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Background: Prior study showed that the mortality decline in India has been slowing
down since the late nineties and that this largely depends in slowing down of the infant
mortality reduction. The latter in turn largely depend on neonatal mortality, which
constitutes 56 percent of all deaths. Earlier studies focused mainly the role of socio
economic factors affecting infant and child mortality in India. This study analyzed the
trends, regional patterns and disparities on neonatal mortality in India since early
seventies. Methods: Decomposition of changes in NMR by time, state and type of residence
(urban-rural) was done using Sample Registration System data. Inequality measures viz.
range and population weighted Dispersion Measures of Mortality (DMM) were calculated
to measure trend in regional inequality in NMR during the study period. Results: Analysis
shows reduction in NMR is stagnant even in the era of health system reforms started since
2005. It also revealed presence of substantial regional and urban-rural disparity that
present in NMR during 1970-2011. Although absolute inequality in NMR among regions
has decreased over time, relative inequality appears to increase over time. Conclusion:
Public health policies addressing under five mortality emphasis more on neonatal mortality

with special reference to region of residence.
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A significant attention has been paid by researchers analyzing infant and child mortality
reduction in India during last four decades (Dommaraju et. al. 2008, Makepeace et. al. 2008,
and UNICEF India 2012, Jain 1985; Arnold et al. 1998; Kravdal 2004; Mohanty 2011; Singh
et al. 2011; Po and Subramanian 2011). The IMR was 130 per thousand live births before
1970s and begun to decline steadily after mid of the 1970s with the major reduction in the
decades of 1980s and 1990s. The most recent estimate of IMR by Sample Registration
System in India is 47per thousand live births in 2010 (Office of the Registrar General 2012).
In spite, stagnation in the reduction in IMR or other mortality measures is observed since
mid nineties (Claeson et al 2000; Saikia et al 2011). A cross country comparison of infant
mortality rate using Demographic Health Survey data showed that over the 15 year period
before 1992-93 National Family Health Survey, all measures of childhood mortality
declined in India at rates slightly greater than the average for other low-income countries
(Claeson et al 2000). However this decline has been slowed down since early nineties and
child mortality reduction in India during 1990-2010 became lower than some south Asian
countries including Bangladesh and Nepal (comparison of time series estimates of under
five mortality rates available in Rajaratnam et al 2010). One of the important reasons
behind this stagnation is recognized as increased role of neonatal mortality because of
faster decline of post neonatal mortality (Figure 1). Trend of IMR and NMR in figure 1
showed that both indicators reduced minimum during 1991-2001 and afterwards
reduction in IMR is much steeper than NMR. This is especially true after inauguration of
National Rural Health Mission (NRHM) in 2005, a major health reforms focusing maternal
and child health of 70 percent of total population. During post NRHM period (2006-2010),

the reduction in IMR is 10 units whereas the same for NMR is only 4 units. Thus, India
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experiences difficulties in addressing neonatal component of infant mortality effectively

even the level of NMR is high.

[Figure 1 about here]

Out of 3 million neonatal deaths that occur each year globally, approximately 2.4 million
occurs in developing countries (UN Inter-agency Group Report, 2012). In the last two
decades since 1990, there is slower reduction in the neonatal mortality compared to under
five mortality (Rammohan et al 2013; UN Inter-agency Group Report, 2012). In addition to
this, neonatal mortality has become the principal contributor for infant and under five
mortality. Globally, neonatal deaths contribute 41% to total under five death in 2008
(Oestergaard et al 2011). In India, the same figure in 2005-06 is about 52% (Rammohan et
al 2013). India has the highest number of the neonatal deaths among all countries of the
world amounting to 876,000 deaths in the year 2011 with neonatal mortality rate (NMR) of
31 per thousand live births. In the last four decades, there has been comparatively slow
decline in the neonatal mortality in India compared to infant and under five mortality. As a
result the relative contribution of the neonatal mortality to under five mortality has
increasing continuously (SRS Reports, 1999 and 2010). This phenomenon may be
attributed to the fact that there has been significant reduction in post neonatal and child
mortality, but, the pace of reduction is relatively slow in the case of neonatal mortality. The
high burden of the neonatal mortality is critical for achieving the desired MDG-4, related to

infant and child mortality.

However, measuring the progress towards the achievement of MDG-4 at national level

could be misleading (Sousa, Hill and Poz 2010) particularly in countries with great
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inequalities. India, being the homeland of one billion plus population, experienced
significant mortality inequality in all age groups by region, residence (rural-urban) and
other socio-economic characteristics (Saikia et al 20011; Subramanian et al 2006). Thus
examining neonatal mortality trend at sub-national level in India in past few decades is

crucial for policy makers and health planners for effective decentralized and demand based

policy.

Earlier Studies on Neonatal Mortality on India

As mentioned earlier, until recently both policy makers and researchers focused infant and
child mortality in India (Jain, 1985; Gupta, 1990; Simmons et al., 1982; Narayana, 2008;
Subramanian et al., 2006; Pradhan& Arokiasamy,2010; Joe, Mishra &Navaneetham, 2010;

Behl, 2012; Bhattacharya & Chikwama, 2011) with no specific focus on neonatal mortality.

Most of earlier studies addressing neonatal mortality in India were focused on individual
level neonatal death (Kumar 2013; Singh et al 2013; Arokiasamy and Gautam 2007). It has
been brought out that along with bio-demographic factors health service utilization is also
an important factor for the survival of the neonates (Rutstein, 2000). Literature suggest
that use Tetanus Toxoid (TT) injections by pregnant mothers, keeping the baby warm
(‘kangaroo care’), place of post natal check up, household environment etc. are important
determinants of neonatal mortality in India (Singh et al 2013; Singh et al 2012). It is also
said that simple and cost effective service utilization like keeping the baby warm after

pregnancy (kangaroo care) plays a positive role in child survival (Singh et al., 2012). Baby
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care immediately after the birth is very important since 40% of all neonatal deaths occur

on the first day of the life and 56% during the first three days (Rasaily, 2008).

Studies addressing causes of neonatal deaths are even scarcer. The primary causes of
neonatal deaths in hospital born neonates are recognized as immaturity, Sepsis and birth
asphyxia (Paul 1999). According to the million death study, a nationally representative
survey conducted in 2001-2003, three most important causes for neonatal death in India
are prematurity and low birth weight; neonatal infections, comprising neonatal pneumonia,
neonatal sepsis and CNS infections; and birth asphyxia and birth trauma altogether
accounting for 78% of neonatal deaths (Jha et al., 2010). Further, the study corroborates

that there is cause specific variation in the neonatal and child mortality in India.

There is wide variation in the neonatal, infant and child deaths in various regions of India.
In general, southern states have relatively lower neonatal, infant and child mortalities and
the northern states. Empowered action group (EAG)* states, in particular, have very high
neonatal, infant and child mortalities compared to other parts of India (Arokiasami al.,

2008). The proportion of neonatal deaths to total child deaths is higher in higher income

states than in lower income states and; the proportion of total child deaths caused by the
neonatal infections is higher in lower income states than in higher income states (Jha et al,,

2010).

*In India, the eight socioeconomically backward states of Bihar, Chhattisgarh, Jharkhand, Madhya Pradesh, Orissa,
Rajasthan, Uttaranchal and Uttar Pradesh, referred to as the Empowered Action Group (EAG) states.
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Nevertheless, none of earlier studies addressed the regional dynamics of neonatal
mortality by regions in India with a special reference to rural-urban divide. This paper
analyzed in detail the trend and differential of neonatal mortality at national and sub
national level from 1971 to 2011.

Data and Methods

Data

To examine neonatal mortality rate (deaths of children in the first 28 days after the birth)
for the period 1971-2009, we used Sample Registration System (SRS) data (Office of the
Registrar General & Census Commissioner (India) 2009; Registrar General of India 2009,
2011).

SRS is based on the principles of the dual-record system involving both continuous
registration in a nationally representative sample of villages and urban blocks, and a
survey every six months for an independent count of events and to update demo- graphic
particulars of the sample population. Events recorded in the two operations are matched.
Unmatched and partially matched events are referred to the field for verification. It was
started in 1969-1970 to generate reliable demographic indicators at national and state
levels. The data quality issues of SRS are widely discussed (Saikia et al. 2011; Bhat 2002)
and it is established that SRS estimates were likely to be accurate for child and adult ages

under 60.
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Methods

Population-weighted Dispersion Measures of Mortality (DMM) and GINI coefficients were
applied to estimate the trend in absolute inequality in neonatal. The DMM is defined as the
average absolute inter-population difference in the mortality indicator (here it is
neonatal/early mortality rate) across all pairs of populations, weighted by their sizes (here
number of births). The decrease and increase in DMM show the decrease and increase in
absolute inequality NMR among selected regions (for details see Moser et al. 2005). Since
number of births for every year is not available directly from Census of India or SRS, those
are estimated indirectly using crude death rates from SRS and total population from Census
for the corresponding year.

For decomposing the changes in NMR, we used standard technique by Kitagawa (1955)

given in appendix A.

Results

Trends and Components of NMR Reduction

Figure 2 shows the trend of neonatal mortality rates in India and bigger states during 1970
and 2011. At national level, neonatal mortality slightly increased until the year 1977;
started declining sharply until 1993 and afterwards, the reduction slowed down
significantly. The increase in NMR during 1971-77 might be due to increasing coverage of

deaths in SRS.

[Figure 2 about here]
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In absence of any other available data on neonatal deaths in early seventies, it becomes
tricky to assess the completeness of deaths during neonate period. However a close look at
regional pattern in NMR might strengthen our hypothesis. For example, in the year 1971,
the state of Haryana has equal level of IMR with that of Kerala, one of the best performing
states in terms of demographic indicators! This appeared really implausible when we
observed the trend of Kerala and Haryana during this period. Kerala showed consistent
decline over time and Haryana showed an increasing trend until 1997 and then started

slowing down.

In addition to Haryana, some other states such as Tamil Nadu, Rajasthan, Andhra Pradesh
showed increasing coverage in the early seventies. Thus most of the states, death
registration situation has greatly improved by the 1980s. During same period, the trends of
Karnataka, Maharashtra, Punjab, Odisha, Assam, and Uttar Pradesh appeared to be
consistent. The peace of reduction of NMR varied significantly from region to region. The
state of Uttar Pradesh showed almost stagnant NMR until 1983 and then experienced sharp
decrease until 1996. NMR is almost stagnant in Punjab since mid nineties. In most recent
years, only Tamil Nadu and Orissa achieved faster reduction in NMR compared to any other
state. In the same period, the most populous states including Uttar Pradesh, Rajasthan,

Madhya Pradesh and Odisha have higher neonatal mortality rate than the national average.
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Urban-rural Divide and Regional Disparities

The trend of neonatal mortality rates in India and bigger states by type of residence (rural -

urban) during 1971 and 2011 is showed in figure 3.
[Figure 3 about here]

The distinction between rural and urban NMR is clear and consistent over time.
Throughout the period, rural NMR is higher than corresponding urban IMR for each region.
In the year 1971 the gap between rural and urban NMR in India was of 35 (per 1000 live
births) which has reduced to 17 (per 1000 live births) in the year 2010. The range of NMR
among different states is wider in rural India compared to urban India. Since the majority
of Indian population (approximately 69% of the population) is still mainly rural (Registrar
General of India 2011), the rural pattern of neonatal mortality in figure 3 is analogous to

the national pattern in figure 2.

There has been noteworthy change in the regional pattern of neonatal mortality rate in
India in the last three decades. At the same time, the central Indian states of Uttar Pradesh
and Madhya Pradesh have consistently been high neonatal mortality rate regions in the
country. Unlike, the south-western state of Kerala has consistently been the lowest NMR in

India in the last four decades (Figure 4).
[Figure 4 about here]

In the year 1981, there is clear cut regional divide with very high concentration of NMR in
all central and eastern states along with western state Gujarat. Relative picture for

southern states were satisfactory in 1981. By year 2011, the picture became more
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complex. Regional disparities within southern states become prominent with Kerala falling
in the lowest NMR category and Andhra Pradesh falling under the second highest NMR
category. Similarly, eastern state West Bengal and northern state Punjab experienced
lower NMR which is exceptional position in entire north and eastern region with very high
level of NMR. The relative position of two most populous states viz. Uttar Pradesh and
Madhya Pradesh remained same between 1981 and 2011. Interestingly, the newly created
states Uttarakhand (erstwhile part of Uttar Pradesh) and Chhattisgarh (erstwhile part of
Madhya Pradesh) experienced lower NMR than their parental states. The relative position
of Orissa and Rajasthan has worsened from 1981 to 2011. On the other hand, Tamil Nadu
and Maharashtra has shown tremendous progress in the reduction of NMR. Thus it is
observed that reduction in the NMR in different states of India have been not uniform.
Secondly, the number of high to very high NMR states has increased, particularly in the

central, northern and eastern states of India.

[Table 1 about here]

Table 1 showed the ranking of states in descending order in NMR in 1981 and 2011. There
is large reshuffle of states in India in the last three decades, if all states are arranged in
ascending order of their NMR. However, the northern and eastern states have largely

continued their position in the upper side of the ladder.

[Table 2 about here]

The trend in range and DMM during 1971-2011 is showed in table 2. The range between

the best and the worst performing states significantly reduced from 67 to 39 during 1971-
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2011 in rural India. The reduction in this range is much slower in case of urban India. The
trend in DMM further substantiate the fact that over time, inter-state difference in neonatal
mortality reduced faster way in rural India to urban India. The convergence in rural NMR
among states occurred most during 1981-2001. Surprisingly there is slight increase in

DMM in rural NMR during 2001-2011.

[Table 3 about here]

Components of changes in NMIR

Decomposition analysis in NMR reduction by the effect of mortality and population shows
that reduction in NMR is solely due to the reduction in mortality during 1981-2001 (twenty
years) (table 3). In table 3, the negative value of any component indicated positive
contribution in NMR reduction and vice-versa. For example, a mortality effect -29.8 for all
states in 1981-2001 indicated mortality reduction of 29.8 units for all states during the
reference period. The most populous state Uttar Pradesh contributed the highest fraction
(about 30 percent of total reduction) in NMR reduction among all states. Next to Uttar
Pradesh, West Bengal and Bihar contributed significantly in NMR reduction during this
period. Some states with a very high level of NMR, say, Assam, Madhya Pradesh, Orissa and
Rajasthan, the reduction in NMR is minimal. Although minimal, changing in Population
composition played positive role in NMR increase in the most populous states Bihar,
Madhya Pradesh, Rajasthan and Uttar Pradesh. In rest of the states, Population effect is

negative or zero.

sub-national variation in neonatal mortality Page 11



Submitted PAA 2014 Saikia, Shekhar, Jasilionis and Shkolnikov

The total change in NMR in next ten years (2001-2010) was even negligible. During this
period, changing population composition also contributed in the NMR reduction in a few

states.

[Table 4 about here]

Table 4 shows decomposition of changes in NMR by rural and urban residence in selected
states in 1981-2001 and 2001-2010. Clearly, reduction in NMR varied greatly from a
maximum of 46 units in Uttar Pradesh to a minimum of 9.6 units in Karnataka in 19821-
2001. Overall, mortality effect was more than population effect for both rural and urban
India. For most states, mortality effect was stronger in rural area than the urban area. A
complete contrast in population effect by rural urban residence is observed during this
period. The population effect contributed in NMR reduction in rural area while it

contributed positively in urban area.

Decomposition analysis of changes in NMR for by rural and urban residence for India and
its states for the period 2001-2011 showed a similar picture in spite the magnitude of

reduction fell significantly compared the earlier period.

Summary and discussion

Neonatal mortality rate in India reduced to more than half in past forty years. In spite the
current figure is alarmingly high and is equivalent to ten times more than the NMR

developed region in world.

Present study attempted to understand the trends and sub-national variation in neonatal

mortality rate in India during 1971-2011. It focused regional dynamics of NMR change
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with special reference to urban rural residence. It is found that the contribution of the
neonatal mortality in infant mortality has been increasing continuously. Stagnation in
neonatal mortality reduction and huge disparity across regions is major concern at present.
In particular, neonatal mortality rate is higher in the most populous states situated at
central, north and eastern states contributing huge absolute neonatal deaths overall. The
pace of reduction in NMR did not corroborate with that of IMR. Post NRHM period (2006-
2011), IMR reduction is much faster than NMR reduction. During past four decades,
reduction in NMR varied significantly from region to region and from decade to decade. In
most recent years, only the state of Tamil Nadu maintained a consistent steeper reduction

in NMR. NMR in Karnataka is constant in most recent years rather at a high level.

On average, rural population is still at higher risk of experiencing NMR compared to urban
population. It is worth to mention that there may be massive disparity in NMR within
urban regions and hence some population sub-group might experience higher NMR than
rural population. However we could address it due to lack of SRS information on it. Both
the range and dispersion measure of mortality indicated that the regional convergence in
NMR is much faster in rural areas compared to urban areas. It posed an important
question: is this due to increasing number of low socio-economic sub-groups exposing

higher deaths in urban slums?

Decomposition analysis further showed that the reduction in NMR is largely due to
mortality effect. A few states played vital role in NMR reduction during the study period.

Decomposition analysis by type of residence showed reduction in NMR is primary due to
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reduction in NMR among rural areas. For both periods, population effect negatively

contributed in NMR reduction in urban areas and vice versa.

Studies revealed that many of the neonatal deaths are because of the endogenous cause,
that is, causes primarily influenced by the genetic make-up and circumstances arising
before and during the birth (Arokiasami et al., 2008; Jha et al). Thus the perinatal and the
neonatal survival require additional interventions and approaches since their causes of
death are different from that of infant and child mortality (WHO, 2006, Jha et al., 2010).
Until recently, half of all deliveries (52 percent) in India occurred at home in 2007-08
(Modugu et al 2012). With the conditional cash transfer schemes, popularly known as
Janani Suraksha Yojana (JSY) and Janani -Shishu Suraksha Karyakram (JSSK), institutional
delivery increased significantly to 78 percent in 2010-2011 (Ministry of Home and Family

Welfare 2011).

Nevertheless wide regional variation in institutional delivery and quality of care during
intrapartum/postpartum still remained questionable in India. For instance, out of total
number of deliveries, only 58 percent of women received post partum check-up within 48
hours after delivery (Ministry of Home and Family Welfare 2011). Earlier study showed
that prematurity and low birth weight is one major cause of neonatal deaths in India (Jha et
al.). According GOI report, out of total reported births 20,472,026, 16 percent newborns
was underweighted (less than 2.5 Kgs) (Ministry of Home and Family Welfare 2011).
Similarly, studies revealed maternal anemia is closely linked with preterm birth and birth

weight (Rasmussen 2001; Zhang et al 2009). Surprisingly, anemia prevalence among ever
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married women of age 15-49 years increased significantly during 1998-99 to 2005-06

(Balarajan etal 2013).

Thus emphasizing on the number of institutional delivery might not be enough in India.
Providing high-quality facility-based obstetric and neonatal care is equally important to
improve neonatal survival in India. India probably can Add china’ paper learn from her

immediate neighbor China on combating neonatal mortality rate (Feng et 2011)

Since SRS data doesn’t provide neonatal mortality rate by sex, we couldn’t see sex

differential in neonatal mortality in India.
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Figure 1: Trend in neonatal and infant mortality rates along with the share of neonatal
mortality in infant mortality in India during 1971-2011
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Figure 2: Trend of neonatal mortality rates in India and bigger states, 1971 and 2011
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Figure 3.Trend of neonatal mortality rates in India and bigger states, 1971 and 2011
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Figure 4: Maps of state level variations in NMR 1981 and 2011

Neonatal mortality rate of India, 1981.

Neonatal mortality rate of India, 2011.
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Table 1: Rank and live births of states in descending order of neonatal mortality rates in

Indiain 1981 and 2011.

States of India 1981 States of India 2011

NMR Live births NMR Live births
Kerala 25.7 651622 Kerala 6.8 507493
Karnataka 48.6 1050949  Tamil Nadu 15.2 1147009
Punjab 48.8 508707 Maharashtra 18.9 1876629
Maharashtra 53.6 1789316  West Bengal 21.9 1488968
Haryana 57.7 471653 Punjab 24.9 448809
Rajasthan 59.6 1271120 Karnataka 24.8 1149257
Andhra Pradesh 60.1 1697567  Andhra Pradesh 28.2 1481647
Tamil Nadu 62.6 1355424  Haryana 28.3 552697
West Bengal 63.9 1812089  Bihar 29.3 2875388
Assam 66.9 595353 Gujarat 29.8 1286171
Bihar 74.3 2045047  Assam 30.5 710659
Gujarat 74.9 1175967  Rajasthan 36.9 1797871
Odisha 79.7 872847 Uttar Pradesh 39.6 5548365
Madhya Pradesh 80.7 1435154  Odisha 40.9 843142
Uttar Pradesh 96.2 4163425  Madhya Pradesh 41.0 1952874
India 75.2 23164853 India 30.8 26382360

Note: Live births are obtained by multiplying crude birth rate with total population.

Table 2: Maximal and minimal values, Max-Min range, and Dispersion Measure of Mortality

(DMM) for neonatal mortality rate in 1971-2011

Total Urban Rural

Years

Max Min Max-Min DMM Gini Max Min Max-Min DMM Gini Max. Min. Max-Min. DMM  Gini
1971 99 35 64 11 0.14 63 24 39 6 0.13 103 37 67 11 0.13
1981 96 26 71 10 0.14 56 17 39 6 0.15 101 27 74 9 0.12
1991 68 11 57 7 0.14 49 10 38 5 0.17 78 12 66 7 0.13
2001 59 9 50 5 0.12 37 6 31 5 0.19 61 9 52 5 0.11
2011 44 7 37 5 0.15 32 5 27 4 0.20 47 8 39 5 0.14

sub-national variation in neonatal mortality

Page 21



Submitted PAA 2014

Saikia, Shekhar, Jasilionis and Shkolnikov

Table 3: Decomposition of changes in neonatal mortality rate by state in 1981-2001 and

2001-2011 (per 1000 live births)

1981-2001 2001-2011

States Total Change M effects P effects Total Change M effects P effects
Andhra Pradesh -2.2 -1.5 -0.7 -1.0 -0.8 -0.2
Assam -0.5 -0.6 0.1 -0.5 -0.5 0.0
Bihar -3.0 -3.7 0.7 -0.8 -1.2 0.4
Gujarat -2.1 -1.9 -0.2 -0.5 -0.5 0.0
Harayana -0.4 -0.5 0.1 -0.3 -0.2 0.0
Karnataka -0.4 -0.4 0.0 -0.8 -0.8 0.0
Kerala -0.6 -0.5 -0.1 -0.1 0.0 0.0
Madhya Pradesh -1.3 -2.0 0.7 -0.8 -1.0 0.2
Maharashtra -2.1 -2.0 0.0 -1.1 -1.0 -0.1
Odisha -1.2 -0.8 -0.4 -0.7 -0.7 0.0
Punjab -0.5 -0.4 -0.1 -0.2 -0.1 -0.1
Rajasthan -0.1 -0.8 0.7 -0.7 -0.8 0.1
Tamil Nadu -2.5 -1.8 -0.7 -0.9 -0.8 0.0
Uttar Pradesh -8.5 -10.4 1.9 -1.3 -1.7 0.4
West Bengal -3.4 -2.6 -0.8 -0.8 -0.6 -0.2
All States -28.7 -29.8 1.1 -10.4 -10.8 0.3
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Table 4: Decomposition of changes in NMR for by rural and urban residence for India and

its states

A) 1981to 2001

Total
States Ch:ng M effects P effects 'l;(;ftsitl\s/l Z?fizacltls)
Urban Rural Urban Rural
Andhra Pradesh -19.4 -1.7 -16.6 1.8 -2.9 -18.3 -1.1
Assam -20.7 -2.6 -17.8 0.4 -0.7 -20.4 -0.3
Bihar -34.7 -0.2 -35.2 -1.1 1.8 -35.4 0.6
Gujarat -34.4 -7.1 -25.9 2.0 -3.4 -33.0 -1.4
Harayana -18.7 0.0 -17.2 2.1 -3.6 -17.2 -1.5
Karnataka -8.9 -3.2 -4.9 0.7 -1.5 -8.0 -0.8
Kerala -16.5 -2.4 -13.6 0.9 -1.5 -15.9 -0.6
Madhya Pradesh -27.6 -2.9 -23.8 1.3 -2.2 -26.7 -0.9
Maharashtra -23.9 -5.3 -15.6 2.6 -5.6 -20.8 -3.0
Odisha -20.2 -0.3 -19.1 0.8 -1.5 -19.5 -0.8
Punjab -17.2 -2.7 -13.6 1.0 -1.8 -16.3 -0.8
Rajasthan -12.1 1.6 -13.4 0.4 -0.6 -11.8 -0.3
Tamil Nadu -31.0 -4.6 -23.6 4.1 -6.8 -28.2 -2.8
Uttar Pradesh -47.6 -3.3 -43.4 1.4 2.4 -46.7 -0.9
West Bengal -31.8 -2.3 -28.9 0.7 -1.4 -31.2 -0.7
All States -28.8 -2.8 -25.0 1.2 -2.3 -27.7 -1.1
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Table 4: Decomposition of changes in NMR for by rural and urban residence for India and

its states

B) 2001 to 2011

Total Total M Total P
Change M effects P effects effects effects
Urban Rural Urban Rural

Andhra Pradesh -12.5 -4.8 -6.6 1.3 -2.4 -11.4 -1.1
Assam -15.8 -0.8 -14.9 0.1 -0.2 -15.6 -0.2
Bihar -9.8 -2.0 -7.6 0.3 -0.4 -9.7 -0.1
Gujarat -9.9 -2.3 -6.6 1.3 -2.3 -8.9 -1.0
Haryana -9.6 -3.3 -5.5 1.5 -2.2 -8.8 -0.7
Karnataka -15.1 -1.9 -11.6 1.0 -2.6 -13.5 -1.6
Kerala -3.1 -0.9 -1.2 0.9 -1.9 -2.1 -1.0
Madhya Pradesh -12.2 -2.2 -9.8 0.2 -0.4 -12.0 -0.2
Maharashtra -11.1 -1.2 -9.6 0.2 -0.5 -10.8 -0.3
Odisha -17.9 -1.0 -16.8 0.0 -0.1 -17.9 0.0
Punjab -5.5 0.8 -5.7 1.1 -1.7 -4.9 -0.6
Rajasthan -10.2 -3.6 -6.2 0.7 -1.1 -9.8 -0.4
Tamil Nadu -16.7 -7.0 -7.7 4.5 -6.5 -14.7 -1.9
Uttar Pradesh -7.8 -2.2 -5.3 0.4 -0.7 -7.5 -0.3
West Bengal -9.4 -0.5 -8.5 0.7 -1.1 -9.0 -0.4
All States -10.3 -1.9 -7.8 0.7 -1.2 -9.7 -0.6
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Appendix A

The method for decomposing the differences between two NMR into population and

mortality effect is given in equation (1) (Kitagawa 1955)

NMR(Iz)_NMR(t1) =[ P(tz)_P(I1):%-NMR(1‘2)+NMR(t1): ' '{ NMR(Iz)_NMR(tl):%

.P(r2)+P<rl>ﬁ}

where tzand t;are two calendar periods; P(t;), i=1, 2 is percent share of live births to the
total births, NMR(ti), i=1,2 is neonatal mortality rate at calendar period t;.The first
component measures the effect of changes in population composition given average rates
of NMR in time ¢t; & tz. Similarly the second component measures the effect of changes in

NMR given average population composition in time t; & t2.

Similarly the method for decomposing the differences between two NMR into population

and mortality effect by urban and rural population is given in equation (2).

r ~ N r 1 ) N
NMR(t,) ~ NMR(t,) = L{ P“(tz)—P"(a),E.NMR"amNMR"(a)} +LPf(t2>—P’(zl)33.(fMRf(t2>+NMR'(rl)_} -
([_ u u \1 u u ‘—l |— r r \1 r r ~_]
+ 1 DM ) = NMR* () 3 €7 () + P (1) r WMRY (1) = NMRT () 5 € (1) + P (1) -
L 1L |
where t;and t;are two calendar periods; P(t;), i=1, 2 is percent share of live births to the
total births in urban area, Pr(tj), i=1, 2 is percent share of live births to the total births in

rural area, NMRu(t;), i=1,2 is neonatal mortality rate at calendar period ¢; in urban area,

NMRr(t;), i=1,2 is neonatal mortality rate at calendar period ¢; in rural area.
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