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Introduction

Three important objectives of the Human Development Index (HDI) can
be found in the United Nations Development Programme (1999) Human
Development Keport,

1. It breaks the dominance of the Gross National Product as the index of
development. A single index — just one number — has proved useful in
this achievement, which may not have been possible with any set of
tables (Sen, 1999).

2. It shows the distance that a country has traveled towards the maximum
possible value of 1.

3. It allows comparisons with other countries, both in terms of country
rank as well as in terms of HDI values.

The United Nations Development Programme (UNDPP) HDI is based on three
indicators; longevity, educational attainment, and standard of living, each
assigned equal weights. Longevity is indexed by Life Expectancy at Birth
(LEB), education attainment by Adult Literacy Rate, and Gross Enrolment
HRatio combined in a 2:1 ratio to yvield the overall education level (EDN) and
standard of living indexed by Purchasing Power Parity Gross Domestic
Product percapita (GDP). For each country j, the index values for health
(L), education (£) and income (), are computed as follows:
e = B

" LEB,.. — LEB,,,
where LEB,,., and LEB,,, are set at 85 years and 25 years, respectively,
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where EDN_,, and EDN,_, are set at 100% and 0%, respectively.
_ Iog(GDP) — 108(GDPyi)
7 log(GDP,.) — log(GDP...)

where GDP,,, and GDP,,, are set at $40,000 and $100, respectively.
The HDI value for each country j is then given by:

Country rankings are based on the values of HDI, with higher values giving
countries a better rank.

The fixed maximum and minimum values (limits) for each
indicator

The estimation of index values for each indicator using the fixed maximum
and minimum values, also referred to as ‘limits’, are useful in meeting the
second objective stated earlier (i.e. they tell us how far the country is from
the ‘minimum’ and how far it has to go before it reaches the 'maximuam’),
or as Ray (1998) puts it, "ultimate bliss".

It is evident from the equations already specified to calculate L, £, and
s, that the choice of the maximum and minimum fixed limits will affect HDI
values for each country. Kelley (1991) points this out:

. ... the HDI turns out to be quite sensitive to the choice of maximum
life expectancy. As an experiment, I set the adequate/desirable life
expectancy at age 73' and evaluated the impact. This raised 22
countrics from ‘Jow’ to medium human development and raised
another ten countries from ‘medium’ to ‘high’ human development.

We make two comments on this observation. First, reducing LEB,,, from 78
to 73 seems quite unjustifiable when some countries have already achieved
a LEB of 78 years.” Second, given a fixed cut-off HDI value to categorize
countries as Tow’, ‘'medium’ and ‘high’ development, it is guite obvious that
reducing LEB,,,, will raise HDI values for all countries, and consequently
some countries will move from a lower to a higher level of development.

Referring to Dasgupta (1993), Atkinson ef al. (1999) make a similar
argument of the sensitivity of HDI values to a change in limits:

... if the minimum wvalae of X was to change, the HDI of all
countries would change, even though nothing need have happened
in those countries to alter the ‘output’ of health, education or the
‘input’ of income,

However, what is interesting to note is not the mere sensitivity of HDI values
to the choice of limits, but the sensitivity of HDf-based ranking to the
choice of limits. The sensitivity to limits we refer to is not what Kelley
(1991) points out, where countries move from one level of development to
another with their new HDI values, but the possibility of an interchanging
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or re-ordering of HDI-based country ranks. In other words, for given indicator
values, with one set of limits we may have a situation where country 1 is
ranked better than country 2; but with a different set of limits, country 2 is
ranked better than country 1. If so, an HDI-based country ranking or ordering
is not robust or consistent with respect to the choice of limits.

Understanding thg effect of limits on HDI-based country
ranking

We illustrate our argument with a hypothetical two-country example. Table 1
presents the HDI and HDI-based ranks, for each country (country A and
country B) with the following limits: LEB, ., = 85 years and LEB_, = 25 years,
EDN,. = 100% and EDN, = 0%, and GDP,,, = §40,000 and GDP,;, = $100.

Suppose we now change the limits to LEB,,, = 82 years and LEB,;,, = 42
yvears, with the limits for EDN and GDP remaining unchanged. HDI values
will obviously change. However, and more interestingly, we see from Table 2
that the HDI-based ranking of countries A and B also change.

Let us try to understand why HDI-based rankings change in this example.

1. To give equal importance to health, education and standard of living in
human development, the HDI is constructed as a simple average of the
health index, the education index and the income index. The explicit
equal weights assigned to each indicator conceals the fmplicit assumption
that 0.6 years of LEB, 1% in education level and a real adjusted income*
of $150 for country A (denoted as $150,) and $123 for country B (denoted
as $§123,) are ‘equal’. This is so because an increase in any one of these
indicators by these respective amounts would make an equal contribution
of 0.01 o the individual indicator index and 0.0033 o HDI vaiue. In
other words, the equality between health, education and income is
actually fixed by the maximum and minimum walues chosen for each
indicator. A ¢change in the limits for LEB from 85/25 to 82/42 then means
a change in the stated terms of equality from 0.6 years LEB= 1%

Tams 1. HDI 2nd HD-based manking based on UNDP limits

LEB EDIN GDP I E, G, HDH, Rank,
Country A 65.4 90 2500 0.67 090 05373 07024 1
Couniry B T2.8 79 2000 0.0 0.7%  0.50 L6967

Tamui 2. HIDE and HD-hased canking with changed LEB limits

LEB EDN GDP L E, G, HDY, Rank,
Couriry A 65.4 90 2300 0585 090 05373 06741
Country B 72.8 79 2000  0.770 D79 050 0.6867 1
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EDN = $150, or $123," to ‘0.4 years LEB= 1% EDN = $§150, or $§123,.
The increase in the implicit weight to LEB with the change in its limits
enables country B to improve its rank from 2 to 1.

2. A careful look at Tables 1 and 2 also reveals that a change in LEB limits
not only changes in the absolute LEB index value for each country, but
also the spread berween the LEB index values, from 0.13 (=0.80 — 0.67)
o 0.185% (=0.770 — 0.585%). This causes the switch in HDI-based ranks of
country A and country B with the change in LEB limits.

We use these important insights to develop an adjusted HDI (in later section
‘The adjusted HDI"), which gives country manks that are invariant to the
choice of limits.

Borda Count-based country ranking

Before presenting the adjusted HDI, we draw attention to a ranking method
that is independent of the choice of fixed limits, based on the Borda Count®
(Dasgupta, 1993 Atkinson et al., 1999). This independence of ranking from
the choice of limits gives equal weights to health, education and income
without any implicit equality in values of LEB, EDN and GDP® Column (C7)
in Table 3 gives country ranks based on Borda Count. The difference in
country ranks based on the UNDP-HDI method and the Borda Count method
can be ascertained from Columns C6 and C7 in Table 3.

A Borda Count-based ranking tells us litthe about the difference in
country achievemenis, both in absolute terms as well as relative to other
countries. Consider a ranking of Canada, Norway, the United States and
Sierra Leone. The Borda Rank for Canada may be 1 out of 4, that for Norway
3 out of 4 and that of Sierra Leone 4 out of the four countries ranked. Does
that mean Norway is closer in development to Sierra Leone than to Canada?

Also, from Table 3. we find thit the United States moves from a HDI-
based ranking of 2 to 11.7 A slightly lower value in LEB and EDN values for
the United States as compared with Canada, Japan and European countries
forces down its individual indicator rankings to 24 and 10, respectively. On
the contrary, the score that the United States receives from its income rank
does not reflect the relatively large difference in income between the United
States and some of these countries.

In addition to these limitations as a ranking method, the Borda Count
does not meet the objectives of the HDI stated in the ‘Introduction’.

The adjusted HDI

Based on the earlier third section ‘Understanding the effect of limits on HDI-
based country ranking', we propose an adjusted HDI (AHDI) that, like the
HDI, meets the objectives listed in the ‘Introduction’, and at the same time
gives country rankings that are invariant to changes in the fixed limits.
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The method to calculate the AHDI is as follows,

1. Let:
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! =L, — L, where [, is the maximum actual LEB index value, say, of
country b, and [, is the minimum actoal LEB index value, say, of
country &

e=F_ — E_ where E_ is the maximum actual EDN index value, say, of
country m, and £, is the minimum actual EDN index value, say, of
country n
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g =G, — G, where G, is the maximum actual GDP index value, say, of
country p, and G, is the minimum actual GDP index value, say, of
country 4.

2. Take the minimum of (7, e, g). Let us suppose that /<eand I <g (ie. [l is
the minimum or least value among I, ¢ and g).

3. Then, let ¢* = lfe and g* = l/g.
4. Adjust L, E; and Gj as follows.
Since { is minimum, let:

al, = L for all j
ak, = ¢*E, for all j
aG, = g'G, for all §

aHDL, = (aL, + ak; + aG)/3

Choose max, (aHDL) and (HDIL).

Let v = (HDL)/max{aHDI)

8. Let AHDI, = ¢(aHIDI)

9. Rank countries according to AHDI with higher values getting a better rank.

Let us return to the example given in the earlier third section, and calculate
the AHDI on the basis of the method just elaborated.

With limits as LEB,.., = 85 and LEB,,, = 25, EDN,... = 100% and EDN,,, =
0%, GDP,,, = $40,000 and GDP_, = $100, we have (from Table 1) I=0.13
(=080 —0.67), e=0.16 (=095 —0.79 and g =0.0373 (= 0.5373 — 0.50).
min(l, e, @) =g =0.0373. I' =g/l = 0.2869, and " =g/e = 0.340. al, = I*(L),
aE, = ¢'E, and aG, = G, With v = (0.7024/0.3451) = 2.03, we calculate the
AHD and rankings as presented in Table 4.

With new limits for LEB as LEB,_ =82 years and LEB_, of 42 years
and other limits remaining unchamged, from Table 2 we find /= 0.185
(=0585—-0.770), e=0.11 (=095—0.79) and g=0.0373 (=0.5373—
0.50). min{l, e, g)=g=0.0373. I*"=g/l=02016, and e*=g/e = 0.340.
al,=I"(L), aF,=¢’E, and aG, =G, With v =(0.6741/0.3204) = 2.10, we
calculate the AHDI and rankings as presented in Table 5.

T A

Tanck 4. AHDI and AHD-based ranking with UNDP limits

IEB EDN  GDP al, af, G,=aG, aHDL, AHDI,  Rank
Country A 654 90 25000 0192 0306 05373 0351 0024 |
Country B 728 e 2000 K205 02685 0,50 03327 06771 2

Tame 5. AHD and AHD-based mnking with changed LEB limls

LEB ED¥N GIP al, af;, G=0G, aHDi AHDL Rank
Country A 65.4 o0 2500 018 0306 05373 03204 0.6741 1
Couniry B 738 i 2000 0155 02686 050 03079 06478 Z
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This simple example is useful to highlight some important features of
the AHDI.

+ The method proposed to calculate the AHDI first scales down each
indicator index value proportionately so as to equalize the spread for all
indicator index values to that of the minimum spread in indicator index
values, In Tables 4 and 5, the spread between al, aF, and aG, is equal to
min{, e, g)=g = 0.0373. One can also think of this as an implicit adjust-
ment in limits 1o \I:qtlﬂ.li:w the spread between the maximum and minimum
indicator index values.

» This scaling down of indicator index values will mean that aHDIL, < HDIL,.
For instance, suppose country j has reached index values of 1 for all three
indicators. Then if, say, /<e and / <g, the aHDIwill not be equal to 1.
The claser I, e, g are in value, the smaller will be the difference between
HDI, and aHDI,. However, since the aHDI, values can be lowered signifi-
cantly compared with HDI, values,* we then scale up the aHDI, to AHDI,
by the constant, ¢ This makes the AHDI values comparable with the HDI
values.

+ It is also interesting to note that, given equal weights to LEB, EDN and
GDP the difference between maximum and minimum aHDI values will be
{1/3[mind/, e, g)]) and the difference between maximum and minimum
AHDI values is {¢(1/3)[mind/, e, g)).

+ We have shown that, unlike HDI-based rankings, AHDI-based rankings are
invariant to change in limits. At the same time, unlike the Borda Count
method, the AHDI meets the objectives of HDI.

Comparing the HDI, the Borda Count method and the AHDI

Table 3 compares the HDI, the Borda Count and the AHDI for United Nations
Development Programme (1999) country data. As expected, we find that
country ranks do not change with a change in the choice of limits,

Conclasion

We have shown that HDI-based country rankings are not robust or consistent
with the choice of fixed maximum and minimum indicator values. One way
to overcome this problem is 10 use a Borda Count-based country ranking
method. This method, however, does not meet the objectives of the HDIL
The proposed AHDI, like the Borda Count method, is invariant to the choice
of fixed maximum and minimum indicator values, and at the same time
meets the objectives of the HDL

Notes

1 Instead of 78 yeurs, a4 set by the UNDP in its 1990 Human Develofment Report.
2 Porcountrics wheee LEB 275, ;= 1.
% X, refers to the fth component of the index (heatth, education, ete.).
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4 [(LEB,. — LEB,)/100], [(EDN,,. —EDN_/100] and log(GDP) = [0.01[log(GDP,,.) —
log(GDP,)] + log(GDP,.)). Since income is indexed on a logarithmic scale, the amount
of income that contributes (.01 to &, will Increase with the absolute level of income.

5 For ranking using the Borda Count, cach country is first rankcd by indicators separately.
A score for each country 5 computed as the sum of indicator ranks. Overall country ranks
are assigned on the basis of these scores, where a lower score means a better country
rank. A change in indicator fimits will change indicator index values for the countries bat
not their ranking, which makes the Borda Count-based ranking independent of the choice
of limits.

6 Such as 0.6 years LEB £ 1%, EDN = $150, and §123, GDP

7 The difference in values and ranks reported in United Nations Development Programme
(199973 and Table 3 are due to differences in decimal places considered for rounding off,

8 The large change in HDI values from Table 1 is because of the small value of g This may
not be the case for a larger sample where differences in the values of I, e and g dre not so
large. However, the scaling up of aHDL 1o AHDI, by v takes care of this problem.

2 With UNDP limits, we can sec that in Table 3 (from C2, C3 and C4), /=0713,334
(=0916.66-0.20333%), ¢=0848 (=09933—-01453), g=07TZ12I8681 (=
0.956,718,192 — 0.235,499,511). Therefore, min{d, e, g)=I{=0.713334. &' =Ife=
0.841,195,754 and g* =0989.067558. For, say, Canada, al,=L=090, aF=
€"(0.99) = 0.832,783,7 and ag, = g"(0.90) = 0,890,160,7. aHDI, for Canada = 0.874,314.8.
v'=0932/0.874,314.8 = 1.065977.6.

10 With the change in limits, we must first determine the new L, £ and G; values (this is not
shown in Table 3). We will find the following: { = 0.570,666 (= 0.733,333% — 0.162,667).
e=0848 (=09933—0.1453), p=0625552 (=0829813—0.204,261). Therefore,
mindl, e, g3 =1=0.570,666. ¢ =Ife=0.672,955188 and g" = I/g = 0.912,259.892. Then,
for, say, Canada, al,= I, = 0.72, af = 0.666,226 and aG,= 0.715,15. aHDI, for Canada is
0. 700,458 ¢ = 0.831,311/0.700,458 = 1.186,810.6.
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