiobdhe
poverty line, buthe variant basedn Chen and Ravallion (200&ee Sectio3.1 above

Table 9 shows that the different assumptions do not have much effect on the-poverty
weighted indexes. Replacing the 50 lines witiverty weighting by 14 of 115 poorestountry
linesused by Chen and Ravallion without weightmgkes very little difference, with distances
from the original consumption prices of 04and 0.013or the Fisher and Térngvist, and of
0.036 for the CPD. Doubling thpovertylinesmoves the indexes somewhat further, though the
distances are only &0 for the Fisher0.048 for the Térnqvist, and 0.84 for the CPD
comparable to the distance moved by shifting from the survey based P3sToddwans of
the original and CR consurtipn prices are close, with some increase when we double the
underlying poverty lines; this presumably reflects the changing balance of global poverty
between India and the rest of the world as the poverty lines are moved up, though the exact
mechanism isiot obviousOnce again the CPD indexes are not only further away from the
Fisher and Torngvist than they are from one another, but the CPD indexes are less internally

stable, moving further when weary the underlying poverty lines.

68



Table 10 looks forystematic patterns by income and region between the P4 and P3 indexes.
In these regressions, the dependent variable is the logarithm of the ratio od theifrg
bandwidths of 0.1 standard deviatiént our calculatedP3s using the national accounts
weight. The reason for this choice is that these P3s are available for countries wheaeetiere
survey data, and are therefore the starting point for imputing P4s in the absence of survey data.
None of the estimated regression coefficients are signifitamraentional levels, so an
argument could be made for simply using the P3 indexes. Even so, comparison with the results in
Table 2, which compared the survey and national accounts based P3s, shows that the income
effects here are similar, so that mostte difference between the P4s and P3s can be traced to
differences between the surveys and the national accounts expenditure patterns, consistently with

other evidence on the indexes.

6.3 Global poverty lines and global poverty

Table 11 lists the inteational poverty lines that come out of the various calculations that we

have already discussed. The top half of the table uses plutocratic aggregate P3 indexes, while the
bottom half uses variants of povesigighted P4 indexes. The first number in theleft cell is

592.88 wrupees per mont¥hichis the world rupee equivalent of the Chen and Ravallion new

$1.25 a day poverty line. Their line is $38 a month in 2005 ICP dollars. The consumption PPP

for India in the 2005 ICP is 15.602, which when multigly $38 gives 592.8®ur own simple

averagof the 15 poorest countriesd poverty I|lines
Bissau, Malawi, Mali, Mozambique, Nepal, Niger, Rwanda, Sierra Leone, Tajikistan, Tanzania

and Uganda) using ICP conversion tastgives $3700r58814wor | d r upees, cl os ¢
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line. We do not have a household survey for GuiBisgau, so our own calculations use only 14
countries, and if we follow the same procedure for them, we get%8i75r9.61 world rupees,
still quiteclose to CR s . (Even sojt is remarkable that the exclusion of an African country
of 1.6 million people should remoa$ million peopldrom poverty including 13 million

Indiars. We shall see even more remarkable examples of this sensitivity etcaccurate

world poverty count is a requirement that puts great demands on the accuracy of the ICP
estimates.)

The other poverty lines in the top panel of the table come from the same conceptual
calcul ation as Chen and chBsing@oWwer padtyne&change bates. u s e
All of these are pltocratic P3s, and there are niragiants corresponding to the three index
types, EKSFisher, EKSTornqvist, and CPD, and two sources for the weights, the national
accounts and the aggregates fromsghrveysWe alsodistinguish two different NIPA numbers,
one with the 105 consumption basic heads that appear in the ICP and that are incorporated into
Chen andRra v a | slcalcolatiéns, and one with the 102 basic heads that appear in the surveys,
which do not collect data oactual or imputedentak for housingFISIM, or prostitutionin all
cases, we have derived the global poverty line usimgf iide 15poorest country poverty lines
used by Chen and Ravallion (we exclude GuiBesau for which we @ not have usable survey
datg, taking an unweighted average in international rupees, so that the only reason the six
numbers are different is the nidéferent P3s that are used for conversion.

Themain result here is that tisex global poverty lineso the right of the top panate quite
close, varying in the range fron3éwrupees per month to S4vrupees per month, but alf
these are much far away fratre 593wrupees (effectivelylised by Chen and Ravallian from
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the three NIPA P3s that useSlther than 1Pbasic headswvhich are closer to the CR number
without GuineaBissau of 580 wrupee¥he number in the first column is around 10 percent
higher than the last six numbers, and about 5 percent higher than the intermediate NIPA nhumbers
with 105 basic head§The Fisher and Térnqvist poverty lines in column 2 are only 1.8 and 3.1
percent less than the CR number excluding GuBissau but using their PPPs.) The big
differences in the top panel are associated with the move from 105 to 10Bdzatiings, rather
than with the type of PPP, or whether it is calculated from the national accounts or the surveys.
As we shall see belowhése differences are capable of makargedifferencesin the global
poverty counts.

Why do we gesuch differenes in theglobal line, evemwithin the sameonceptal
framework?The difference between the 593 in column 1 and the tius®ers in column 2 (26
to 577) must come from the difference in aggregation procedures, and without detailed further
investigationwe do not know the contribution of the fixity restrictions, the unique use of the Iklé
method for the African region, of the ring linkage between Africa and Asia, or of the (irrelevant
for poverty work) inclusion of the rich countries in the calculatibR2s for the poor countries.
The comparison of rich countries, like the United States, with the poor countries here is
inherently difficult, given the enormous differences in expenditure patterns, and subject to great
uncertainty, which we will further amment below. Yet such comparisons are unnecessary for
the measurement of global poverynd so introduce statistical uncertainty to no necessary
purpose. There are considerable advantages to making the povertydspertd only on

information from the auntries concerned.
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Thedifferences associated with teecond step, from column 2 to column 3 can be traced
back almost entirely to the exclusion of the rental category from the third column. At first sight,
this might appear to undermine the credibitifithe surveybased estimatésalthough note that
the exclusion of rental means that its parity is implicitly set to be equal to the overalldePP
matters are not so straightforwara@nly because the measurement of rent and rental equivalence
in the ICP wasitself problematic. In the rich countries, the ICP collected data on actuafoents
standardized accommodatiomasd used rental equivalence to value the services of ewner
occupied homes. For various reasons, this turned out to be impossibleamakit Asia, where
thevolumeof rents wasssumed to be proportionalttee volume of the total of consumption
expenditurethis is clearly a crude assumption, biuthould be born in minthat the ICP is
primarily an exercise about measuring comparablemesacross countries, so it made sense to
make a plausible assumption about the volume of rents ratheatibattheir price.Indeed, the
ICP assumption igeutralin the sense that it does not affect the ranking of countries real GDPs.
However, forthe poverty exercise, it is the prices of the basic heads thasedenot their
guantitiesand given the assumption about the quantity of housing, the PPP for rental lmas set
dividing the total of rents ie a ¢ h ¢ oational acgoGnss by the assed quantity. This
resulted in a number of implausible numbers in some African countries, perhaps because the
NIPA did not in fact include any estimate for imputed rents.

Table 12 lists, for the 15 poorest countries used by Chen and Ravallion, tloé taeéid®PP
for rentals to the PPP for consumption as a whokena and India are included for comparison.
We would expect all of these numbers to be less than one, because housing is less tradeable than
most of consumption, and because these countriesd| aetatively poor. But some of the ratios,
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such as 0.048 for Ghana, or the numbers for Gambia, Malawi, Tajikistan, and Sierra Leone, are
simply not credible, and presumably come from weaknesses in the respective national accounts
estimates for this itemWhile it is true that a low estimate of expenditure reduces the weight of
rental in the calculation of the PPP indexes, the indexes are multilateral indexes that are built on
pairwise comparisons between countries, in which the weights come from bothesoun
consequence, in the comparison between Ghana and China, for example, rental will receive
substantial weightyhich accounts for the substantial fall in the global poverty lines in Table 11
when we moverbm 105 to 102 basic heads airdp rentad from the comparisoon the

assumption that the rental parity is the same as for all other. Mgitteout rentals in the

comparison, countries like Ghana, Malawi or Tajikistan have higher prices of consumption,
which brings down the international valuetiéir national poverty lines.

That the PPPs for the reference countries are artificiallyhlasva further unfortunate effect.
Understating the rental parity in Africa inflates the wrupee (or international dollar) value of the
15 national poverty lineswhich are averaged to give the global line. This has only a small effect
on the estimate of total poverty in Africa as a whole, because the African lines get converted
back into local currency, but it inflates the value of their average in the intemalationency,
and in particular will raise the poverty lines in India and China. ifitlia and China are
excluded from the cotrgiction of their globallineas t hey are in Chen and
calculationsthis increase in the Indian and Chinese Itioals will not be compensated by any
need to match the local value of the global line to the abtdan and Chinesknes. In effect
then, underestimation of rents in the national accounts eSabbran Africa lead directly to
larger poverty counts ilndia and China. This hardly seems desirable.
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The bottom panel of Table 11 shows nine more poverty lines, here based on-poverty
weighted P4s, with three index types interacted with three treatments of the poverty line. In the
first column, our P4s are callated around the unweighted average of the 14 poor country
poverty lines, converted at our calculated P4s. In the middle column, the P4s are calculated
around the povertyeighted average of the 50 countries for which we have lines. The final
column is he same as the middle one, but with all the underlying poverty lines multiplied by
two. The results are readily interpretable. The 50 countries include India and China, whose
poverty |lines are relatively | owiddeedumead al | vy
substantialljower than those in the first. The numbers in the last column are more than twice
those in the middle column; they are not exactly twice because there is an effect associated with
the recalculation of the P4s as we changdities.

These P4 lines echo what is now a familiar theme of this paper, which is that the poverty
weighting does not cause large changes in and of itself. The numbers in the first column of the
bottom panel are very similar to those in kst two colums of the top panelt is the way the
PPP indexes are calculated, and the source of weightsare more important than the poverty
weighting.The sharp difference between the P4s in the first two columns comes from including
the Chinese and Indian potelines, which are much lower than the average of the 14 poorest
countries, and because India and China get a great deal of weight corresponding to the number of
poor there. Because of the low weight given to most African countries, their underestimhation
rents, and the overstatement of the international value of their poverty lines, plays much less of a
role than in the case in the top panel of the
global poverty lines; our preference comes fromuse of P4s over P8sthough this is more a
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conceptual matter than a practical one, given the little difference that it dnakesfrom the
symmetric weighting of all the poor of the world and of their national poverty lines when
available.The weighting maés hese numbers relatively insensitiveeiimation uncertainty in
African lines, and not sensitive at all to prices or consumption patterns in rich countries.

How can we think about the numbers in Table 11 in terms of dollars? How should we
convert fom world rupees to international dollars? While we recognize that it is inevitable that
people will want to make this calculaticamgood reason for not doing sothat the structure of
the US or of other advanced econontes very different from the statures of the economies
where the global poor live, so that index numbers that compare the two are subject to a great deal
of uncertainty, and vary a great deal from one aggregation formula to aribighér.avoid this
unnecessary uncertainty that wesd@omputed both P3s and P4s using only informditam
the countries included in the global poverty coénam Part 2 countrieS able 13 lists the
bilateral price indexes between each country and the US calculated using NIPA weights for the
US and povey-line weights for the countries, see Sect8h aboveThe prices for each country
have first been converted to world rupees usi
to world rupee conversion factor. The table showsttieste are almogtentical across
countries, so that the averagioger countriehas very little effect, but vary dramatically across
types of index. In terms of wrupees per dollar,alierageatesshown in Table 14re 13.8 for
the weighted CPD, 170or the Fisherand 5.11 for the Térnqvist. These can be compared
with the rate in the ICP which is 15.60 rupees to the ddatathat there is a substantial spread
even if we ignore the CPD index which is somewhat less well theoretically suppdreed
uncertainty assciated with the index choice, akin to the Raad aspeyres spread, or to large

75



fifailure of arbitrage standard errors o f  twh leavekbeéen @hlculating, reflects the difficulty
of making comparisons over countries that are so far apart in incontwerelaces, and tastes.
So when we use these rates to turn our poverty lines into their daily dollar equivalents, we
introduce a good deal of variation across the indexes thatisded fronthe world rupee
poverty lines. Our three numbeshown in Tale 14,correspond to the preferred numbers in the
second column of the second panel of Tablaridare $1.9 a day for the CPD, $0.92 for the
Fisher, and $0®for the TérngvistNot much weight should be attached to the fact that these
numbers arso clase to the original dollar a daywhich is around $1.45 at currgi@005)prices
Moreover the range from $0.92 to $®.feflects not the uncertainty in the global line itself,
which varies only from 48to 4% wrupees a month, but the difficulty of makipgrchasing
power comparisons between the US and poor countaesparisonsvhich need nof{andin our
view should nof play anypart in calculating the global line.

Table 14 also shows the dollar value of the poverty lines associated with the P4milysing
the 14 lines, as well as the global lines derived from the 15 countries used by Chen and Ravallion
converted, not with P4s or the ICP numbers, but with the P3s that bypass the ICP procedures,
using only countries the countand using a uniform EKBisher aggregation procedutiéhe
poverty lines in this table are the same as those in Table 11, and with each we report the
associated average of the st derésultngdlobat er al pr
poverty line in US dollars. Our prefred global poverty lines are the Fisher and Térnqvist lines
in the top panel, which are $0.92 and $0.99. When we move to the 14 country global poverty
linesd which exclude India and Chiéathese lines rise to $16@nd $1.12 respectivelWith the
15 counties and our version of the 102 basic head NIPA, the dollar denominated lines are $1.18
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and $1.16 respectively. Finally, with the inclusion of rental (and FISIM and prostitution), and the
resulting inflation of the international value of the African lirteg dollar lines rise to $1.31
(Fisher) and $1.32 (Tornqvist), which are clos® &ithough a little more th@&nthe Chen and
Ravallion rates. Once again, it is a combination of the rental problem and the exclusion of India

and China that inflates the gloh@dverty line.

6.4 Global poverty

Finally, we turn to calculations of global poveity2005using alternative purchasing power

parity exchange rates. Our procedures are designed to replicate those used by Chen and

Ravallion (2008) and World Bank (286), and include the same countries, but with alternative

purchasing power parity exchange rates, and alternative procedures for calculating the global

poverty line. Otherwise, our estimates are comparable to theirs, and confeOMGALNET,

the program usebly the WorldBank to calculate global povettyput with the substitution of a

new global poverty line and new PPPs. The results are shown in Tables 15 through 18.
Tables 15 and 16 show calculations for the broad regions of the world, with China iand Ind

highlighted in their regions, with Table 15 showing the absolute numbers, and Table 16 showing

the poverty headcount ratidsor each region, we show the fraction of the population covered by

surveys, and for which we can calculate P4s. Over all cesnthis is 82.9 percent of the

population, but is higher in the poor regions of East Asia and PacifiSaiwdran Africa, and

lhttp://qo.Worldbank.orq/NT2A1XUWPO
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South Asia; only in Europe and Central Asia and Middle East and North Africa are we largely
missing surveys, and to a much lessdent in Latin American and the Caribbean. For countries
without surveys, where we cannot calculate P4s, we subsiiiutvnP3s(calculated using 102
basic heads, and for CPD, Fisher, and Térngvisthe light of the comparisons earlier in the
paper and of the fact that we have P4s for all of the large poor countries, this substitution is
unlikely to be of any importance. Note also that the ICP itself excludes a number of countries,
particularly in Latin America and the Caribbean, and imputesnits3s using regression
methods.

In Tables15 and 16we show the full range of alternative exchange rates and poverty line
calculations. The first column shows the population for each region, so that the first cell shows
that there are 5.2 billion peoglethe countries covered by the world poverty counts. The second
columnreplicates the official Bank calculations, according to which there are 1.3 billion people
(25.3 percent of the covered populatian)poverty. The PPPs usédthis columnare the
consumption P3s from the 2005 round of theinational Comparison Program, and the poverty
line is the unweighted average of the 15 poverty lines for the poorest countries ir¢nenes
group discussed earlier. The next three columns show a roughpacainte set of calculations,
but using P4s instead of P3s. The global poverty line is once again a simple average, taken over
14 of the 15 reference countries for which we have household surveys. The ir4ziaple
comparable to the P3s in the Chewl &avallion column, but differ because P4s can only be
calculated using 102 out of the 105 consumption basic h€adsnosimportantcategory
excluded from the P4s ientalsso that, ireffect the parity for rentals is assumiedhavethe
same valuesthe overall country parity. The three columns correspond to the three different
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aggregation methods for the P4s, CPD, HH$her, and EKS 6rnqvist, and the associated
global poverty lines (in world rupees) are shown in the first fidvese three columrggve world
poverty counts of 12 1.16, and 1.13 billion depending on whether we use CPD,-EisBer, or
EKS-Toérngvist the headcount ratios in Table 16 are22324, and 21.7 percenNote that for
subSaharan Africa, the poverty estimates33866,or 349 million) are very close to those of
Chen and Ravallion; this is because the reference countries are mostly African, and it is in those
African countries where there is a problem with the rental parity. Because the global poverty line
is set with thee countries as reference, their counts are more or less unaffected by the change in
the P3s with the inclusion or exclusion of the rental category, Instead, the adjustments come in
the nonreference countries, most importantly in India and CHaoragachof which there are
about 50 million more poor in the first set of P4s. We shall revisit this comparison using only
P3s in Table 18 below.

The second block of three colunstsows the poverty estimates based on P4s and on our
preferred construction of thgoverty line. Here, the global poverty line is calculated as a
weighted averagef poverty lines from 6 countries, with weights given by the numbers of poor
in each country. This gives a global poverty line that is closer to the Bank povertyriores p
the 2005 revisioecause the poverty lines of India and China are now included. For these P4
based countghe three estimates of global poverty &6& 874, and 86 million (16.7, 16.8 and
166 percent), about 450 million below the Chen and Rava#égtimate, and even a little lower
than they calculated prior to the latest revision, see Chen and Ravallion (2007). The reason for

the difference between the global poverty counts associated with the P4s in the first block and
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those associated with the RAghe second block is that the global poverty line is now much
lower, for example 488 world rupees versug @orld rupees.

The final block of results in Tables 15 and 16 shows what happens when we double the
poverty lines underlying our preferred estit@s.The P4s are calculated in the usual way, and the
global poverty line is the povertyeighted average ové0 countries, with the single difference
that the country lines are doubled prior to the calculation. This procedure mimics the
compuation ofadollar-a-dayand two dollara-day poverty counts. With the doubling of lines,
the global poverty counts are more than tripled, to 2.6 billion people, or 51 percent of the
covered population. Two thirds of the increase comes from India (where the qoles) @ind
China (where ithcreaseslmostfivefold) two countries in which recent economic growth has
removed large numbers of people from beneath the lower lingHmuareyetto crosshe higher
line. In Africa, where the baseline poverty counts arehrhigherand there are relatively few
people between the linghe doubling of the lines causes the counts to increase by less than

twofold.
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Figure 2: Alternative headcount ratios

Table 17 give thecompletecountry breakdown underlying the aggregated numbers in
Tables 15 and 1&Ve show only the Chen and Ravallion estimates and our own preferred
estimates using the EKSsher P4. Countries listed in italics are countries where we do not have
suveys, andvhere P3s have been substituted for F#s. differences between the two sets of
estimates are illustrated in Figure 2, where the CR headcount ratios are plotted on the horizontal
axis, and our own headcount ratios on the vertical axis. Cosiatrgeshown as circles with
diameter proportional to population, and some important countries are indicated. The most
obvious feature is the correlation between the two sets of numbers, which is 0.98, so that apart

from our estimates being lowerthanCleen d Raval |l i onés, there 1is
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countries. We provide these numbers for completeness and interest; the main differences
between our procedures and those of CR were alreadyllwstfated in the regional estimates in
Tables 15 and 16.

Table 18further investigates the differences between our numbers and those of Chen and
Ravallion. As before, the first two columns give populations and the Chen and Ravallion
estimates of numbers in poverty. The third column uses P3s calculated direntthé&rd¢CP data
on prices and expenditures for 105 basic headtso calculates the global poverty line in the
same way as Chen and Ravallion, as the unweighted average of the poverty lines of the 15
reference countries, though these are now converiedg osr P3s, not those of the ICFhese
P3s differ from the P3s from the ICP it€elas used by Chen and Ravallioby being
calculated in one step for all of the ICP countries that are included in the global poverty counts,
here using the EK&isher aggregtion formula. The ICP estimates, in contrast, are calculated by
regionsat the first stageand then combined using the ring countatthe second stagend this
second stagmvolvesall countriesn the ICP, including the rich countries. The ICP BB®
used a different aggregation procedure for Africa. Our recalculation, using a single aggregation
formula, at a single stage, and excluding the rich countries, is designed to investigate whether
these details of the ICP are important for the globahtouits distribution over countries. Table
18 shows that this is not the case, and the numbers in the second and third columns are very
close. The myriad details of the ICP calculations do not affect the global poverty counts in any
important way.

The table then moves on to the calculations that do turn out to be important. Column 4
replicates the calculations in Column 3, with the one difference that we work with 102 basic
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heads, not 105. Because everything else is held codistdnich was not the case Table 15,

where we also switched to P4s, to survey data, and dropped one country from the reference
group® columns 3 and 4 provide a clean analysis of the effects of dropping the rental category,
using P3s and the same construction of the global polretin both casedMaking the rental
correction removes T2million people from the global count, 51 million in East Asia and Pacific
(32 million of which are in China), and 59 million in South Asia (47 million of which are in

India.) By contrast, the mber of poor in suisaharan Africa falls by only 9 million, from 374

to 365 million. Given that the global poverty line is denominated in mostly African currencies,
and given that the rental problem is essentially an African problem, the direction and phtt
this effect is what we would expect, with the
constructing the global poverty line means that poor (or no) measurement of rental equivalence
in Africa puts 110 million Asians into poverty.

The finalcolumn of Table 18 repeats our own preferred estimates from Table 15. The
difference with the previous column is in the construction of the poverty line, though we have
also moved to P43 his column shows a global count30million less than the previts
column, which is essentially the effect of moving to a lower global poverty line when we bring in
all 50 countries, and weight by numbers in povdrtysummary then, of the 445 million people
that are removed from poverty according to our revisionh&rCand Ravallion, about 12
million come from the treatment of rentals, and ab@0tBillion from our construction of the
poverty line. For the reasons given in SecBpwe believe that our estimates are to be preferred,

they correct an error associdteith the use of the rental category imputation, and they use a
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method for constructing the poverty line that prevents discontinuities in the global poverty line as

countries grow and decline.

7. Summary and conclusions

Our aim in this paper is to showW to calculate purchasing power parity exchange rates that

reflect the consumption patterns of poor people around the v@mkelimportant application of

these purchasing power parity exchange rates for the poor (PPPPs or P4s) is to recalculate the

global poverty counts. These counts are based on a global line, whose calculation is based on

local poverty lines, converted at PPPs, and whithdec onver t ed back to each

currency using PPPs in order to count the number of people below thedimehicountry.

World Bank estimates of global poverty rely on PPPs that are designed for national income

accounting purposes, not for calculating living standards of the poor, and our aim here is to

calculate new P4s, to use them to recalculate global fypaed to compare our results with the

Bankdbs own estimates based on the recent (200
Earlier sections of this paper lay out the theory of the calculationsharntktails of its

implementation. P4s, unkkP3s, require household survey information, but there are currently

enough household surveys to cover the vast majority ofithe | d GospulgtionoR4s, unlike

P3s, need to be calculated simultaneously with the global poverty line, because thelpries i

depend on the line and the line depends on the price indexes. We have shown how the fixed

point can be calculated explicitly asspecial case, and developed an iterative procedure that

works more generally. We have developed formulas for standard ef our estimates in order

to address the concern that some of the household sunaeysmallsamplesso that the
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estimates might be too noisy for usepractice, the standard errors from sampling are very
small, negligibly so relative to the negeneral uncertainty associated with the choice of index
number formula. The design and detail of household surveys vary widely across the world, and
many compromises and assumptions have to be made to adapt the survey data to match the
prices from the Iternational Comparison Project. In the end, we believe our procedures are
unlikely to be a source of much error in our final estimates.

In the end, povertyveighted purchasing power parity exchange rates look very much like the
regular purchasing power ity exchange rates that use weights from the national accounts,
certainly when we confine ourselves to comparisons that do not involve the rich countries of the
world. These comparisons are not required for global poverty esténbézause it is assumed
in advance that there are no poor people in the rich countied would be impossible in any
case, because there are no people in those countries living near the global posotihkne
there are no weights for the index@#though it is true that pageople have different
consumption patterns from the patterns in the national accounts, the reweighting is similar in
different countries, so that the price indexes between each pair do not usually change by much.
There are, of course, exceptions, butwiegghting differences between P4s and P3s are probably
not of great importance for estimating global poverty.

A larger source of difference betweitre P3s and P4s data inconsisterychetween
household surveys and national accounts, so that the cphsnrpattern in one is often
different fromthe consumption pattern in the other, even when we use both to estimate aggregate
consumption. Some of this comes from difference in definition and covefagM and
owneroccupied rental equivalence are ndtexted in surveys, nor (usually) are narcotics or
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prostitution. Perhaps momaportant araneasurement errem either the surveys or the national
accounts or both. Yet even the differences in these weights do not generate large differences
between P3sral P4s.

One accounting issue that turns out to be important is the treatment of housing, or more
accurately, the rental equivalent of housihlis is an important item of consumption in nearly
all countries, and among such important items, is by famtbe difficult to measurdn the
2005 ICP, it turned out to be impossible to measure the prices of rental equivalence in Africa and
South Asia, so it was decided to Iimpute to ea
estimate of rental in proporticto the quantity of its GDP. Because the ICP is primarily
concerned with measuring GDP in international prices, this is a neutral assumption in the sense
that the imputation has no effect on the rela®@2Ps of the affected countries. However, many
counties, especially in Africa, apparently make no imputation for rental equivalence in their
national accounts. This has the consequence that the parities for rental in those countries in the
ICP are very low, sufficiently so to artificially bring down theational parities. As we discuss
in Section 6.3 above, the use of these low payiteegether with the procedure for setting the
global poverty linehas the effect of artificially inflating the global poverty count, by arourd 12
million people. For powty work, it is the price that is important, not the quantity of housing,
and we suggest instead that the appropriate neutral assumption for this work is to assume that the
price of rental be set equal to the average of other prices, as captured irrédiidP®re for the
country.

The calculation of P4s requires the specification of a method for setting the global poverty
line, because the line and the P4s must be calculated simultaneously. We provide estimates for a
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procedure that mimics the Bank procegjuaking an average of the P4 values of the poverty
lines of a reference group of very poor countries. However, we also argue that this method has
the disadvantage of causing discontinuities in poverty counts as countries move in and out of the
referencegroup, and can even result in the global canerteasingin the face ofncreasesn
national incomes. We propose an alternative procedure that uses lines from a larger group of
countries, weighting them according to the number of poor people in eashmé&ttiod
generates a lowalobal line, and lower global poverty counts, more closely in line with the
Bankdbs own estimates prior to the most recent
our preferred P4s, is more tha#&million people smaér than the latest Bank estimates.

There are a number of important issues that we do not address. Leading among these is fact
that we make no attempt to use sepapéatesfor the poor. Instead, we confine ourselves to
reweighting the samgricesto math the expenditure patterns of households near the global
povertyline. The Asian Development Bank (2007) has undertaken experimental work to identify
the prices paid by the poor, by collecting prices in shops and markets thought to be patronized by
the par, and specifying varieties of goods that are typically purchased by the poor. One
potential weakness of these procedures is that it is unclear exactly what and where the poor buy,
and the ADBOGs specifications wersoarcenfestchby gr ou
information is to use the unit values in household surveys, which have the advantage of relating
to actual purchases by actual poor people. The corresponding disadvantage is that there is no
obvious way of specifying quality, or of conlling for quality variation across poor and non

poor.
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Our work also raises a number of issues that are relevant both for future work on the ICP and
on household surveys. For the former, it is clear that, in some respects, the demands of national
accountiig and of poverty work are different. For example, for poverty work we need prices paid
by consumers, not prices paid by governments on behalf of consumers, a distinction that is
particularly troubling in the case of health related goods, such as pharicalseWe have also
seen that, when direct measurements break down or are difficult, the supplementary imputations
that are suitable for estimating national accodirfte which quantities are most importanare
sometimes different than those for estimapogertyd where prices are the relevant
magnitudes.

On household surveys, our plea is mostly for greater harmonization across countries. We
realize that surveys are used for different purposes in different countries, and that a survey that
works in one contry may be useless in another. Nevertheless, greater standardization is certainly
possible in some cases, hot only in data collection, but in the reporting and documentation of
survey design.

Although we suspect that it is not of leading importanceéhferestimates presented here, we
also want to flag the issue of quality adjustment. How to deal with quality is perhaps the leading
unsolved issue in price index construction, both domesticage for example Mackie and
Schultze (2002) for the WSandinternationallyin the ICP. The ICP has become progressively
moredetailed incomparing like with like across countries, on thasonablsuspicion that price
levels in poor countries were being understated by comparing lower quality goods in poor
countries with higher quality goods in richer countri@$ie use of rare precise specifications
has raised price levels in poor countries in more recent rounds and, for poverty work, this has
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had the effect of reducing the dollar value of the global line belowigmat dollar value

updated for inflation in the United States. It is almost certainly true that the latest ICP does a
better jd of the quality comparisons, though perhaps at the price in some cases of comparing
representative goods in a rich country vitie same goods in a poor cournthiyt whichare not
representative of consumption patterns there. The 2005 ICP attempted to make a representativity
correction to deal with this but, for a number of reasons, the correction was not successful for
poor counties. This is an active area of research for the ICP itself, and is likely to have
repercussions for poverty work in the future, if only because changes in the real dollar value of

the international line undermine understanding of the global poverty counts.
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Table 1: Consumption prices using national aggresfes as weights

Pc ICP Pc Fisher Pc Torngvist PcCPD(W)
NAS Survey NAS Survey NAS Survey

India 1 1 1 1 1 1 1
Bangladesh 1.120 1.091 1.077 1.079 1.063 1.098 1.073
Bhutan 1.183 1.158 1.139 1.135 1.128 1.126 1.142
Cambodia 1.116 1.111 1.175 1.092 1.147 1.057 1.135
China 1411 1.404 1.354 1.410 1.389 1.399 1.361
Fiji 2.589 2.222 2.124 2.162 2.106 2.184 2.079
Indonesia 1.221 1.185 1.184 1.163 1.169 1.143 1.168
Lao PDR 0.993 1.043 1.090 1.048 1.076 1.033 1.123
Malaysia 1.577 1.497 1.440 1471 1.439 1.416 1.379
Maldives 2.150 1.716 1.721 1.708 1.702 1.668 1.613
Mongolia 1.225 1.217 1.234 1.204 1.216 1.166 1.172
Nepal 1.048 0.989 1.003 0.976 0.999 0.950 0.999
Pakistan 0.984 1.038 1.071 1.029 1.055 1.005 1.052
Philippines 1.241 1.238 1.249 1.221 1.238 1.194 1.199
Sri Lanka 1.126 1.178 1.150 1.157 1.142 1.128 1.106
Thailand 1.227 1.306 1.299 1.268 1.273 1.219 1.232
Vietnam 1.055 1.031 1.058 1.044 1.069 1.028 1.048
Argentina 1.318 1.383 1.347 1.374 1.359 1.363 1.326
Bolivia 0.900 1.020 1.056 1.007 1.043 0.955 1.013
Brazil 1.828 1.992 1.951 1.912 1.888 1.956 1.917
Colombia 1.452 1.676 1.693 1.642 1.644 1.619 1.595
Paraguay 0.974 1.094 1.074 1.083 1.074 1.051 1.030
Peru 1.416 1.670 1.621 1.642 1.571 1.677 1.540
Armenia 1.212 1.146 1.164 1.142 1.143 1.140 1.124
Azerbaijan 1.039 0.961 0.883 0.968 0.933 0.987 0.918
Kazakhstan 1.382 1.070 1.060 1.100 1.068 1.122 1.068
Kyrgyz Rep. 0.896  0.789 0.807 0.823 0.837 0.822 0.856
Tajikistan 0.840 0.613 0.775 0.783 0.821 0.755 0.844
Yemen 1.345 1.201 1.150 1.166 1.156 1.139 1.150

Notes: The first column is from the ICP Final Report, and is the PPP for individual consumption
expenditures

accounts, then from the household surveys. The first column and the first column of each pair

by

househol
with India as base. The second, third, and fourth columnstragoprices of consumption using
the parities for 102 basic heads, but using estimates of aggregate weights first from the national

ds

di

Vi

ded

by

t he

differ only in the aggregain formulas, the ring structure, and the merging of regional parities
for the basic headings of consumption.
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Table 1, continued.

Pc ICP Pc Fisher Pc Torngvist Pc CPD (W)
NAS Survey NAS Survey NAS Survey

Benin 1.475 1.545 1.448 1.544 1.490 1.576 1.499
Burkina Faso 1.299 1.417 1.382 1.389 1.379 1.388 1.376
Burundi 1.168 1.283 1.214 1.298 1.212 1.301 1.163
Cameroon 1.578 1.690 1.681 1.674 1.686 1.665 1.655
Cape Vede 2.493 2.402 2.295 2.383 2.286 2.382 2.264
Chad 1.755 1.995 1.882 1.944 1.847 2.082 1.849
Congo DR 1.886 1.975 1.989 1.934 1.961 1.976 2.010
Congo PR 2.013 2.122 2.072 2111 2.072 2.122 2.083
Cite dol 1746 1.850 1.828 1.837 1.846 1.859 1.850
Djibouti 1.715 1.950 2.051 1.935 2.025 1.796 1.985
Ethiopia 0.897 1.068 1.039 1.035 1.016 0.982 0.978
Gabon 2.378 2.505 2.469 2.507 2.483 2.565 2.525
Gambia 1.023 1.224 1.314 1.232 1.296 1.147 1.247
Ghana 1.394 1.593 1.540 1.577 1.540 1.572 1.516
Guinea 1.148 1.260 1.254 1.272 1.270 1.310 1.328
Kenya 1.223 1.380 1.340 1.370 1.335 1.377 1.326
Lesotho 1.523 1.671 1.726 1.712 1.721 1.650 1.677
Madagascar 1.066 1.111 1.153 1.132 1.159 1.171 1.211
Malawi 1.359 1.572 1.462 1.577 1.501 1.559 1.482
Mali 1.552 1.663 1.585 1.641 1.590 1.654 1.601
Mauritania 1.341 1.569 1.530 1.534 1.507 1.521 1.469
Morocco 1.756 1.929 1.777 1.897 1.800 1.901 1.772
Mozambique 1.409 1.658 1471 1.616 1.477 1.578 1.395
Niger 1.433 1.602 1.575 1.579 1.570 1.567 1.575
Nigeria 1.692 1.836 1.826 1.827 1.824 1.874 1.848
Rwanda 1.200 1.287 1.352 1.284 1.375 1.211 1.331
Senegal 1.598 1.768 1.742 1.751 1.727 1.758 1.696
Sierra Leone 1.361 1.597 1.571 1.593 1.576 1.539 1.510
South Africa 2.032 2.172 2.034 2.129 2.013 2.168 2.016
Swaziland 1.657 1.815 1.709 1.816 1.726 1.761 1.590
Tanzania 1.218 1.304 1.267 1.269 1.248 1.284 1.257
Togo 1.513 1.644 1.595 1.631 1.605 1.681 1.618
Uganda 1.182 1.240 1.172 1.257 1.205 1.230 1.154
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Table 2: Survey based and NIPA based estimates of the price of aggregate consumption

ICP Fisher Fisher Torngvist Torngvist CPD (N) CPD (S)
(N) (S) (N) (S)

Root mean square distance

ICP 0 0.156 0.150 0.147 0.146 0.149 0.148
Fisher (N) 0 0.065 0.033 0.068 0.050 0.088
Fisher (S) 0 0.054 0.023 0.078 0.047
Tornguist (N) 0 0.048 0.042 0.067
Tornquist (S) 0 0.066 0.070
CPD (N) 0 0.078
CPD (S) 0

Summary statistie

Mean 1.402 1.463 1.440 1.453 1.437 1.445 1.421
Standard dev. 0.389 0.404 0.377 0.390 0.372 0.404 0.373

Regressions of log of ratio of Survey to National Accounts basis

Estimate t-value Estimate t-value Estimate t-value

Iny i0.01(21 i0.01 (21 T0.02(23)
Asia 0.0055  (0.1) 0.0077  (0.3) 0.0143  (0.3)
Africa i0.03(0.7) i0.02(0.7) 10.03(0.7)
Latin Ameica 0.0086  (0.2) 0.0041  (0.1) 0.0019  (0.0)
Central Asia 0.0283  (0.6) 0.0020  (0.0) 0.0011  (0.2)
constant 0.1313 (1.5 0.0825  (1.7) 0.1542  (1.7)
F-regions p) 2.69 0.041 2.53 0.051 2.97 0.056

Notes: The top panel shows the root mean squared difference between pair of consumption price
indexes over the 62 countries. The country price indexes are those shown in Table 1. Means and
standard deviations in the second panel refer to the same indexes. The final panel shows
regressions of the log of the ratio of the surbba@ged to national accounts based estimates on the

log of per capita GDP in PPP $ (from the 2008 World Developmeitdtors) and dummies for

the ICP regions. For these regressions, India is treated as a region, and is the base country, so that
Asia refers to noiindian Asia.
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Table 3: Household consumption shares by basic heading: correlation between national
accownts and survey data (national accounts as of 2005, survey data as of survey year)

All Food, drinks, Other goods and
tobacco, and services
narcotics

India 2005 0.603 0.710 0.558
Bangladesh 2000 0.968 0.971 0.939
Bhutan 2003 0.608 0.960 0.251
Cambodia 2003 0.842 0.890 0.576
China urban 2005  0.833 0.954 0.820
China rural 2005 0.816 1.000 0.805
Fiji 2002 0.624 0.616 0.655
Indonega 2002 0.874 0.921 0.874
Lao PDR 2003 0.902 0.916 0.791
Malaysia 2004 0.929 0.892 0.938
Maldives 2004 0.788 0.836 0.763
Mongolia 2005 0.898 0.970 0.868
Nepal 2003 0.877 0.964 0.561
Pakistan 2001 0.846 0.832 0.838
Philippines 2003 0.857 0.979 0.733
Sri Lanka 2002 0.651 0.747 0.725
Thailand 2002 0.794 0.575 0.830
Vietham 2004 0.878 0.972 0.764
Argentina 2006 0.753 0.942 0.672
Bolivia 2002 0.536 0.884 0.467
Brazil 2002 0.787 0.818 0.778
Colombia 2003 0.771 0.633 0.805
Paraguay 2000 0.682 0.884 0.570
Peru 2003 0.468 0.729 0.460
Armenia 2004 0.848 0.870 0.548
Azerbaijan 2001 0.449 0.589 0.533
Kazakhstan 2003 0.492 0.732 0.590
Kyrgyz Republic 0.789 0.714 0.824
2003 0.599 0.636 0.327
Tajikistan 2003

0.759 0.720 0.747

Yemen 2005
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Notes: Figures are the correlations between the (plutocratic) budget shares estimated from the
surveys and those provided by the national accpastmcorporated into the ICP calculations.
The Chinese survey data are synthetic numbers created from published data for this exercise, see

the main text. Correlations less than 0.5 are highlighted in italic.
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Table 3, continued

All Food, drnks, Other goods and
tobacco, and services
narcotics

Benin 2003 0.787 0.903 0.553
Burkina Faso 2003  0.767 0.787 0.634
Burundi 1998 0.605 0.594 0.443
Cameroon 2001 0.671 0.650 0.761
Cape Verde 2001 0.699 0.929 0.657
Chad 2003 0.090 0.023 0.095
Congo DR 2005 0.865 0.864 0.655
Congo PR 2005 0.563 0.372 0.858
Céte d'lvoire 2002  0.674 0.733 0.613
Djibouti 1996 0.534 0.374 0.937
Ethiopia 2000 0.955 0.980 0.729
Gabon 2005 0.819 0.960 0.643
Gambia 2003 0.367 0.933 0.196
Ghana 2006 0.692 0.725 0.636
Guinea 200 0.721 0.767 0.460
Kenya 2005 0.704 0.830 0.562
Lesotho 2002 0.875 0.979 0.705
Liberia 2007 0.490 0.876 0.436
Madagascar 2001 0.922 0.956 0.616
Malawi 2004 0.405 0.648 0.108
Mali 2006 0.840 0.939 0.382
Mauritania 2004 0.823 0.779 0.791
Morocco 2001 0.782 0.889 0.771
Mozambique 2002 0.821 0.896 0.424
Niger 2005 0.843 0.891 0.603
Nigeria 2003 0.829 0.860 0.692
Rwanda 2005 0.544 0.621 0.607
Senegal 2001 0.681 0.685 0.505
Sierra Leone 2003  0.895 0.961 0.799
South Africa 2000  0.495 0.529 0.490
Swaziland 2000 0.764 0.886 0.519
Tanzania 2000 0.955 0.970 0.884
Togo 2006 0.724 0.826 0.525
Uganda 202 0.826 0.794 0.891
Note: A regression of yahdeegions yielderoaignificam effectsor i a

singly or jointly.
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Table 4: PPPs for consumption ging national aggregates from surveys, and the standard
errors of their logarithms

Pc Fisher PcCPD(W)
PPP se(1) se(2) PPP se(1) se(2)

India 1.000 1.000

Bangladesh 1571 0.0010 0.0836 1.565 0.0040 0.1048
Bhutan 1.139 0.0012 0.0693 1.142 0.0025 0.0828
Cambodia 109.1 0.0007 0.1040 105.4 0.0027 0.1308
China 0.251 0.0004 0.0975 0.253 0.0029 0.1293
Fiji 0.081 0.0011 0.0815 0.080 0.0038 0.0967
Indonesia 260.6 0.0004 0.0757 257.0 0.0026 0.0940
Lao PDR 263.2 0.0040 0.1000 271.4 0.0027 0.1370
Malaysia 0.124 0.0052 0.0862 0.118 0.0035 0.1128
Maldives 0.499 0.0062 0.0954 0.463 0.0038 0.1219
Mongolia 33.73 0.0007 0.0851 32.02 0.0031 0.1039
Nepal 1.622 0.0014 0.0848 1.616 0.0090 0.1046
Pakistan 1.446 0.0005 0.0799 1.420 0.0039 0.0941
Philippines 1.560 0.0005 0.0858 1.498 0.0040 0.1040
Sri Lanka 2.621 0.0006 0.0861 2.521 0.0032 0.1051
Thailand 1.185 0.0005 0.0765 1.124 0.0028 0.0877
Vietnam 380.6 0.0010 0.0860 376.9 0.0033 0.1104
Argentina 0.089 0.0008 0.0813 0.087 0.0045 0.0982
Bolivia 0.193 0.0015 0.0790 0.185 0.0048 0.0946
Brazil 0.107 0.0012 0.0986 0.106 0.0035 0.1196
Colombia 89.07 0.0011 0.0795 83.93 0.0034 0.0938
Paraguay 150.5 0.0017 0.0830 144.3 0.0034 0.1026
Peru 0.121 0.0010 0.0798 0.115 0.0038 0.0906
Armenia 12.08 0.0025 0.0791 11.66 0.0039 0.0894
Azerbaijan 94.62 0.0043 0.0950 98.37 0.0039 0.1164

Kazakhstan 3.195 0.0006 0.0809 3.219 0.0106 0.0921
Kyrgyz Rep. 0.751 0.0041 0.0969 0.796 0.0049 0.1076
Tajikistan 0.055 0.0026 0.0974 0.060 0.0052 0.1061
Yemen 4.993 0.0017 0.0868 4.991 0.0033 0.1035

Notes: Pc is the aggregate (plutocratic) consumption PPP expressed in local currency per Indian
rupee. The Torngvist is not shown because the results are similar to those for the Fisher index.
The second and third columns of each set show (a) theéastherrors associated with sampling

from the household surveys and (b) the standard errors associated with the failure of arbitrage.
Standard errors are standard errors of the logarithms of the PPPs shown in the first column.
Standard errors for Indiand China are not shown; the former is the base country, while for

China we are using synthetic data that matches the published tables.
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Table 4, continued: PPPs for consumption using national aggregates from surveys, and
their standard errors

Pc Fisher PcCPD(W)
PPP se(1) se(2) PPP se(1) se(2)
Benin 17.32° 0.0014 0.0966 17.93 0.0057 0.1323
Burkina Faso 16.53 0.0011 0.0746 16.45 0.0032 0.0906
Burundi 29.78 0.0022 0.1077 28.52 0.0047 0.1544
Cameroon 20.11 0.0014 0.0715 19.79 0.0028 0.0855
Cape Verde 4,613 0.0022 0.0893 4,551 0.0031 0.1051
Chad 22.52 0.0012 0.0742 2212 0.0023 0.0884
Congo DR 21.37 0.0008 0.0706 21.60 0.0033 0.0867
Congo PR 24.78 0.0012 0.0755 24.92 0.0027 0.0883
Cote d'lvoire 21.86 0.0018 0.0741 22.12 0.0034 0.0906
Djibouti 8.267 0.0010 0.0774 7.999 0.0041 0.0970
Ethiopia 0.204 0.0013 0.0846 0.192 0.0055 0.0970
Gabon 29.54 0.0009 0.0805 30.20 0.0030 0.0942
Gambia 0.852 0.0025 0.0800 0.808 0.0030 0.0935
Ghana 316.8 0.0009 0.0751 312.0 0.0069 0.0866
Guinea 103.7 0.0019 0.0975 109.8 0.0028 0.1237
Kenya 2.295 0.0010 0.0703 2.272 0.0026 0.0847
Lesotho 0.249 0.0019 0.0752 0.242 0.0032 0.0900
Madagascar 52.44 0.0023 0.0817 55.06 0.0039 0.0984
Malawi 3.927 0.0031 0.1121 3.980 0.0037 0.1549
Mali 18.96 0.0008 0.0710 19.15 0.0036 0.0859
Mauritania 9.190 0.0009 0.0751 8.823 0.0047 0.0900
Morocco 0.357 0.0008 0.0923 0.356 0.0033 0.1095
Mozambique 777.9 0.0030 0.0989 737.5 0.0031 0.1317
Niger 18.84 0.0011 0.0723 18.83 0.0024 0.0883
Nigeria 5.435 0.0011 0.0861 5.500 0.0029 0.1009
Rwanda 17.10 0.0021 0.0971 16.83 0.0031 0.1273
Senegal 20.83 0.0006 0.0700 20.28 0.0031 0.0843

Sierra Leone 103.3 0.0025 0.0848 99.26 0.0077 0.0989
South Africa 0.293 0.0014 0.0832 0.291 0.0030 0.1004

Swaziland 0.246 0.0040 0.0831 0.229 0.0027 0.1068
Tanzania 3215 0.0013 0.0743 31.91 0.0046 0.0887
Togo 19.08 0.0009 0.0775 19.35 0.0029 0.0912
Uganda 47.33 0.0019 0.1105 46.58 0.0033 0.1536
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Table 5: Poverty-weighted PPPs at various bandwidths

Tornqvist Indexes Fisher CPD(W)

Bandwidth Approx. 1.0 0.5 0.1 0.1 0.1

India 1.000 1.000 1.000 1.000 1.000 1.000
Bangladesh 1.479 1.501 1.496 1.494 1.517 1.510
Bhutan 1114 1.089 1.086 1.086 1.098 1.081
Cambodia 102.9 103.0 102.5 102.3 104.0 100.2
China 0.252 0.253 0.252 0.252 0.246 0.241
Fiji 0.082 0.080 0.080 0.080 0.081 0.077
Indonesia 259.3 252.5 251.5 251.0 255.3 245.5
Lao 260.6 251.8 251.3 252.7 256.1 260.3
Malaysia 0.128 0.124 0.124 0.123 0.125 0.117
Maldives 0.532 0.506 0.501 0.491 0.505 0.484
Mongolia 33.84 32.92 32.83 32.74 33.23 30.65
Nepal 1.487 1.535 1.532 1.531 1.539 1.514
Pakistan 1.490 1.438 1.440 1.439 1.457 1.396
Philippines 1.522 1.482 1.476 1.473 1.486 1.382
Sri Lanka 2.554 2.521 2.514 2.509 2.526 2.346
Thailand 1.183 1.121 1.113 1.120 1.156 0.963
Vietham 359.0 357.8 355.4 354.3 354.7 336.3
Argentina 0.083 0.081 0.081 0.081 0.080 0.073
Bolivia 0.192 0.183 0.183 0.183 0.186 0.175
Brazil 0.100 0.101 0.101 0.102 0.103 0.106
Colombia 93.99 87.81 87.78 88.47 89.99 86.33
Paraguay 147.8 144.9 144.1 145.2 145.4 138.0
Peru 0.122 0.117 0.117 0.118 0.120 0.114
Armenia 12.29 11.56 11.51 11.51 11.68 10.97
Azerbaijan 96.61 95.28 95.34 96.47 89.41 90.59
Kazakhstan 2.999 2.998 2.998 2.998 3.006 2.890
Kyrgystan 0.799 0.755 0.744 0.741 0.740 0.715
Tajikistan 0.060 0.055 0.056 0.056 0.048 0.054
Yemen 4.885 4.781 4.750 4.795 4.631 4.494

Notes: Authors calculations using formulas described in the text. These are based on 50 local
poverty lines, and use 102 basic heads. The global poverty line is calculated by weighting each
countryods pover t yupeesbythe estimated number of pebpie beioa the w
line in that country.
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Table 5, continued, povertyweighted PPPs at various bandwidths

Tornqvist Indexes Fisher CPD(W)

Bandwidth Approx. 1.0 0.5 0.1 0.1 0.1

Benin 18.26 17.70 17.68 17.64 17.14 16.87
Burkina Faso 16.12 15.97 15.93 15.91 15.90 15.40
Burundi 3007 29.19 29.17 29.10 29.20 26.63
Cameroon 20.08 19.69 19.68 19.65 19.59 18.62
Cape Vede 4.308 4.297 4.273 4.303 4.354 4.067
Chad 23.17 22.12 22.11 22.10 22.48 21.46
Congo DR 21.30 20.93 20.91 20.88 21.10 20.81
Congo PR 26.19 24.68 24.66 24.67 24.52 23.89
Cote d'lvoire  22.20 21.62 21.58 21.52 21.47 21.16
Djibouti 8.169 7.999 7.974 8.024 8.122 7.913
Ethiopia 0.200 0.194 0.194 0.193 0.197 0.178
Gabon 29.91 29.47 29.56 29.77 29.57 30.67
Gambia 0.912 0.855 0.855 0.853 0.859 0.785
Ghana 350.4 322.8 323.0 322.2 321.8 302.3
Guinea 111.3 105.8 105.8 105.8 104.2 109.0
Kenya 2.287 2.242 2.239 2.237 2.256 2.141
Lesotho 0.253 0.242 0.242 0.241 0.241 0.226
Madagascar  54.38 53.06 52.98 52.97 52.33 56.57
Malawi 3.993 3.909 3.903 3.887 3.782 3.622
Mali 19.29 18.73 18.70 18.71 18.60 18.38
Mauritania 9.466 8.942 8.919 8.875 9.066 8.415
Morocco 0.351 0.336 0.330 0.326 0.324 0.292
Mozambique 707.9 718.9 715.7 714.7 709.6 637.6
Niger 19.02 18.51 18.49 18.48 18.56 17.99
Nigeria 6.217 5.604 5.610 5.621 5.604 5.352
Rwanda 17.32 16.93 17.00 16.99 16.64 15.73
Senegal 21.13 20.28 20.24 20.24 20.45 19 45
Sierra Leone  107.8 103.5 103.5 103.2 102.9 96.47
South Africa  0.265 0.265 0.264 0.262 0.266 0.246
Swaziland 0.257 0.247 0.247 0.249 0.248 0.225
Tanzania 32.00 31.22 31.17 31.15 31.39 30.46
Togo 19.89 19.16 19.14 19.15 19.04 18.70
Uganda 46.74 46.15 46.04 45.76 44.34 40.90
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Table 6: Numbers of observations within the bandwidth around the poverty lines (first
column is total number of households in the survey)

Sample T(1.0) T(0.5) T(0.1) F(0.1) CPD(0.1)
size

India 124644 78724 45623 9670 9761 10003
Bangladesh 7448 5595 3049 616 631 638
Bhutan 4007 1047 469 84 82 81
Cambodia 14984 7014 3392 641 683 650
China* 2000 721 363 74 71 71
Indonesia 64422 22760 10415 1916 2098 1918
Fiji 5244 1761 807 158 158 149
Lao 8071 5589 3197 658 678 686
Malaysia 14084 363 76 11 14 8
Maldives 2728 157 42 11 11 7
Mongolia 11162 4112 1913 339 371 334
Nepal 3912 2329 1349 301 305 305
Pakistan 15839 6993 3198 573 613 547
Philippines 42094 17839 8998 1814 1882 1673
Sri Lanka 16924 4484 1785 342 360 258
Thailand 34785 414 80 8 13 5
Vietnam 9189 4224 1938 345 353 340
Argentina 27245 2304 798 135 136 109
Bolivia 5732 1125 415 77 77 72
Brazil 48466 8446 3138 568 593 635
Colombia 22949 2357 880 166 169 163
Paraguay 2682 580 260 51 47 52
Peru 18911 3464 1227 219 217 214
Armenia 6816 873 322 62 63 60
Azerbaijan 7820 1038 338 64 43 51
Kazakhstan 11986 128 44 6 6 6
Kyrgystan 1081 210 81 14 16 14
Tajikistan 4160 768 290 51 23 52
Yemen 13136 1327 460 67 71 73

* A synthetic dataset was used for China (see Appendix).
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Table 6, continued: Numbers of observations within the bandwidth around the poverty
lines (first column is total number of households in thesurvey)

Sample T(1.0) T(0.5) T(0.1) F(0.1) CPD(0.1)
Size

Benin 5350 3552 2008 422 427 430
Burkina Faso 8494 5795 3330 674 677 685
Burundi 6668 3807 2124 444 436 463
Cameroon 10992 5111 2603 522 524 482
Cape Verde 4584 1967 965 186 197 173
Chad 6697 4279 2318 445 469 448
Congo DR 11959 6626 3508 713 709 714
Congo PR 5002 2742 1389 284 284 276
Cote d'lvoire 10800 5473 2769 562 564 567
Djibouti 2380 794 344 45 49 49
Ethiopia 16672 7966 4206 898 956 697
Gabon 6379 1070 424 74 74 93
Gambia 2238 1326 737 167 171 137
Ghana 8687 4513 2335 443 442 442
Guinea 7095 4901 2755 571 568 569
Kenya 13154 8055 4534 942 966 932
Lesotho 5992 3532 1876 404 404 418
Madagascar 5078 996 391 56 60 82
Malawi 11280 7428 4048 838 855 889
Mali 4494 3065 1843 401 400 406
Mauritania 9385 2991 1335 245 279 219
Morocco 14243 5508 1085 96 93 70
Mozambique 8700 5931 3400 679 668 698
Niger 6689 4419 2438 528 521 532
Nigeria 19158 13019 7350 1572 1565 1574
Rwanda 6900 3326 1496 266 268 297
Senegal 6594 4095 2266 483 490 464
Sierra Leone 3719 2717 1574 352 353 353
South Africa 26215 10039 4772 948 959 913
Swaziland 3794 2907 1739 343 344 385
Tanzania 22178 13996 7670 1601 1587 1604
Togo 7500 5218 3011 616 616 616
Uganda 9711 6295 3641 755 755 737
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Table 7. Estimates of standard errors of Ig P4s from sampling, percentages

T(1.0) T(0.5) T(0.1) F(0.1) CPD(0.1)
India 0.00 0.00 0.00 0.00
Bangladesh 0.07 0.09 0.15 0.18 0.32
Bhutan 0.15 0.17 0.33 054 0.69
Cambodia  0.15 0.18 0.30 0.28 0.61
China 0.05 0.06 0.13 0.13 0.30
Indonesia 0.06 0.08 0.15 0.13 0.29
Fiji 0.16 0.24 0.58 0.87 1.25
Lao PDR 0.17 0.19 0.32 0.27 0.65
Malaysia 0.25 0.62 0.64 0.87 2.76
Maldives 0.52 0.83 1.59 1.49 3.24
Mongolia 0.18 0.21 0.38 0.30 0.79
Nepal 0.14 0.16 0.25 0.23 0.51
Pakistan 0.10 0.13 0.22 0.19 0.49
Philippines  0.09 0.12 0.20 0.20 0.37
Sri Lanka 0.10 0.13 0.26 0.25 0.62
Thailand 0.65 1.02 2.10 0.54 0.78
Vietham 0.11 0.15 0.29 0.27 0.61
Argentina 0.19 0.32 1.09 1.13 1.06
Bolivia 0.24 0.29 0.76 0.74 1.27
Brazil 0.24 0.36 0.83 0.66 1.18
Colombia 0.19 0.31 0.65 0.61 1.25
Paragiay 0.36 0.48 1.28 1.06 2.01
Peru 0.20 0.29 0.63 0.45 1.33
Armenia 0.16 0.23 0.47 0.62 0.92
Azerbaijan  0.33 0.52 0.92 3.11 2.95
Kazakhstan 0.37 0.66 0.45 0.34 1.27
Kyrgystan 0.57 0.83 1.56 1.39 2.28
Tajikistan 0.28 0.46 1.42 0.65 2.28
Yemen 0.52 0.76 2.05 0.90 2.24

Note: The figures shown have been multiplied by 100, and are already standard errors of logs.
Hence, for example, the estimated standard error of the log of the Tornqvist P4 for the Maldives
with bandwidth 1 is 0.0052, or a littever half of one percent. For Armenia, Azerbaijan, Fiji,
Ghana, Kazakhstan, Tajikistan, Kyrgyzstan, and Morocco, we do not have information on the
survey design and have assumed that the surveys are unstratified simple random samples, so
that the standarerrors shown are almost certainly too small. A synthetic dataset was used for
China (see Appendix).
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Table 7, continued. Estimates of standard errors of log P4s from sampling, percentages

T(1.0) T(0.5) T(0.1) F(0.1) CPD(0.1)
Benin 0.16 0.18 0.33 0.36 0.55
Burkina Faso 0.09 0.11 0.22 0.24 0.46
Burund 0.24 0.27 0.46 0.44 1.04
Cameroon 0.25 0.28 0.41 0.53 0.74
Cape Verde 0.31 0.40 0.56 0.62 1.18
Chad 0.10 0.12 0.24 0.27 0.46
Congo DR 0.12 0.16 0.30 0.21 0.51
Congo PR 0.13 0.18 0.30 0.32 0.61
Coéte d'lvoire 0.12 0.15 0.28 0.34 0.53
Djibouti 0.19 0.29 0.53 0.68 1.02
Ethiopia 0.13 0.15 0.26 0.26 0.55
Gabon 0.20 0.30 0.68 0.70 1.15
Gambia 0.32 0.37 0.62 0.63 1.38
Ghana 0.08 0.11 0.23 0.26 0.47
Guinea 0.21 0.26 0.47 0.51 0.86
Kenya 0.08 0.09 0.17 0.22 0.34
Lesotho 0.14 0.18 0.33 0.41 0.62
Madagascar 0.20 0.26 0.54 0.57 1.12
Malawi 0.14 0.17 0.34 0.41 0.59
Mali 0.09 0.12 0.25 0.29 0.47
Mauritania  0.15 0.19 0.35 0.35 0.68
Morocco 0.13 0.26 0.79 0.87 1.68
Mozambique 0.20 0.22 0.34 0.43 0.69
Niger 0.08 0.10 0.18 0.21 0.36
Nigeria 0.09 0.11 0.21 0.22 0.40
Rwanda 0.19 0.23 0.39 0.47 0.88
Senegal 0.08 0.10 0.16 0.17 0.31
Sierra Leone 0.20 0.22 0.34 0.44 0.68
South Africa 0.09 0.12 0.23 0.21 0.44
Swaziland 0.21 0.28 0.60 0.79 1.03
Tanzania 0.15 0.19 0.31 0.36 0.62
Togo 0.09 0.11 0.19 0.25 0.37
Uganda 0.17 0.21 0.41 0.41 0.70
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Table 8: Comparing distances between pairs of alternative indexes
(Root mean squared differences over 62 countries of price of consumption.)

T0 F1.0 FOS5 FO.1 T10 TOS5 TO0.1 C1.0 CO0S5 CO.1

ICP 0.179 0.154 0.155 0.158 0.153 0.156 0.157 0.171 0.176 0.178
F(N) 0.105 0.101 0.104 0.104 0.102 0.106 0106 0.158 0.164 0.167
T(N) 0.093 0.090 0.093 0.093 0.086 0.089 0.090 0.144 0.150 0.153
C(N) 0.107 0.103 0.105 0.105 0.099 0.102 0.102 0.144 0.149 0.152
F(S) 0.073 0.054 0.057 0.057 0.056 0.060 0.060 0.114 0.120 0.123
T(S) 0.073 0.058 0.061 0.062 0.052 0.056 0.057 0.112 0.119 0.121
C(S) 0.084 0.062 0.064 0.065 0.055 0.057 0.057 0.092 0.098 0.102

T0 0 0.062 0.064 0.064 0.058 0.061 0.062 0.121 0.126 0.127
F1 -- 0 0.006 0.011 0.023 0.024 0.026 0.0/5 0.081 0.084
FO0.5 -- 0 0.010 0.023 0.022 0.024 0.072 0.077 0.080
FO.1 -- 0 0.027 0.026 0.026 0.074 0.079 0.081
T1 - 0 0.006 0.012 0.073 0.079 0.082
T0.5 -- 0 0.008 0.069 0.075 0.078
T0.1 -- 0 0.069 0.074 0.077
C1 -- 0 0.011 0.023
C0.5 -- 0 0.019
C0.1 -- 0

Notes: ICP stands for the price of consumption expenditures by individual households, i.e. the
PPP divided by the exchange rate. F(p), T(p), and C(p) are the aggregate (plutocratic) indexes
computed from the sueys, Fisher, Tornqgvist, and CPD(W) respectively, again divided by the
foreign exchange rate. The other indexes are indicated by their first letter, and by the
bandwidths in terms of standard deviations of log PCE, 1.0, 0.5, or 0.1.
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Table 9: Comparing distances between P4s under different poverty lines

(Means, s.d.o6s, and root mean squared di
Mean Standard Distance from P4 Distance from P4
Deviation with PL x 2 with CR PL
Fisher
Original 1.404 0.379 0.057 0.014
PL times 2 1.455 0.384 0 0.050
CR PL 1.410 0.376 -- 0
Torngvist
Original 1.402 0.372 0.053 0.013
PL times 2 1.448 0.378 0 0.048
CR PL 1.406 0.372 -- 0
CPD
Original 1.347 0.373 0.101 0.036
PL times 2 1.437 0.381 0 0.084
CR PL 1.362 0.364 -- 0

Notes: Original indexes are the prices of consumption based on the P4 index with bandwidth of
0.1 standard deviation; the global poverty line is calculated by weighting by the number of poor

people in each of the 50 countries. The PL timases the same 50 country poverty lines as in
the original calculation, but multiplied by two; again, the global line is weighted by the number

of people below the line in each countries. This alternative is intended to mimic the comparison
between dollaa-day poverty and two dolleacday poverty. The consumption price indexes

i ntended
calculated using the poverty lines for 14 of their 15 counitnesdo not have data for Giea

with CR PL,

ar e

t o

mi

mi

c

Chen

Bissau which is excludédnd without weighting, so that the global poverty line is the

unweighted average of the P4 converted value of the 14 lines.
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Table 10: Income and regional effects in poverty PPPs versus PPPs and the ICP
consumption PPP

Fishe Torngvist CPD(W)

Log of ratio of P4 with bandwidth 0.1 to P3 with NAS weights
Iny TO. 01¢(1.6) 1T0.01<(17) T0.02¢<(18)
Asia T 0. 02¢(C(0.3 10.0206 (0.4) T 0. 03¢ (0.5)
Africa T0. 05¢ (10 T0.04¢ (1.0 T0.09¢(12)
Latin America 1T 0. 027 (0.4) 1T0.021(.49 T 0. 03¢t(0.4)
WesternAsia 1 0. 0 3 £ (0.6) 1T 0. 042(0.9 T 0. 08:2(.0
Constant 0.1280 (2.3) 0.1079 (1.4) 0.1858 (1.2)
F regions p) 0.99 0.42 0.89 0.48 1.75 0.15
Not e: I ndia is the omitt Egatdiafetigeiomission of tieh e

regions, together with the associapedalue.
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Table 11: International poverty lines in world rupees

P3 Indexes: Plutocratic Purchasing Power Parities
using unweighted mean of 14 poorest countries as international

poverty line
Source for weights  ICP: NIPA NIPA 105 NIPA 102 Surveys
ICP/ChenRavallion 592.88 -- -- --
Fisher -- 577.4 549.1 541.8
Torngvist -- 570.1 534.0 537.5
CPD -- 563.1 546.3 546.2

P4 Indexes: Poverty weighted Purchasing Power Parities

Poverty line selectior Unweighted Weighted mean of 50 2x weighted
mean of 14 mean of 50
Fisher 557.0 487.9 1020.0
Tornqvist 547.8 485.0 1015.8
CPD 576.9 495.1 1022.2

Notes: The first number in the top panel, 592.88, is the CR global poverty line of $38 a month
($1.25 a day) aoverted into Indian rupees using the conversion factor of 15.602 which is the
PPP for household individual consumption for India relative to the US taken from the final
report. If we calculate this number directly, using the poverty lines of the 15 poouvesties,
converted to international dollars using their PPPs for household individual consumption, and
taking an unweighted average, we get 37.70 international dollars or 588.13 world rupees. If we
exclude Guine#issau from the 15 poorest countriesasdo make the calculations comparable
with our own calculations for which we do not have a survey for Giliesau, we get 37.15
international dollars or 579.62 world rupees. The column headed NIPA 105 shows the simple
average of poverty lines convertatthe PPP for household individual consumption on a NIPA
basis directly calculated in one step according to the aggregation formula indicated, and using
all 105 basic heads. The column headed NIPA 102 is the same as NIPA 105, but with three
basic headsrdpped: FISIM, prostitution, and actual and imputed household rents. The column
labeled surveys also uses 102 basic heads, and also uses an aggregate PPP, but uses surveys to
estimate aggregate expenditures instead of the national accounts. The botish@as¢hree

sets of poverty lines that use P4s (bandwidth 0.5) for conversion to international rupees; in all
cases, the global poverty line is calculated simultaneously with the P4s. In the first column, the
global line is calculated as the simple ageraf the 14 poorest country poverty lines at the final
estimates of the P4s. The second column uses poverty lines from 50 countries, and weighted by
the number of poor in each country at the final global poverty line. The final column also uses
50 countres, and is weighted by the number of poor, but starts from the 50 national poverty
lines multiplied by two.
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Table 12: Ratio of parity for actual and imputed rental to parity for household individual
consumption

Country Ratio of parities Country Ratio ofparities
Chad 0.176 Niger 0.318

Ethiopia 0.520 Rwanda 0.846

Gambia 0.110 Sierra Leone 0.184

Ghana 0.048 Tanzania 0.607
GuineaBissau 0.259 Tajikistan 0.119

Malawi 0.150 Uganda 0.581

Mali 0.525

Mozambique 0.215 China 0.832

Nepal 0.904 India 0.602

Notes The numbers shown are the ratios of the parity for actual and imputed rents to the parity
for household individual consumption. The first 15 countries are the poorest countries whose
national poverty lingare used by Chen and Ravallion in their calooiabf the global poverty

line. China and India are shown for comparison.
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Table 13: Bilateral index comparisons to US, country by country
(Wrupees per US dollar)

Country CPD Fisher Torngvist
India 13.6 17.3 16.0
Bangladesh 13.8 17.5 16.3
Bhutan 13.3 17.5 16.2
Cambodia 13.7 17.5 16.2
China 13.7 17.4 16.2
Fiji 13.7 17.5 16.1
Indonesia 13.8 17.5 16.3
Lao 13.8 17.5 16.2
Malaysia 13.7 17.5 16.2
Maldives 13.6 17.4 16.3
Mongolia 13.8 17.5 16.2
Nepal 13.6 17.5 16.2
Pakistan 13.6 17.5 16.1
Philippines 13.7 17.5 16.2
Sri Lanka 13.7 17.5 16.2
Thailand 13.8 17.5 16.3
Vietnam 13.8 17.5 16.3
Argentina 13.8 17.5 16.2
Bolivia 13.7 17.4 16.1
Brazil 13.7 17.4 16.0
Colombia 13.7 17.4 16.2
Paraguay 13.7 17.4 16.3
Peru 13.6 17.4 16.1
Armenia 13.7 17.4 16.2
Azerbaijan 13.8 17.5 16.2
Kazakhstan 13.7 17.5 16.2
Kyrgyz Rep. 13.7 17.5 16.4
Tajikistan 13.7 17.4 16.2
Yemen 13.7 17.5 16.3

Notes: The numbers shown are bilateral price indexes based on 102 basic heads comparing the
United States to each country. The prices from eé&teacountries are first converted to

wrupees using the corresponding P4s from Table 5 with bandwidth 0.5 so that all numbers are
expressed in world rupees per dollar.
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Table 13, continued

Country CPD Fisher Tornqvist
Benin 13.7 17.4 16.2
Burkina Faso 13.8 17.5 16.2
Burundi 13.7 17.4 16.1
Carmreroon 13.7 17.4 16.2
Cape Verde 13.8 17.5 16.3
Chad 13.7 17.5 16.2
Congo DR 13.7 17.5 16.2
Congo PR 13.7 17.4 16.2
Cote d'lvoire 13.7 17.4 16.2
Djibouti 13.7 17.4 16.2
Ethiopia 13.7 17.4 16.2
Gabon 13.7 17.5 16.1
Gambia 13.8 17.4 16.1
Ghana 13.7 17.4 16.1
Guinea 13.6 17.4 16.1
Kenya 13.7 17.5 16.2
Lesotho 13.7 17.4 16.2
Madagascar 13.6 17.4 16.1
Malawi 13.7 17.4 16.2
Mali 13.8 17.4 16.2
Mauritania 13.7 17.4 16.2
Morocco 13.8 17.5 16.5
Mozambique 13.7 17.5 16.3
Niger 13.7 17.5 16.2
Nigeria 13.6 17.4 16.1
Rwanda 13.7 17.4 16.0
Senegal 13.7 17.4 16.2
Sierra Leone 13.7 17.4 16.1
South Africa 13.7 17.5 16.3
Swaziland 135 17.4 16.2
Tanzania 13.7 17.5 16.2
Togo 13.8 17.4 16.2
Uganda 13.7 17.4 16.2
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Table 14: Globalpoverty lines in US dollars using star conversion factors

CPD Fisher Tornqvist
P4s based on 50 poverty lines
Mean World rupees per US$ : 13.675 17.395 16.108
Poverty line (wupees per capita per 495.1 487.9 485.0
month): 1.190 0.922 0.990
Poverty line (US$ per capita per day
P4s based on 14 poverty lines 13.575 17.211 16.047
Mean World rupees per US$ 576.9 557.0 547.8
Poverty line (wupees per capita per 1.397 1.064 1.122
month):
Poverty line (US$ per capita per day

13.755 15.366 15.169
P3s based on NIPA 102 basic heads 546.3 549.1 534.0
Mean World rupees per US$ 1.306 1.175 1.157
Poverty line (wupees per capita per
month):
Poverty line (US$ per capita per day 12.952 14.504 14.250

563.1 577.4 570.1
P3s based on NIPA 105 basic heads 1.429 1.309 1.315

Mean World rupees per US$
Poverty line (wupees per capita per
month):

Poverty line (US$ per capita per day

Notes: The first row in each panel shows the povedighted averages of the bilateral price

indexes listed in Tabl13. The second row gives the poverty lines in world rupees from the

middle column of the bottom panel of Table 11. The last row is the second row divided by the

first row and multiplied by 12/365 to convert to a per day amount. The first panel, which

contains our preferred results, uses a global poverty line calculated as the weighted average of
the poverty lines of 50 countries, converted using the associated P4s, and weighted using the
number of people in poverty in each country. The second panelataktihe poverty line as the
simple average over the 14 reference countrie
world rupees using the associated P4s. The third and fourth panels use P3s, rather than P4s, and
follow Chen and Ravallion by calculagira global poverty line as the simple average over the
original 15 reference countries. We differ from CR in calculating our own NIPA based P3s

within the poor countries, rather than using the numbers from the ICP, and in using either 102
basic heads in p&l three, and 105 basic heads in panel 4.
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Table 15

Numbers of poor people in 2005 by region using different poverty lines and purchasing power parities (millions)

$38 576.8 557.00 547.83 495.0 487.94 484.96 1022.1 1019.9 1015.79

Popu 15 PL 6 14 PL 14 PL 6 50 PL 50 PL 7 9 50 PL
lation P3 14 PL P4 P4 50 PL P4 P4 50PL 50PL P4
ICP P4 Fisher Torn. P4 Fisher Torn P4 P4 Torn

CPD CPD CPD Fisher
World 5,202 1,319 1,209 1,164 1,129 867 874 865 2,645 2,647 2,643
P4 only 4,311 1,259 1,154 1,113 1,078 824 831 823 2,505 2,510 2,506
EAP 1,811 308 243 234 231 149 155 159 764 764 773
P4 only 1,804 306 241 233 229 148 154 158 761 761 767
China 1,305 212 170 160 163 106 107 114 524 517 528
S Asia 1,451 585 550 516 493 380 370 361 1,140 1,140 1,135
P4 only 1,451 585 550 516 493 380 370 361 1,140 1,140 1,135
India 1,095 456 431 400 386 300 288 284 872 871 868
LAC 535 44 42 40 38 31 31 30 104 106 102
P4 only 310 27 27 26 25 20 20 18 69 71 68
ECA 465 17 14 11 12 9 9 9 44 42 42
P4 only 38 3 2 2 2 1 1 1 8 8 8
SSA 698 355 353 356 349 294 306 303 544 547 545
P4 only 657 333 331 334 327 274 286 284 513 516 514
MENA 242 9 6 5 5 3 3 3 50 48 49
P4 only 52 5 2 2 2 1 1 1 14 15 15

Notes: See Tabll 16.
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Table 16

Fractions of poor people n 2005 by region using different poverty lines and purchasing power parities (percent)

World
P4 only

EAP

P4 only
China R
China U

S Asia
P4 only
India R
India U

LAC
P4 only

ECA
P4 only

SSA
P4 only

MENA
P4 only

$38 576.86 557.00 547.83 495.06 487.94 484.96 102.1 1019.99 1015.79
PO_IOU 15 14 PL 14 PL 14 PL 50 PL 50 PL 50 PL 7 50 PL 50 PL
lation PL P4 P4 P4 P4 P4 P4 50 PL P4 P4
P3 CPD Fisher TOrn. CPD Fisher ToOrn P4 Fisher TOrn

ICP CPD
5,202 25.3 23.2 22.4 21.7 16.7 16.8 16.6 50.8 50.9 50.8
4,311 29.2 26.8 25.8 25.0 19.1 19.3 19.1 58.1 58.2 58.1
1,811 17.0 13.4 12.9 12.8 8.3 8.6 8.8 42.2 42.2 42.6
1,804 17.0 13.4 12.9 12.7 8.2 8.5 8.8 42.2 42.2 425
1777 26.1 21.0 19.8 20.1 13.2 13.3 14.1 59.7 59.0 60.1
527 1.7 1.2 1.1 1.2 0.7 0.7 0.8 11.3 11.0 11.6
1,451 40.3 37.9 35.6 34.0 26.2 25.5 24.9 78.6 78.6 78.2
1,451 40.3 379 35.6 34.0 26.2 25.5 24.9 78.6 78.6 78.2
780 43.8 41.4 38.3 36.8 28.1 27.0 26.5 83.5 83.4 83.2
314 36.2 345 324 314 25.7 24.9 24.5 70.0 69.9 69.7
535 8.2 7.8 7.6 7.1 5.8 5.8 56 19.4 19.8 19.1
310 8.7 8.9 8.6 7.9 6.3 6.3 6.0 22.3 22.9 22.1
465 3.6 3.0 2.4 2.7 2.0 1.9 2.0 9.4 9.0 9.0
38 7.4 4.8 4.1 4.6 2.6 2.3 29 20.9 19.7 20.5
698 50.9 50.6 51.0 50.0 42 .1 43.8 43.5 77.9 78.3 78.0
657 50.7 50.4 50.9 49.8 41.7 435 43.2 78.1 78.5 78.2
242 3.6 25 2.2 2.1 1.3 1.2 1.2 20.5 19.9 20.1
52 9.1 4.2 4.2 4.2 2.2 2.4 25 27.5 27.9 28.2
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Notes: The first row gives details of the basis for the calculations. The first number is the global poverty linedexpnessd

rupees, except in for the Chen and Ravallion calculations in the second column. The second number is the number ofedtional p

lines that go into the construction of the global poverty line. For CR, there are 15 countries in this rgfetgncehe first three P4

indices that follow use the 14 of these for which we have associated household surveys. In the last six columns,ittesigltiizal |

weighted average of the poverty lines for 50 Part Il countries, with numbers of poor peeplghds. In the last three columns, the

50 poverty lines are doubled prior to the calculations. The top row also identifies the purchasing power parity exchasgd este

either P3s, based on national accounts, or P4s, based on surveys, and &sdcad¢hla paper. Finally, in the first row, the source of

the P3 or P4 is identified, the ICP final report for CR, and the aggregation method, CRBisBKS or EKSTArnqvist for the P4s.

World refers to the Part 2 world, excluding rich countries, tvisahe basis for the global poverty calculations. The regions are EAP

for East Asia and Pacific, S Asia for South Asia, LAC for Latin American and the Caribbean, ECA for Europe and Cen8&,rAsia,

for subSaharan Africa, and MENA for MiddleastandNot h Af ri ca. The row | abeledo P4 only
countries for which we have household surveys, and which are included in previous sections of this paper. For Chinarand India

Table 16, rural and urban are shown separatelyl l&gbd A U0 and ARO0. Some part |1 countries
their P3s were imputed by the Bank using regression methods. For the P4s, we use our own calculations for the 60 tountries wi
surveys, and otherwise use imputed P3s. Povertgits were calculated using POVCAL.
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Table 17

Country by country counts of number in poverty and headcount ratios, 2005
(percentages, and thousands)

ChenRavallion: ICP P3s

EKS-Fisher PPPs using 50 Pl

Population  Number poor Headcount Number poo Headcount
ratio ratio

East Asia Pacific
Cambodia 13,956 5,609 40.2 3,942 28.3
ChinaRural 777,482 203,001 26.1 103,327 13.3
ChinaUrban 527,018 9,012 1.7 3,795 0.7
IndonesiaRural 114,470 27,484 24.0 11,527 10.1
Indonesialrban 106,088 19,807 18.7 8,964 8.5
Lao PDR 5,664 2,021 35.7 1,479 26.1
Malaysia 25,653 139 0.5 15 0.1
Mongolia 2,554 572 22.4 364 14.3
Papua N. Guinea* 6,070 1,803 29.7 1,102 18.2
Philippines 84,56 19,129 22.6 11,033 13.1
Thailand 63,003 976 252 0.4 19 0.0
Timor Leste* 83,105 425 43.6 256 26.3
Vietnam 18,956 22.8 9,474 11.4
South Asia
Bangladesh 153,281 77,361 50.5 45,739 29.8
Bhutan 637 171 26.8 100 15.8
India-Rural 780,438 342,066 43.8 210,328 27.0
India-Urban 314,145 113,595 36.2 78,097 24.9
Nepal 27,094 14,820 4.7 10,206 37.7
Pakistan 155,772 35,189 22.6 24,783 15.9
Sri Lanka 19,668 2,032 10.3 781 4.0
LAC
ArgentinaUrban 35,415 1,594 4.5 698 2.0
Bolivia 9,182 1.,802 19.6 1,677 18.3
Brazil 186,831 14,498 7.8 8,874 4.8
Chile 16,295 116 0.7 80 0.5
Colombia 44,946 6,243 13.9 5,991 13.3
Costa Rica* 4,327 103 2.4 38 0.9
Dominican Rep.* 9,470 472 5.0 137 15
Ecuador 13,061 1,277 9.8 1,021 7.8
El Salvador* 6,668 899 13.5 761 11.4
Guatemala* 12,710 1,666 13.1 1,008 7.9
Guyana* 739 54 7.3 35 4.8
Haiti* 9,296 5,387 58.0 4,291 46.2
Honduras* 6,834 1,516 22.2 1,141 16.7
Jamaica* 2,655 6 0.2 1 0.0
Mexico 103,089 1,773 1.7 72 0.1
Nicaragua* 5,463 864 158 o11 9.4

Table 17 continued
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ChenRavallion: ICP P3s EKS-Fisher PPPs using 50 Pl

Population Number  Headcount Numbe poor Headcount
poor ratio ratio
LAC (cont.)
Panama* 3,232 297 9.2 183 5.7
Paraguay 5,899 549 9.3 440 7.5
Peru 27,274 2,231 8.2 1,863 6.8
St. Lucia* 165 29 17.8 18 10.7
Surinam* 452 64 14.2 43 9.5
Trinidad & Tob.* 1,324 7 0.5 4 0.3
UruguayUrban 3,041 3 0.1 1 0.0
Venezuela 26,577 2,652 10.0 2,256 8.5
Europe & C Asia
Albania 3,154 27 0.9 9 0.3
Armenia 3,018 143 4.7 41 14
Azerbaijan 8,392 3 0.0 0 0.0
Belarus 9,776 0 0.0 0 0.0
Bosnia & Herzeg. 3,781 6 0.2 0 0.0
Bulgaria 7,740 0 0.0 0 0.0
Croatia 4,443 0 0.0 0 0.0
Czech R. 10,234 0 0.0 0 0.0
Estonia 1,346 0 0.0 0 0.0
Georgia 4,473 601 134 298 6.7
Hungary 10,087 0 0.0 0 0.0
Kazakhstan 15,147 174 1.2 11 0.1
Kyrgyz R. 5,144 1,122 21.8 408 7.9
Latvia 2,301 0 0.0 0 0.0
Lithuania 3,414 15 0.4 0 0.0
Macedonia 2,034 6 0.3 3 0.2
Moldova 3,877 316 8.1 69 1.8
Poland 38,165 38 0.1 19 0.1
Romania 21,634 162 0.8 0 0.0
Russia 143,150 229 0.2 86 0.1
Slovak R. 5,387 0 0.0 0 0.0
Slovenia 2,001 0 0.0 0 0.0
Tajikistan 6,550 1,408 21.5 428 6.5
Turkey 72,065 1,960 2.7 1,312 1.8
Turkmenistan* 4,833 566 11.7 238 4.9
Ukraine 47,105 47 0.1 0 0.0
Uzbekistan* 26,167 10,156 38.8 5,861 22.4




Table 17 continued

ChenRavallion: ICP P3s EKS-Fisher PPPs using 50 Pl

Population Number Poor = Headcount Number Poor  Headcount

ratio ratio
Sub-Saharan
Africa
Angola 16,095 6.845 42.5 6,541 40.6
Benin 8,490 4,244 50.0 3,050 35.9
Botswana 1,836 423 23.1 341 18.6
Burkina Faso 13,933 7,669 55.0 6,128 44.0
Burundi 7,859 6,391 81.3 5,757 73.3
Cameroon 17,795 4,895 27.5 3,657 20.6
Cape Verde 507 93 18.4 42 8.2
C. African R. 4,191 2,701 64.4 2,538 60.6
Chad 10,146 5,952 58.7 5,196 51.2
Comoros 600 277 46.1 252 42.0
Congo, D.R. 58,741 34,786 59.2 30,134 51.3
Congo, Rep. 3,610 1,953 54.1 1,649 45.7
Citte do 18,585 3,788 20.4 2635 14.2
Ethiopia 75,173 29,348 39.0 24,311 32.3
Gabon 1,291 62 4.8 31 2.4
gﬁ;"nb;a 1,617 506 31.3 551 34.1
oo 22,535 6,758 30.0 5,983 26.6
clineaBissal 9,003 6,287 69.8 5,838 64.9
Kenya 1,597 678 425 612 38.4
Lesotho 35,599 7,020 19.7 5,564 15.6
Liberia 1,981 767 38.7 695 35.1
Madagascar 3,442 2,962 86.1 2,716 78.9
Malaui 18,643 12,645 67.8 11,262 60.4
Mall 13,226 9,769 73.9 8,649 65.4
Mauritania 11,611 5,972 51.4 4,618 39.8
Mozambique 2,963 396 13.4 327 11.0
Namibia 20,533 14,009 68.2 11,293 55.0
Niger 2,020 884 43.8 785 38.9
Nigeria 13,264 8,738 65.9 7,905 59.6
Rwanda 141,356 88,192 62.4 81,492 57.7
Senegal 9,234 6,873 74.4 6,444 69.8
Sierra Leone 11,770 3,943 33.5 3,198 27.2
South Africa 5,586 2,789 49.9 2,624 47.0
Swaziland 46,892 9,636 20.6 5,261 11.2
Tanzania 1,131 705 62.4 613 54.2
Togo 38,478 31,706 82.4 28,401 73.8
Uganda 6,239 2,413 387 1,853 20.7
Zambia 28,947 14,916 51.5 10,606 36.6
11,478 7,379 64.3 6,226 54.2
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Table 17 concluded

ChenRavallion: ICP P3s EKS-Fisher PPPs using 50 Pl

Population Number poor  Headcount Number poor  Headcount

ratio ratio
Middle East
& N Africa
Algeria* 32,854 1,400 4.3 437 1.3
Djibouti 804 149 18.6 135 16.7
Egypt 72,850 1,450 2.0 903 1.2
Iran 69,087 1,002 1.5 256 0.4
Jordan 5,412 21 0.4 5 0.1
Morocco 30,143 892 3.0 229 0.8
Tunisia 10,029 101 1.0 62 0.6
Yemen 21,096 3,698 17.5 907 4.3

* Based on regression PPP.

Notes: POVCAINET calculations for individual countries included in Tables 15 and 16.
Countries shown in italics are countries where werttadurvey to calculate P4s, and
where imputed P3 was substituted in its place.
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Table 18

Numbers of poor people in 2005 by region using P3s under different assumptions
(millions)

$38 588.27 557.80 487.94
Population 15 PL 15 PL 15PL 50 PL
P3 P3 P3 P4
ICP EKS-Fisher EKS-Fisher Fisher

105 BH 102 BH
World 5,202 1,319 1,321 1,194 874
EAP 1,811 308 304 253 155
China 1,305 212 209 177 107
South Asia 1,451 585 574 515 370
India 1,095 456 449 402 288
LAC 535 44 48 42 31
ECA 465 17 13 12 9
SSA 698 355 374 365 306
MENA 242 9 9 6 3

Note: The poverty lines shown in the third and fourth columns in the table (588.27 and
557.80 wrupees) differ slightly from the Fisher NIPA 105 and 102 poverty lines

presented in Table 577.4 and 549.1 wrupees). The reason is that poverty lines
presented in Table 11 are based on PPPs calculated for a set of 62 countries only (the
ones for which we have household surveys), while the poverty lines in Table 18 are based
on similar PPPs calilated using 111 countries for which we had parities.
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Appendix
Al. Adjusting Indian prices

We follow Chen and Ravallion (2008) and assume%Bgiercent of the outlets for food,
clothing, and footwear are urban, and 28 percent are rural. For other goods, everything is
urban.Suppose first that everythingfood, clothing, and footweawith a budget share

of 100 percentWe deal with the more general case beldhen theAll Indian pricein

the ICP is 0.72 urban and 0.28 rural, so we can write

p =0.72p, +0.28 (A.1)

Chen andravalliontake he ratio of the official urbato totalpovertylinesasa measure

of the ratio of urban to rural prices in India. However, a long literature on Indian poverty
has established that this ratio overstates actual price differences; it was originally
establisled as a result of an accounting error but, given the difficulty of changing official
procedures in India, it has never been corrected. Hetesgvan urban to rural price ratio

of 1.15, which isn line with old Indian practice, ardose to the empiricaksults

reported in Deaton and Tarozzi (2000) and Deaton (2004). Hence,

p, =1.15p (A.2)

If we solve those two equations together, we get

_ P
= 4.037 A3
=072+ 0.28 1.15 » (A-3)

Hence, waake 10379times thelCP price and treat it asi¢price for urbarindia, just as
we treat the ICP prices as urban for other countries where we have no rural price
collection, the only difference being the scaling by 1.0379.

The correction above does not allow for goods other than food, clothing, and
footwear, though it is probabhgasonably accurat&he finalreportof the ICP lists an
overall household consumption PR international dollars) for India df5.60, with
food and noralcoholic beverages 21.13, alcoholic beverages and tobacco 31d53, a
clothing and footwear 16.72. So ntwod items are relatively cheap in India, which is
what we would expect. Wetart fromsome overall (All India) budget share weights for
food and beveragealcohol and tobac¢@ndclothing and footwearas well asdr the
three togetherThese are theplutocratic(NIPA) weightsin total expenditure for those
three itemsand for their sumand are taken from the IC®/e then derive a PPP for the
three together, and a PPP for the rest of consumption, by weightinglihelual PPPs
by the plutocratic weightd-or the threeategoriesogether we get a weighted average of
21.13, 31.53, and 16.72.
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w.21.13+w 31.534w 16.7
p, = b : (A.4)
W, + W,

where 1 is the combined groopfood, drinks, and clothingnda, b, andc refer to he
three categorieseparatelyWrite

W=W W W (A.5)

We also have the PPP for the rest of consumpgigrwhich is defined directly from the
ICP, or from

p =15.60 =n; p, & w)p, (A.6)

All of these quatities are known without further calculation.
For the urban and rural adjustment, we have

p,=0.72p, +0.28, (A7)

because the food, clothing and footwB&®P is 72 percent urban and 28 percent rural. For
the other category

P2 = Rz (A.8)

because all of the other prices weodlected inurbanareasWe then have the relation
between the urban and the rural prices. For the first aggregate, we know that the ratio is
about 1.15, so we have

P, = RA,/1.15 (A.9)

For the other category, welkelyagododdedklargewv anyt hi
because there is housing and transportation in there, so perhaps

b, = R,/1.50 (A.10)

Given thisarbitrary assumptigrwe have everything we ad. The urban price is
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P=Wy R €1 W) R, W(1.0379p;) @+w, iR, (A.11)

where the weightarenowtaken fromthe survey dataTo get the rural price, we use

PEW R L WP, WA (LR (A12)

In the calculations, for India as for the other countries, we scaletisehold per capita
expenditure before we start, in order to express all amounts in the same units as the ICP
prices, urban, a mixture as here, or national.

A2. Procedures for China

In our calculations, household survey data are use@) fdefining theconsumption
shares by basic heading at the poverty line, andgiiinatinghe number of poao
calculateour povertyweighted internationgdovertyline. Forthe62 countriesncluded

in our calculationgxceptChina, we had accessttte necessarguvey microdataFor
China, survey microdata were not made available to us. Given its importance in the
overall calculations, dropping China was not an option.

Although not as detailed as one may have wisheeful data are published in an
aggregated forrwhich provide us withthe basic information weeeckd i.e.the
cumulative consumption function and a set of Engel curves. 20@6Statistics
Yearbook(http://www.stats.gov.cn/tjsj/ndsj/2006/indexeh.htthie NationalBureau of
Statisticsof Chinapubishes table®n urban and rural 20@®»nsumption patterns by
income groupTable10.7of the Yearbook providaesrbanhousehold consumption shares
for 8 incomegroups and .7 classe®f products and services. Similar information is
providedby income quinte for rural Chinain Table10.24 for 8 classe®f productsand
services As for thecumulative consumptiodistribution ofurban and rurahousehold,
it can be foundn POVCALNET( avai |l abl e on t heBoWthe | d Bankods
tables from the Yearb&cand the POVCALNET data are based on the 2005 Urban
Household Survey and Rural Household Survey of Cl@oabiningdata from these
two sourcessupplemented by unpublished data on the values of per capita consumption
at the limits of the grouped datae createdwith the help of Yuri Dikhanoa synthetic
survey datsetof 2,000 householdgl,000 for urban, and 1,000 for rurahhis synthetic
dataset was designed to match as closely as possible the data available in the Yearbook
and on POVCALNET.

Producng the synthetic dataset waswo-stepprocessin afirst step,data from
POVCALNET were used toalculate an approximation to the cumulative distribution
function of Chinese household per capita consumpidconverted thgroupeddata
from POVCALNET,separately by urban and ruriato a continuous functional forfor

2 The published tables provide consumption distribution by housé&holdpbgulation deciles or quintiles.
We used information on average household size by income group to calculate the proportion of population
corresponding to these deciles and quintiles.
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the cdfusinga quastexactpolynomial interpolatiotechniquedescribedn Dikhanov
(2005)as follows

A set {F(X)} of M elementss provided, whicldescribes values thatumulative
distribution function takes a§. All other points of the distributiomeed to be
approximatedWithin each intervalXi.1,X], the distribution functioris interpolatedy a
polynomial of the order X(bic polynomial in the form:

2 A x-X
Fa¥=aa'gg—
Lk

n=0 i+1 Xi

(A.13)

-oD0Y,

At the boundaries the polynomials @aeact, and are not interpolatiofi$ie polynomials
are chosen to bevice continuously differentiablacross the boundaries. This property
allows for differential and integral operations wittand its denatives in explicit
analytical form. For example, the mean of the distributi@uld be calculated as

M 3
m= ﬁXdF :a a ain nXi+1+ Xi

i=0 n=1 n+1 (A-14)

whereM is the number of interval8oth tails of the distribution, i.e., the last and first group, are forced to be
log-normal We used these approximations to the ce$timate the minimum and maximum per cepgienditure
corresponding to each income group (8 in urban areas, 5 in rural areas)dgpariddarashares are published.

Synthetic samples were then gateel for 1,000 urban and 1,000 rural households. In each sample, all households
were given a similveightrepresenting 0.1 percent of the 2005 population as published in the
China Statistics Yearbookp that extrapolation of the data woudsult inthe 2005
urban and rurgbopulation The total per capita expenditure of each household was
calculated using the approximated ddéving generated the total expenditure variable,
we ouldthen generate variables providing household expendifuctassof product
and service¢l7 for urban households, 8 for rural househglftdlowing the published
consumption patterrend using Engel curves fitted to those dhatdhis second stepye
alsosplit theclasse®f products and services into ICP basic headirsysg data from
national accountss we did for all other countries

Although this procedure involves data creation, and the substitution of simulation for
actual data, it gives us a set of Engel curves for urban and rural China and a consumption
distribution that match the patterns in the publicatigxsshown in the tabsbelow, he
synthetic surveyatareplicate closely the tables with which we begamajor
advantage of generating such a midedasetvas that China could then Ibeatedas any
other country in our calculations.
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Lorenz curves of totalhouseholdconsumption distribution, and mean per capita
expenditure (Yuan per year). POVCALNET and the synthetic survey

Urban Rural
Povcalnet Synthetic Povcalnet Synthetic
Mean per capita Mean per capita Mean per capita Mean per capita
expenditure:7915.2* expenditure7915.8 expenditure2557.8 * expenditure25533
Cumulative Cumulative | Cumulative Cumulative Cumulative Cumulative | Cumulative Cumulative
Population| Consumption| Population| Consumption Population| Consumption| Population| Consumption
share(%) share(%) shae(%) share (%) share(%) share(%) share(%) share(%)
6.051 1.553 6.100 1.532 0.100 0.014 0.100 0.013
11.681 3.605 11.700 3.571 0.400 0.068 0.400 0.062
17.242 6.021 17.200 5.962 1.199 0.242 1.200 0.230
22.622 8.686 22.600 8.634 4.795 1.244 4.800 1.210
27.953 11.612 28.000 11.597 10.689 3.334 10.700 3.234
33.153 14.736 33.200 14.723 18.382 6.651 18.400 6.420
38.264 18.068 38.300 18.054 22.577 8.702 22.600 8.383
43.344 21.655 43.300 21.582 30.969 13.293 31.000 12.767
48.345 25.457 48.300 25.381 39.061 18.352 39.100 17.592
53.295 29.509 53.300 29.474 50.150 26.353 50.100 25.176
58.206 33.825 58.200 33.786 64.735 39.094 64.700 37.455
63.036 38.386 63.000 38.319 74.825 49.875 74.800 47.933
67.847 43.280 67.800 43.199 81.818 58.712 81.800 56.611
72.567 48.469 72.600 48.478 86.513 65.564 86.500 63.405
77.298 54.132 77.300 54.102 89.910 71.187 89.900 69.039
81.968 60.269 82.000 60.274 92.208 75.446 92.200 73.368
86.5P 66.996 86.600 67.000 100.000 100.000 100.000 100.000
91.139 74.629 91.100 74.538
95.590 83.720 95.600 83.701
100.000 100.000 100.000 100.000

* The 2005 mean per capita expenditure published in the 2006 China Yearbook are respegde&g

Yuan(urban) and 2555.398uan (rural).







