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Abstract 
 

Functional Time Series Analysis (FTSA) is carried out in this article to uncover the temporal variations in the age pattern of fertility in 

India. Attempt is made to find whether there is any typical age pattern in the nation’s fertility across the reproductive age groups. If so, 

how do we characterize the role of changing age pattern of fertility across reproductive age groups in the nation’s fertility transition? We 

have used region-specific (rural-urban) and country level data series on Age-Specific Fertility Rates (ASFRs) available from Sample 

Registration System (SRS), India during 1971-2013. Findings of this study are very impressive. It is observed that the youngest age 

group of women in 15-19 years has contributed to the maximum decline in fertility with a substantially accelerated pace during the peri-

od of study. The major changes in fertility rates among Indian women dominated by the rural representation occur at the ages after 30. 

Further, the study also suggests that the future course of demographic transition in India from third phase to the fourth phase of replace-

ment fertility would depend on the degree and pace of decline among the rural women aged below 30 years. 
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1. Introduction 

Functional data arise in many diverse fields ranging from archae-

ology, economics, criminology, psychology to the newer fields of 

computer science, electronics, medicine, biomedicine, public 

health etc. Data or information that come in the form of functions, 

curves, surfaces etc. varying over a continuum are called function-

al data. The continuum, for instance, may be time, location, wave-

length, probability and so on. The technological advancements in 

measurement, collection and storage of data have led to the avail-

ability of functional data. Such data, although recorded in a dis-

crete fashion, are usually thought of as continuous objects repre-

sented by functional relationships. This gives rise to functional 

data analysis (FDA), made popular by the monographs of Ramsay 

and Silverman (1997 [13], 2002 [14]), where the center of interest 

is a set of curves, shapes, objects, or, more generally, a set of func-

tional observations. This is in contrast to classical statistics where 

the interest centers around a set of data vectors. In that sense, 

functional data is not only different from the data-structure studied 

in classical statistics, but it actually generalizes it. Many of these 

new data-structures call for new statistical methods in order to 

unveil the information that they carry. FDA extends existing 

methodologies and theories from the areas of functional analysis, 

generalized linear models, multivariate data analysis, nonparamet-

ric smoothing, stochastic process, and many others. Ramsay and 

Silverman (2005) [15] and Ferraty and Vieu (2006) [5] provide 

detailed surveys of many parametric and nonparametric tech-

niques for analyzing functional data. 

 

The presence of functional data in modelling and analysis of time 

series has started to receive attention, particularly in terms of its 

public health and biomedical applications. When the same func-

tional object is observed over a period of time, such data are 

known as functional time series. Commonly, time series data are 

treated as multivariate data because they are given as a finite dis-

crete time series. This usual multivariate approach completely 

ignores important information about the smooth functional behav-

ior of the generating process that underpins the data (Green and 

Silverman, 1994 [6]). It also suffers from issues associated with 

highly correlated measurements within each functional object. The 

basic idea behind FDA is to express discrete observations arising 

from time series in the form of a function (to create functional data) 

that represents the entire measured function as a single observa-

tion, and then to draw modeling and/or prediction information 

from a collection of functional data by applying statistical con-

cepts from multivariate data analysis. In doing so, it has the ad-

vantage of generating  models that can be described by continuous 

smooth dynamics, which then allow for accurate estimates of pa-

rameters for use in the analysis phase, effective data noise reduc-

tion through curve smoothing, and applicability to data with irreg-

ular time sampling schedules. 

 

Ramsay and Dalzell (1991) [12], present several practical reasons 

for considering functional data: 

 

1. smoothing and interpolation procedures can yield 

functional representations of a finite set of observations; 

2. it is more natural to think through modelling prob-

lems in a functional form; and 

3. the objectives of an analysis can be functional in na-

ture, as would be the case if finite data were used to estimate an 

entire function, its derivatives, or the values of other functionals. 

 

Modelling, estimation and forecasting functional time series is 

termed as functional time series analysis analyzing functional time 
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series has received increasing attention in the functional data anal-

ysis literature (see for example, Besse and Cardot, 2000 [1]; Hor-

mann and Kokoszka, 2010 [7]; Hyndman and Shang, 2010 [11]; 

Shang 2013 [20]). Hyndman and Ullah (2007) [8] proposed for 

forecasting age-specific mortality and fertility rates observed over 

time. This approach allows for smooth functions of age, is robust 

for outlying years due to wars and epidemics, and provides a mod-

elling framework that is easily adapted to allow for constraints and 

other information. Ideas from functional data analysis, nonpara-

metric smoothing and robust statistics are combined to form a 

methodology that is widely applicable to any functional time se-

ries data observed discretely and possibly with error. The model is 

a generalization of the Lee-Carter (LC) model commonly used in 

mortality and fertility forecasting. 

 

Over the last decade, numerous applications of FTSA which are 

the modifications of Hyndman-Ullah method, can be found in 

different fields of research, such as demographic modelling and 

forecasting (Hyndman and Booth, 2008 [9]; Hyndman and Shang, 

2009 [10]; Yasmeen, Waseem and Mahmood, 2014 [23]), climate 

forecasting (Shang and Hyndman, 2011 [21]) etc. Hyndman and 

Booth (2008) [9] used the general Box-cox transformation to min-

imize out-of-sample forecast error. 

 

Hyndman and Shang (2009) [10] proposed forecasting functional 

time series using weighted functional principal component regres-

sion and weighted functional partial least squares regression. 

These approaches allow for smooth functions, assign higher 

weights to more recent data, and provide a modelling scheme that 

is easily adapted to allow for constraints and other information. 

They illustrated their approaches using age-specific French female 

mortality rates, which is another improvement of FTSA. Shang 

and Hyndman (2011) [21] proposed a nonparametric method to 

forecast a seasonal univariate time series, and propose several 

dynamic updating methods to improve point forecast accuracy. 

Their methods consider a seasonal univariate time series viz. 

monthly sea surface temperatures as a functional time series. 

The broad Indian fertility scenario is well known and the country 

which is currently passing through the third phase of demographic 

transition with a substantial accelerated fertility decline, has not 

yet reached the population stabilizing replacement level 

(Chakrabarty and Deb, 2015 [4]). It is argued that the country’s 

fertility rate often masks the wide disparities by state and regional 

level vital statistics. Several studies have been carried out towards 

this goal including those of Spoorenberg and Dommaraju (2012) 

[22], Ratherford and Mishra (2001) [16] etc. Not many works, 

however, are found in the nation’s fertility study literature, exclu-

sively exhibiting the role of changing age pattern of fertility for 

fertility transition of the country. With the advent of FTSA tool 

and the availability SRS data archive, it is possible for us to ad-

dress whether the changes and fluctuations in the age pattern of 

fertility across various reproductive age groups have substantially 

affected the overall fertility scenario in the country. In particular, 

this paper aims at probing the following issues. First, is there any 

typical age pattern in the nation’s fertility across the reproductive 

age groups? If so, how do we visualize the pattern and the degree 

of differences? Second, how do we characterize the role of chang-

ing age pattern of fertility across reproductive age groups in the 

nation’s fertility transition? Have the higher fertile age groups 

substantially contributed to the pace and timing of fertility de-

cline? 

The paper is organized in the following manner. Section 2 deals in 

defining and explaining the typical terms for the data used and the 

data structure. Section 3 analyzes the comparative pace of fertility 

decline across various reproductive age groups. Section 4 de-

scribes the FTSA methodology in present set up and the analysis 

has been done using the statistical software 'R-3.1.3'. Section 5 is 

devoted to the analysis of data and results. The article concludes 

with section 6. 

2. Data 

In this article, we use time series data on ASFR from Sample Reg-

istration System, Registrar General of India (RGI [17, 18]), which 

is a large scale demographic survey for providing annual and reli-

able estimates of vital rates at region and national level by the 

Office of The Registrar General, India. ASFR is the number of 

live births per 1000 women in a specific five year age group for a 

specified geographical area and for a specific point in time, usual-

ly a calendar year. It is usually calculated for five year age catego-

ries 15-19, 20-24 … 45-49. 

 

Symbolically, 

ASFR = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑖𝑣𝑒 𝑏𝑖𝑟𝑡ℎ𝑠 𝑡𝑜 𝑤𝑜𝑚𝑒𝑛 𝑖𝑛 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑒𝑑 𝑎𝑔𝑒 𝑔𝑟𝑜𝑢𝑝

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑚𝑒𝑛 𝑖𝑛 𝑠𝑎𝑚𝑒 𝑎𝑔𝑒 𝑔𝑟𝑜𝑢𝑝
 x 

1000 

𝑛𝑓
𝑥 = 

𝑛𝐵
𝑥

𝑛𝑊
𝑥
 x 1000            (1) 

Here, n = 5; x = 15-19, 20-24…45-49, 𝑛𝑓
𝑥  is the age specific 

fertility rate of women aged x to(𝑥 + 𝑛) years, 𝑛𝐵
𝑥  is the num-

ber of live births in a year to the women of ages x to (𝑥 + 𝑛) 

years in a given years and geographical region and 𝑛𝑊
𝑥  is the 

number of women aged x to (𝑥 + 𝑛)years at mid-year in a given 

year and geographical area. 

Statistical reports published by SRS have been providing reliable 

estimates of fertility and mortality on a regular basis since 1971. 

These include data on population composition by broad age groups, 

sex and marital status, fertility and mortality levels, for India and 

bigger States (with population 10 million and above) separately for 

rural and urban areas. The present analysis has been carried out 

using estimates of ASFR for the five year age categories as men-

tioned above from 1971 to 2013. The estimates are available for 

1971, 1976, 1980, 1981 and 1986-2013 at the country level and 

for 1971, 1976, 1981, 1984 and 1986-2013 at regional (rural and 

urban) level. ASFRs are missing for rest of the years, so we esti-

mated those applying cubic spines interpolation method using R-

package ‘stats’. The estimated missing values are provided in 

Appendix (Table A1, Table A2 and Table A3). 

3. Pace of fertility decline in India across re-

productive age group 

The estimated age-specific fertility rates of India (total, rural and 

urban) are viewed as univariate time series in Fig. 1 to see the age 

pattern of fertility decline across the reproductive age groups. The 

figure depicts the competitiveness in the pattern and extent of 

fertility change in the major age categories at the national as well 

as at regional levels. It shows that for all three cases the most fer-

tile age group is 20-24 and the trend in ASFR for this group re-

mained turbulent for the entire period and more specifically during 

post 1990. However, the urban ASFR remained much below that 

of the rural for the entire period. This statement is relevant across 

all the age groups. Since India is a country dominated by rural 

population, so is its age pattern of fertility dominated by the rural 

pattern. Also, for most of the age categories, the ASFRs we can 

see that the total and rural region have smoother fertility decline 

than that of urban. 

Two important features of fertility schedule as depicted by the 

figure are noteworthy. First, except the age categories 20-24 and 

25-29 all are declining very fast towards the replacement level. 

Second, there is a sudden increase ASFRs in teen age group (15-

19) along with the most fertile age group (20-24) from 1975 to 

1995 for total and rural area. Urban region of the country also 

experienced a relatively smaller degree of acceleration in the teen 

age fertility during 1980 to 1995. Thus the country has experi-

enced a substantial rise in the age at marriage after 1995. Conse-

quently, the most fertile age category has witnessed frequent fluc-

tuations and turbulence in ASFRs during 1995-2013. 



International Journal of Advanced Statistics and Probability 81 

 

 

 

 
Figure 1: Fertility Rates in India (Total, Rural and Urban) from 1971 to 2013 viewed as univariate time series ages 15-49. 

 

While during the early seventies, the age categories 20-24 and 25-

29, both remained highest fertile simultaneously for some years 

for rural as well as for the entire nation, urban India witnessed 25-

29 as the most fertile till 1972 or so. Hence, we can say that the 

peak of fertility has shifted from the age group 25-29 to 20-24 by 

1972 for the urban India which is demonstrated from the estimated 

ASFRs. Again there was a tendency to change the peak at 1983 in 

urban region but it could not carry on. Hence, after 1983 there is 

no evidence of peak shifting in the age-pattern of fertility in India. 

 

Fig. 1 exhibits differential pattern and differential pace of fertility 

decline across all the age categories. So, with a view to assess the 

differential pace of fertility decline in rural-urban fertility sched-

ules over each of the last four decades across reproductive age-

groups we adopt the following methodology (Chakrabarty, 2014 

[3]). Let, Ft(x) be the value of ASFR in the year t for a given age 

group x. The Annual Rate of Reduction (ARR) from year t-1 to 

year t for a given x is defined as, 

 

ARRt(x) =  
Ft−1(x) − Ft(x)

Ft−1(x)
∗ 100

 
 

So that average ARR (AARR) over a period can be obtained by 

taking just the arithmetic mean of these ARRt(x)’s. For instance, 

AARR(x) over the period 1971-81 for a given x, can be obtained 

as, 

 

AARR1971−81(x) =
∑ ARRt(x)1981

t=1972

10  
 
Table 1 above calculates AARR for several periods in order to 

show the pace of decline in fertility across various reproductive 

age-groups in India including its rural and urban components. 

Accordingly, Fig. 2 displays the varying pattern of the pace of 

decline over the period 1971-2011. 

 

 

 

 

 

 

Table 1: Level of fertility decline among reproductive age groups in India 

(Total, Rural and Urban) 

 

Average Annual Rate of Reduction 

Total 1971-81 1981-91 1991-01 2001-11 1971-11 

15-19 1.04 1.64 4.17 4.26 2.78 

20-24 0.16 0.53 0.77 0.86 0.58 

25-29 0.92 1.91 0.74 1.39 1.24 

30-34 1.84 3.53 1.67 3.24 2.57 

35-39 2.83 4.14 2.81 6.01 3.95 

40-44 3.40 3.53 3.22 8.28 4.61 

45-49 1.88 4.44 -3.17 7.63 2.69 

Rural 1971-81 1981-91 1991-01 2001-11 1971-11 

15-19 1.07 1.42 3.77 4.22 2.62 

20-24 -0.02 0.65 0.28 0.80 0.43 

25-29 0.66 1.88 0.75 1.26 1.14 

30-34 1.62 3.30 1.56 3.53 2.50 

35-39 2.66 3.81 2.76 5.95 3.80 

40-44 3.34 2.95 2.44 8.00 4.18 

45-49 1.49 3.86 -6.63 6.39 1.27 

Urban 1971-81 1981-91 1991-01 2001-11 1971-11 

15-19 1.09 2.17 5.33 3.81 3.10 

20-24 0.91 -0.35 2.12 1.09 0.94 

25-29 1.95 1.58 0.33 1.50 1.34 

30-34 2.88 3.49 1.29 1.53 2.29 

35-39 4.60 4.35 1.81 5.35 4.03 

40-44 3.51 4.68 4.49 8.53 5.30 

45-49 4.76 4.33 2.98 6.55 4.65 

 

Above analysis suggests that during the course of the transition, 

the age-pattern of fertility has changed substantially. First, an 

impressive rise in the average annual rate of reduction in ASFR 

has been seen in the young ages especially 15-19 after 1991. Such 

a rise in the pace of fertility decline is attributed to the rise in the 

age of marriage both in rural and urban India. The pace of decline 

in the most fertile age group 20-24 has remain below one percent 

for the entire period in rural as well as for the entire country which 

is mostly on account of rise in the age at marriage. The urban In-

dia on the other hand has experienced an increase more than two 

percent of AARR in the age group 20-24 during 1991-01. The 

fertility pattern for the three mid-age-categories remained similar 

for the entire period 1971-2011 which is evident due to the pres-

ence of parallel trend lines as depicted in Fig. 1. Moreover, the 

pace of decline is also closely followed by one another. It is inter-
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esting to note that in all the three above mentioned age-categories 

AARR failed by 1-2 percent during 1991-2001 and also followed 

by an increase of about the same amount during 2001-11. Fertility 

at ages beyond 30 years of age fell sharply with rise in AARR 

from three to eight percent during 2001-11, and beyond 40 years, 

by over seven percent. As a result, fertility is now highly concen-

trated in the age groups of 20-24 and 25-29. 

 

 
 

Figure 2: Decadal pace of fertility decline among reproductive age groups during 1971-2011. 

 

4. FTSA Methodology 

In this article, we have adopted the methodology as proposed by 

Hyndman and Ullah (2007) [8] to analyze and forecast ASFRs that 

combine ideas from functional data analysis and nonparametric 

smoothing. This technique uses principal component decomposi-

tion and so it is also called Functional Principal Component Anal-

ysis (FPCA). It treats the underlying process as functional and 

provides estimation and forecasting. Let, yt(x)  denote the ob-

served fertility rate of age x in year t. We assume that there is an 

underlying smooth function ft(x) that we are observing with error 

and at discrete points of x. Our observations are, {xi, yt(xi)}, t =1, 

2 ... n; i =1, 2 ...p where 

 

yt(xi) = ft(xi) + σt(xi)εt,i           (2) 

 

εt,i is an i.i.d standard normal random variable and σt(xi) allows 

the amount of noise to vary with xi. The set X = {𝑥1, 𝑥2 … 𝑥𝑝} 

denote 5-year age groups (x1= 15-19, x2= 20-24 ...xp= 45-49) in 

this paper. We are interested in forecasting yt(x)for x ∈ X and t 

=(𝑛 + 1), (𝑛 + 2) … (𝑛 + ℎ). 

 

The approach is summarized below: 

 

1. Smooth the data for each t using a Cubic-Spline Interpo-

lation smoothing method using R-package ‘stats’ to es-

timate ft(x) for x ∈ X from {xi, yt(xi)}, t =1, 2 ... n; i =1, 

2 ...p. 

2. Decompose the fitted curves via a basis function expan-

sion using the following model: 

 

ft(x)= µ(x) + ∑ βt,kфk(x)K
k=1  + et(x)         (3) 

 

where, µ(x) is the mean fertility rate across years i.e. a 

measure of location of ft(x), {фk(x)} is a set of K or-

thogonal basis functions or principal component func-

tions and {βt, k} is a set of corresponding principal com-

ponent scores estimated using principal component de-

composition and et(x)~ i.i.d.N(0, v(x)).  фk(x )’s are 

computed using functional components applied to the 

smooth curves ft(x). 

3. {βt,k} are uncorrelated so it can be fitted univariate time 

series models to each of the coefficients {βt,k } inde-

pendently, k = 1, 2…K. 

4. Forecast the coefficients {βt,k}, k = 1, 2 …K, for t = 

(𝑛 + 1), (𝑛 + 2) … (𝑛 + ℎ) using the fitted time series 

models (Box and Jenkins, 1976 [2]). 

5. By multiplying the forecasted coefficients with Eigen 

vectors from Equation (3) forecasts of ft(x), t = (𝑛 +

1), (𝑛 + 2) … (𝑛 + ℎ) can be obtained. From Equation 

(2), forecasts of  ft(x) , are also forecasts 

of  yt(x) .Symbolically, the h-step ahead forecast of 

 yn+h(x) can be obtained as, 

 

𝑦𝑛,ℎ(𝑥)̂  = E( 𝑦𝑡+ℎ(𝑥)) = µ(𝑥)̂ + ∑ 𝛽𝑛,𝑘,ℎ̃ф𝑘(𝑥)̂𝐾
𝑘=1          (4) 
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where µ(x)̂ and ф𝑘(𝑥)̂  are the estimates of the mean function and 

basis functions respectively and 𝛽𝑛,𝑘,ℎ̃ denote the h-step forecast 

of 𝛽𝑛+ℎ,𝑘. 

5. Results and Discussion 

 
 

Figure 3: Fertility Rates in India (Total, Rural and Urban) observed and smoothed data from 1971 to 2013 viewed as functional time series ages 15-49. 

 

The observed and smoothed ASFRs of India (Total, Rural and 

Urban) are displayed as functional time series in Fig. 3 during the 

period 1971-2013 of study. The plots are created using the r pack-

age 'ftsa' (Hyndman and Shang, 2010 [11]; Shang, 2011 [19]; 

Shang, 2013 [20]). Fig. 3 demonstrates the pattern of ASFR for 

rural and urban areas of India during the study period 1971-2013. 

The bands of smooth curves provide the evidence of fertility de-

cline across all the reproductive age groups with temporal and 

regional variability. Approximately for each year, the standard 

shape depict the age pattern of fertility with increasing values for 

15-19 years which rise to a maximum between 20-29 and decreas-

ing after the age of 30 years. From the functional view of ASFR it 

is also evident that there has been a peak shifting somewhere in 

between 1970 to 1975, most likely at 1972, when the country wit-

nessed the age-category 20-24 as the most fertile one in place of 

the age-category 25-29. Functional visualization also demonstrates 

the regional disparities in temporal variations of ASFRs over the 

study period. Women from urban India below 30 years of age 

have shown wider variability in fertility in comparison to their 

counter parts in rural area over the study period 1971-2013. On the 

other hand, rural women above 30 years of age had shown wider 

temporal variations during the same period. This describes the 

evolution of the process of fertility transition in India, which was 

initiated at the urban part of the country and then gradually ex-

tended to the rural area. Moreover, if we compare green and vio-

late lines (recent years), there is a slight rise in higher age fertility 

which may be attributed to the increased interest in education and 

the trend to postpone raising children in exchange for career pur-

suit. 

 

Also there is a significant similarity between total and rural fertili-

ty transition which is an indication of India is a rural-based coun-

try. For instance, in India entirely and for rural region, there is a 

huge variability in older age groups viz. 30-34, 35-39, 40-44 and 
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45-49 is more than younger age groups viz. 15-19, 20-24 and 25-

29 and for urban region variability is slightly more in older age 

groups than younger otherwise for urban region the variability is 

almost uniform in 25-39 that means old-aged women are not tak-

ing chances to give birth now-a-days compared to 1970’s in total 

and rural and vice versa for urban India. Using functional time 

series models we have obtained the forecasts for next ten years 

(2014-2023) in India as a whole including rural and urban region. 

 

To decide the number of basis functions needed for modelling the 

functional data, it is essential to know the percentages of variances 

explained by each basis functions and here we considered only 

first five basis functions. So, the scree plot is shown in Fig. 4.

 

 
 

Figure 4: Percentages of variances explained by each components. 

 

 
 

Figure 5: Essential basis functions and associated coefficients and forecasts of the coefficients from 2014 to 2023 are shown with 95% prediction inter-

vals for India as a whole. 
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Figure 6: Essential basis functions and associated coefficients and forecasts of the coefficients from 2014 to 2023 are shown with 95% prediction inter-

vals for rural India. 

 

 
 

Figure 7: Essential basis functions and associated coefficients and forecasts of the coefficients from 2014 to 2023 are shown with 95% prediction inter-
vals for urban India. 
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Table 2: Forecast values of ASFR along with 95% prediction interval for whole India 

 

Forecast (Total) 15-19 20-24 25-29 30-34 35-39 40-44 45-49 

2014 
27.7 

(17.7, 37.8) 

193.3 

(184.7, 201.9) 

149.1 

(141.4, 156.8) 

60.2 

(53.2, 67.3) 

19.6 

(11.9, 27.4) 

6.3 

(0, 9.2) 

2.3 

(0, 5.7) 

2015 
26.2 

(14.9, 37.4) 

191.9 

(181, 202.8) 

146.8 

(138.7, 154.9) 

57 

(49.4, 65.5) 

16.8 

(8.2, 25.4) 

5 

(0, 8.1) 

1.9 

(0, 5.4) 

2016 
24.6 

(12.2, 36.9) 
190.5 

(177.6, 203.3) 
144.4 

(136, 152.9) 
53.7 

(45.6, 61.8) 
14 

(4.6, 23.4) 
3.8 

(0, 7) 
1.5 

(0, 5) 

2017 
23 

(9.6, 36.4) 

189.1 

(174.4, 203.7) 

142.1 

(133.3, 150.9) 

50.4 

(41.8, 59) 

11.2 

(1, 21.3) 

2.5 

(0, 5.9) 

1.1 

(0, 4.7) 

2018 
21.4 

(7, 35.8) 

187.6 

(171.4, 203.9) 

139.8 

(130.6, 148.9) 

47.2 

(38.1, 56.2) 

8.4 

(0, 19.3) 

1.2 

(0, 4.8) 

0.7 

(0, 4.3) 

2019 
19.8 

(4.4, 35.2) 
186.2 

(168.4, 204.1) 
137.4 

(128, 146.9) 
43.9 

(34.3, 53.5) 
5.6 

(0, 17.2) 
0 

(0, 3.6) 
0.2 

(0, 4) 

2020 
18.2 

(1.9, 34.6) 

184.8 

(165.9, 204.1) 

135.1 

(125.3, 144.9) 

40.6 

(30.6, 50.7) 

2.7 

(0, 15) 

0 

(0, 2.5) 

0 

(0, 3.6) 

 
Table 3: Forecast values of ASFR along with 95% prediction interval for rural India 

 

Forecast (Rural) 15-19 20-24 25-29 30-34 35-39 40-44 45-49 

2014 
28 

(14.1, 41.9) 

213.3 

(201.7, 224.8) 

154.7 

(147.3, 162) 

65 

(56.9, 73) 

24.7 

(18.2, 31.2) 

9 

(4.4, 13.6) 

2.4 

(0, 8.9) 

2015 
26.1 

(10.7, 41.5) 
212.1 

(197.2, 227.1) 
152.1 

(144.2, 160) 
61.6 

(52.8, 70.3) 
22 

(14.9, 29.1) 
7.7 

(2.8, 12.6) 
1.9 

(0, 8.5) 

2016 
24.2 

(7.4, 41.1) 

211 

(193.2, 228.9) 

149.5 

(141, 157.9) 

58.2 

(48.8, 67.6) 

19.3 

(11.6, 27) 

6.3 

(1.2, 11.5) 

1.3 

(0, 8.1) 

2017 
22.4 

(4.2, 40.6) 

209.9 

(189.5, 230.3) 

146.8 

(137.9, 155.8) 

54.8 

(44.8, 64.9) 

16.6 

(8.4, 24.9) 

5 

(0, 10.4) 

0.7 

(0, 7.7) 

2018 
20.5 

 (1, 40) 
208.8 

(186, 231.6) 
144.2 

(134.8, 153.7) 
51.4 

(40.8, 62.1) 
13.9 

(5.1, 22.7) 
3.6 

(0, 9.4) 
0.1 

(0, 7.3) 

2019 
18.6 

(0, 39.4) 

207.7 

(182.6, 232.7) 

141.6 

(131.7, 151.5) 

48.1 

(36.8, 59.3) 

11.2 

(1.9, 20.5) 

2.3 

(0, 8.3) 

0 

(0, 6.9) 

2020 
16.7 

(0, 38.8) 

206.6 

(179.4, 233.7) 

139 

(128.6, 149.4) 

44.7 

(32.8, 56.6) 

8.5 

(0, 18.3) 

1 

(0, 7.2) 

0 

(0, 6.5) 

 

Table 4: Forecast values of ASFR along with 95% prediction interval for urban India 

 

Forecast (Urban) 15-19 20-24 25-29 30-34 35-39 40-44 45-49 

2014 
13.5 

(5.4, 21.6) 
141.1 

(130.8, 151.3) 
126.8 

(117, 136.6) 
52.9 

(44.5, 61.4) 
13.9 

(7.9, 20) 
3 

(0, 7.7) 
1.1 

(0, 4.3) 

2015 
12.1 

(3.3, 20.9) 

139.4 

(126.1, 152.7) 

124.6 

(113.7, 135.6) 

50.4 

(40.2, 60.5) 

12.2 

(5.3, 19) 

2.1 

(0, 7.3) 

0.7 

(0, 4.2) 

2016 
10.7 

(1.3, 20.1) 

137.7 

(121.9, 153.6) 

122.4 

(110.4, 134.5) 

47.8 

(36.1, 59.5) 

10.4 

(2.8, 18.1) 

1.3 

(0, 6.9) 

0.4 

(0, 4.1) 

2017 
9.3 

(0, 19.4) 
136.1 

(117.9, 154.2) 
120.2 

(107.1, 133.4) 
45.2 

(32.2, 58.3) 
8.6 

(0.3, 17) 
0.4 

(0, 6.5) 
0.1 

(0, 4) 

2018 
7.9 

(0, 18.6) 

134.4 

(114.2, 154.7) 

118 

(103.9, 132.2) 

42.7 

(28.3, 57.1) 

6.9 

(0, 16) 

0 

(0, 6.1) 

0 

(0, 3.9) 

2019 
6.5 

(0, 17.8) 

132.8 

(110.5, 155) 

115.8 

(100.7, 131) 

40.1 

(24.5, 55.7) 

5.1 

(0, 14.9) 

0 

(0, 5.7) 

0 

(0, 3.8) 

2020 
5.1 

(0, 17) 
131.1 

(107, 155.2) 
113.6 

(97.5, 129.7) 
37.5 

(20.7, 54.4) 
3.3 

(0, 13.8) 
0 

(0, 5.2) 
0 

(0, 3.7) 

 

In Fig. 4 it is clear that in case of whole India the percentage var-

iation explained due to the first two components are 96 percent 

and three percent, respectively. Also, the percentage variation 

explained due to the first two basis functions for rural region are 

97 percent and two percent respectively and for urban region are 

93 percent and five percent respectively. Hence to fit FTS model 

only first two basis functions are sufficient to explain about 99 

percent of the total variability for total and rural region and 98 

percent for urban region which account for the almost entire vari-

ability in age-specific fertility rates, leaving only one percent and 

two percent unexplained. 

 

In Fig. 5, plots display the components (the plots of the mean 

function, the first two basis functions and their corresponding 

coefficients of FTS model) for India (total) and Fig. 6 and Fig. 7 

visualize the components for rural and urban region respectively. 

The mean function basically reflects the fertility trend over differ-

ent ages and the basis functions model different movements in 

different age ranges; the first basis function in first two cases (Fig. 

5 and Fig. 6) model the middle-aged pregnancy at around age 30 

i.e. the birth rate of middle age group while the second basis func-

tion stands for the early-aged i.e. before 25 and slightly older-aged 

pregnancy i.e. after 40 and for urban India (Fig. 7) first and second 

basis functions model younger age group pregnancy and older age 

group pregnancy. Accordingly, the coefficient functions associat-

ed with basis functions tell the social effects. In case of rural India 

the coefficient of the first component declining fast which is rela-

tively slow in the coefficient of second component in case of ur-

ban India that means there is a notable decrease in middle-aged 

pregnancy in rural India and the decrement is less in urban India. 

Also one can see major changes occur in younger age-groups in 

rural India and in older age-groups in urban India. If we do inter-

group comparison among each region, while middle age-groups 

(30-34, 35-39) declining fluently, younger age-groups (15-19, 20-

24 before 1990) show slight increment in rural India and also after 

forecasting teen age pregnancy is becoming higher may be be-

cause of lack of education. In urban India although the age-group 

20-24 has a sudden jump in between 1980-90 but overall young-

aged pregnancy are declining comparatively faster than old-aged 

pregnancy. In Fig. 5, Fig. 6 and Fig. 7 ten year forecasts of the 
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coefficients based on Random Walk models are shown along with 

95 percent prediction interval. 

 

Combining the forecast coefficients with the estimated basis func-

tions, yield forecasts of the fertility curves for 2014-2023. Table 2, 

3 and 4 above calculate and Fig. 8 displays the forecasts of ASFR 

of total, rural and urban fertility for the next ten years including 

observed ASFR. Both the available data and the forecasted values 

display the continuous decrement in fertility rates for all seven age 

groups but relatively slow in two extreme points approximately 

before 18 and 43+. Also forecasts follow the previous fertility 

trend i.e. there is a rapid decline in older age groups (30-34, 35-39 

and 40-44) than middle aged (20-24 and 25-29) women in case of 

total and rural in India. Forecasts also follow the huge variability 

in older ages for total and rural and middle ages for urban.

 

 
 

Figure 8: ASFR forecasts for 2014 to 2023 (color ‘rainbow’) based on the historical ASFR (Total, rural & urban) data from 1971 to 2013 (color ‘grey’). 

 

6. Concluding Remarks 

India is currently passing through the third phase of demographic 

transition with a substantial accelerated fertility decline in almost 

all the parts of the country. Yet, evidence on convergence in fertil-

ity is very limited and the future course of fertility decline in the 

highly populous areas of the country and in the most fertile age 

categories of women will dictate whether the country is going to 

move to the fourth phase of replacement fertility. 

 

While there have been numerous studies depicting divergence of 

regional and state level fertility transitions, there are limited or no 

studies that have examined extensively the change in the age pat-

tern of fertility across reproductive age groups of women in India. 

To understand the evolution of the process of fertility transition, it 

is important to consider changes in the age pattern of fertility 

along with the regional and state level differentials. The primary 

objective of this paper is to understand the role of temporal varia-

bility in the fertility level among the various age categories of 

Indian women in dictating the future course of fertility decline. 

 

The present study observes that the rate of decline in fertility 

across the five year reproductive age groups varied widely during 

the period 1971-2013. In 1971, all women below 40 years of age 

had started with a high level of ASFR more than 100 per thousand. 

While rural India was seen with similar but higher levels of ASFR, 

urban region of the country had ASFR level below 100 per thou-

sand in 1971 for all the aforesaid age categories including the age 

group 15-19. During the period 1971-2013, ASFR for the age 

group 15-19 for total and rural India declined from 101 to 28 per 

thousand and 111 to 32 per thousand respectively, that is, by 72 

percent and 71 percent respectively. The youngest age group thus 

experienced the maximum fall during the period followed by the 

age group 30-34 with 68 percent decline for both total and rural 

India. On the other hand, only a modest decline was seen in the 

20-24 age group, mostly attributable to rise in the age at marriage. 

 

FTSA demonstrates the regional disparities in temporal variations 

of ASFRs over the study period. While, rural women above 30 

years of age had shown wider temporal variability with sharp de-

cline in recent years urban women below 30 years, on the other 

hand experienced sharper fall in ASFRs. The analysis further con-

firms that the future trend in fertility of the country will be mostly 

guided by the rural pattern. The major changes in fertility rates 

among Indian women dominated by rural representation occur at 

ages after 30 while women aged 20-24 contribute to the major 

changes in fertility in the urban parts of the country. Thus, it may 

be summarized that in the evolutionary process of fertility transi-

tion, initiation of fertility decline during early seventies has occur 

in urban India among the younger women aged below 30 years. 

Later, a sharp decline in fertility is observed among rural women 

aged 30 years and above. The demographic transition of India 

from third phage to the forth phage of replacement of fertility 

would depend on the pace of decline among the rural women aged 

below 30 years with postponement of marriage and an increased 

career pursuit and labour force participation. 
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Appendix 

 

Table A1: Estimated ASFR for missing years in India (Total) 

 
Total 15-19 20-24 25-29 30-34 35-39 40-44 45-49 

1972 96.4 248.1 246.4 197.6 139.9 60.0 22.0 

1973 91.9 247.5 242.4 193.7 137.8 58.3 19.5 

1974 87.9 248.1 241.1 189.7 132.5 56.8 17.4 

1975 84.8 249.1 240.5 185.3 124.9 55.2 16.1 

1977 82.8 248.9 234.8 172.9 107.2 51.0 16.6 

1978 84.0 247.6 230.1 166.4 99.8 48.6 18.1 

1979 85.9 246.5 226.9 162.4 95.9 46.4 19.5 

1982 92.4 248.1 233.4 167.4 102.5 43.3 18.3 

1983 93.9 249.3 230.8 161.8 97.2 42.6 16.9 

1984 94.4 250.6 226.1 153.5 89.4 41.5 15.6 

1985 93.6 251.8 220.7 145.1 82.2 40.0 14.8 

 
Table A2: Estimated ASFR for missing years in Rural India 

 
Rural 15-19 20-24 25-29 30-34 35-39 40-44 45-49 

1972 99.1 261.3 259.7 207.3 143.3 68.3 23.0 

1973 91.5 261.4 257.6 202.7 139.2 67.2 20.5 

1974 87.3 261.2 255.4 198.5 135.0 65.1 18.9 

1975 86.0 260.8 253.0 194.6 130.9 62.3 17.8 

1977 89.7 259.6 248.0 187.4 122.6 55.3 17.2 

1978 93.2 259.2 245.9 184.4 118.8 51.8 17.6 

1979 96.4 259.2 244.4 182.0 115.6 49.2 18.4 

1980 98.4 259.8 243.9 180.6 113.5 47.9 19.9 

1982 95.5 263.6 247.1 181.1 112.9 50.8 24.5 

1983 92.7 265.9 248.4 180.3 111.9 53.2 26.1 

1985 97.6 266.2 238.4 164.0 97.1 48.8 20.8 

 
Table A3: Estimated ASFR for missing years in Urban India 

 
Urban 15-19 20-24 25-29 30-34 35-39 40-44 45-49 

1972 66.0 217.2 220.4 154.3 92.4 33.2 12.5 

1973 66.3 218.4 213.6 150.0 87.9 31.8 10.5 

1974 66.1 218.0 207.6 145.0 83.3 30.6 9.2 

1975 65.5 216.3 202.3 139.6 78.5 29.7 8.5 

1977 63.5 210.6 193.3 128.0 68.8 28.3 8.5 

1978 62.3 207.0 189.9 122.7 64.5 27.7 9.0 

1979 60.9 203.2 187.6 118.7 61.2 26.9 9.3 

1980 59.5 199.1 186.5 116.8 59.6 25.9 9.5 

1982 56.8 191.3 188.8 121.4 62.6 22.4 8.1 

1983 56.5 190.4 189.7 123.2 63.8 20.3 6.8 

1985 61.3 206.1 180.3 104.0 50.1 17.4 4.7 
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