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ABSTRACT

Background: India’s National Family Welfare Programme is dominated by sterilization, particularly tubectomy. Sterilization,
being a terminal method of contraception, decides the final number of children for that couple. Many studies have shown
the declining trend in the average number of living children at the time of sterilization over a short period of time. So this
study was planned to do time series analysis of the average children at the time of terminal contraception, to do forecasting
till 2020 for the same and to compare the rates of change in various subgroups of the population. Materials and Methods:
Data was preprocessed in MS Access 2007 by creating and running SQL queries. After testing stationarity of every series
with augmented Dickey-Fuller test, time series analysis and forecasting was done using best-fit Box-Jenkins ARIMA (p, d, q)
nonseasonal model. To compare the rates of change of average children in various subgroups, at sterilization, analysis of
covariance (ANCOVA) was applied. Results: Forecasting showed that the replacement level of 2.1 total fertility rate (TFR)
will be achieved in 2018 for couples opting for sterilization. The same will be achieved in 2020, 2016, 2018, and 2019 for
rural area, urban area, Hindu couples, and Buddhist couples, respectively. It will not be achieved till 2020 in Muslim couples.
Conclusion: Every stratum of population showed the declining trend. The decline for male children and in rural area was
significantly faster than the decline for female children and in urban area, respectively. The decline was not significantly
different in Hindu, Muslim, and Buddhist couples.
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Introduction Family Welfare Programme in 1979. Since its launch a lot
of efforts were made to reduce birth rates and stabilize
the population. In India, the family planning services
are mainly concentrated on preventing births rather
than improving other factors. Secondly, birth prevention
— . services are dominated by sterilization operations,
particularly tubectomy. National Family Health Survey
Quick Response Code: Website: (NFHS)-3 Maharashtra data shows that 66.9% eligible
couples were using any method of contraception, of
that 51.1 % was contributed by female sterilization
and 15.8% contribution was of other methods such as
vasectomy, intrauterine devices (IUDs), pills, condomes,
and traditional methods.® Corresponding figures for

India was the first country to launch National Family
Planning Programme in 1952 and adopt National
population policy. The program was renamed as National
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India were 56.3% for contraception by any method, 37.3%
for tubectomy, and 19% for other methods.®

Sterilization, being a terminal method of contraception,
decides the final number of children for that couple. So
in India, whose National Family Welfare Programme
is largely dominated by sterilizations, number of living
children at the time of sterilization procedure is the one
of the major determinants of fertility rates. Many studies
have shown the declining trend in the average number
of living children at the time of sterilization over a short-
term period.®® But no study has done long-term time
series analysis and had done forecasting for the same.
Also, no study has compared the rates of decline of the
same in various strata of the population. So this study
was conducted with following aims.

Aims

1. To study the trends of average number of living
children at the time of terminal contraception from
1986 to 2012.

2. To do time series analysis of the same using ARIMA
(p, d, q) nonseasonal model.

3. To do forecasting till 2020 for the average number of
living children at the time of terminal contraception
using best-fit ARIMA (p, d, q) model.

4. To compare the rates of change of average number of
living children at the time of terminal contraception
in various subgroups/strata of the population.

Materials and Methods

The study was conducted at Civil Hospital, Nashik
(urban area) and Primary Health Centre, Mohadi (rural
area). Operational feasibility was the sole purpose of
selecting these centers.

Data collection

All the terminal contraception operations conducted
in these centers from 1986 to 2012 were included in the
study. R3 registers in these centers for the corresponding
years were used for data generation (secondary data).
Relevant information of the individual who underwent
these procedures was recorded in a Microsoft Access
2007 sheet.

Year-wise average numbers of living children at
the time of terminal contraception were calculated
by creating and running SQL queries in MS Access.
Similarly, year-wise and then area-wise and religion-
wise average number of children at the time of terminal
contraception were calculated. Thus, time series data
corresponding to all these parameters was constructed.
This preprocessed data was then imported in Statistical
Package for Social Sciences (SPSS)-16 and statistical
analysis was done.
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Statistical analysis

Every series was tested for the stationarity using
augmented Dickey-Fuller test for unit root.© Box-Jenkins
ARIMA (p, d, q); autoregressive integrated moving
averages; nonseasonal models were used for the analysis.
If the series was found to be nonstationary, as interpreted
by augmented Dickey-Fuller test, the series was analyzed
withd >1.

Results of the different models were compared using
fit measures like R-square, stationary R-square, mean
absolute percentage error, maximum absolute percentage
error, and normalized Bayesian Information Criteria.
Using these parameters, best-fit model was identified
for each group. The best-fit model was confirmed using
expert modeler in SPSS. Adequacy of the best-fit model
was tested by examining autocorrelation function of the
residuals. Ljung-Box test statistics was used for the same.
The model was ignored, if the Ljung-Box Q statistics gave
significant P-value. The best-fit ARIMA (p, d, q) model
was used to forecast the average number of children at
the time of terminal contraception in each group, till 2020.

Analysis of covariance (ANCOVA) was used to test
whether trends in average children at the time of
contraception were significantly different in various
subgroups. Generalized linear models for each subgroup
were developed to test two different hypotheses. First,
whether the slopes of the lines were significantly
different (whether the rates of change of average number
living of children at the time of contraception in various
subgroups were significantly different). If not, second
hypothesis was tested-whether the Y-intercepts of the
lines were significantly different.”)

Results

A total of 30,716 procedures were done during 1986-
2012, of these 30,491 (99.27 %) were tubectomies and only
225 (0.73%) were vasectomies [Table 1].

The mean number of total living children per couple at
the time of terminal contraception decreased from 3.42 +
1.05in 1986 to 2.35 £ 0.71 in 2012 [Table 2 and Figure 1].
Similarly Figures 2 and 3 shows the sex-wise, area-wise,
and religion-wise average living children at the time of
terminal contraception, respectively.

Augmented Dickey-Fuller test for unit root showed that
all of these time series were nonstationary [Table 3]. So it
was decided that every time series needed differencing
and ARIMA (p, d, q) analysis was done with d > 1.
Table 4 shows the best-fit model selected using ARIMA
(p, d, q) and corresponding model fit parameters. Table
4 also shows the Ljung-Box Q statistics and its P-value.
The model for predicting average male children was
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Table 1: Year-wise tubectomy and vasectomy procedures
from 1986 to 2012

Table 2: Year-wise average number of living children per
couple at the time of terminal contraception

Year Tubectomy Percentage Vasectomy Percentage Total

1986 711 100.00 0 0.00 711
1987 1,457 100.00 0 0.00 1,457
1988 1,971 100.00 0 0.00 1,971
1989 1,373 100.00 0 0.00 1,373
1990 1,111 100.00 0 0.00 1,111
1991 726 100.00 0 0.00 726
1992 967 100.00 0 0.00 967
1993 1,191 99.50 6 0.50 1,197
1994 1,447 99.93 1 0.07 1,448
1995 1,605 100.00 0 0.00 1,605
1996 1,338 98.96 14 1.04 1,352
1997 1,271 99.14 11 0.86 1,282
1998 1,069 98.98 11 1.02 1,080
1999 1,322 99.77 3 0.23 1,325
2000 1,333 99.63 5 0.37 1,338
2001 1,485 99.26 11 0.74 1,496
2002 1,064 98.70 14 1.30 1,078
2003 1,312 98.28 23 1.72 1,335
2004 968 97.58 24 2.42 992
2005 1,047 99.05 10 0.95 1,057
2006 929 98.94 10 1.06 939
2007 782 99.36 5 0.64 787
2008 876 99.43 5 0.57 881
2009 892 97.49 23 2.51 915
2010 720 97.56 18 2.44 738
2011 818 97.73 19 2.27 837
2012 706 98.33 12 1.67 718
Total 30,491 99.27 225 0.73 30,716

Year Number of Male issues Female issues Total issues*
procedures Average SD Average SD Average SD

1986 711 1.937 0.829 1.487 1.142 3.423 1.049
1987 1,457 1.885 0.834 1.547 1.123 3.432 1.071
1988 1,971 1.915 0.830 1.486 1.089 3.400 1.108
1989 1,373 1.854 0.815 1.489 1.075 3.342 1.069
1990 1,111 1.742 0.830 1.532 1.089 3.274 1.016
1991 726 1.770 0.781 1511 1.095 3.281 1.043
1992 967 1.757 0.725 1.345 1.037 3.102 0.915
1993 1,197 1.700 0.727 1.332 1.001 3.032 0.915
1994 1,448 1.753 0.774 1.236 0.994 2.989 0.962
1995 1,605 1.808 0.640 1.295 0.789 3.103 1.012
1996 1,352 1.641 0.775 1.260 0.953 2.901 0.935
1997 1,282 1.599 0.702 1.285 0.996 2.885 0.898
1998 1,080 1.607 0.714 1.319 1.015 2.927 0.903
1999 1,325 1.545 0.711 1.251 0.954 2.796 0.902
2000 1,338 1.541 0.708 1.266 0.942 2.807 0.909
2001 1,496 1.539 0.710 1.108 0.900 2.647 0.826
2002 1,078 1433 0.671 1.162 0.851 2596 0.777
2003 1,335 1.450 0.706 1.098 0.881 2.548 0.813
2004 992 1.423 0.672 1.107 0.847 2.530 0.775
2005 1,057 1.399 0.660 1.079 0.798 2.478 0.752
2006 939 1.423 0.664 1.040 0.807 2.463 0.736
2007 787 1.363 0.660 1.099 1.311 2.463 1.203
2008 881 1.291 0.662 1.084 0.847 2.375 0.680
2009 915 1.323 0.642 1.049 0.852 2.373 0.726
2010 738 1.325 0.644 1.031 0.834 2.356 0.690
2011 837 1.308 0.569 1.051 0.738 2.360 0.637
2012 718 1.311 0.649 1.043 0.790 2.354 0.715

Table 3: Results of the augmented Dickey-Fuller (ADF) test
Group

ADF statistics P-value Remark

Overall-total issues -0.69 0.96  Nonsignificant,
Overall-male issues -1.69 0.69  null hypothesis
Overall-female issues -2.37 0.43 glgggts;g“onamy
Rural-total issues -1.28 0.85

Urban-total issues -1.28 0.85

Buddha-total issues -3.22 0.11

Hindu-total issues -0.64 0.96

Muslim-total issues -1.20 0.88

having significant P-value as shown by the Ljung-Box Q
statistics, so it was ignored and not used for forecasting.
In other groups, forecasting was done using the best
model selected till 2020.

It can be concluded, that the replacement level of 2.1
children per couple can be achieved in 2018, for couple
opting for terminal contraception. The same will be
achieved in 2020 for rural area and in 2016 for urban
area. For Hindu and Buddhist couples, the same will
be achieved in 2018 and 2019, respectively. For Muslim
couples, the forecasting has shown that, it will not be
achieved till 2020 [Table 5].
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*Because of rounding up of fractions to three decimals, totals do not match at some
places (e.g., in 1986, average male and female issues were 1.9367 and 1.4866,
rounded to 1.937 and 1.487, respectively. The total average issues were 3.4233,
rounded to 3.423; and not 3.424 as expected by calculating the sum of 1.937 and 1.487).
SD: Standard deviation

Average living children at the time of terminal contraception

——Average total children

3000 562,49

Aversge male children  —— Average female children

%

<«

N e SNy

Figure 1: Average living children at the time of sterilization, from 1986
to 2012

To test the difference in the rates of change of average
living children at the time of terminal contraception
in various subgroups, ANCOVA test was applied,
assuming mean children as dependent variable and
year as a covariate. It showed that the slopes of best-fit
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Area-wise average living children at the time of terminal
contraception
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Figure 2: Urban- and rural-wise average living children at the time of
sterilization, from 1986 to 2012

Table 4: Best-fit models and their model-fit parameters

Religion-wise average living children at the time of terminal contraception
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Figure 3: Religion-wise average living children at the time of
sterilization, from 1986 to 2012

Group Best-fit model R-square Stationary Mean absolute Maximum Normalized Ljung- df P-value

R-square percentage absolute BIC Box Q

error percentage error statistics

Overall-total issues ARIMA (0, 1, 1) 0.971 0.187 1.804 4.481 -5.265 6.937 17 0.984
Overall-male issues ARIMA (0, 1, 0) 0.953 0.344 2.329 5.732 -5.978 53.504 18 0.000*
Overall-female issues ARIMA (0, 1, 0) 0.877 0.0000 3.616 12.765 -5.497 19.428 18 0.366
Rural-total issues ARIMA (0, 1, 0) 0.973 0.338 1.973 4.290 -5.127 15.063 18 0.658
Urban-total issues ARIMA (1,1, 0) 0.972 0.570 1.696 4.502 -5.230 15.988 17 0.525
Buddha-total issues ARIMA (1,1, 0) 0.968 0.649 1.453 4.966 -5.184 11.627 17 0.822
Hindu-total issues ARIMA (0, 1, 0) 0.977 0.460 1.504 4.324 -5.495 17.335 18 0.500
Muslim-total issues ARIMA (1, 1, 0) 0.878 0.487 3.578 10.579 -3.595 10.837 17 0.865
*Significant, model ignored. DF: Degrees of freedom, BIC: Bayesian information criterion
Table 5: Year-wise forecasts for average number of living children at the time of terminal contraception, provided
by the best-fit ARIMA models
Group Best-fit model 2013 2014 2015 2016 2017 2018 2019 2020
Overall-total issues ARIMA (0, 1, 1) 2.278 2.235 2.191 2.148 2.110 2.061 2.018 1.975
Rural-total issues ARIMA (0, 1, 0) 2.382 2.338 2.293 2.248 2.204 2.159 2.115 2.070
Urban-total issues ARIMA (1,1, 0) 2.194 2.164 2.117 2.078 2.035 1.994 1.952 1.911
Buddha-total issues ARIMA (1, 1,0) 2.329 2.296 2.246 2.205 2.159 2.116 2.072 2.028
Hindu-total issues ARIMA (0, 1, 0) 2.306 2.265 2.224 2.183 2.142 2.100 2.059 2.018
Muslim-total issues ARIMA (1, 1, 0) 2.430 2.411 2.355 2.325 2.276 2.242 2.197 2.159

linear lines for average male and female children were
significantly different. It also showed the significant
difference in slopes for average total children in rural and
urban area. But it showed that there was no significant
difference in the slopes of the lines corresponding to three
different religions. In other words it can be concluded
that the decline in average number of males was faster
than that for average number of females over the study
period of 1986-2012. Similarly, decline in average
number of total children in rural area was faster than that
in urban area. But religion-wise decline was the same.

Second hypothesis in ANCOVA applied for religion-wise
data showed the significant difference in the Y-intercepts.
Post hoc test with Bonferroni correction showed the
significant difference in Y-intercepts of all three religions.
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Corresponding P-values were 0.008, 0.022, and <0.001 for
Hindu-Buddhist, Buddhist-Muslim, and Hindu-Muslim,
respectively. Thus, we can conclude that though the rates
of decline in these religions were same, there is significant
difference in the average number of children at the time
of terminal contraception in these religions [Table 6].

Proportion of couples opting for terminal contraception
without a male child increased from 2.10% in 1986 to 5.15%
in 2012. This proportion for couples without a female child
ranged between 15.80 in 1989 and 26.42% in 2012.

Though the Muslim population in the study area was
approximately 20%, the sterilizations by Muslim couples
were only 4.37%.
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Table 6: Results of analysis of variance (ANCOVA)

Group Equation provided by Slope Null hypothesis: Slopes are Null hypothesis:
generalized linear model equal (lines are parallel) Intercepts are different
F-value P-value F-value P-value
Overall-male issues y=-0.025x+1.94 -0.025
7.69 0.008* Not applicable
Overall-female issues y= —0.020x+1.536 -0.020 PPl
Rural-total issues y=—0.051x+3.647 —-0.051 )
. .012* Not licabl
Urban-total issues y=-0.044x+3.365 -0.044 6.85 0.0 ot appiicable
Buddha-total issues y=—0.043x+3.503 —-0.043
Hindu-total issues y=—0.046x+3.463 —-0.046 1.06 0.352 17.12 <0.0001
Muslim-total issues y=—0.048x+3.651 —0.048

*Significant

Average age of women at tubectomy remained
somewhat constant in this time series, ranging from
26.34 to 28.62 years.

Discussion

This time series analysis was conducted to forecast the
average number of living children at the time of terminal
contraception till 2020. The differences in trends in
various subgroups were also studied in this analysis.

This study has proved the overwhelming contribution
of tubectomy (99.27%) in sterilization. Male sterilization,
that is, vasectomy only contributed for 0.73% of the
total sterilizations. The proportion of male sterilization
in the study population ranged from 0 to 2.51% during
the study period. This finding, of very low contribution
from vasectomy, was comparable with the NFHS-3 data.
According to the National Family Health Survey (NFHS),
the proportion of male sterilization in India ranged from
2.7 t0 5.9% from 2006-2007 to 2008-2009.®)

This time series has shown that the average number of
living children at the time of contraception declined from
3.423 in 1986 to 2.354 in 2012. Many other studies have
shown comparable results, though over a short period
of time.®?

Forecasting using best-fit ARIMA (p, d, q) nonseasonal
model has shown that the replacement level of 2.1
children per couple can be achieved by 2018, for couples
opting for terminal contraception. Except Muslims, this
will be achieved in between 2016 and 2020 for various
strata. This result shows that, though Maharashtra
has already achieved replacement level of 2.1 total
fertility rate (TFR),® the couples opting for terminal
contraception have not yet achieved that target. It was
expected because TFR depends on other factors such
as age at marriage, number of sterilizations, couple
protection rate, infertility prevalence, etc.

ANCOVA showed that the decline was faster for male
children. This is contrary to the belief because sex ratio in
Maharashtra is worsened during the last few years.(1*1?
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This could be explained in two ways. Firstly, in 1980s,
only 30.73% couples opted for terminal contraception
after single male child. This increased to 58.29 and 58.89%
in 1990s and after 2000, respectively. On the contrary,
percentage of couples opting for terminal contraception
after single female child improved marginally from 56.64%
in 1980s to 72.41% in 1990s and to 73.53 % after 2000. Thus,
proportion of couples opting for terminal contraception
with only one male child increased significantly over this
period, resulting in faster decline in the average male
children at the time of terminal contraception. Secondly,
significant decrease in infant mortality could have
played its role in the couples’ decision of opting terminal
contraception with single male child.

ANCOVA showed that the decline was faster in rural
area than in urban area. This is also contrary to the belief
that the fertility is more in rural area than that in urban
area. Here, faster decline in rural area could be explained
on the basis of much higher average in early years of the
time series and almost catching the urban average at the
end of the time series.

The rates of decline in Hindu, Muslim, and Buddhist
were not significantly different. But, ANCOVA showed
that the intercepts were significantly different. It means
the averages were significantly different at starting years
of the time series. This is contrary to the belief that the
decline in average number of children at the time of
terminal contraception in Muslims is much slower than
that in Hindus.

Few limitations of the study must be mentioned. Firstly,
all the limitations of ARIMA (p, d, q) modeling were
invariably present in the study. ARIMA models cannot
judge increasing resistance as the series approaches a
particular point. In this time series we will expect more
and more resistance, as the average reaches around 2.
Secondly, it is not possible to judge the fertility rates
from this study; neither have we tried to do so. Finally, it
should be remembered that the forecasting is applicable
only to this group, that is, couples opting for terminal
contraception and not for entire population.
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