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Abstract

This paper uses the concept of the M-Curve, which plots the cumulative proportion of deaths
against the corresponding cumulative proportion of the population (arranged in ascending
order of age), and associated measures, to examine mortality experience in India. A feature of
the M-curve is that it can be combined with an explicit value judgement (an aversion to early
deaths) in order to make welfare-loss comparisons. Empirical comparisons over time, and
between regions and genders, are made. Furthermore, in order to provide additional
perspective, selective results for the UK and New Zealand are reported. It is also shown how
the M-curve concept can be used to separate the contributions to overall mortality of changes
over time (or differences between population groups) to the population age distribution and
age-specific mortality rates.
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1. Introduction

The crude death rate (CDR) within a country or region, defined as a weighted sum of age-
specific death rates with weights given by the age-group population shares, is known to be
inadequate for comparison purposes. It does not provide a clear summary of mortality
experience, in view of the complicating role of the age distribution (which itself is influenced
by earlier mortality characteristics). Furthermore, as a ‘purely statistical’ phenomenon, it is
not possible to use the CDR to make judgements about whether mortality has ‘improved’ or
is ‘preferred’ in some sense. In the context of income inequality comparisons, statistical
indices of dispersion have been replaced by measures that have a solid foundation in
explicitly-stated value judgements. This means that independent judges can at least appreciate
whether differing views arise because those judges hold different value judgements.
Furthermore, it is possible to determine whether a change is widely judged to be an

improvement, even if value judgements were to differ to some extent among judges.

In the present context, the question therefore arises of how explicit value judgements can be
used in determining whether changes in mortality are regarded as an ‘improvement’ or
‘worsening’, such that a hypothetical judge can be said to prefer one situation over another.
This question has been considered by Creedy and Subramanian (2022) who, taking
inspiration from the famous Lorenz curve and associated inequality literature, introduce the
concepts of mortality and generalised mortality curves, or M- and GM-curves respectively.
They show how the introduction of a value judgement — in the form of an ‘aversion to early
deaths’ — allows normative comparisons using a ‘loss function’ defined in terms of the CDR
and an ‘inefficiency’ measure, ly. The latter, expressed in terms of an area in the M-curve
diagram, reflects the ‘wastefulness’ of early deaths (the loss of ‘life years’). The ability to
make normative comparisons is a significant advantage, in addition to the ability of the M-

curve to reveal ‘at a glance’ the main mortality characteristics of a group.

The purpose of the present paper is to use this new apparatus to examine mortality experience
in India. Comparisons over time, and between regions and genders, are made. Furthermore, in
order to provide additional perspective, selective results for the UK and New Zealand are
reported. It is also shown how the M-curve concept can be used to separate the contributions
to overall mortality of changes over time (or differences between population groups) to the
population age distribution and age-specific mortality rates. Rather than involving the use of
a standard age distribution, two additional artificial M-curves are used in which each relevant

age distribution is matched with its ‘opposite’ set of mortality rates. This leads to a more
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formal decomposition analysis of changes, or differences, in the CDR following the general

approach advocated by Shorrocks (2013).

Section 2, based on Creedy and Subramanian (2022), briefly explains the M-curve and
associated concepts. A number of Indian comparisons are then made in Section 3. Section 4
decomposes changes in the CRD into two components, those of the population and age-
specific mortality rates. A further decomposition, this time of changes in the welfare, or loss

function, is examined in Section 5. Conclusions are in Section 5.
2. The Mortality Concentration Curve

If individuals are ordered according to age, from youngest to oldest, the mortality
concentration curve, or M-curve, is obtained by plotting the cumulative proportion of total
deaths against the corresponding cumulative proportion of the population. An example is
given in Figure 1, showing the extent to which deaths are concentrated among the aged
members of the population. If the age-specific mortality rate is identical for all ages, the

curve follows the upward sloping diagonal line, whatever the form of the age distribution.

Figure 1. A Hypothetical M-Curve

M-curve

Cumulative proportion of deaths

o Cumulative proportion of people 1

Because the ranking is by age rather than age-specific mortality, the curve need not be
convex and always below the diagonal. High infant mortality can cause the curve to begin
concave and above the diagonal, eventually moving below the diagonal and becoming
convex. Mortality and population data are usually available for a number of age groups, so

that in practice the curve consists of a number of piece-wise linear segments.



Statements about a particular M-curve representing a ‘preferred outcome’, when compared
with another curve, must be based on explicitly-stated value judgements about mortality.’
The simple judgement that greater loss is attached to a death, the lower the age at which it
occurs, is explored here (assuming there are no other relevant individual characteristics).
Hence, the worst situation is the unsustainable one in which deaths all take place in the
youngest age-cohort. The ‘best’ distribution is one in which all deaths occur at the biological

maximum age. These corresponding M-curves are respectively denoted M,, , which follows

the left-hand side and top of the box, and M, which follows the base of the box and the
right-hand side. Early deaths are regarded as a ‘waste of life-years’: hence the term
‘inefficiency’ is used. A quantitative measure of mortality inefficiency, |, , corresponding to
the Gini inequality measure, may be defined as the area between the observed M-curve and
the M, rectangle.* The computation of I,, can be done using the standard trapezoidal

approximation.’

If one country has a mortality curve that is everywhere closer to M than that of another

country, the former unequivocally displays less inefficiency. If the CDRs of two countries are
identical, the value judgement discussed above implies that the former country is preferred to
the other. If CDRs differ, an explicit trade-off is involved in making overall judgements. For
income distribution comparisons, a similar problem arises using the Lorenz curve. Shorrocks
(1983) showed that when arithmetic mean incomes of the two distributions differ, the
appropriate concept is that of the ‘Generalised Lorenz (GL) curve’, in which the values on the
vertical axis of the Lorenz curve are multiplied by arithmetic mean, x . The Gini measure was
initially defined in terms of areas within the Lorenz curve. However, it also arises from the
adoption of a ‘social welfare function’ expressed as the Borda rank-order-weighted sum of

incomes. This is combined with the class of inequality measures defined as the proportional

® In the Lorenz curve context, the statement that one curve has less inequality than that of another distribution if
it is everywhere closer to the upward-sloping diagonal ‘line of equality’ is founded on the value judgement
summarised by the ‘Principle of Transfers’. This states that a transfer from a richer to a poorer person, which
does not affect their ranks, is an improvement: such a transfer necessarily moves the Lorenz curve closer to the
diagonal.

* The Gini inequality measure ‘normalises’ the relevant area by dividing by the area contained within the
extremes of inequality and equality. In the present context this area is unity.

> Suppose age is divided into K groups, 1,...,j,...,K. Let Pj be the cumulative proportion of the population
whose age does not exceed the upper limit of the jth class, and Q; the corresponding cumulative proportion of
deaths, with Py = Q, = 0, and Px = Qx = 1. The_M-curve plots the points {P;,Q;} in the unit square, connected by
straight lines. Inefficiency, ly, is the sum of the areas of a number of trapeziums, given by

K
Iy =(1/2)2° (P, =P )XQ; +Qy).
= .



difference between ux and an ‘equally distributed equivalent’ income (the equal income

giving the same social welfare as the actual distribution). This gives rise to an ‘abbreviated’

welfare function, W = x(1-G), which is itself equal to the equally distributed equivalent
income, and makes the trade-off between ‘equity and efficiency” explicit.’

In the present context, a loss function is needed, where loss is captured by both the crude
death rate, D, and the inefficiency of the distribution of deaths, |,,. An abbreviated loss
function is thus D*=D(1+1,,): the loss is an increasing function of each of its arguments,
Dand (1+1,). When |, is zero, the loss is simply D. A Generalised Mortality curve, or

GM-curve, can therefore be derived from the M-curve, by first shifting the M-curve up by the
crude death rate, D, and then scaling the M-curve by multiplying by D. An example is shown

in Figure 2, where the area under the curve is a sum of A and B. Given the definition of I, ,
area A is equal to DI,,, while Area B is equal to D. The sum of the two areas is thus

D(1+1,,), which is the abbreviated loss, D*./

Figure 2 A Generalised Mortality Curve
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® To link this to the Generalised Lorenz curve, it is necessary only to recognise that the area under the Lorenz
curve is (1-G)/2, so that the area under the Generalized Lorenz curve is that of the Lorenz curve scaled by 4,
and is thus 4(1-G)/2: the above abbreviated welfare function is simply twice the area under the GL curve
(Bishop et al., 2009).

7 This also suggests, by analogy with the income distribution context, that the area under the Generalized M-

curve reflects an ‘optimally-distributed equivalent death rate’, just as the area under the Generalised Lorenz
curve is the equally-distributed equivalent income.



3 Selected M-Curve Comparisons for India

This section uses the M-curve approach to examine a number of Indian comparisons. Further
context is added by making comparisons with selected UK and NZ data.® The examples
demonstrate the additional insights provided by the M-curve methods, as well as the
immediacy of results. First, Table 1 reports values of the CDR, D, the inefficiency measure,
Im, and the welfare loss, D*, for each population group considered. References to these

measures are made in the following discussion of associated M-curves.

Table 1 Summary Measures of Crude Death Rates, Inefficiency and the Loss Function

Population D I D*
Group

UP 1953 21.10 0.578 35.30
UP 2011 7.72 0.333 10.29
Kerala 2011 7.10 0.123 7.97
India 2011: M 7.77 0.253 9.73
India 2011: F 6.29 0.297 8.16
India 2011: Rural 7.68 0.285 9.87
India 2011: Urban 5.77 0.227 7.08
UK 1951 12.40 0.149 14.30
NZ 2019: M 7.58 0.110 8.41
NZ 2019: F 7.01 0.089 7.63
NZ 2019: All 7.30 0.118 8.16
India 2011: All 7.10 0.268 9.00

Figure 3 shows curves, almost sixty years apart, for Uttar Pradesh (UP) in 1953 and 2001. In
terms of human development indicators, UP is one of the most ‘backward’ States in the
Indian Union: it is one of the infamous ‘BIMARU’ States—Bihar, Madhya Pradesh,
Rajasthan and UP, ‘Bimaru’ in Hindi meaning ‘sick’. Nevertheless, in the period from 1953
to 2011, the State, post-Independence, has registered a substantial improvement. The CDR
has been brought down to a third of its 1953 level, and inefficiency, as measured by Iy, has

also been reduced, from 0.58 to a value of 0.33, although the latter remains high. The

® The data sources for all the tables and figures are listed in the Appendix.
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improvement is clearly reflected in an M-curve for 2011 which dominates — is everywhere

lower than — the 1953 M-curve.

Cumulative proportion of deaths

Cumulative proportion of deaths

Figure 3 M-Curves for Uttar Pradesh 1953 and 2001
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Figure 4 M-Curves for Uttar Pradesh and Kerala: 2011
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It is instructive to compare one of the most backward States, UP, with the most advanced

State (in terms of Human Development Indicators), Kerala. The M-curves are shown in

Figure 4. While the CDR for UP, at 7.72 per thousand population, is higher than for Kerala,

at 7.10, the gap is not vast. However, the welfare loss values, D*, for the two states display a
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greater divergence than do the D values. This is because of much greater inefficiency in UP
(Im = 0.33) than in Kerala (Iy = 0.12). Kerala’s M-curve, compared to UP’s, displays a
relatively small initial concave hump and is thereafter convex and relatively close to the base
of the unit square. This is a clear reflection of Kerala’s relatively high investment in literacy,

public health, and child-centred welfare measures.

Figure 5 M-Curves for Indian Males and Females: 2011
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In the preceding pairs of comparisons, the welfare loss, or D*, values displayed wider
divergence than the CDR values, D. However, consider comparisons between males and
females in India for 2011, for which the M-curves are shown in Figure 5. In this
comparison, the D* value has a narrower divergence than the D value. This is not really a
‘good thing’ from the point of view of what one might consider to be the norm of relative
female advantage in a developed demographic regime. Specifically, in India in 2011, the
female Iy coefficient of 0.297 is larger than the male Iy coefficient of 0.253. In Figure 5,
the female M-curve initially lies above the male M-curve, and the former intersects the

latter in about the 45-49 age group, and thereafter lies below the male curve.

This property is a reflection of the relative neglect of the female child in India, and of
female lives lost to maternal mortality. For women who have survived these

contingencies, the natural biological advantage in longevity of women asserts itself,



coupled with life-style related deaths among males in middle-age and thereafter, arising
from, for example, smoking and alcohol. To help place these gender comparisons in
perspective, the nature of the female and male M-curves for India may be contrasted with
those for New Zealand. These are presented in Figure 6, which shows that the female M-

curve ‘dominates’ the male M-curve over its full length.

Figure 6 M-Curves for New Zealand Males and Females in 2019
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Figure 7 displays M-curves for rural and urban areas in India in 2011, and clearly
demonstrates the ‘dominance’ of urban areas, for which the curve lies everywhere below that
of rural areas. These characteristics may be said (at least qualifiedly) to support Lipton’s
thesis of ‘urban bias’, such that, ‘[t]he most important class conflict in the poor countries of

the world today is ... between the rural and the urban classes’ (Lipton (1977, p. 1)).

The observed mortality comparisons revealed by Figure 7 and Table 1 reflect several aspects
of the welfare divide between the rural and urban areas of the country. For instance, in 2011
the headcount ratio of money-metric poverty was 25.7 per cent for rural India and 13.7 per

cent for urban India.” The literacy rates were 69.9 and 85 per cent respectively in rural and

? Press Information Bureau (Government of India, Planning Commission, July 2013): ‘Poverty Estimates for
2011-12’. http://www.niti.gov.in/sites/default/files/2020-05/press-note-poverty-2011-12-23-08-16.pdf
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urban areas (Census 2011'°). The Scheduled Castes and Tribes, the historically most
disadvantaged and impoverished groups of the Indian population, accounted for 29.8 and

15.4 per cent respectively of the rural and urban populations (Census 2011)."

Figure 7 M-Curves for India 2011: Rural and Urban Areas
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National Family Health Survey data for 2019-20 furnish a series of relevant contrasts
between rural and urban India.'? Thus, for example, 64.9 and 81.5 per cent of rural and urban
populations respectively lived in households that used an improved sanitation facility. The
proportions of households using clean fuel for cooking were 43.2 and 89.7 per cent for rural
and urban populations respectively. The proportion of institutional births was 86.7 per cent
for rural areas and 93.8 per cent for urban areas. The incidence of under-5 stunted children
was 37.3 per cent and 30.1 per cent respectively in rural and urban India, with corresponding
figures of 33.8 and 27.3 per cent respectively for under-5 underweight children. Health

facilities are markedly less available in the rural than in the urban areas. As Anand and Fan

1% Census of India 2011: Rural Urban Distribution of Population (Provisional Population Tables), Ministry of
Home Affairs. https://www.censusindia.gov.in/2011-prov-results/paper2/data_files/india/Rural_urban_2011.pdf
! Census of India 2011: Release of Primary Census Abstract Data Highlights Scheduled Caste (SC) and
Scheduled Tribe (ST), Ministry of Home Affairs, 30™ April 2013. https://www.indiaspend.com/wp-
content/uploads/2020/09/INDIA_CENSUS_ABSTRACT-2011-Data_on_SC-STs.pdf

'2 National Family Health Survey (NFHS-5) 2019-20: Compendium of Fact Sheets, Key Indicators, India and 14
States/UTs (Phase II), Ministry of Health and Family Welfare, Government of India. National Family Health
Survey (NFHS-5) (rchiips.org).
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(2016, p. 9) observe, in 2001, ‘[o]f all health workers, 59.2% were in urban areas, where
27.8% of the population resides, and 40.8% were in rural areas, where 72.2% of the
population resides. The ratio of urban density to rural density for doctors was 3.8, for nurses

and midwives 4.0, and for dentists 9.9’.

To place the UP mortality in an international context, M-curves are shown for UP and the UK
in 1953 and 1951 respectively. India, which attained Independence in 1947, was a very
recently decolonized country in 1953. A relatively young population—one in which the aged
account for a relatively small proportion of the total population—is expected to have a
relatively low aggregate death rate. In UP in 1953, the 75+ age cohort accounted for only 0.6
per cent of the total population, while the corresponding figure for the UK in 1953 was nearly
six times higher, at 3.5 per cent. Even so, the CDR for UP, at 21.1 per thousand population, is
1.7 times the CDR for the UK, at 12.4 per thousand.

Figure 8 M-Curves for Uttar Pradesh 1953 and UK 1951
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The high CDR for UP is mainly because of the massive level of child (under-5) mortality,
especially infant (under-1) mortality. This is aided by poverty, under-nutrition, the
uncontrolled spread of diseases like malaria, cholera, smallpox, kala-azar and TB, and the
poor status of public health facilities and public hygiene and sanitation, accompanied by low
levels of awareness and literacy. If the CDR in immediately post-colonial UP is high, the

wastage or inefficiency in the distribution of death across age is also huge: the value of the Iy
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coefficient, at 0.58, is a very large number. The M-curve for UP lies everywhere above the
45-degree line, and is roughly concave over its entire range. The contrast between the M-

curves of Figure 8 is easily discernible.

A further international comparison of interest is that between India in 2011 and New Zealand
in 2019. This is an example where the generalised M-curves, or GM-curves, are particularly
useful. These are shown in Figure 9. The CDR for India in 2011, of 7.1 per thousand, is
actually lower than that of NZ in 2019, of 7.3. Hence the GM-curve for India begins and ends
slightly below that of NZ. Yet the higher Indian inefficiency, of Iy = 0.268, compared with
that of NZ, of Iy = 0.118, means that the former GM-curve lies above that of NZ over most of
its length. The value of the NZ loss function, D* = D(1+ly), reflected in the area below its
generalised M-curve, is lower than that of India: 8.16 compared with 9.13. This is a further

example of the potentially misleading nature of the CDR.

Figure 9 Generalised M-Curves for India and New Zealand
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4 Decompositions of CDR Differences

This section returns to the basic feature of the crude death rate, CDR, that it depends on the
population age distribution as well as age-specific mortality rates. The CDR, denoted D, is a

weighted sum of age-specific death rates (ASDRs), the weights being the age-specific
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population shares. The CDR thus conflates the age-profile of mortality and the age-structure
of the population in a single real number, which tends to obscure the role played by each of
these factors in determining the overall pattern of mortality. The M-curve can be used to get a

sense of the contribution of each of these factors to aggregate mortality, in the following way.

The relationship between two M-curves, M, and M,, can be thought of as the product of two

counterfactual exercises. In the first exercise, the two curves are derived by using the actual
age-specific death rates (ASDRs) of the two societies and a presumed hypothetical shared
population age structure. In the second exercise the two curves are derived using the actual
population age structures of the two societies and a presumed hypothetical shared pattern of
ASDRs. The first pair of M-curve comparisons isolate the difference attributable to the
differing ASDRs, and the second pair isolate the difference attributable to the differing age
structures. The comparison of the actual M-curves is some combination of these

counterfactual ASDR and age structure comparisons.

Figure 10 M-Curve Decomposition of CDR for India: 1971 to 2011
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This is illustrated in Figure 10 by the M-curves for India in 1971 and 2011. This figure
shows, 'at a glance', that the change in the population age structure over the period had little
effect on the M-curves. The improvement in the age-specific mortality rates, in particular the
reduced inefficiency of deaths over the period, reflected in the reduction in ly, contributed

substantially to the overall change in the M-curve.

This type of comparison also lies behind a Shorrocks-Shapley form of decomposition of a
change in the crude death rate over time, or between geographical areas.”” Suppose the CDRs
in two different periods or regions are denoted D; and D,, and the population age
distributions are the column vectors, p; and p,, with elements measuring proportions in each
age group. The age-specific death rates are given by vectors, ©; and O,. It can be seen that,

where the prime indicates transposition:

Dy-Di=[p20:2-p102] +[p"102- p"161] (1)

Alternatively, the difference can be written as:

Dy-Di=[p20:-p10:1] +[p202- p201] (2)

In each case, the first term in square brackets measures a change arising from differences in
population distributions, while the second term measure the contribution of changes in age-
specific mortality rates. These two effects can be referred to respectively as A-effects and F-
effects (with A and F referring to age and fatality). There are two ways of expressing the
decomposition because, for example, the A-effect can be measured holding age-specific
death rates constant at either the initial or final period values. As there is no presumption in
favour of either form, the results reported here are obtained by taking arithmetic means of the

appropriate two terms from (1) and (2).

Table 2 reports the results of such a decomposition for a number of mortality comparisons. In
all but one case — the exception being the difference between rural and urban areas in India in
2011 — the sign of the A-effect is opposite to that of the F-effect. While the F-effect, on its
own, exerts an upward pressure on the aggregate CDR, the A-effect exerts a downward

pressure. The A-effect, that is, dampens the F-effect, but does not ‘swamp’ it. In the

Y See Shorrocks (2013). For applications to the decomposition of Covid-19 fatalities, see Dudel et al. (2020)
and Philip, Ray and Subramanian (2021).
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comparison between India 2011 and NZ 2019, the signs of the A- and F-effects are again
opposing, but here the F-effect is dwarfed by the A-effect.

Table 2 Decompositions of CDR Differences

AD = Pop age Death
Pop 1 Pop 2 D, -D; structure Rates
UP 1953 UP 2011 -13.3800 0.35846 -13.7384
UP 1953 UK 1951 -8.7000 6.39692 -15.0969:
Kerala 2011 UP 2011 0.6200 -2.95110 3.5711
India 2011: M India 20112: F -1.4800 0.29448 -1.7744
India 2011: Rural India 2011: Urban  -1.9100 -0.00872 -1.9012!
NZ 2019: M NZ 2019: F -0.5712 1.87424 -2.4454
NZ 2019: All India 2011: All -0.2000 -5.46467 5.2646

There is a large difference between NZ's and India's ASDRs (in fact the NZ profile
comfortably dominates the Indian profile), but that difference is neutralised by the large
difference in the two countries' age distributions. India's poor record of death rates is
compensated — indeed overcompensated — by its being a younger population. Hence, there are
two differences of roughly equal magnitude, pulling in opposite directions, with the
population effect just edging out the mortality effect. This is a further example of why and

how the CDR, read on its own, can be a misleading indicator.

5 Decompositions of Welfare Loss Differences

This section turns from decompositions of the CDR, D, to decompositions of the welfare loss,
D*, associated with deaths and their inefficiency, as defined above. The decomposition can
be carried out by dividing the discrete change in D* into a number of terms, as follows. First,

write D* = DL, where L =1+ | . The difference between two regimes can be written as

AD*=D, - D]

= (1/2)(D; - D})+(1/2)(D; - D})

=(1/2),L, -D,L)+(1/2)(D,L, -D,L,)

=(1/2)(D,L, -D,L, + D,L, - D,L,)+(1/2)(D,L, + D,L, - D,L, - D,L,)
=1/2[D, (L, +L,)-D, (L, + L)+ A/ 2)[D, (L, - L)+ D, (L, - L)]
=(1/2)(L; +L,)(D, = D)) +(1/2)(D, + D, )(L, - L)

=[(1/2)(L, +L,)AD]+[(1/2)(D, + D, )AL]. 3)
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The first term in square brackets in (3) can be called the ‘mean (or CDR)’ contribution to the

difference in the D* values. The second term may be called the ‘dispersion (or inefficiency)’

contribution. That is, the variation in D* is decomposed into a variation in the average

mortality level (the mean effect), and a variation in the dispersion term (the 'inefficiency

effect’).
Table 3 Decompositions of Welfare Loss Differences
Case Comparison AD*=  AD= AlL= Mean Dispersion
D,*-D* D,-D; Ly-L; Effect Effect

1 1=UK 19 8.7 0.4286 11.86 7.14
2=UP (62.42) (37.58)

2 1=UP 2011 23 13.4 0.2449 19.47 3.53
2=UP 1953 (84.65) (15.35)

3 1=Kerala 2.3 0.6 0.2101 0.74 1.56
2=UP (32.17) (67.83)

4 1=India F 1.57 1.48 -0.0444 1.88 -0.32
2=India M (119.75) (-19.75)

5 I=NZF 0.78 0.57 0.021 0.63 0.15
2=NZ M (80.77) (19.23)

6 1=India Urban 2.79 1.91 0.0582 24 0.39
2=India Rural (86.02) (13.98)

7 1=NZ 1.64 -0.21 0.2598 -0.24 1.88
2=India (-14.63) (114.63)

Note: Percentages are given in parentheses below each effect

Using the values reported earlier in Table 1, these decompositions are shown in Table 3. In

cases 1, 2, 3, 5 and 6, both the mean and the dispersion effects have the same sign: they are

mutually reinforcing. In cases 1, 2, 5 and 6, the mean effect dominates. However, this

dominance is relatively less in case 1 (the UP-UK comparison), where the inefficiency effect

is substantial. In such a case the dispersion effect has a non-trivial role to play in explaining

the mortality differential. In Cases 4 and 7, the mean and dispersion effects are mutually

opposing, but in opposing ways. In the Male/Female comparison for India (Case 4), the

superior performance of females in terms of age-specific death rates is somewhat neutralized

by their greater inefficiency. This can be contrasted with the Male/Female comparison for NZ

(case 5), where both the contributory effects are positive, with the mean effect dominating.

This is similar to the pattern for the rural and urban areas of India in 2011 (Case 6).
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The case of India/NZ (Case 7) is interesting: here, as in Case 4, the two effects have opposing
signs, but unlike Case 4, it is the mean effect that is negative. India’s CDR is actually lower
than NZ’s, but the inefficiency of the age distribution of deaths in India is so high that it
swamps the mean effect and causes the welfare loss measure D* to reverse the ranking by D.
This is a further example of a case where going solely by the mean (CDR) without taking

stock of the dispersion in reckoning mortality differentials could be misleading.

6 Conclusions

This paper has provided a number of mortality analyses for India, involving comparisons
over time, between States, regions, and genders. To provide further perspective, selective
comparisons with other countries were made. Instead of relying on ‘crude’ or ‘age-
standardised’ death rates, comparisons were made using the concept of the mortality
concentration curve, or M-curve, which plots the cumulative proportion of total deaths
against the corresponding cumulative proportion of people, when individuals are ranked in
ascending order by age. Associated ‘inefficiency’ measures, |y, were also obtained in terms
of the area underneath the M-curve: it measures the ‘distance’, as an area measure, between
the curve and that which would arise if all individuals were to die at a biological maximum
age. Furthermore, by introducing a value judgement, expressed in terms of an ‘aversion to
early deaths’, a loss function provides a welfare ranking of mortality. This allows for the
possibility that one population could have a lower CDR than a second population, but the
latter has a sufficiently lower ‘inefficiency’ that the welfare ranking is the opposite of the

CDR ranking.

For example, it was found that, for Uttar Pradesh (one of the poorest regions of India) over
the period 1953 to 2011, the CDR fell by 63 per cent. In addition, there was a 40 per cent
reduction in the ‘inefficiency’ of deaths, resulting in a substantial drop in the welfare loss, of
71 per cent, over the period. Nevertheless, the high infant mortality continued in 2011 to
produce a concave M-curve over its early ranges. The region compares unfavourably with
Kerala, for which ‘inefficiency’ is nearly one third that of Uttar Pradesh. Perhaps
surprisingly, India in 2011 had a slightly lower CDR than New Zealand in 2019, yet the much
lower ‘inefficiency’ in NZ means that their rankings are reversed when using the ‘loss
function’. The lower CDR in India arose partly from its ‘younger’ age distribution: there

were relatively fewer individuals in the higher-age high-mortality groups.
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A startling contrast was found when comparing Uttar Pradesh in 1953 and the UK in 1951.
While UP had a CDR of 1.75 times that of the UK, the ‘inefficiency’, as measured by Iy, was
almost four times higher: the contrast is immediately apparent when the two M-curves are

plotted together.

Two decomposition methods were used to isolate separate contributions to differences in the
CDR, and the welfare loss. First, changes in the CDR were decomposed using a Shorrocks-
type approach to produce two components, relating to age-specific mortality (a fatality or ‘F-
effect’) and the population age distribution (an age or ‘A-effect’). In all cases, except for the
comparison between urban and rural regions of India, these two effects worked in opposite
directions. The F-effect tends to increase the CDR, while the A-effect reduces the CDR.
Second, changes in the welfare loss, measured using the loss function expressed as the
product of the CDR and 1 plus Iy, were decomposed into ‘mean’ and ‘dispersion’ effects (in
terms of D and Iy respectively). These effect were sometimes found to be self-reinforcing,

while for other comparisons they worked in opposite directions.

It is suggested that the measures used here provide fresh insights into mortality experience in
India. In addition, they illustrate the value of the new analytical approach via the M-curve
which, like the Lorenz curve in the context of inequality, provides an instant visual contrast
between, say, two time periods or regions. Furthermore, the approach allows normative, as
well as purely statistical, comparisons to be made. This is achieved by introducing an explicit
value judgement — an aversion to early deaths — along with a measure of inefficiency which

combine to provide welfare loss comparisons.
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Appendix: Data Sources

Information on the age-distribution of population and of deaths for each of the population
groups considered in the text has been derived from the following data sources.

Uttar Pradesh 1953

Census of India: Paper No.1, 1955: Sample Census of Births and Deaths — 1953-54: Table 44
(p.53) — Age-Specific Death-Rates and Percentage Distribution of Total Population by Age.

Uttar Pradesh 2011

Sample Registration System Statistical Report 2011: Table 1 - Percent distribution of
estimated population by age-group, sex and residence, 2011, Uttar Pradesh; and Table 8 -
Age-specific death rate by sex and residence, 2011, Uttar Pradesh. Census of India Website :
SRS Statistical Report (censusindia.gov.in)

Kerala 2011

Sample Registration System Statistical Report 2011: Table 1 - Percent distribution of
estimated population by age-group, sex and residence, 2011, Kerala; and Table 8 - Age-
specific death rate by sex and residence, 2011, Kerala. Census of India Website : SRS
Statistical Report (censusindia.gov.in)

India 2011 (Males)

Sample Registration System Statistical Report 2011: Table 1 - Percent distribution of
estimated population by age-group, sex and residence, 2011, India, Males; and Table 8 - Age-
specific death rate by sex and residence, 2011, India, Males. Census of India Website : SRS
Statistical Report (censusindia.gov.in)

India 2011 (Females)

Sample Registration System Statistical Report 2011: Table 1 - Percent distribution of
estimated population by age-group, sex and residence, 2011, India, Females; and Table 8 -
Age-specific death rate by sex and residence, 2011, India, Females. Census of India Website
: SRS Statistical Report (censusindia.gov.in)

India 2011 (Rural) and India 2011 (Urban)

Sample Registration System Statistical Report 2011: Table 1 - Percent distribution of
estimated population by age-group, sex and residence, 2011. Census of India Website : SRS
Statistical Report (censusindia.gov.in)

Census of India Compendium of India’s Fertility and Mortality Indicators : Table 8§ — Age-
specific mortality rate by sex and residence from 1991 to 2013 at interval of 5 years (Table T-
8A, 2011). Census of India Website : Compendium of India's Fertility and Mortality
Indicators ,1971 - 2013 (censusindia.gov.in)
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UK 1951 (England and Wales, 1951)

Census of India: Paper No.1, 1955: Sample Census of Births and Deaths — 1953-54: Table 44
(p.53) — Age-Specific Death-Rates and Percentage Distribution of Total Population by Age.

New Zealand 2019 (Males), New Zealand 2019 (Females), and New Zealand 2019 (All)

For New Zealand it is necessary to go to each of the following web sites and use the on-line
data selection facility to select and then download the required tables.

https://www.stats.govt.nz/topics/births-and-deaths

https://www.stats.govt.nz/topics/population

India 2011 (All)

Sample Registration System Statistical Report 2011: Table 1 - Percent distribution of
estimated population by age-group, sex and residence, 2011, India, Total; and Table 8 - Age-
specific death rate by sex and residence, 2011, India, Total. Census of India Website : SRS
Statistical Report (censusindia.gov.in)
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Tables: Data for Figures

Employing the information in the data sources listed above, it is possible to generate the
coordinates of the M-curve and GM-curve for each of the comparisons depicted in the
relevant figures in the text. These distributions are set out in the following tables. Let P; and

Qj denote cumulative proportions of the population and deaths, respectively, not exceeding
the upper limit of the jth age-interval. In these Tables, the upper limit of the final age-interval
is recorded as 100 years. However, this is a notional figure, as the final age-interval is an
open-ended interval, and for the purposes on hand, the precise value of the upper limit is
irrelevant.

Figure 3
Upper Limit of Age-Interval U.P. 1953 UP 2011
Pj Qj Pj Qj

4 135 4402 110 2551
9 263 5093 213 2725
14 380 5542 337 2838
19 470 5926 460 3078
24 566 .6167 5643320
29 652 .6501 650 3531
34 726 6778 J13 3727
39 785 .7010 J77 3976
44 .844 7362 824 4292
49 .886 .7762 870 4698
54 931  .8269 .899  .5093
59 954 8565 931 5732
64 977 9156 952 6341
69 985 .9330 973 7467
74 993 9668 985 8224
100 1 1 1 1
Figure 4

Upper Limit of Age-Interval Kerala 2011 UP 2011

Pj Qj Pj Qi

4 075 .0275 110 2551
9 150 .0296 213 2725
14 231 .0319 337 2838
19 307 0373 460 3078
24 385 .0460 564 3320
29 464 0537 .650  .3531
34 541 .0657 J13 3727
39 617 .0860 J77 3976
44 692 1082 824 4292
49 761 1423 870  .4698
54 819 .1872 .899  .5093
59 874 2631 931 5732
64 916 3524 952 6341
69 946 4419 973 7467
74 970 5635 985 8224
79 985  .7053 993  .9086
84 994 8289 986  .9569
100 1 1 1 1
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Figure 5

Upper Limit of Age-Interval India Males 2011 India Females 2011
Pj Qj Pj Qi
4 .099 1467 .095  .1963
9 193 1588 185 2106
14 300  .1685 288 2221
19 407 1850 386 .2439
24 501 .2056 488 2698
29 591 .2299 578 2913
34 .665 2576 .653 3104
39 734 2904 725 3298
44 793 3307 783 3529
49 847 3808 837 3847
54 887 4339 873 4190
59 921 .5027 915 4812
64 948 5855 942 5504
69 969  .6939 966  .6523
74 983  .7986 982  .7604
79 992 8931 992 8660
84 996 9529 996 9264
100 1 1 1 1
Figure 6
Upper Limit of Age-Interval NZ Males 2011 NZ Females 2011
Pj Qj Pj Qi
4 .0652  .0099 .0604 .0090
9 1367  .0108 1263 .0097
14 2041 0125 1890 .0112
19 2706  .0174 2511 .0138
24 3412 .0259 3156 0171
29 4161  .0346 3874 .0207
34 4831 .0445 4552 .0259
39 5455 .0549 5185 .0309
44 .6063  .0667 5817 .0405
49 .6733  .0875 6615 .0574
54 7381 1210 7179 0813
59 8017 .1703 7832 1151
64 8565 2307 .8394 1604
69 9048 3133 8885 2214
74 9431 4256 9283 .3050
79 9699 5585 9580 4113
84 9863 .7044 9779  .5502
100 1 1 1 1
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Figure 7

Upper Limit of Age-Interval India Rural 2011 India Urban 2011

Pj Qj Pj Qj
4 103 1821 .082 .1056
9 198 11960 165 1129
14 308  .2073 255 1195
19 415 2266 347 1381
24 513 2498 447 1688
29 .600 2715 546 1948
34 671 2949 .631 2194
39 739 3213 708 2465
44 795 3522 774 2841
49 847 3911 836 .3370
54 883 4315 881 .3977
59 920 4935 920 4697
64 947 5689 948  .5500
69 970 .6769 970 .6452
100 1 1 1 1
Figure 8
Upper Limit of Age-Interval U.P. 1953 UK 1951

Pj Qj Pj Qj
4 135 4402 .085 .0441
9 263 .5093 157 .0476
14 380  .5542 222 .0503
19 470 5926 284 .0543
24 566 .6167 351 .0603
29 652 .6501 425 .0680
34 726 6778 495 .0770
39 785 7010 571 .0919
44 844 7362 .649 1114
49 886 .7762 721 1422
54 931 .8269 786  .1878
59 954 8565 841 2494
64 977 9156 890 .3385
69 985  .9330 932 4622
74 993 9668 965 6177
100 1 1 1 1
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Figure 9

India 2011 New Zealand 2019
Upper Limit of Age Pi Q P Q
Group
4 .0970 .1664 .0628 .0095
9 .1890 .1793 1315 .0103
14 2940 .1896 .1966 .0119
19 3970 2084 2608 .0158
24 4950 2305 3283 .0218
29 5850 .2533 4016 .0280
34 .6590 2772 4691 .0356
39 7300 .3042 5320 .0434
44 7880 .3368 5940 .0541
49 .8420 .3786 .6624 .0730
54 .8800 .4230 7281 .1018
59 9180 .4882 7925 1436
64 9450 .5645 .8480 .1967
69 9680 .6719 .8967 .2688
100 1.0000 1.0000 1.0000 1.0000
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