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Abstract

This study applies Theil’s second measure for looking into inequality in access to improved water
source. This index allows inequalities to be broken up within and between groups. An analysis of
188 countries for the period 1990-2012 demonstrates three observations: first, decline in ine-
quality in access to improved water source is characterized by both within-group and be-
tween-group inequality elements; second, between-group inequalities are at present the key con-
tributor of the entire inequality scenario; and lastly, an inclusive study on within-group inequali-
ties divulges the significant role played by Central and South American and Middle East countries
towards increase in inequalities and countries pertaining to North America, Asia and Oceania, Af-
rica, and Europe towards decline in inequalities.
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1. Introduction

In the year 2013, the West-Indian state of Maharashtra and parts of other states suffered from a sever water cri-
sis. However, that is not an aberration for India, as already there have been four droughts in India since the dawn
of the new millennia [1]. This is especially worrisome for the nation, where more than half of the population is
employed in agricultural sector and more than an eighth of the Gross Domestic Product (GDP) originates from
the same [2].

Average annual per capita availability of water in India has reduced at an alarming rate and decreased to 1545
cubic meters per capita as per the 2011 census, which was 1816 cubic meters as the time of the 2001 census.
This implies an alarmingly high fall rate of about 15 per cent. Beyond the receding quantity, the water quality
has shown unpalatable levels of organic pollution in different river stretches across India [3].

From a sustainability point of view, the crisis seems to be even more severe. As Figure 1 depicts, India’s Annu-
al freshwater withdrawals as a percentage of the total per cent of internal resources already exceeds 50 per cent.
As India is hoping to maintain a high GDP growth rate, pressure would further increase on water resources due
to increasing population, urbanization and industrialization. In essence, India can be said to be undergoing a
water-stress with a rush towards water-disaster.
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Figure 1. Annual freshwater withdrawals, total (% of internal resources).

This rate of freshwater withdrawal, along with possibly slower replenishment, is very high as compared to most
other nations, including highly populated China and water-poor South Africa, as depicted in Figure 1. However,
despite apparent better performance, countries world over are not necessarily doing great vis-a-vis protection,
augmentation, and propagation of water resources. For example, despite more freshwater availability and lesser
exploitation than India, China is far more vulnerable to water stress than India. The reason lies in the fact that it
is home to 21% of the world’s population but it contains only 7% of the world’s freshwater supplies [5].

Water is not distributed evenly across the world and the water flow is often contrary to the population distribu-
tion. As depicted by Table 1 below, it is clear that despite a far lower population share, the average river runoff
is much higher in some parts of the world. At the same time, it must be noted that a lot of this water is inaccessi-
ble, further increasing the water stress [6].

Table 1. Continental Breakdown of Share of Global Runoff and Population

Region Total River Runoff (%) Share of Global River Runoff (%) Share of Global Population (%)
Europe 3,240 8.0 13.0
Asia 14,550 35.8 60.5
Africa 4,320 10.6 12.5
North and Central America 6,200 15.2 8.0
South America 10,420 25.6 55
Australia and Oceania 1,970 4.8 0.5
Total 40,700 100.0 100.0

Source: Global Change [6].

Water distribution and scarcity has been getting belated attention in the past sometime primarily due to climate
change becoming a reality faster than expected. The Water Foot Print (WFP), a water intensity measure created
by the WFP Network, depicts the volume of water needed for the production of goods and services consumed by
the inhabitants of the country [7]. The WFP per capita map, as shown in Figure 2, shows that developed coun-
tries are the most water intensive. This figure shows green areas as less water intensive on per capita basis,
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whereas the movement towards red color depicts increase in water intensity. Since it is per capita basis, it must
be seen in conjunction with Table 1 above, showing absolute availability of water. It is clear that on one hand
the developing world is endowed with less water, the per capita availability is further lowered due to high popu-
lation in most poor countries. Herein, Africa is naturally less endowed against India and China’s population
share lowering the per capita water footprint.

However, as shown by Bhattacharya and Sinha [8], water scarcity has risen between 1990 and 2012. For a sam-
ple of 188 countries, they categorically show that disparity per capita water availability disparities has increased
at within-group as well as between group levels.
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Figure 2. World-wide Water Foot Print Per Capita.

Water is often misunderstood in binary terms as if it is available till it is there and will suddenly become una-
vailable. The problem with such binary approach is that policymakers often treat water as a non-economic
commodity, which is given by the nature and would remain present in abundant supply. Therefore, the present
day impact of shortage of water is often ignored or underplayed. However, Hanemann [9] presents a very con-
vincing argument about why water should be considered an economic commodity. Going a step further, Sullivan
[10] and Lawrence, Meigh and Sullivan [11] calculate a water poverty index for the world. The measure pro-
vides an understanding of the impact of water deprivation on increase in poverty.

In the present study, an attempt has been made to compute inequality in access to improved water source among
188 countries spanning over six groups by means of Theil’s second measure [12], as this index permits inequali-
ties to be categorized within and between groups. Traditionally, this index is used to calculate inequalities in
several contexts [8, 13—19], and as it is comparable in nature, it has a vivid acceptance among the scholars.
While analyzing relative inequality, this index allows cross-time evaluation within individual groups, and across
the groups, as well. In course of the analysis carried out in the present study, it has been tried to present both of
the said facets of proportional analysis, which have mostly been ignored in the literature, considering the analy-
sis of inequality in access to improved water source. Using Theil’s second measure, this analysis is targeted to-
wards addressing the research gap identified in the literature.

2. Methodology

Following the information entropy measure given by Shannon [20], the generalized outline of entropy in the form
of Theil index is given by the following:

E=—kXYY(p;logp) 1

where, p; is the probability of access to improved water source y; of a person among the population of N, and the
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total access to improved water source of the population can be given by Ny, y being the average water availability
of the population. Therefore, the observed entropy represented by Theil index is given by:

= YN (Yi)paV
£ =3Y (3i1og) @)
Assuming the uniformity among the population, it can be said that p; = I / N. In that case, Equation (2) takes the
following form:

1 Ny
E =13 (log™)) 3)
It is the boundary condition of Theil’s basic measure, where the scalar multiplier value is approximated to zero
[21], as per the following:
=i 11 N (%) )] = LyN e (M
£ =times [y 2GS - 1] =Rzt os () @
This is the form of Atkinson’s index [22] along the lines of a utilitarian social welfare function with utility of im-

proved water availability presented in a logarithmic form. This form is commonly known as Theil’s second
measure.

The Theil’s second measure can be split into two fundamental and analogous elements, namely a within-group
inequality element, calculated as the weighted average of the intra-group inequality indices; and a between-group
inequality element, denoting the inequalities that can emerge, if only deviations exist among averages of the indi-
vidual groups [12]. The index can be defined in the following manner:

T,=¥ piLog (5) ®)

v
where, p; stands for population percentage of country i, w; stands for per capita access to improved water source in
country i, and w stands for average per capita access to improved water source. In keeping with the standard mean
logarithmic deviation and the approximations mentioned by Theil [12], range of Theil’s second measure can be

defined as (0, 1), where values close to zero can be taken as near to perfect equality condition, and values near to
one as close to perfect inequality condition. The disintegration of 7; can be shown in the following manner:

T, = ng + Tbg = Z?:1 ngOg (%L) (6)

where, T, stands for the absolute within-group inequality element, 7}, stands for the absolute between-group in-
equality element, and p, stands for population percentage of group g.

Annual data for access to improved water source and population have been collected from World Bank indica-
tors (http://data.worldbank.org/indicator). There are two major variables considered in this study. First one is per
capita access to improved water source, and the second one is population. Data for these two variables are col-
lected individually for 188 countries, and the discussed Theil index has been measured based on these two varia-
bles. Duration of the study is 1990-2012, and our sample includes African countries (52), Asian and Oceanian
countries (40), Central and South American countries (36), European countries (43), Middle East countries (13),
and North American countries (4).

3. Results and analysis

The results are shown in Table 2 and Table 3. The results recorded in Table 2 reveal the disintegration of Theil
index into within-group and between-group components, and the results recorded in Table 3 divulge the contri-
bution of all of the six groups to within-group inequality component. Figure 3 is the graphical demonstration of
the Theil indices recorded in Table 2, and Figure 4 demonstrates the movement of between-group inequality
components recorded in Table 3. Now, we will explore these figures, so that some significant insights about the
inequality in access to improved water source can come out.

O,
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Table 2. Theil index for all the countries (including within-group and between-group inequality components)

Theil indices®
Toe Toe T, Tue (%) Top (%)
1990 0.05162 0.06897 0.12059 42.80 57.20
1991 0.05031 0.06654 0.11685 43.05 56.95
1992 0.04929  0.06454  0.11384 43.30 56.70
1993  0.04780  0.06154  0.10934 43.72 56.28
1994  0.04775  0.05932  0.10706 44.60 55.40
1995 0.04616 0.05667 0.10283 44.89 55.11
1996 0.04301 0.05283 0.09584 44.87 55.13
1997  0.04003  0.04979  0.08982 44.57 55.43
1998 0.03743 0.04682 0.08426 44.43 55.57
1999 0.03509 0.04433 0.07942 44.19 55.81
2000 0.03292 0.04210 0.07502 43.88 56.12
2001 0.03102 0.03983 0.07084 43.78 56.22
2002 0.02952 0.03805 0.06757 43.68 56.32
2003 0.02780 0.03639 0.06419 43.31 56.69
2004 0.02594 0.03484 0.06078 42.68 57.32
2005 0.02463 0.03330 0.05792 42.51 57.49
2006 0.02305 0.03207 0.05512 41.82 58.18
2007 0.02170 0.03088 0.05258 41.27 58.73
2008 0.02005 0.03005 0.05010 40.02 59.98
2009 0.01872 0.02913 0.04784 39.12 60.88
2010 0.01769 0.02829 0.04598 38.48 61.52
2011 0.01513 0.02889 0.04402 34.38 65.62
2012 0.01445 0.02964 0.04409 32.77 67.23

Year

a. Source: authors’ own calculations.
In view of the obtained results, following observations have emerged:

First, the inequalities in access to improved water source across the groups are showing a descending move-
ment all through the study period, and the Theil index has declined by nearly 63.44 per cent.

Second, the disintegration of Theil index into within-group and between-group components can divulge the
rationale behind this decline, which has hardly been looked into the literature. While reviewing this result, it
should be kept in mind that the movement of Theil index towards equality has taken place in the context of ris-
ing access to improved water source. Therefore, keeping Middle East countries and Central & South American
apart, rest four of the groups have shown the descending trend all through the study period. This incident can be
attributed to the countries, like Sudan, Yemen, Brazil, and Dominican Republic, where the per capita access to
improved water source is comparatively poor, with populations more than the group average, thereby, adding to
the between-group inequality component.
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Table 3. Breakup of the between-group inequality component

Group-wise between-group inequality components

Year Africa Asia & Oceania Central & South America Europe Middle East ~ North America
1990  0.16613 0.07767 0.00684 0.00861 0.04926 0.05386
1991  0.16431 0.07353 0.00757 0.00838 0.05006 0.05132
1992 0.16263 0.07000 0.00860 0.00812 0.05148 0.04939
1993 0.15195 0.06664 0.00915 0.00786 0.05361 0.04726
1994 0.14390 0.06410 0.00978 0.00761 0.05581 0.04536
1995  0.13637 0.06079 0.01039 0.00735 0.05834 0.04324
1996  0.13003 0.05508 0.01103 0.00699 0.06027 0.04170
1997  0.12427 0.05072 0.01172 0.00677 0.06229 0.03954
1998  0.11921 0.04643 0.01203 0.00652 0.06405 0.03738
1999  0.11556 0.04254 0.01288 0.00621 0.06597 0.03581
2000  0.11262 0.03906 0.01379 0.00587 0.06785 0.03364
2001  0.10999 0.03543 0.01364 0.00557 0.06971 0.03243
2002 0.10828 0.03251 0.01416 0.00527 0.07181 0.03025
2003 0.10660 0.02986 0.01462 0.00481 0.07320 0.02808
2004  0.10515 0.02724 0.01449 0.00455 0.07471 0.02686
2005  0.10345 0.02470 0.01492 0.00439 0.07609 0.02506
2006  0.10182 0.02277 0.01486 0.00426 0.07771 0.02291
2007 0.10030 0.02085 0.01482 0.00409 0.07916 0.02112
2008 0.09891 0.01939 0.01528 0.00394 0.08077 0.01992
2009  0.09756 0.01794 0.01530 0.00367 0.08151 0.01814
2010  0.09605 0.01661 0.01535 0.00367 0.08257 0.01637
2011 0.09451 0.01800 0.01560 0.00367 0.08171 0.01461
2012 0.09261 0.01961 0.01619 0.00365 0.08159 0.01343

a. Source: authors’ own calculations.

Third, by observing the results, it can be witnessed that out of the two basic elements of the Theil index, the
between-group component (Ty,) contributes more towards the inequality scenario, as it accounts for almost
57.91 percent of the aggregate inequality. This component can prove to be noteworthy in view of divergent rate
of growth achieved by these nations, the distribution of population, socio-economic constitution of these nations,
the technological expansion and environmental concerns, and lastly, disparity in geological and climatic condi-
tions. Conceivably that is the reason behind the exhibition of low Theil index for European, North American,
and Asian and Oceanian countries, and comparatively higher Theil index for African, Middle East, and Central
and South American countries. The inequality scenario for countries pertaining to Asia and Oceania has been
improving radically over the years, whereas, for the African countries, even after the decline in Theil index, the
inequality is quite higher compared to the other groups. Among all of the six groups, North American countries
have shown a decline of 75.06 percent in inequality, whereas Asian and Oceanian countries have shown the
same by 74.75 percent, followed by 57.61 percent for European countries, and 44.25 per cent for African coun-
tries. Middle East countries and Central and South American countries have shown a rise of 65.62 percent and
136.68, respectively, in the inequality.
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Figure 3. Movement of Theil indices (within-group, between-group, and composite).
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4. Conclusion

By means of the Theil index, we have learned that during 1990-2012, several countries across the world low-
ered the disparities in access to improved water source within the context of a general improvement in access
levels, with the exception of the Central and South American countries and Middle East countries. This index
has furthermore allowed us to demonstrate two key observations: first, the decrease in inequality in access to
improved water source can be elucidated by within-group and between-group inequality components; second,
between-group inequality component is the key contributor to the inequality estimation.

In a few words, these results can elicit two corresponding themes of research concerning water preservation
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strategies; first, the practices, through which a convergence towards per capita availability of water can be
achieved in the context of increasing accessibility of water from healthier sources, can be scrutinized; and se-
cond, explaining the ways, which catalyze the intercontinental diffusion of technologies, international affairs,
ecological concerns, and consumption pattern. These are the four factors, which can bring forth disparities in the
per capita access to improved water source among the nations, and thereby, can define the rise in between-group
inequality component.
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