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ARTICLE INFO ABSTRACT

Keywords: Introduction: Despite various programmes aiming to improve the nutritional status of children, nearly 38% of
Malnutrition children under age five are still stunted in India, and there is huge spatial variation across the states.

Stunting Objectives: The present study first examines the spatial clustering of childhood stunting and then investigates the
Spatial analysis contextual determinants including meteorological factors, poverty and crop production affecting childhood
Ter.nperature stunting.

Rainfall

Methods: The percentage of stunted children under 5 years of age is taken from the district factsheets of National
Family Health Survey 2015-16 (NFHS-4). Other data are taken from Census of India (2011) and Ministry of
Agriculture and Farmers Welfare. To fulfil the set objectives, the spatial analysis including Moran-I index and
spatial regressions models are used.

Results: The spatial analysis shows a high degree of clustering (Moran's I: 0.65) in childhood stunting in districts
of India. Extreme temperature of districts reveals a positive association with childhood stunting as nearly 40% of
children from districts with maximum temperature above 40 °C were stunting. After controlling for socio-
economic factors, spatial regression reveals that a 1 °C increase in average annual temperature would lead to
0.134 increase in the percentage of stunted children. The study reveals a negative effect of district-level per-
capita crop production, wealth and education levels on the childhood stunting.

Conclusion: The paper manifests the gigantic variations and clustering in the childhood malnutrition across
districts of India. The study recommends to target the districts in hot spot areas, districts with extreme tem-
perature and with low levels of crop production to fight against malnutrition under the umbrella of sustainable
development goals.

Crop production

Introduction

Over the past decade, the momentum of global nutrition issues has
been steadily building. In 2012, the World Health Assembly (WHA),
adopted the Global Targets including a 40% reduction in childhood
stunting by 2025." The United Nations Sustainable Development Goals
(SDGs) set in 2015 induct the objective of “ending all forms of mal-
nutrition by 2030”. While nutrition appears directly in goal number-2,
in reality, it is interwoven with all the 17 goals of SDGs.” The first two
years of the child's life are crucial for optimum health, brain and phy-
sical growth and development.® The good early life health also helps
brains to grow and capabilities to develop.* Thus, the concerted focus
on reducing stunting reflects an improved understanding of the im-
portance of undernutrition during the most critical period of develop-
ment in early life and of the long-term consequences extending into
adulthood.”

* Corresponding author.

Poverty is a main cause of malnourishment because it confines the
amount of food available to children causing wasting and a lack of
micronutrients value leading to stunting and low weight.® Similarly, a
study’ exhibited household wealth, and the condition of women was
related to both stunting and wasting. Further, overpopulation is a ser-
ious problem linked with the competition for food, shelter and medical
facilities, and lead to malnutrition amongst children, particularly in the
rural areas where access to food and medical facilities were limited.®
Also, poverty and malnutrition enhance the risk of infants and children
to various kinds of infectious diseases, like diarrhoea and pneumonia,
and also increases the possibility of death.® International Food Policy
Research Institute (IFPRI) reported that poverty, water, sanitation and
hygiene, education, food systems, climate change, social protection,
and agriculture all have the vital effect on nutrition outcomes.’ Another
study conducted by Pathak and Singh (2009)'° showed that poverty
might not solely be the determinant of child malnutrition. Rather,
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household environment health risk index which captures the vulner-
ability of households is found to have a detrimental effect on nutritional
status of children,'’ and the socio-cultural practices had a significant
effect on child nutrition.'?

Underlying contextual drivers—such as food supply, clean water
and sanitation, and health care—can contribute a great deal to im-
proving nutrition status.’ The availability of safe drinking water and
suitable toilet facilities will considerably reduce the levels of severe and
moderate malnourishment.'® Similarly, a study assertively concludes
that for the health of the children, access to potable water, toilet facility
and sanitation is crucial.'' Contextual correlates such as a low per-
centage of households connected to the sewerage system in neigh-
bourhood increase longer duration of diarrhoeal episodes among under-
fives.'* Further study by Luke and Xu (2011)'° found the significant
effects of neighbourhood on the weight for age at age one.

The contextual factors, such as the extreme temperature prevailing
in most of the drought-prone north-eastern districts of Maharashtra,
often lead to a severe shortage of water causing poor hygiene and sa-
nitation, thereby promoting disease transmission.'®> A systematic re-
view article suggested limited literature available on the association of
environmental factors with child malnutrition and found that the most
of the reviewed articles evident a significant but variable association
between rainfall, extreme weather events (floods/droughts), season-
ality, and temperature, and childhood stunting at the household level.'®
Research on Rwanda data suggested that the children who resided in
the area with high rainfall were more likely to be stunted.'” Another
study which integrated NASA's satellite remote sensing data with De-
mographic and Health Surveys (DHS) data from four West African
countries found that the vegetation index had a positive effect on the
child survival and nutrition.'® Based on 13 African countries data on
climate change and socio-economic variables, a study'® showed the
effect of the decline in seasonal rainfall and the increase in the tem-
perature on the risk of malnourished but this effect could be prevented
in regions that increase access to educational resources and basic in-
frastructure.

A finding from a study in rural Indian setting revealed that children
who were exposed to drought in utero or at birth had a higher prob-
ability of being underweight and severely underweight, and a higher
infant mortality rate.”® Another paper found a seasonal pattern in birth
weight that was reinforced by the seasonal pattern of diseases.?’ Food
habits and dietary intake and diversity is directly linked with the health
and nutrition of the population. Childhood stunting was considered a
measure of protein-energy malnutrition.>* Poor consumption of nutri-
tion intake is largely determined by access to food, poverty, food habits.
A study done in the Indian setting revealed that locally abundant foods
were preferred in every region.>*

The high levels of stunting indicate the continuing large-scale pre-
valence of chronic malnutrition.>* But, despite the progress in disease
control, food production, economic, social development and various
programmes aiming to reduce malnutrition, India is facing an acute
problem of child malnutrition. The prevalence of childhood stunting in
India had been at the higher side as about half (48%) of the children
below five were stunted in 2005-06.%° Though it had shown remark-
able progress, yet remained as high as 38.4% in 2015-16.”° There is
also great spatial variation, ranging from just 17.9% in Kerala to 48% in
Bihar.

It is evident from the existing literature that there is a need to ex-
amine the spatial distribution of childhood malnutrition in India at the
district-level. Mapping of the variation in child malnutrition can help in
improving programs regarding the allocation of limited resources to
those districts with high needs of healthcare. Therefore, the present
paper attempts to examine spatial clustering of the childhood stunting
and its contextual factors including temperature, rainfall, wealth,
education and crop production measured at the district level in all 640
districts of India. This study would perhaps be the first attempt to our
best knowledge that applies geospatial analysis on childhood stunting
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Table 1
Percentage of stunted children under age five in states and India during
2005-06 and 2015-16.

States/UTs NFHS-3 NFHS-4 (2015-16) Change
(2005-06) (2005-15)
Total Total Urban Rural Total
Bihar 55.6 48.3 39.8 49.3 -7.3
Uttar Pradesh 56.8 46.3 37.9 48.5 —-10.5
Jharkhand 49.8 45.3 33.7 48.0 —4.5
Meghalaya 55.1 43.8 36.5 45.0 -11.3
Madhya Pradesh 50.0 42.0 37.5 43.6 —-8.0
Dadra & N Haveli NA 41.7 35.8 46.1 NA
Rajasthan 43.7 39.1 33 40.8 -4.6
Gujarat 51.7 385 31.7 42.9 -13.2
Chhattisgarh 52.9 37.6 31.6 39.2 —15.3
Assam 46.5 36.4 22.3 38.0 -10.1
Karnataka 43.7 36.2 32.6 38.5 -7.5
Maharashtra 46.3 34.4 29.3 38.4 -11.9
Odisha 45.0 34.1 27.2 35.3 -10.9
Haryana 45.7 34.0 33.4 34.3 -11.7
Uttarakhand 44.4 335 325 34.0 -10.9
West Bengal 44.6 325 28.5 34.0 —-12.1
NCT of Delhi 42.2 323 32.4 25.1 -9.9
Andhra Pradesh 42.7 31.4 28.3 32,5 -11.3
Sikkim 38.3 29.6 22.9 32.9 —-8.7
Arunachal 43.3 29.4 24 30.7 -13.9
Pradesh
Manipur 35.6 28.9 24.1 31.4 —-6.7
Chandigarh NA 28.7 NA NA NA
Nagaland 38.8 28.6 22,5 30.9 -10.2
Telangana NA 28.1 20.9 33.3 NA
Mizoram 39.8 28.0 22.7 33.8 -11.8
Jammu & Kashmir  35.0 27.4 23 28.8 -7.6
Tamil Nadu 30.9 27.1 25.5 28.6 -3.8
Lakshadweep NA 27.0 27.1 25.5 NA
Himachal Pradesh  38.6 26.3 21.4 26.7 -12.3
Punjab 36.7 25.7 27.6 24.5 -11.0
Tripura 35.7 24.3 17.2 26.8 -11.4
Puducherry NA 23.7 24.7 21.1 NA
Daman & Diu NA 23.4 21.9 27.1 NA
A & N Island NA 23.3 17.1 27.7 NA
Goa 25.6 20.1 18.3 23.2 —-55
Kerala 24.5 19.7 19.8 19.5 —4.8
India 48.0 384 31.0 41.2 -9.6

Note: NA: Not available.

and relates it with temperature, rainfall, socio-economic and agri-
cultural production variables by including all districts of India.

Methods

This paper uses the district level indicators from various secondary
sources. The percentage of stunted children under five for all 640 dis-
tricts of India is taken from the district factsheets of National Family
Health Survey 2015-16 (NFHS-4).?” NFHS-4 is a nationally re-
presentative survey that provides childhood stunting status covering all
the districts from 37 States and UTs. Other social indicators such as
literacy rate, per cent urban, the percentage of scheduled caste and
tribes are taken from Census 2011. Further, for calculating household
wealth index, household amenities data is taken from Census 2011
house listing files. Rainfall and temperature data for district level is
taken from the Town Directory, Census of India, 2011.%® There are few
districts where data for rainfall was missing, we have replaced those
with the state average. Per-capita crop production at the district level is
taken from the website of Ministry of Agriculture and Farmers Welfare
(MoAFW)?° that provides time series data on the area covered, pro-
duction and yield for about 120 food items for all seasons. Food con-
sumption is directly related to nutrition status, but this information is
only available at the state level. Therefore, the study uses per-capita
crop production at the district level.
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Table 2

Distribution of districts according to childhood stunting by geographical regions, 2015-16.
Stunting levels (in %) East West North South North-East Central India
Number of Districts
Very low (< 25.00) 7 8 32 34 19 0 100
Low(25.01-33) 16 14 49 47 29 5 160
Medium (33.01-41.00) 25 23 35 16 26 42 167
High (41.01-49.00) 41 20 12 6 9 62 150
Very high (> 49.01) 22 1 3 4 3 30 63
Total Districts 111 66 131 107 86 139 640

Note: Regions of India are categorized as per NFHS-3 report. Further, UTs are geographically categorized into regions. The following is the classification of regions-.

EAST- Bihar, Jharkhand, Orissa and West Bengal.
WEST - Goa, Gujarat, Maharashtra, Daman & Diu and Dadra & Nagar Haveli.

NORTH- Delhi, Haryana, Himachal Pradesh, Jammu & Kashmir, Punjab, Rajasthan, Uttaranchal and Chandigarh.
SOUTH-Andhra Pradesh, Karnataka, Kerala, Tamil Nadu, Lakshadweep, Puducherry and Andaman & Nicobar Islands.
NORTH-EAST- Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim & Tripura and.

CENTRAL -Chhattisgarh, Madhya Pradesh & Uttar Pradesh.

750 1,000
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Fig. 1. Geographical distribution of childhood stunting in India, 2015-16.

Measures

The proportion of stunting is defined as the percentage of children
aged 0-59 months old with a height-for-age below minus two standard
deviations of the median height-for-age of the reference population.*”
Stunting is a good indicator of the nutritional status of children for long
term growth because it does not vary appreciably by the season of data
collection or another short-term factor.”' Stunting captures the multiple
dimensions of children's health and development, which is considered
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as the best measure of child health inequality.*?

Analytical approach

First, we compile childhood stunting indicator from each state and
district factsheets, and then the geographical pattern of the childhood
stunting is analyzed. Further, to show the spatial clustering of child-
hood stunting, the study presents a series of maps using ArcGIS and
GeoDa. The computation of spatial autocorrelation requires the
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Fig. 2. Spatial clustering of childhood stunting in districts of India, 2015-16.

construction of a matrix known as the spatial weight matrix (W). The
matrix can be constructed in various ways which depend on the defi-
nition of the neighbourhood. We use spatially contiguous weights
(queen's weight) that includes all common points - boundaries and
vertices. To manifest the spatial clustering of childhood stunting across
districts, we use Moran's I Index and Local Indicators of Spatial
Autocorrelation (LISA) to measure the extent of autocorrelation among
the neighbourhood districts. The LISA values allow the computation of
its similarity with its neighbour districts and also test the significance
for each location. In this analysis, five scenarios may take place-cluster
with high values (high-high or hot spot), cluster with low values (low-
low or cold spot), outlier in which a high value is surrounded by a low
value (high-low), outliers in which a low value is surrounded by a high
value (low-high) and no significant local autocorrelation. After con-
firming that there is significant spatial autocorrelation in stunting
across districts of India, such correlation in the dependent variable may
lead to correlation among the error terms rendering the Ordinary Least
Square (OLS) estimator inappropriate owing to the violation of its as-
sumptions. Therefore, we apply and compare regression models namely
ordinary least square (OLS), spatial lag model (SLM) and spatial error
model (SEM) to examine the relationship between the outcome variable
and a set of predictors.

The spatial OLS regression model takes the form: y = a+fx+e¢.
The spatial lag model takes the formy = a+pWy+Bx+e

The spatial error model takes the form: y = a+pWy+px+e, with
e = AWe+(

Where y represents the childhood stunting, o is an intercept, ( is the
vector of regression parameters, x is the matrix of exogenous ex-
planatory variables, ¢ is the vector of regression disturbances, Wy the
spatial lag term, r is the spatial autoregressive parameter of Wy (which
is estimated for the model as a whole), and A is the coefficient of spa-
tially lagged autoregressive errors, We Errors in { are independently

distributed, and W is spatial weight.

Explanatory variables

The independent variable includes-socio-economic variables com-
piled from Census of India (2011), namely percentage of urban, the
percentage of Muslims, Schedule Caste, Schedule Tribes, per cent lit-
erate, improved water, improved sanitation. Further for household in-
come at the district level, a proxy variable that is, wealth index is
created using households’ amenities and living conditions data from the
Census of India, 2011. To construct the index, the principal component
analysis (PCA) is adopted. The variable used in PCA includes percen-
tage of households with-different type of materials used for roof, wall,
floor, percentage of households with number of rooms, household
ownership, drinking water, water source, source of light, latrine,
bathroom, household waste, fuel, separate kitchen, bank account and
household assets calculated for all districts. First constructed compo-
nent explains 23% of variations in data and therefore, is finally con-
sidered as wealth score.

The model also includes the climatic variables namely annual
average maximum and minimum temperature and annual average
rainfall for districts of India. Crop production at the district level may
also influence the nutritional status of children. Therefore, we use per-
capita crop production by type of food items. We categorize different
food items into 9 food groups as per indicative crop classification by
FAO.?® These groups are- 1) Cereals, 2) Vegetables and melons, 3) Fruit
and nuts, 4) Oilseed crops, 5) Root/tuber crops with high starch or
inulin content, 6) Beverage and spice crops, 7) Leguminous crops, 8)
Sugar crops and 9) Other crops. Using district-level population, we
calculated per-capita crop production in each group. The reference
period for this data is 2011.
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Fig. 3. Box-Plots of childhood stunting according to temperature and rainfall in
districts of India, 2015-16.

Results

The levels of childhood stunting across states from NFHS-
3(2005-06) and NFHS-4(2015-16) is shown in Table 1. The childhood
stunting in India was 48% in 2005-06 which has declined by nearly ten
percentage points and reached 38.4% in 2015-16. The stunted children
under age five are more in the rural (41.2%) than in urban India (31%).
In both the rounds of NFHS, the states of Bihar and Uttar Pradesh have
the highest percentage of stunted children. Meghalaya which occupied
third place in 2005-06 and has marginally improved to occupy fourth
place in 2015-16. Chhattisgarh which stood at 4th place in 2005-06
and now improves to 9th place with whooping 15.3% point decline. In
the same time, Gujarat shifted from 5th place to 8th position. Overall
there is a decline in the childhood stunting in all the States and UTs of
India. The decline varies from mere 3.8 in Tamil Nadu to as high as
15.3% point in Chhattisgarh. In 2015-16, along with the union territory
of Dadra & Nagar Haveli, in five states - Madhya Pradesh, Meghalaya,
Jharkhand, Uttar Pradesh and Bihar - the percentage of stunted chil-
dren is 44% or more.

Table 2 shows the distribution of districts as per childhood stunting
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levels. It shows that in 63 districts of India the percentage of stunted
children is more than 49% and 213 districts have more than 41% of
stunted children. One of the good pictures is that in 100 districts of
India the percentage of stunted children is less than 25%. Further,
66.2% (92 out of 139) of districts in central, 56.8% (63 out of 111) of
districts in eastern India have more than 41% stunted children. On the
other hand, nearly 16% of districts in India has less than a quarter of
stunted children while this percentage of districts is the highest in South
(31.8%) followed by north India (24.4%). The geographical distribution
of childhood stunting in India (Fig. 1) shows that the highest level of
childhood stunting (> 49%) is predominant in the northern part of
Uttar Pradesh, scattered in Bihar and Jharkhand, few districts in Ra-
jasthan, Madhya Pradesh, Meghalaya, Gujarat and Andhra Pradesh.

The spatial analysis shows a higher degree of clustering in child-
hood stunting in districts of India as the Moran's I index is significantly
high (0.65). LISA cluster and significant maps in Fig. 2 show total 159
districts in hot spots area, mostly from the central and eastern part of
India whereas 136 districts in cold spot area mostly from northern,
southern, eastern and north-eastern India. On the other hand, 338
districts have no significant autocorrelation with their neighbouring
districts.

The childhood stunting by different levels of temperature and
rainfall in India is presented in Fig. 3. On average, about 39.5% [95%
CI, 38.6, 40.8] of childhood stunting is observed in districts having a
maximum (annual) temperature more than 40 °C. Further, the districts
with lower than 10 °C of minimum temperature has also approximately
38.1% [95% CI, 37.1, 39.0] of childhood stunting. These findings
suggest that extreme levels of temperature have a positive association
with childhood stunting. On the other hand, the rainfall levels in dis-
tricts do not show a strong association with childhood stunting. Though
a higher level of rainfall (2000 mm and above) tends to reduce child-
hood stunting as shown in panel C of Fig. 3. However, more variation in
childhood stunting is visible in districts with a low level of rainfall.

Fig. 4 depicts the bivariate LISA map for childhood stunting with
maximum and minimum temperature. Overall, 225 districts have sig-
nificant clustering of stunting with maximum temperature, out of these
districts, 92 are in hot spots while 103 are in cold spots clusters. On the
other hand, 253 districts have significant clustering of childhood
stunting with minimum temperature level, while 88 districts in hot
spots and 143 are in cold spots clusters.

The higher level of spatial clustering measured by Moran’l and LISA
confirms the spatial approach would be good while fitting regressions
to determine the factors affecting childhood stunting. Table 3 shows the
Results of OLS and spatial error model assessing the contextual de-
terminants of childhood stunting. Comparing the regression diagnostics
of OLS and two spatial models, the spatial error model (SEM) emerged
as the best fit model. Model diagnosis shows a positive value of lamda
which is highly significant for the error model.

The OLS Results show a significant effect of district-level socio-
economic variables namely wealth score and per cent literacy in re-
ducing stunting under five. Among both the climatic variables-tem-
perature shows a significant positive effect on stunting. Further, per
capita production of cereals, oilseed crops and beverages and spices
reduce the risk of childhood stunting. The result of SEM shows a con-
sistent result that among socio-economic groups, per cent literate and
wealth index is negatively associated with childhood stunting. The re-
sult implies that a 1 °C increase in average annual temperature (max-
imum) would lead to 0.134 increase in the percentage of stunted chil-
dren. Moreover, per-capita crop production in districts particularly
oilseed and beverages and spices crops is negatively related to child-
hood stunting.

Discussion

Malnutrition among children in India is still considerably high.
Nearly 38% stunting children are reported in 2015-16"> though an
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Fig. 4. Spatial clustering of childhood stunting by annual temperature in districts.
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Table 3
Result of OLS model and spatial error model (SEM) assessing the determinants
of childhood stunting in India.

Background variables OLS SEM
Coefficient  Std. Error  Coefficient  Std. Error
% Urban 0.098%** 0.023 0.071%** 0.024
% Muslims —-0.014 0.019 0.038 0.023
% Scheduled Castes/Tribes  —0.001 0.016 0.014 0.017
% Literate —0.228***  0.029 —0.173***  0.036
Wealth score —1.286 0.157 0.212
Max. temperature (in 0.406%*** 0.069 0.069
Celsius)
Rainfall (in mm) 0.001 0.001 0.000 0.001
Per capita crop production
Cereals —0.002%* 0.001 0.000 0.002
Vegetables and melons 0.028%* 0.012 0.014 0.011
Fruit and nuts 0.010 0.006 0.008 0.005
Oilseed crops —0.022* 0.012 —0.039***  0.012
Root/tuber crops with high  0.000 0.004 —0.003 0.004
starch or inulin
content
Beverage and spice crops —0.050***  0.015 —0.028** 0.012
Leguminous crops —0.005 0.011 0.006 0.011
Diagnostic test
Adjusted R-squared 0.51%**
Lagrange multiplier (lag) 197.785%**
Lagrange multiplier (error)  259.375%**
A 0.697***
o
AIC 4324.76 4106.24
Breusch-Pagan test 32.09%** 37.529%**

Note: ***p < 0.01, **p < 0.05, *p < 0.10.

appreciable decline is also observed from 48% in 2005. Nevertheless,
the gigantic geographical differentials are present in child malnutrition.
For instance, childhood stunting ranges from 17.9% in Kerala to 48% in
Bihar. The study shows that one third (213 out of 640) of districts in
India comprise more than 41% childhood stunting. Further, 66.2% and
56.8% districts in central and eastern regions respectively have more
than 41% stunted children. A series of spatial clustering maps are de-
veloped to investigate whether the stunting among districts are related
to the stunting levels of the neighbouring districts or not. The study
demonstrates a significantly higher value of Moran I (0.65) that sug-
gests a high level of spatial clustering of childhood stunting in districts.
The similar spatial clustering in childhood malnutrition was observed in
a recent study.®* Earlier studies®>” showed clustering of infant and
child mortality and its contextual correlates. In the present paper, bi-
variate LISA maps highlight a total of 159 hot spots districts mostly
from the central and eastern part of India. These districts are highly
needed areas where nutrition programmes and interventions should be
strengthened.

The present study further identifies the contextual factors measured
at the district levels such as extreme temperature, rainfall, socio-eco-
nomic status and crop production affecting childhood stunting. Nearly,
40% of children from districts with annual average maximum tem-
perature above 40°C and minimum temperature below 10°C are
stunted. Spatial regressions also suggest a significant positive associa-
tion between temperature and childhood stunting after controlling for
the socio-economic profile of districts. Our attempt is consistent with
the findings of another study.'®'® However, prior studies in the Indian
context, have examined the effects of droughts, not the temperature or
rainfall [20 21]. The finding of a positive association between child-
hood stunting and temperature may be supported by the fact that the
weather may affect child health as some diseases are more likely to
develop in extreme temperature level. Further, children who frequently
have diseases like diarrhoea also consequently suffer from malnutri-
tion.® Moreover, food availability and consumption patterns may also
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depend on the climatic conditions of the region. The study could not
find strong evidence of the effect of average rainfall in districts on
childhood stunting. Although we could not take seasonal changes in
rainfall that might be a better predictor of under-nutrition as evident in
other studies.'” The finding that the per capita crop production in
districts reduces the childhood stunting manifests that more production
of crops provides access to food. It is evident in an earlier study that
locally abundant food is preferred in every region of India.*> Among
socio-economic variables, wealth score and literacy rates of districts are
found to be key variables in reducing stunting. However, the effect of
other contextual vulnerability variables such as sanitation facility,
water sources are shown separately as these variables are included in
the construction of wealth score. Further, this paper has not used cli-
matic change variables such as weather variability, drought, or varia-
bility in agricultural production by seasons.'®?° These linkages should
be made in future research by integrating environmental, agricultural
and health and demographic data. Nevertheless, the paper finds a vital
role of contextual factors-neighbourhood, a higher level of temperature,
crop production in districts, district level wealth score and education.

Conclusions

The findings of the present study are crucial for district level plan-
ning for child health. Regional pattern and clustering of indicators used
in the study suggest a need to strengthen and continue district focused
programmes. Mapping of the variation in child malnutrition can help in
improving programs in terms of the allocation of limited resources to
those districts with high needs of healthcare. The meteorological factors
including extreme temperature are found to be positively associated
with stunting levels. The present work further provides the linkages
between district level per capita crop production which is negatively
related to the stunting. This is a very crucial finding that shows pro-
duction of crops may increase accessibility and consumption of food in
those areas and consequently the low risk of childhood stunting.
District level household's wealth index and literacy rates have shown
the greatest effect in reducing stunting under five. Finally, by in-
tegrating climatic, agricultural, socio-economic status variables mea-
sured at the district level, the present paper is able to contribute in
filling the research gap in identifying the importance of the contextual
correlates and neighbourhood for childhood stunting in India.
Estimating the effects of these contextual factors may help in identi-
fying the districts of vulnerability to under-nutrition in India.
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