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Abstract
Since India’s independence, population stabilization has been 
one of the prime concerns in its development agenda. Although 
fertility decline in India has been underway since the 1970s, 
fertility levels in the northern and north-central states continue 
to be high. Using data from Census 2011 and other district 
level surveys and adopting the analytical approach proposed 
by Bhat (1996) the present study provides an explanation for 
interregional variations of fertility in India. Additionally, individual 
level data from National Family Health Survey-4 conducted 
during 2015-16 were used to compare and substantiate 
findings of district-level analyses. By employing multilevel linear 
regressions, we find that although factors representing socio-
economic structure, ideational changes, and health and family 
welfare can adequately explain regional variations of fertility 
even in the present day Indian society, new forms of social 
entities are emerging which also contribute to fertility transition. 
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We suggest that efficient implementation of family welfare 
programmes focusing on spacing methods for better child and 
maternal health outcomes is needed in the regions with high 
fertility. Further, propagating the benefits of small family size 
through mass media and community-based organizations, and 
socio-economic development at the macro level could play a 
catalytic role in this process.

Keywords: District-level fertility, Indirect Demographic Estimation, 
Multilevel Analysis, Regional Variation, Fertility Contour  

Introduction
Since independence, population stabilization has always been one 
of the prime concerns of India’s development agenda. A number 
of previous studies conducted in India and other developing 
countries have pointed out that limiting population growth could 
result in societal benefits, accelerated economic progress and 
overall well-being in the long run (Coale and Hoover 1958; 
Srinivasan 1998; Kelly 1988; Dyson 2004; Bhat 2004; Datta 
and Mohanty 2005). Despite various policies and programmatic 
efforts on maternal and child health, and family welfare, India’s 
population has increased by more than threefold during the last 
six decades (Registrar General of India (RGI) 2011). As per the 
United Nations Revised Population Projection 2017, India shares 
18 percent of the global population and would surpass China 
roughly by 2024 (United Nations 2017a). Although the long-
term objective, as envisaged in the National Population Policy 
2000,is to achieve population stabilization by 2045 (Ministry of 
Health and Family Welfare, 2000), recent studies have showed 
their concerns over uncertainty in achieving stabilization in the 
near future since the four larger states of northern and north-
central India, namely, Uttar Pradesh, Madhya Pradesh, Bihar 
and Rajasthan continued to have high fertility (Das and Mohanty 
2012). In a recent study, Ghosh (2018) has argued that although 
fertility has declined even among the northern and north-central 
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Indian states, significant regional divergence still persists. 

Since 1990s, based on district-level analysis of census data, 
a number of studies have identified the variables which are 
responsible for stark regional fertility differentials (Malhotra et 
al. 1995; Murthi et al. 1995; Bhat 1996; Dreze and Murthi 2001; 
Guilmoto 2005; Bhattacharya 2006; Chakrabarty and Guilmoto 
2005; Dommaraju and Agadjanian 2009; Das and Mohanty 
2012; Mohanty et al. 2016; Singh et. al. 2017; Mohanty et. al. 
2019). Among those, Bhat (1996), in his seminal work, estimated 
the district-level crude birth rate (CBR) and total fertility rate 
(TFR) for Indian major states by employing indirect methods 
of demographic estimation from 1981 and 1991 census data 
and also provided insights over the cause-effect relationship 
between TFR and socio-economic variables, ideational changes, 
and health and family welfare by adopting a holistic analytical 
approach. This paper is primarily focused on testing if previously 
identified factors by Bhat (1996) are still relevant.

In addition to the district-level analysis, the paper also examines 
fertility behaviour using individual level data from the fourth wave 
of National Family Health Survey (NFHS-4) conducted during 
2015-16 to seek further validation of correlates that is used for 
interregional analysis. However, owing to our focus on explaining 
interregional variation in fertility and due to the limitation of 
space, coverage of discussion of individual level analysis is 
limited.  Results of individual level analysis are attached as 
supplementary material (S1). The purpose behind focussing on 
district level analysis is to elicit the role of variables that are 
more relevant from the point of view of policy leverage. 
It is understandable that analysis of fertility at individual level 
will give greater leverage to demographic and socio-economic 
variables in explaining the variation in fertility because these 
variables have higher variance at individual level when 
compared to district level. As a result of aggregation at district 
level, variance of these variables would be moderated in district 



6

level analysis. We will elaborate on this issue while discussing 
findings. 

In order to provide spatial insight of fertility, in this paper, we 
retained a number of variables that were used in one of the most 
cited studies in the area of India’s regional variation in fertility 
i.e., of Bhat (1996). Nevertheless,we have altered some of the 
explanatory variables because of their relevance and significance 
in the present-day society. The details have been discussed in 
subsequent sections. Further, procedure of indirect estimation 
of TFR and analytical model of multivariate analyses essentially 
differ with Bhat (1996). We deliberately restrict our analyses to 
the major states in India and exclude Jammu and Kashmir and 
north-eastern states with small territories primarily for the three 
following reasons. First, survey-based estimates of the districts 
of these states often have high standard error. Second, there is 
considerable intra-region variations across states of north-eastern 
region pertaining to different indicators used in this analysis. These 
two features together potentially destabilize our model estimates. 
Jammu and Kashmir was excluded from the analyses because 
of questionable data quality as found in deriving estimates of 
TFR, aas was found inearlier evaluations (Guilmoto and Rajan 
2013; Ghosh 2018). Thus, our findings would not be compared 
with the aforementioned work of Mari Bhat.   

Theory of fertility change
Demographic Transition Theory as propounded by Thompson 
(1929) and Notestein (1945) was criticised because later studies 
found an enormous empirical evidence suggesting thatthe origin, 
speed, and correlates of fertility decline vary widely across 
historical and geographical settings (Hirschman 1994; Mason 
1997). Meanwhile, the sociological and economic explanations 
gained importance and it was emphasized that demographic 
transition itself is an integral part of the process of modernization 
(Kirk 1996). The importance of knowledge and preference in 
fertility change wasaddressed by Davis and Blake (1956). 
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Any change in fertility behaviour was mostly conceived in the 
economics literature as a result of changing costs and benefits 
associated with childbearing and childrearing which would lead 
to ‘quantity-quality trade-off’ (Becker 1960; Leibenstein 1974). 
Bongaarts (1978), and Bongaarts and Potter (1983) identified 
four factors, namely, proportion married, contraceptive adoption, 
induced abortion and postpartum infecundability as ‘proximate 
determinants of fertility’ and empirically demonstrated 95 percent 
of the variations can be explained by these four determinants. 
Mason (1997) emphasized mortality decline is a precondition 
for fertility decline.

In India, a number of studies tried to explain the effect of 
various socioeconomic factors on proximate determinants and 
their extent in explaining interregional variations in fertility (Jain 
and Adlakha 1982; Jain 1985; Rajan 2005). Later studies have 
found that female literacy and household poverty are significant 
predictors of fertility change (Jejeebhoy 1988; United Nations 
1995; Parasuraman et al. 1999; Dreze and Murthi 2001; Mohanty 
and Ram 2011). Notwithstanding, some studies have also argued 
that fertility reduction is an outcome of increased acceptance 
of contraception in India among illiterate and poor (Bhat 2002; 
McNay et al. 2003; Arokiasamy 2009). Growth in availability and 
utilization of maternal healthcare services and increased child 
survival as crucial factor in declining fertility were also emphasized 
in some other studies (Guilmoto 2005; James and Subramanian 
2005; Ramachandran and Ramesh 2005; Srinivasan and Kumar 
2005). Malhotra et. al. (1995) found that level of fertility tends 
to vary according to socio-economic development of a district, 
gender bias and kinship structure. After analysing census data 
of 1981 and 1991, Bhattacharya (2006) found that nearly half 
of the decline in TFR between the mentioned censuses was 
caused by a reduction in child mortality, while female autonomy, 
female work force participation and female literacy had marginal 
impact in decline of TFR. However, later studies have argued 
that the relationship between female autonomy and fertility is not 



8

straightforward (McNay 2003; Rahman and Rao 2004; Dwivedi 
and Sigarwal 2008; Kalabikhina 2010).  

Inadequacies in explaining determinants of fertility change give 
rise to the theories of diffusion and cultural lag (Carlson 1996; 
Casterline 2001). The concepts of innovation, diffusion and 
adoption were furthered to linguistic and cultural boundaries 
in the 1980s (Cleland and Wilson 1987). In Indian context, 
Guilmoto and Rajan (2002) propagated the idea of diffusion 
– a geographical spread from certain innovative nodal areas 
towards peripheries (for example, coastal areas to nearby 
inland and so on). Basu and Amin (2000) hypothesized social 
diffusion of fertility norms from ‘urban elite’ to ‘rural masses’. 
However, Bocquet-Appel et al. (2002) argued that diffusion 
in India is a complex and non-geographical phenomenon – 
sudden and widespread change which was observed during 
1971-81 actually occurred from centre and directed towards all 
information receivers irrespective of their geographical and social 
location. Thus centrally sponsored family planning programmes 
were emphasized as a driving force in fertility decline. Later 
Dommaraju and Agadjanian (2009) argued that changes in 
fertility desire and subsequent actualization in different areas 
and among different communities could be better understood in 
a broader socio-political context.  According to them, a number 
of social and political movements in the southern states shook 
old foundations, enhanced individual and group security and 
ushered a sense of optimism which might have influenced 
aspiration for adoption of small family norms. On the other hand, 
lack of socio-political transformation, and individual and group 
mobility in the northern states could have resulted in stagnation 
of fertility desire. 

In this paper, we would like to argue that although Mari Bhat’s 
holistic approach to understand regional variations of fertility 
transition in India is still relevant in present-day Indian society, 
new forms of social institutions are emerging and would 
contribute to fertility transition in India in future. 
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Materials and Methods
Data and methods for estimation of district-level total fertility 
rates (TFRs)
District-level TFR was calculated by Ghosh (2018) using Census 
2011 data on number of women by present age, and number 
of births in last year (before the Census year). First, state-level 
TFRs were estimated by using Arriaga variation of P/F ratio 
method and were compared with the state-level estimates of 
Sample Registration System (SRS). At the state-level, correlation 
between SRS estimates and estimates obtained from Ghosh 
(2018) were found to be 0.961. After finding such a high degree 
of correlation between the two estimates, Ghosh proceeded 
towards district-level estimation of TFR by using the same 
methodology. The district-level estimates were also compared 
with the estimates provided by Guilmoto and Rajan (2013) and a 
very close correspondence (correlation coefficient = 0.978) was 
found and results were thus validated. In the present analyses, 
we have used the estimates of TFR derived by Ghosh (2018). 
For details of assumptions and computation procedure please 
refer to Ghosh (2018).

Data and variables for multilevel analyses at district level
Data for the present study have been drawn from a variety 
of sources. TFR per 100 women as derived by using Arriaga 
version of P/F ratio method from census 2011 data were used 
as response or outcome variable in multivariate models. 

Table 1 presents the description, data sources, means and 
standard deviations of the explanatory variables along with their 
expected relationships with fertility in a multivariate framework. 
These variables were calculated (or directly obtained) from 
census 2011, fourth round of District level Household and Facility 
Survey (DLHS) conducted during 2012-13 and Annual Health 
Survey (AHS) conducted during 2011-12. Since neither DLHS 
nor AHS data were available for the state of Gujarat for the 
aforesaid period, third round of DLHS which was carried out 
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Table 1: Description, mean and standard deviation of 
explanatory variables used in multivariate 

analyses and their expected relationship with 
total fertility rate

Variable name	 Description along with	 Mean	 Standard	 Expected
	 data sources		  deviation	 relation-		
				    ship
Variables representing 
economic structure				  
Male workers in agriculture	 Proportion of agricultural	 53.2	 19.0	 + 
	 workers among total male 
	 workers (Main),2011 Census	
Agricultural labourers	 Proportion of agricultural	 43.3	 18.2	 ?
	 labourers among total 
	 agricultural workers (Main), 
	 2011 Census 	
Female work force	 Proportion of female main	 18.2	 9.9	 −
participation	 workers aged 7 years and 
	 over, 2011 Census
District level development 				    −
Bank account	 Proportion of households has	 58.3	 15.6
	 bank account, 2011 Census
PDS shops	 Proportion of villages in a 	 60.3	 18.3
	 district having PDS shops, 
	 2011 Census 		
Electricity	 Proportion of households has	 63.5	 29.1
	 electricity connection,
	 2011 Census 		
Sanitation facility	 Proportion of households has 	 41.7	 24.4
	 sanitation facility, 2011 Census		
Institutional delivery	 Proportion of delivery that 	 69.0	 23.1
	 have taken place in institution, 
	 DLHS, 2012-13; AHS 2011-12 
Full immunization 	 Proportion of children of aged	 63.1	 15.5
	 12-23 months who are fully 
	 immunized, DLHS, 2012-13; 
	 AHS 2011-12		
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Variable name	 Description along with	 Mean	 Standard	 Expected
	 data sources		  deviation	 relation-		
				    ship

All weather road	 Proportion of villages in a 	 37.2	 24.8
	 district covered by all-weather 
	 road, 2011 Census		
Variables representing 
social structure				  
Joint/extended family	 Proportion of households 	 18.4	 5.9	 +
	 having more than one married 
	 couple, 2011 Census
Female age at marriage	 Mean age at marriage among	 20.8	 1.3	 − 
	 girls, DLHS, 2012-13;
	 AHS 2011-12 
Child sex ratio	 Number of girls per 1000 boys	 921	 42	 − 
	 of age group 0-6 years, 
	 Census 2011
Muslims	 Proportion of Muslims,	 11.7	 12.6	 +
	 Census 2011 	
Scheduled castes	 Proportion of scheduled 	 16.8	 8.0	 −
	 castes, Census 2011
Scheduled tribes	 Proportion of scheduled 	 11.9	 19.0	 ?
	 tribes, Census 2011
Variables representing 
Ideational factors				  
Female literacy	 Proportion female literate of	 62.7	 12.2	 −
	 age 7 or more, Census 2011
Media exposure
Transistor/radio	 Proportion of households 	 18.2	 8.4
	 having transistor/radio, 
	 Census 2011
Television	 Proportion of households	 42.7	 24.2 
	 having television, 
	 Census 2011
Computer/laptop	 Proportion of households	 2.1	 2.9
with internet	 having computer/laptop with 
	 internet, Census 2011
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Variable name	 Description along with	 Mean	 Standard	 Expected
	 data sources		  deviation	 relation-		
				    ship

Mobile phone	 Proportion of households	 51.3	 14.1
	 having mobile phones, 
	 Census 2011
Self-help group	 Proportion of villages having	 67.0	 27.2
	 self-help group, Census 2011
Variables representing 
health and family planning
Under-five mortality 	 Under-five mortality rate,	 56.5	 22.1	 +
	 Ram et al. 2013
Unmet need	 Proportion couple reported 	 22.1	 11.1	 +
	 unmet need for contraception 
	 for limiting and spacing (total), 
	 DLHS-2012-13, AHS-2011-12
Availability of primary 
healthcare providers
ASHA	 Proportion of villages having 	 78.4	 17.4
	 ASHA, Census 2011
Anganwari Workers (AWW)	 Proportion of villages having 
	 AWW, Census 2011 	 80.8	 14.9
Paramedics PHC	 Proportion of villages having	 48.5	 2.9
	 paramedical staff of primary 
	 health centre, Census 2011
Paramedics HSC	 Proportion of villages having 	 26.5	 29.4
	 paramedical staff of health 
	 sub-centre, Census 2011		

Source: Conceptualized by the author

during 2007-08 were considered for the analyses. As mentioned 
earlier, although we have tried to keep the explanatory variables 
used by Bhat (1996) considering their importance in the Indian 
context even in the recent past, we have also excluded some 
variables because of their decreased importance over the time, 
while including some new variables due to their increased 
significance. For instance, proportion of child labour has reduced 
to a significant extent during last three decades or so and 
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according to census 2011, 3.9 percent of the total child population 
were working either as ‘main’ or ‘marginal’ workers. For this 
reason, we have not considered this variable in the present 
study. On the other hand, we have incorporated mobile phone 
and computer/laptop with internet facility while computing degree 
of media exposure. Further, we have also considered percentage 
of villages having self-help group in a district as an explanatory 
variable due to its increased significance in fertility reduction. 
We have categorized the explanatory variables in the line of 
Bhat (1996). These categories are: (1) variables representing 
economic structure of the society, which would have significant 
bearing on fertility; (2) variables related to socio-demographic, 
cultural and gender differentials affecting fertility; (3) factors 
governing ideational change; and (4) indicators signifying child 
health and family welfare efforts. 

Structural aspects of the economy conceivably are represented by 
the proportion of male agricultural workers, agricultural labourers, 
female workforce participation and level of development of districts. 
Lesser proportion of male agricultural labourer would likely to 
be related with higher level of industrialization and urbanization, 
which are essential pre-requisites for fertility transition according 
to classical demographic transition theory. Also, higher female 
workforce participation in wage earning sector activities should 
have negative association with fertility. However, in order to 
overcome high level of endogeneity between female workforce 
participation rate and other explanatory variables, the former 
was dropped while carrying out multivariate analyses. We have 
employed factor analysis to assess the level of development of 
districts with the following variables: proportion of households 
with bank account, electricity, sanitation facility; proportions of 
villages having shops pertaining to public distribution system 
(PDS) and all-weather roads; and proportion of institutional 
delivery and proportion of children(12-23 months of age)
getting full immunization in a district. The resulting scores were 
normalized. The normalized factor score was intended as a rough 
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proxy of overall development of a district and was expected to 
have a negative relation with fertility. Although traditional view 
suggests that poor (agricultural labourers are taken as a proxy) 
would breed more because of need of family labour, poor could 
also try to limit their family size in order to provide better life 
for their children when infant mortality declines and cost of 
fertility regulation is minimal (Kulkarni, 2011). Such ambiguous 
relationship should be examined in the present context.

We have tried to capture the influence of social structure and 
patriarchy on fertility through the following variables: proportion 
of households having more than one married couple (proxy for 
joint/extended family), female age at marriage, child sex ratio 
and proportions of Muslims, scheduled castes and tribes in 
the population. Joint/extended family system has a potential to 
promote high fertility because of lack of women’s autonomy, 
particularly that of young women, in such households. Further, 
in such households the cost and care for children are often 
shared within the family itself. Female age at marriage is one 
of the important proximate determinants of fertility which directly 
influences supply of children in Indian context. Moreover, it is 
regarded as a powerful indictor of women’s status in larger 
societal context. Presumably child sex ratio is another very 
important indicator which could reflectthe regional variations 
in gender discriminations against women and an appropriate 
measure of female autonomy. However, studies have also argued 
that sex ratio at birth and child sex ratio could be linked to 
sex neutral reduction of foetal wastage and differential stopping 
behaviour (Jayaraj and Subramanium 2004; Clark 2000; Das 
2014). Fertility also varies across socio-religious affiliation in 
India. Though most of these studies have argued higher fertility 
among Muslims in India is a ‘pure’ religion effect (Alagarajan and 
Kulkarni 2008; Bhat and Zavier 2005; Dharmalingam et al. 2005; 
Dharmalingam and Morgan 2004), some studies have argued that 
systematically worse economic conditions could have resulted in 
higher fertility among Muslims (Shariff 1995; Jeffery and Jeffery 
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2000; Sahu et al. 2012; Haque and Patel 2016). Moreover, 
studies have found that fertility level within a religion varies 
substantially according to geopolitical space (development policy 
and programme implementation) (Ghosh and Chattopadhyay 
2017; Sahu et al. 2012). Scheduled tribes (STs) are generally 
least influenced by the forces of ‘modernization’ because of their 
physical remoteness, lack of education and media exposure and 
thus conceivably have higher fertility compared to other social 
groups. At the same time, as Bhat (1996) argued that whenever 
tribes come into contact with modernization, they tend to accept 
family planning methods because of higher women’s autonomy 
and perceived incentives. However, recent studies have shown 
that acceptability of contraception was substantially higher 
among scheduled castes (SCs) compared to STs (Ghosh and 
Siddiqui, 2017) and thus we can expect a negative association 
between fertility and proportion of SCs.

Female literacy and mass media exposure were classified 
into ideational variables as it is through education and media 
exposure that innovations and ideas are transmitted or diffused 
socially as well as geographically. It is a well-established fact 
the female literacy negatively affects fertility. Studies have also 
recognized the role of mass media exposure as an instrument of 
ideational change, which indeed influenced the fertility decline in 
developing countries including India (Westoff and Bankole 1999; 
Barber and Axim 2004). By employing factor analysis on the 
variables, namely, proportions of households having transistor/
radio, television, computer/laptop with internet, and mobile 
phone, factor scores representing exposure to mass media 
were obtained. The scores were then normalized and used in 
multivariate models to ascertain its effect on fertility decline. 
Although there is little documentation in the Indian context on 
mapping the exact mechanism of ideational change and fertility 
behaviour brought about by the presence of self-help group in a 
village, available evidence do suggest that participation of women 
in self-help/microfinance groups has positive and significant 
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effect on embracing contraception and fertility decline in India 
and Bangladesh (Basher 2007; Duvendack and Palmer-Jones 
2016; Ghosh and Siddique 2017) and thus is being considered 
as a ‘catalyst’ to fertility decline in the present analysis.

We have considered prevalence of under-five mortality, unmet 
need for family planning and availability of grassroot level 
healthcare providers as variables representing health and 
family planning. It is a well-established fact that reduction in 
infant and child mortality has strong and positive influence on 
fertility decline as demand for children reduces when survival 
probability of children enhances. The district level estimates for 
under-five mortality were obtained from Ram et al. (2013). They 
had estimated mortality by pooling various survey data and thus 
error involved in such calculation is not likely to be correlated 
with error involved in fertility estimates from census and thus can 
be used. Although Bhat (1996) suggested using the instrumental 
variable approach for under-five mortality, it is often difficult to 
find data for variable(s) which is strongly correlated with child 
mortality but theoretically unrelated to fertility. In our multivariate 
analyses, we have retained this variable as we found exclusion 
of it reduces explanatory power of the model. However, reduced 
model estimates (i.e. after excluding under-five mortality) and 
distribution of total variance in the reduced model were given 
in the Appendix Tables A3 and A4 for comparison. 

Although percentage of contraception demand satisfied (i.e., use 
of contraception among those who want to avoid pregnancy) 
would be a better proxy indicator to gauge performance of family 
planning programme, we could not use this variable because 
of informational constraint. Instead, we have considered unmet 
need of family planning as a proxy of performance of family 
planning programme and its regional variations in the present 
model. It is expected that areas with high unmet need for family 
planning would have high fertility rates as well.
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Arguably, availability of grassroot level healthcare providers in 
villages would facilitate uptake of maternal and child healthcare 
services, positive health behaviour, contraceptive awareness 
and thus affect  reduction of maternal and child mortality and 
in turn reduce fertility. Like mass media exposure, we have 
computed the normalized factor scores of primary healthcare 
providers for districts by employing factor analysis model on 
the variables representing availability of Accredited Social Health 
Activist (ASHA), Anganwari worker (AWW), paramedical staff at 
Primary Health Centre (PHC) and Health Sub Centre (HSC) at 
the village-level.

Since earlier studies (Rele 1987; Bhat 1996; Spoorenberg and 
Dommaraju 2012) have pointed out significant variations in 
fertility as well as different background characteristics according 
to region, five regions, namely, south, north, north-central, east 
and west have been created from 536 districts of 19 states. The 
districts of the states of Andhra Pradesh, Telangana, Karnataka, 
Tamil Nadu and Kerala formed ‘south’, while ‘north’ comprised 
of the districts of Himachal Pradesh, Uttarakhand, Punjab and 
Haryana. Districts of Gujarat, Maharashtra and Rajasthan formed 
the ‘west’, while ‘east’ comprised of the districts of West Bengal, 
Odhisa, Jharkhand and Assam. ‘north-central’ region consists of 
the districts belong to states of Madhya Pradesh, Chattisgarh, 
Uttar Pradesh, and Bihar. Districts belonging to states of North-
east India except Jammu and Kashmir and other smaller states 
and union territories were not considered for the study for 
reasons described above.   

Data and variables for multilevel analyses at individual level:
Effort has been made to use all the relevant variables in 
the context fertility choice that are available in NFHS4 data. 
Obviously, a chunk of variables is common to district level 
correlates of district level analysis and some of the district level 
variables are replaced by either household level or individual 
level variables. For instance, district development index is 
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replaced by household wealth index, variables representing 
media exposure at the household level are substituted by 
individual level exposure to television, radio and newspaper, 
district-level child mortality is replaced by number of child loss at 
the individual level etc. Important omission in case of individual 
level analysis is workforce participation because district-level 
module did not collect workforce participation for both females 
and males. The variable ‘meet and discuss family planning 
during last three months’ at the individual level is considered 
as proxy for ‘availability of primary healthcare providers’ at the 
district-level. 

Multilevel analysis of district level dataset
Key motivation for employing multilevel modelling is that ordinary 
least square method (OLS) is prone to producing larger standard 
error of regression coefficients in presence of clustering of 
observations. Upon comparing standard errors produced under 
two methods, multilevel models indeed had smaller standard 
errors. Thus, multilevel model yielded conservative confidence 
intervals while retaining the explanatory power that was achieved 
under least square method.
 
Multilevel model was thus used recognising regionally clustered 
nature of units of analysis, i.e., districts clustered within regions. 
In addition to random component of individual districts, random 
component relating to regions within which districts are nested 
was introduced in order to capture unobserved variations that 
might be due to nesting of districts within regions. We avoided 
nesting of districts within states due to very high degree of 
similarity among districts falling within a given state leading to 
insignificant within-group variance.Nesting is employed because 
two districts from same region are likely to be more alike than 
two districts from two different regions. Multilevel model not only 
helps in correction of standard error of estimates in regression 
but also uses nesting as additional source of information (Merlo 
et. al. 2005). Such a model can be specified in following manner 
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In the above equation yij represents fertility rate of district i in 
region j.α0 represents intercept, βk is slope of coefficient of kth 

independent variable, δij is the random error term for individual 
district while ρj is the random intercept of region in which districts 
are nested as per our assumption.

Following the above specification variations in fertility across 
districts were modelled. Five multilevel linear regressions with 
different sets of independent factors were introduced in a step-
wise or cumulative fashion. The first model was intercept only 
model, which did not include any explanatory variable. In other 
words, we examined the extent to which variance in dependent 
or outcome variable, that is, fertility per hundred women across 
districts can be attributed to its national mean, and two random 
components relating to districts and region respectively that were 
mentioned in specification. 

In Model 1, two variables representing economic structure, 
namely, proportion of male workers in agriculture and agricultural 
labourers were included. Model 2 included normalized factor 
scores of district-level development along the variables of the 
model except for proportion of male workers in agriculture 
because of high multicollinearity between these two variables. 
In Model 3, variables representing social structure and ideational 
change were added to Model 2, except for normalized factor 
score of district level development and proportion of male 
workers in agriculture because of their multicollinearity with some 
of the variables representing social structure and ideational 
change. Model 4 incorporates variables indicating health and 
family welfare measures and includes normalized factor score 
of district-level development, while dropping normalized factor 
scores of media exposure because of multicollinearity amongst 
the aforesaid variable.
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Estimating the models in this way allows testing  the significance 
of the association of total fertility rate with economic structure, 
social structure, ideational factors, factors affecting health and 
family planning services after controlling for potential confounders 
in a stage-wise manner. Such modelling procedure also permits 
the identification of factors that reduced the significance of the 
variable of interest in each model and corresponding changes in 
R-square, region random effect and district random effect, hence 
enabling the identification of variables that are associated with 
fertility behaviour.

Multilevel analysis of individual level data
The eventual model i.e., Model 4 was also executed at individual 
mother level using the latest NFHS-4 data. However, random 
components or clustering schema in individual mother level 
model is different. In this model individual mothers were modelled 
as if they were clustered within PSUs (village or urban block) and 
further PSUs were also clustered within districts.  Thus, individual 
level regression has two additional random components (three 
level regression) representing clustering effect of PSUs and 
districts on mothers’ reproductive choices.

Results
Fertility contours in India 
As mentioned earlier, district-level estimates of TFR were 
obtained from Ghosh (2018). Appendix Table A1 and Map 1 
depict fertility contours in India. At the time of Census 2011, 
India had 640 districts, out of which 536 districts accounting for 
97.6 percent of Indian population were considered for this study. 
Notably, more than 46 percent of 536 Indian districts under this 
study are at or below replacement level TFR. Decline in fertility 
is already underway in additional 43 percent districts (TFR lies 
between 2.2 and 3.0). Thus, 89 percent of 536 study districts 
has either achieved replacement level of fertility or has low TFR, 
though with substantial variations across states and regions, as 
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revealed in Map 2.
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Map 2 reveals regional variation of fertility contours in India. All 
the districts of the two states of southern region, namely, Andhra 
Pradesh and Tamil Nadu and the state of Punjab of northern 
region are at or below replacement level fertility, while none of the 
districts in Bihar hasachieved such level. Except West Bengal, 
majority of the districts of north-central and eastern region 
are currently undergoing fertility decline. Notable inter-district 
variations in fertility was observed in the states of eastern region, 
Rajasthan and Gujarat of western region, Madhya Pradesh in 
north-central region and Himachal Pradesh in northern region.  

Regional variations of explanatory variables
Variables representing social and economic structure, ideational 
factors, and health and family planning show a substantial regional 
variation and sometimes go against classical demographic 
transition theory (Appendix Table A2). For example, although 
majority of districts in southern region have undergone fertility 
transition, a very high proportion of workers were reported as 
agricultural labourers. Regarding the development indicators of 
districts, one can ascertain that the districts of south, west and 
north outperformed the districts of east and north-central. 

Appendix Table A2 also revealed that mean age at marriage 
was marginally higher in northern and southern regions (21.6 
and 21.2 years respectively) compared to other parts of India. 
Districts of eastern region have higher child sex ratio in favour of 
girls followed by the southern region, while districts of northern 
region and the western region (896.8 girls per 1,000 women) 
show anti-female bias in child sex ratio. Proportions of Muslims 
as well as STs were found to be the highest in eastern region, 
while northern region has the highest proportion of SCs.

Female literacy was found to be the highest – almost seven out 
of 10 women in the districts of south and north were literate, 
while it was found to be the least in the districts of north-central 
region (55.7 percent). Districts of south, north and west out 
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performed the districts of north-central and east as per exposure 
to mass media. Notwithstanding, proportion of villages with self-
help groups were found to be the highest in south followed by 
east and north-central.

Unmet need for the family planning was found to be the highest 
in north-central states and the lowest in the western region, 
whileunder-five mortality was found to be the highest in the 
north-central region and the lowest in the southern region (35 
per 1,000 live-births). 

Results of multilevel analyses
Table 2 presents coefficients and t-ratios of multilevel analyses 
while Table 3 describes distribution of total variance in TFR 
by components of different multilevel regressions models(in 
percentage).

Intercept only model is supposed to be a benchmark model 
for tracking changes in distribution of variance in dependent 
or outcome variable into different components of the models 
i.e, fixed and random components as we gradually introduce 
explanatory variables in the model. Essentially, our modelling 
distributes variance of TFR into three components, namely, 
fixed component, random component of region and lastly the 
random component of district itself. In Intercept only model, fixed 
component has only mean of dependent variable as explanatory 
variable. The fixed component in this specification explains only 
6.7 percent of the total variance in dependent variable while 
region level random effect explains about 32.1 percent, while the 
remaining 61.2 percent (=100-6.7-32.1) of variance is attributable 
to district itself. Our interest, in addition to identifying significant 
independent factors affecting fertility, lies in examining changes 
in relative contribution of these three components in total 
variation of fertility rate as a new set of independent variables 
are introduced to the model in a gradual manner.
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In Model 1, we have incorporated the variables representing 
economic structure, except normalized factor scores indicating 
level of development. In Model 1, proportion of male workers in 
agriculture has significant positive effect on TFR, while proportion 
of agricultural labourers has negative and significant effect on 
TFR. As a resultofthe introduction of these two variables in the 
model, the share of fixed effect in explaining total variance of 
dependent variable went up quite significantly – from 6.7 percent 
as reported in Intercept only model to 42 percentin Model 1 
(Table 4). One the other side contribution of regional and district 
level random intercept effects reduced significantly – from 32.1 
percent to 16.8 percent for regions and from 61.2 percent to 
51.4 percent for districts.

In Model 2, when we have dropped proportion of male workers 
in agriculture and included normalized factor scores indicating 
district level development, it was found that apart from the 
proportion of agricultural labourers, normalized factor scores of 
district-level development also has negative and significant effect 
on TFR. As for distribution of variance into different components, 
fixed effect could explain higher percentage of total variance 
in dependent variable. It increased to 65.8 percent in Model 
2 compared to 31.8 percent in Model 1. Both regional and 
district level random components declined further. Regional 
effect reduced to 6.9 percent compared 16.8 percent of Model 
1. Similarly, district level effect fell from 51.4 percent (in Model 
1) to 27.3 percent in Model 2.

In Model 3, we have found that in addition to the significant 
negative association of economic variable such as proportion 
of agricultural labourers, significant positive effect of proportions 
of joint/extended family and Muslim population was observed 
with TFR. As expected, proportion of SCs, existence of self-
help groups, female literacy, and normalized factor scores of 
media exposure have significant negative effect on TFR. Upon 
adding variables relating to social structure, explanatory power 
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of fixed effect increased by more than two percentage points 
while contribution of random components at both levels, that is 
region and district declined marginally. 

Upon inclusion of variables representing health and family 
planning in Model 4, we found that higher under-five mortality 
and unmet need for family planning significantly facilitate 
higher number of children in addition to the variables indicating 
economic and social structure and ideational change. Model 4 is 
our final model. The fixed effect component of Model 4 explained 
about 73.4 percent of the total variation in TFR across districts 
of India. Regional random effect ended up with relatively small 
share, that is, 3.3 percent, while unexplained variation at district 
level still commanded 23.3 percent of the total variation in TFR 
across districts of India.

In a nutshell, it was found that almost all variables which were 
considered in different models comprising socio-economic 
structure, ideational change and health and family planning 
turned out to have significant relationship with fertility except 
female age at marriage, proportion of STs and normalized 
factor score indicating availability of grassroot level healthcare 
providers in village. 

We have obtained more or less a similar result of multilevel 
models carried out at the individual level data which has been 
provided inTable S3 of Supplementary Material. Notable exception 
is female age at marriage. Female age at marriage is found to 
have significant negative influence on children ever born at the 
individual level, but not at the district-level. One can note that the 
coefficient of variation for female age at marriage for district level 
is 6.25 percent and corresponding value at individual level is 
23.33 percent.  At the same time, district level analysis allows us 
to use additional set of variables as correlates which have policy 
relevance but are not available in NFHS 4 dataset. For example, 
index of availability of primary healthcare providers, self-help 
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group memberships among women etc. which are important 
contextual variables and might have significant influence on 
interregional variation of fertility in India. Results from multilevel 
level modelling of individual level data substantiates this as 
random component associated with district absorbs around 5 
percent of total variation in outcome variable (number of children 
ever born under alternative modelling scenarios). This implies 
that individuals’ reproductive choices may get affected by such 
contextual variables. However, village level random component 
does not seem to absorb any significant proportion of variation 
in number of children ever born.

Discussion
Fertility transition in India is of great interest and significance 
to the experts because of it has significant influence on global 
statistics on fertility. There are three main findings that emerge 
from this study. 

First, although fertility transition in India has started during 
1970s, one can argue that the fertility decline has been relatively 
slower compared to Bangladesh and Sri Lanka, while faster than 
Pakistan and Nepal in the Indian sub-continent. Our findings 
suggest that about half of the districts have reached below 
replacement level of fertility, while another 40 percent have 
reached moderately low fertility. Despite observed reduction of 
fertility at the national level, majority of the districts of northern 
and north-central states of Rajasthan, Uttar Pradesh, Madhya 
Pradesh and Bihar continued to have moderately high fertility. 
According to the current estimates, TFR was found to be the 

Table 3: Distribution of total variance in Total Fertility Rate 
by components of multilevel regression for different (in %)

Components of	 Intercept only	 Model 1	 Model 2	 Model 3	 Model 4
Variance

Model (Ŷ) explained	 6.65	 31.80	 65.80	 67.85	 73.44
Region random effect 	 32.10	 16.77	 6.92	 5.58	 3.30
District random effect	 61.26	 51.43	 27.29	 26.57	 23.25
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highest in Mewat in Haryana (TFR=5.5 per woman) followed 
by Barwani and Alirajpur of Madhya Pradesh and, Barmer and 
Jaisalmer of Rajasthan (TFRs are 3.9, 3.8 and 3.7 respectively). 
This is not a healthy sign as earlier studies (Das and Mohanty 
2012) have rightly pointed out that increased population pressure 
has a potential to nullify the developmental efforts at macro as 
well as at micro-level.  However, it is interesting to note that 
despite relatively higher fertility rates in these states, overall TFR 
of India is expected to reach replacement level in near future 
because TFR in a number of states have declined to below 
replacement level and are expected to decline further before 
they stabilize. States like Gujarat in the west, Uttarakhand in 
the north, Chattisgarh in the central and Assam and Odisha in 
the east show such pattern. 

Second, the results of multilevel linear regression analyses 
indicate that factors representing socio-economic structure of 
the society, ideational change and implementation of health 
and family welfare programmes as postulated by Mari Bhat 
two decades ago, are still relevant in explaining regional 
differentials in fertility transition. These factors are of particular 
importance because currently more than half of the districts are 
yet to reach replacement level of fertility. These factors have 
significant implications on fertility and its regional variations as 
revealed by earlier studies which were carried out by using 
district level data (Dreze and Murthi 2001; Bhat 2002; McNay 
et al. 2003; Guilmoto 2005; Chakrabarty and Guilmoto 2005; 
Bhattacharya 2006; Das and Mohanty 2012). This, in turn, 
implies that below replacement level fertility can occur despite 
slow and uneven socio-economic development and gender 
asymmetry at the macro level (Sӓӓvӓlӓ 2010). It is realized that 
improvement of socio-economic indicators like industrialization 
and women’s workforce participation; ideational factors such as 
female literacy, mass media exposure etc. and reduction of child 
mortality and unmet need for family planning are necessary but 
not sufficient conditions of fertility decline. In other words, not 
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only the endowments (or covariates), access to or quality of 
programmes which have been implemented (or returns to those 
endowments) at the macro-level – seemed to have important 
implications on fertility reduction. Das and Mohanty (2012), 
for example, have noted that despite rising female literacy in 
many north Indian states since last two decades TFR did not 
decline proportionately. They have instead emphasized on role 
of increase in contraceptive use, increase in age at marriage of 
women and reducing child mortality in reducing TFR in these 
states. 

Notwithstanding, Sӓӓvӓlӓ (2010) has argued that these factors 
may not sufficiently explain fertility decline and also act in 
context-specific manner. For example, studies have established 
that fertility transition in India is primarily because of its decline 
among illiterate women (Bhat 2002; McNay et al. 2003; 
Arokiasamy 2009). These studies indicate possibility that idea 
of ‘quantity-quality trade-off’ in bringing up offspring has also 
penetrated among illiterate women, as they are increasingly 
embracing contraception. Experts hinge on increased exposure 
to mass media and significant increase in infant and child 
survival for explaining the hypothesisedquality-quantity trade-off 
at low level of literacy. 

Women’s age at marriage was identified as one of the proximate 
determinants of fertility (Bongraats 1978; Bongraats and Potter 
1983) and has substantial bearing on their life-time fertility 
(Padmadas et al. 2004), though the present study could not 
find any significant effect of age at marriage on fertility. To note, 
successive rounds of large-scale survey data have revealed 
that age at first marriage in several states of India has been 
increasing very slowly and does not vary much across regions 
(Appendix Table A2). However, in spite of low age at first 
marriage and child bearing, fertility transition has taken place 
in various states in India in general, in Andhra Pradesh and 
West Bengal, in particular (IIPS and ORC Macro 2000; IIPS 
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and Macro International 2007; Sӓӓvӓlӓ 2010; Paul and Kulkarni 
2006). Studies have shown that in many states of India women 
tend to marry early, have their children narrowly spaced and opt 
for sterilization, which has led to dire compression of effective 
reproductive span (Padmadas et al. 2004; Matthews et al. 2009; 
Ghosh 2016a). 

Additionally, owing to our unit of analysis being district instead of 
individual, variation in age at marriage shrinks massively. Female 
age at marriage ranges from 20.2±1.1 in the Western region to 
21.6±0.9 in the Northern region giving it a very limited scope in 
explaining variation in fertility in presence of other independent 
variables that have larger variation at district level. However, we 
have observed significant negative effect of age at marriage on 
childbearing in our individual level analyses primarily because 
of such variation as mentioned earlier. 

Thus, it can be argued that the current phenomena of fertility 
decline may not be effectively delivering the development 
dividends that are generally expected from such a transition 
i.e., improvements in maternal and child health and economic 
emancipation of women. This is because of over dependence 
on sterilization for contraception. According to fourth round of 
National Family Health Survey (NFHS-4), 2015-16, about 36 
percent of women use terminal methods for contraception, which 
declined marginally from 2005-06 (IIPS and ICF 2017). This 
implies that, instead of promoting contraception for appropriate 
spacing between births for ensuring mothers’ and children’s 
health, public policy promotes it as an instrument for terminating 
possibility of further pregnancies once desired number and sex 
composition of off-springs are achieved by families. The policy 
rhetoric of informed choice for contraception is in sharp contrast 
to the incentive structure which clearly favours irreversible 
methods of contraception(Ghosh and Siddiqui 2017). Counter-
argument could be that once age at marriage improves to some 
desirable extent and child bearing is restricted to two children, 
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even if the children are closely spaced, it would not be that 
detrimental for maternal and child health outcomes. Further, 
effective termination of pregnancy through sterilization after two 
children during twenties frees up many adult years for women’s 
economic activity. However, such argument has to be looked 
through the lens of women’s reproductive right or alternatively, 
whether the policy is successful in enhancing the choice set 
available to women when it comes to reproductive decision 
making. For example, providing freedom to choose the timing 
of pregnancies should be considered as important as desired 
number of offspring. Further, issue of post-sterilization regret 
also needs attention. It may be noted that post-sterilization 
regret has increased from about 5 percent to nearly 7 percent 
between 2005-06 and 2015-16 (IIPS and Macro International 
2007; IIPS and ICF 2017) and concerns of sterilized women 
must be addressed suitably (Ghosh 2016).

Further, our study could not find any evidence that increased 
availability of grassroot level healthcare providers reduces TFR. 
Murthi et al. (1995) also found that increased access to public 
health services reduced child mortality, but had no significant, 
independent effect on fertility. Other studies argued in favour of 
the strength of family welfare programme rather than increased 
availability of maternal and child health services in reducing 
fertility (Guha and Dutta 2008; Guilmoto 2005). However, 
contrasting findings were obtained by Srinivasan and Kumar 
(2005) in the context of Tamil Nadu. Perhaps-- availability of 
grassroot level healthcare provider is not a robust indicator in 
itself because it does not consider quality of care and thus could 
not adequately explain fertility differentials.

Meanwhile, new forms of institutions are emerging which have 
the potential to contribute in fertility change in rural India. For 
example, women-based SHGs in India and other South Asian 
countries initially evolved to address the issue of financial 
exclusion. However, the network externalities associated with 
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such community-based organizations (CBOs) have also enabled 
them to gradually contribute to different aspects of social 
transformation including better health and nutritional outcomes 
for children and reduction of fertility (Kumar et al. 2017; Basher 
2007). Studies have shown that CBOs in the developing countries 
have significantly contributed in increasing women’s agency, 
increased economic importance of women in rural community 
and thereby enhanced women’s bargaining power in the family 
(Fraser 2014; Kabeer et al. 2014; Ghosh and Chattopadhyay 
2017). In congruence withthese studies, our study also finds that 
the SHG movement has a significant potential in transmitting the 
small family size norms in rural India.

The present study, however, has some limitations. First, as 
mentioned earlier, carrying out similar analyses for at least last 
three census periods, would pinpoint the contribution of different 
factors affecting temporal variation in fertility change. However, 
we could not accomplish such analyses because of territorial 
changes of a number of states and districts in successive 
censuses. Second, due to endogeneity problem  and other 
theoretical considerations, listing main factors, which influence 
such regional variation of fertility, could not be ascertained. 
Finally, although Bhat’s (1996) analysis explained up to 90 
percent variation in fertility, current analysis could explain only 
about 73 percent using similar set of explanatory variables. 
This, compression of explanatory power for 2011 data vis-à-
vis 1991 data indicates over time reduction in effectiveness of 
fertility covariates. Corollary of the statement is, perhaps policies 
pertaining to regulation of fertility are more relevant in determining 
fertility now compared to past as mentioned earlier. For example, 
JananiSurakshaYojona (JSY) made a significant impact in 
increasing institutional delivery and thereby ensured greater child 
survival in the recent past (Lim et al. 2010; Carvalho et al. 2014), 
which plausibly indirectly assisted in reduction of TFR. Such 
hypothesis highlights the need of further research on effective 
measurement of policies pertaining to fertility reduction. In other 
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words, not only the endowments (or covariate effects), returns 
to those endowments (or coefficient effects), largely depending 
upon accessibility and quality aspects of government sponsored 
schemes, plausibly have implications on fertility reduction. 

Close correspondence between inter-regional (district level) and 
individual women level analyses lends robustness to our study. 
Individual level analysis incorporated most covariates except 
for those that were not available. Covariates in individual level 
analysis demonstrated similar effects on outcome variable i.e., 
number of births without any exceptions. Additionally, individual 
level model also demonstrated that spatiality does play its 
own independent role in determining the reproductive choice. 
Obviously, a more detailed discussion of results from individual 
level analysis is warranted, however, owing to space constraint 
and purpose of the paper it has been kept at minimal level.           
Nonetheless, we have successfully provided an update of 
district-level fertility estimates and factors that account for district 
and regional level variations. By updating Mari Bhat’s (1996) 
study, we suggest that efficient implementation of family welfare 
programme focussing on spacing methods for better child and 
maternal health outcomes is indeed needed in regions with high 
fertility. Further, propagating benefit of small family size through 
media and SHG movement, and socio-economic development 
at the macro-level could play a catalytic role in this process. 
Recent evidence also suggest that women’s own aspiration 
and aspirations for their children maylead to fertility decline 
across social and economic standing (Ghosh 2016b). Future 
studies may attempt to interrogate how such aspirations result 
in changes in fertility choice and their actualization in different 
politico-economic context in India.

End Notes
1.	 Scheduled Castes (SCs) and Scheduled Tribes (STs) are 

historically disadvantaged people in India and are subject to 
positive discrimination as par constitutional provisions in India.
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 2.	 A self-help group (SHG) is a community-based organization 
(CBO) usually comprises of 10-20 local women or men having 
similar social and economic background. It is organized either 
voluntarily or by the governmental agencies. The group 
generally assisted in developmental activities like savings, debt 
and income generation. 
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Appendix

Table A1: Frequency distribution and selected descriptive 
statistics of district-level estimates of Total Fertility Rate 

(TFR), Census 2011
Major states	 Total Fertility Rate	         Descriptive Statistics*
	 ≤2.1	 2.2-3.0	 3.1-4.0	 >4.0	 Total	 Mean	 Standard 	
					     districts	 deviation
India@	 249	 231	 55	 1	 536	 2.3	 0.579
South							     
Andhra Pradesh	 23	 0	 0	 0	 23	 1.6	 0.137
Karnataka	 21	 9	 0	 0	 30	 1.8	 0.343
Kerala	 13	 1	 0	 0	 14	 1.8	 0.202
Tamil Nadu	 32	 0	 0	 0	 32	 1.6	 0.116
North							     
Himachal Pradesh	 11	 1	 0	 0	 12	 1.7	 0.438
Punjab	 20	 0	 0	 0	 20	 1.9	 0.104
Uttarakhand	 10	 3	 0	 0	 13	 2.1	 0.186
Haryana	 11	 8	 1	 1	 21	 2.3	 0.762
North-central							     
Uttar Pradesh	 6	 56	 9	 0	 71	 2.7	 0.378
Bihar	 0	 22	 16	 0	 38	 3.0	 0.262
Chattisgarh	 2	 15	 1	 0	 18	 2.4	 0.277
Madhya Pradesh	 3	 38	 9	 0	 50	 2.7	 0.456
East							     
Assam	 17	 10	 0	 0	 27	 2.2	 0.427
West Bengal	 16	 3	 0	 0	 19	 1.7	 0.346
Jharkhand	 3	 14	 7	 0	 24	 2.7	 0.432\
Odhisa	 20	 10	 0	 0	 30	 2.1	 0.338
West							     
Rajasthan	 2	 20	 11	 0	 33	 2.8	 0.459
Gujarat	 18	 7	 1	 0	 26	 2.1	 0.432
Maharshtra	 21	 14	 0	 0	 35	 1.9	 0.300
Notes: @The all-India distribution is for the districts in the 19 major states only; *Not 
weighted by population size of the districts
Source: Ghosh (2018)



48

Ta
bl

e 
A

2:
 M

ea
n 

an
d 

st
an

da
rd

 d
ev

ia
tio

ns
 (i

n 
pa

re
nt

he
si

s)
 o

f t
he

 p
re

di
ct

or
 v

ar
ia

bl
es

  
ac

co
rd

in
g 

to
 d

iff
er

en
t r

eg
io

ns

Va
ria

ble
 na

me
	

So
ut

h	
No

rth
	

No
rth

-C
en

tra
l	

Ea
st	

We
st

Va
ria

ble
s r

ep
re

se
nt

ing
 

ec
on

om
ic 

str
uc

tu
re

					





Ma
le 

wo
rke

rs 
in 

ag
ric

ult
ur

e	
42

.3	
(1

9.6
)	

41
.0	

(1
3.9

)	
64

.6	
(1

4.6
)	

51
.2	

(1
7.3

)	
54

.1	
(1

7.9
)

Ag
ric

ult
ur

al 
lab

ou
re

rs	
59

.5	
(1

3.8
)	

25
.2	

(1
6.2

)	
45

.7	
(1

3.5
)	

38
.4	

(1
5.1

)	
39

.4	
(1

9.2
Fe

ma
le 

wo
rk 

for
ce

 pa
rtic

ipa
tio

n	
27

.1	
(8

.6)
	

16
.2	

(1
0.3

)	
14

.6	
(8

.5)
	

12
.3	

(4
.9)

	
23

.5	
(8

.8
Ec

on
om

ic 
sta

tus
 					







Ba
nk

 ac
co

un
t	

57
.9	

(1
2.2

)	
73

.7	
(1

2.3
)	

56
.2	

(1
6.5

)	
46

.7	
(11

.9)
	

63
.9	

(1
0.5

)
PD

S 
sh

op
s	

81
.0	

(1
3.9

)	
45

.7	
(1

8.1
)	

58
.2	

(8
.0)

	
57

.3	
(1

3.6
)	

56
.1	

(2
3.3

El
ec

tric
ity

	
91

.5	
(3

.8)
	

91
.7	

(7
.3)

	
42

.6	
(2

5.8
)	

41
.4	

(1
9.1

)	
76

.9	
(1

5.4
)

Sa
nit

ati
on

 fa
cil

ity
	

51
.7	

(2
5.7

)	
69

.3	
(1

3.9
)	

27
.7	

(1
5.7

)	
37

.3	
(2

5.5
)	

42
.8	

(2
0.0

)
Ins

titu
tio

na
l d

eli
ve

ry	
95

.0	
(6

.7)
	

74
.4	

(1
4.6

)	
56

.8	
(2

0.5
)	

53
.7	

(2
0.4

)	
77

.0	
(1

7.3
Fu

ll i
mm

un
iza

tio
n 	

66
.5	

(1
6.6

)	
66

.2	
(1

5.6
)	

56
.5	

(1
4.3

)	
66

.3	
(1

4.2
)	

66
.5	

(1
4.3

)
Al

l w
ea

the
r r

oa
d	

45
.3	

(2
2.9

)	
36

.1	
(2

7.3
)	

30
.4	

(2
3.4

)	
35

.6	
(2

0.2
)	

43
.9	

(2
8.0

Va
ria

ble
s r

ep
re

se
nt

ing
 

so
cia

l s
tru

ctu
re

Jo
int

/ex
ten

de
d f

am
ily

	
13

.4	
(3

.4)
	

22
.3	

(6
.1)

	
19

.7	
(5

.3)
	

14
.7	

(4
.9)

	
22

.5	
(3

.0)



49

Fe
ma

le 
ag

e a
t m

ar
ria

ge
	

21
.2	

(1
.4)

	
21

.6	
(0

.9)
	

20
.6	

(1
.1)

	
20

.6	
(1

.4)
	

20
.2	

(1
.1)

Ch
ild

 se
x r

ati
o	

94
8.0

	
(1

7.5
)	

86
5.6

	
(4

6.7
)	

92
1.9

	
(3

3.0
)	

95
2.4

	
(2

1.6
)	

89
6.8

	
(3

2.6
Mu

sli
ms

	
11

.2	
(1

0.0
)	

4.7
	

(11
.0)

	
12

.6	
(11

.3)
	

17
.1	

(1
9.1

)	
9.3

	
(5

.3
Sc

he
du

led
 ca

ste
s	

17
.3	

(6
.6)

	
24

.7	
(7

.9)
	

17
.1	

(6
.5)

	
14

.5	
(9

.1)
	

12
.7	

(6
.9

Sc
he

du
led

 tr
ibe

s	
4.8

	
(5

.5)
	

3.2
	

(1
2.5

)	
11

.6	
(2

0.1
)	

21
.2	

(2
0.7

)	
15

.9	
(2

2.1
Va

ria
ble

s r
ep

re
se

nt
ing

 
Ide

ati
on

al 
fac

to
rs

Fe
ma

le 
lite

ra
cy

	
69

.9	
(1

3.1
)	

69
.2	

(7
.9)

	
55

.7	
(8

.7)
	

62
.4	

(11
.5)

	
64

.0	
(1

2.8
Me

dia
 ex

po
su

re
Tr

an
sis

tor
/ra

dio
	

19
.0	

(9
.9)

	
18

.4	
(6

.5)
	

20
.0	

(8
.4)

	
16

.9	
(8

.3)
	

15
.1	

(7
.2

Te
lev

isi
on

	
68

.8	
(1

6.4
)	

70
.4	

(1
3.6

)	
26

.6	
(1

4.8
)	

26
.3	

(1
4.6

)	
43

.4	
(1

6.5
Co

mp
ute

r/la
pto

p w
ith

 in
ter

ne
t	

3.1
	

(3
.6)

	
3.9

	
(3

.6)
	

1.2
	

(1
.8)

	
1.4

	
(1

.9)
	

2.3
	

(3
.2

Mo
bil

e p
ho

ne
	

55
.6	

(8
.0)

	
63

.6	
(5

.6)
	

49
.1	

(1
5.3

)	
39

.2	
(1

2.0
)	

54
.9	

(1
2.4

)
Se

lf-h
elp

 gr
ou

p	
93

.4	
(3

.4)
	

46
.9	

(3
2.0

)	
64

.8	
(1

7.2
)	

71
.2	

(2
1.6

)	
53

.1	
(3

4.7
Va

ria
ble

s r
ep

re
se

nt
ing

 
he

alt
h a

nd
 fa

mi
ly 

pla
nn

ing
	

Un
de

r-fi
ve

 m
or

tal
ity

 	
35

.0	
(1

5.9
)	

43
.9	

(11
.6)

	
72

.0	
(1

4.8
)	

64
.2	

(2
2.2

)	
50

.8	
(1

8.3

Va
ria

ble
 na

me
	

So
ut

h	
No

rth
	

No
rth

-C
en

tra
l	

Ea
st	

We
s



50

Un
me

t n
ee

d	
21

.0	
7.9

	
22

.3	
(9

.9)
	

26
.7	

(1
4.8

)	
19

.8	
(7

.2)
	

16
.8	

(5
.2

Av
ail

ab
ilit

y o
f p

rim
ar

y 
he

alt
hc

ar
e p

ro
vid

er
s

AS
HA

	
78

.8	
(2

0.5
)	

72
.7	

(1
6.8

)	
80

.0	
(1

5.6
)	

77
.9	

(1
8.1

)	
79

.2	
(1

6.5
)

An
ga

nw
ar

i W
or

ke
rs 

(A
W

W
)	

85
.1	

(1
2.1

)	
75

.1	
(1

8.3
)	

79
.2	

(1
4.0

)	
80

.4	
(1

4.3
)	

83
.9	

(1
5.3

Pa
ra

me
dic

s P
HC

	
51

.5	
(3

.7)
	

48
.3	

(2
.3)

	
47

.1	
(1

.9)
	

48
.1	

(1
.9)

	
48

.4	
(2

.4
Pa

ra
me

dic
s H

SC
	

38
.9	

(3
1.9

)	
27

.1	
(3

2.3
)	

20
.6	

(3
1.1

)	
21

.0	
(2

2.5
)	

30
.1	

(2
2.9

Nu
mb

er
 of

 di
str

ict
s	

    
    

    
    

    
  9

9	
    

    
    

    
 	   

    
  6

6	
    

	
    

    
    

 17
7		


    

    
 10

0		


    
    

    
    

94

So
ur

ce
: C

om
pu

ted
 by

 th
e a

uth
or

s

Va
ria

ble
 na

me
	

So
ut

h	
No

rth
	

No
rth

-C
en

tra
l	

Ea
st	

We
st



51

Table A3: Coefficients and t-ratios of  
model #4 with under-5 mortality rate (U5MR)

Fixed effects	 Model 4with U5IMR	 t-ratio

Intercept	 520.0084	 51.59362

Economic structure Variables

Agricultural labourers	 -0.334	 -3.70***

Normalized factor score	 -1.085	 -8.15***
representing economic status

Social structure

Joint/extended family	 1.858	 6.73

Female age at marriage	 -1.357	 -1.03

Child sex ratio	 -0.175	 -3.76***

Muslims	 1.044	 8.77

Scheduled caste	 -0.556	 -2.56***

Scheduled tribe	 0.162	 1.56

Ideational factors		

Female literacy	 -1.140	 -5.71

Self-help group	 -0.253	 -3.92***

Health & Family Planning

Under-five mortality	 Not included	 Not included

Unmet need	 0.3642	 2.94***

Radom Variance of region	 123.0278  	

Random variance of District	   792.2986	

Source: Computed by the authors
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Table A4: Distribution of total variance in 
Total Fertility Rate by components of 

multilevel regression model #4 without 
Under 5 Mortality Rate (in %)

Variance Components	 Model 4 
	 without U5MR

Model (Y) explained	 72.69

Region random effect 	 3.67

District random effect	 23.64

Source: Computed by the authors

Supplementary Material

Table S1: Relevant Sample characteristics of currently  
married women (15-49 years) in India, 2015-16

Covariates	 Percentage	 Samples

Average number of children ever born	 2.39 (1.62)[0-17]	 4,99,627
Wealth Index		
Poorest	 18.17	 90,785
Poorer	 19.73	 98,592
Middle	 20.47	 1,02,260
Richer	 21.01	 1,04,986
Richest	 20.62	 1,03,003
Place of residence		
Urban	 33.40	 1,66,892
Rural	 66.60	 3,32,735
Type of family		
Nuclear	 47.93	 2,39,486
Joint/Extended	 52.07	 2,60,141
Mean age of respondents (years)	 32.8 (8.5) [15-49]	 4,99,627
Mean age at Marriage	 18.5(4.2)[0-49]	 4,90,270
Average Sex ratio of children (female/male)	 83.4 (91.5)	 3,73,429
Religion caste composition		
Hindu/SC/ST	 26.40	 1,30,206
Hindu/OBC	 37.19	 1,83,424
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Covariates	 Percentage	 Samples

Hindu/Generals	 17.55	 86,569
Muslims/Others	 18.86	 93,049
Women's Education (years)(Mean)	 6.1 (5.3)[0-20]	 4,99,627
Exposure to TV		
Irregularly/no	 30.34	 1,51,571
once a week	 9.78	 48,858
Regular	 59.88	 2,99,198
Exposure to Radio		
Irregularly/no	 90.32	 4,51,247
once a week	 5.79	 28,947
Regular	 3.89	 19,433
Exposure to newspaper		
Irregularly/no	 77.34	 3,86,393
once a week	 10.45	 52,220
Regular	 12.21	 61,014
Mean number of Children Died (Child loss)	 0.16 (0.5)[0-13]	 4,99,627
Unmet Need (spacing+ limiting)		
No	 86.9	 34,235
Yes	 13.1	 65,392
Meet and discuss regarding FP during last three/six months 		
No	 95.9	 4,78,876
Yes	 4.2	 20,751
Total	 100.0	 4,99,627

Multilevel Analysis of NFHS-4 (2015-16)
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