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Abstract:
The spatial spread of the female child deficit in India has
been explored in terms of hot spots (with high deficits) and
cold spots (with more female favourable child sex ratios). It
has been argued using Census of India data from individual
censuses that there is a contagion effect for both hot spots
and cold spots. To understand such effect it is important to
visualize the data spatially. This paper takes this discussion
forward by asking whether such effect can be seen across
censuses. To do so it develops the concept of an epicentre
to see whether a hot or cold spot in one census is
spreading shock waves across a wider region in later
censuses. The longitudinal analysis of child sex ratios over
three censuses – 1991, 2001 and 2011 – shows that the hot
spots are epicentres of the spread of female child deficits
while the cold spots display a reverse effect. This work has
used ArcGIS for Geospatial analysis Census of India data.
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Introduction
Several dimensions of the spatial spread of female child deficit in India have been established. Visaria [1] has described the north-south
divide in female deficit in the country. Sudha and Rajan [2] and Agnihotri [3] have explained the northernisation of the spread, with the
culture and demography of the north being characterized by higher fertility, higher mortality, more masculine sex ratios, and lower
status of women. Discriminatory attitudes against the girl child and the spread of technology for identifying foetal sex have diffused from
core regions towards culturally homogeneous, adjacent regions over the years [4]. Säävälä [5] has argued that geographical and social
diffusion effects are partly responsible of the speed of the decline, although they are difficult to measure or test at the level of fertility
decision-making.
The regional expansion of skewed sex ratio from the core areas to the neighboring districts reflects what Guilmoto [6] calls the contagion
effect. Guilmoto [7] considers the diffusion effect a geographical spread from certain innovative nodal areas towards the peripheries a
promising attempt to understand demographic changes. The fact is that population in close-by areas tend to display rather similar
demographic behavior [8]. Areas with highly pronounced symptoms of female child deficit are identified as ‘hot spots’ and the areas with
favourable ratios as ‘cold spots’ by Oliveau and Guilmoto [4], [8] and Guilmoto [6]. This analysis has been carried out separately for
individual censuses. This throws up two questions: Does a longitudinal study across different censuses confirm this pattern? Is the
contagion effect of a hot spot the same as that of a cold spot? That is, does the area of a favourable child sex ratio expand in the same
way as the area of a deficit child sex ratio?
In order to answer these questions we first build on Agnihotri’s [3] suggestion that “there is a need to map the contours of the problem
by locating the 'epicentres' of female child deficit” and second what Joshi and Tiwari [9] mentioned that there is a “need to identify the
surveillance tools to identify the hotspots of declining sex ratios and prioritise the programmes”. We begin by recalling what we know
about the spatial spread of the child sex ratio. We then go on to map the epicentres of both the deficit and the favorable child sex ratios
and trace their behaviour across three censuses, 1991, 2001 and 2011. Finally we present an answer to the questions we have
mentioned above.
The discussion on declining child sex ratios has focused on the causes for the decline there has been relatively less attention paid to the
spatial distribution of adverse child sex ratios. Among the few who have focused on the geo-spatial dimensions of the missing girl child,
Guilimoto and Oliveau have looked at this dimension in India and China as a possible explanation for discrimination against the girl child.
In their view “This geographical clustering is a typical feature of sex ratio degradation in Asia and directly refers to the diffusion process
of discriminatory behavior” [8]. They make a distinction between hot spots or areas with a low child sex ratio and cold spots or areas
with a high child sex ratio. They identified hotspots in the north-west region of the country and concluded that local sex ratio values
tend to be closely correlated to values observed in neighbouring localities. They also identify cold spots in a very large region extending
from Kerala in the Southwest towards Northeast India that are characterized by homogenous, female favourable sex ratios. The location
of these problem states in the north-west region of the country and comparatively favourable sex ratio in the southern and eastern
regions led to the theorization that there is a north-south divide and northernisation of the spread of the phenomenon.

Concept of Epicentre
The studies of Guilimoto and Oliveau focus on data from individual censuses thereby presenting a photographic view of the problem at a
point of time. If the spatial spread is the result of a hot spot or a cold spot it would have to also be seen over time. It would have to emit
shock waves that can be captured by looking at census data over time. In other words the hot spots would have to be the epicentres
sending out shock waves of low child sex ratios to its neighbouring regions, just as the cold spots would have to be the epicentres
sending out shock waves of high child sex ratios to the neighbouring regions. Epicentres can be a single village/city or a group of
villages/cities, where symptoms of female deficit are extreme. By identifying these epicentre village/city or the district as such will bring
forth insights into the spatial dimensions of the problem of missing female children. The present study limits epicentre to the district
level. We identify epicentre districts with high and low Child Sex Ratios in 1991 census and observe their behaviour over the next two
decadal censuses.
Making Census data GIS ready:
The first major challenge to project Census data in the form of a map was to have maps that were compatible to the information in the
Census in terms of number of States and Districts. The borders in many cases change between censuses. For example in 1991 Census we
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had 452 districts and 32 states and Union Territories, in 2001 592 and 35, and in 2011 640 and 35 respectively. There is no single
comprehensive national map showing borders that were compatible with these. We had one shapefile of district boundaries that was
close to the 2001 Census list. This was modified and three separate maps that were compatible to each Census were generated. Each
district that was new for a Census listing had to be individually dealt with. The border information for each was defined after consulting
various web sources. The Census excel tables were then joined with respective maps. Another problem was in consistencies between
Censuses in the names of districts, sometimes they are spelt differently therefore the sequence in an alphabetical list is shuffled and
some times the name of a particular district has changed. Such discrepancies had to be corrected one by one by doing background
research online. There were also inconsistencies in district code between each Census lists because of which coding between the tables
had to be done manually.
We computed the district level Child Sex Ratios from the general population tables of the Census of India 1991, Census of India 2001 and
Census of India 2011, and in each table we had these numbers listed in a column named CSR_1991, CSR_2001 and CSR_2011
respectively. This data base was then depicted on the district map of India for the respective years. Three separate GIS maps with state
and districts boundaries were made according to the respective Census list. The district level tabular data was coded and connected to
the respective district boundaries on the map. Selected ranges (<850, 851-900, 901-950, 951-1000 and >1000) of numerical CSR data
was colour coded. The decadal maps (Figure 1) visually depict the shifts in the CSR of the country.

Figure 1: Child Sex Ration in India from census 1991, 2001 and 2011 with epicenters of female deficit
The cut-off levels for high and low Child Sex Ratios were based on the understanding that at birth, boys outnumber girls everywhere in
the world by much the same proportion—there are around 105 or 106 male children for every 100 female children [10]&[11], which
makes the CSR at birth around 952 females per 1000 males. When given the same care as males, females tend to have better survival
rates than males. Females seem to have lower death rates at all ages from childhood to old age, when more or less similar nutritional
and medical health care have been provided. The sex ratio for the 0 to 6 age group would then be at least 952. Keeping this figure in
mind the present analysis has identified 900 as a threshold for low CSR. Conversely CSR of more than 970 has been taken as a favourable
ratio. Ideally threshold level for favourble region should be 1000 i.e., equidistant from the natural rate at birth. At present, there are
very few districts which satisfy this criterion for India. Hence, we have taken a moderate threshold of 970 for favourable region.
Based on data from the Census of India 1991 the districts with CSR above 970 and those with CSR below 900 were identified as possible
epicentres of the contagions of Child Sex Ratios. This was done applying the following equation in the Query Builder: “CSR_1991<900”
and then “CSR_1991>970”. In each cluster of low CSR districts we chose the one with the lowest CSR as the potential epicentre of
possible low CSR shock waves. Conversely for each cluster of high CSR districts we chose the one with the highest CSR as the potential
epicentre of possible high CSR shock waves. The epicetre districts were again identified by querying. In order to capture the effect of
shock waves on CSRs in the next two Censuses, three concentric circles with radius of 1° (approximately 111 kilometers) each were
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drawn using “Buffer” keeping the epicentre district at the centre (Figure 2). A separate layer was created for central dot and the three
buffers. These buffer layers were converted to shapefiles and imported into another software, in this case Geomatica, along with district
boundary shapefile for measuring area. The first circle covers an area of 39,725 sq km, the second circle covers an area of 1,17,240.5 sq
km (excluding the area coming under the first circle), and the third circle covers an area of 1,95,109.3 sq km (excluding the areas of both
first and the second circles). For each epicentre area outside international borders and coast lines were excluded. The concentric circles
provide a reference area over which we could measure the spread in succeeding censuses. Inside each circle of each epicenter the area
covered by <900 (in the case of deficit region) and area covered by >970 (in case of favourable regions) was measured and percentage of
their proportions were calculated. ArcInfo has a very user friendly tool “Trace” which makes digitizing less laborious. But because area
measuring tool was disabled and area had to be measured in a different software by digitization, this turned out to be a very prolonged
and laborious task. Especially as on occasions areas of disjoined districts had to be measured.

Figure 2: Examples of measuring areas of (a) low and (b) high, female child sex ratio in succeeding censuses using concentric circle

Geo-Spatial Analysis of Female Child Deficit
Based on the above method and using data from the Census of India 1991 we can identify three possible epicentres of low CSR: Kaithal
district in Haryana, Morena district in Madhya Pradesh, and Gandhinagar district in Gujarat. Sangli district in Maharashtra does not figure
as a possible epicentre of low CSR in 1991. However the rapid spread of low CSR from this district in 2001 has made us include it in the
list of potential epicentres of low CSR. The deficit regions is represented in the maps (Figure 1) as the first two categories in the legend
(<850 and 851-900). Table 1 shows proportion of female child deficit area covered under each circle over three decades.
Table 1: Spatial Spread from Epicentres
Epicentre

Census

1st circle

2nd circle

3rd circle

Kaithal

1991

94.60%

62.60%

41.61%

2001

100.00%

79.21%

52.80%

2011

100.00%

88.96%

70.84%

1991

89.10%

52.37%

22.42%

2001

82.46%

56.63%

31.83%

2011

100.00%

83.26%

57.57%

1991

60.24%

4.01%

5.77%

2001

91.01%

32.65%

16.99%

2011

99.39%

53.05%

34.65%

1991

_

_

_

2001

71.13%

31.28%

21.27%

Morena

Gandhinagar

Sangli
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2011

72.70%

42.56%

39.72%

Other than these specified epicentres there are also some other districts which show female child deficit. In 1991 census Salem district
in Tamil Nadu showed symptoms of an epicentre, but by 2011 the symptoms have disappeared. In 2011 Nayagarh in Orissa is showing
symptoms of a new emerging epicentre.
The spatial analysis points to the epicentres of low CSR spreading from the Northwest and Western regions of the country. In the past
the dominance of the Northwestern epicentres had led to analysts speaking of a Northernization of low CSRs. But the 2011 data suggests
that the northernization hypothesis may be too extreme. The emergence of the Sangli epicentre for low CSRs that was spotted in the
2001 census has been confirmed by the 2011 data. The 2011 data also suggests that there may be other low CSR epicentres emerging,
such as Nayagarh in Orissa. The Northernization hypothesis appears to be weaker now than was originally suggested.

Geo-Spatial Analysis of Areas with High CSR
There are four possible epicentres of high CSR in the country: Jhabua district in Madhya Pradesh, Koraput in Orissa, Giridih in Jharkhand
and Wokha in Nagaland. Concentric circles with dimensions similar to deficit areas were drawn around these regions to analyse the
noticeable trend occurring over the three decades. The favourable regions are outlined with cyan colour in the maps (Figure 3). The
purpose of this classification is to see whether these regions are able to sustain a better CSR over the decades, are they able to resist
spread of declining CSR and whether there are any contagion effect influencing these regions from nearby epicenters. Table 2 shows the
proportion of favourable area covered by each circle in each census year.

Figure 3: Child Sex Ration in India from census 1991, 2001 and 2011 with epicenters of favourable ratios
The present study illustrates that the favourable regions are also declining over time. The Jhabua, Koraput, Wokha and Giridih zones
which had shown large areas of female favourable sex ratio in 1991 has declined drastically by 2011. This clearly indicates the increasing
spread of discrimination against the female child in these regions also.
Table 3 shows the rate of change of CSR (less than 900) over three decades within the largest circle in the epicentres of deficit areas and
also in the area of high CSR (greater than 970). The figures clearly show the increase in deficit area and decline in area with high CSR. In
fact, in all the regions of high CSR the decline between 2001 and 2011 is steeper than the decline between 1991 and 2001.

Table 2: Spatial decline of area with CSR greater than 970
CSR>970

census

1st circle

2nd circle
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Jhabua

Koraput

Giridih

Wokha

1991

45.72%

8.44%

1.25%

2001

28.07%

2.86%

0.71%

2011

9.32%

0.00

0.00

1991

100%

95.44%

82.54%

2001

99.53%

73.78%

25.52%

2011

69.84%

36.05%

15.08%

1991

60.03%

43.00%

35.84%

2001

41.09%

16.38%

16.11%

2011

6.69%

6.51%

7.06%

1991

88.68%

71.99%

76.19%

2001

32.44%

47.58%

41.25%

2011

9.00%

7.91%

29.26%

Table3: Rate of Change in CSR
Rate of increase (%)
Census
Rate of decline (%)
Gandhinagar
1991
Jhabua
166.55
2001
-47.94
54.99
2011
-76.57
Sangli
1991
Koraput
2001
-39.92
41.05
2011
-43.19
Kaithal
1991
Giridih
22.42
2001
-53.51
19.13
2011
-6 4.34
Morena
1991
Wokha
14.74
2001
-45.11
54.83
2011
-58.77

Conclusion
The regional spread of female child deficit is not only limited to these epicentres but the regions which were showing high CSR are also
declining overtime. The low CSR epicentres are also no longer confined to the northern regions. Therefore, there is a general trend of
increasing masculinisation across all regions of the country.
The longitudinal analysis of CSR of deficit regions and favourable regions over the three decades 1991, 2001 and 2011 depicts two
different trends. The epicentre areas of female child deficit are expanding overtime. There is an effect of shock waves of these low CSR
epicentres on the neighbouring regions. In contrast, potential high CSR epicentres have no such effect on their neighbouring regions.
Instead there is a shrinking of the high CSR areas around these potential epicentres. Thus rather than being high CSR epicentres they
record a reduction in their positive influence over time so that we can even speak of reverse effect.
As far as tools in the software is concerned, the area measuring tool being disabled caused the process to be time consuming and
cumbersome because of having to change formats and softwares. The availability of measuring tool along with the “trace” tool, this work
could have been completed much quicker and measurements would have been most accurate.
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