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ABSTRACT

This paper puts forward the application of Theil’s second measure in order to investigate
international per capita water availability disparities. This index permits disparities to be
disintegrated within and between groups of countries in a reliable way. An analysis of 188
countries for the period of 1990-2012 demonstrated three observations: first, decline in per
capita water availability disparities is characterized by both within-group and between-
group inequality elements; second, between-group inequalities are at present the key con-
tributors of the entire inequality scenario; and third, a comprehensive investigation on
within-group inequalities divulges the noteworthy explanatory role played by Middle East
countries toward increase in inequalities and countries pertaining to North America and
Asia and Oceania toward decline in inequalities.

Keywords: Water availability; Theil index, inequality; Decomposition analysis

1. Introduction

Considering the recent literature on development
economics, it can be seen that in due course of the
inequitable and unbalanced economic growth across
the world, inequality among the availability of basic
needs is turning out to be predominant across the
countries. If the rural and urban population of indi-
vidual nations are also being observed, then this
divide can also be visible among them. This issue has
been addressed by several researchers in diverse con-
texts [1,2]. Considering the basic needs of life, water
plays the most important role, as it is one of the
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primary elements of life. Apart from that, water is one
of the major drivers in agricultural and industrial
production, and therefore, in order to achieve a sus-
tainable economic growth and to ensure food security,
it is required for the nations to have sufficient
availability of water resource.

However, by looking at the growth pattern of most
of the nations across the world, it can be experienced
that the world is going to encounter “Water Crisis” at a
severe level. Keeping agriculture apart, constant
increase in the demand of water for the purpose of non-
agricultural consumption, which is majorly attributed
to industrial usage, has placed demand of irrigation
water under larger inspection, and this phenomenon
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has been appearing as a water scarcity issue in various
parts of the world [3]. Overgrowing demand of irri-
gated water has resulted in the transformations in flow
of water, as the water is being diverted towards indus-
trial production, and as a consequence, the qualities of
stream water and groundwater have worsened to a
great extent [4-7], along with their availability. Explora-
tion of new water resources is also proving out to be
economically and ecologically expensive, and as a
result, the expansion of water base is not getting real-
ized, thereby, restraining the water supply [8]. In addi-
tion to this, the issues related to climatic shift can
worsen the situation [9].

In comparison with the figures of 1950s, demand
for water across the globe has increased by more than
three times, and alongside with that the supply has
been shrinking rapidly [10]. With the rise in global
population, demand for irrigated water is expected to
ascend in order to commensurate the requisites of
food production, domestic, and industrial demand;
and at the same time, inadequately and effortlessly
obtainable freshwater resources in rivers, ponds, and
groundwater aquifers are gradually diminishing
owing to excess scale of utilization and water quality
deterioration [11]. As agricultural sector is the most
predominant user of water, this sector will be worst
hit by water scarcity issues, resulting in endangering
the food security [12,13]. The issue regarding water
scarcity can be intensified by the rate of growing
expenses for exploring new water resources [14],
dilapidation of land in irrigated areas [15], exhaustion
of groundwater resources [16], and rapid formation of
fecal coliform [11].

Now, looking at the countries across the world, it
can easily be assumed that owing to their divergent
growth patterns, the per capita availability of water
varies to a great extent among them. Performance of
countries regarding evaluation of their achievements
in this regard can be carried out by means of well-
defined indicators, so that the possible reallocation of
resources can be suggested at all levels, may it be
political or academic. Researchers have tried to formu-
late several indicators for capturing this aspect of
inequality by linking it with several other economic
aspects, and one of the predominant indicators in this
case is water poverty index (WPI), which has been
designed in several ways in order to capture several
economic aspects associated with availability of water
[17-21]. However, in most of the cases, it has been
seen that this indicator can prove out to be inconclu-
sive in nature, as choice of the economic aspects can
lead to subjectivity in terms of the performance of WPI,
and this issue has been cited by several researchers, as
well [22-26]. Moreover, calculations of WPI in most of

the cases have been carried out based on particular
points of time, and the samples of those studies
possibly failed to depict a composite global picture
regarding the water poverty situation and distribution
of per capita availability of water. Therefore, it is
required to demonstrate the present global scenario
regarding the inequality in per capita availability of
water in a larger scale, using time series data and new
indicator.

In this paper, an attempt has been made to com-
pute inequality in per capita availability of water
among 188 countries spanning over six groups' by
means of Theil’s second measure [27], as this index
allows the divergences to be allocated within and
between groups of countries in a reliable way. Histori-
cally, this index has been used to calculate inequalities
in several contexts [28-34], and owing to its compati-
ble nature, it is widely accepted among the researchers
across the world. While analyzing the comparative
inequality scenario, this index can provide intertempo-
ral comparisons within individual groups, and across
the groups, as well. Through the analysis carried out
in this paper, it has been attempted to put forth both
of the aforementioned aspects of comparative analysis,
which have largely been ignored in the existing body
of literature, considering the analysis of inequality in
per capita availability of water or water poverty.
Using Theil’s second measure, this analysis is targeted
toward addressing the research gap identified in the
literature.

2. Material and methods

The specialty of the Theil's second measure (see
Appendix) is that it can be subdivided into two basic
and comparable 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 possibly can come into sight if only divergences
subsist among averages of the individual groups
[27,35]. The index can be defined in the following
manner:

Tl' = Z;ﬂ log <Z]J’> (1)

where p; stands for population percentage of country
i; w; stands for per capita availability of water in coun-
try i; and @ stands for average per capita availability

TAfrica, Asia and Oceania, Central and South America,
Europe, Middle East, and North America.
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of water. In keeping with the standard mean logarith-
mic deviation and the approximations mentioned by
Theil [27], range of Theil’s second measure can be
defined as (0, 1), where values approximated to zero
can be considered as near-to-perfect equality condi-
tion, and values approximated to one as near-to-per-
fect inequality condition. The disintegration of T; can
be shown in the following manner:

g —
T = ng + Thg = Zpg log <Z;> 2
i=1 !

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

The annual data for per capita availability of water
and population have been collected for the period of
1990-2012, and the sample includes 52 countries from
Africa, 40 countries from Asia and Oceania, 36 coun-
tries from Central and South America, 43 countries
from Europe, 13 countries from Middle East, and 4
countries from North America. Data for this study
have been collected from World Bank indicators
(www.data.worldbank.org/indicator).

For the purpose of analysis, the entire data-set has
been segregated into two parts, namely, rural and
urban, and this segregation has been done in order to
demonstrate the inequality scenario not only between
the groups, but also between the populace of the
groups, who are divided by their level of income.
First, the analysis will be carried out based on the
aggregate data, followed by the segregated data-set, so
that the comparative inequality scenario can be dem-
onstrated in an effective manner. Further analysis has
also been carried out for individual groups, by segre-
gating the data-set into rural and urban segments.

3. Results and discussion
3.1. Analysis of agqregate data

The results for the aggregate data are shown in
Tables 1 and 2. The results recorded in Table 1 dem-
onstrate the decomposition of Theil index considering
all the six groups, and the results recorded in Table 2
demonstrate the contribution of all the six groups to
within-group element. Fig. 1 demonstrates the graphi-
cal representation of the Theil indices, which are being
calculated and recorded in Table 1. Now, we will look
into these figures, so that some insights regarding the
inequality scenario can emerge out.

Table 1

Theil index for all the countries

Year ng Tbg T{ ng (%) Tbg (%)
1990 0.04271 0.12262  0.16532  25.83 74.17
1991 0.04106  0.11619  0.15725 26.11 73.89
1992 0.04044  0.11125 0.15169  26.66 73.34
1993 0.03774  0.10462  0.14235 26.51 73.49
1994 0.03834  0.09867  0.13701 27.98 72.02
1995 0.03678  0.09364  0.13042  28.20 71.80
1996 0.03367 0.08600 0.11968 28.14 71.86
1997  0.03110 0.07875  0.10985  28.31 71.69
1998 0.02897  0.07154  0.10051 28.82 71.18
1999 0.02706  0.05854  0.08560  31.61 68.39
2000 0.02541 0.04610  0.07151 35.54 64.46
2001 0.02392  0.03392  0.05785  41.36 58.64
2002 0.02285  0.03405  0.05690  40.15 59.85
2003 0.02165  0.03303  0.05467  39.59 60.41
2004 0.02058  0.02960  0.05019  41.01 58.99
2005 0.01960  0.02633  0.04593  42.68 57.32
2006 0.01872  0.02306  0.04178  44.81 55.19
2007  0.01798  0.02181 0.03978  45.19 54.81
2008 0.01702  0.02362  0.04064  41.87 58.13
2009 0.01666  0.02584  0.04250  39.19 60.81
2010 0.01613  0.02504  0.04117  39.18 60.82
2011 0.01500  0.02346  0.03847  39.01 60.99
2012 0.01537  0.02304  0.03841 40.01 59.99

Source: Own calculations.

In accordance with the obtained results, some
observations have emerged and those are as per the
following;:

First, the inequalities of per capita availability of
water across the groups are showing a downward
movement throughout the study period, and the Theil
index has declined by nearly 76.77%.

Second, the decomposition of Theil index into
within-group and between-group elements can dem-
onstrate the reason behind its sharp decline, which
has hardly been looked into the literature, and was
largely ignored. While assessing this result, it should
be kept in mind that the gradual movement of the
index towards equality has taken place in the context
of rising access to improved water source. Therefore,
keeping Middle East countries apart, rest of the five
groups have shown the downward trend and Middle
East countries have shown an upward trend through-
out the period of study. This phenomenon can be
attributed to countries, like Iraq and Yemen, where
the per capita availability of water through improved
sources is radically poor, with populations more than
the group average, thereby, adding to the inequality
scenario.
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Table 2
Theil index for all the groups

Year Africa Asia and Oceania Central and South America Europe Middle East North America
1990 0.16608 0.17596 0.01451 0.01434 0.05759 0.01302
1991 0.16382 0.16492 0.01313 0.01346 0.05839 0.01190
1992 0.16212 0.15644 0.01146 0.01225 0.05983 0.01087
1993 0.15152 0.14684 0.01050 0.01076 0.06199 0.01001
1994 0.14369 0.13777 0.00950 0.00990 0.06420 0.00908
1995 0.13629 0.13038 0.00858 0.00847 0.06665 0.00830
1996 0.12995 0.11798 0.00754 0.00813 0.06850 0.00758
1997 0.12427 0.10618 0.00660 0.00748 0.07045 0.00688
1998 0.11921 0.09424 0.00621 0.00718 0.07214 0.00622
1999 0.11556 0.07169 0.00550 0.00724 0.07398 0.00561
2000 0.11262 0.04991 0.00477 0.00755 0.07578 0.00502
2001 0.10999 0.02857 0.00489 0.00711 0.07758 0.00457
2002 0.10828 0.02915 0.00457 0.00551 0.07960 0.00405
2003 0.10660 0.02770 0.00426 0.00387 0.08097 0.00355
2004 0.10515 0.02177 0.00416 0.00284 0.08244 0.00319
2005 0.10345 0.01608 0.00349 0.00257 0.08380 0.00283
2006 0.10182 0.01034 0.00354 0.00191 0.08538 0.00242
2007 0.10030 0.00812 0.00348 0.00157 0.08685 0.00211
2008 0.09891 0.01145 0.00291 0.00106 0.08844 0.00184
2009 0.09756 0.01544 0.00283 0.00089 0.08911 0.00157
2010 0.09603 0.01403 0.00261 0.00085 0.09012 0.00133
2011 0.09451 0.01125 0.00238 0.00141 0.08910 0.00110
2012 0.09259 0.01052 0.00168 0.00273 0.08887 0.00091

Source: Own calculations.
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Fig. 1. Inequalities of per capita availability of water across
six groups.

Third, by looking at the obtained results, it can be
easily seen that out of the two basic elements of the
Theil index, the between-group element (T},) contrib-
utes more towards the explication of the inequality
scenario, as it accounts for almost 64.88% of the aggre-
gate inequality. This element can prove out to be sig-
nificant considering differential growth aspects among
these nations, the distribution of population, the socio-
economic structure of the nations, the technological
advancements and ecological concerns, and lastly, geo-
graphical and climatic nature of the nations. Perhaps,

that is the reason behind the demonstration of low
Theil index for the countries pertaining to Europe,
North America, and Central and South America, and
comparatively higher Theil index for the countries
pertaining to Africa, Middle East, and Asia and
Oceania. 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 the six groups, countries pertaining
to Asia and Oceania have shown a decline of 94.02%
in inequality, whereas North American countries have
shown the same by 93.00%, followed by 88.41% for
countries pertaining to Central and South America,
80.95% for European countries, and 44.25% for African
countries. Middle East countries have shown a rise of
54.31% in the inequality.

3.2. Analysis of rural population data

The results for the data on rural population are
shown in Tables 3 and 4. The results recorded in
Table 3 demonstrate the decomposition of Theil index
considering all the six groups, and the results
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Table 3

Theil index for rural population of all the countries

Year ng Thg T,' ng (%) Thg (%)
1990 0.11247  0.17850  0.29097  38.65 61.35
1991  0.10859  0.17031  0.27890  38.93 61.07
1992 0.10393  0.16385  0.26778  38.81 61.19
1993  0.10075  0.15517  0.25591  39.37 60.63
1994  0.09420 0.14743  0.24163  38.99 61.01
1995  0.09029  0.14086  0.23115  39.06 60.94
1996  0.08887  0.13064  0.21951  40.49 59.51
1997  0.08655  0.12102  0.20757  41.69 58.31
1998  0.08445 0.11129  0.19574  43.15 56.85
1999  0.08174  0.09466  0.17640  46.34 53.66
2000  0.07918  0.07879  0.15797  50.12 49.88
2001 0.07622  0.06352  0.13974  54.54 45.46
2002  0.07273  0.06336  0.13609  53.44 46.56
2003  0.06976  0.06183  0.13159  53.01 46.99
2004  0.06673  0.05731  0.12405  53.80 46.20
2005  0.06359  0.05300 0.11660  54.54 45.46
2006  0.06066  0.04863  0.10929  55.50 44.50
2007  0.05782  0.04679  0.10461  55.27 44.73
2008  0.05509  0.04859  0.10368  53.13 46.87
2009  0.05165  0.05059  0.10224  50.52 49.48
2010  0.04874  0.04905 0.09780  49.84 50.16
2011 0.04821  0.04629  0.09450  51.02 48.98
2012 0.04624  0.04497 0.09121  50.69 49.31

Source: Own calculations.

recorded in Table 4 demonstrate the contribution of
all the six groups to within-group element, like the
previous case. Fig. 2 demonstrates the graphical repre-
sentation of the Theil indices, which is being calcu-
lated and recorded in Table 3. Now, we will look into
these figures, so that some insights regarding the
inequality scenario among the rural population can
emerge out of the analysis.

In accordance with the obtained results, some
observations have emerged and those are as per the
following;:

First, the inequalities of per capita availability of
water across the rural population of the groups are
showing a downward movement throughout the
study period, and the Theil index has declined by
nearly 68.65%.

Second, the decomposition of Theil index into
within-group and between-group elements can dem-
onstrate the reason behind its sharp decline, as done
in the previous case. While assessing this result, it
should be kept in mind that the gradual movement of
the index toward equality has taken place in the con-
text of rising the access to improved water source
among the rural population. Therefore, keeping Mid-
dle East countries apart, rest of the five groups have

shown the downward trend and Middle East coun-
tries have shown an upward trend throughout the
period of study. This phenomenon can be attributed
to countries, like Jordan and Yemen, where the per
capita availability of water for rural population
through improved source of water is radically poor
and have shown a gradual decline throughout the per-
iod of study, with populations more than the group
average and amounting to nearly 41.60%, thereby
adding to the inequality scenario.

Third, just like the previous case, by looking at the
obtained results, it can be easily seen that out of the
two basic elements of the Theil index, the between-
group element (Tp,) contributes more towards the
explication of the inequality scenario, as it accounts
for almost 52.57% of the aggregate inequality. This ele-
ment can prove out to be significant considering dif-
ferential rural development policies of these nations,
their socioeconomic and political balance, income dis-
tribution, geographical structure, agricultural land
usage pattern, irrigation facilities, and infrastructural
effectiveness. Perhaps, that is the reason behind the
demonstration of low Theil index for the countries
pertaining to Europe, North America, and Central and
South America, and comparatively higher Theil index
for the countries pertaining to Africa, Middle East,
and Asia and Oceania. 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, countries
pertaining to Asia and Oceania have shown a decline
of 88.00% in inequality, whereas countries pertaining
to Central and South America have shown the same
by 87.11%, followed by 81.51% for European countries,
56.49% for North American countries, and 47.95% for
African countries. Middle East countries have shown a
rise of 104.67% in the inequality, which can be consid-
ered as an alarming situation in comparison to the
other group of countries.

3.3. Analysis of urban population data

The results for the data on urban population are
shown in Tables 5 and 6. The results recorded in
Table 5 demonstrate the decomposition of Theil index
considering all the six groups, and the results
recorded in Table 6 demonstrate the contribution of
all the six groups to within-group element, like the
previous case. Fig. 3 demonstrates the graphical repre-
sentation of the Theil indices, which is being calcu-
lated and recorded in Table 5. Now, we will look into
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Table 4
Theil index for rural population of all the groups

141

Year Africa Asia and Oceania Central and South America Europe Middle East North America
1990 0.23870 0.20380 0.06293 0.03076 0.09290 0.01254
1991 0.23609 0.19215 0.05804 0.03005 0.09509 0.01242
1992 0.23403 0.18292 0.05407 0.02859 0.09896 0.01189
1993 0.22006 0.17268 0.05304 0.02717 0.10380 0.01183
1994 0.20923 0.16318 0.05247 0.02585 0.10897 0.01131
1995 0.19888 0.15532 0.05164 0.02432 0.11455 0.01123
1996 0.19006 0.14196 0.04960 0.02278 0.11995 0.01083
1997 0.18200 0.12936 0.04667 0.02122 0.12528 0.01079
1998 0.17475 0.11643 0.04354 0.01968 0.13029 0.01073
1999 0.16897 0.09308 0.04020 0.01810 0.13579 0.01023
2000 0.16398 0.07058 0.03707 0.01667 0.14138 0.01009
2001 0.15952 0.04878 0.03426 0.01515 0.14704 0.00951
2002 0.15615 0.04890 0.03115 0.01374 0.15312 0.00924
2003 0.15267 0.04708 0.02764 0.01230 0.15850 0.00896
2004 0.14946 0.04070 0.02452 0.01104 0.16451 0.00835
2005 0.14607 0.03461 0.02149 0.01001 0.17023 0.00812
2006 0.14270 0.02842 0.01771 0.00902 0.17550 0.00779
2007 0.13953 0.02578 0.01789 0.00799 0.18028 0.00753
2008 0.13639 0.02864 0.01522 0.00804 0.18530 0.00688
2009 0.13354 0.03191 0.01266 0.00695 0.18830 0.00662
2010 0.13057 0.02981 0.01062 0.00637 0.19172 0.00636
2011 0.12769 0.02602 0.00839 0.00602 0.19014 0.00610
2012 0.12423 0.02445 0.00811 0.00569 0.19013 0.00545

Source: Own calculations.
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Fig. 2. Inequalities of per capita availability of water across
rural population of six groups.

these figures, so that some insights regarding the
inequality scenario among the urban population can
emerge out of the analysis.

In accordance with the obtained results, some
observations have emerged and those are as per the
following;:

First, the inequalities of per capita availability of
water across the urban population of the groups are
showing a downward movement throughout the
study period, and the Theil index has declined by

Table 5

Theil index for urban population of all the countries
Year ng Tbg Tz‘ ng (%) Tbg (%)
1990  0.00867  0.00900  0.01767  49.08 50.92
1991  0.00787  0.00942  0.01729  45.51 54.49
1992 0.00791  0.00829  0.01621  48.81 51.19
1993 0.00736  0.00922  0.01658  44.37 55.63
1994  0.00722  0.01129  0.01851  39.00 61.00
1995  0.00720  0.01204 0.01924  37.41 62.59
1996  0.00685  0.01140  0.01825  37.54 62.46
1997 0.00648  0.01055  0.01703  38.04 61.96
1998  0.00610  0.00961  0.01572  38.83 61.17
1999  0.00574  0.00931  0.01505  38.15 61.85
2000  0.00543  0.00873  0.01415  38.35 61.65
2001 0.00514 0.00861  0.01375  37.38 62.62
2002 0.00549 0.00712  0.01261  43.56 56.44
2003  0.00526  0.00844  0.01370  38.39 61.61
2004  0.00507  0.00858  0.01365  37.11 62.89
2005  0.00487  0.00938  0.01425  34.19 65.81
2006  0.00470  0.00965  0.01436  32.76 67.24
2007  0.00459  0.00961  0.01420 32.34 67.66
2008  0.00461  0.01073  0.01534  30.06 69.94
2009  0.00460  0.01058  0.01518  30.31 69.69
2010  0.00450 0.01125 0.01575  28.56 71.44
2011 0.00423  0.01115 0.01538  27.50 72.50
2012 0.00442  0.01067  0.01509  29.26 70.74

Source: Own calculations.
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Table 6
Theil index for urban population of all the groups

Year Africa Asia and Oceania Central and South America Europe Middle East North America
1990 0.01139 0.01067 0.01164 0.00092 0.00331 0.02006
1991 0.01416 0.01136 0.01168 0.00101 0.00144 0.01938
1992 0.01555 0.01331 0.01322 0.00092 0.00267 0.00028
1993 0.01619 0.01536 0.01263 0.00076 0.00394 0.00041
1994 0.01994 0.01954 0.01124 0.00069 0.00643 0.00054
1995 0.02362 0.01996 0.01132 0.00058 0.01060 0.00066
1996 0.02590 0.01757 0.01038 0.00052 0.01401 0.00074
1997 0.02424 0.01491 0.01027 0.00043 0.02278 0.00081
1998 0.02086 0.01266 0.00934 0.00039 0.03003 0.00130
1999 0.02278 0.01070 0.00923 0.00040 0.03682 0.00135
2000 0.02124 0.00936 0.00988 0.00030 0.03731 0.00139
2001 0.01926 0.00927 0.00964 0.00029 0.03913 0.00143
2002 0.01798 0.00584 0.01025 0.00012 0.03957 0.00148
2003 0.02601 0.00696 0.00967 0.00001 0.04079 0.00151
2004 0.03463 0.00886 0.00951 0.00010 0.00020 0.00198
2005 0.03871 0.00920 0.00882 0.00154 0.00074 0.00200
2006 0.04578 0.00827 0.00798 0.00124 0.00106 0.00203
2007 0.05101 0.00621 0.00876 0.00243 0.00145 0.00206
2008 0.05549 0.00738 0.01122 0.00062 0.00233 0.00209
2009 0.05792 0.00645 0.01064 0.00021 0.00320 0.00211
2010 0.05902 0.00747 0.00958 0.00015 0.00431 0.00257
2011 0.05986 0.00620 0.01095 0.00114 0.00504 0.00260
2012 0.05917 0.00463 0.01217 0.00154 0.00618 0.00263

Source: Own calculations.

nearly 14.60%, apart from small rises of 11.65% in
1994 and 8% in 2008.

Second, the decomposition of Theil index into
within-group and between-group elements can dem-
onstrate the reason behind its sharp decline, as it was
seen in the previous two cases. While assessing this
result, it should be kept in mind that the gradual
movement of the index towards equality has taken
place in the context of rising the access to improved
water source among the urban population. In compar-
ison with the previous two cases, this case is more
critical considering the inequality conditions, as four
out of six groups of the countries are showing rise in
inequality. Countries pertaining to Asia and Oceania
and North American have shown downward trends in
inequality, whereas, Africa, Central and South Amer-
ica, Europe, and Middle East have shown upward
trends in inequality.

Third, just like the previous two cases, by looking
at the obtained results, it can be easily seen that out of
the two basic elements of the Theil index, the
between-group element (T}g) contributes more towards
the explication of the inequality scenario, as it
accounts for almost 62.76% of the aggregate inequality.
This element can prove out to be significant

considering differential urban development policies of
these nations, their socioeconomic and political out-
look towards environmental protection, income distri-
bution, inhabitance structure, industrial land usage
pattern, and infrastructural effectiveness. Perhaps, that
is the reason behind the demonstration of low Theil
index for the countries pertaining to North America
and Asia and Oceania, and comparatively higher Theil
index for the countries pertaining to Africa, Middle
East, Europe, and Central and South America. The
inequality scenario for countries pertaining to Asia
and Oceania has been demonstrating gradual
improvement over the years, whereas, for the African
countries, the inequality has been increasing radically.
The inequality scenario in countries pertaining to Eur-
ope and Central and South America has been fairly
consistent throughout the study period. For the North
American countries, the inequality dropped radically
in the year 1992, and since then it has shown a slow
but gradual rise. After showing a steep rise, Middle
East countries have shown a radical decline in the
inequality in the year 2004, and since then they have
also shown a slow and gradual rise. Among all the six
groups, countries pertaining to North America have
shown a decline of 86.89% in inequality, followed by
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Fig. 3. Inequalities of per capita availability of water across
urban population of six groups.

56.61% decline in countries pertaining to Asia and
Oceania. On the other hand, countries pertaining to
Africa have shown a rise of 419.66% in inequality,
which can be considered as extremely alarming. They
are followed by 86.63% rise in inequality for Middle
East countries, 66.68% rise for European countries,
and 4.63% rise for Central and South American
countries.

In a nutshell, except Middle East countries,
remaining five of the six groups have shown down-
ward trends in the inequality scenario, while consider-
ing the aggregate population data, and this
explanation changes in accordance with the segrega-
tion of the population data into rural and urban.
Except for Middle East countries, remaining five of
the six groups have shown downward trends in the
inequality scenario, while considering the rural popu-
lation data, and except for the countries from Asia
and Oceania and North America, remaining four of
the six groups have shown upward trends in the
inequality scenario, while considering the urban
population data.

4. Conclusion

By far, using Theil’s second measure, the inequal-
ity in per capita availability of water from improved
sources among the countries from the six major
groups of the world has been analyzed for the period
of 1990-2012, and it has been seen that leaving the
particular cases apart, the inequality is coming down.
However, the problem of inequality can prove to be
severe for the urban population of most of the coun-
tries in comparison with the rural population, and
among all the six groups, Middle East countries have
demonstrated rise in inequality in both the cases, and
countries pertaining to North America, Asia and
Oceania have demonstrated decline in inequality in
both the cases.

Apart from this, the formulation of this index has
revealed two major points, namely, the changes in the
inequality scenario can be demonstrated by bifurcation
of the index into within-group and between-group ele-
ments, and out of these two, between-group element
contributes more significantly to the inequality.
Briefly, these results can bring out two harmonizing
themes of research regarding water strategies; first,
the practices, through which a convergence towards
per capita availability of water can be achieved in the
context of increasing availability of water from
improved sources, can be examined; and second, elu-
cidation of the means those add to the intercontinental
dispersion of technological mechanisms, international
relations, environmental concerns, and utilization pat-
tern, and thereby, leading towards divergences in the
per capita availability of water among the different
classes of population of the nations.

References

[1] N.L. Hicks, Growth vs basic needs: Is there a trade-
off? World Dev. 7 (1979) 985-994.

[2] D. Wheeler, Basic needs fulfillment and economic
growth, J. Dev. Econ. 7 (1980) 435-451.

[3] N.V. Fedoroff, D.. Battisti R.N. Beachy, P.J.M.
Cooper, D.A. Fischhoff, C.N. Hodges, V.C. Knauf, D.
Lobell, B.J. Mazur, D. Molden, M.P. Reynolds, P.C.
Ronald, M.W. Rosegrant, P.A. Sanchez, A. Vonshak,
J.K. Zhu, Radically rethinking agriculture for the 21st
century, Science 327 (2010) 833-834.

[4] Z. Samani, Estimating solar radiation and evapotrans-
piration using minimum climatological data, J. Irrig.
Drain. Eng. 126 (2000) 265-267.

[5] F. Meza, E. Varas, Estimation of mean monthly solar
global radiation as a function of temperature, Agric.
For. Meteorol. 100 (2000) 231-241.

[6] A.A. Sabziparvar, A simple formula for estimating
global solar radiation in central arid deserts of Iran,
Renew. Energy 33 (2008) 1002-1010.

[7] J.C. Winslow, E.R. Hunt, S.C. Piper, A globally appli-
cable model of daily solar irradiance estimated from
air temperature and precipitation data, Ecol. Modell
143 (2001) 227-243.

[8] M.W. Rosegrant, X. Cai, Water scarcity and food secu-
rity: Alternative futures for the 21st century, Water
Sci. Technol. 43 (2000) 61-70.

[9] D. Lobell, M. Burke, C. Tebaldi, M. Mastrandrea, W.
Falcon, R. Naylor, Prioritizing climate change adapta-
tion needs for food security in 2030, Science 319 (2008)
607-610.

[10] P.H. Gleick, Global freshwater resources: Soft-path
solutions for the 21st century, Science 302 (2003) 1524—
1528.

[11] D. Tilman, K.G. Cassman, P.A. Matson, R. Naylor, S.
Polasky, Agricultural sustainability and intensive pro-
duction practices, Nature 418 (2002) 671-677.

[12] M. Falkenmark, D. Molden, Wake up to realities of
river basin closure, Int. J. Water Resour. Dev. 24
(2008) 201-215.



144 J. Bhattacharya and A. Sinha | Desalination and Water Treatment 57 (2016) 136-144

[13] D. Molden, Water responses to urbanization, Paddy
Water Environ. 5 (2007) 207-209.

[14] M.A. Hanjra, F. Gichuki, Investments in agricultural
water management for poverty reduction in Africa:
Case studies of Limpopo, Nile, and Volta river basins,
Nat. Resour. Forum 32 (2008) 185-202.

[15] S. Khan, M.A. Hanjra, Sustainable land and water
management policies and practices: A pathway to
environmental sustainability in large irrigation sys-
tems, Land Degrad. Dev. 19 (2008) 469-487.

[16] T. Shah, S. Bhatt, RK. Shah, J. Talati, Groundwater
governance through electricity supply management:
Assessing an innovative intervention in Gujarat, Wes-
tern India, Agric. Water Manage. 95 (2008) 1233-1242.

[17] C. Sullivan, Calculating a Water Poverty Index, World
Dev. 30 (2002) 1195-1210.

[18] E. Salameh, Redefining the Water Poverty Index,
Water Int. 25 (2000) 469—473.

[19] C. Sullivan, J. Meigh, P. Lawrence, Application of the
Water Poverty Index at different scales: A cautionary
tale, Water Int. 31 (2006) 412-426.

[20] C. Sullivan, J. Meigh, Considering the Water Poverty
Index in the context of poverty alleviation, Water Pol-
icy 5 (2003) 513-528.

[21] E. Feitelson, J. Chenoweth, Water poverty: Towards a
meaningful indicator, Water Policy 4 (2002) 263-281.

[22] F. Molle, P. Mollinga, Water poverty indicators: Con-
ceptual problems and policy issues, Water Policy 5
(2003) 529-544.

[23] V. Komnenic, R. Ahlers, P.V.D. Zaag, Assessing the
usefulness of the Water Poverty Index by applying it
to a special case: Can one be water poor with high
levels of access? Phys. Chem. Earth Parts A/B/C 34
(2009) 219-224.

[24] M.A. Darwish, R. Mohtar, Qatar water challenges,
Desalin. Water Treat. 51 (2013) 75-86.

[25] M. Saidam, C. Epp, M. Papapetrou, Appraisal of insti-
tutional and policy framework conditions for the use
of autonomous desalination units in Jordan, Desalin.
Water Treat. 5 (2009) 111-118.

[26] N.H. Afgan, M. Darwish, Multi-criteria sustainability
assessment of water desalination and energy systems
—Kuwait case, Desalin. Water Treat. 25 (2011) 241-
250.

[27] H. Theil, Economics and Information Theory, North-
Holland Publishing Company, Amsterdam, 1967.

[28] P. Conceig¢ao, J.K. Galbraith, P. Bradford, The Theil
index in sequences of nested and hierarchic grouping
structures: Implications for the measurement of
inequality through time, with data aggregated at dif-
ferent levels of industrial classification, East. Econ. J.
27 (2001) 491-514.

[29] V. Alcantara, J.A. Duro, Inequality of energy intensi-
ties across OECD countries: A note. Energy Policy 32
(2004) 1257-1260.

[30] T. Akita, Decomposing regional income inequality in
China and Indonesia using two-stage nested Theil
decomposition method, Ann. Reg. Sci. 37 (2003) 55-77.

[31] S.EE. Murray, W.N. Evans, RM. Schwab, Education-
finance reform and the distribution of education
resources, Am. Econ. Rev. 88 (1998) 789-812.

[32] F.A. Cowell, Multilevel decomposition of Theil’s index
of inequality, Rev. Income Wealth 31 (1985) 201-205.

[33] T. Akita, R.A. Lukman, Y. Yamada, Inequality in the
distribution of household expenditures in Indonesia:
A Theil decomposition analysis, Dev. Econ. 37 (1999)
197-221.

[34] J.A. Duro, J. Esteban, Factor decomposition of cross-
country income inequality, 1960-1990, Econ. Lett. 60
(1998) 269-275.

[35] A. Shorrocks, The class of additively decomposable
inequality measures, Econometrica 48 (1980) 613-625.

[36] C.E. Shannon, Prediction and entropy of printed Eng-
lish, Bell Syst. Tech. J. 30 (1951) 50-64.

[37] A.B. Atkinson, On the measurement of inequality, J.
Econ. Theory 2 (1970) 244-263.

Appendix

In keeping with the information entropy measure [36],
Theil index can be derived and the universal form of
entropy is given by the following;:

N

E=—k) (pilogpi)

1

(A1)

where p; is the probability of finding income y; of a person
among the population of N, and the total income of the
population can be given by N, and i being the average
income of the population. Therefore, the observed entropy
represented by Theil index is given by:

(A2)

N ~
vi . Ny

E= ( - 10g—>
Z Ny = yi

Assuming the homogeneity among the population, it
can be stated that p; = 1/N. In that case, Eq. (A2) takes the
following form:

(A3)

It is the limiting condition imposed on Theil basic mea-
sure, where the scalar multiplier value is approximated to
zero [35] as per the following:

E =lim._ [%C(Cli_nﬁ:{ (%)C - 1}}
v Ee(y)

This is the form of Atkinson’s index [37] along the
lines of a utilitarian social welfare function with utility of
income presented in a logarithmic form. This form is com-
monly known as Theil’s second measure.

(A4)
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