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Abstract: Child sex ratios in India have fluctuated over time, with northern states exhibiting greater
disparities compared to eastern and southern regions. However, despite policy efforts in the past,
early childhood gender ratios are slowly declining in Tamil Nadu, one of the states with relatively
equalized child sex ratios. It is imperative that the gender disparity in infant demographics increases
over the next few decades given that there is betterment in factors like medical infrastructure and
availability of tap water in most villages in Tamil Nadu. Procedure: Data was taken from the
Development Data Labs” SHRUG database, and information on various variables, location, spatial
stats, and shapefiles were used to assess how trends in child sex ratio across various districts in Tamil
Nadu are affected by literacy rates, worker population, scheduled castes and scheduled tribes.
Results: Although the availability of medical infrastructure and tap water does not necessarily affect
trends in child sex ratio on a district level in Tamil Nadu, OLS estimates show that there is a
significant relationship between literacy rates and worker population on child sex ratio. Conclusion:
Policies need to be shaped around quality education and employment opportunities to ensure child
sex ratios in Tamil Nadu are equalized in the coming decades.

Keywords: child sex ratio; child sex ratio in India; gender parity; gender balance; district-level
analysis; Tamil Nadu

Introduction

India has a long standing history of societal preference for male progeny as opposed to wanting
more girls in their families. This gender bias has led to 100 million ‘missing women’, a term coined
by Amartya Sen in 1990, as a result of sex selective abortion given the rise of prenatal sex selective
technologies, lower female wages, and societal stigma regarding women being seen as a burden on
the family due to the dowry system. Some parts of the country like Haryana, Punjab, and Delhi fare
worse in terms of the ratio of females to males between the ages 0-6, whereas in South Indian states
like Andhra Pradesh, Telangana, and Tamil Nadu the child sex ratio is closer to the national mean
value. However, despite progressive policies like the Hindu Succession Act in 2015 that allow women
to inherit their ancestral property and protect their own property, in recent years in Tamil Nadu the
average female child sex ratio has fallen from 954 in 2015-16 to 878 in 2019-21. From a policy
perspective, it is imperative to aim to equalize sex ratios in Tamil Nadu to avoid South Indian states
turning into male-forward economies like states in Northern India. The effects of an imbalanced
gender ratio leads to a marriage market crisis, rise of female abductions, and higher rates of poor
health in women and infants due to neglect etc. This paper seeks to explore how female child sex
ratio has been developing over two decades, between 1991 to 2011, to understand what policies can
be implemented to equalize the gender balance.

In previous research, it has been identified that proper medical institutions and drinking water are
two factors that can be implemented through appropriate policies and improve the health of newborn
infants leading to lesser infant mortality rates and predicts a reduction in the number of missing girls
(Deolalikar, Anil B et al.). The equalization in child sex ratio cannot reach an optimal rate of 1000 girls for
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1000 boys, since biological factors support more male infants being born than female children due to there
being a higher instance of male infant mortality. Therefore, a normal sex ratio is considered to be a higher
ratio of males to girls at birth. However, the decline in child sex ratios in Tamil Nadu over the years
suggests that fewer girls are surviving up to the age of 6. A skewed gender ratio in the economy leads to
higher crime rates and violence, lower economic productivity since some productive outcomes like
garment production rely on women employees, societal attitudes rewarding males more, and lower rates
of reproduction. Equalization over a period between two decades can take place naturally due to
environmental factors, however, the shift in child sex ratios between two census periods showed a
significant correlation with several factors, notably the fertility rate, female literacy, total literacy rate, and
the proportion of the population categorized as Scheduled Tribe. Various expressions of son preference
were identified, including unequal investment in children based on gender. For instance, boys receive
more prolonged schooling, earlier healthcare, and better nutrition compared to girls. Such practices,
classified as discriminatory against girls, were linked to elevated mortality rates, resulting in uneven sex
ratios post-birth (Arnold et al., 1998, Mishra et al., 2004). Moreover, looking into varying factors that might
explain an unaccounted 50% factors leading to imbalanced female child sex ratio it is identified that
vaccination rates, malnutrition, respiratory infections and diarrhea account for sex selective imbalance.
Other factors like size of family may exacerbate poor health, especially for girls in India who have older
sisters (Arnold et al, 2008). This paper seeks to address other factors that influence imbalanced gender
ratios, in particular women’s employment, literacy, and presence of scheduled castes and scheduled tribes
between 1991 and 2011 to understand three important questions: Should we equalize sex ratios in Tamil
Nadu? Does it make sense from a policy perspective, or is it more ideal to wait for equalization to take
place naturally? If it is wiser to look at supportive policies, in what ways can we achieve equalized sex
ratios?

Data

The data has been collected from Development Data Labs” SHRUG database. Information on
Population Census has been extracted from district and village directories to gather data on child
population in age groups of 0-6 males, females, and total, along with literates, scheduled castes and
scheduled tribes, workers, medical facilities, and drinking water. The data has been taken for the
years 1991, 2001, and 2011.

Methodology

Data for all relevant variables was downloaded and extracted for the years 1991, 2001, and 2011.
Information on location and spatial stats were joined with the variables using the shrid2 key, on R.
The collated information was further joined with shapefiles to generate geospatial heatmaps, bar
graphs, and density plots based on district level and sub-district level data to be able to analyze
information and judge the pattern of equalization of sex ratios across two decades. For computing
averages, the 5th to 95th percentile of the data was taken into account and mean values were derived
by grouping and averaging sex ratios at district and sub-district level.

Due to extensive research on equalizing child sex ratios done earlier, it is a known fact that measures
must be taken to equalize child sex ratio to stabilize fluctuations due to environmental factors, hence the
predictive OLS estimates in this paper analyze how factors like literacy, employment, and population of
scheduled castes and scheduled tribes affect the gender balance from early childhood.

Hypothesis

It is hypothesized that equalization of child sex ratios takes place progressively over decades
given that there is better literacy and more workers in the economy.
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Results

As per the Census of India, the child sex ratio is defined as the number of girls per 1,000 boys in
the 0-6 age group. The child sex ratio in India has witnessed a significant decline over the years.
Census data reveals a steeper decline in the proportion of girls to boys in early childhood, dropping
from 964 in 1971 to 933 in 2022-23. However, it must be noted that this ratio has probably started to
equalize since it was at 913 in 2014-15, lower than the present rate. Yet, the persistently low and
decreasing female child sex ratio in India raises serious policy concerns due to its infringement upon
the right to live of unborn and infant girls and decline in social contributions of these "missing
women." Plot 1 below is a representation of the average child sex ratio in the years 1991, 2001, and
2011 across all states in India:

Average Female Ratios by State and Year
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Plot 1. Bar Plot of Average Female Child Sex Ratio in India in 1991, 2001, and 2011.

Based on the averages in the bar plot Chandigarh, Haryana, NCT of Delhi, and Punjab have the
lowest averages across all states in 1991, as opposed to West Bengal, Manipur, Meghalaya, Nagaland,
Odisha, Arunachal Pradesh, and Uttarakhand boasting an average of almost 1:1 female to male child
sex ratio in 1991. On the other hand, the averages of the Eastern states steeply declined in the
following decades, coming closer to the national average. This can also be seen through the density
plot in Plot 2. The average sex ratios across the nation get concentrated towards the mean value,
whereas in 1991 there was more variation in the data. The curves are normally distributed, slightly
taking on a bimodal distribution suggesting that although the child sex ratios are concentrated along
the mean value, yet the data contains two modes or clusters that the concentration of the gender ratio
falls under. This suggests that the gender parity isn’t as straightforward as seen in the bar plot, and
requires a deeper analysis. For instance, in 1991, the density increased around 900 and then again at
around 980, and in 2011 the density concentrated around 850, 900, and 950, implying that strong
preferences and underlying factors are influencing the gender balance.
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Density Plot of Mean Female Child Sex Ratios in India
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Plot 2. Density Plot of Average Female Child Sex Ratios in India for 1991, 2001, and 2011.

Similarly, in the case of Tamil Nadu, the average has remained stable with lesser reduction than
other states in the period between 1991 and 2011. However the density plot shows a clearer picture
of there being a concentration in multiple means, suggesting that there are multiple preferences
which affect the early childhood gender parity. The effect could be due to various factors, like increase
in sex selective abortion, migration, lower economic opportunities for women, etc. Additionally,
although the pattern of multiple preferences has not changed between 1991 and 2011, the average
ratio of girls to boys between the ages of 0-6 has gradually declined over the years. In 1991, the mean
is closer to 1000 implying an almost equal child sex ratio, and by 2001 the mean is around 950, and
further closer to 900 by 2011, suggesting that policy interventions must be designed to boost and
equalise the sex ratios in early childhood.

Density Plot of Mean Child Sex Ratios in Tamil Nadu
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Plot 3. Density Plot of Average Female Child Sex Ratios in Tamil Nadu for 1991, 2001, and 2011.

Examining Child Sex Ratios in Tamil Nadu: A Detailed Analysis

Tamil Nadu, the 11th largest state in India by land area, ranks as the seventh most populous in
the country. Its primary language, Tamil, traces its origins back to 500 BC. According to the 2011
census, Tamil Nadu's population reached approximately 72 million, with 36,137,975 males and
36,009,055 females. In 2001, the total population was 62,405,679, comprising 31,400,909 males and
31,004,770 females. The state has witnessed an upward trend in literacy rates, reaching 80.09 percent
in the 2011 population census. Male literacy stands at 86.77 percent, while female literacy is at 73.14
percent. In 2001, the literacy rate was 73.45 percent, with male and female literacy rates at 83.28
percent and 64.91 percent, respectively. Tamil Nadu has 32 districts.

Examining gender differences in infant mortality on a nationwide scale, it can be noted that in
Tamil Nadu policy interventions, such as the Cradle Baby Scheme, the Girl Child Protection Scheme
(GCPS), legal actions against female infanticide, and targeted social awareness campaigns, have
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played a pioneering role in reducing gender disparities in infant mortality. Tamil Nadu's experience
offers valuable insights for policy responses to address the gender imbalance. In addition, various
NGOs, particularly in Madurai (including Theni), Salem (including Namakkal), and Dharmapuri,
have been actively involved in these efforts. Therefore, contrary to the national trend, Tamil Nadu's
child sex ratio experienced an increase for the first time since 1961, rising from 942 in 2001 to 946 in
2011. This shift may be attributed to increases in specific districts and/or population movements
across districts (Srinivasan, Sharada et al.,, 2012). The changes in child sex ratio across districts
therefore paint a different picture than the national average, as can be seen in Figures 1-3.

Geospatial Heatmap of Child Sex Ratio in 1991 in Tamil Nadu
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Figure 1. Geospatial Heatmap of Tamil Nadu plotting the average child sex ratio across districts in 1991.
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Geospatial Heatmap of Child Sex Ratio in 2001 in Tamil Nadu
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Figure 2. Geospatial Heatmap of Tamil Nadu plotting the average child sex ratio across districts in 2001.

Geospatial Heatmap of Child Sex Ratio in 2011 in Tamil Nadu

13°N 1 d
12°N
"

B 00900

11°N | 900-950
B ss0-1000

1000-1050

Wl 0501100

10°N 1

9°N -

8N

Figure 3. Geospatial Heatmap of Tamil Nadu plotting the average child sex ratio across districts in 2011.
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Based on the Heatmaps, it can be seen that Theni district showcases a gradual change in child
sex ratio, where in 1991 the parts of the district fell in the average range of 800-900 and in 2001 some
sub-districts improved to a 900-950 range, and in 2011 all of Theni district fell into the average range
of 900-950. On the other hand, Dindigul district in 1991 was one of the districts showcasing gender
balanced ratios at a range between 950-1000 on average, however in the following two decades in
2001 and 2011 the average fell in range between 900-950. It is to be noted that although the district
average was between 900-950 in 2001, many sub-districts in Dindigul fell drastically in the range of
800-900 in the same year. By 2011, these sub districts equalized to 900-950. In the same vein, Salem
district fell in the average range of 800-850 in 1991 and 2001, but by 2011 the district reached an
average of 900-950. The Nilgiris in 1991 had strong gender balance, where on average the female child
sex ratio was between 1000-1050, then in 2001 it dropped to an average range of 950-1000, and again
in 2011 rose to an average range of 1000-1050. Virudhunagar and Thoothukudi district have stayed
at an average range of 950-1000 across both decades, from 1991 to 2011. Ariyalur District on average
was in the 950-1000 range in 1991 and 2000, and later in 2011 fell to the 900-950 range. Its neighboring
district Perambalur was in the 950-1000 range in 1991, but fell to 900-950 range in 2001 and stayed on
in the range in 2011. The change in sex ratios over decades has been plotted in Plot 2, to showcase the
negative or positive change in female child sex ratio in between 1991-2001 and 2001-2011 for all 32
districts of Tamil Nadu.

Average Change in Sex Ratios by District and Year

MNA
virudhunagar
viluppuram
vellore
tiruvannamalai
tiruppur
tiruneheli
tiruchirappalli
thoothukkudi
thiruvarur
thiruvallur
theni

the nilgiris
thanjavur
sivaganga
salem
ramanathapuram
pudukkottai
perambalur
namakkal
nagapattinam
madurai
krishnagiri
karur
kanniyakumari
kancheepuram
erode

dindigul
dharmapuri
cuddalore
coimbatore
chennai
ariyalur

Year

average_change_ratio_01
average_change_ratio_91

District Name

-25 0 25 50
Average Change in Sex Ratio

Plot 4. Average Change in Female Child Sex Ratio by District between 1991-01 and 2001-11.

The average change ratio is the difference in the ratio of average female child sex ratio between
1991-2001, and 2001-2011. It must be noted that on average there is more negative change in sex ratios
than positive change. On a further deeper analysis, it is more interesting to find the correlation
between the average female sex ratios in 1991 and the change in female child sex ratios between 1991
and 2001, and later between the average female sex ratios in 2001 and the change in sex ratios from
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2001 to 2011. The relation can be visualised through a scatter plot, where the y-axis is the change in
sex ratios, and the x-axis is the child sex ratio for all districts, sub-districts, and villages in Tamil
Nadu. Only 1% of the outliers have been removed from the data, to look at the real relationship
between base year female sex ratio and the change. The relations have been plotted on the scatter
plots below:

Plot 5 and Plot 6 have data points from raw female to male child sex ratios in Tamil Nadu, where
female child population below the age of 6 was divided by male population below the age of 6 and
multiplied by 1000 to understand how many girls were born for every 1000 males. From the scatter
plots there is a strong, linear, and negative correlation, further confirming that over the years, on an
average, as time has passed the female child ratio to male child ratio has declined. On the other hand,
it can be seen that between 2001-11, the gender ratios are clustered around 500-1500, and the change
in gender ratios is between -500 to 500. This again suggests that there are multiple preferences at play,
including differences in preferences between districts, which could explain the null relationship as
can be seen on the plot.

Scatter Plot of Female Child Sex Ratio vs. Change Ratio
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Plot 5. Scatter Plot of Female Child Ratio 1991 v/s the Change in Sex between 1991 and 2001.

Scatter Plot of Female Child Sex Ratio vs. Change Ratio
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Plot 6. Scatter Plot of Female Child Ratio 2001 v/s the Change in Sex between 2001 and 2011.


https://doi.org/10.20944/preprints202502.2309.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 March 2025 d0i:10.20944/preprints202502.2309.v1

9 of 16

District-Wide Results to Understand the Patterns of Child Sex Ratios
in Tamil Nadu

A district level analysis could further explain the negative correlation and to understand the
variation in the patterns of child sex ratios in Tamil Nadu. To conduct this analysis, values between
the 95th and 5th percentile were taken into account, while removing 1% of the outliers from the data.

Based on Plot 7, the average early childhood gender ratios in sub-districts within Ariyalur
district are densely concentrated above the mean value and at the same time showcasing a bimodal
distribution in 1991 and 2001. It is implied that although there are gender based preferences, they are
not influencing the sex ratio. However, in the same district in 2011, there is a uniformly distributed
curve suggesting that the probability of the mean sex ratio falling between 800 to 1000 has an almost
equal chance of occurring. In such a case, policies promoting gender balance need to be set in place
in Ariyalur district to ensure the sex ratio does not skew to the left of the mean.

Density Plot of Mean Sex Ratios in Ariyalur District
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Plot 7. Density Plot of Average Female Child Sex Ratios in Ariyalur for 1991, 2001, and 2011.

Density Plot of Mean Sex Ratios in Dharmapuri District
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Plot 8. Density Plot of Average Female Child Sex Ratios in Dharmapuri for 1991, 2001, and 2011.

In Dharmapuri, the mean child sex ratio in 1991 is concentrated to the right of the mean,
suggesting that there aren’t strong environmental or social factors causing a skew in gender balance.
However, within the next 10 years a drastic change occurs where the graph begins to take the shape
of a uniformly distributed curve, suggesting protective policies need to be implemented to ensure
the gender balance remains normal. In 2011, the gender ratio returned to a normally distributed curve
to the right of the mean. As stated earlier, various NGOs in districts like Dharmapuri and Salem have
been working to equalise the gender balance in early childhood, and could be one of the reasons for
the return to a healthy correlation from 2001 to 2011 for this district.
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Density Plot of Mean Sex Ratios in Salem District
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Plot 9. Density Plot of Average Female Child Sex Ratios in Salem for 1991, 2001, and 2011.

This contention is further solidified by taking a look at the density plot of Salem district. The
plot has transformed positively from a uniformly distributed curve from 1991, to a curve that is taking
the shape of a normally distributed bell curve in 2001, to a concentrated curve to the right of the mean
in 2011. The total literacy rate in Salem district was 84.42% in 2011, higher than the Tamil Nadu
average of 80.09%. Other factors like increase in medical facilities and provision of tap water could
also affect the progress in child sex ratio. Ideally, in other districts, protective and promotive policies
can have a similar linear growth effect.

Density Plot of Mean Sex Ratios in The Nilgiris District
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Plot 10. Density Plot of Average Female Child Sex Ratios in The Nilgiris for 1991, 2001, and 2011.

Taking another district into consideration, The Nilgiris, in 1991 was a binomial distributed curve
across the mean, where the child sex ratio was densely populated to the left of the mean. In 2001, the
curve implies that the sex ratios were equalized to the average value across all districts. Over the next
10 years, by 2011, the curve transformed to a uniformly distributed curve, suggesting that every
outcome has an equal chance of occurring and further proving the null relationship in the child sex
ratios between the sub-districts within the Nilgiris. The possible factors affecting such change are
most likely environmental causes, and is a possible argument for what can take place over time
despite a lack of policy intervention on a larger scale in all of Tamil Nadu over a longer period of
time. The null relationship, paired with a negative correlation, is an opportunity to identify the
particular areas where policy interventions need to be implemented to bring about a positive
correlation and ideally equalised child sex ratios across Tamil Nadu. To begin with, all average child
sex ratios across Tamil Nadu must be taken into account-
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As seen in the bar plot in Plot 11, Theni and Ariyalur have the lowest average female sex ratio
across all districts in Tamil Nadu. Although it has been contended that sex ratios tend to equalize
over time, it is not a completely natural occurrence as can be seen from the differences in results of
the density plots from only 4 districts within Tamil Nadu. Beyond equalization, it is imperative to
also have a stable rate of average sex ratios. Some of the factors that systematically affect child sex
ratios have been identified as literacy rate, working population, presence of medical facilities,
population of scheduled castes and scheduled tribes, and proper water channels.

Average Female Ratios by District and Year
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Plot 11. Bar Plot of Average Female Child Sex Ratio in Tamil Nadu Districts for 1991, 2001, and 2011.

One factor which can be used to judge predictive outcomes is tap water. To what extent does
availability of tap water explain gender imbalance? In the case of Salem, where there has been
positive growth in average child sex ratios, there was a lack of proper tap water in almost all sub-
districts in 1991. In 2001, tap water was available across all districts, and by 2011 treated tap water
was available all over (Refer to Figures 4-6). A similar pattern of availability of tap water is seen in
The Nilgiris, and Dharmapuri.


https://doi.org/10.20944/preprints202502.2309.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 March 2025 d0i:10.20944/preprints202502.2309.v1

12 of 16

Geospatial Heatmap of Tap Water in 1991 in Salem District
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Figure 4. Availability of Tap Water in Salem in 1991.

Geospatial Heatmap of Tap Water in 2001 in Salem District
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Figure 5. Availability of Tap Water in Salem in 2001.

Geospatial Heatmap of Tap Water in 2011 in Salem District
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Figure 6. Availability of Tap Water in Salem in 2011.
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On the other hand, in the case of Ariyalur, where the mean child sex ratio was skewed, the
availability of tap water followed the same pattern as in Salem. Therefore, it might not be the best
predictor for preferences or causes of child sex ratios. Similar patterns have emerged in the case of
medical facilities. Despite a growth in the availability of medical facilities in districts and sub-districts
in Tamil Nadu, the average sex ratio emerges in varying densities. Figures 7 and 8 portray the
significant improvement in availability of medical infrastructure across all villages between 1991 and
2001 in Tamil Nadu.

Geospatial Heatmap of Medical Facilities in 1991
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Figure 7. Availability of Medical Facility in Tamil Nadu in 1991.
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Geospatial Heatmap of Medical Facilities in 2001
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Figure 8. Availability of Medical Facility in Tamil Nadu in 2001.

Therefore, the availability of tap water and medical facilities can be seen as conditions that are
conducive to achieve equalised child sex ratios, however, they do not influence the sex ratio directly.

Predictive Analysis

Other factors that could affect gender ratios in early childhood are: literacy rates, worker
population, and the population of scheduled castes and scheduled tribes. To understand the effects
of these variables on the child sex ratios, a simple Ordinary Least Square (OLS) estimate regression
test can be used in the following form:

CSRust = avst + fust + Lust + Wpust + Scust + Stust + Zvst + uvst,

Where, v, s and ¢, refer to villages, states, and time. L is the literate population, Wp is the worker
population, Sc is scheduled castes, St is scheduled tribes, and Z is a control variable for total village
population, access to paved roads, availability of electricity, and p is the disturbance term.

Table 1. OLS Regressions of the Child Sex Ratio in Tamil Nadu Villages in 1991, 2001 and 2011.

OLS- 1991 OLS- 2001 OLS- 2011
Independent Variable Coef. P-value Coef. P-value Coef. P-value
Literate Population 0.007699844 | 1.58125E-16 | 0.006701677 | 6.01484E-16 | 0.012463557 | 8.63108E-05

Total Workers -0.01810963 | 1.3853E-17 -0.01499096 | 1.67732E-17 | -0.01286344 | 2.72209E-08
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Scheduled Castes -0.00345744 | 0.86769945 0.000214299 | 0.889189427 | 0.000927066 | 0.730418958
Scheduled Tribes 0.000310499 | 0.725697991 | -0.00388741 | 0.61698391 -0.01152392 | -1.75277589
Intercept 983.0158819 966.9885214 962.33
No. of observations 15221 15220 15208
R-squared 0.004923824 0.004859665 0.002473

As per Table 1, the p-values for all three years are lesser than 0.05, and therefore we can reject
the null hypothesis. Literate population and Total Workers have a strong significant effect on Child
Sex Ratios in 1991, 2001, and 2011. Scheduled castes and scheduled tribes have a value above 0.05 for
all three years and therefore they don’t influence the child sex ratios. R-squared, the measure of the
proportion of the variation in the dependent variable that is explained by the independent variables
in the model, is highest in 1991. Therefore, the literate population and total workers had a marginally
higher effect on child sex ratios in 1991 as opposed to in 2001 or 2011.

Conclusion

In this paper, the trend in child sex ratios across states in India were taken into purview before
delving into the patterns of average child sex ratios in various districts of Tamil Nadu. It can be
understood that multiple factors can affect child sex ratios ranging from availability of tap water,
paved roads, electricity, and hospitals, to literate population, scheduled castes population and
scheduled tribes population.

The effect of environmental conditions and availability of basic amenities on child sex ratios is
indeterminable yet, however there is a positive effect of literate population and worker population
on child sex ratios across villages in Tamil Nadu.

In order to make sure environmental factors are not the only determining factor in equalizing
sex rations, and also to maintain a stable child sex ratio across districts, it is imperative that proper
policy are drafted and implemented to provide access to quality education and employment
opportunities in villages, which can positively lead to better child sex ratios in the future.
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