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Introduction

India is one of the fastest growing economies in the world with
a major objective to eradicate poverty from all the regions of
the country. Poverty is defined as a condition of living where
households (group of individuals) who don’t possess enough
money to meet their basic survival needs [1,2-4]. Poverty line
gives a snapshot about the nature of poverty in different regions
across India [6]. It not only distinguishes between the rich and
poor but also reflects the same level of utility over different
commodities. In terms of cost of living indices poverty line is
defined by enabling inter-personal welfare comparison, when
cost of acquiring basic needs varies over time or space [7-9-14].
An information theoretic approach was used to estimate poverty
lines which are consistent and based on consumption pattern
was also proposed [2,7]. Poverty lines are also considered as
deflators for cost of living differences. These deflators categorise
the individuals in such a way that their households with a defined
standard of living is considered to be non-poor if they lie above
the reference line while those below it are deemed to be poor
[15].
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Eradication of poverty is an important objective which, the
government is dealing from past years. Planning Commission is the
central agency which provides poverty estimates by constituting
groups from time to time in order to revisit the methodological
issues related to measurement of poverty. However there are
different methods used for measuring poverty such as poverty
line, head count ratio, poverty gap, squared poverty gap, Lorenz
curve, gini coefficient, 1$ a day poverty line etc.

In the present study, we examine the trend of poverty across
different states of India in different time periods. We analyse
the change in head count ratio from 2004-05, 2009-10, 2011-12
across different states [16-18]. Our cases are more concentrated
on subdividing the states into two subgroups and then apply
the model stated by Martin [19]. Then we redefine poverty line
as a cost of common utility value across a population. Further
based on this utility value, we estimate Quality Adjusted Life Year
(QALY) for different states.

Thus, it is for the first time QALY’s have been computed for region



specific areas across different time periods for which poverty
ratios were available. Though lot of research is done in the area
of computation of QALY using methodologies such as VAS (visual
analog scale), standard gamble, TTO (time trade off), EQ-5D,
SF-6 etc. But, for the first time new revised poverty model has
been constructed which serve as a framework for computation
of QALY [20-23].

QALY

Few authors defines poverty as an ill health state of a human
being which is due to low income, low nutrient value leading
to low standard of living [5]. One of the major reasons for
occurrence of poverty is due to income inequality which directly
affects the health of an individual. When we ponder about health
then it directly relates to how much better is our quality of life.
An individual can chose his priority of living a quality of life with
or without a disease burden [24]. This quality of life is measured
by means of a health outcome called QALY (Quality Adjusted Life
Year).

In the present scenario, measurement of health is described in
a different way [25-27]. The definition has path itself from the
amount of life lived, to how far is the satisfaction level achieved
for an individual. QALY is an important measurement of health
outcome [28]. However their interpretation related to this
health outcome is stated as, “Where should we spend whose
money, to undertake what programs, to save whose lives and
with what probability?”.This question in turn implies on how
many lives are saved alongwith the justification of the resources
expanded. QALD (Quality Adjusted Life Days) for childbirth and
maternity service in India have also been estimated [11].The
QALD’s obtained by the new proposed method are compared
with the QALD’s obtained by Afriat method. Both are found to
be approximately same. These QALDs are estimated for different
quintiles which are classified on the basis of usual monthly per
capita expenditure.

Thus QALY is a summary measure which incorporates the impact
on quantity as well as quality of life. In all the previous study
different approaches have been used to estimate QALY but none
of the studies have used polynomial fitting approach. Polynomials
of different degree are formulated, tested for goodness of fit and
then deriving the estimation of QALD.

Poverty lines give a true picture about prevalence of poverty
across different subgroups of a population lying in different
geographic areas while QALY gives the quantity and quality of life
lived by a population who lie below the poverty line. When we
summarise different states by using this health outcome, we are
in a way giving an opportunity to those subgroups (populations)
lying closer to value 1 who needs slight improvement in their
health conditions. Thus a small uplift can make those subgroups
rise above poverty line with good QALY values. On the other
hand individuals whose values lie closer to 0 indicates that their
health condition is bad and needs more improvement by means
of income and better nutritional value.

Official poverty lines

Methodology for estimation of poverty has been revised from
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time to time in order to make poverty estimates appear more
relevant in the present scenario. In India, poverty estimates
are based on the recommendation of the expert group given
by Professor Suresh D. Tendulkar and Dr. C Rangarajan [23].
Planning Commission is the central agency which not only
estimates the incidence of poverty at national level but also at
the state level [12]. However Tendulkar’s approach is based on
extrinsic pre-determined poverty line in terms of monthly per
capita expenditure (MPCE). The poverty ratio is obtained by
counting the number of person’s lying below poverty line from
the class of distributions of persons. CSO (Central Statistical
Office) provides the estimates of expenditure of commodities at
current and constant prices. The ratio between the two prices
gives the consumption deflator.

The expert group disaggregated the official poverty line into
state specific poverty line which helps to study the changes in
inter-state price differentials. The validity of these official poverty
lines were done by comparing the actual private consumption
expenditure per capita with the poverty line on food, education,
health against the normative expenditure on nutritional,
educational and health outcomes derived. All India urban poverty
line based on mixed reference period for rural as well as urban
areas on the state wise basis for the time period 2004-05 [13].
Utility

The term utility has been defined as a measure of preferences
which an individual attaches in a particular health state (NICE
guidelines). There is a controversy in defining the measurability
of utility [8]. Some authors define it as a measure of satisfaction
which is subjective in nature [3]. On the other hand it is also
defined as an indicator of preferences which is objective in
nature. From economics perspectives, utility is defined in terms
of poverty ratio as a valuation of health state of an individual
which is assumed to be consistent over a period of time.
Following the similar approach given by Ravallion [16], poverty
lines are defined with respect to N (N=30) mutually exclusive
group of states (j=1,2,...,N) such that all the individuals within a
given state share the same utility function defined over various
commodities with constant price over a particular year [15]. Each
household has its own consumption pattern, which maximise the
utility so that it uniquely belongs to a particular state.

The utility function serves two purposes in the analysis. Firstly it
gives an idea about the preference of an individual in a particular
health state. Secondly it reflects the inter-state differences in
terms of consumption. The utility consistent poverty line is
defined as minimum cost of common utility level at the prices
faced by each state. The consumer expenditure function is e
which is defined as ej(pj,u) giving the minimum cost of utility u in
jt state along with vector of price P, Let u_ denote the minimum
utility level required to escape poverty by which consistency
requires to be constant for all j.

Consumption is used as an indicator for measurement of
poverty when income is difficult to measure. It also indicates
the differences occurring in the consumption bundles which
directly affect the differences in consumption usage to reach
the same utility level in different regions. The theory of revealed
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preferences states that the poverty line for each subgroup in a
population is expressed in terms of “welfare”[12]. Economists
have further agreed on utility consistency as a functioning
based approach [16]. It is also viewed as an alternative theoretic
foundation for measurement of poverty [22].

In India, expert group states that a constant method of
computing poverty line is done by using each comparison year
as a base year. Thus yearly, NSS provides a relationship of per
capita expenditure and calorie intake which is different from that
of fixing the commodity bundle on the basis of price, income and
preferences prevalent in a particular year for deriving the utility
function. Most of the past literature relates to the economics
theory which is based on the concept of welfare. This in turn
supports the poverty line by means of utility function defined on
the basis of consumption. Poverty line has also been stated from
the point of consumption expenditure function with respect to
utility [4].

The minimum income question in terms of consumer expenditure
function overcomes the problem of computing utility from
demand behaviour in case of alternatives which vary from one
household to another. Utility in reference to poverty is defined
as one welfare relevant functioning method which refers to
attainment of personal satisfaction [18]. Next comes into picture
is the reference problem i.e by what means is the reference level
of utility (or other functionings) which governs the poverty line.
Let person’s functioning (consumption pattern) is determined
by the consumption of goods or commodities an individual
consumes over a period of time. Consider a particular state i with
characteristic x, representing the head count ratio. The utility
function is defined as u(q,x) where q, is the quantity vector
maximising on utility with price vector p. The total expenditure
on consumption is defined as: e(p, x, u). Next we define the
estimation of QALY.

Thus quality of life can be quantified by using the concept of utility
[25]. The utilitarian philosophers describe utility as a measure
for increasing or decreasing the value for happiness. People
desire for things or goods which in turn leads to maximization
of positive utility (pleasure) or negative utility (pain). QALY’s are
defined as the summation of utility adjusted values over various
time intervals. There lies an underlying assumption for QALY
to be of additive separability. It also states that the utility of a
given health state is unaffected by the other health state which
precedes or follow it.

Methodology

Data has been collected from NSS 61° round (2004-05), NSS 66t
round (2009-10), NSS 68™ round (2011-12) along with the report
of Planning Commission of India [26]. This is a secondary data
which enlists the poverty estimates, head count ratio (%), number
of people below poverty line (lakhs), share in consumption
expenditure of food and non-food items (%), constant prices for
health and education for the time period 2004-2012. There is a
huge literature related to measurement of poverty along with the
study of trend pattern but for the first time it has been done by
means of QALY for different states across different time periods.
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The major objective of building a model and hereby compute
QALY is to uplift those sections of the populations which are lying
below poverty line by indexing them on a scale of 0-1. In a way
we refer to those particular regions which need more or less
improvement through standard of living. Although poverty ratio
gives crude idea about the actual condition of different states but
QALY gives an exact picture of particular state will lie with respect
to a quality of life. To formalise this approach for model building,
we assume that there are N mutually exclusive group of states
indexed from j =1 to N (N=30). All the individuals within a given
state enjoy the same utility function defined over commodities
with respect to constant price over a period of time.

Martin model is given by: e(p, x, u).

Where e represents the expenditure function, p, refers to per
capita per month public expenditure at constant prices (education
& health), x, refers to the head count ratio (% of people below
poverty line), u represents % share in consumer expenditure for
food as well as non-food items.

Test for Heteroscedasticity

Breusch Pagan test is used to test for heteroscedasticity. It tests
for error variances in the regression model.

Hypothesis:H ;: Error variances are equal
H,:Error variances ore not equal

The test statistic follows a chi square distribution wherein we
accept H if p value is greater than 0.05 and reject H, otherwise
at 5% level of significance.

Stratification

We consider all the different states together and try to establish
a causal relationship between poverty estimates (dependent
variable) and other explanatory variables like head count ratio,
below poverty line, utility(food and non-food items). On taking
data as a whole, it did not give good results may be due to huge
variation in the values across different states.Thus, the above
model did not work well. So we further resort to stratify the data.
Stratified random sampling is a method of sampling in which we
subdivide the population into smaller groups known as strata.
This sampling technique gives better precision. The strata so
obtained give a better representation of the entire population
under study. Since poverty ratios and value of variances differ
across the strata so we consider disproportionate stratification.

From Table 1a-3a gives the poverty estimates for different strata
with PRU representing the poverty ratio for urban areas, HCRU
gives the head count ratio in percentage which is defined as
the proportion of population that lives below the poverty line.
BPLU represents the number of people below poverty line in
lakhs, IHCRU is the inverse of HCRU which is taken on the basis of
negative correlation with the poverty ratio. The expected value
is given by estimated PRU which lies within the lower confidence
interval limit (LCL) and upper confidence interval limit (UCL).

In stratum Al we have those states for which number of persons
below poverty line value is greater than A (A=10). We have a
sample of 17 states with fitted polynomial equation as:



Table 1a Poverty estimates for stratum A1 (2004-05).

Table 1b Poverty estimates for stratum B1 (2004-05).

PR = 574.76 — 145.82x; + 26.70x? + 25.96x7 + u,

(1.1)

For all the states lying in stratum Al the poverty estimates
obtained from equation (1.1) are given in table 1a and they lie
within the confidence interval for the year (2004-05). The value
of R? is 55.86% of the total variation in poverty estimates for
stratum Alis explained by the head count ratio for the people
who lie below the poverty line based on monthly per capita
expenditure (MPCE).

Breusch Pagan test for heteroskedasticity shows that the p
value for stratum Al is 0.1345 (>0.05). Thus we accept H, i.e. the
variances of the error terms are homoscedastic.

In stratum B1 we have those states for which number of persons
below poverty line value is less than A (A=10). We have a sample

of 13 states with fitted polynomial equation as:
PR = 644.15 + 56.35x; + 112.04x7 + 2.05x7 + 91.00x? + 132.30xF +u, (1.2)

For all the states lying in stratum Bl the poverty estimates
obtained from equation (1.2) are given in Table 1b and they lie
within the confidence interval for the year (2004-05). The value
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of R? is 53.63% of the total variation in poverty estimates for
stratum Blis explained by the head count ratio for the people
who lie below the poverty line based on monthly per capita
expenditure (MPCE).

Breusch Pagan test for heteroskedasticity shows that the p
value for stratum B1 is 0.573 (>0.05). Thus we accept H, i.e. the
variances of the error terms are homoscedastic.

In stratum A2 we have those states for which number of persons
below poverty line value is greater than A (A=10). We have a
sample of 17 states with fitted polynomial equation as:

PR = 889.53 — 80.05x; — 127.89x7 + 73.16x} — 131.97x} + 163.62xF + u; (2.1)

For all the states lying in stratum A2 the poverty estimates
obtained from equation (2.1) are given in Table 2a and they lie
within the confidence interval for the year (2009-10). The value
of R? is 60.36% of the total variation in poverty estimates for
stratum A2 is explained by the head count ratio for the people
who lie below the poverty line based on monthly per capita
expenditure (MPCE).

This article is available in: http://www.hsj.gr/




Table 2a Poverty estimates for stratum A2 (2009-10).

Table 2b Poverty estimates for stratum B2 (2009-10).

Breusch Pagan test for heteroskedasticity shows that the p
value for stratum A2 is 0.3989 (>0.05). Thus we accept H, i.e. the
variances of the error terms are homoscedastic.

In stratum B2 we have those states for which number of persons
below poverty line value is less than A (A=10). We have a sample
of 13 states with fitted polynomial equation as:

PR =900.85 + 109.18x, — 41.19x% + 172.62x7 + 83.41x} + 57.20xF + 157.39x% — 71.98x] +u, (2_2)

For all the states lying in stratum B2 the poverty estimates
obtained from equation (2.2) are given in Table 2b and they lie
within the confidence interval for the year (2009-10). The value
of R? is 52.21% of the total variation in poverty estimates for
stratum B2 is explained by the head count ratio for the people
who lie below the poverty line based on monthly per capita
expenditure (MPCE).

Breusch Pagan test for heteroskedasticity shows that the p
value for stratum B2 is 0.6903 (>0.05). Thus we accept H, i.e. the
variances of the error terms are homoscedastic.

© Under License of Creative Commons Attribution 3.0 License
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In stratum A3 and using table 3a we have those states for which
number of persons below poverty line value is greater than A
(A=10). We have a sample of 13 states with fitted polynomial
equation as:

BR = 1141.31 — 167 46x; — 515,277 + 340,937 — 217.58x% — 425.24xf + u, (3.1)

For all the states lying in stratum A3 the poverty estimates
obtained from equation (3.1) are given in Table 3b and they lie
within the confidence interval for the year (2010-11). The value
of R? is 69.25% of the total variation in poverty estimates for
stratum A3 is explained by the head count ratio for the people
who lie below the poverty line based on monthly per capita
expenditure (MPCE).

Breusch Pagan test for heteroskedasticity shows that the p
value for stratum A3 is 0.0508 (>0.05). Thus we accept H, i.e. the
variances of the error terms are homoscedastic.

In stratum B3 we have those states for which number of persons
below poverty line value is less than A (A=10). We have a sample
of 17 states with fitted polynomial equation as:
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Table 3a Poverty estimates for stratum A3 (2011-12).

HCRU BPLU

Table 3b Poverty estimates for stratum B3 (2011-12).

HCRU BPLU

PR =900.85 + 109.18x, — 41.19x% + 172.62x7 + 83.41x} + 57.20xF + 157.39x% — 71.98x] +u, (3.2)

For all the states lying in stratum B3 the poverty estimates
obtained from equation (3.2) are given in Table 3b and they lie
withizn the confidence interval for the year (2010-11). The value
of &7 is 68.16 % of the total variation in poverty estimates for
stratum B3 is explained by the head count ratio for the people
who lie below the poverty line based on monthly per capita
expenditure (MPCE).

Breusch Pagan test for heteroskedasticity shows that the p
value for stratum B3 is 0.4739 (>0.05). Thus we accept H, i.e. the
variances of the error terms are homoscedastic.

On fitting the polynomial for six strata for three different years
we get the estimated poverty ratio and then using the utility
function we computed QALY. From table 4.1, PRU gives the
poverty ratio for urban areas, Food and Non-food total column

The utility function is defined as
u, = 1211638 — 0.1341 3¢, (4.1)

Using the Table 4a we have defined the utility function based
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Table 4a Share in consumer expenditure for all India level.

Yer  PRU  Food,  Nonfood,
200405 579
200910 860

on yearly data. The utility values are assumed to be constant for
a particular year for all the states. Due to unavailability of data
we could not fit the varying utility function over different states.
After forming the utility function as given by equation (4.1) we
next compute the quality adjusted life values for different strata
of states. The QALY values are computed using equation (4.2)

QALY = Length of Life = Quality of Life for people living below poverty line (4.2)

The length of life for population of individuals residing in different
states is assumed to be 1 year. Since the poverty estimates are
defined for a yearly basis so we follow the methodology for
computation of QALY in the similar manner (Table 4b).

For strata A the sample size varies from 17 to 21 from 2004-12,
though for 2004-05 & 2009-10 it remains the same. There are

This article is available in: http://www.hsj.gr/




Table 4b QALY values for strata A.

QALY
(2004-05)

State

Table 4c QALY values for strata B.

QALY
(2004-05)

States

number of 8 states such as Andhra Pradesh, Bihar, Chattisgarh,
Haryana, Karnataka, Kerela, Maharashtra, Punjab whose position
remains constant in strata A with improved QALY values over
a period of three different years. For the time period 2004-05
the QALY values remain less than 0.5 for almost all the states
except for Delhi. Since their values lie closer to 0 which indicates
a bad possible state of health for people of different states who
lie below the poverty line. Thus, in that time period it indicates
greater improvement is needed for the states in order to rise
above the poverty line. For strata A(2009-10), more than half
of the number of states have QALY values greater than 0.5. The
time period 2009-10 shows better improvement in comparison
to 2004-05. Thus a moderate improvement is needed for those
states with QALY value greater than 0.5. On the other hand
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QALY
(2009-10)

QALY
(2009-10)

QALY State

(2009-10)

QALY
(2011-12)

few states with value closer to O (or less than 0.5) need greater
improvement in terms of QALY which in turn help them to rise
above the poverty line. For strata A (2010-11), there are 4 states
such as Haryana, Kerela, Punjab, Sikkim whose QALY values is
1. It implies that these states have a stage of perfect health of
individuals and are majorly ready to rise above the poverty line.
Almost all the other states of this time period have QALY values
closer to 1 which also implies that a slight improvement in terms
of QALY values can make a larger section of the population lie
above the poverty line (Table 4c).

For strata B the sample size varies from 13 to 17 from 2004-12,
though for 2004-05 & 2009-10 it remains the same. There are
number of 6 states such as Arunachal Pradesh, Jammu & Kashmir,
Meghalaya, Mizoram, Nagaland, Puducherry whose position

7




remains constant in strata B with improved QALY values over a
period of three different years. For the time period 2004-05 the
QALY values remain less than 0.5 for almost all the states except
for Jammu & Kashmir, Puducherry. Since their values lie closer
to 0 which indicates a bad possible state of health for people of
different states who lie below the poverty line. Thus, in that time
period it indicates greater improvement is needed for the states
in order to rise above the poverty line. For strata B(2009-10), half
of the number of states have QALY values greater than 0.5. The
time period 2009-10 shows better improvement in comparison
to 2004-05. Thus a moderate improvement is needed for those
states with QALY value greater than 0.5. On the other hand few
states with value closer to 0 (or less than 0.5) needs greater
improvement in terms of QALY which in turn help them to rise
above the poverty line. For strata B (2010-11), there are 3 states
such as Gujarat, Nagaland, Puducherry whose QALY values is 1or
very close to 1 (approximately). It implies that these states have
a stage of perfect health of individuals and are majorly ready to
rise above the poverty line. Almost all the other states of this
time period have QALY values closer to 1 (except Meghalaya)
which also implies that a slight improvement in terms of QALY
values can make a larger section of the population lie above the
poverty line. Over a period of three time periods, the number of
states are 10%, 36.67% , 86.67% of the total states having QALY
value closer to 1in the time period 2004-05, 2009-10, 2011-12
respectively.

Conclusion

Poverty line gives the level of income needed to meet the basic
survival needs. Earlier poverty was measured on consumption
basis while all other dimensions such as calorie requirements,
share of consumption expenditure on food & non-food items
etc. which were of not much significance. Economists feel that
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