
Technical note 1. Properties of the human poverty index

This technical note states, establishes and discusses some i.mpo'tam properties
of the human poverty index. Intended as an aid to understanding the index,

Lhese properties are derived with respect to a more general definition of the
human poverty index P(o:) than that actually used in tlus Report. This allows

the possibility Lhat the weights on the three poverty subindices may differ, so

that P(o:) is a weighted mean of order a of PI' P1 and Py
Thus, letLingw, > ObetheweightonP,(c. 0), fori = 1,2,3, we define the

generalized mean Pta) as

But for each i = 1,2,3,

111erefore, since a > 0,

(J)
Using the right-hand-side inequality for each P," in equation 3 gives

The weighted mean reduces to the ordinary mean of order a when w, = I for

every i. With w, = w2 = w
J

= 1, we have simply

(2)

The mean of order I (a = I) is the simple we.ighted or unweighted arith­

metic mean of PI' P2 and Pj' TI1US

w,P, + w2 P, + wJPJP(l) = -
W, +W1 +W J

= ~ (p, +P2 +PJ ) when 'W, = I for every i.

Can the human poverty index Pta) be interpreted a' a headcounL or inci­

dence of poverty? While PI' P1 and P
J

are the he"dcounL or incidence of poverty

in each of three separate dimensions, Pta) cannot be generally thought of as
the headcount raLio with respect to a I overty line (hyperplane) drawn in the

producL space of Lhe three variables. Instead, P(a) is an ~1Verage, albeit of order

a, of the three subindices PI' P2 and 1\ If Lhc incidence of poverty happened
to be the )"me in every dimension, then Pta) would clearly be equal to this com­

mon number, since

[ ]

I/t/. ( )1/"w P(al" + l/) P(a)t/. + w P(a.)" 'W pet + w,P" + W pet
I 2 J =P(a) = " _ 2 ) J .

WI + W 2 + W J WI + UJ2 + WI

This obserwtion allows u. to inLcrpret Pta) as the degree ofov' rall poverty that

is equivalent to baving a headcount ratio of P(a)% in every dimension.

The first property of Pta) that we establish is central to understanding it as

a me-dn of PI' P2 and PJ" TIus property is thaL P(a) always lies between the small­

est and largest values of P" for i = 1,2,3.

P!{OPOmON 1.

Similarly,

Hence

Since a > 0, it follows that

The generalized mean Pta) is construct d for values of a?l. As shown, its

limiting value when a = 1 is simply the arithmetic mean of PI' P2 and Py In
propo ition 7 we show that the larger a is, the larger Pta) will be. For exposi­

tionaJ reasons, it is convenient to demonstrate at this stage that as a tends to

infinity, the limiting vaJue of Pta) is max {PI' P2, P).

PROPOSITION 2. As a -t 00,

PROOF. Let Pk be the largest-or in the case of ties, one of the largest-P"

for i = 1,2,3. Thus

Then from proposition I, for any a > 0, we have

(4)

PROOF. By definition of Pta). we have

Now

Technical note I is from the HwlltlJl Deve!opmml Report 1997 background paper by Sudhir Anand and Amartya K. Sen, "Concepts of Human Development and

Poverty: A Multidimensional Perspective."

TE 'II ICAL NOTE~ 117



Therdore, silKe a > 0, Therefore

p(a)~( WI,lnIl +W2
(5)

iJP(a) _ W, [ J~ ]"',1
iJp' - 10

1
+ W 2 + W J Pta)

> 0 because w, > O. 0

Letting ex~ 00,

In the unit weights case (w, = 1, for i = 1,2.3) this reduces to

so that lim P(a)~Pk'
a~oo

Moreover, for a = I, so that PU ) is simply the weighted or unweighted arith­

metic mean of 1',. we have

But from equation ..j we also have

lim P(a)~Pi"
a~oo .

Hence

lim P(a) = 1'" =max{?I'P,.p.}. 0
a----7 OO '" - )

or

ClP(l)

ClJ~

w,

iJP(l) J

Clr, '3

TI,e next prop<:rty of P(a.) that we demonstrate is that the index i homo­

geneous of degn:<: I in the subindices 1'" p~ llnd Pl' In other words, if the inci·

dence of poverty in <:ach dimension is halved (multiplied by A> OJ, the valuc

of the aggregate index Pta) will be halved (changed to A. multiplied by P(a)l.

PRoposmON 3. p(C!) is homogeneous of degree I in (PI' 1'2' p l ).

PROUE Let A > 0 be a scalar number. and let Pta) be the value of the human

poverty index com:sponding to (I'" 1'2' Pl)'

( J

IIIl

WI?I" + w?p,'" +WlP;'P(a) = • • .
WI+Wl+tO~

TI,e value of the human poverty index COITe ponding to (AP" Ap2• AP j) is then

given by

[ ]

1" [ ]1/"w (AP )'" + W (AI' J'" + W (AP )" A."'(w 1''' + W 1''' + W P")[I 1.2 33 _ II "22 ,3

W I +/D2 +W j - W1+WZ+W}

= "P(a), 0

TI,e next property of Pta) that we derive is that Pta) is monotonic increas­

ing in each P" for i = 1,2,3.

PROl'OSrnON 4. For each i = 1,2,3,

iJP(a) >0.
iJI';

PROOI·. from the definition of the generalized mean Pta) we have

Differentiating partially with respect to p,.

oP(a)
(w +u' +w ) aP(a),,·1 -- = W ap"-I.

I 2 J iJp" ,

lIS

For an aggregate poverty index p(C!) composed of distinct pm'ert)'

subindices PI' 1'1 and I' \' it seems clearly desirable that Pta) should be increas­

ing in each Pi' Also de irablc is then P(a) should increase at an inerea ing rate

in P,-in other words, that Pta) should be conwx with re 'peel to 1',. This is

equivalent to saying that P(a) decreases with reductions in 1'" and at a dimin­

ishing nlte. The next proposition establishes that our aggregator function P(a).

for C1 > 1. c10es satisfy this property.

PROI'O,"TION 5. For eaeh i = L 2, 3,

iJ~P(a)
--->0.

Clr,~

PROOF.

from equation 5.

Now

[ ]

",1 []"'z [ ]iJ~ ~~) =(a-ll p;~) iJ~ ::~)

=«(l_I)[~]"'z [P«(ll-P Clp«(l)]/p(al2

P(a) , iJl~

1',,·2 [ Pw pU·1 ]=(a-l)-'- P(al- , , ,
P(a)" (w t +w2 +w\)P(a),H

(JP(a)
substituting for from equation 5

iJp'

(a-IJZ::,,·2 [(WI + It'z +w3)P(a.)" - W,l~"'].
P(a)" (Ill, + 1/)2 + w J )P(U),,·I

IIUMAN DEVELOP1\ilENT REPORT 1997



[knee

>0

because a > I and

(WI +W1+w))P(a)" -W,?," = L,W,P,'" > O. 0

'"

The next property we can 'ider is the efFeet on the aggreg.ate index pea) of
increasing the weight 10, on a particular plwerty subindex PI' We expcct that
increasing the weight on the largest subindex, max {PI' Pl , P,}. will increase
P(a), while incrcasing t.he weight on the smallest subindex, min (P" P2, P,),
will reduce Pta). Bur whar would b" the effect of increasing th" weight on a
middle P,? The answer depends on the relationship between P, and P(Y.).

PROPOSITION 6. For any i,

(}p(o.)
~ 0 as P, ~ pea)

aw,

PROOI·. From the definition of Pea) we have

Differentiating both. ides partially with respect to I{J"

aJ'(a)
(iL' + W + 1L' kxP(a)"-' --+ P(a)" = P"

, 1) aw, ' .

ap(r.d
(w + w + 1L' )a))(o.)a-' -- = pa _ P(a)o.

I 2 .) . dW
I

' .

1knc", since a > 0,

ap(a) ~ 0 po. ~ p( )a
-< as I <: ex ,

(Jw,

thar is,

PI<OI'OSITlllN 7, For given P" P1 'lI1d p) that are not equal, if a> y> 0, then
Pta) > Ply).

PRom. Let ex > y > O. By deFtnition of Pea) and Ply), we have

P(al" =
w,

P(' +
w2 P? +

w,
P"3

WI +11'1 + 11.', WI +w2 +w) ll..', + W l + W 1

and

P("!)Y =
WI p Y W 1 Pi +

w) pr,+
WI +w 2 +w) n', +Wz + w) WI + llJ1 + U'j

Raising both sides or the second equation to the power (0./"1) (> 1 because
0. > y> 0),

Now nxl = x" Y is lJ strictly convex [unction, since

f'(x)=(a!y)xlo./rl-\

and

["(x) =(a!y ;[(a!y) -.I},o.nH

> 0 because (a!y) > 1.

I-lcnce, by Jensen's inequality applied to strictly convex functions f(· l, since PI'
P

1
and P, are not equal, we have the strict inequality

Using the strictly convex function f(x) = xo. 1y gives

as P, ~ pea) 0

For a = 1 wc h'lve

[ jo./Y
P(y)Y <

(}PO)

(Jw,
---[p, -pm]
!.lll +w1 + W l

~ 0 as P, ~ PO ).

t.hat is,

P(y)" < P(a)".

Since u > O. it follows that
'TI1e next pl't)perty we consider is the elTeet on pea) of raising the pamme·

tel' value ex for given values of the subindices P" for, = 1,2,3. It shows that
the value of the aggreg.atl' indL:x will be higher when ,I higher·order mean is
formed of PI' P, and P" In particular. a mean of order ex> .I will rc'ult in a
Pea) that is grc'l~er thai; P( ll, the simple arithmeric mean or PI' P2 and J\

TECIINICAJ un"

P(y) < 1'(0.). 0

Letting y = I and 0. > I, we have thL: corollary that

lL' P + U',/,\ + IV P
Pla) > PO) = I' - - I I

w j +w1 +w\

the simple weighteJ arithmetic mean of PI' P1 and P,.
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We next investigate the "decomposability" of the human poverty index
among groups within a country. Suppose the population of a coulllry i divided
into Itt mutually exdu ive and exhaustive groups. The groups may be d ··fined
in terms of ·tratum (urban, rura\), region (by state, province or district) or gen­
der (male, female). Let /1 be the size of population grouP)~ for) = 1,2, ..., /1/,

and tet/1 be the size of rI~e IOtal population of the countty. Then

'"n=Inj .

/=1

Let PI)' P<J and Pj) be the values of the three poverty subindices PI' P1 and Pj

for group}, where) = 1,2, ..., ttl. Final.!y, let P/a) denote the me,U1 of order

a of PI" P1; and P
jJ

for grouP). By definition, we have

J In.

What is the relationship between Pia) and the P
J
(a) for) = I, 2, ... , /I/?

Strict decomposability of the index Pia) would reljuire that p(ex) be Hpopula·
tion-weighted average of the Pyx), the population weights beingn) In. But sui (
decomposability does not generally obtain.

The telationship between the values ofHgiven subindex for differelll groups
(for example, PI)' for) = 1,2, ..., m) and the overall vHlue of (he subindex (for
example, PI) is straightforward enough. As the indices are simple headcoul1ls
of poverty, we have

'" n
I If- PI) = PI .
)=1

III n
I -;1- P1) = P2,
)=1

m n.
and I -;1- Pj ) = PJ'

J=I

But when the a-averages of PI}' P1; and PJ) are formed for each) 10 give Pia).
the population-weighted average of the P}ex) exceeds Pia).

PROPOS1TION 8. For a;e I,

IJ/ n
I -'-- P (ex) ~ Pla).
;=1 II I

PROOF. For each) = 1,2, ..., m, we have

Applying MUlkowski's inequality (Hardy, Littlewood llnd Polya 1952. p. 30) to

(1I,1I1)P I,' (lI,1n )PlI , (n/n)P jJ for) = j, 2, .... If! yields

1/(1

>II

I

t)"

Hence

( J

I/"
"' /1 w P"+w P"+w po.I -'--P (0.) ~ I J 1 2 J J

n I w +w +w
/=1 1 :! 3

Therefore

m 11

I If- P/(a)? Pta). 0
;=1

The weak inequality in propo-ition 8 wil.! be a strict inequality unless eitller

a = lor U't" Pb' P) and (PJI., PlX' Pj/J are proportional for all) and k.
A simple example with non-proportionality of the group poverty subindices

shows why decompo ability (equality in proposition 8) does not obtain for a > I.
Suppose the 1opuJation is divided into two mutually exclusive and exhaustive
groups) = 1,2 of equal size (II /n = JI)II = 1/

2
), with values ofpo erty subindices

as follows:

(P'I' P21 , P lI ) = (0.25, 0.5,0.75),
and (P'2' Pll' PJ2) = (0.75,0.5,0.25).

Hence

and ofwiously Pta) = 0.5.

Now for group I

120

/1.
-Lp (a) =
II I

( )" ( )" ( J"
n n· n·

w -.Lp +w -L.p +w -.Lp
J Jt. I) 2 11 2} J 1'1 3/

II" P,(C/.) = [(';.J(O.25)" + (1/j )(0.5)" + ('/j )(0.75)"J"o.
> OJ, by proposition 7 since a > 1,

and (or group 2

P2{a) = [(I/J )(0.75l'" + (1/)(O.5)U + l'/)(0.25)"J I1'"

> 0.5, by proposition 7 since a > 1.

Therefore

('/2)Pt{a) + ('/1lP,(a.) > ('/2)(0.5) + (11)(0.5)
= OJ
= Pia).

Taking the group aritllmetic means of each pOVCl'ty subindex (end~ to
reduce or leave unchanged the relative disparity among rile three poverty
subindices. As a result of this feature the a-average of the arithmelic means of
group ubindices is smaller than the arithmetic mean u( a-averages of group
subincLices.

Finally, for a given value of a(;e I), we discuss the degree o( substiturabil-
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ity bc:rwee:n the poveny subindice' PI' P2 and PI in the: aggregate measure P(a).
The elasticity of substitution berween, say, PI and P2 along an iso·P(a) curve
(holding P, constal1l) is defined a the percel1lage change in (P/P

1
) for a unit

percel1lage change in the slope of the tangent along lhis CUlve (projected onto
P,'P2 pace allhe given value of Pj)' For the index Pta) the elasticity of sub·
sLitution is constant along each level set ofPta) and the same for different level
sets. By propo iuon 3, Pta) is homogeneous of degree I in (PI' P

2
, PJ), and

therefore its level set arc homothetic.

PRoPOsmo, 9. The elasticity of substitution cr between any two subindice of
Pta). that is, between any two of PI' P2 and Pj , is con tant and equal to l/(a-ll.

PROOf-, Consider the elasticity of substitution nctwe:en PI and P2 , holding P
J

constant. The slope of the tangent along an iso·P(a) curvc in P,'P1 space is
given by

By definition, the daslicity of subSlitulion cr between P, ~l1d P
1

is

ulog(PjP,)

ulogx

From equation 5 in propo ition '1 we have

Therefore

and

(
P ) I (w) Ilog -.!.. =--lug --.1.. +--Iogx.
P2 a-I /L'I a-I

l-Itnce the elasticity of substii.·ution

cr= ulog(PjP2 ) =_1_. D
ulogx ().-I

'Ii ( IlNlt AL j\;()Tl.S

Thus, if a = I, there is infirLite, or perfe t, sub titutability between P, and
Pl' And as a • 00, there is no substillll.abililY between PI and Pl ' As a
increases from I, the ela ticity of substillltion decrease monoronically from
00 to O.

Ifwe choose a = 1 (lhe case of perfect substitutability). the aggregate index
P(a) is the simple arithmelic mean of the three subindices PI' P

l
, Pj' As a tends

to infinity, the subsullltability becomes z<:ro, and the aggregate index tends to
the maximum of the three ubindices, max {PI' Pl , PJ}. In general, the elas­
ticity of subslirution berween any two of the subindice , holding the other con­
stant, is cr = 1/(a-l).

With a = I and infinite substitutability, the impact on Pta) from a unit
increa. e (or decrease) of any subindex is the same, irrespective of the level of
deprivation in the differel1l dimensions. Thi cOl1lraclicts the usual as ump­
lion that a' the extent of deprivation in any dimen ion increa es (given the
others), the weight on further additions lO deprivation in that dimension
should als increa e. For this we need (1. > 1. The value of a also in£]uences,
correspondingly, the relative weightlO be placed on deprivation in the differ­
<:nt dimensilms. Con 'iJer, for example, PI = 60% and P2 = 30% (with, ay,
PI = -15%1. In this case. for any a the relative inlpa t of a unit ino'ease in PI

compared with a unii. inctease in P2, which is given iJl general by (PI IP2)rJ.-I,

eqllnls 2"-', Wil h C1. = I, ,hp "el>lrive imp~lct is given by 1. As was remarked
earlier, as ex tends to infinity, P, becomes the only determinant ofP(a.), so that
it· impact i' infinitdy larger than that of a unit increase in P2' which has, in
thi' ca e, no impact at all.

The relative impact increases as a is raised from l. With a = 3, the relative
impact is 4, giving the dimension of doubly greater deprivation (PI) muc:h
gteater weight. The relative inJpact rises very fast with the raising of a, as is dear
from the formul", For a = 5, rhe relative impact of a unit increase in P, is as
much as 16 times that of a unit increase in P"

For calculating the human poverty ind~x, a = 3 has been cho en, This
gives an ehlsticity of substitution of '/2 and places greater weight on those
dimensions in which deprivation is larger. Il does not, however, have the
extremism of zero substitutability (given by 0. tending to infinity), nor the
very high \'alues of relative impact that are generated a a is raised (increas­
ing the rdative impact. in the case Jiscussed abo\'e, from -1 to 16 a a goes
from 3 to 5). There i an inescapable arbilrariness in the choice of a. The
right WHy to deal with this i ue is lO explain clearly what is being as. umed,
as ha' been atlempted here, so that public critici'm of thi' assumption is
po sible.

As H matter of intellectual continuity, it should be mentioned thal the value
of a = 3 corresponds exactly to the weighting used to calculate the gender­
related devclol menr index (GOll.
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Technical note 2. Computing the indices

The human development index

Th.: HOr i based on three indicators: longenty. as measured by life expCCll1ncy
Jt hirth; .:ducational :lll'linmcnt, a' measun:d by a combination of adult lit.:r­
acy (t\\'o-third~ wt.:ighl) and combin.:d primarv. secondary and tertiary enrol­
ment ratios (one.:·third weight); and swndard of li"ing, as measured by real
GOP per capita (PPP 'J.

for the construction of the ind.:x, fi.·e.:d minimum and maximum valu.:,
h,lVc bct.:n cstahlishcd for "ach of thesc indic'l1ors:

Life expectancy at birth: 25 years and 5 YClU'S

• Adult literacy': o'v., and 100'J'<,
Combined gross "nrolm.:nt ratio: O')" and 100%

• Real GOP per capita (PPP,): $100 and $-10,000 (PPP$).

for any component of the HOI. indi"idual indices can he computed
according to the general formula:

Actual x value - minimum x value
Index=' ,

J\llaximum x, valu" - minimum x, value

If. for example, lh.: lifc expectancy at hirth in a country is 65 years, th"n the
inde;., of life .:xpectancy for this Ctluntrv would be.:

Aduh literacy index

Greece = 96.7 -0 96.7
0.967

100-0 100

Gabon = 62.6-0 62.6
0.626

100-0 100

Combined primary, secondary and tertiary enrolment ratio index

Greece = 2-0
O. 20

100-0

Gabon = 60- 0
0.600

100- 0

Educational attainment index

Greece = 12(0.967) + 1(0.820)] 7 3 = 0.918

(,5 - 25 _ JQ
,'5 - 25 - 60

0.667.
Gaboll - [210.(25) + I(O.600)j -;- 3 = 0.617

TIle construction of the income index is a little more complex. 111e world aver­
agt.: income of $5,835 (PPP ) in 199-1 i, wkcn a. the threshold level (J"l. and
any income abo\'<: this level is discounted using the following formulation based
on Atkinson'~ formula for the utility of incom,,:

Ir' t.\) = /' for 0 < y < y.
= y" + 2[1y_y")11J 1'01'1'*$ .I' $ 1)'''
=,." + 2(y"d 1)+ .3[1)'-2.1'<,)IIJ for 21':'$ .1' $ 3.\'*

)' = 1'* + 1(.\'*11)+ 31(1'-21") 11 J + 1I{l1-(II- J)y"]} I •

for (II - 1).1'*;<; .I' $II~/'.

To calculate tht.: di 'Counted value of the maximum income ofS-10,000 (PPP ),
the following form of Atkinson's formula is used:

Il' (.\) = 1" + l(y' 1.1) + 3(.. "1 ') -1(y'd ') + 51.1"01 ')
+ 6I1",j'(') + 711"" I,) + 81 (-10,lJOO - /V':,)I"J .

This is because $-10,000 (PPPSI i~ between 7.1'" :\IlJ 8y". With the ubow fur·
mubtion, the discounted valu" of the maximum incoille of $40,000 IPPP ) is
$6, 15-1 (!)PP 0).

The construction of the 1-1Dl is illustmted with twO cX<1Inples-Gre.:ece and
Gahan, an industrial 'LIld ,I Jewloping country.

Adult Combll1ed
Life literacy enrolment Real GDP

expectancy rate ratio per capita
Country (years) ("!o) (%) (PPP$)

Greece 778 96.7 82 11,265
Gabon 54.1 626 60 3,641

Life expectancy index

Adjusted real GOP per capita (PPPS) index
Gr':t.:ce', re,,1 GOP per capit" at . 11.265 (PPP$) is above the thr.:shold b,ei,
but less than twice th" thrt.:shold. Thus the adjusted real GOP per capita for
Grcece would be $5.9 1 (PPP,'j because $5,9 2 = [5,8.35 + 2( 11 ,265
- 5,835)11].

Gabon's real GOP per capit:1 ,It 3,6-11 (PPP$l is less than the threshold

""·el. so it needs no adjustment.
Thu. the adjusted real GOP per capita (PPP$) indice for Greece and

Gabon would be:

Grc"ce
5.982 - 100 5. 82

0.971
6,15-1- 100 6,05-1

Gabon =
3,6-11- 100 3,5-11

0.58-1
6,15-1- 100 6.05-1

Human deveiopmeDt index
TIlt.: llD1 is a simple average of thc life .:xpt.:ctllncy index, educational attain­
ment index and adjusted real GOP per Glpita (PPP$) indt.:x, and so is d.:rived
by dividing the sum of th"se thr"e indices by 3.

Adjusted
real GDP

Ufe Educational per capita
expectancy attall1ment (PPP$)

Country II1dex II1dex Index HDI

Greece 0880 0918 0972 0923
Gabon 0.485 0617 0584 0562

reece =

Gabon =

122

77.8 -25
85 - 25

5-11- 25
85 - 25

52.

60

29.1
60

(U;80

0.-1 '5
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The gender-related development index and the gender empowerment measure

Fur comparisons among counuie , the GDI and th~ GEM are limited 10 dala
\I'idely 'Ivailablc in international data set·. for this year's Repon we have
endeavoured to use the mo t recent, reliable and internally onsistel1l dara.
Colle ting more extensive and more reliable gender-Jisaggregated data is a
challenge that the i11lernational community houldquarely face. We continue
to publish result on the COl and the GE I-based on the best available esti­
mates-in the expectation that it will help increase the demand for such dma.

The gender-related development index
The COl use the same variable as the HOI. The difference is that the GDI
adjusts the awrage achievement of each ountr), in life expectancy, eJuC<lljonaJ
attainment and income in accordance \vilh the disparity in achie\'ement
betwel'n women and men. (For a dewikd explanation of the GDI methodol­
ogy see technical note I in Humall DeL'e!opmelil Reporl 1995) For this gender­
sensitive adjustment we use a weighting formula that expresses a moderate
aversion to inequalit); selting the weighting parameter, E , e4ua1 to 2. 111is is
the h'lI'monic me,tn of the male and female values.

The COl also adjusts the maximum and minimum values For life
expectancy, to accounl for the fact thar women tend to live longer than men,
For women the maximum value is 87.5 years and the minimum value 27.5 ye'lrs;
[llr men the con·e. ponding values ,Ire 82.5 and 22.5 year .

Calculating the index for income i bid)' complex. female and male
shares of earned income are derived from data on the ratio of the average
female wage to the average male wage and the female and male percentage
shares of the economically active population aged 15 and abm·e. \'V'here data
on the wage raLio are not available. we use a value of75%, the weighted mean
of the wage ratio for all countries Wilh w,tge data. Before income is indexed,
the a\'erage adjusted real GOP per capita of each coumry i discounted on
the basis of the d.isparity in the female and male shares of earned income in
proponion to the female and male population shares.

The indices for life expectancy, educational 'Illajnment and income are
added together with equal weight to derive the final GDI vnlue.

illusrration of the CDI methodology
\~~ choose Norway to illustrate the tel' for calculating the gender-related
development index. The parameter of inequality aversion, E, equals 2. (Any
Jiscrepnnlies in results nre due to rounding.)

Pereellilige .~hare ollolal pOplI!1I1101l

Females 51
Male 49
Life I'Xpeclfll/(Y al17lrllo (yellr.,)

Female 80..J
Males 74.6
Adu!llileraq rale (percelll)

Females 99
Males 99

CO/llhilll'd pl'llllary, -,ecollda/')' IIl1d lertial'1' )!.1'fJ.U ellro!mell/l'lIl/e! (pcrcenl)

Females 9.l
Mnles 92

TLPU!\L

C(Jwp"llilg Ihe equlllly dl.\lnbuled !ife expeClallCI' Ilidex

Lift: e.\peelllne)' lIldex

females ( O..J - 27.5)/60 = 0.8 2
lales (7.J.6 - 22.51/60 = 0.86 >

The /'qll,d!y J/lll'lhuled /Ife 07,eelallC)' illJl!x

{[( kmale population ,hare X (female life Cxpt'Cl<lncy index) II + lm'tle PQPU­

IaLion share x (male life expectancy index) I J }.I

10.51 !O.882) 1 + 0..J91O.86 ) 1J I = O. 75

II ell I( \1 OTi

TCP'lWO

COIl/I'/lllIl)!.lhe ef/Ilid/r dillrJ!?lIled eJllealiO/w! al/llill/Jlelll illdex

Adu!1 !i/el'tlll' illdex

Females (99 - 0)/100 = 0.990
Mab (99 - 0)/100 = 0.990

COli/billed .~ro.\T eJlrolmenl illdl'x

Female' (93 - 0)/100 = 0.930
lale' (92-0)/JOO = 0.920

EdIiUltIUI1<J! lI!tamwenl mdex

2/3(adult literacy index) + 1/3(combined gross enrolment index)
Females 2/3(0.990) + 1/3(0.930) = 0.970

hIles 2/3(0.9901 + 1/3(0.920) = 0.967

The e{I"{d!l' d/J'/rlbllleJ educaILOI/{/! alllllltlilellt index

{[fcmale population shal'ex (educational ntlainme11l indcx)-I] + [male popu­
lation shan: x (educational attainment index) I]} I
lO.51(O.970)·1 + 0..J9(O.967l IJ I = 0.968

STEP TllilliE

ComplI/illg /be equally dlSln/?uled meDIl/e lilllex

Percelliagl' sbare oftbe e"Vllolllica!!y aclilJe popII!alioll

Females .J5.5
Males 5.J.5

Rlilio vllclllale lloll-agricu!llIra! wage 10 lIIale ll{Jll·a,~ri('J(!lurullL'lIge· 0.870

Alliusled rell! GOP perm!,i"l. PPP$6,073 (sec the section ahove on the HDl)

A COlllpulmg proporllOllu! mWlIle Ibal'es

Average wage (Wrl = (female sh"re of economically ~lCtive p pulation x femalc
wage) + (male economically active population xl)
1O..J55 x 0.870) + (O.5.J5 x J) = 0.9~1

Fema!e II'lIl',e 10 al'emge ICtlgc' (\Ii'>
O. 70/0.9.J I = 0.925

!l'la!e I/Jage 10 ,wert/fl.e wage (Wr)

I/O.9.J J = 1.063

Sbal'(' o/elll'll,>d mcolll/'

NOLl': I(female wage/average wagel x female sh'"'e of economically "clive popu­
laLionJ + [(male wage/average wage) X male hare of economic"lly aClive popu­
lationl = J
Females

FL'male wuge/femnle cconomieally active I opul:ttion
O.<J2.J7 x O..J55.l = 0..J210

J\tlles
NI'lle wage/male economically active population
1.063 x O. -.J = 0.579

Fellla!e dlld ma!e proporlint"d illcome,b,m·.'

Females
Female share of earned incomelfemale population hare

0..J21/0.505 = n. 3.J
Males

Male share of earned incomdmak populaLion share
O.579/0..J95 = J.l69
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0.8274 x 0.374 = 0.3094
1.l031 x 0.626 = 0.6095

B. Computing the equally distributed iI/come index

The weighting parameter (E = 2) is applied.
{[female population share x (female proportional income share)-I) + [male
population share x (male proportional income share)-IJ}-I

[0.505 (0.834)-1 + 0.495 (1.169)-1)-1 = 0.972
0.972 x 6,073 = 5,903
(5,903 -100)/(6,154 - 100) = 0.959

STEP FOUR

Computing the gender-related development index (CDI)

1/3(0.875 + 0.968 + 0.959) = 0.934

The gender empowerment measure
The GEM uses variables constructed explicitly 1O measure the relative empow­
erment of women and men in political and economic spheres of activity.

11,e first two variables are chosen to reflect econom.ic participation and
decision-making power: women's and men's percentage shares of administra­
tive and managerial positions and their percentage shares of profes ional and
technical jobs. The I' are broad, loosely defined occupational categories.
Because the relevant population [or each is different, we calculate a seperate
index for each and then add the two together. 11,e third variable, women's and
men's percentage share' ofparliamentary seats, is chosen to reflect political par­
ticipation and decision-making power.

For all three variables we use the methodology of population-weighted
(1 - E) averaging to derive an "equally distributed equivalent percentage"
(EDEP) for both sexes taken together. Each variable is indexed by dividing me
EDEPby50%.

An income variable is used to reflect power over economic resources. It is
calculated in the arne manner as for the GDI except that unadjusted rather
than adjusted real GDP per capita is used. The maximum value for income is
mus PPP$40,OOO and the minimum PPP$100.

11,e three indices-for economic participation and decision-making, polit­
ical participation and deci ion-making, and power over economic resources-­
are added together to derive the final GEM value.

llIustration of the GEM methodology
We choose Cameroon to illustrate me steps in calculating the GEM. The para­
meter of inequality aversion, E, equal 2. (Any discrepancies in results are due
to rounding.)

STEP ONE

Computing iI/dices for parliamentary representation and adminiumtive and man­
agerial, and professional and technical, positions

Percentage share ofparliamentary repreIerltation
Females 12.1
Males 87.8
Percentage share ofadministrative and managerial pOIitions
Females 10.1
Males 89.9
Percentage share ofprofessional and technical positions
Females 24.4
Males 75.6
Percentage share ofpopulation
Females 50.38
Males -19.62
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Computing tbe EDEP for parliamentary representatiol/
[0.4962(87.8)-1 + 0.503W2.l)-I) = 21.3

Computtilg tbe EDEPfor administmtive and managerial positiolls
[0.4962(89.9)-1 + 0.5038(10.1)-'] = 1 .05

Computing tbe EDEP/or professional and tecbmcal positions
[0.4962(75.6)-1 + 0.5038(24.4)-IJ = 36.75

Indexing parliamentary representation
21.30/50 = 0.426

Indexlilg admlllistrative and managerial positiolts
18.05/50 = 0.361

Ind/').7ng professional and technical positions
36.75/50 = 0.735

Combining tbe indicesforadministratlrJe and managerial, andprofessiOl/al amI tecb·
lIical, positiolts
(0.361 + 0.735)/2 = 0.548

STEP'rwO

Computing the indexfor sbal'e a/earned income

Pera'lIlage share 0/ecollomiCllfly active populatioll
Females 37.4
Males 62.6

Ratio offemale non-agricultural wage to male non-agricultural wage: 75%

Unadjusted real CDP per capita: PPP$2,120

Ratio offemale wage to average wage (Wj and ofmale wage to aL'emge wage (W):
W = 0.374(0.75) + 0.626(1) = 0.9065
Female wage to average wage: 0.75/0.9065 = 0.8274
Male wage to average wage: 1/0.9065 = 1.1 031

Sbare ofeaTl/ed income
Note: [(female wage/average wage) X female share of economically active popu­
lation] + [(male wage/average wage) X male share of economically aCLive popu­
lation] = 1
Females
Males

Female and male proportional income sbares
Females 0.3094/0.5038 = 0.6141
Males 0.6905/0.4962 = 1.3916

Computing the equally distributed income index
[0.4962(1.3916)-1 + 0.5038(0.6141)-']-1 = 0.8496
0.8496 x 2,120 = 1,801
(1,801 -100)/(40,000 -100) = 0.0426

STEP THREE

Computing tbe GEM
[1/3(0.0426 + 0.0548 + 0.426)] = 0.3389
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The human poverty index

fu, an example. we compute the I lPI [or EgYl)l.

HPI = 11/3( 16.6) + 49.5) + IO.3Jl)]II)

= r1/3(-\,57-\.30 + 121,287.38 + 1,102.30)]11)
= [1/3(126,%3.98)11'
= (-\2.321.33 )11)

= 3-\.8

STEP'lWO

CUIWn/Clillg tbe HPJ

9.01.021.049.5

P
_ 21 + I + 9 _l.!. _ 1033

J- 3 -3-'

1'\
(%)
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STEP ONE

C,dculaliilg P1

Egypt

country

TI,e lLPI concentrme, on depri\'ation in thr~e essemial dement of human life
already reflected in the HDI-Ionge\'it); knowledge and a decent standard of
living. TI,e hr.t deprivation relates to sUlvi\'al-the vuJnerability to death at a
rdatively early age. The second relate to knowledge-being excluded [rom the
world of reading and communicHtion. The third relate, to a decent udng st,ln­
dard in terms of overall economic provisioning.

In construcring the I-lPI. the deprivation in longevity is represented by the
percentage of people not expected to survive to age 40 (PI)' and the depriva­
tion in knowledge bv the percentage of adults who are illiterate (P ,). The depri.
\'arion in a decent liVing standard in terms or o\"erall economic p;ovisioni.ng is
repre ented by a composite (P) of three variables-the percentage of people

without acces to safe water (Pi\)' the percentage of peolle without access to
health services (Pll) and the percentage r moderately and severdy under­
weight children under five (PIll.

TI,e composite variable P is con -tructed by tHking a simpk Hverage o[ the

three variables 1\, P12 Hnd P\I' Thus

Fo!Jowing the analysi' in chapter I and reelmical note I, the formuJ:1 or HPI is
given by
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TECHNICAL NOTE TABLE 2.1
Human poverty index

Deprivation in economic provisioning (P3)

Survival Deprivation
deprivation in education Underweight

People and knowledge Population Population children
not expected Adult without without access under

to survive illiteracy access to to health age five Human poverty
to age 40 (%) rate(%) safe water (%) services (%) (%) index (HPI)

1990· 1994 1990-96 1990-95 1990-96 Overall value
HPI rank (PI) (Pz) (P31 ) (Pn ) (P33) (P

3
) (%)

1 Trinidad and Tobago 5.4 b 2.1 3 0 7' 3 4.1
2 Cuba 6.2 d.• 4.6 11 0 11 4 5.1
3 Chile 4.6 d.• 5.0 15' 3' 1 6 5.4
4 Singapore 3.2 d.• 9.0 0' 0' 14' 5 6.6
5 Costa Rica 4.1 b 5.3 4 20' 2 9 6.6

6 Colombia 6.3 b 8.9 15 19 8 14 10.7
7 Mexico 8.3 b 10.8 17 7 14' 13 10.9
8 Jordan 9.2 b 14.5 2 3' 9 5 10.9
9 Panama 6.2 d•• 9.5 7 30 7 15 11.2

10 Uruguay 5.4 d.c 2.9 25' 18' 7' 17 11.7

11 Thailand 8.9 b 6.5 11 10' 26' 16 11.7
12 Jamaica 4.3 b 15.6 14 10' 10 11 12.1
13 Mauritius 6.2 d.• 17.6 1 0' 16 6 12.5
14 United Arab Emirates 3.6 b 21.4 5 1 69 4 149
15 Ecuador 9.9 b 10.4 32 12' 17' 20 15.2

16 Mongolia 16.0 h.1 17.8 20 5' 12 12 15.7
17 Zimbabwe 18.4 d.) 15.3 23 15 16 18 17.3
18 China 9.1 d.k 19.1 33 12 16 20 17.5
19 Philippines 12.8 d.1 5.6 14 29 30 24 17.7
20 Dominican Rep. 10.2 b 18.5 35 22 10 22 18.3

21 Libyan Arab Jamahiriya 16.2 b 25.0 3 5 5 4 18.8
22 Sri Lanka 7.9 d•• 9.9 43 7' 38 29 20.7
23 Indonesia 14.8 d•J 16.8 38 7 35 27 20.8
24 Syrian Arab Rep. 10.3 b 30.2 15 10 12 12 21.7
25 Honduras 10.8 b 28.0 13 31 18 21 22.0

26 Bolivia 19.6 d.1 17.5 34 33 16 28 22.5
27 Iran. Islamic Rep. of 11.7 b 31.4 m 10 12 16 13 22.6
28 Peru 13.4 d., 11.7 28 56 11 32 22.8
29 Botswana 15.9 b 31.3 7' 11' 15 ' 11 22.9
30 Paraguay 9.2 b 8.1 58 37' 4 33 23.2

31 Tunisia 10.5 b 34.8 2 10' 9 7 24.4
32 Kenya 22.3 b 23.0 47 23 23 31 26.1
33 Viet Nam 12.1 b 7.0 57 10 45 37 26.2
34 Nicaragua 13.6 b 34.7 47 17' 12 25 27.2
35 Lesotho 23.9 b 29.5 44 20' 21 28 27.5

36 EI Salvador 11.7 b 29.1 31 60 11 34 28.0
37 Algeria 10.6 b 40.6 22 2 13 12 28.6
38 Congo 22.1 b 26.1 66 17' 24' 36 29.1
39 Iraq 15.4 b 43.2 22 7< 12 14 30.7
40 Myanmar 25.6 b 17.3 40 40 43 41 31.2

41 Cameroon 25.4 b 37.9 50 20 14 28 31.4
42 Papua New Guinea 28.6 b 28.8 72 4' 35' 37 32.0
43 Ghana 24.9 b 36.6 35 40' 27 34 32.6
44 Egypt 16.6 d• 49.5 21 1 9 10 34.8
45 Zambia 35.1 b 23.4 73 25' 28 42 35.1

46 Guatemala 14.5 d.c 44.3 36 43 27 35 35.5
47 India 19.4 d k 48.8 19 15 53 29 36.7
48 Rwanda 42.1 b 40.8 34' 20 29 28 37.9
49 Togo 28.4 b 49.6 37 39' 24' 33 39.3
50 Tanzania, U. Rep. of 30.6 b 33.2 62 58 29 50 39.7

51 Lao People's Dem. Rep. 32.7 h.1 44.2 48 33' 44 42 40.1
52 Zaire 30.0 b 23.6 58 74' 34 55 41.2
53 Uganda 39.0 d•n 38.9 62 51 23' 45 41.3
54 Nigeria 33.8 b 44.4 49 49 36 45 41.6
55 Morocco 12.3 d.J 57.9 45 30' 9 28 41.7
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TECHNICAL NOTE TABLE 2.1
Human poverty index (continued)

Deprivation in economic provisioning (P3)

Survival Deprivation
deprivation in education Underweight

People and knowledge Population Population children
not expected Adult without without access under

to survive illiteracy access to to health age five Human poverty
to age 40 (%) rate (%) safe water (%) services (%) (%) index (HPI)

1990' 1994 1990-96 1990-95 1990-96 Overall value
HPI rank (P1) (Pz) (P

31
) (P32) (P33) (P

3
) (%)

56 Central African Rep. 35.4 d., 42.8 62 48 27 46 41.7
57 Sudan 25.2 b 55.2 40 30 34 35 42.2
58 Guinea-Bissau 43.2 hi 46.1 41 60 23' 41 43.6
59 Namibia 21.1 d.) 60.0° 43 41 26 37 45.1
60 Malawi 38.3 d•1 44.2 63 65 30 53 45.8

61 Haiti 27.1 b 55.9 72 40 28 47 46.2
62 Bhutan 33.2 h•1 58.9 42 35' 38' 38 46.3
63 Cote d'ivoire 23.1 d.n 60.6 25 70' 24 40 46.3
64 Pakistan 22.6 b 62.9 26 45' 38 36 46.8
65 Mauritania 31.7 h•i 63.1 34' 37 23 31 47.1

66 Yemen 25.6 b 58.9° 39 62 39 47 47.6
67 Bangladesh 26.4 b 62.7 3 55 67 42 48.3
68 Senegal 25.3 d.p 67.9 48 10 20 26 48.7
69 Burundi 33.8 b 65.4 41 20 37 33 49.0
70 Madagascar 32.1 d.1 54.20 71 62 34 56 49.5

71 Guinea 41.3 h.1 65.2 45 20 26 30 500
72 Mozambique 43.8 b 60.5 37 61 ' 27 42 50.1
73 Cambodia 31.9 h•1 65.0 r 64 47' 40 50 52.5
74 Mali 28.4 d•n 70.7 55 60 31 c 49 54.7
75 Ethiopia 35.7 b 65.5 75 54 48 59 56.2

76 Burkina Faso 36.1 b 81.3 22 10 30 21 58.3
77 Sierra Leone 52.1 b 69.7 66 62 29 52 59.2
78 Niger 43.2 d 86.9 46 68' 36 50 66.0

a. Data refer to 1990 or a year around 1990 b Obtained by combining two sets of mortality risk estimates. UNICEF estimates of the probability of dying by age 5 and
UN Population DIVision estimates of the probability of dying between the ages of 5 and 40 (3,qS)' Estimates were Interpolated uSing the Coale-Demeny "West" family of
model life tables. For all countries life expectancy at birth In 1990 IS estimated as the arithmetic average of estimates for that period in UN 1996b, as explained III H,li
1997. c. Data refer to a year or penod other than that specified in the column heading, differ from the standard definition or refer to only part of a country d. UNICEF
estllnates of the probability of dylllg by age 5 plus Independent estimates (Hill 1997) of the probability of dying between the ages of 5 and 40. e. Based on registration
of deaths around 1990. f Wasting (moderate or severe). g. UNICEF field office source. h UN Populatton Division. based on life expectancy at birth I. UN Population
DIVision, obtained by finding estimated life expectancy at birth 111 1990 (obtained by linear interpolation between the 1985-90 and 1990-95 estimates) and then find­
Ing the Implied 40qO and 6OQOvalues in the Coale-Demeny "West" model life tables. Keyfltz and Flieger national life tables were used to calculate the ratio of life expectancy
at btrth to 40QO and 6OQOaround 1970 and around 1985; for each country the ratios for 1990 were then esttmated by linear extrapolation These ratios were plotted
against time and found to change In similar ways over time across countnes. giving a senes of parallel lines. The estimated ra 10 and estimated life expectancy at btrth
were then used to obtain estimated nsks of dying by age 40 and age 60, as explained In HIli 1997. j Based on DemographiC and Health Survey dtrect Sisterhood esti­
males of plObabllity of dying between the ages of 5 and 50, extended from 50 to 60 using a Coale-Demeny "West" model life table fitted to ."Q,. ~c explained In HIli
1997 k. World Bank 1993 I. Based on registered deaths after adjusting for estimated completeness. m. UNESCO 1995. Data are for 1995. 11. Based on DemographiC
and Health Survey direct sisterhood estimates of probability of dying between the ages of 15 and 50, extended to cover ages 5 to 14 and 50 to 60 uSing a Coale-Derneny
"West" model life table fitted to 3SQ,S' o. UNDP 1996d. P Plson and others 1995 Q. Human Development Report Office estimale based on national sources. r. UNICEF
1996b
Source Column 7' Hili 1997. column 2 calculated on the baSIS of data from UNESCO 1996b; columns 3 and 4 calculated on the basis of data from UNICEF 1997. col­
umn 5 UNICEF 1997
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