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Abstract 

Researchers agree that climate change linked to increasing temperatures poses a grave threat 
to developing countries like India. The extent of the risk, however, is unclear due in part to a lack 
of appropriate data and analysis.  

In this dissertation, I first explore how future heatwaves in India may vary over time and 
geography and estimate the impact they might have on mortality. Merging census, survey, and 
satellite remote sensing data from multiple sources, I apply principal component analysis to 
create a district-level composite Heat Vulnerability Index. Then using temperature, population, 
and heat-death data, I calculate exposure-response function regression estimates and use them to 
predict heat-related deaths under multiple future climate change and population growth 
scenarios. From these analyses, I can identify heat hotspots in the country and estimate excess 
mortality.  

In addition, I also explore mechanisms to mitigate the mortality effects of heatwaves. To 
generate appropriate local heat adaptation measures, I conducted sixteen in-depth interviews of 
academics, climate-health researchers, medical doctors, community activists, urban planners, and 
policy advisors with expertise in heatwaves and India. After coding the qualitative data, I 
summarize the range of policy options across household, community and national levels.  
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1. Introduction  

With over a billion citizens, India is projected to soon become the world’s most populated 
country. Located close to the equator, most of the country blanketed with a hot tropical climate. 
The long dry hot summers are interrupted by annual monsoon showers and then replaced by hot 
wet summers. Most Indians live in rural areas and participate in non-mechanized agriculture – 
working out in the open under the direct sun. In addition, the country faces a growing water 
crisis with only 3% of world’s potable water available to approximately 17% of the world’s 
population. Most households do not have piped water and many anemic women walk miles 
every day to obtain a small supply. According to the National Aeronatical and Space Agency 
(NASA), underground aquifers are at all-time lows in the Western and Northern part of the 
country, and a recent government report mentioned that “600 million Indians face high to 
extreme water stress and about two lakh [two hundred thousand] people die every year due to 
inadequate access to safe water”(Government of India, 2018). As a result, not a single city in the 
country has an uninterrupted water supply. Further, the majority of rural households lack indoor 
toilets (or bathrooms to shower), and approximately 300 million individuals (roughly equal to the 
US population) do not have electricity. Thus, life in hot summers is often unbearable with no 
possibility of relief. The health status of the population is also quite dire. The child 
undernutrition rate is 43.5% – the highest in the world – and the rate of female anemia rates 
hovers just below 50%. Further, a crumbling healthcare system increases the population’s 
vulnerability.  

This work will inform policymakers by helping them: identify places at higher risk for 
heatwave vulnerability; estimate the overall potential impact of the heatwaves in terms of deaths 
and economic costs; and find local adaptation solutions. 

Global Heatwaves 

With increasing temperatures linked to climate change, the adverse health consequences of 
heatwaves are likely to worsen across the globe. Climate experts predict that average 
temperatures will increase by 2°C by the end of 21st century under all (4.5, 6.0 and 8.5) but one 
(2.6) Representative Concentration Pathways (RCPs). RCPs are greenhouse gas concentration 
pathways (total radiative forcing) representing a broad range of climate outcomes. Each RCP has 
a different set of underlying assumptions and could “result from different combinations of 
economic, technological, demographic, policy, and institutional futures” (Pachauri et al., 2014). 
It is virtually certain that there will be more frequent hot and fewer cold daily temperature 
extremes over most land areas as global mean surface temperatures increase. Heatwaves also are 
very likely to continue increasing in frequency, intensity and duration. The direct consequences 
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of this combination of factors are increased morbidity and deaths. According to the 
Intergovernmental Panel on Climate Change (IPCC) report, there is a virtual certainty of more 
frequent hot and fewer cold temperature extremes over most land areas on daily and seasonal 
timescales as global mean surface temperature increases. Most directly, heatwaves are very 
likely to continue increasing in frequency, intensity, duration, and by extension, result in greater 
morbidity and death(Im, Pal, & Eltahir, 2017; Mazdiyasni et al., 2017; Murari, Ghosh, 
Patwardhan, Daly, & Salvi, 2015; Pachauri et al., 2014). Secondary large-scale effects are also 
likely, including increased migration, urbanization and food insecurity (Springmann et al., 2016). 
Other studies have projected similar findings for India.(Basha et al., 2017) 

Figure 1.1. Spatial distribution of highest daily maximum wet-bulb temperature, TWmax (°C), in 
modern record (1979–2015). 

SOURCE: Eun-Soon Im et al. Sci Adv 2017;3:e1603322 

 
In countries with adequate reporting systems, heatwaves have been documented to have 

caused a large number of deaths. The 2003 European heatwave killed in excess of 70,000 people 
over the summer(Robine et al., 2008), the 2010 Russian heatwave and wildfires killed 56,000 
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(Staff Writers, 2011) . North America and California have also faced several similar severe 
events with many lives lost.  

While heatwave events have been recorded since historical times, lately they have been on 
the increase globally. The impact of these events is likely higher in developing countries such as 
India given a combination of increasing temperatures from climate change and higher population 
vulnerability.  

Though there has been some work in the western settings, many research gaps remain 
regarding the scale of the problem, the areas impacted and heat adaptation measures especially in 
developing countries. There are sound arguments that heatwave deaths in tropical developing 
country settings tend to be underreported and there is a high likelihood that such mortalities are 
likely to increase in future. While many estimations of future deaths have been done in the US 
and other developed countries, “there are very few or no available projections of future mortality 
for populations in Africa, the Middle East, South America, and much of northern, central and 
southern Asia”(Sanderson, Arbuthnott, Kovats, Hajat, & Falloon, 2017). The case is the same for 
India, a hot tropical developing country, where a fifth of this planet’s population resides.  

Loss of lives during a heatwave period is caused by both direct (heatstroke) and indirect 
effects (exacerbation of preexisting conditions) with the latter being far more common than the 
former. A review of pathophysiological pathways links at least 27 such pathways linking 
heatwaves to deaths(Mora, Counsell, Bielecki, & Louis, 2017). With climate change linked 
temperatures rises, heatwaves are likely to increase in frequency, intensity, duration and deaths. 
From the limited studies we have, Figure 1.2 shows that Low and Middle-Income Countries 
(LMICs) such as India are likely to suffer extraordinary high burden of deaths(World Health 
Organization, 2014). This is due to tropical locations, high population, dense urbanization, 
resource shortages, endemic poverty, poor human development and systemic low response 
preparedness capacity. Unfortunately, many of these countries lack the resources and empirical 
evidence and are therefore quite underprepared to face these future environmental and health 
challenges and consequent societal effects. 

 



   4

Figure 1.2. Estimated annual counts of heat-related deaths in people aged 65 years and over, by 
0.5° grid. 

 
SOURCE: World Health Organization. (2014). Quantitative risk assessment of the effects of climate change on 

selected causes of death, 2030s and 2050s: World Health Organization. 

Indian Heatwaves 

India with its billion plus population also regularly faces heatwaves with many lives lost 
every year. Heatwaves over the country have particularly distinct characteristics. Overall, the 
data shows an increase in frequency, maximum and overall duration of heatwaves (Figure 1.3). 
However, neither reliable national level data is available nor are the future estimates of this 
problem. And the reported heatwave deaths seem to be gross underestimates (Rohini, Rajeevan, 
& Srivastava, 2016). For example, in the May 2010 heatwave that struck the northern part of the 
country, newspapers reported “dozens” of deaths (Admin, 2010; Burke, 2010; Williams, 2010). 
A study of municipal death certificates during that time, however, revealed 1344 excess deaths in 
that month just in the city of Ahmedabad(Azhar, Mavalankar, et al., 2014). In absence of 
estimates heatwaves often aren’t recognized for their disaster potential.  
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Figure 1.3. Increasing Trends of Heatwaves over India.  

 
SOURCE: Rohini, P., Rajeevan, M. and Srivastava, A.K., 2016. On the variability and increasing trends of 

heatwaves over India. Scientific Reports, 6, p.26153. 

 
The changing climate and poor socio-economic conditions increase heatwave vulnerability 

not just individually but may also have an additive effect, potentiating individual responses(De, 
Dube, & Rao, 2005). Similarly, their impacts may not be uniform across the country. Various 
communities are at different risk levels depending on a variety of factors such as their 
demographic composition, neighborhood vegetation, health status, household amenities etc. 

Figure 1.4. Vulnerability due to population density, poverty, and outdoor working conditions 
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 SOURCE: Eun-Soon Im et al. Sci Adv 2017;3:e1603322 

Various heat vulnerability indices have explored this vulnerability profile in different 
settings. To my knowledge, this work has not been undertaken in India as of now. The Indian 
population is trapped by both geographical and political borders. The geographical borders 
include the Indian Ocean, Arabian Sea, Bay of Bengal and the world’s highest mountain ranges – 
the Himalayas. The political borders comprise of an electrified border with an adversarial 
Pakistan and the Great Wall of China that separates India from its neighbor. In the past decade, 
over 100 million people have moved from its villages to its infrastructure-deficient cities and 
tens of thousands of farmers have committed suicides(T. A. Carleton, 2017). 

Where evidence is available, heatwave adaptation strategies have been documented to be 
effective. Simple preparedness strategies and activities – like awareness, early warnings and 
communication – have been shown to dramatically lower heat-related deaths. They have also 
been shown to be extremely cost effective in western settings. Ebi et al. in Philadelphia found 
that the cost of running a heatwave warning system for Philadelphia were practically at the 
“noise” level compared to the economic benefits of saving hundreds of lives.(Ebi, Teisberg, 
Kalkstein, Robinson, & Weiher, 2004) However, there is little evidence of the applicability of 
suitable adaptation strategies in developing country settings or of their cost effectiveness.  

At the same time, many standard adaptation strategies in the West may not be suitable for 
India or other developing countries. While there is some evidence of effective adaptation 
strategies from the west, the applicability of those in developing world hasn’t been studied as 
much.(Bao, Li, & Yu, 2015) For example, Barreca et al. attribute the entire decline in US 
heatwave deaths to adoption of residential air conditioning (Barreca, Clay, Deschenes, 
Greenstone, & Shapiro, 2016). This strategy isn’t possible in a country with irregular power 
supply where many do not have electricity and where most are too poor to be able to afford the 
costs. Thus, it is essential to also look for local adaptation solutions. These possibly include a 
whole gamut of options – from lifestyle  and behavioral changes, to modificaitons in building 
designs, water storage, food, clothing and other local technological innovations. 

This research explores an important and immediate policy issue affecting billions of people 
and should be of interst to policy makers. My motivation of doing this research comes from not 
just having a firsthand experience of living in these circumstances (Azhar, 2017) but also from 
my previous work before coming to RAND. I published several papers (Dutta et al., 2015; 
Kakkad, Barzaga, Wallenstein, Azhar, & Sheffield, 2014) and helped implement south Asia’s 
first heat preparedness plan in Ahmedabad, India.(Knowlton et al., 2014)  

I believe that this research adds valuable developing country evidence to the heatwave 
literature. The purpose of this dissertation is to understand these interactions, identify vulnerable 
areas, estimate the mortality burden and suggest future adaptation strategies. I believe this work 
not only provides actionable evidence but also lays the ground for several lines of future inquiry. 
I am grateful to benefit from a multidisciplinary committee. The diverse backgrounds of my 
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committee members help me explore this issue from a variety of perspectives and gain from their 
individual subject insights. 

Format 

In agreement with my chair and future academic ambitions, I undertake this dissertation in a 
3-paper format. The overarching topic is “Indian Summer: Three Essays on Heatwave 
Vulnerability, Estimation and Adaptation”. 

Research Objectives: 

The policy objective of this work is to further understand future health impacts of heatwaves 
in India by investigating the following study questions: 

1. Where are people more vulnerable to the risk of increasing temperatures? 
2. How many people are likely to die from climate change related future temperature 

increases in India? 
3. What could be done locally to prevent from increasing temperature related deaths? 

This research is split into 3 separate, but linked, tasks: identifying heat vulnerability, 
estimating future mortality (and economic) burden; and identifying workable adaptation 
strategies.  

Paper 1: Vulnerability Assessment:  

I develop a heat vulnerability index for India following a similar methodology as has been 
applied in the US with suitable adjustments to the Indian context. Reid et al. explored 
community determinants of heat vulnerability in the US using demographic, household, 
vegetation and health variables. To create a district-level vulnerability index for India, I take a 
similar approach. Based on similar variables publicly available from the Indian census and 
climate projection data, I derive composite vulnerability scores for India. I then use these 
vulnerability index scores to identify and rank highrisk places which can then be targeted for 
focused interventions.  

Paper 2: Mortality estimates:  

There is evidence that heatwave deaths tend to be currently underreported and that these 
mortalities are likely to increase in future. While several estimations of future increased deaths in 
the US and other developed countries have been done, there has been little effort for made to 
estimate future deaths in India(Huang et al., 2011). In this paper, I estimate future heatwave 
deaths in India over the course of next several decades taking into account the contributions from 
other processes such as increasing population, urbanization, and temperature increases. This task 
has steps. First, I characterize an exposure-response function (i.e., a temperature-mortality 
relationship) ,and then I apply this to projected population and generate future mortality 
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estimates. From these mortality estimates I also arrive at economic cost estimates (using Value 
of Statistical Life tables). This task not only identifies the magnitude of the problem, but also 
provides an estimate of the scale of adaptation efforts.  

Paper 3: Adaptation Strategies:  

After identifying the most vulnerable places to future heatwaves in India (Paper 1) and 
estimating the mortality and economic costs of heatwaves (Paper 2), I turn my attention to 
options for responding to the problem. Paper 3 is devided into two parts. First, I review the 
existing heatwave adaptation strategies found in the literature and develop a conceptual 
framework of heat exposure progressing through the stages to eventual heat deaths. Second, 
using insights from expert interviews, I describe individual-, , community- and federal-level heat 
adaptation strategies at each stage of the conceptual framework. 

Conclusions 

Findings from this dissertation work will help inform policy interms of identifying the 
geographical heat vulnerability hotspots, estimate the mortality burden and identify locally 
workable heat adaptation strategies at the individual, community and federal levels. These 
insights are of importance to a whole gamut of stakeholders including national and state 
governments, multilateral organizations such as the World Bank, the World Health Organization, 
global development agencies, environmental organizations, disaster management agencies, 
community groups, and non-governmental organizations. 
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2. Paper 1: Heatwave vulnerability mapping for India 

Abstract 

Background: Assessing geographic variability in heatwave vulnerability forms the basis for 
planning appropriate targeted adaptation strategies. Given several recent deadly heatwaves in 
India, heat is increasingly being recognized as a public health problem. However, to date there 
has not been a country-wide assessment of heat vulnerability in India. Methods: We evaluated 
demographic, socioeconomic, and environmental vulnerability factors and combined district 
level data from several sources including the most recent census, health reports and satellite 
remote sensing data. We then applied principal component analysis (PCA) on 17 normalized 
variables for each of the 640 districts to create a composite Heat Vulnerability Index (HVI) for 
India. Results: Of the total 640 districts our analysis identified 10 and 97 districts in the very 
high and high risk categories (>2SD and 2-1SD HVI) respectively. Mapping showed that the 
districts with higher heat vulnerability are located in the central parts of the country. On 
examination, these are less urbanized and have low rates of literacy, access to water and 
sanitation, and presence of household amenities. Conclusion: Creating and mapping a heat 
vulnerability index is a useful first step in protecting the public from the health burden of heat.  
Future work should incorporate heat exposure and health outcome data to validate the index, as 
well as examine sub-district levels of vulnerability. 

Keywords 

Heatwave; Vulnerability; Heat Vulnerability Index; Vulnerability Assessment; Mapping; 
India. 

Introduction 

The Intergovernmental Panel on Climate Change (IPCC) report(Parry, 2007) highlights the 
projected increases in heatwave frequency, intensity and duration, and resulting deaths both 
globally and in India. Heatwave events have caused massive deaths in the past; the most famous 
among them are the European 2003 and Russian 2010 heatwaves, where tens of thousands 
died(Fouillet et al., 2006; Robine et al., 2008; Shaposhnikov et al., 2014). India has experienced 
several heatwaves, and most recently just in the past 2 years thousands have reportedly 
died(Liberto, 2015). Research has documented an increase in cardiovascular(Curriero et al., 
2002), respiratory(Mastrangelo et al., 2007) and all-cause(Curriero et al., 2002) mortality along 
with increases in ambulance calls and admissions(Hess, Saha, & Luber, 2014; Knowlton et al., 
2009) resulting from heatwave exposure. While most of the evidence is from North America and 
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Europe, there is an emerging body of evidence from developing countries, including 
India(Azhar, Mavalankar, et al., 2014),  where heatwave deaths may currently be 
underestimates(Azhar, Rajiva, Dutta, & Mavalankar, 2014) . 

At the same time, heat related deaths are preventable and prevention programs have been 
shown to be extremely cost effective(Ebi et al., 2004). Population adaptation(Sheridan & Dixon, 
2016) along with preparedness measures have reduced mortality. Indeed, several cities and 
countries around the world have adopted heatwave preparedness plans (Sheridan & Dixon, 
2016); however, in India, this effort is limited to only a few cities(Knowlton et al., 2014). A 
broader preparedness strategy is particularly important given the large population, difficult local 
conditions, and a limited adaptive capacity.  

Health vulnerability can be conceptualized as complex and multidimensional(Watts et al., 
2015). Vulnerability encompasses individual biophysical characteristics, as well as population 
level socio-economic-environmental characteristics. These population measures have typically 
included measures of age, income, discrimination, social isolation, vegetation and health 
characteristics(Bao et al., 2015). Incorporating multidimensional data can present a more 
comprehensive characterization of vulnerability. Given the considerable intra-country variations 
in these measures that exist, it is prudent to use this characterized vulnerability to identify 
communities in need of prioritized and focused interventions. HVI’s have been found to be a 
useful screening tool for targeting heat risk interventions(Bao et al., 2015). 

Several international studies have explored vulnerabilities at the national, county and city 
levels(Johnson, Stanforth, Lulla, & Luber, 2012; Madrigano, Ito, Johnson, Kinney, & Matte, 
2015; Reid et al., 2009; Wolf & McGregor, 2013), but none have comprehensively examined 
India. Additionally, most of this work has been performed in the context of urban settings, while 
the majority of the Indian population resides in rural areas. To our knowledge only one Indian 
study looked at agricultural vulnerability using census 2001 data(Rama Rao et al., 2016). In fact,  
a recent review of heat vulnerability indices points out that that the majority of studies have been 
performed in Europe and the United States and recommends further study in other  countries and 
regions to account for local context(Bao et al., 2015). We, therefore, aim to create and map an 
integrated district level heat vulnerability index for India that can be used to identify the most 
heat-vulnerable districts in the country.  

Materials and Methods 

Data sources  

Data was extracted from the Census of India 2011, District Level Household Survey (DLHS) 
- 3 data(International Institute for Population Sciences. Ministry of Health and Family Welfare, 
2010), and from the Indian Space Research Organization ISRO server Bhuvan. District level 
census data was downloaded through the census of India portal. We chose district as the unit for 
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our analysis. While states are too heterogenous, districts are appropriate for planning purposes, 
and are the smallest unit for which we could get reliable data from multiple sources.  We 
downloaded data for household amenities and the primary census abstract (PCA). Some DLHS 
variables were extracted from the Annual health survey report from the ministry of health and 
family welfare website. Satellite data was extracted from the ISRO server’s “Bhuvan” tool where 
the average vegetation fraction and Normalized Difference Vegetation Index (NDVI) images 
were layered with a district level India shapefile and these variables (mean, median, maximum, 
minimum, range, and standard deviation) were calculated for each of the district polygon using 
GIS software (qGIS).  

Choice of variables 

Our initial dataset had 140 variables for 640 districts. Based on the existing literature (Reid et 
al., 2009) and removal of duplicative variables that represented similar constructs, we shortlisted 
variables across the domains of demographic, social, economic, health and environmental. 
Researchers independently considered variables for inclusion based on knowledge from prior 
literature. Final variables were then compared and conflicts were resolved through discussion. 
We were left with 17 variables to be entered for PCA analysis. We did not assign weights to 
individual variables. 

The shortlisted variables plausibly (and have been documented to) affect the heat-health 
relationship. The final list of variables employed in analysis along with their respective sources 
are listed in Table 2.1.  

Demographic variables included those based on age and gender. For age extremes we used 
the percentage of elderly and under five and for gender we used the sex ratio. While studies have 
documented elderly age to be a risk factor(Conti et al., 2007; Control & Prevention, 2001; 
Fouillet et al., 2006; Hutter, Moshammer, Wallner, Leitner, & Kundi, 2007; Kim & Joh, 2006; 
Knowlton et al., 2009; Medina-Ramón, Zanobetti, Cavanagh, & Schwartz, 2006; Naughton et al., 
2002; Semenza, McCullough, Flanders, McGeehin, & Lumpkin, 1999; Stafoggia et al., 2006; 
Tran et al., 2013; Whitman et al., 1997), there is an argument that children(Kakkad et al., 2014; 
Tran et al., 2013) could also be at a higher risk, given their higher metabolic rate.  

Social class was represented through the percentage of people belonging to the scheduled 
castes (Dalits) and scheduled tribes (Adivasis). These groups are recognized by the Indian 
constitution as depressed classes and are a target for development and affirmative action 
programs. We used these as substitutes for race in the Indian context. Though there are no 
studies which highlight their vulnerability to extreme heat, this is perhaps from an absence of 
such literature. Studies between ethnic groups and heat related deaths show equivocal 
effects(Braga, Zanobetti, & Schwartz, 2001; Kalkstein & Davis, 1989; Whitman et al., 1997). 
This may be due to differential ownership of household amenities, chiefly air conditioning. 

Socio economic variables were those of literacy, defined as an ability to read and write in any 
language; and occupational status of a worker, defined as producing goods and services. 
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Education has been seen to be associated with heat mortality(Curriero et al., 2002; Medina-
Ramón et al., 2006) perhaps from increased awareness and also as a proxy for socio economic 
status. Similarly, being in a worker status would increase the environmental exposure to heat 
since the majority of workers work in the agricultural sector as cultivators and agricultural 
laborers. Income was assessed through the percentage of people in the lowest wealth quintile. 
Several studies including those from Asia and India have documented the effects of poverty on 
heat related deaths(Curriero et al., 2002; Kim & Joh, 2006; Naughton et al., 2002; Tran et al., 
2013). 

Household amenities was assessed through the presence of household amenities such as the 
presence of drinking water inside premises, living in a good house, having mobile phone, radio 
and TVs(Tran et al., 2013). While much research has gone into analyzing the effects of air-
conditioning(Barreca, Clay, Deschenes, Greenstone, & Shapiro, 2013; Braga et al., 2001), we did 
not include this variable because - its prevalence is quite low, electricity supply is irregular 
across the country, and approximately 300 million people have no power connection. However, 
many of the household amenities assessed require electricity and can serve as a proxy for 
electricity supply. 

Land cover was assessed through Vegetation Fraction (VF) and Normalized Difference 
Vegetation Index (NDVI). Studies have documented the protective influence of green cover from 
heat island effects and heat deaths(Kilbourne, Choi, Jones, & Thacker, 1982) and these have 
been included in other indices(Reid et al., 2009). 

Population Health was assessed through the immunization status Children (12-23 months) 
fully immunized (BCG, 3 doses each of DPT, and Polio and Measles) (%) and presence of a 
health facility (sub-center) within 3 kilometers. Preexisting illnesses have been documented to 
affect heat mortalities(Tran et al., 2013). Because we were unable to obtain prevalence of 
chronic disease that may be most closely linked to heat vulnerability (e.g., diabetes, 
cardiovascular diseases) at the district level, we used these factors as a proxy for overall 
underlying population health status.  

Data Analysis 

The data were merged using the census district numbers as unique identifiers. They were 
then manually checked for any discrepancies such as those between district names and were 
resolved through crosschecking. Where district level data were missing, we substituted state-
wide averages for the districts. 

Data were analyzed with STATA ver 13, 2016 and qGIS 2.10.1. The map (Figure 2.2) was 
created with R v. 3.3.2. All data used in this study were publicly available data and did not 
contain any individually identifiable information. 

We calculated Spearman’s correlation coefficients between the vulnerability variables. We 
then employed the PCA technique to reduce the dimensionality of these variables. In order to 
perform PCA variables need to be on the same scale,we normalized all our variables by 
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calculating their Z scores. All variables were in the same direction i.e.: increasing value implies 
an increasing vulnerability. After application of PCA we tested for unexplained variation and 
adequacy of analysis by Kaiser-Meyer-Olkin (KMO) test. We retained 4 factors based on these 
criteria – Kaiser’s criteria of eigenvalues > 1, break in values in the scree plot test, and the 
variance explained by the factors. We tried factor rotations to increase the variability among 
factors. Individual factor scores were predicted for each district. In absence of any information 
with regards to the shape or interaction of factors, we assumed a linear relationship and 
calculated the heat vulnerability index by summing up these district level factor scores.   

Results 

Table 2.1 demonstrates the sources and descriptive characteristics of the seventeen included 
raw variables. Some of these variables showed interesting variations, for example, on average 
only 42.3% of households had drinking water inside their premises but it ranged from 2.4% to 
93.8% across districts. Similarly TV ownership, immunization status, having nearby health sub 
centers and vegetation also showed such marked variations.  

Table 2.1. Heat-health vulnerability data for 640 districts of India. 

 Category Source Variable Mean 
Standard 
Deviation 

Minimum Maximum 

1 Demographic 
Census 

2011 
Elderly (%) 6.941611 1.85144 1.911948 16.31032 

2 Demographic 
Census 

2011 
Under five (%) 11.77559 2.430698 6.39814 19.94178 

3 Demographic 
Census 

2011 
Sex ratio 945.4773 60.60111 533.5676 1184.402 

4 Social Class 
Census 

2011 
Scheduled castes (%) 14.85952 9.127914 0 50.17002 

5 Social Class 
Census 

2011 
Scheduled tribes (%) 17.70213 26.97455 0 98.57509 

6 Socio-economic 
Census 

2011 
Literacy (%) 62.4771 10.52398 28.77288 88.73746 

7 Socio-economic 
Census 

2011 
Workers (%) 41.19976 7.02642 25.83138 66.8953 

8 Socio-economic DLHS 3 
Lowest wealth 

quintile(%) 
18.69547 17.8634 0 85 

9 
Household 
Amenities 

Census 
2011 

Drinking water inside 
premises (%) 

42.35347 22.93822 2.426598 93.86555 

10 
Household 
Amenities 

Census 
2011 

Living in a good house 
(%) 

51.01322 14.27142 13.01783 88.05314 

11 
Household 
Amenities 

Census 
2011 

Having only mobiles (%) 51.21369 14.46154 7.97389 79.62046 

12 
Household 
Amenities 

Census 
2011 

Owning radios (%) 20.44393 11.38917 2.827992 77.2401 

13 
Household 
Amenities 

Census 
2011 

Owning TVs (%) 43.6372 24.04314 5.787766 95.40281 

14 
Population 

Health 
DLHS 3 

Children (12-23 months) 
fully immunized (%) 

56.89797 21.96324 3.8 100 

15 
Population 

Health 
DLHS 3 

Villages having Sub-
Centre within 3 km(%) 

69.91922 18.23694 0 100 

16 Land Cover ISRO Vegetation Fraction 73.24128 38.98999 10.60944 255 
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17 Land Cover ISRO 
Normalized Difference 

Vegetation Index 
84.19634 32.20057 35.78857 255 

 
Variable correlations showed many of the variables highly correlated with each other at the 

0.001 significant level. (not shown here)   
Table 2.2 shows the PCA results with Varimax rotation. The factors have been reduced to 4 

dimensions. These correspond to demographic, socio-economic, vegetation and health systems. 
The PCA led to 4 factors with primary loadings, these appeared to be (1) demographic, (2) socio-
economic, (3) environmental and (4) health factors. Demographic loadings constituted of 
extremes of age, socio-economic were driven by household amenities, environmental were 
contributed by the VF and NDVI scores and health was driven by availability of health facilities 
nearby. 

Table 2.2. Factor Loadings from varimax rotation based on data from 640 districts. 

Variable Factor 1 Factor 2 Factor 3 Factor 4 

Elderly -0.41 0.11 0.13 -0.19 

Under five 0.42 -0.03 -0.01 -0.05 

Sex ratio -0.27 0.34 -0.10 -0.25 

Scheduled castes -0.11 -0.03 0.38 -0.20 

Scheduled tribes 0.11 0.24 -0.30 0.24 

Literacy 0.35 0.10 0.10 -0.04 

Workers -0.18 0.42 -0.01 0.33 

Lowest wealth quintile 0.20 0.30 0.13 -0.18 

Drinking water inside premises 0.07 0.41 0.01 0.07 

Living in a good house 0.27 0.12 0.02 -0.39 

Having only mobiles 0.05 0.43 -0.10 -0.07 

Owning radios -0.07 0.33 0.30 0.09 

Owning TVs 0.32 0.22 0.03 -0.15 

Children (12-23 months) fully immunized 0.39 -0.06 0.02 0.10 

Villages having Sub-Centre within 3 km 0.07 0.03 0.08 0.66 

Vegetation Fraction 0.03 -0.01 0.55 0.10 

Normalized Difference Vegetation Index 0.03 -0.01 0.55 0.08 

 
Of the 17 variables that we started with, these 4 groups of factors were able to account for 

78% of the total variation. The Screeplot of eigenvalues showed a clean break at 4 components 
(Figure 2.1). This was also in agreement of the Kaiser criteria. The Kaiser-Meyer-Olkin (KMO) 
test shows adequacy of our analysis (>0.50). 
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Figure 2.1. PCA results. 

 
(a) Screeplot of Eigenvalues after PCA 

 
(b) Component Loadings on orthogonal 

(Varimax) rotation 

 
(c) Score variables on orthogonal (Varimax) 

rotation  

 

 
The HVI calculated as a sum of the 4 individual factors for each district ranged from -11.8 to 

9.4, it had a mean close to 0 and SD of 3.5. Figure 2.2 maps the vulnerability across the country. 
Spatial clustering of these “hot spots” is observed in central India. These districts have poor 
socio-economic and development indicators and appear to be high on the heat vulnerability 
index.  
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Figure 2.2. HVI mapping. 

 
 
We classified these categories based on the SD scores as Very high (>2SD), High (1-2SD), 

High normal (0-1SD), Low normal (-1-0SD), Low (-2-1SD) and Very low (<-2SD). We chose 
this SD based classification instead of equal categorization to better represent the variation. 
Table 2.3 shows the number of districts according to HVI standard deviations.  

Table 2.3. Number (%) of districts by HVI Categories. 

HVI Category Number (%) of districts

Very High 10 (1.56) 

High 97 (15.16) 

High normal 213 (33.28) 

Low normal 225 (35.16) 

Low 75 (11.72) 

Very Low 20 (3.13) 

 

Ten districts had an HVI score of “Very High” (>2SD), most of them in central India in the 
states of Madhya Pradesh, and Chhattisgarh (Table 2.4). Twenty districts had an HVI score of 
“Very Low”; most of them were in the relatively developed states of Kerala and Goa and union 
territories of Lakshadweep. 
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Table 2.4. Districts with a “Very High” HVI score. 

District State

Dakshin Bastar Dantewada Chhattisgarh 

Pakur  Jharkhand 

Alirajpur Madhya Pradesh 

Sheopur Madhya Pradesh 

Barwani Madhya Pradesh 

Banswara Rajasthan 

Jhabua Madhya Pradesh 

Malkangiri Odisha 

Dohad Gujarat 

Bijapur Chhattisgarh 

 

Discussion 

This study provides a relative ranking of heatwave vulnerability for all districts in India. 
Although much is known about factors that contribute to vulnerability from other settings (Bao et 
al., 2015; Johnson et al., 2012; Reid et al., 2009; Wolf & McGregor, 2013), there has been 
minimal research conducted within India on heat-related vulnerability. By coupling this 
knowledge with local context and using methods previously applied in other settings(Reid et al., 
2009), we created an index that describes relative variation in heat-related vulnerability across all 
of India. This index can be used by planners, policy makers, and disaster mitigation experts to 
target climate adaptation efforts.  

Similar to the findings of other international studies(Reid et al., 2009), our index too 
identified demographic, socio-economic, environmental and health system factors. However, 
there are important differences in the choice of initial variables making this index useful to the 
Indian and developing country settings.  

The high and very high HVI districts were in the central part of the country. With a higher 
tribal population these states have been at the lower end of various health, education, economic 
and population growth indicators. They are referred to as the Empowered Action Group (EAG) 
states and often targeted for focused interventions. These land-locked, high HVI districts in 
North and Central Indian plains are classically known as the “heat belt”.       

While the use of Air Conditioning has been observed to have the greatest impact in reducing 
heatwave deaths in the US(Barreca et al., 2013) it is unlikely to be a solution for India at least in 
the short term because of lack of a reliable and continuous power supply, the high cost and low 
penetration of air conditioning.  

Suitable local adaptation strategies therefore need to be considered. These may include a 
range of measures, some of which have been discussed in the literature, such as public 
messaging (Radio, TV), mobile phone based text messages, automated phone calls and amber 
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alerts; to others such as traditional adaptation practices of staying indoors, wearing comfortable 
clothes and diets. These are often visible in terms of the housing design and construction material 
used. Simple design features such as having shaded windows and underground water storage 
tanks can be helpful. Use of insulator housing materials similarly can be an effective method of 
prevention. Having access to drinking water within housing premises and indoor toilets could be 
important. We chose several household amenities not just to proxy for income but also for their 
protective role.  

For risk management it would make sense to observe whether these identified areas of high 
vulnerability are also the same as those with higher temperatures and humidity. Similarly had 
district level heatwave death data been available we could have used it to validate this index. Our 
index does show high (>0.70) and significant correlations with literacy rates, low income status, 
TV ownership, having toilets and drinking water and open defecation practices. These could be 
seen as starting points framing local adaptation strategies. These correlations highlight the 
importance of interventions against other associated diseases such as gastrointestinal diseases in 
children and water-borne illnesses etc. There is a moderate correlation of 0.42 between HVI and 
average summer land surface temperatures (from satellite data) suggesting a relationship 
between higher temperatures and heat vulnerability. The index also shows moderate negative 
correlation (-0.46, p<0.001) with urbanization signifying a possible greater vulnerability threat in 
rural areas. Since the majority of Indians reside in rural areas, this could have important 
implications. Outdoor workers have been identified as being at a greater risk during heatwaves. 
In rural settings, agricultural practices in different regions of India may also have diverse 
vulnerability patterns. 

Some limitations of this study also arise from availability of data. Cardiovascular and / or 
respiratory diseases are more closely related to heat vulnerability but prevalence of chronic 
diseases at the district level was not available. Similarly, there was no pan India district level 
data on social isolation or electricity. For the 3 DLHS variables, we had missing data for the state 
of Nagaland. We used state averages instead. But since Nagaland is a small state which hasn’t 
reported heatwave deaths we believe this substitution is unlikely to have major effects. In 
calculating HVI we assumed a linear combination of factors with no weighting as a good first 
assumption. Inclusion of temperature as an exposure variable could have been helpful but 
because temperatures vary at country-wide levels in a thermally diverse India, it would serve to 
bias the index in favor of places with higher normal temperatures. Our approach is in line with 
established methods(Reid et al., 2009) for large areas. Also district level temperature data is only 
collected for a small fraction of the total 640 districts. In view of still building evidence base 
from Indian temperature-mortality studies we have cited western literature and some Asian and 
Indian studies identifying vulnerability factors. This approach has also been demonstrated 
previously in the air pollution literature(Balakrishnan & Rajarathnam, 2011). 

In many prior heat vulnerability studies, rural areas have been overlooked, but may have high 
vulnerability, and this may be especially important in India given the importance of poverty, and 
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agricultural livelihoods in mediating the temperature mortality relationship.. However, since the 
district level data includes both rural and urban areas; by aggregating them we may have missed 
the differences between these patterns of vulnerability(Madrigano, Jack, Anderson, Bell, & 
Kinney, 2015; Sheridan & Dolney, 2003). Also, since we only had district level data, if such data 
was available at the finer block (Taluka) level, we would have a better identification of 
vulnerable areas. Similarly intra-city vulnerability patterns would have been interesting to 
observe given availability of urban ward level data. Given data availability, future work could 
also identify areas using the Koeppen climate classification assuming that the warm, dry, arid 
and humid areas are more vulnerable. As research continues we may identify more complex 
relationships and therefore we could conceive of other heat vulnerability indices with non-linear 
relationships and differential weights.  

Despite the above discussed limitations there are several strengths to this work. This is the 
first study to look at vulnerability across India. It provides a preliminary screening to target heat-
health and climate adaptation efforts. And this methodology can be used to for further 
investigations into vulnerability.   

Conclusions 

We developed a heatwave vulnerability index that aggregates indicators across several 
dimensions for all districts in India. This index can be used in initial efforts to target resources 
for adaptation efforts. Most heat preparedness plans are designed and implemented at a local 
level, and this index can help identify metropolitan areas that are at highest risk. Since heatwave 
vulnerability varies across spatial scales, our methods can be extended for sub-district level 
analysis and modified to develop urban and rural indices. Further work within this context 
should include testing the sensitivity of our linear combination assumption and validating this 
index to health outcomes. 
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3. Paper 2: Future heat death estimates for India under climate 
change and population scenarios 

Abstract 

Introduction: It is likely that heat-related deaths will increase in the future. While several 
estimations of future heat-related deaths have been completed for the United States and other 
developed countries, there has been little success in achieving the same estimations for India. We 
estimate future heat-related deaths in India over the next century by taking into account the 
contributions population and temperature make to such increases.  

Methods: Using temperature data from the World Bank’s climate data portal, deaths collated 
from several sources, and population and mortality rate data from the UN population projections, 
regression estimates of Exposure-Response (E-R) functions were calculated. These were then 
used to predict heat deaths under future climate change and population growth scenarios. 

Results: All temperature indices (maximum, minimum, and mean temperatures) show 
increasing trends, with minimum temperatures increasing most rapidly. Heat-related deaths have 
been increasing over time. Males show higher mortality than females and males aged 45 to 60 
show higher deaths than the elderly. Future heat deaths are likely to increase across all climate 
change scenarios with approximately 84 thousand annual end century excess deaths on the 
business as usual (RCP 8.5) scenario and median population growth projection. These are 
associated with direct economic costs of approximately $23 billion. 

Discussion and Conclusion: Heatwave deaths are likely to increase in the future under all 
climate change scenarios. While more data is needed to understand the relationship between 
increasing temperatures and human mortality, our findings – as of the time of publication – 
provide the only comprehensive and long-term estimates for India. 

Keywords  

India, heat, heatwave, mortality, projections, climate change, estimates, scenarios.  

Introduction 

India’s combination of population size, population vulnerability levels, and elevated risk of 
high temperature exposure makes it an especially important candidate for study in the pursuit to 
better understand the implications and risks of rising global temperatures on population health. 
Home to a fifth of the world’s population, the Indian subcontinent faces higher temperatures than 
other regions at identical latitudes due to the Himalayan and Hindukush mountain ranges to the 
north, which serve as natural barriers to the cold central Asian winds. Results from a 2014 
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climate change report released by the Intergovernmental Panel on Climate Change (IPCC) 
(Pachauri et al., 2014) show that India’s population vulnerabilities as they relate to climate 
change will continue to compound as time progresses. In this report, global mean surface 
temperatures are projected to continually increase over most land masses (see Table 3.1). 
Heatwaves are likely to continue to increase in frequency, intensity, and duration, which – by 
extension – will result in increased morbidity and mortality rates (Im et al., 2017; Mazdiyasni et 
al., 2017; Murari et al., 2015; Ratnam, Behera, Ratna, Rajeevan, & Yamagata, 2016; Rohini et 
al., 2016); these rates will vary based on temperature changes under future climate and 
population growth scenarios (Gasparrini et al., 2017; Guo et al., 2014; Guo et al., 2018; Huang et 
al., 2011; World Health Organization, 2014). Large-scale secondary effects are likely to follow, 
including increased migration, urbanization, and food insecurities (Springmann et al., 2016). 
While these findings look at conditions on a global scale, numerous studies have highlighted 
how there has been limited research done with a focus on specific geographic areas likely to be 
hit the hardest (Sanderson et al., 2017) – one such area being India.  

Table 3.1. Global Mean Surface Temperature Change (°C) from IPCC AR5 

Representative Concentration  
Pathway (RCP) scenarios 

2046-2085 2081-2100 

 Mean Likely Range Mean Likely Range

RCP 2.6 1.0 0.4 – 1.6 1.0 0.3 – 1.7 

RCP 4.5 1.4 0.9 – 2.0 1.8 1.1 – 2.6 

RCP 6.0 1.3 0.8 – 1.8 2.2 1.4 – 3.1 

RCP 8.5 2.0 1.4 – 2.6 3.7 2.6 – 4.8 

 
Similar to the global trends identified, select studies have explored and projected increasing 

temperature trends for India (Banerjee & Bhowmick, 2016; Basha et al., 2017; Coffel, Horton, & 
de Sherbinin, 2017) (T. Carleton et al., 2017; Murari et al., 2015), heat-related mortality in 
neighboring countries (Burkart et al., 2014; Ma et al., 2015; Wang et al., 2017), and heatwave-
related deaths in select urban areas of India (Dholakia, Mishra, & Garg, 2015; Guo et al., 2014). 
Yet, there remains no mortality estimation study for India as a whole. Having a quantitative 
estimation of the projected increase in deaths under potential future climate scenarios would aid 
decision makers in allocating scarce public health resources towards preventative and heat 
adaptative activities. Current assessments of future heatwave deaths are achieved by using 
historical data to estimate an exposure-response (E-R) function for heat mortality and then use 
this function to further estimate future deaths under different climate scenarios. While such 
estimations have been completed for several countries, major global efforts to estimate climate 
mortality in India have been unsuccessful due to the lack of data (Gasparrini et al., 2017). 
Econometricians have tried several approaches to overcome this data gap – from using annual 
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deaths (Burgess, Deschenes, Donaldson, & Greenstone, 2011) to focusing on life expectancy 
changes (Burgess, Deschenes, Donaldson, & Greenstone, 2017). Still, there remains a general 
lack of studies focused on India at the intersection of public health and climate change due to a 
range of factors – some general, while others are specific to the way heat deaths are recorded 
(i.e., incomplete medical certification of cause of death) (Nori-Sarma et al., 2017; Office of the 
registrar general, 2015).  

Though this study we aim to help bridge the knowledge gaps identified above by estimating 
future heat deaths in India over the next several decades by taking into account the contributions 
from processes such as increasing population, all-cause mortality, and temperature increases. 

Methods 

Data sources: The following is a brief listing of the various data sources used throughout this 
study. Historical and projected temperatures were collected from the World Bank’s climate data 
portal. Death records were collected from India’s National Disaster Management Authority 
(National Disaster Management Authority, 2016), India’s National Crime Records Bureau (Chief 
Data Officer, 2014), Emergency Events Database (EM-DAT) from the Centre for Research on 
the Epidemiology of Disasters (CRED) (Guha-Sapir, Below, & Hoyois, 2015), and through 
several published articles (Akhtar, 2010; Chaudhury, Gore, & Ray, 2000; Sriram, 2015). Death 
estimates were collected from the Global Burden of Disease (GBD) Study for 2017 (Global 
Burden of Disease Collaborative Network, 2017). Population data and mortality rates were 
sourced from United Nation (UN) population projections (United Nations Department of 
Economic and Social Affairs Population Division, 2018). Value of Statistical Life (VSL) 
estimates were gathered from the current literature (Viscusi & Masterman, 2017).  

Data Analysis: Several temperature indices were calculated from the compiled temperature 
data, spanning the years 1900 to 2016. Descriptive analysis showing mean monthly temperatures 
and mortality (counts and estimates) by gender and age groups are presented. Regressions to 
examine associations between independent (mean summer temperatures) and outcome (heat 
deaths) variables were performed. Poisson and Negative-Binomial regression estimates of E-R 
functions were calculated using GBD data. Deaths for the country were calculated in five-year 
increments using UN population projections and death rates. Excess heat deaths were calculated 
using array multiplication of these deaths with temperature increases (Table 1) and the calculated 
E-R functions. Sensitivity analysis, over-dispersion tests, and robustness checks were performed. 
Using India and US values of VSL estimates, direct economic costs were calculated. An 
influence diagram of our decision model and additional figures and tables are shown in 
Appendix. 

We used STATA-15, MS Excel, and Analytica 101 for analysis. The study was approved 
through RAND’s Institutional Review Board. A detailed description of study methods is 
described in Appendix 1. 
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Results 

Figure 3.1: Historical temperature for India by months.  

 
 
From the monthly temperature data, we calculated several temperature indices (see 

appendix). These included the annual and summer - maximum, mean, minimum, and range of 
temperatures. All temperature indices (maximum, minimum, and mean temperatures) show 
increasing trends. However, minimum temperatures are increasing more rapidly than maximum 
or mean temperatures, while temperature range is decreasing over time.  
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Figure 3.2a: Historical annual reported heat mortality by age groups from NCRB data.  

 
 
 

Figure 3.2b: Historical annual estimated temperature related mortality by age groups from GBD 
data.  
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Figure 3.2c: Historical annual reported heat mortality by gender from NCRB data. 

 
 
 

Figure 3.2d: Historical annual estimated temperature related mortality by gender from GBD data. 

 
 
 
In each dataset evaluated, the total number of heat-related deaths are shown to be increasing 

over time; in this context, male mortality is higher compared to female mortality (Figure 3.2c 
and 3.2d). Interestingly, the “working” age group (individuals age 45 to 60) show higher 
numbers of reported deaths than those in the “elderly” age group (individuals age >60) (Figure 
3.2a). On closer examination, this is true for reported male deaths using NCRB data (see 
Appendix-2, Figures 3, 4, 9 and 10 for age group by gender analysis of reported and estimated 
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deaths). Since not all heat-related deaths are reported and/or medically certified, it is likely that 
the reported heatwave deaths listed in the NDMA, NCRB, EM-DAT are undercounts of the 
actual number of heat-related deaths. On the other hand, the GBD death estimates try to account 
for this underreporting and, therefore, are likely to be higher than the actual number of heat-
related deaths. See appendix 2 for detailed tables and figures. 

 

Table 3.2: Regression coefficients calculated for excess heat deaths per °C rise in mean summer 
temperatures 

  Estimates:  OLS Poisson Negative Binomial

 β SE β SE β SE

GBD Value 1407.000* 533.04 0.095*** 0.0
0 

0.095** 0.03

GBD Upper Limit 1862.477 697.56 0.100*** 0.0
0 

0.100** 0.04 

GBD Lower Limit 109.200 71.22 0.020*** 0.0
1 

0.020 0.01 

*** p<0.001 
Regression coefficients were calculated using Poisson and Negative Binomial models based 

on GBD death estimates and mean summer temperatures. Since heat-related deaths are reported 
in the summer months, we used the summer mean temperatures for calculating regression 
coefficients. Though both Poisson and Negative Binomial models showed the same coefficients, 
we used the Negative Binomial models because our data exhibited overdispersal on goodness-of-
fit Chi square tests. These coefficients imply a 9.5% increase in mortality per degree rise in 
temperature (with 95% confidence intervals from 8.8% to 10.1%) with the coefficient varying 
from 2% to 10% based on the Lower and Upper limits of the GBD estimates. All of these 
estimates were highly significant. 
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Figure 3.3: Future death estimates for each of the 4 RCP scenarios.  
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Total deaths are likely to increase and then plateau over the century. By the mid-century, a 
higher number of deaths will be attributable to the increased population. By the end of the 
century, a higher number of deaths will be attributable to the then-aging population, with only a 
small degree of deaths attributable to the increasing temperatures. The plateauing phenomenon 
mentioned above appears due to the balancing effect created between the population growth and 
death rates over the century; while India’s population growth rate will peak and then taper down 
over time, the death rate will tick upwards at a given rate over the same timeframe (due to the 
now-aging population of those born prior to and during the population growth peak) in such a 
way that creates this balancing effect.  

Based on the estimated deaths, direct economic costs are calculated using standard American 
$9.631 million VSL estimates ranging broadly from $434 billion to $809 billion dollars per year 
on the business as usual (RCP 8.5) scenario and median population projection pathway from 
2025 to 2100. Using recent India VSL estimates (Viscusi & Masterman, 2017) of $0.275 million, 
the costs would still range from $13 billion to $23 billion. For comparison, India’s entire federal 
budgetary allocation for health is ~$8.9 billion in 2019.   

For sensitivity analysis, both Poisson and Negative Binomial models show similar 
coefficients; goodness-of-fit Chi square tests for over-dispersion were performed. Our estimates 
were in line with findings from the Center for Global Health Research’s non-ambient hot 
temperature estimates (Fu, Gasparrini, Rodriguez, & Jha, 2018). 
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Table 3.3: Mid, later, and end of century temperature related excess death estimates (in 
thousands) for five population growth scenarios on RCP 8.5 

 (‘000) Temperature related excess death estimates for RCP 8.5 

2025 2050 2075 2100

Lower 95 PI 43.55 
(30.6 – 56.5) 

56.18 
(39.48 - 72.88) 

61.24  
(43.03 - 79.44) 

48.76 
(34.26 – 63.25) 

Lower 80 PI 44.08 
(30.98 – 57.19) 

59.39 
(41.73 – 77.04) 

68.55  
(48.17 - 88.93) 

59.36 
(41.71 – 77) 

Median 45.03 
(31.6 – 58.41) 

65.17 
(45.8 – 84.55) 

83.85  
(58.92 - 108.8) 

84.04 
(59.05 – 109) 

Upper 80 PI 45.95 
(32.29 – 59.61) 

71.18 
(50.02 - 92.34) 

101.5  
(71.34 - 131.7) 

114.2 
(80.27 - 148.2) 

Upper 95 PI 46.41 
(32.62 – 60.21) 

74.52 
(52.37 - 96.68) 

112.9  
(79.34 - 146.5) 

135.9 
(95.47 – 176.3) 

(‘000,000) All cause death estimates

Lower 95 PI 10.53 13.59 14.81 11.79 

Lower 80 PI 10.66 14.36 16.58 14.35 

Median 10.89 15.76 20.28 20.32 

Upper 80 PI 11.11 17.21 24.55 27.62 

Upper 95 PI 11.22 18.02 27.30 32.85 

(‘000,000,000) Population estimates

Lower 95 PI 1.404 1.430 1.204 0.879 

Lower 80 PI 1.421 1.512 1.348 1.071 

Median 1.452 1.636 1.648 1.517 

Upper 80 PI 1.481 1.756 1.996 2.061 

Upper 95 PI 1.497 1.822 2.220 2.452 

 
The table above shows heat-related death estimates for the most likely Representative 

Concentration Pathway (RCP) (8.5 scenario) for several population estimates. Estimated deaths 
and population numbers are shown for comparison. Confidence Intervals are calculated 
according to Lower and Upper bound uncertainties around temperature increases in the RCP 8.5 
scenario. We note that deaths attributable to increasing temperatures constitute approximately 
0.4% of annual deaths (0.43% in 2025, and 0.41% in 2100). 

These numbers range considerably based on variations in population estimates, time periods, 
and RCPs. For example, by year 2100 there could be ~48,000 excess deaths on the lower end of 
population estimates, while on the higher end there could be as many as ~135,000 excess deaths. 
Based on time periods, excess deaths range from ~45,000 in 2025 to ~84,000 in 2100. Across 
RCP scenarios, excess deaths range from ~22,000 in RCP 2.6, ~40,000 in RCP 4.5, ~49,000 in 
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RCP 6.0, to ~84,000 in RCP 8.5 (nearly four times the number of excess deaths resulting in RCP 
2.6). Additional ranges come from confidence intervals on GBD estimates and temperature 
increases. 

Discussion 

We found a 9.5% rise in mortality per degree rise in temperature. This translates to ~84,000 
end-century excess deaths under median population and RCP 8.5 projections. These numbers 
range considerably based on variations in population estimates, time periods, and RCP scenario, 
as well as on confidence intervals and uncertainties across temperature and GBD estimates. 
Mortality-related direct economic costs are quite high, ranging from $13 to $23 billion. Not 
quantified here are additional direct costs resulting from heat related morbidities and productivity 
losses, as well as likely indirect costs – both of which are important avenues for future research. 

Several notable observations can be identified from this study’s results. One such finding 
notes an increase in all temperature indices – but with greater increases in minimum and mean 
temperatures than in maximum temperatures, resulting in a decreasing temperature range. This 
decreasing temperature range implies that those without means to control their thermal 
environment will find it increasingly difficult to seek respite from increasing temperatures, even 
during the night. Since India is home to among the largest number of this planet’s poorest 
people, this finding has grave public health and public policy implications – in particular when 
viewed in conjunction with other studies which state that these projected future temperatures 
exceed a human’s natural coping ability (Im et al., 2017; Mora, Dousset, et al., 2017); policy 
makers will be forced to offer low cost cooling solutions for these populations or face even 
higher potential rates of heat-related excess deaths.  

Almost half of India’s workforce is involved with the agricultural sector in some capacity, 
while an additional ~20% of the workforce is affiliated with the industrial sector. Consistent with 
the assumption that more men work outdoors, we noted a higher number of male than female 
deaths throughout the century. However, the finding that higher deaths were occurring in the 
male working age group (individuals age 45 to 60) is at odds with global evidence of higher rates 
of death in the elderly (individuals age >60). This discrepancy not only calls for further 
investigation into work-safety conditions, but also for exploration into the broader poverty-
environment nexus. Additional productivity losses from the loss of individuals from the working 
age workforce is likely and highlights an important avenue for additional research.  

The differences between the reported number of heat-related deaths and the GBD estimates 
highlight the fact that the reported number of deaths are likely underestimates. It is well-known 
that not all deaths in India are reported – medical certification of cause of deaths in India vary 
drastically over time and between states (Office of the registrar general, 2015) – and those most 
likely to die from heat exposure (i.e., poor, homeless, migrants) are less likely to have their 
deaths reported and officially registered. Because of this, it is difficult to characterize the true 
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scale of underreporting occurring. For more robust estimates to be achieved, it is important that 
uniform, high-quality data be collected and made available for future research.  

The regression coefficients of excess deaths per degree rise in summer mean temperatures 
are in line with other studies which performed similar analyses (Fu et al., 2018) of mortality 
attributable to hot temperatures for other countries. On average, these studies found a 9% excess 
mortality risk with every degree temperature increase from 35ºC to 40ºC. Furthermore, our 
future death estimates are broadly in line with the few published papers (Dholakia et al., 2015) 
which performed similar analyses for select urban areas in India. Estimated deaths are similar in 
the early decades for each population scenarios. However, variation begins to occur by the end of 
the century. Direct economic costs calculated using VSL values can also lead to additional 
variation given the potential variation in assigned values by country.  

One challenge encountered during this study was the difficultly in characterizing human 
adaptation to these elevating temperatures. Studies show that population susceptibility to heat 
has been decreasing (Arbuthnott, Hajat, Heaviside, & Vardoulakis, 2016), potentially due to a 
combination of physiological adaptive mechanisms and an  increase in living standards linked to 
air conditioning use (Barreca et al., 2016).This is a potential point of significance which deserves 
further investigation because, while the current use of air conditioning in India is low – at ~5% 
as of 2011 – it is rapidly expanding at ~10-15% per year (Shah, Wei, Letschert, & Phadke, 
2015).  Another factor, however, has the potential to increase mortality: food and water 
insecurities. Rising temperatures may lead to food and water shortages, which in turn may lead 
to increased levels of poverty and mortality. 

There is an inherent steady state assumption: that the future is an extension of the past and 
present. While we approximate a constant and linear relationship between increase in 
temperature and increase in heat-related deaths, this may be an approximation of a relationship 
which is more realistically represented in a nonlinear manner. We assume that no major global 
change, event, or disruptive technological advancement occurs over the entire period. At the 
same time, we have taken steps towards reducing these uncertainties by using UN demographic 
estimates instead of producing population growth estimates ourselves. Furthermore, while we 
utilized IPCC’s global projected temperature increases for each RCP scenarios, there is the 
potential for regional variation in these projections. In the next step of analyis we would relook 
the linearity assumption, include the impact of atmospheric humidity, use age standardized 
mortality rates, consider local projected temperature increases and account for population 
changes while calculating the initial E-R function. 

Performing an uncertainity analysis in our analytical model, we checked for parameters 
having the biggest leverage on the output. We slightly preturbed (1% increase) initial inputs  and 
found population, temperature increases and death rates to be equally important. This is because 
heat deaths are a multiplication of these vaiables therefore any increase has the same effect. Next 
we looked at the uncertainity ranges on GBD estimates, E-R functions and projected temperature 
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increases and found our results to be most sensitive to the confidence intervals on the exposure 
response function (see Table 7.20 in Appendix).   

One limitation present in our analysis includes our use of mean ambient temperature 
estimations. Extreme temperature estimates would likely be different and possibly have an 
exponential relationship with deaths (Wang et al., 2017). As a result, our findings are likely to be 
more conservative. However, the largest and perhaps most influential challenge associated with 
this study is the absence of district-level, day-wise heatwave deaths (by age and gender) to be 
correlated with temperature data. However, given the importance of this research question and 
consequent policy implications, we believe that an answer – even though attained through the 
use of aggregated national-level data and a higher surrounding of uncertainty – is essential. A 
final limitation is that our models explain a relatively low proportion of variation in outcomes 
(Pseudo R2=0.20). 

Future work hinges on data availability issues. A more granular analysis by climatic zones or 
districts using downscaled climate models and detailed death data is sorely needed. A potential 
challenge future research may encounter – as we did in this study – is the difficulty associated 
with quantitatively characterizing the impacts of adaptation strategies – in particular, those 
related to the increased use of air conditioning and the consequent risk reduction associated with 
large-scale adoption. Besides a more granular analysis, this work could also inform a future 
microsimulation or Agent Based Model (ABM). Data on age-distribution, economic growth, life 
expectancy, change in work charactersitics, rural-urban distribution, seasonal and in-country 
regional migration, and behavioral adaptations such as taking an afternoon siesta, going to an air 
conditioned place would be needed.  

Conclusion 

Heatwave deaths are likely to increase in the future under all climate scenarios with 
approximately 84 thousand annual end century excess deaths on the business as usual (RCP 8.5) 
scenario and median population growth projection pathway. These are associated with direct 
economic costs of approximately $23 billion. However, deaths are likely to plateau by the middle 
of this century. While more data is needed to better understand the relationship between 
increasing temperatures and human mortality, our findings – as of the time of publication – 
provide the only comprehensive and long-term estimates for India as a whole. We suggest 
further work using granular data and analysis by climatic zones, states, and districts. 
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4. Paper 3: Heat Adaptation 

Abstract 

Introduction: Researchers agree that climate change linked to increasing temperatures poses a 
grave threat to developing countries like India. While several western studies discuss heat 
adaptation, given the difference in vulnerability profile and possible interventions, not much is 
known about locally workable heat adaptation measures.  

Methods: To identify a range of feasible interventions that could help reduce heat-related 
deaths in India, I conducted semi-structure interviews with 16 experts in India and abroad. These 
included academics, climate-health researchers, medical doctors, community activists, urban 
planners, and policy advisors with expertise in heatwaves and India. Coding and analysis of this 
qualitative data was performed on Dedoose online platform.  

Results: Starting with the scope and scale of heat exposure, this paper explores the 
vulnerability to heat exposure among laborers, rural and urban poor, women and children and 
other groups. It then investigates the consequences of heat exposure in terms of discomfort, 
medical effects and secondary and tertiary effects. In the next section examine at heat prevention 
through individual / household, community and federal level adaptation measures. Lastly, I study 
responses to heat exposure through the same measures.  

Discussion and Conclusion: The range of policy options across household, community and 
national levels are summarized here. Policymakers and researchers should act and further build 
upon these findings to save lives. 

Keywords 

India, Heat, Adaptation, Resilience, Climate, Disaster. 

Introduction 

Too many people currently die during heatwaves in India, and deaths are likely to increase as 
global warming continues. Climate change is likely to increase frequency, intensity, and duration 
of heatwaves over the country (Murari et al., 2015). If global mean temperature is limited to 
2.0 °C (our best scenario), then severe heatwaves are likely to occur 30 times more by end of the 
century; and about 2.5 times more than the low-warming 2 °C scenario under conditions 
expected under the 'business-as-usual' emissions scenario (our current trajectory). Population 
exposure to severe heatwaves is projected to increase over  to 90 times the current levels by the 
end of this century (Mishra, Mukherjee, Kumar, & Stone, 2017).   
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A review of literature suggests that while city heat preparedness plans work in India (Hess et 
al., 2018; Knowlton et al., 2014) comparatively little is known about local heat adaptation. While 
there are a few old ethnographic studies (Planalp, 1971), much of heat adaptation work has been 
done for developed countries. With gaps in adaptation (Garg, Mishra, & Dholakia, 2015), it is 
difficult to design effective adaptation at the local level in many countries (Mertz, Halsnæs, 
Olesen, & Rasmussen, 2009).  

I therefore aim to identify heat adaptation measures to prevent and reduce heat morbidity and 
mortality in India. This paper explores the heat adaptation measures currently being undertaken 
to reduce heat deaths and morbidity at an individual, community and federal government level 
and considers other possible short- and long-term measures. 

Background 

Home to a fifth of this planet’s population India faces deadly heatwave events annually. The 
country is likely to start facing temperatures above human survival threshold by the late century 
(Im et al., 2017). Due to its unique geography, places in India are typically 5-6 degrees hotter 
than other places in the same latitude. Climate change will exacerbate the situation. An important 
lesson from previous deadly heatwave events is to increase preparation for future events 
(Klinenberg, 2015; Lagadec, 2004; Salagnac, 2007). 

Predominantly rural, half of the country still works in agriculture-related occupations. In 
these settings, cultural practices such as tending fields or foraging for cooking fuels such as 
wood, cow dung cakes, house designs like those in slum communities), dressing  such as sari) 
and occupations among others (lack of water supply and indoor toilets) increase heat exposure 
and heat stress (Nag, Nag, Sekhar, & Pandit, 2009). The country, home to the largest number of 
world’s poor, has a highly vulnerable population. Health status of the population is poor with 
endemic and extreme levels of child malnutrition and anemia among young women (The World 
Bank, 2019). Public expenditure on healthcare at 1.1% of GDP is still among the lowest in the 
world (Balarajan, Selvaraj, & Subramanian, 2011). The country features last on the 
Environmental Health domain and 177 out of 180 countries in the overall Environmental 
Performance Index (Hsu & Zomer, 2016).  

Though the reported numbers are increasing, a substantial proportion of the population still 
doesn’t have access to piped water, toilets or electricity. The availability of water availability and 
electricity, which are critical for helping people respond to heatwaves, are already under extreme 
stress. The country only has 4% of the planets water supply (for a fifth of its population) and 
70% of all surface water is contaminated and unfit for consumption. Large areas in the north and 
western part of the country have already run out of underground water reserves. No city in the 
entire country has uninterrupted water supply. Water riots are reported in summer. Power supply 
isn’t available to hundreds of millions of households and air conditioning (AC) usage, though 
increasing, is in single digits and primarily in urban areas.  
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Historically, Indian society has adapted to heat and humidity through various a variety of 
means, including changing the built environment and modifying behaviors and other cultural 
practices. These adaptations, however, are often quite different than adaptations in other places 
that rely primarily on air conditioning (Barreca et al., 2016). For example, many Indian families 
built double storied bungalows with whitewashed roofs, airy rooms and cooler ground floor 
rooms. A window screen made of watered spongy “khuskhus” fibers in the direction of the 
prevailing winds cooled down the incoming air. A ceiling-mounted “pankha” (fans) were 
manually rope swung by servants. To take advantage of nighttime cooling, families used 
“chabutra” – a detached porch for open air use – for sleeping at night. A house with less carpets, 
furniture and curtains, and a bare cement floor, washed daily, provided simultaneous cleanliness 
and coolness. A “chik” is made of long thin pieces of split bamboo bound closely together acted 
as an effective Venetian blind and provided protection from sunlight while providing air 
circulation (Planalp, 1971). 

Behavioral adaptations included slightly reducing work timings, starting early before the day 
becomes hot, taking an afternoon siesta and self-discipline against lethargy. Colonial cultural 
practices included appropriate dressing - pith helmet, shorts, sandals and half sleeve shirts, 
carrying an “abdar” (water bearer), and utilizing ingenious labor-intensive methods of making 
ice using non-electric shallow bed “ice fields”. The locals dressed in flowing soft cotton clothes. 
Carrying umbrellas and “chirkao” (spraying water) over hot paved courtyards, terraces, 
sidewalks, and dark inner rooms has been described. And so is the ubiquitous use of “pankhis” 
(small hand fans). Drinking water kept cooled in “gharas” and “surahis” (porous clay water 
containers) is still common. Diets are usually salt heavy (to replace electrolytes lost through 
sweating), and foods conceptualized as hot or cold. The preferred summer foods are cold and 
“halka” (light) or easy-to-digest. The British moved to the hill country summer capitals during 
hot summers (Planalp, 1971). 

A Conceptual Framework 

Thinking about how heat exposure results in deaths. Figure 4.1 employs a natural history of 
disease framework commonly used in community medicine to describe disease progressions 
(Park, 2011). In this case, we conceived the stages of disease progression as: exposure, 
recognition, in-house care and outside-care for heat illnesses. These stages correspond to the 
stages of primordial, primary, secondary and tertiary prevention commonly described in public 
health literature. 
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Figure 4.1: Natural History of Heat Health Conditions 

 
In the first stage, heat exposure has occurred without any human disease development, it can 

be understood as a pre-pathogenesis stage without any visible signs of heat illness. Primordial 
prevention measures here would be to prevent exposure and stop the disease progression at the 
earliest possible time i.e. prevention of emergence of risk factors. With continued heat exposure 
the next stage is where signs and symptoms have appeared in humans; the risk factors appear in 
humans and disease (heat illness) is likely to develop. At this stage primary prevention is to stop 
the onset of disease. The next stage is when heat illness has occurred and needs secondary 
prevention aka treatment (at home). The last and final stage of tertiary prevention is when the 
disease process has advanced beyond early stages. There are complications and need treatment in 
a medical care facility to limit further damage (Park, 2011).  

The advantage of this kind of conceptual framework is that it helps us in identifying various 
intervention points. For each point, we can ask what kinds of interventions we might imagine 
that could be carried out at the individual, community and federal levels. For example, to reduce 
exposure, federal level actions would be in the direction of climate mitigation – to stop the long 
terms risks of climate change – through legislative and policy measures. While individual 
measures at the in-house care stage would be for treating heat illnesses.  

Variations in Heatwaves and Heat Exposure 

Heatwaves and heat exposure are not single, time-limited events but often last days and 
weeks. Heat extends beyond the daylight hours into the night, where people are unable to sleep, 
and without water, often become further dehydrated and vulnerable. Since night temperatures are 
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increasing at a rate greater than day temperatures there is no relief from this cycle of heat. People 
consequently complain of irritability, lethargy and sickness.  

Different populations have diverse exposure and responses to heatwaves. Almost half of the 
country’s labor force is involved in some agriculture-related profession. Laborers, primarily men, 
are exposed to direct sun during farming-related fieldwork in rural areas. Additionally, men 
working in urban construction and manufacturing, also labor under hot environmental 
conditions. Exhaustion from continued physical exertion is compounded by hotter (and often 
humid) environmental conditions.  While women spend more time indoors, they too are involved 
in physically demanding activities besides housework and in similar hot and humid conditions. 
Women in rural areas are also involved with farm work, especially during planting and 
harvesting periods. In urban areas they are involved in economically productive activities such as 
making broom sticks, incense sticks, kites, sewing and other informal home-based small-scale 
manufacturing. Women often are limited in their freedom to (un)dress or use of public cooling 
spaces such as water tanks, parks and public fountains. 

Children and elderly, given their unique physiology, are at greater risks from heat insults. 
Children have a higher metabolic rate and are prone to greater physical activities. Unsupervised, 
they lack the wisdom to stay away from heat exposure. This in a hot environment can be more 
than what the body’s physiological cooling mechanisms can handle. Similarly, elderly people 
and those with preexisting medical conditions have compromised physiological reserves. Their 
bodies have little to protect them from the savages of heat. Those on medications may have 
impaired physiological response to heat. 

Heat has a markedly different impact in terms of its effect on the rich versus the poor. While 
the rich have access to electricity, fans and air conditioning, such lifesaving conveniences aren’t 
always available to the poor. It’s the poor - living in slum communities and forced to work in hot 
summers - who often quietly suffer through the heat. Impoverished communities often do not 
have access to even basic amenities essential for survival such as water supply, sanitation or 
access to health services. Some have called heat the next big inequality issue of our times. 

Methods 

To identify the fullest possible range of feasible interventions that could help reduce heat-
related deaths in India, I conducted semi-structure interviews with 16 experts in India and 
abroad. I first identified a preliminary sample of 15 individuals, all of whom had expertise in 
understanding either local Indian heatwave issues or had expertise in heatwave issues globally. 
These included academics, climate-health researchers, medical doctors, community activists, 
urban planners, lawyers and policy advisors. I reached out to them via email. Some replied, a few 
politely declined citing lack of expertise, and others didn’t respond. For the ones that replied, I 
interviewed them and asked them to suggest others that they recommended I should speak with. I 
then reached out to these individuals by email (the snowball part of my sampling).  Of them, 
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some replied, and agreed to be interviewed. In total I reached out to 50 people and was able to 
conduct phone interviews with 16.  

Data collection was conducted through in person and telephonic interviews over several 
months from January to April 2019. Most interviews lasted between half an hour to an hour 
although a few extended even more. We followed a semi-structured interview protocol with 
broad thematic questions meant to understand the interviewees beliefs. These themes related to 
the perceived scope of the problem, everyday lived experiences, exposure, recognition, in-house, 
and outside-care for heat illnesses, subgroups and ideal solutions. Other themes were related to 
individual, community, and federal level actions. I also marked some great quotes.  

These interviews were conducted primarily in English, sometimes the responses would 
include a few Hindi words. These were transcribed verbatim and translated (when required) into 
English.  

To analyze the results, I used a two-stage coding process. First read through all the 
transcripts and marked them for 10 themes based on the broad thematic questions described 
above. Once I had made the preliminary coding, I then pulled all the quotes for each respective 
theme and used standard theme-identification techniques to further group them quotes into 
subthemes. (Ryan & Bernard, 2000). Data entry, coding, and analysis was managed under the 
online Dedoose qualitative analysis software platform (Dedoose version 8.2.14, 2019). Ethics 
approval was obtained from RAND IRB.  

Results 

Most expert interview participants were based in India, a few were based in the US and other 
places. Half of the participants were females. Interview responses varied from detailed 
explanations to short responses.  

Table 4.1: Basic demographic and interviewee characteristics 

 Number 
(N=16) 

% 

Gender   

Male 8 50 

Female 8 50 

Location   

India 9 53.6 

US 3 18.8 

Multiple 3 18.8 

Others 1 6.3 
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Occupation   

Research 7 43.8 

Non profit 3 18.8 

UN agencies 1 6.3 

Journalist 1 6.3 

Architect 1 6.3 

Multiple 2 12.5 

Others 1 6.3 

 
The results below are organized around three major thematic categories that partipants 

covered. These include: (1) the scope and scale of the heat exposure problem in India; (2) ways 
to mitigate heat exposure through prevention measures; and (3) ways to respond to heat exposure 
and heatwaves more effectively when they occur.  

. 

Scope and scale of heat exposure 

Commenting on the problem of heat exposure, many participants agreed that India is in a 
uniquely difficult situation. As one person summarized, the challenge India faces is not just 
about increasing temperatures, but also the vulnerability of a large portion of the population and 
inadequate basic infrastructure,  

“The problem seems significant because not only is heat exposure increasing, but 
so is the degree of heat vulnerability in many parts of the country, with 
increasing numbers of children, elders, outdoor workers, people with no access to 
A/C, and people with pre-existing medical conditions. Also, if electricity 
provision is spotty, then A/C cannot always be counted upon to provide cooling 
relief”. 

Another respondent decried the lack of studies from India, calling them “a mini tip of the 
iceberg”, and arguing that heat posed a significant problem for India’s future. Referring to a 
recent systematic review paper on heat and health in lower and middle income countries, he 
noted that he saw few papers from India and lamented the lack of information, data and evidence 
that would be needed to properly address the issues.  

Another respondent noted the within-country variation, particularly in the Western part of the 
country. In places like Ahmedabad and Gandhinagar, he felt that over the last 10 years, “night is 
warming much faster than days.”  

Vulnerability to heat exposure 

Nearly all the respondents mentioned that some groups were particularly more vulnerable to 
heat exposure than others. Marginalized and specific sub groups identified by the interviewees 
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ranged from age groups, to occupational groups. They all mentioned people working outside 
such as laborers, farmers, street children, street vendors, traffic police and law enforcement 
officials. They were also concerned for frail, including the elderly, children, people living with 
preexisting medical conditions and those who were socially isolated. They were also worried 
about those working in the unorganized sector and for those living in rural and urban poverty. 

Laborers 

People working in manual labor are at risk from exertional heat stress. As one participant 
mentioned, “Laborers and people working outdoors have it worst. They simply work in the hot 
sun, and some collapse one day or the other.” For some, working indoors may be equally risky 
since many laborers work in industries centered around heat sources such those that forge steel, 
melt glass, and kiln brick and pottery. Many of these workplaces are small-scale and informal 
and do not have adequate infrastructure for cooling. 

Another participant noted the number of people employed in these difficult conditions, 
especially noting the situation in India’s huge unorganized sector. “A huge number of people 
here are engaged in the age-old unorganized sector that employs huge number of workers – both 
male and female.” These people are exposed to extreme climatic conditions due to the various 
requirements of their occupations.  

The same expert also noted that the impact on laborers is global and that climate change 
“poses a risk to heat-exposed workplaces worldwide.” He argued that laborers were not only at 
risk in tropical regions which were already experiencing high seasonal heat exposures, but also 
“at higher, cooler latitudes, because temperatures were rising twice as fast there as the global 
average warming.”  Another participant argued that heat exposure at work was more than just an 
inconvenience, but that it “causes accidental errors and injuries, loss of productivity, impact on 
health such as, excessive sweating, loss of salt from body, dehydration, heat strain, heat cramps, 
heat stroke etc.” 

Rural and Urban Poor 

The strong relationships between informal employment and poverty further enhanced risk to 
heat exposure. As one person said, “poverty in India is widespread. Some 60-80% of families 
engage in informal occupations which do not guarantee a regular income and many of these 
occupations entail being out in the open in hot weather with minimal protection.” Although both 
urban and rural poor are at high risk for heat illness, participants noted how poor people in rural 
and urban areas are impacted somewhat differently.  

While majority of rural India is involved in some form of agriculture-related occupation, the 
urban areas have more manufacturing and service related work. The living conditions and 
housing characteristics differ too. Consequently, these groups differ among ways heat impacts 
and their prevention.  
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For example, interviewees depicted a dire rural landscape where water is becoming scarcer 
and scarcer and the heat is intensifying. One participant linked frequent droughts in the agrarian 
states to poor crop yields. “The poor crop yield has been one of the reasons for farmer’s financial 
distress across India. They quoted a 2017 report that in the last three decades, “we [India] have 
lost about 59,000 farmers from suicide due to financial distress.” Another participant noted that 
in rural areas, the “usage of non-heat resilient material like tin on roofs and walls by a significant 
number of the population in the rural areas makes their houses and schools far hotter than the 
outside temperature”. Others mentioned additional factors in rural areas contributed to greater 
heat exposure including an inconsistent power supply, lack of farming machinery and 
dependency on manual labor.  

In contrast, another interviewee felt that the urban poor were worse off than rural poor in 
terms of heat illnesses. “The scale of this problem for individuals living in the urban areas is 
higher than the people living in rural areas. With each passing year, the microclimates in urban 
area have recorded higher than ever temperatures as a result of urban heat island.” He then goes 
on to suggest that although the reliability on air-conditioning is increasingly, “it will remain out 
of reach for several who are unable to afford it.”  

Participants also mentioned the crumbling urban infrastructure and spoke of “melting roads 
and pedestrian pathways” that make it even harder for pedestrians to walk within the cities. 
Others noted how outdoor activities are discouraged during the daytime in summers and how 
outdoor physical activities of the school children are restricted during summer vacations.  

Women and children 

Some participants mentioned that women and children have different metabolic rates and 
“are particularly vulnerable to extreme heat”. Several participants also saw this as a social and 
gender justice issue highlighting “gender differences in thermoregulation.” One participant, for 
example, pointed out that in the farming industry, when it is hot, “the male members remove the 
shirt wear down the waist and work, but the women can’t wear something loose. So, it is so 
much cultural stigma that plays out. Gender makes women more vulnerable”. 

Others 

Participants also mentioned that the elderly and sick were more likely to suffer 
disproportionately from adverse health impacts of extreme heat. Their vulnerability is on account 
of their decreased physiological reserves. Heat acts as an additional insult to their compromised 
physiological strength. Other factors like social isolation and difficulty in healthcare access also 
play a part. 

Consequences of heat exposure 

Heat directly affects people’s comfort and short- and long-term health. Secondary impacts of 
heat include its effects on employment and income; while long-term infrastructural impacts can 
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be considered as its tertiary impacts. Interviewees noted that heat is not only affects people 
physically, but also puts people at risk for not only heat-related illnesses, but also makes those 
with preexisting conditions more vulnerable. One person went as far as suggesting that “regular 

exposure to extreme heat contributes to many chronic diseases, as well as poverty and shorter 
lifespans”. Another person noted, the heat does not go away with the sun goes down, and people 
not only “suffer through hot days, but hot nights as well”. Another respondent expanded the 
impact of heat on cognition, saying, “I think people in very hot conditions also minimize or avoid 

strenuous cognition – not that thinking raises body temperature, as far as I know, but cognition 
is harder when it gets too hot – neural conduction speeds slow”  

Discomfort 

From its impact on comfort and overall well-being, heat plays an important role. Life can 
easily become extremely uncomfortable in hot summers. On participant went so far as to 
describe it in terms of survival. “In India, it’s basically survival. Stay alive somehow – that’s the 
mantra through hot days. The discomfort is so extreme that you feel like quitting living in your 
body. … It feels like you’re in an oven.” They then added the heat is unending, that “Night time 
is supposed to bring some relief. Since night temperatures are increasing, night too has become a 
source of discomfort.”  

Participants also noted heat-related lethargy and demotivation. “People fear venturing out in 
the middle of the day – after noon and before 5 pm. They feel very thirsty, lethargic, demotivated 
even and productivity drops.” Again, participants noted that not everyone experiences the same 
discomfort. “Those that can afford it, stay in air-conditioned environments; and those that can't 
suffer. Low-income communities experience the brunt of extreme weather, hot or cold.” 

Medical Effects 

The medical impacts of heat include heat stroke, heat exhaustion and heat deaths. These can 
be seen as clinical extensions of thermal discomfort. Here body’s thermoregulatory mechanisms 
are in action. While it is easier for healthy people to live through it, people with compromised 
physiological reserves and preexisting conditions find it difficult to live through this additional 
stress caused by heat. One expert described the failure of body’s thermoregulatory mechanisms 
leading to “heat cramps (considered to be relatively mild), heat exhaustion, and heat stroke (the 
most severe)”. They explained the role of sweat evaporation in hot, humid weather. But 
cautioned that this may not be enough “during periods of high exercise or exertion in a hot, 
humid climate”.  

Heat cramps are muscle spasms resulting from a loss of salt or water and are commonly 
experienced as an effect of exercise or dehydration. During periods of high heat, excessive 
sweating and fluid loss may lead people to experience heat cramps. More strenuous physical 
activity, or exposure to high temperatures for a long period of time, can lead to heat exhaustion. 
This is particularly true in areas of high humidity. Heat exhaustion is indicated by heavy 
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sweating, weak/rapid pulse, faintness, dizziness, fatigue, low blood pressure, muscle cramps, and 
nausea. Heat stroke or sun stroke is a severe heat illness, resulting in a core temperature greater 
than 40ºC (104ºF). Onset of heat stroke may be sudden or gradual, and can lead to complications 
including seizures, rhabdomyolysis (rapid breakdown of skeletal muscles), and kidney failure. 

Many of the interviewees felt that "problems of heat are an important problem to public 
health.”  Apart from people with compromised physiological reserves problems of heat become 
acute when “combined with work load, exposure duration, time of exposure and geographical 
locations”. Under future climate change conditions, especially with the anticipated increase in 
variability of short-term temperatures, “exposure to extremes of heat will increase” and so too 
will the public health problems.   

While most participant agreed that heat will remain a challenge, one brought attention to the 
differences between people with medical conditions and those who are healthy. He stated that for 
people already suffering from cardio-vascular disease, weak kidneys and respiratory conditions, 
the “heat will create new problems for you and me and will exacerbate problems in those with 
preexisting conditions”. They also made a distinction between those who aren’t involved in 
physically demanding tasks and those who are, saying that often farmers and construction 
workers (involved in physically demanding tasks) think that they are healthy when they may 
have an underlying condition and do not take appropriate precautions.  

Secondary and Tertiary Effects 

Describing secondary effects on employment, one expert explained how workers are forced 
to make choices between income and health. “Many laborers (e.g. brick kiln workers, building 
workers, farm laborers, rickshaw pullers) must reduce their work at hot times of the day to avoid 
dying of heat stroke. In many cases this will reduce their income”. They summarized this issue 
this way, 

“The poor cannot do much other than sacrifice income (by reducing their labor) 
and try to reduce health impairment by avoiding work in the hottest part of the 
day. Some may be able to better provide clean water access (to improve their 
capacity to work when hot) but in many work settings this will be difficult. Some 
can work more in the early morning, early evening, or even at night”.  

On a larger scale, heat and humidity “reduce work productivity”, this may impact global 
economic productivity and “particularly affecting the developing countries in the tropical climate 
zone”. Excessive heat exposure is a health risk for all age groups described the physiological 
mechanisms behind health and productivity effects. Numerous studies had been carried out all 
over the world in the field of industrial heat stress that prove that heat stress leads to the 
“deterioration of performance, efficiency, production, and thus quality of work”. Moreover, 
gender differences in thermoregulation become “more apparent with the greater thermal loads”.  

Increases in heat, also may have long-term infrastructural impacts on environment and 
population explained one interviewee. “Apart from the heat-related illness and mortality, the 
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demand for resources like electricity and water have seen a massive upward trend. It not only 
puts pressure on the already ailing energy sector but, also, high electricity and water bills are a 
matter of grave concern for the Indian middle class”. Participants noted that the structures in 
highly populated urban areas tend to absorb, create and radiate the heat. The materials used on 
the street floors and on walls and roofs of the building have a substantial impact on the local 
microclimate, for example, un-insulated concrete, brick and dark colored roofs absorb heat 
during the day and emit the heat during the night. This ends up in continued usage of air 
conditioners from day to nighttime. Another unintended consequence of AC use “makes the 
streets even hotter for the people who rely on using fans or if they sleep in open, especially the 
homeless.”  

Some participants also noted that raising temperatures also posed additional population-level 
health effects in the form of chronic diseases. Many Indians work outdoors or spend time 
outdoors “in non-air-conditioned spaces, vehicles, etc., which presents heat-health risks on 
extremely hot days”. Their exposure to extended periods of extreme heat, in the daytime hours 
and perhaps especially into the nighttime hours, can “increase risks of cardiovascular, 
cerebrovascular, renal, and respiratory ailments, even among healthy people, since these organ 
systems and involved in thermoregulation”. For people with pre-existing related medical 
conditions the heat can trigger worsened symptoms and/or heat-related illnesses, which 
unfortunately can progress to premature mortality”. 

Mitigating heat as prevention 

When asked about what could be done to reduce people’s exposure to heat, participants 
offered a large number of prevention measures. These included ways to reduce heat at the 
individual/household, community and federal levels. I review participants suggestions in each 
category below. 

Individual/household adaptations 

Individual-level recommendations at the heat exposure stage ranged from educating people 
about the adverse effects of heat and heat exposure, to changes in behaviors and purchases to 
making modifications to existing and future homes.  

Most other suggestions related to reducing individual exposure were related to changes in 
current and future housing designs. Simple modifications in existing homes could be structural 
changes outside home, inside the home and through increasing vegetation. One informant 
provided a long list of heat-reducing modifications, including: “Using white paint or light-
colored tiles on the surfaces exposed to the sun like roofs to reflect back most the heat during the 
day; using green roofs and insulating the walls to bring down the temperature by 10 degree 
Celsius; and using blinds or protective films on windows to filter the harmful UV rays.” Others 
suggested increasing air circulation. For example, one person offered that “maintaining air 
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circulation with the help of ‘open-to-sky’ areas and table fans within the rooms, unlike ceiling 
fan, would tend to push away the hot air inside the room.”  

Several participants suggested increasing vegetation to cool homes by “planting green 
creepers on the walls that are exposed to sun.” One expert provided several rural and urban 
examples. “In villages with tile-roofed houses, people put coconut tree leaves on their roofs so 
that heat isn’t directly transferred to the tile roof.” Alternatively, “people make homes with 
coconut leaves if they don’t have any “pandal” [a low-cost fabricated material]” which absorbs 
less heat and allows for more air circulation. The same participant noted a similar approach 
among the urban poor in the slums of Bhopal where people use the flex banner on their roofs and 
in Ranchi (and elsewhere in Jharkhand and TN) where people grow creepers in summers to 
cover their roofs.  

Participants also suggested that that modifications to future homes could help reduce heat 
exposure. These included incorporating courtyards, directionality, overhanging roofs, appropriate 
building material and vegetation into future designs. One expert described the courtyard as being 
a common element inherent in most local architecture traditions. They suggested that if 
courtyards had “proper shading devices, planters and water features, they can create a domestic 
oasis and can help the air circulation of the house”. In general, there was general agreement 
among participants that planting indigenous or native trees would promote more foliage to block 
the sun before it reaches the ground and also provide shade and shelter to birds and stray 
animals. 

Others felt that building orientations could greatly reduce heat gain. “To maximize the cross-
ventilation, the windows should the prevailing wind. Orienting the largest side of the building in 
north and south direction can greatly the reduce walls exposed to the direct sunrays”. Room 
orientation with respect to its purpose was also mentioned as a way help to reduce heat 
absorption. For example, “constructing less-used areas, like store and washrooms, on southwest 
side where there is direct sun throughout the day” and locating more-used areas on the east and 
north side of the house where they have “get good daylight most of the day, but, no direct sun”.  

Other architectural measures were also mentioned. Some suggested “increasing the floor to 
floor height and using skylights on the roofs to make sure the cool air remains closer to the floor 
and the hot air pushed out through skylights”. Others recommended passive heat-gain strategies 
like “Chajja” or overhang eaves, fins and awning to provide shade to the building”. Others 
suggested constructing recessed windows and using UV blocking glass windows with low e-
coating will cut down the heat gain.  

Community-level adaptations 

Participants also offered numerous community-level recommendations for reducing heat 
exposure. These ranged from engaging in more participatory urban planning, to tree planting, to 
whitening roofs to improving a community’s social capital. As one interviewee argued, “simple 
measures will save the day.” Another expert listed several such measures, “Cool roofs and proper 



   46

urban planning for green building should be encouraged, and the government should take 
additional steps to promote these technologies.”  

Many interviewees felt that “there is an urgent need to address this issue by reshaping the 
existing urban landscape and constructing ‘environmentally-aware’ buildings and that “if done 
collectively can help to bring down the urban heat island effect”. To accomplish this, many 
suggestions focused on building modifications and building code changes. Participants generally 
suggested that more environmentally friendly construction was a good way to reduce heat 
exposure. One expert incorporating building codes that reduce heat and increase ventilation and 
cooling such as “paint roofs and terraces with white paint/lime solution or retrofit ‘china mosaic’ 
on roofs”. Some were even more strident and suggested that “every future project (apart from the 
single-family housing) should have a mandatory environment assessment report.” 

As with households, there were multiple suggestions about increasing cool and green spaces 
to reduce heat exposure. These included: “planting more trees to keep the areas cool in the face 
of urban heat island”; increasing “shaded alleys and parking structures”, and building “small 
community gazebos which also contain provisions for drinking water”. One participant 
suggested installing bus stops with photovoltaic solar panels to “power cooling systems like fans 
and coolers placed in local parks, bus stops, shelters etc.”  

Others suggested more long-term urban planning measures such as orienting streets to local 
wind and sun patterns. They noted that presently, most urban development focuses on the 
construction of “high-rises and ever reducing green spaces and this has made sure that urban 
areas are stifling.” They argue that reorienting streets and increasing green spaces along these 
narrow streets “will provide fresh air and push out hot air from these streets.” Urban local bodies 
can ensure building regulation mandates cooling techniques like cool roofs, cool pavements, 
energy efficient buildings that are also built in a way to “ensure ventilation, regulate traffic and 
congestion to reduce pollution and urban heat island effect; manage water and electricity supply 
to ensure communities can survive the hottest times of the day”. 

Overall, participants expressed a strong sense that there was much to be learned from old 
practices. Several participants suggested examining urban designs and structures found in 
traditionally hot places. As one interview argued, “Look at Jaipur, they use stone houses even in 
the slums.” Another put it more simply when asked for suggestions– “Promote traditional 
techniques”.  

In addition to emphasizing changes to community infrastructure, participants also suggested 
involving people and community members more in the urban planning process. They felt that 
involving more people in the such planning discussions would be helpful, particularly when 
trying to decide “where, for example, a water donation unit can be located, where air-conditioned 
space can be built or what commuters on buses and trains require.” Building on these lines of 
participatory planning there were suggestions to “develop co-operative practices at the family, 
neighborhood and community scale, in ways to promote health, survival and livelihood.  
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Building on increasing community member participation, some interviewees suggested that 
given local resource constraints, it might be beneficial to try to increase a communities social 
capital. These participants argued that poor people have strong networks and that connecting heat 
vulnerable groups with technology and knowledge partners could be helpful in saving lives. For 
example, in urban context many houses are more communal than individual. In such places, 
there is often a notice board. One participant, for instance, suggested engaging younger children 
by asking them to write the temperature of the day on the notice board – “call them the 
weatherman or weather girl”. The notion was that by having a different child record the weather 
each day would help revive the tradition of people taking care of their communities.  

Although an interesting idea, another expert cautioned that traditional Indian social 
organization, based on many layers of inequality, “not only greatly harms the health and 
prospects of the poor, but ultimately harms the health and prospects of the better off”. Several 
participants strongly recommended that community leaders should therefore try to “follow and to 
promote laws to promote social justice”. Another suggestion was for the wealthy should set 
examples such as shunning excessive ostentation (e.g. at weddings) and working for greater 
fairness, support education for all, minimum wages, the payment of taxes. Though these are 
“very difficult goals in India”.  

Federal-level adaptations 

Recommendations at the federal level included various forms of building policies, city 
policies, heat policies and provision of technological solutions and social change among others. 
One person summarized the importance of addressing climate change. 

“It’s never been more important to reduce heat vulnerability since globally, 
warming trends globally are exceeding the most rapid model projections. Also, 
it’s never been more important to promote clean renewable energy sources and 
increase energy efficiency, to reduce heat-trapping emissions from burning fossil 
fuels and thereby address the root cause of climate change.”  

Many participants recommended mitigating heat through changes in building policies. They 
argued that rethinking the materials used in the existing infrastructure can help to mitigate the 
heat effect. One expert noted “standards dark-colored roofs, the asphalt roads and dark sidewalks 
and pavement have a tendency to absorb a lot of heat during the day and radiate heat during the 
night. To reduce the heat gain, the surfaces can be replaced with reflective cool paving materials 
and can be colored white”. In addition, participants strongly suggested that “the Government 
should also ensure uninterrupted water and electricity supply to every part of the area.” The same 
expert also talked about improving the building rating systems. “The local governments should 
push for bigger scale construction projects and already built structures to be certified by Green 
Building Rating systems like GRIHA, IGBC or LEED. 

Interviewees also called for more comprehensive environmental policies to mitigate heat - 
“Either be it the government or local city council, they both have an immense role to play in 



   48

mitigating the heat effect through land use control. Redeveloping underutilized land or land 
recycling should be marked as green spaces” Participants argued that green spaces will promote 
urban air flow and help to bring down local temperature. To them, it was pivotal for cities to give 
more area for green cover and planting more tree and vegetation thereby creating small urban 
forests. They also emphasized water conservation and improving ground water levels. One 
expert remarked that “now, the situation is that most parts have no water left underground; the 
land gets scorched and burns as if on a fire”. 

Mitigating heat through long-term investments in technological solutions also came up in the 
interviews. With one expert mentioning novel biological building materials-“To mitigate heat, 
we have to have an interdisciplinary plan where biology takes the high seat. Engineers and 
architects join and design things.” They noted examples where researchers in foreign universities 
are working on bio-receptive materials on which moss and lichen can grow. “If it works, it keeps 
the building cool and beautiful, and these organisms suck carbon out of atmosphere.” 

Participants also suggested for mitigating heat through long-term investments in social 
change. There were calls to think deeper about long terms issues. There were suggestions related 
to improving property rights and varied solutions were offered. One respondent noted that 
“perspectives need to change about residents of informal settlements. Need to address the 
housing needs of urban poor. Land tenure (property rights denial) issue is a major issue. People 
buy tin sheet, they don’t invest, because they can come and demolish. That’s why people invest 
cheaply.” They argued that passive cooling system needs to be reusable. “So that despite eviction 
threats people can use it”.  

Interviewees were well aware that a single solutions in India was impossible. One 
interviewee, for instance, noted how South India and North India differ in attitude, in income 
levels, so, “a straight-jacket approach won’t work everywhere, even within a state”. Some 
wondered whether we could we adapt through land-and place-specific emergencies. “For 
example, a while back Hyderabad drowned in water and in May this year, heat roasted it. 
Similarly, a few years back Chennai drowned, and now is facing utter water scarcity. So, is there 
a solution (or set of solutions) that prevents/mitigates these. That should be the focus of 
government, NGO, university, research, among many aspects.”  

Many of the federal-level recommendations to reduce heat exposure focused on climate 
change mitigation measures. Participants suggested “combating climate change will be necessary 
to reduce the number of heat-related mortalities around the world”. At this higher level, 
interviewees were concerned with issues related to “improved social justice”, slowing population 
growth and reducing the entrapment of hundreds of millions of people living in poverty. The also 
recommended that the Indian government could also “transition away from coal".  

Further, participants thought that the government it could “provide public health messaging 
regarding precautions in hot weather.” For example, they could “use mobile phones and social 
media to spread basic messages of how to survive a heatwave, including the importance of 
adequate (clean) water, early signs of heatstroke and how to avoid that.” Some interviewees also 
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felt that the government, through regulation, “could try to introduce laws to provide minimum 
occupational standards, including access to water and toilets.” Others suggested ways to reduce 
exposure were to “provide extensive and efficient public transportation so that people, especially 
vulnerable populations, do not have to walk for long.” 

Additional suggestions included developing climate resilient occupations, strengthening 
labor laws and work safety codes. These could be through a combination of technological and 
behavioral solutions. One interesting idea was to think of conditional cash transfers in a climate 
change adaptation framework. For example, in the next decade, it will be more and more difficult 
for rice farmers in Kerala work outside for long periods of time.  One expert suggested using 
conditional, cash transfer mechanisms to help farmers “learn skills like making clothes that isn’t 
dependent on weather. So that when it is too hot for farming, they can do something else.”  

Responses to heatwaves and heat exposure 

In addition to enumerating preventative measures for mitigate the effects of heatwaves, 
participants also had many suggestions on actions that could be taken to mitigate the negative 
effects during heatwaves. As with the preventative measures above, recommendations varied 
across the individual, household, community and federal levels. Individual-level responses 
included those related to food and liquids, home remedies, staying cool and watching out for the 
vulnerable. Community-level response suggestions included keeping pots of drinking water, 
ORS distribution, awareness programs, weather information, water conservation, tree planting 
and preservation. While federal-level responses comprised long- and short-term plans, heat 
action plans, public awareness measures, air conditioning, and public outreach. 

Several of the participants noted that heatwaves incidents are more frequent in cities giving 
rise to phenomenon like Urban Heat Islands (UHIs). As one interviewee explained, households 
without artificial cooling systems can experience “maximum damage for as long as 10 
concurrent days.” Even though these structures may have many air exchange apertures (windows 
and doors), it becomes difficult to “have comfortable body cooling for normal household 
chores.” The same participant further explained that “tasks which require more physical 
activities becomes impossible as they would lead to acute conditions like heat stroke, heat stress 
and heat exhaustion. In worst cases, citizens in cities like Ahmedabad have been reported to 
receive strokes and cardiac arrests”. This issue is compounded for citizens who live in slums, 
especially those with tin or corrugated sheet roofing. They experience “worse conditions since 
their indoor temperatures are higher in comparison to houses with terraces. The compact 
neighborhood designs make it additionally worse as no spaces are available for air passage and 
cooling”. 

One interviewee observed that India has been experiencing three major seasons – summer, 
monsoon (rain), and winter - which are separated by the duration of 4 months. In recent times it 
has been observed that the summer season which used to last from the month of March to June, 
has been extended for almost another month while the monsoon temperatures has also been 
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increased by almost 1.5 - 2 degree Celsius. While explaining this, the expert blamed unplanned 
urbanization, arguing that, “All of this has happened due to the haphazard expansion of 
cities/urban spaces by removing fertile, forest and agriculture lands which were acting as the 
carbon sinks for the microclimate of the region”. Summers in arid regions like Gujarat (India) 
have been drastic for the people who are staying in cities. Since cities like Ahmedabad, Surat, 
Vadodara and Rajkot receive “maximum migrations from the surrounding as well as from other 
Indian states”, having limited spaces for accommodations, every season for the Urban Middle 
Class as well as Urban Poor becomes unbearable since “their ill-equipped resource access makes 
them more vulnerable.” They note that summers specifically are “more lethal for these classes”, 
as maximum average temperatures of “cities with arid microclimate goes as high as 49 degree 
Celsius”. 

Individual/household adaptations 

Several participants mentioned the important role that individuals and households play in 
responding to heat. One noted that a family should “Start with food, have more ventilation, don’t 
go out in the sun, maybe apply a wet cloth on elderly people at home.” Another interviewee that  
traditional heat coping mechanisms where things that that people in India passed on to family 
and friends such as, “ways of dressing to reduce heat stress, dietary adjustments, putting cooling 
materials topically on the skin, etc.”. 

Food and liquids 

Participants were quick to recognize the importance of preventing dehydration. They 
recommended staying hydrated and high on electrolytes by: consume lemonade, butter milk, fruit 
juice or oral rehydration solution (ORS) suspension powders. They also recommended avoiding 
the sun by staying in shade or using an umbrella and keeping cool by using hand-held ‘fans’ 
(pankhas), electric fans, air coolers or going to places with AC such as libraries, malls or 
theaters. Some suggested modifying behaviors by sleeping out in the open during the night, 
dressing appropriately in cool cotton clothes or reducing physically activities. A few suggested 
avoiding spicy or oily food. One even cautioned against thermal shock while moving from one 
temperature zone to another e.g. from air-conditioned building to outside. Another suggested 
“Avoid travelling and staying in congested areas wherein air exchange is minimum – use light 
sunscreen lotion or powder to avoid skin damage and keep on track with renal and cardiac 
medical checkups (especially for elderlies)”. 

Several participants mentioned traditional home remedies. For example, “in villages, people 
eat rice and curd or buttermilk, with onion, in the morning, which seems to give some strength. 
Onion reduces body temperature, and the food, along with rice and buttermilk, cools the body”. 
They, note however, that diets have changed in India and that “many people are taking to cool 
drinks [coca cola], which is adding to the problem”. Another interviewee explained in detail the 
use of vegetables (onions, cucumbers) and spices (dhaniya [coriander]) perceived to be cool as 
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heat medications. He further suggested specific types of yoga (sheetali pranayama) to reduce 
body temperature. He highlighted the role of cheap liquor, gutka [chewable tobacco] and 
malnutrition in lowering body’s resilience. He observed that “people who had good nutritious 
food in their childhood---not necessarily well-off---sailing easily through hot days, whereas 
recent generations struggle”. 

Staying cool 

All participants mentioned some kind of activity for staying cool. These ranged from staying 
indoors and out of the sun, to using air conditioning, to staying hydrated by drinking plenty of 
water, to avoiding excessive exercise during hot periods, to wearing cotton and light clothes, to 
using thick curtains and sleeping outside at night. Participants also mentioned more “informal 
measures like wetting curtains (to cool the air that passes through) or wetting their mattresses or 
wetting the floor to cool by evaporation.”  

For those who began to experience signs of severe dehydration or heat-related illness, 
participants chiefly focused recommending that people seek advice and/or medical care when 
they recognized severe heat illness symptoms and did not know how to manage it at home. One 
participant also suggested that special instructions be given to women and children, “since 
women and children are particularly vulnerable to extreme heat.” Another interviewee suggested 
that “in a family, elderly and children needs more attention and care during heat season. So other 
family members can help them”. 

Community-level adaptations 

Participants were also quite conscious of the important role that community-level adaptation 
measures played during heatwaves. Although they recognized the critical role that households 
and the federal government could play, many felt that community measures could be the bridge 
that are locally available for all including high-risk people. As one interviewee said, “The 
neighborhood or community has to take matters into their hands.” 

At the community level, participants made multiple suggestions. They included everything 
from placing “pots of drinking water for passersby’s” to distributing “ORS to traffic police, 
outdoor workers” to creating awareness campaigns and sharing information. Others suggested 
providing for “caps or hats to outdoor workers” and allowing off days or flexible timings to 
house maid or helpers.  

Several participants felt that, “as a community, they can help their neighborhoods about the 
heat – health related awareness programs. Create more water points, shelters and other basic 
helps required during the peak heat seasons”. To provide information and appropriate home 
treatment, one interviewee suggested conducting awareness and behavior change campaigns in 
slum communities, while another suggested distributing pamphlets. One participant noted that 
people are more vulnerable when there is no weather information. They mentioned that “our 
communities lack because there is no weather data and it isn’t understandable to the 
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community”. They argued that weather data is essential, and that people need to how to read and 
understand it.  

Participants also emphasized water conservation. As one interviewee noted, “Communities 
can ensure water is not wasted and that water supply is maintained.” Another thoughtfully added 
that “Since the communities most affected are unlikely to have the resources to advocate, more 
privileged people need to be cognizant of that and help amplify the voices from less privileged 
communities.” 

Another set of suggestions focused on looking out for those who might be most vulnerable, 
particularly children, elderly, and other high-risk people like those on medications or house-
bound. Participants felt that we need to “help sick people wherever or whenever with primary 
treatments and to arrange for further treatment”. As another remarked, “people died and we don’t 
know since no one checked on them for days” implying that such instances should never be 
repeated. Some interviewees suggested involving community organizations for this purpose, 
while others suggested recruiting volunteers and even formal “nodal officers”. Another 
suggestion was to use volunteers or case workers to monitor the elderly or people with 
preconditions or disabilities who might be too frail to help themselves.  

Federal-level adaptations 

In conversations with these experts, it was clear that there was an underlying belief that 
problems associated with human health in terms of both morbidity and mortality were the 
responsibility of various government and non-Government organizations. Participants felt the 
role of the federal government was one that focused on increasing public awareness and outreach 
and enhancing nationwide medical services and research. One interviewee summarized federal 
government actions as  

“Government should have clear priority and system in place to handle this problem. Different 
Government stake holders like health, meteorology, climate change, water management should 
work together to achieve an integrated solution to this problem. Government should have long-
term and short-term plans to mitigate this problem. They should help people in all possible ways 
related to this problem”.   

Public awareness 

For most participants, the key role for the federal government was to “develop HAPs [Heat 
Action Plans], fund them, develop and maintain a strong level of public outreach, conduct media 
workshops with health professionals, community and government leaders so that media 
messages during heatwaves also help direct people to protect their health”. Appointment of nodal 
officers that help and manage these policies was suggested. “Provide staffing for the “nodal 
officers” that help manage and coordinate HAPs.” Others suggested that the government could 
“tweak labour and school laws to ensure labour workers and children are safeguarded”. 
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Public outreach and mobilization  

Participants also felt that the government must play a central role in “mobilizing and 
disseminating clear information inform of guidelines to the major stakeholders involved in 
prevention of heat related deaths can also prevent major human resource damages.” Another 
powerful suggestion was setting up of quick response teams to provide medical services to sick 
people.  Others called upon the authorities to “reach out to the most sensitive populations during 
times of high heat to make sure that they are faring well in the heat” or suggested that they 
“reschedule working hours, distribute water, distribute oral rehydration salts and have volunteers 
or case workers to keep tabs on the elderly and people with preconditions”. Doing this as an 
annual exercise was also suggested. Another suggestion was to conduct a massive house-to-
house ORS distribution campaign so that ORS is readily available for in-home treatment of heat 
illnesses.  

More data and understanding 

Finally, some participants mentioned practical issues of underreporting from difficulty in 
diagnosing to a lack of a standard definition. One interviewee, for example, reported having 
“seen older people with kidney and heart problems succumb in May this year, although there was 
no test was done to find out the cause of death”. Another described the process this way,  

“Deaths registered during the highest recorded temperature days are not noted and there is a 
lack in information as to the “Specific Cause.” The reason being, is that health issues in 
vulnerable population pockets due to exposure to ambient higher temperatures are similar to 
other medical issues such as weak cardiac function, weak circulatory system, respiratory issues 
(shortness of breath and acute asthma) and renal failure.  

The same participant goes on to suggest that “Heatwaves and summer temperatures will have 
to be considered in policy amendments as ‘Disaster’ for the cities who are receiving positive 
deviation of more than 3 degree Celsius from their average maximum temperatures.” He argued, 
in this way, we could start to extrapolate and would have a better way to estimate and track heat-
related deaths. 

Participants also mentioned the need for expanding emergency services, suggesting that the 
government “bring in policy and program changes wherein emergency services (108 EMRI in 
India) and Medical Services work in coordination for prioritizing health causes registered during 
heatwave days as ‘heat related deaths’ for better transparent information.”  

And lastly there were suggestions to conduct more research, including “ethnographic studies 
on communities which are most affected by hot weather-related injuries” since these would be 
“helpful in understanding more accurately how these people live, how they cope, and where 
policy an intervene constructively”. The respondent thoughtfully remarked that “Such bottom-up 
studies are always a good way to balance out the deficiencies of other kinds of studies and top-
down thinking.” 
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Table 4.2 summarizes some of the key suggestions that the participants made regarding how 
best to mitigate the costs of heatwaves in India.  

Table 4.2: Summary of recommendations 

 Stages in the natural history of disease progression 
Level Exposure Recognition In-home care Outside-home care
Individual Renewable energy 

Solar panels 
Electric cars 
Reduce GHG 
emissions 
Awareness & 
motivation 
Structure designs 

Hydration & ORS 
Shade - umbrella 
Cooling Fans & AC 
Dress 
Reduce Physical 
activity 
Routine medical 
checkups 

Reducing further 
exposure 
Home treatment 
Traditional remedies 
Body resilience 

Medical care 
Special instructions for 
vulnerable subgroups 

Community Reducing heat 
exposure 
Urban planning  
tree plantation  
cool roofs 
Community 
practices 

Community water 
kiosks 
Tree planting 
ORS distribution 
Community 
involvement in 
planning 
Social capital 
Design suggestions 

Caring for others 
during episodes of 
heat illness 
Awareness 
Weather information 
Behavior change 
communication 
Water conservation 

Preventing further exposure 
Informing neighbors 
Arranging further treatment 
Involving community 
organizations 

Federal Climate mitigation 
Public transportation 
policy 
Environmental 
policies 
Green building 
ratings 
Water & electricity 
Deeper long-term 
issues 
Interdisciplinary plan 

Building codes 
City codes 
Heat adaptation policy 
Water & electricity 
supply 
Nodal officers 
Volunteers & case 
workers 
Climate resilient 
occupations 
Labor laws 
Work safety codes 

Cataloging traditional 
heat coping 
mechanisms 
ORS distribution 
campaign 
Sensitive population 
outreach 
Ethnographic studies 

Emergency services 
Coordination 
Reporting heat deaths 
Prioritizing heat deaths 
Treatment guidelines 
Quick response teams 
Integrated solutions 
Short and long-term plans 

 

Discussion 

Many of the suggestions made by participants immediately actionable. Policy makers in 
developing country settings could implement easy and inexpensive measures such as weather 
information and warnings, behavioral and lifestyle adaptations. The entire public health 
infrastructure can be useful in fighting the threat of extreme heat events. At the federal level the 
health department should develop climate change action plans and heat adaptation plans 
(National Disaster Management Authority, 2016). The mid-level officials can serve as nodal 
officers at the district level to ensure appropriate implementation of these plans. Community 
level voluntary Accredited Social Health Activist (ASHA) and link workers, can work at the 
grassroots with the communities to make sure that appropriate health messages reach the hard to 
reach society members. 
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Suggestions for Academic researchers were about conducting ethnographic and 
multidisciplinary research. Overall there is a shortage of developing country evidence and 
research linking climate change to health outcomes. Evaluation of adaptation strategies is useful 
in identifying the most optimal combination of these strategies. Climate change has been 
identified as a “threat multiplier” and therefore policymakers, especially in developing countries, 
need to be aware of its various effects through sound local research. Several lines of future 
enquiry such as impacts on subgroups, and dealing with physical & psychological consequences 
require attention (Meredith et al., 2011). Broadly, medical management of climate sensitive 
conditions needs to be revised and must include climate-change considerations (Haines & Ebi, 
2019). 

Community groups working with vulnerable populations play a key role in popularizing 
healthy behaviors and key adaptation messages. Reports demonstrate that climate change has 
increased inequalities (Diffenbaugh & Burke, 2019). People on the margins of the society will be 
at the receiving end of many of its deleterious effects. This is especially important in India with 
its range of inequalities ranging from economic to social extremes. Studies show existing coping 
strategies to be inadequate in protect people from heat related stresses (Adithya Pradyumna, 
2018) and medical expenditure from these is primarily out of pocket (Haque et al., 2013). 

Awareness seems to be effective in reducing heatwave deaths and have complimentary 
impacts (Das & Smith, 2012). Journalists reporting on stories from the hinterland move the 
agenda by increasing awareness of heat health threats to the greater public. At the same time, 
they can bring information on protective behaviors to far-off and hard-to-reach communities.  

Public, especially in absence of modern technology, can benefit from traditional heat 
adaptation strategies which were prevalent before. These relatively simple and inexpensive 
changes in diet, clothing and shelter design can reduce the adverse health impacts of extreme 
heat. These recommendations often span one or more of our somewhat arbitrary categorizations 
of exposure, recognition, in-house care and outside care measures. 

 

Challenges and limitations:  

A major challenge seems to be that often adaptation suggestions seem to go against climate 
mitigation. For e.g.: The most effective intervention perhaps is the increased use of air 
conditioning. While currently at ~5%, air conditioning rates are likely to increase massively. 
Studies estimate an additional 1.5 billion AC units being sold in hot tropical developing 
countries including India. This however comes with substantial electrical grid-based power 
requirements. And India’s energy production to supply this massive power requirement is still 
majority fossil fuel based. Extensive use of AC therefore will likely lead to higher carbon 
emissions and increased warming unless power generation moves to renewable sources of 
energy. Finding win-win adaptation strategies therefore seems to be especially challenging. One 
way to do that is to think of thermal comfort instead of cooling. Indians are comfortable at higher 
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range of temperature range then others. Setting up of air conditioning units at these higher 
temperatures would be helpful not just in reducing the energy demand but also in maintaining 
population adaptation.  

Implimentation challenges also differ across federal, community and individual levels. In a 
large developing country like India, federal-level government policies often take time to trickle 
down to generate impacts at the individual level. This process is further hampered by lack of 
resources and a large population. Policy paralysis or political deadlock from opposing interests 
such leading to divergent or incoherent policies. In addition, federal, state and local governments 
have differeing interests and can lead to a policy stalemates. 

At the community and neighborhood level local building codes and public service 
announcements can be helpful. In many ways, communities seem to be best placed to address 
local and public goods issues. They have the ability to self organize and evolve mechanisms for 
locally appropriate decision-making and rule enforcement and ultimately provide better 
outcomes.These local bodies, however, are often underrsourced and understaffed. In addition, the 
local organizing structures can be relatively weak leading making it difficult to mobilize 
resources and often leading ot community fragmentation.  

Although implementation at the individual and household levels can target specific needs of 
a household, not all individuals and households have the full capacity, agency and tools to 
respond to heatwaves effeciently. Further, for many of the climate change mitigation and 
adaptation measures there is little an individual, as a part of a larger system, can do.  

This study suffers from a few limitations. My results are somewhat dependent on sample 
composition and researcher perspectives. I aimed to contextualize an understanding of heat 
adaptation at a point in time. While this interview based qualitative study provides an insight into 
the system, I would be cautious in generalizing our study results to the entire country. By calling 
attention to the context I open up several lines of inquiry and hope to influence further research 
in other contexts. 

Further Research 

Global climate change science research includes impact projections for India, further detailed 
work can be pursued with international collaborations. Given increasing temperatures and the 
lack of local adaptation evidence, future research in this area is critical (Bush et al., 2011). 
Interdisciplinary local climate adaptation research centers on the lines of national tobacco and 
malaria research institutes would be especially useful since this knowledge spans several 
academic disciplines. Ethnographic and anthropological studies on highly vulnerable population 
subgroups and in diverse geographic and cultural areas would be good start. At the same time, 
medical and public health etiological studies which unravel population level complex health 
impacts of increasing exposure to higher temperatures are needed. The NAP report on Adapting 
to the Impacts of Climate Change (National Research Council, 2011) highlights useful research 
recommendations. Some of these such as, identifying vulnerabilities, adaptation options that 
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increase resilience, developing collaborative national adaptation strategies, can be done for the 
country.  
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5. Policy Implications  

Heat is a grave health threat. Its exposure effects are compounded by India’s several local 
vulnerability factors. These three papers explored various aspects of this threat by identifying the 
most vulnerable geographical areas, estimating future deaths and then understanding possible 
adaptation measures. There are important policy implications from this study findings. Here I list 
out a few notable study findings with their policy implications.   

 This study contributes to a small pool of developing country evidence of heat impacts on 
health. Generating this evidence is likely to help produce better informed local policy. 

 Some parts of the country will be affected more than others. These are in the center of 
the country and traditionally seen as underdeveloped. With a higher tribal population, 
these states have been at the lower end of health, education, economic and population 
growth indicators. These Empowered Action Group (EAG) states are often targeted for 
focused interventions. Thus, combating heat vulnerability can go along with development 
interventions in a climate compatible development framework. 

 Rural and urban areas have unique exposure and vulnerabilities. While rural settings 
have lower healthcare access with agriculture related occupations dominating. Urban heat 
island effects dominate in urban areas raising local temperatures. Therefore, adaptation 
efforts should differ between them. Heat preparedness plans based on weather warning 
and risk communication measures besides provisioning of cooling shelters are easier to 
implement in urban areas. Rural areas on the other hand can benefit from simple behavior 
change measures such change in work timings and taking an afternoon siesta. 

 Not all age groups and genders are affected equally – males in the working age 
groups are dying more. This implies additional targeted strategies for reducing 
mortalities in this specific age group. Occupational health measures such as reducing 
workplace exposure and providing other health and safety measures could be a start. 
Research on the nature of jobs and task shifting skill building towards more climate 
resilient occupations could be others.  

 Deaths will increase in the future and plateau out by the end of the century. The 
numbers vary by RCP pathways, population trajectory and exposure response function. 
Since current deaths are from the economically productive age groups, if this trend 
continues in future, it is likely to have profound implications on the society and economy.  

 We calculated direct economic impacts using Value of Statistical Life measures. These 
deaths to the order of billions of dollars. With additional indirect costs included, overall 
impacts are likely to be much higher. There would be impacts on families, migration, etc. 
How our societies internalize these costs and deal with the consequences remains to be 
seen and investigated. 



   59

 Subgroups needs special focused measures. These could be those with preexisting 
medical conditions, specially-abled, migrants, outdoor workers, homeless and more.  

 Appropriate coding and availability of cause of death data is urgently required to better 
characterize heat related morbidity and mortality. 

 Bottom-up ethnographic research is needed to document traditional adaptation measures 
used in the region for centuries, and also to balance centrally planned top down 
technological solutions. 

 It’s a challenge to find win-win solutions because adaptation suggestions often seem to 
go against climate mitigation. For policy makers this is both a massive and a complex 
challenge – massive given the sheer number of people impacted and complex because of 
difficulty in finding win-win solutions. 

 To save lives we will require a combination of strategies – at individual, household, 
community and federal levels through various stages of disease progression from 
exposure, recognition to in-home and outside house care. These strategies will likely 
include a mix of both traditional and modern methods.   

 Of all the three levels of implementation, community level actions seem to be the best 
compromise where these actions avoid weaknesses at the individual and federal levels. 
Communities know better about their own needs and are a good representation of the 
inherent diversity in such a large country as India.	Besides allowing for variation, they are 
an effective means to mobilize people. Though it must be clarified that we are using 
community in a generic level – it could range from a city to a neighborhood or even just a 
city block. It’s easier to look at the community as a system and understand its 
constituents. That is impossible at the federal level. Examining a community, we could 

analyse it both at macro and micro level. 
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Appendix: Supplimentary Material for Paper 1 

Appendix 1: Districts by decreasing heat vulnerability. 

Table 6.1. All districts ranked by deacreasing heat vulnerability 

S.No State 
Code 

District 
Code 

State Name District Name HVI HVI 
Category 

1 22 416 Chhattisgarh Dakshin Bastar  
Dantewada 

7.617558 1 

2 20 353 Jharkhand Pakur 7.75298 1 

3 23 465 Madhya Pradesh Alirajpur 9.44536 1 

4 23 418 Madhya Pradesh Sheopur 7.646613 1 

5 23 441 Madhya Pradesh Barwani 8.394608 1 

6 8 125 Rajasthan Banswara 8.675841 1 

7 23 464 Madhya Pradesh Jhabua 9.286895 1 

8 21 399 Odisha Malkangiri 7.441864 1 

9 24 485 Gujarat Dohad 7.173048 1 

10 22 417 Chhattisgarh Bijapur 8.33798 1 

11 27 508 Maharashtra Gadchiroli 3.877969 2 

12 21 391 Odisha Baudh 3.650047 2 

13 22 415 Chhattisgarh Narayanpur 7.004715 2 

14 22 414 Chhattisgarh Bastar 6.099334 2 

15 8 105 Rajasthan Bharatpur 3.584951 2 

16 20 368 Jharkhand Pashchimi Singhbhum 4.186787 2 

17 8 107 Rajasthan Karauli 5.091412 2 

18 10 211 Bihar Purnia 3.752317 2 

19 23 447 Madhya Pradesh Betul 4.593082 2 

20 22 401 Chhattisgarh Surguja 7.031048 2 

21 21 398 Odisha Koraput 6.360806 2 

22 21 395 Odisha Kalahandi 3.945413 2 

23 20 362 Jharkhand Dumka 4.740129 2 

24 9 171 Uttar Pradesh Chitrakoot 4.106408 2 

25 20 346 Jharkhand Garhwa 4.951744 2 
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26 12 245 Arunachal Pradesh Tawang 3.73691 2 

27 22 402 Chhattisgarh Jashpur 6.137216 2 

28 23 429 Madhya Pradesh Satna 3.681685 2 

29 8 116 Rajasthan Jalor 4.551647 2 

30 8 115 Rajasthan Barmer 4.902659 2 

31 29 580 Karnataka Yadgir 4.975426 2 

32 23 455 Madhya Pradesh Chhindwara 3.866457 2 

33 9 174 Uttar Pradesh Kaushambi 4.101227 2 

34 23 424 Madhya Pradesh Tikamgarh 5.148068 2 

35 24 489 Gujarat The Dangs 5.615814 2 

36 12 247 Arunachal Pradesh East Kameng 4.607289 2 

37 20 349 Jharkhand Giridih 4.319454 2 

38 8 129 Rajasthan Jhalawar 3.660173 2 

39 20 366 Jharkhand Gumla 4.531111 2 

40 21 393 Odisha Balangir 5.007863 2 

41 23 423 Madhya Pradesh Shivpuri 6.34317 2 

42 21 373 Odisha Debagarh 4.674072 2 

43 23 434 Madhya Pradesh Ratlam 3.691839 2 

44 23 463 Madhya Pradesh Singrauli 6.311872 2 

45 10 225 Bihar Banka 3.580726 2 

46 23 436 Madhya Pradesh Shajapur 4.094038 2 

47 20 351 Jharkhand Godda 5.075654 2 

48 20 350 Jharkhand Deoghar 4.477752 2 

49 21 397 Odisha Nabarangapur 6.843125 2 

50 21 389 Odisha Gajapati 4.322797 2 

51 23 428 Madhya Pradesh Damoh 5.132768 2 

52 23 422 Madhya Pradesh Datia 4.25303 2 

53 8 121 Rajasthan Bundi 4.275095 2 

54 9 167 Uttar Pradesh Lalitpur 4.87767 2 

55 20 359 Jharkhand Latehar 4.285023 2 

56 22 411 Chhattisgarh Mahasamund 3.635983 2 

57 21 396 Odisha Rayagada 4.331162 2 

58 23 450 Madhya Pradesh Katni 4.745996 2 

59 20 347 Jharkhand Chatra 5.322075 2 

60 23 431 Madhya Pradesh Umaria 5.38583 2 
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61 23 453 Madhya Pradesh Dindori 6.712028 2 

62 8 117 Rajasthan Sirohi 3.614142 2 

63 23 442 Madhya Pradesh Rajgarh 4.861877 2 

64 23 426 Madhya Pradesh Panna 5.264962 2 

65 9 200 Uttar Pradesh Sonbhadra 4.687738 2 

66 27 497 Maharashtra Nandurbar 5.960659 2 

67 20 365 Jharkhand Khunti 4.885323 2 

68 22 407 Chhattisgarh Kabeerdham 5.783473 2 

69 8 120 Rajasthan Tonk 4.189992 2 

70 10 238 Bihar Jamui 5.129427 2 

71 12 252 Arunachal Pradesh Upper Siang 4.433105 2 

72 23 425 Madhya Pradesh Chhatarpur 5.975662 2 

73 23 458 Madhya Pradesh Guna 4.837751 2 

74 9 170 Uttar Pradesh Banda 3.953614 2 

75 17 296 Meghalaya West Khasi Hills 3.861618 2 

76 8 114 Rajasthan Jaisalmer 3.800606 2 

77 23 460 Madhya Pradesh Shahdol 4.308635 2 

78 23 445 Madhya Pradesh Sehore 3.789688 2 

79 23 419 Madhya Pradesh Morena 3.868134 2 

80 24 484 Gujarat Panch Mahals 3.616102 2 

81 23 454 Madhya Pradesh Mandla 4.89903 2 

82 21 394 Odisha Nuapada 3.867536 2 

83 8 106 Rajasthan Dhaulpur 5.094771 2 

84 23 443 Madhya Pradesh Vidisha 4.44343 2 

85 23 461 Madhya Pradesh Anuppur 4.073406 2 

86 23 427 Madhya Pradesh Sagar 4.069231 2 

87 22 413 Chhattisgarh Uttar Bastar Kanker 4.053178 2 

88 23 440 Madhya Pradesh Khargone (West Nimar) 5.660116 2 

89 10 223 Bihar Khagaria 3.990391 2 

90 20 352 Jharkhand Sahibganj 6.057991 2 

91 23 459 Madhya Pradesh Ashoknagar 4.618123 2 

92 8 124 Rajasthan Dungarpur 5.767148 2 

93 22 405 Chhattisgarh Janjgir - Champa 3.957927 2 

94 20 358 Jharkhand Palamu 4.361832 2 

95 23 456 Madhya Pradesh Seoni 6.126818 2 
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96 9 181 Uttar Pradesh Shrawasti 3.541216 2 

97 23 462 Madhya Pradesh Sidhi 5.282592 2 

98 23 437 Madhya Pradesh Dewas 4.122451 2 

99 23 466 Madhya Pradesh Khandwa (East Nimar) 4.215827 2 

100 23 433 Madhya Pradesh Mandsaur 4.150484 2 

101 6 87 Haryana Mewat 4.411507 2 

102 23 438 Madhya Pradesh Dhar 6.93382 2 

103 20 367 Jharkhand Simdega 5.514575 2 

104 22 403 Chhattisgarh Raigarh 3.989075 2 

105 9 169 Uttar Pradesh Mahoba 3.61874 2 

106 8 131 Rajasthan Pratapgarh 5.614222 2 

107 24 487 Gujarat Narmada 3.770809 2 

108 10 203 Bihar Pashchim Champaran 2.630553 3 

109 9 199 Uttar Pradesh Mirzapur 2.622881 3 

110 22 410 Chhattisgarh Raipur 3.117418 3 

111 29 566 Karnataka Chitradurga 1.974558 3 

112 12 259 Arunachal Pradesh Lohit 0.02115 3 

113 28 548 Andhra Pradesh Guntur 0.513646 3 

114 27 513 Maharashtra Parbhani 1.826194 3 

115 19 332 West Bengal Maldah 1.767879 3 

116 10 207 Bihar Madhubani 1.409994 3 

117 20 360 Jharkhand Hazaribagh 0.777914 3 

118 12 250 Arunachal Pradesh West Siang 1.082904 3 

119 21 383 Odisha Dhenkanal 0.496489 3 

120 19 340 West Bengal Puruliya 2.807698 3 

121 27 523 Maharashtra Bid 1.723985 3 

122 23 451 Madhya Pradesh Jabalpur 2.657528 3 

123 9 166 Uttar Pradesh Jhansi 0.633106 3 

124 29 565 Karnataka Bellary 2.207252 3 

125 9 148 Uttar Pradesh Mainpuri 1.455398 3 

126 27 516 Maharashtra Nashik 0.015187 3 

127 8 118 Rajasthan Pali 2.686391 3 

128 13 267 Nagaland Tuensang 1.288164 3 

129 17 293 Meghalaya West Garo Hills 2.656002 3 

130 27 506 Maharashtra Bhandara 1.255073 3 
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131 28 553 Andhra Pradesh Anantapur 1.523523 3 

132 9 186 Uttar Pradesh Sant Kabir Nagar 0.016441 3 

133 18 308 Assam Dhemaji 0.020835 3 

134 10 215 Bihar Darbhanga 1.30841 3 

135 17 297 Meghalaya Ribhoi 1.015161 3 

136 23 420 Madhya Pradesh Bhind 1.655282 3 

137 24 475 Gujarat Surendranagar 1.087509 3 

138 20 356 Jharkhand Lohardaga 3.481247 3 

139 10 237 Bihar Nawada 2.962188 3 

140 10 233 Bihar Kaimur (Bhabua) 1.962463 3 

141 17 295 Meghalaya South Garo Hills 3.43624 3 

142 10 206 Bihar Sitamarhi 3.051866 3 

143 29 558 Karnataka Bidar 2.072825 3 

144 10 213 Bihar Madhepura 2.955544 3 

145 18 300 Assam Kokrajhar 0.282398 3 

146 28 552 Andhra Pradesh Kurnool 1.703638 3 

147 10 235 Bihar Aurangabad 1.538268 3 

148 9 202 Uttar Pradesh Kanshiram Nagar 2.799181 3 

149 10 239 Bihar Jehanabad 1.061806 3 

150 10 236 Bihar Gaya 3.302318 3 

151 9 147 Uttar Pradesh Firozabad 1.816768 3 

152 22 400 Chhattisgarh Koriya 3.400475 3 

153 10 226 Bihar Munger 0.554023 3 

154 27 524 Maharashtra Latur 1.160376 3 

155 13 271 Nagaland Peren 2.239966 3 

156 13 261 Nagaland Mon 2.92215 3 

157 10 204 Bihar Purba Champaran 1.781282 3 

158 10 224 Bihar Bhagalpur 1.775221 3 

159 10 210 Bihar Kishanganj 2.423489 3 

160 27 501 Maharashtra Akola 0.569898 3 

161 10 212 Bihar Katihar 3.059709 3 

162 29 559 Karnataka Raichur 2.828045 3 

163 21 371 Odisha Jharsuguda 0.351998 3 

164 17 294 Meghalaya East Garo Hills 3.511251 3 

165 12 249 Arunachal Pradesh Upper Subansiri 0.862657 3 
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166 13 269 Nagaland Kiphire 1.67173 3 

167 14 273 Manipur Tamenglong 1.649815 3 

168 17 299 Meghalaya Jaintia Hills 3.120688 3 

169 22 404 Chhattisgarh Korba 3.229401 3 

170 18 318 Assam Hailakandi 0.789262 3 

171 21 385 Odisha Nayagarh 1.198307 3 

172 9 196 Uttar Pradesh Chandauli 0.933504 3 

173 24 493 Gujarat Tapi 1.578355 3 

174 16 291 Tripura Dhalai 0.871621 3 

175 29 579 Karnataka Gulbarga 2.762207 3 

176 9 152 Uttar Pradesh Shahjahanpur 1.577732 3 

177 28 549 Andhra Pradesh Prakasam 1.136443 3 

178 9 178 Uttar Pradesh Ambedkar Nagar 0.02789 3 

179 9 153 Uttar Pradesh Kheri 1.888539 3 

180 33 613 Tamil Nadu Karur 0.641118 3 

181 19 343 West Bengal South Twenty Four 
Parganas 

0.274037 3 

182 23 467 Madhya Pradesh Burhanpur 3.328404 3 

183 9 179 Uttar Pradesh Sultanpur 0.137828 3 

184 15 287 Mizoram Lawngtlai 2.123868 3 

185 27 514 Maharashtra Jalna 2.003654 3 

186 22 408 Chhattisgarh Rajnandgaon 3.290171 3 

187 9 161 Uttar Pradesh Etawah 0.740691 3 

188 1 20 Jammu & Kashmir Reasi 1.493338 3 

189 28 535 Andhra Pradesh Medak 0.255763 3 

190 10 220 Bihar Vaishali 0.106499 3 

191 10 222 Bihar Begusarai 1.970911 3 

192 10 221 Bihar Samastipur 1.856736 3 

193 20 364 Jharkhand Ranchi 0.828502 3 

194 23 421 Madhya Pradesh Gwalior 1.348816 3 

195 9 151 Uttar Pradesh Pilibhit 0.103529 3 

196 29 564 Karnataka Haveri 1.378262 3 

197 8 112 Rajasthan Nagaur 2.308871 3 

198 8 119 Rajasthan Ajmer 1.485566 3 

199 8 111 Rajasthan Sikar 0.596879 3 
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200 21 370 Odisha Bargarh 2.03151 3 

201 9 165 Uttar Pradesh Jalaun 2.349024 3 

202 8 104 Rajasthan Alwar 2.390578 3 

203 28 543 Andhra Pradesh Vizianagaram 0.667579 3 

204 10 228 Bihar Sheikhpura 2.083973 3 

205 23 444 Madhya Pradesh Bhopal 0.393267 3 

206 27 512 Maharashtra Hingoli 2.653229 3 

207 27 511 Maharashtra Nanded 2.988665 3 

208 21 374 Odisha Sundargarh 0.914115 3 

209 27 502 Maharashtra Washim 2.217603 3 

210 19 330 West Bengal Uttar Dinajpur 0.834671 3 

211 27 525 Maharashtra Osmanabad 0.603182 3 

212 9 156 Uttar Pradesh Unnao 1.512039 3 

213 28 538 Andhra Pradesh Mahbubnagar 3.466244 3 

214 20 355 Jharkhand Bokaro 0.327762 3 

215 23 457 Madhya Pradesh Balaghat 2.953601 3 

216 21 372 Odisha Sambalpur 2.954929 3 

217 13 268 Nagaland Longleng 2.870989 3 

218 21 392 Odisha Subarnapur 2.994385 3 

219 22 409 Chhattisgarh Durg 1.254197 3 

220 29 557 Karnataka Bijapur 2.624942 3 

221 20 354 Jharkhand Dhanbad 0.781408 3 

222 28 544 Andhra Pradesh Visakhapatnam 1.740587 3 

223 24 472 Gujarat Sabar Kantha 2.26675 3 

224 9 180 Uttar Pradesh Bahraich 3.48894 3 

225 18 317 Assam Karimganj 0.931926 3 

226 9 159 Uttar Pradesh Farrukhabad 3.404361 3 

227 9 176 Uttar Pradesh Bara Banki 0.907778 3 

228 9 158 Uttar Pradesh Rae Bareli 1.925857 3 

229 28 539 Andhra Pradesh Nalgonda 0.027543 3 

230 27 500 Maharashtra Buldana 1.682328 3 

231 27 498 Maharashtra Dhule 2.12999 3 

232 23 432 Madhya Pradesh Neemuch 3.152148 3 

233 27 510 Maharashtra Yavatmal 2.156343 3 

234 8 127 Rajasthan Kota 0.767586 3 
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235 26 496 Dadra & Nagar Haveli Dadra & Nagar Haveli 2.037832 3 

236 16 292 Tripura North Tripura 0.884934 3 

237 9 168 Uttar Pradesh Hamirpur 2.399388 3 

238 28 532 Andhra Pradesh Adilabad 2.408812 3 

239 27 509 Maharashtra Chandrapur 1.589639 3 

240 9 163 Uttar Pradesh Kanpur Dehat 2.293897 3 

241 12 257 Arunachal Pradesh Dibang Valley 1.151111 3 

242 9 144 Uttar Pradesh Mahamaya Nagar 0.94479 3 

243 9 184 Uttar Pradesh Siddharthnagar 2.173194 3 

244 27 515 Maharashtra Aurangabad 0.192618 3 

245 10 231 Bihar Bhojpur 1.350338 3 

246 25 495 Daman & Diu Daman 0.377696 3 

247 21 375 Odisha Kendujhar 1.703615 3 

248 10 232 Bihar Buxar 0.88008 3 

249 28 541 Andhra Pradesh Khammam 0.111391 3 

250 8 108 Rajasthan Sawai Madhopur 3.032831 3 

251 20 363 Jharkhand Jamtara 3.413196 3 

252 28 534 Andhra Pradesh Karimnagar 1.454981 3 

253 9 142 Uttar Pradesh Bulandshahr 0.447699 3 

254 12 253 Arunachal Pradesh Changlang 2.601654 3 

255 9 143 Uttar Pradesh Aligarh 0.957537 3 

256 27 507 Maharashtra Gondiya 0.47854 3 

257 8 100 Rajasthan Hanumangarh 0.992346 3 

258 21 390 Odisha Kandhamal 2.689849 3 

259 29 556 Karnataka Bagalkot 1.778167 3 

260 8 102 Rajasthan Churu 1.653097 3 

261 9 162 Uttar Pradesh Auraiya 1.073675 3 

262 24 469 Gujarat Banas Kantha 2.532831 3 

263 23 452 Madhya Pradesh Narsimhapur 3.214352 3 

264 9 150 Uttar Pradesh Bareilly 0.428773 3 

265 8 99 Rajasthan Ganganagar 0.749202 3 

266 20 348 Jharkhand Kodarma 2.695268 3 

267 8 113 Rajasthan Jodhpur 1.074314 3 

268 9 183 Uttar Pradesh Gonda 1.338187 3 

269 9 155 Uttar Pradesh Hardoi 1.440338 3 
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270 23 449 Madhya Pradesh Hoshangabad 1.280916 3 

271 9 154 Uttar Pradesh Sitapur 2.714432 3 

272 23 435 Madhya Pradesh Ujjain 2.390151 3 

273 21 384 Odisha Anugul 1.448186 3 

274 8 109 Rajasthan Dausa 2.815317 3 

275 22 406 Chhattisgarh Bilaspur 2.848099 3 

276 9 149 Uttar Pradesh Budaun 2.471236 3 

277 22 412 Chhattisgarh Dhamtari 1.960393 3 

278 21 376 Odisha Mayurbhanj 2.852118 3 

279 9 146 Uttar Pradesh Agra 1.352081 3 

280 9 189 Uttar Pradesh Kushinagar 0.693555 3 

281 9 145 Uttar Pradesh Mathura 1.324803 3 

282 12 258 Arunachal Pradesh Lower Dibang Valley 0.624635 3 

283 29 555 Karnataka Belgaum 1.05408 3 

284 19 339 West Bengal Bankura 0.857447 3 

285 23 430 Madhya Pradesh Rewa 2.951805 3 

286 10 205 Bihar Sheohar 1.696158 3 

287 27 499 Maharashtra Jalgaon 1.775255 3 

288 19 334 West Bengal Birbhum 1.758571 3 

289 8 128 Rajasthan Baran 3.42526 3 

290 8 122 Rajasthan Bhilwara 3.215919 3 

291 12 254 Arunachal Pradesh Tirap 1.409973 3 

292 8 123 Rajasthan Rajsamand 2.196715 3 

293 9 160 Uttar Pradesh Kannauj 2.248112 3 

294 10 209 Bihar Araria 2.661856 3 

295 9 182 Uttar Pradesh Balrampur 3.001716 3 

296 9 187 Uttar Pradesh Mahrajganj 1.541991 3 

297 1 6 Jammu & Kashmir Rajouri 1.897982 3 

298 34 634 Puducherry Yanam 1.657402 3 

299 23 448 Madhya Pradesh Harda 3.468028 3 

300 20 369 Jharkhand Saraikela-Kharsawan 1.99857 3 

301 28 533 Andhra Pradesh Nizamabad 0.499872 3 

302 8 130 Rajasthan Udaipur 3.025546 3 

303 18 301 Assam Dhubri 2.140727 3 

304 10 208 Bihar Supaul 2.174682 3 
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305 10 216 Bihar Muzaffarpur 0.624008 3 

306 29 561 Karnataka Gadag 0.456117 3 

307 6 89 Haryana Palwal 0.024775 3 

308 10 240 Bihar Arwal 0.758917 3 

309 10 214 Bihar Saharsa 2.74688 3 

310 12 260 Arunachal Pradesh Anjaw 2.188865 3 

311 29 560 Karnataka Koppal 2.715947 3 

312 9 175 Uttar Pradesh Allahabad 0.569746 3 

313 10 227 Bihar Lakhisarai 2.678371 3 

314 23 446 Madhya Pradesh Raisen 3.384416 3 

315 8 126 Rajasthan Chittaurgarh 3.440487 3 

316 9 198 Uttar Pradesh Sant Ravidas Nagar 
(Bhadohi) 

1.45957 3 

317 9 172 Uttar Pradesh Fatehpur 2.953305 3 

318 10 229 Bihar Nalanda 1.324439 3 

319 9 201 Uttar Pradesh Etah 2.296933 3 

320 8 101 Rajasthan Bikaner 0.804207 3 

321 29 583 Karnataka Bangalore Rural -3.05797 4 

322 7 91 NCT of Delhi North -3.10642 4 

323 9 137 Uttar Pradesh Jyotiba Phule Nagar -1.4612 4 

324 7 96 NCT of Delhi West -2.77009 4 

325 18 311 Assam Sivasagar -2.72874 4 

326 11 241 Sikkim North  District -3.34544 4 

327 1 19 Jammu & Kashmir Udhampur -0.05628 4 

328 9 195 Uttar Pradesh Ghazipur -1.13213 4 

329 2 25 Himachal Pradesh Lahul & Spiti -2.11634 4 

330 1 5 Jammu & Kashmir Punch -0.72903 4 

331 12 246 Arunachal Pradesh West Kameng -1.2245 4 

332 1 22 Jammu & Kashmir Samba -3.36645 4 

333 6 76 Haryana Sonipat -1.78033 4 

334 28 550 Andhra Pradesh Sri Potti Sriramulu Nellore -0.48071 4 

335 33 614 Tamil Nadu Tiruchirappalli -1.86635 4 

336 3 49 Punjab Amritsar -2.85349 4 

337 18 310 Assam Dibrugarh -3.39107 4 

338 16 289 Tripura West Tripura -3.24536 4 



   70

339 1 4 Jammu & Kashmir Kargil -2.4967 4 

340 9 157 Uttar Pradesh Lucknow -2.30349 4 

341 18 325 Assam Darrang -1.46846 4 

342 18 302 Assam Goalpara -0.49318 4 

343 24 490 Gujarat Navsari -3.46084 4 

344 23 439 Madhya Pradesh Indore -0.98211 4 

345 6 71 Haryana Yamunanagar -1.88213 4 

346 29 582 Karnataka Chikkaballapura -0.16421 4 

347 19 333 West Bengal Murshidabad -0.45885 4 

348 15 282 Mizoram Kolasib -1.57213 4 

349 12 255 Arunachal Pradesh Lower Subansiri -0.07446 4 

350 7 97 NCT of Delhi South West -2.73969 4 

351 28 545 Andhra Pradesh East Godavari -1.99261 4 

352 8 110 Rajasthan Jaipur -1.21544 4 

353 21 380 Odisha Jagatsinghapur -2.08496 4 

354 17 298 Meghalaya East Khasi Hills -0.09436 4 

355 13 270 Nagaland Kohima -2.77352 4 

356 1 3 Jammu & Kashmir Leh(Ladakh) -2.16928 4 

357 9 138 Uttar Pradesh Meerut -3.31605 4 

358 5 67 Uttarakhand Udham Singh Nagar -2.24527 4 

359 28 546 Andhra Pradesh West Godavari -1.82645 4 

360 27 505 Maharashtra Nagpur -3.04149 4 

361 13 264 Nagaland Wokha -1.73304 4 

362 28 540 Andhra Pradesh Warangal -1.11781 4 

363 19 331 West Bengal Dakshin Dinajpur -0.06543 4 

364 33 631 Tamil Nadu Krishnagiri -2.06559 4 

365 7 95 NCT of Delhi Central -2.45835 4 

366 19 329 West Bengal Koch Bihar -1.72375 4 

367 27 520 Maharashtra Raigarh -1.59052 4 

368 14 276 Manipur Thoubal -2.11082 4 

369 18 303 Assam Barpeta -1.43145 4 

370 24 471 Gujarat Mahesana -0.45295 4 

371 13 263 Nagaland Zunheboto -0.65962 4 

372 3 43 Punjab Firozpur -1.82376 4 

373 9 134 Uttar Pradesh Bijnor -1.4993 4 
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374 16 290 Tripura South Tripura -1.81647 4 

375 21 387 Odisha Puri -2.27454 4 

376 9 133 Uttar Pradesh Muzaffarnagar -1.51626 4 

377 33 625 Tamil Nadu Virudhunagar -2.64875 4 

378 9 135 Uttar Pradesh Moradabad -0.32879 4 

379 18 307 Assam Lakhimpur -0.67299 4 

380 33 621 Tamil Nadu Pudukkottai -2.8955 4 

381 14 278 Manipur Imphal East -2.75136 4 

382 9 140 Uttar Pradesh Ghaziabad -1.54243 4 

383 6 74 Haryana Karnal -1.947 4 

384 24 481 Gujarat Bhavnagar -0.44922 4 

385 2 30 Himachal Pradesh Bilaspur -3.32025 4 

386 35 638 Andaman & Nicobar 
Islands 

Nicobars -0.85535 4 

387 28 542 Andhra Pradesh Srikakulam -0.05523 4 

388 19 328 West Bengal Jalpaiguri -2.10902 4 

389 6 80 Haryana Hisar -1.24484 4 

390 27 517 Maharashtra Thane -2.46092 4 

391 3 42 Punjab Moga -3.52847 4 

392 6 75 Haryana Panipat -1.09103 4 

393 19 345 West Bengal Purba Medinipur -0.8836 4 

394 27 527 Maharashtra Satara -3.0246 4 

395 21 388 Odisha Ganjam -0.77415 4 

396 28 551 Andhra Pradesh Y.S.R. -0.28739 4 

397 29 581 Karnataka Kolar -1.20214 4 

398 27 503 Maharashtra Amravati -0.20387 4 

399 33 607 Tamil Nadu Viluppuram -3.07206 4 

400 33 606 Tamil Nadu Tiruvannamalai -2.41703 4 

401 18 320 Assam Chirang -0.57139 4 

402 2 34 Himachal Pradesh Kinnaur -1.7414 4 

403 24 482 Gujarat Anand -1.86047 4 

404 3 50 Punjab Tarn Taran -2.69078 4 

405 6 83 Haryana Jhajjar -2.94594 4 

406 1 16 Jammu & Kashmir Doda -1.68242 4 

407 6 82 Haryana Rohtak -3.47401 4 
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408 6 73 Haryana Kaithal -1.7401 4 

409 10 234 Bihar Rohtas -0.0299 4 

410 6 78 Haryana Fatehabad -0.99149 4 

411 14 272 Manipur Senapati -0.37102 4 

412 9 136 Uttar Pradesh Rampur -1.33069 4 

413 9 197 Uttar Pradesh Varanasi -1.24263 4 

414 18 305 Assam Nagaon -0.71843 4 

415 24 468 Gujarat Kachchh -0.83155 4 

416 28 554 Andhra Pradesh Chittoor -0.74196 4 

417 29 568 Karnataka Shimoga -2.61647 4 

418 29 570 Karnataka Chikmagalur -2.62932 4 

419 5 65 Uttarakhand Champawat -0.18723 4 

420 6 81 Haryana Bhiwani -1.12866 4 

421 27 531 Maharashtra Sangli -2.99378 4 

422 1 17 Jammu & Kashmir Ramban -0.77187 4 

423 20 357 Jharkhand Purbi Singhbhum -0.60447 4 

424 15 285 Mizoram Serchhip -1.64127 4 

425 27 530 Maharashtra Kolhapur -1.87101 4 

426 9 132 Uttar Pradesh Saharanpur -1.57608 4 

427 1 18 Jammu & Kashmir Kishtwar -1.12251 4 

428 29 571 Karnataka Tumkur -0.99437 4 

429 10 217 Bihar Gopalganj -1.56836 4 

430 9 191 Uttar Pradesh Azamgarh -0.77851 4 

431 34 637 Puducherry Karaikal -3.38006 4 

432 21 382 Odisha Jajapur -2.55395 4 

433 24 486 Gujarat Vadodara -1.7292 4 

434 12 256 Arunachal Pradesh Kurung Kumey -0.57724 4 

435 33 615 Tamil Nadu Perambalur -3.15552 4 

436 21 378 Odisha Bhadrak -1.5133 4 

437 33 612 Tamil Nadu Dindigul -3.32109 4 

438 15 281 Mizoram Mamit -0.51329 4 

439 29 574 Karnataka Hassan -2.23614 4 

440 3 40 Punjab Fatehgarh Sahib -2.83068 4 

441 19 335 West Bengal Barddhaman -1.43613 4 

442 34 635 Puducherry Puducherry -3.40708 4 
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443 18 312 Assam Jorhat -2.66071 4 

444 27 522 Maharashtra Ahmadnagar -0.00662 4 

445 5 62 Uttarakhand Pithoragarh -1.7177 4 

446 10 218 Bihar Siwan -2.3111 4 

447 9 185 Uttar Pradesh Basti -0.10077 4 

448 9 188 Uttar Pradesh Gorakhpur -0.59997 4 

449 27 504 Maharashtra Wardha -1.08849 4 

450 6 85 Haryana Rewari -2.06339 4 

451 20 361 Jharkhand Ramgarh -0.08107 4 

452 10 219 Bihar Saran -1.60375 4 

453 29 573 Karnataka Mandya -1.84979 4 

454 14 280 Manipur Chandel -1.04311 4 

455 21 386 Odisha Khordha -1.00163 4 

456 3 48 Punjab Patiala -2.59456 4 

457 9 192 Uttar Pradesh Mau -0.78505 4 

458 14 279 Manipur Ukhrul -0.62252 4 

459 29 584 Karnataka Ramanagara -2.21268 4 

460 6 79 Haryana Sirsa -0.72744 4 

461 24 479 Gujarat Junagadh -2.32453 4 

462 9 193 Uttar Pradesh Ballia -0.74027 4 

463 13 262 Nagaland Mokokchung -2.34116 4 

464 13 266 Nagaland Phek -0.00783 4 

465 29 578 Karnataka Chamarajanagar -2.25383 4 

466 6 88 Haryana Faridabad -2.10917 4 

467 5 63 Uttarakhand Bageshwar -1.26555 4 

468 1 9 Jammu & Kashmir Bandipore -3.4773 4 

469 18 315 Assam Dima Hasao -0.73754 4 

470 24 473 Gujarat Gandhinagar -2.49369 4 

471 33 608 Tamil Nadu Salem -3.15243 4 

472 3 53 Punjab Sangrur -1.53317 4 

473 1 7 Jammu & Kashmir Kathua -2.30999 4 

474 9 194 Uttar Pradesh Jaunpur -0.3444 4 

475 6 77 Haryana Jind -0.31005 4 

476 12 248 Arunachal Pradesh Papum Pare -2.13065 4 

477 33 630 Tamil Nadu Dharmapuri -1.96878 4 
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478 3 45 Punjab Faridkot -2.01955 4 

479 15 284 Mizoram Champhai -2.11848 4 

480 21 381 Odisha Cuttack -1.58356 4 

481 28 547 Andhra Pradesh Krishna -1.74173 4 

482 18 309 Assam Tinsukia -2.41413 4 

483 9 190 Uttar Pradesh Deoria -1.94574 4 

484 5 64 Uttarakhand Almora -2.52487 4 

485 7 90 NCT of Delhi North West -2.15151 4 

486 2 23 Himachal Pradesh Chamba -2.42329 4 

487 18 314 Assam Karbi Anglong -0.71358 4 

488 29 562 Karnataka Dharwad -0.8652 4 

489 5 56 Uttarakhand Uttarkashi -1.17682 4 

490 3 47 Punjab Mansa -0.21209 4 

491 27 526 Maharashtra Solapur -0.55309 4 

492 15 286 Mizoram Lunglei -2.97315 4 

493 9 177 Uttar Pradesh Faizabad -0.70306 4 

494 35 639 Andaman & Nicobar 
Islands 

North  & Middle Andaman -1.98647 4 

495 28 537 Andhra Pradesh Rangareddy -2.33179 4 

496 18 326 Assam Udalguri -1.0552 4 

497 24 476 Gujarat Rajkot -2.72328 4 

498 24 483 Gujarat Kheda -0.79507 4 

499 24 488 Gujarat Bharuch -0.5388 4 

500 3 46 Punjab Bathinda -2.45086 4 

501 24 470 Gujarat Patan -0.23145 4 

502 6 84 Haryana Mahendragarh -1.22397 4 

503 18 306 Assam Sonitpur -0.05211 4 

504 9 173 Uttar Pradesh Pratapgarh -1.0931 4 

505 12 251 Arunachal Pradesh East Siang -0.24747 4 

506 6 72 Haryana Kurukshetra -3.05889 4 

507 24 480 Gujarat Amreli -1.31117 4 

508 5 59 Uttarakhand Tehri Garhwal -3.07618 4 

509 14 274 Manipur Churachandpur -0.34325 4 

510 6 69 Haryana Panchkula -2.78734 4 

511 3 54 Punjab Barnala -2.26762 4 



   75

512 5 60 Uttarakhand Dehradun -3.19335 4 

513 3 44 Punjab Muktsar -2.20136 4 

514 9 139 Uttar Pradesh Baghpat -1.79867 4 

515 9 164 Uttar Pradesh Kanpur Nagar -1.71108 4 

516 24 491 Gujarat Valsad -1.289 4 

517 18 313 Assam Golaghat -0.5031 4 

518 13 265 Nagaland Dimapur -2.67141 4 

519 10 230 Bihar Patna -0.48285 4 

520 5 57 Uttarakhand Chamoli -1.83444 4 

521 27 521 Maharashtra Pune -3.43512 4 

522 18 319 Assam Bongaigaon -2.36314 4 

523 1 1 Jammu & Kashmir Kupwara -2.76961 4 

524 18 304 Assam Morigaon -0.60151 4 

525 7 94 NCT of Delhi New Delhi -2.05246 4 

526 24 474 Gujarat Ahmadabad -2.10765 4 

527 18 324 Assam Baksa -1.83286 4 

528 7 92 NCT of Delhi North East -2.77677 4 

529 21 377 Odisha Baleshwar -1.09676 4 

530 7 93 NCT of Delhi East -1.45971 4 

531 2 32 Himachal Pradesh Sirmaur -1.7496 4 

532 7 98 NCT of Delhi South -2.20649 4 

533 29 567 Karnataka Davanagere -0.78883 4 

534 6 86 Haryana Gurgaon -2.41639 4 

535 19 344 West Bengal Paschim Medinipur -1.41685 4 

536 18 316 Assam Cachar -1.12604 4 

537 8 103 Rajasthan Jhunjhunun -0.18914 4 

538 24 478 Gujarat Porbandar -0.79183 4 

539 33 602 Tamil Nadu Thiruvallur -0.66747 4 

540 5 68 Uttarakhand Hardwar -2.43483 4 

541 6 70 Haryana Ambala -2.82766 4 

542 24 492 Gujarat Surat -2.47631 4 

543 9 141 Uttar Pradesh Gautam Buddha Nagar -3.27642 4 

544 21 379 Odisha Kendrapara -2.46382 4 

545 24 477 Gujarat Jamnagar -0.0716 4 

546 34 636 Puducherry Mahe -6.95471 5 
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547 29 575 Karnataka Dakshina Kannada -6.64159 5 

548 3 39 Punjab Shahid Bhagat Singh 
Nagar 

-4.8254 5 

549 29 563 Karnataka Uttara Kannada -4.61239 5 

550 3 35 Punjab Gurdaspur -3.64402 5 

551 27 528 Maharashtra Ratnagiri -3.98655 5 

552 1 12 Jammu & Kashmir Pulwama -6.91312 5 

553 33 629 Tamil Nadu Kanniyakumari -6.00145 5 

554 33 610 Tamil Nadu Erode -3.87568 5 

555 2 29 Himachal Pradesh Una -4.97243 5 

556 27 519 Maharashtra Mumbai -5.24004 5 

557 33 623 Tamil Nadu Madurai -4.9428 5 

558 2 31 Himachal Pradesh Solan -3.73205 5 

559 3 52 Punjab Sahibzada Ajit Singh Nagar -3.66474 5 

560 32 590 Kerala Wayanad -6.09304 5 

561 33 617 Tamil Nadu Cuddalore -4.38504 5 

562 33 611 Tamil Nadu The Nilgiris -4.16306 5 

563 33 624 Tamil Nadu Theni -4.32559 5 

564 33 632 Tamil Nadu Coimbatore -5.67499 5 

565 33 605 Tamil Nadu Vellore -4.05987 5 

566 18 322 Assam Kamrup Metropolitan -6.43496 5 

567 19 327 West Bengal Darjiling -4.81747 5 

568 3 36 Punjab Kapurthala -3.82036 5 

569 1 21 Jammu & Kashmir Jammu -3.75872 5 

570 14 277 Manipur Imphal West -4.73177 5 

571 11 243 Sikkim South District -4.84076 5 

572 29 577 Karnataka Mysore -4.07479 5 

573 2 24 Himachal Pradesh Kangra -5.67871 5 

574 33 619 Tamil Nadu Thiruvarur -4.97928 5 

575 33 604 Tamil Nadu Kancheepuram -5.51642 5 

576 35 640 Andaman & Nicobar 
Islands 

South Andaman -3.72357 5 

577 19 338 West Bengal Hugli -4.17741 5 

578 19 341 West Bengal Haora -3.99857 5 

579 29 576 Karnataka Kodagu -5.13357 5 
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580 14 275 Manipur Bishnupur -3.5592 5 

581 2 27 Himachal Pradesh Mandi -3.67546 5 

582 1 14 Jammu & Kashmir Anantnag -4.76951 5 

583 33 618 Tamil Nadu Nagapattinam -4.42632 5 

584 19 336 West Bengal Nadia -4.26461 5 

585 15 288 Mizoram Saiha -4.26548 5 

586 18 323 Assam Nalbari -4.89447 5 

587 1 15 Jammu & Kashmir Kulgam -4.84428 5 

588 33 626 Tamil Nadu Ramanathapuram -5.3952 5 

589 11 242 Sikkim West District -4.88822 5 

590 25 494 Daman & Diu Diu -5.11705 5 

591 5 61 Uttarakhand Garhwal -3.89562 5 

592 3 37 Punjab Jalandhar -5.38259 5 

593 3 41 Punjab Ludhiana -3.6478 5 

594 2 33 Himachal Pradesh Shimla -5.30333 5 

595 19 337 West Bengal North Twenty Four 
Parganas 

-3.64438 5 

596 18 321 Assam Kamrup -3.83347 5 

597 27 529 Maharashtra Sindhudurg -5.04622 5 

598 5 58 Uttarakhand Rudraprayag -4.70401 5 

599 3 38 Punjab Hoshiarpur -5.67595 5 

600 27 518 Maharashtra Mumbai Suburban -4.19738 5 

601 2 28 Himachal Pradesh Hamirpur -5.84806 5 

602 1 11 Jammu & Kashmir Ganderbal -5.51143 5 

603 5 66 Uttarakhand Nainital -4.27809 5 

604 33 616 Tamil Nadu Ariyalur -3.77012 5 

605 28 536 Andhra Pradesh Hyderabad -4.39578 5 

606 33 609 Tamil Nadu Namakkal -4.67257 5 

607 33 633 Tamil Nadu Tiruppur -4.10229 5 

608 11 244 Sikkim East District -4.61838 5 

609 33 627 Tamil Nadu Thoothukkudi -4.52143 5 

610 1 2 Jammu & Kashmir Badgam -5.00286 5 

611 19 342 West Bengal Kolkata -6.27301 5 

612 15 283 Mizoram Aizawl -6.20422 5 

613 2 26 Himachal Pradesh Kullu -4.66651 5 
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614 4 55 Chandigarh Chandigarh -4.61095 5 

615 33 620 Tamil Nadu Thanjavur -5.92795 5 

616 3 51 Punjab Rupnagar -3.85892 5 

617 1 8 Jammu & Kashmir Baramula -5.31459 5 

618 29 572 Karnataka Bangalore -5.21465 5 

619 33 628 Tamil Nadu Tirunelveli -4.52311 5 

620 33 622 Tamil Nadu Sivaganga -4.31513 5 

621 32 588 Kerala Kasaragod -7.77719 6 

622 30 585 Goa North Goa -8.11777 6 

623 32 598 Kerala Alappuzha -7.54811 6 

624 32 596 Kerala Idukki -7.46455 6 

625 29 569 Karnataka Udupi -8.09426 6 

626 32 589 Kerala Kannur -9.86133 6 

627 32 594 Kerala Thrissur -10.1577 6 

628 32 597 Kerala Kottayam -7.77361 6 

629 33 603 Tamil Nadu Chennai -8.01206 6 

630 32 593 Kerala Palakkad -7.88563 6 

631 32 601 Kerala Thiruvananthapuram -9.02613 6 

632 1 10 Jammu & Kashmir Srinagar -9.76787 6 

633 32 595 Kerala Ernakulam -10.2307 6 

634 32 591 Kerala Kozhikode -9.17686 6 

635 32 599 Kerala Pathanamthitta -10.7617 6 

636 32 592 Kerala Malappuram -8.51358 6 

637 1 13 Jammu & Kashmir Shupiyan -7.09555 6 

638 30 586 Goa South Goa -8.10355 6 

639 32 600 Kerala Kollam -8.89473 6 

640 31 587 Lakshadweep Lakshadweep -11.8378 6 
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Appendix: Supplimentary Material for Paper 2 

Appendix 1: Methods 

 

Data sources: The following data sources were used. Temperature – Historical and Projected 
temperatures were collected from World Bank’s climate data portal. Annual death counts were 
collected from India’s National Disaster Management Authority, India’s National Crime Records 
Bureau (NCRB), Emergency Events Database (EM-DAT) of the Centre for Research on the 
Epidemiology of Disasters (CRED), and also through several published articles. These were used 
for descriptive and trend analysis. Death estimates were collected from the Global Burden of 
Disease (GBD) Study 2017. Population data and mortality rates was sourced from UN 
population projections. Value of Statistical Life (VSL) estimates were gathered from the current 
literature.  

Death records range from the year 1953 to 2017. Despite being available from multiple 
sources they showed a considerable variation in the number of deaths. All of these (except two) 
were simply annual death counts for the past several decades. NCRB data was disaggregated by 
state, gender and age groups while GBD data was disaggregated by age-groups and gender (not 
by states). These annual counts are shown separately (and as an average) in descriptive and 
univariate analysis. NCRB and GBD data is used for further age and gendered analysis. Since we 
believe GBD data to be the most reliable we used it for Poisson models. While all sources of data 
are death counts, GBD are estimates (correcting for reporting issues as explained below).  

GBD estimates for each year are higher than any of the reported death count data. There are 
several reasons for it. Firstly, there are concerns that temperature related deaths are likely under-
reported. Secondly, medical certification of cause of deaths isn’t universal or uniform in the 
country. States vary in reporting the proportion of medically certified deaths. These are corrected 
in GBD estimates which are supplemented by imperfect tools such as verbal autopsies etc. 
Thirdly, these counts are of heatwave deaths and likely to report death counts in heatwave 
events, there could be deaths from higher temperatures without a formal declaration of a 
heatwave event. Such deaths wouldn’t show up in these counts. Fourthly, deaths reported in 
articles come from an India Meteorology Department publication - the Annual Adverse Weather 
Events Report. This is a collection of newspaper reports. And therefore, deaths which weren’t 
reported in newspapers (such as from small towns) or reported in vernacular media are unlikely 
to have been counted there. Lastly, in general, the data collection mechanism in the country isn’t 
as robust or sensitive as it is in the west (see GBD 2017 data quality ratings).  

Data Analysis: We performed the analysis in 4 broad steps.  
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Step 1 involved cleaning and merging the data. We calculated several temperature indices 
from the monthly temperature data (1900 to 2016). These included annual and summer - 
maximum, mean, minimum and range of temperatures. Summer period for maximum, mean, and 
minimum temperatures was chosen using the April, May and June months based on monthly 
temperature boxplots. An alternate index for minimum summer temperature was also created 
using May, June and July month data. Descriptive analysis of all temperature indices (maximum, 
minimum, and mean temperatures) show increasing trends over the years. However, minimum 
temperatures are increasing more rapidly than maximum or mean temperatures. While 
temperature range is decreasing over time. Next, various death count datasets and GBD estimates 
were merged to the temperature indices. Most of the annual death count data showed 
considerable numerical variation among themselves and year on year. The time range of data 
availability starting from 1953 also varied between the various death counts. An average death 
count variable was calculated using all count datasets except the GBD estimates.    

Step 2: Regressions to examine associations between independent (mean summer 
temperatures) and outcome (heat deaths) variables were performed. We calculated regression 
estimates of Exposure-Response (E-R) functions using GBD data. As seen in figures 7.12 – 7.15, 
we assumed the annual summer period from April to June. Additional temperature measures 
were also calculated for summer maximum (one) and summer minimum temperatures (two 
measures for April – June and May – July). Both Poisson and Negative-Binomial regression 
models were applied and overdispersion tests performed to check for the suitability of using 
Poisson models (over Negative-Binomial models). We used the following equation for our 
model:  

logE[Yt] = constant + f(temperaturet) + error 
Where Yt is the number of excess deaths in year t in India and E[Yt] is the expected 

mortality. 
Step 3: Five-yearly deaths for the country were calculated using UN population projections 

(median, lower and upper 80% and 95% PIs) and death rates. Excess heat deaths were calculated 
using array multiplication of these deaths with projected temperature increases (mean, lower and 
upper bounds) under the 4 climate scenarios (RCPs 2.6, 4.5, 6 and 8.5) and the calculated E-R 
functions (mean, lower and upper bounds) from step 1.  

Step 4: This involved using VSL estimates to calculate direct costs. We used 2 values for 
VSL estimation for the US and India (as described by Viscusi 2017).  

Sensitivity analysis and robustness checks were performed for both E-R estimations (Tables 
10 to 17) and projections. Over-dispersion tests were conducted for E-R estimations. We used 
STATA-15, MS Excel and Analytica 101 for analysis. The study was approved through RAND’s 
Institutional Review Board. 
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Appendix 2: Supplementary Tables and Figures 

 

Table 7.1: Death Counts summary statistics 

  Embdat  Chaudury  Akhtar  NDMA  NCRB  The Hindu  GBD (estimates) 

               

Years  1953‐ 
2017* 

1978‐ 
1999 

1979‐
2008

1992‐
2015

2001‐
2014

1991‐ 
2013 

1990‐
2016

Mean  480.48  242.27  302.77 940.12 929.57 832.30  14854.3  

SD  652.45  356.64  408.50 471.10 257.37 313.81  1412.15  

Range  2534  1548  1660 2029 769 1284  4538.25  

Minimum  7  2  2 393 505 393  12623.88

Maximum  2541  1550  1662 2422 1274 1677  17162.13  

* contains several years of missing data in between 

Table 7.2: Death counts by Age and Gender (NCRB data) 

Males  <14  15 – 29  30 ‐ 44  45 ‐ 59  >60  All ages 

             

Mean  19.14  71.21 198 270.43 188.86  747.64

SD  8.35  20.40 68.52 97.34 57.86  226.08

Range  27  79 221 299 182  673

Minimum  6  39 100 133 82  368

Maximum  33  118 321 432 264  1041

             

 

Females  <14  15 – 29  30 ‐ 44  45 ‐ 59  >60  All ages 

             

Mean  7.78  18.43 36 55.71 64  181.92

SD  4.51  4.41 8.56 15.25 19.45  36.17

Range  16  12 30 50 62  118

Minimum  3  13 21 31 35  115

Maximum  19  25 51 81 97  233

             

 

Both  <14  15 – 29  30 ‐ 44  45 ‐ 59  >60  All ages 

             

Mean  26.93  89.64 234 326.14 252.86  929.57

SD  11.80  20.79 72.50 109.81 74.86  257.37

Range  42  81 225 331 219  769
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Minimum  10  56 134 164 126  505

Maximum  52  137 359 495 345  1274

 

 Table 7.3: GBD estimates (values, upper and lower bounds) by Gender 

GBD  
(N=27) 

Male  Female  Both 

  Mean  SD Mean SD Mean  SD

Value  10629.01  869.09 4225.29 565.14 14854.30  1412.14

Lower  3830.83    116.73 1017.36    28.04 5395.44    174.53

Upper  13189.77  1099.84 5857.16 864.21 18600.99    1852.67

 

Table 7.4: GBD estimates (values, upper and lower bounds) by age groups 

GBD   Value  Upper  Lower 

  Mean  SD  Mean  SD  Mean  SD 

1 to 4  575.33  140.99 895.32 228.31 169.54  49.17

10 to 14  128.64  14.68 180.26 19.42 44.10  8.02

10 to 24  822.53  56.67 1071.10 68.62 310.84  38.57

10 to 54  5005.88  409.76 6331.89 451.18 1858.22  104.84

15 to 19  344.12  26.85 467.46 30.70 126.42  18.34

15‐49 years  3891.96  304.09 4944.67 335.51 1458.88  99.52

20 to 24  349.77  20.86 468.79 28.39 134.15  12.68

25 to 29  372.31  23.29 499.00 31.40 139.23  10.01

30 to 34  609.00  35.65 816.60 37.81 218.56  12.35

35 to 39  624.29  56.35 832.00 74.42 233.06  11.24

40 to 44  801.12  79.81 1081.38 103.06 289.82  20.79

45 to 49  791.34  95.72 1074.82 131.55 273.79  21.90

5 to 9  198.53  43.88 298.98 65.53 67.40  20.95

5‐14 years  327.17  56.81 463.16 78.19 114.66  27.61

50 to 54  985.29  122.75 1299.78 159.10 340.49  23.94

50‐69 years  4826.85  632.89 6141.66 819.58 1698.59  81.67

55 to 59  1283.55  174.25 1702.56 237.07 446.19  25.85

60 to 64  1256.07  175.18 1704.25 255.28 403.37  16.60

65 to 69  1301.95  179.41 1733.80 250.34 456.36  25.93

70 to 74  1297.00  229.27 1772.95 325.95 443.30  41.33

70+ years  3821.76  932.93 5027.74 1222.53 1386.55  237.51

75 to 79  1186.65  264.45 1619.83 361.76 418.75  64.51

80 to 84  787.92  245.38 1116.46 344.83 281.77  66.85

85 to 89  397.78  140.24 552.84 189.60 153.58  42.93

90 to 94  125.72  48.92 171.38 63.87 52.02  15.96
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95 plus  26.69  10.77 36.13 13.84 11.85  4.12

<1 year  1411.24  243.78 1958.18 301.76 474.19  118.50

<20 years  2657.86  453.92 3577.42 585.91 913.15  223.80

All Ages  14854.30  1412.15 18600.99 1852.67 5395.44  174.53

Early Neonatal  182.62  32.49 257.22 40.79 59.05  17.49

Late Neonatal  150.28  49.30 216.43 74.90 45.39  15.42

Post Neonatal  1078.34  164.56 1547.64 205.25 361.77  81.82

Under 5  1986.57  383.30 2750.05 513.30 650.08  167.49

 

Table 7.5: GBD estimated values by Gender and age groups 

GBD Value  Male  Female  Both 

  Mean  SD  Mean  SD  Mean  SD 

1 to 4  373.01  109.31 202.32 33.07 575.33  140.99

10 to 14  112.86  14.06 15.78 0.80 128.64  14.68

10 to 24  594.48  47.32 228.05 11.93 822.53  56.67

10 to 54  3953.48  330.09 1052.41 89.55 5005.88  409.76

15 to 19  229.13  20.17 114.99 7.06 344.12  26.85

15‐49 years  3029.47  241.51 862.48 69.40 3891.96  304.09

20 to 24  252.50  16.15 97.27 6.49 349.77  20.86

25 to 29  309.73  18.84 62.57 5.17 372.31  23.29

30 to 34  488.20  28.06 120.80 10.74 609.00  35.65

35 to 39  519.12  47.50 105.17 10.18 624.29  56.35

40 to 44  652.62  67.01 148.50 13.63 801.12  79.81

45 to 49  578.18  72.62 213.17 24.79 791.34  95.72

5 to 9  93.37  17.00 105.16 27.03 198.53  43.88

5‐14 years  206.23  29.94 120.94 27.73 327.17  56.81

50 to 54  811.15  102.57 174.14 22.73 985.29  122.75

50‐69 years  3605.88  444.31 1220.96 193.01 4826.85  632.89

55 to 59  998.65  131.44 284.89 43.75 1283.55  174.25

60 to 64  815.67  100.03 440.40 76.03 1256.07  175.18

65 to 69  980.42  126.24 321.53 53.72 1301.95  179.41

70 to 74  876.90  138.18 420.10 91.79 1297.00  229.27

70+ years  2476.10  543.29 1345.66 392.62 3821.76  932.93

75 to 79  804.95  161.65 381.70 104.37 1186.65  264.45

80 to 84  464.19  135.50 323.73 110.50 787.92  245.38

85 to 89  237.32  78.29 160.46 62.14 397.78  140.24

90 to 94  76.51  27.60 49.21 21.34 125.72  48.92

95 plus  16.24  6.06 10.45 4.71 26.69  10.77

<1 year  938.31  208.56 472.93 43.44 1411.24  243.78

<20 years  1746.68  357.20 911.18 102.07 2657.86  453.92

All Ages  10629.01  869.09 4225.29 565.14 14854.30  1412.15
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Early Neonatal  129.92  25.47 52.70 7.16 182.62  32.49

Late Neonatal  107.06  42.23 43.22 7.56 150.28  49.30

Post Neonatal  701.33  142.43 377.00 31.07 1078.34  164.56

Under 5  1311.32  317.11 675.25 74.21 1986.57  383.30

 

Table 7.6: GBD Lower bound estimates by gender and age groups 

GBD Lower  Male  Female  Both 

  Mean  SD  Mean  SD  Mean  SD 

1 to 4  100.65  28.43 37.07 6.31 169.54  49.17

10 to 14  35.81  6.49 5.03 0.13 44.10  8.02

10 to 24  214.48  26.29 61.59 6.38 310.84  38.57

10 to 54  1435.34  83.75 258.86 11.73 1858.22  104.84

15 to 19  82.75  11.43 27.87 3.84 126.42  18.34

15‐49 years  1118.77  67.82 212.15 12.82 1458.88  99.52

20 to 24  91.07  8.45 25.57 2.13 134.15  12.68

25 to 29  114.54  8.81 15.30 0.93 139.23  10.01

30 to 34  170.24  9.56 28.64 1.28 218.56  12.35

35 to 39  190.70  10.68 24.45 1.05 233.06  11.24

40 to 44  238.27  15.77 33.82 1.95 289.82  20.79

45 to 49  201.24  19.72 44.47 2.27 273.79  21.90

5 to 9  28.46  6.56 24.15 6.64 67.40  20.95

5‐14 years  66.87  13.18 29.78 6.90 114.66  27.61

50 to 54  274.87  21.75 41.49 0.96 340.49  23.94

50‐69 years  1249.81  66.40 287.49 9.12 1698.59  81.67

55 to 59  344.41  25.81 62.54 1.60 446.19  25.85

60 to 64  268.92  12.18 95.24 4.15 403.37  16.60

65 to 69  332.14  19.11 76.10 4.82 456.36  25.93

70 to 74  293.36  32.82 94.14 10.35 443.30  41.33

70+ years  905.50  163.87 326.40 49.53 1386.55  237.51

75 to 79  284.71  44.74 86.86 10.08 418.75  64.51

80 to 84  166.31  43.20 73.78 14.75 281.77  66.85

85 to 89  92.39  26.65 38.96 9.72 153.58  42.93

90 to 94  31.02  9.56 13.67 4.33 52.02  15.96

95 plus  6.81  2.34 3.35 1.15 11.85  4.12

<1 year  298.70  72.12 99.50 18.26 474.19  118.50

<20 years  562.06  125.27 201.26 36.23 913.15  223.80

All Ages  3830.83  116.73 1017.36 28.04 5395.44  174.53

Early Neonatal  39.76  11.61 10.31 2.55 59.05  17.49

Late Neonatal  30.11  10.23 8.17 1.94 45.39  15.42

Post Neonatal  226.07  50.87 78.07 12.56 361.77  81.82

Under 5  401.51  97.06 139.34 23.98 650.08  167.49



   85

 

Table 7.7: GBD Upper bound estimates by gender and age groups 

GBD Upper  Male  Female  Both 

  Mean  SD  Mean  SD  Mean  SD 

1 to 4  588.09  187.03 379.88 71.96 895.32  228.31

10 to 14  160.79  18.40 24.79 0.98 180.26  19.42

10 to 24  782.20  57.46 328.07 19.94 1071.10  68.62

10 to 54  5017.73  314.10 1471.93 139.56 6331.89  451.18

15 to 19  316.77  24.14 177.49 10.78 467.46  30.70

15‐49 years  3867.12  219.17 1212.77 109.44 4944.67  335.51

20 to 24  348.52  20.93 145.55 11.19 468.79  28.39

25 to 29  421.06  23.86 95.34 8.52 499.00  31.40

30 to 34  666.52  23.43 184.94 18.80 816.60  37.81

35 to 39  697.62  57.85 163.60 18.25 832.00  74.42

40 to 44  895.58  86.06 227.43 20.61 1081.38  103.06

45 to 49  791.79  98.38 331.18 41.71 1074.82  131.55

5 to 9  136.53  23.64 178.56 45.87 298.98  65.53

5‐14 years  286.21  38.91 199.04 46.98 463.16  78.19

50 to 54  1081.14  130.52 262.50 37.99 1299.78  159.10

50‐69 years  4587.98  560.99 1756.05 295.89 6141.66  819.58

55 to 59  1337.91  180.83 444.25 78.13 1702.56  237.07

60 to 64  1117.04  143.39 683.66 133.58 1704.25  255.28

65 to 69  1312.20  177.59 500.10 89.83 1733.80  250.34

70 to 74  1225.73  200.80 661.42 146.64 1772.95  325.95

70+ years  3258.15  682.54 2015.31 589.11 5027.74  1222.53

75 to 79  1111.32  215.78 611.65 174.09 1619.83  361.76

80 to 84  667.65  186.93 524.75 187.74 1116.46  344.83

85 to 89  335.01  101.44 259.09 100.07 552.84  189.60

90 to 94  105.45  34.78 77.68 32.58 171.38  63.87

95 plus  22.64  7.91 16.37 6.85 36.13  13.84

<1 year  1304.80  280.93 759.75 50.25 1958.18  301.76

<20 years  2335.30  493.83 1376.08 133.40 3577.42  585.91

All Ages  13189.78  1099.85 5857.16 864.21 18600.99  1852.67

Early Neonatal  184.18  31.97 87.89 9.60 257.22  40.79

Late Neonatal  156.92  67.22 73.24 12.98 216.43  74.90

Post Neonatal  1019.10  198.54 635.15 38.63 1547.64  205.25

Under 5  1811.14  449.18 1064.92 98.68 2750.05  513.30
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Figure 7.1: GBD death estimates by gender 
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Figure 7.2: GBD death estimates by age‐groups 
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Figure 7.3: GBD death estimates by age‐groups ‐ male 

 

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

<14	years 15‐29	years 30‐44	years 45‐59	years >60	years



   89

Figure 7.4: GBD death estimates by age‐groups ‐ Females 
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Figure 7.5: Average annual death counts from several sources: 
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Figure 7.6: Average annual death counts from above sources:  
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Figure 7.7: NCRB deaths by age‐groups: 
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Figure 7.8: NCRB deaths by gender 
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Figure 7.9: NCRB deaths by age groups – Male 
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Figure 7.10: NCRB deaths by age groups – Female 
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Figure 7.11: NCRB deaths by states (top 10) 
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Table 7.8: NCRB deaths by state: 

STATE / UT  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013  2014 

A & N ISLANDS  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

ANDHRA PRADESH  46  80  100  52  105  125  128  124  262  197  91  221  418  244 

ARUNACHAL PRADESH  0  0  1  0  0  1  4  5  5  1  0  0  0  0 

ASSAM  7  2  4  16  13  7  7  8  0  1  1  1  5  0 

BIHAR  47  22  70  32  68  52  58  28  46  95  86  166  85  131 

CHANDIGARH  1  0  0  0  0  0  0  0  0  0  0  0  0  0 

CHHATTISGARH  5  20  22  9  14  4  15  7  6  10  3  10  3  4 

D & N HAVELI  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

DAMAN & DIU  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

DELHI (UT)  28  45  18  20  19  14  26  7  40  41  6  17  2  9 

GOA  6  0  0  0  0  0  0  0  0  0  0  0  0  0 

GUJARAT  24  47  30  12  13  7  16  6  9  58  15  17  26  45 

HARYANA  1  17  2  4  19  13  75  31  34  60  30  95  82  79 

HIMACHAL PRADESH  2  0  8  0  3  1  0  0  1  0  1  2  0  1 

JAMMU & KASHMIR  0  0  3  2  2  2  1  0  0  6  1  0  3  0 

JHARKHAND  2  6  8  19  60  37  38  48  50  49  29  74  42  50 

KARNATAKA  2  4  6  7  15  5  1  2  9  15  21  2  6  2 

KERALA  0  0  4  1  0  0  1  0  1  2  0  0  1  0 

LAKSHADWEEP  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

MADHYA PRADESH  8  32  39  158  24  45  41  11  20  46  24  35  12  33 

MAHARASHTRA  43  50  77  62  69  33  70  30  79  137  41  59  80  58 

MANIPUR  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

MEGHALAYA  0  0  0  1  0  0  0  0  0  0  0  0  0  2 

MIZORAM  0  0  0  0  0  0  1  0  0  0  0  4  1  0 

NAGALAND  0  0  1  0  0  0  0  0  0  0  0  0  0  0 

ODISHA  60  77  98  76  94  51  55  69  101  130  51  124  101  78 

PUDUCHERRY  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
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PUNJAB  55  39  38  43  87  69  129  64  150  170  176  155  144  123 

RAJASTHAN  19  57  44  37  38  35  56  29  55  54  37  32  40  45 

SIKKIM  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

TAMIL NADU  27  26  54  14  5  23  14  15  31  18  1  0  0  0 

TRIPURA  4  0  2  0  15  5  0  9  10  12  6  0  12  2 

TELENGANA*                                         128 

UTTAR PRADESH  52  134  126  95  199  87  108  80  117  118  104  156  108  126 

UTTARAKHAND  0  0  0  0  2  1  2  0  0  0  0  1  0  0 

WEST BENGAL  66  62  52  96  211  137  86  43  45  54  69  76  45  88 

Total (All India)  505  720  807  756  1075  754  932  616  1071  1274  793  1247  1216  1248 

* Telengana state was carved out from the state of Andhra Pradesh in 2014 
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Figure 7.12: Mean Temperatures by months: 
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Figure 7.13: Maximum Temperatures by months: 
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Figure 7.14: Minimum Temperatures by months: 
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Figure 7.15: Maximum, Mean and Minimum Temperatures by months: 
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Figure 7.16: Mean Annual Maximum, Mean and Minimum Temperature trends over years 
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Table 7.9: Temperature summary statistics (1900 – 2016) 

Month  Temperatures  Mean  Maximum  Minimum 

         

January  Mean  17.04  24.01  10.12 

  SD  0.60  0.63  0.66 

  Range  3.08  3.23  3.43 

  Minimum  18.82  25.94  11.80 

  Maximum  15.74  22.71  8.37 

         

February  Mean  19.27  26.46  12.13 

  SD  0.84  0.94  0.81 

  Range  4.97  5.17  4.78 

  Minimum  21.71  29.06  14.42 

  Maximum  16.74  23.88  9.64 

         

March  Mean  23.69  31.07  16.36 

  SD  0.89  0.99  0.85 

  Range  4.55  4.87  4.23 

  Minimum  26.12  33.67  18.62 

  Maximum  21.58  28.81  14.39 

         

April  Mean  27.65  34.76  20.60 

  SD  0.83  0.84  0.84 

  Range  4.36  4.33  4.38 

  Minimum  29.95  37.12  22.83 

  Maximum  25.59  32.79  18.45 

         

May  Mean  29.98  36.59  23.43 

  SD  0.63  0.64  0.65 

  Range  3.08  2.98  3.19 

  Minimum  31.29  37.86  24.77 

  Maximum  28.21  34.88  21.58 

         

June  Mean  29.29  34.55  24.09 

  SD  0.73  0.80  0.68 

  Range  3.41  4.00  3.26 

  Minimum  30.92  36.31  25.58 

  Maximum  27.51  32.31  22.32 

         

July  Mean  27.09  31.07  23.16 
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  SD  0.42  0.47  0.41 

  Range  2.12  2.52  2.01 

  Minimum  28.12  32.34  24.23 

  Maximum  26.00  29.82  22.23 

         

August  Mean  26.40  30.11  22.74 

  SD  0.32  0.35  0.34 

  Range  1.78  1.84  1.76 

  Minimum  27.48  31.28  23.73 

  Maximum  25.70  29.44  21.96 

         

September   Mean  26.19  30.68  21.76 

  SD  0.36  0.43  0.38 

  Range  1.88  2.47  1.72 

  Minimum  27.24  32.01  22.67 

  Maximum  25.36  29.54  20.95 

         

October  Mean  24.65  30.54  18.81 

  SD  0.53  0.54  0.59 

  Range  2.78  2.73  2.83 

  Minimum  26.03  31.95  20.16 

  Maximum  23.25  29.22  17.34 

         

November  Mean  20.79  27.52  14.11 

  SD  0.77  0.74  0.89 

  Range  3.24  3.15  4.46 

  Minimum  22.50  29.18  16.99 

  Maximum  19.25  26.03  12.53 

         

December  Mean  17.61  24.58  10.69 

  SD  0.64  0.65  0.72 

  Range  3.34  3.38  3.48 

  Minimum  19.53  26.57  12.53 

  Maximum  16.19  23.19  9.06 

         

Annual  Mean  24.14  30.16  18.17 

  SD  4.33  3.87  5.09 

  Range  15.55  15.14  17.21 

  Minimum  31.29  37.86  25.58 

  Maximum  15.74  22.71  8.37 
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Figure 7.17: GBD annual deaths by year 
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Figure 7.18: GBD annual deaths by year – GBD estimates, upper and lower bound values 
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Figure 7.19: Mean summer temperatures by year 
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Figure 7.20: Summer temperatures by year – mean, maximum and minimum 

 

20
25

30
35

40



   110

Figure 7.21: Scatterplot temperature and GBD estimates 
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Figure 7.22: Fitted line temperature and GBD estimates  
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Figure 7.23: Scatterplot and fitted line for temperature and GBD estimates  

  

 

 

 

 

 

Table 7.10: Regression coefficients for excess heat deaths per °C rise in mean summer temperatures 

  Estimates:   OLS  Poisson  Negative Binomial 

  β  SE  β  SE  β  SE 

GBD Value  1407.000*  533.04  0.095***  0.00  0.095**  0.03 

GBD Upper Limit  1862.477  697.56  0.100***  0.00  0.100**  0.04 

GBD Lower Limit  109.200  71.22  0.020***  0.01  0.020  0.01 

Embdat  311.192  354.65  0.603***  0.02  0.653  0.60 

Chaudury  558.084**  155.85  2.670***  0.04  2.177***  0.50 

Akhtar  651.106***  149.38  2.567***  0.03  2.000***  0.39 

NDMA  313.464  213.52  0.333***  0.02  0.389  0.21 

NCRB  333.707*  139.72  0.350***  0.02  0.376*  0.15 

Hindu  389.488**  120.48  0.464***  0.02  0.504***  0.14 

Average  469.109**  157.03  0.900***  0.02  1.107**  0.35 
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* p<0.05, ** p<0.01, *** p<0.001 

Table 7.11: Regression coefficients for excess heat deaths per °C rise in maximum summer 

temperatures 

  Estimates:   OLS  Poisson  Negative Binomial 

  β  SE  β  SE  β  SE 

GBD Value  1162.454*  488.00  0.078***  0.00  0.078*  0.03 

GBD Upper Limit  1545.579*  638.26  0.083***  0.00  0.083*  0.03 

GBD Lower Limit  89.998  64.34  0.017**  0.01  0.017  0.01 

Embdat  210.328  336.30  0.414***  0.02  0.384  0.53 

Chaudury  443.769**  142.20  2.515***  0.04  1.838***  0.43 

Akhtar  524.161***  138.91  2.250***  0.03  1.645***  0.35 

NDMA  283.968  192.39  0.302***  0.01  0.345  0.19 

NCRB  297.141*  119.17  0.317***  0.02  0.339**  0.13 

Hindu  352.720**  108.46  0.422***  0.01  0.452***  0.12 

Average  349.241*  146.56  0.689***  0.01  0.679*  0.31 

* p<0.05, ** p<0.01, *** p<0.001 

Table 7.12: Regression coefficients for excess heat deaths per °C rise in minimum summer 

temperatures 

  Estimates:   OLS  Poisson  Negative Binomial 

  β  SE  β  SE  β  SE 

GBD Value  1681.348**  576.87  0.113***  0.00  0.114**  0.04 

GBD Upper Limit  2215.326**  755.72  0.119***  0.00  0.120**  0.04 

GBD Lower Limit  130.728  78.27  0.024***  0.01  0.024  0.01 

Embdat  375.763  348.32  0.739***  0.02  0.958  0.64 

Chaudury  621.885**  166.44  2.691***  0.04  2.253***  0.56 

Akhtar  700.970***  155.95  2.709***  0.03  2.135***  0.41 

NDMA  334.249  235.01  0.355***  0.02  0.422  0.23 

NCRB  364.130*  166.42  0.375***  0.02  0.401*  0.18 

Hindu  417.142**  134.06  0.498***  0.02  0.542***  0.15 

Average  561.826**  159.41  1.069***  0.02  1.458***  0.36 

* p<0.05, ** p<0.01, *** p<0.001 

Table 7.13: Regression coefficients for excess heat deaths per °C rise in minimum summer 

temperatures (alternative specification) 

  Estimates:   OLS  Poisson  Negative Binomial 

  β  SE  β  SE  β  SE 

GBD Value  2099.997**  732.67  0.142***  0.00  0.143**  0.05 

GBD Upper Limit  2807.064**  955.19  0.151***  0.00  0.153**  0.05 

GBD Lower Limit  95.153  102.63  0.018*  0.01  0.018  0.02 



   114

Embdat  993.572*  396.25  2.009***  0.03  2.613***  0.69 

Chaudury  760.877**  206.97  2.750***  0.04  2.364***  0.68 

Akhtar  925.970***  186.04  2.875***  0.03  2.678***  0.50 

NDMA  726.955*  271.03  0.777***  0.02  0.883***  0.25 

NCRB  509.987*  190.97  0.554***  0.03  0.576**  0.20 

Hindu  631.793***  159.84  0.748***  0.02  0.784***  0.18 

Average  981.952***  175.64  1.926***  0.02  2.314***  0.38 

* p<0.05, ** p<0.01, *** p<0.001 

Table 7.14: Regression coefficients for excess heat deaths per °C rise in mean annual temperatures 

  Estimates:   OLS  Poisson  Negative Binomial 

  β  SE  β  SE  β  SE 

GBD Value  2744.638***  732.18  0.183***  0.01  0.188***  0.05 

GBD Upper Limit  3545.458**  968.79  0.189***  0.00  0.193***  0.05 

GBD Lower Limit  268.092*  99.58  0.050***  0.01  0.050**  0.02 

Embdat  235.644  467.67  0.462***  0.03  1.056  1.14 

Chaudury  753.448*  281.55  3.201***  0.06  2.330**  0.81 

Akhtar  668.511*  255.57  2.495***  0.05  2.499***  0.67 

NDMA  344.877  337.25  0.360***  0.02  0.415  0.33 

NCRB  64.460  290.99  0.069  0.04  0.058  0.27 

Hindu  333.286  211.31  0.392***  0.02  0.404  0.24 

Average  710.666***  220.29  1.296***  0.02  2.053***  0.51 

* p<0.05, ** p<0.01, *** p<0.001 

Table 7.15: Regression coefficients for excess heat deaths per °C rise in maximum annual 

temperatures 

  Estimates:   OLS  Poisson  Negative Binomial 

  β  SE  β  SE  β  SE 

GBD Value  2407.566**  668.96  0.161***  0.00  0.165***  0.04 

GBD Upper Limit  3102.226**  885.66  0.166***  0.00  0.170***  0.05 

GBD Lower Limit  261.269**  87.45  0.048***  0.01  0.049**  0.02 

Embdat  6.559  448.55  0.013  0.03  0.028  1.08 

Chaudury  484.119  248.71  1.947***  0.05  1.833*  0.76 

Akhtar  485.586*  233.79  1.780***  0.04  2.058**  0.66 

NDMA  223.681  306.26  0.236***  0.02  0.266  0.30 

NCRB  64.212  262.52  0.068*  0.03  0.059  0.25 

Hindu  254.308  193.67  0.301***  0.02  0.307  0.22 

Average  537.969*  211.46  1.014***  0.02  1.557**  0.50 

* p<0.05, ** p<0.01, *** p<0.001 
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Table 7.16: Regression coefficients for excess heat deaths per °C rise in minimum annual temperatures 

  Estimates:   OLS  Poisson  Negative Binomial 

  β  SE  β  SE  β  SE 

GBD Value  3003.054***  797.55  0.200***  0.01  0.205***  0.05 

GBD Upper Limit  3890.704**  1053.68  0.206***  0.01  0.212***  0.05 

GBD Lower Limit  254.951*  112.37  0.047***  0.01  0.048*  0.02 

Embdat  426.171  441.37  0.853***  0.03  1.760  0.94 

Chaudury  868.568**  281.66  3.952***  0.07  2.598**  0.83 

Akhtar  750.281**  256.15  2.856***  0.05  2.672***  0.66 

NDMA  493.671  362.58  0.510***  0.02  0.599  0.36 

NCRB  60.403  318.21  0.065  0.04  0.055  0.30 

Hindu  421.970  225.95  0.491***  0.03  0.517*  0.26 

Average  791.212***  213.79  1.490***  0.02  2.326***  0.48 

* p<0.05, ** p<0.01, *** p<0.001 

Table 7.17: Regression coefficients for excess heat deaths per °C change in annual temperature range 

(maximum of maximum – minimum of minimum) 

  Estimates:   OLS  Poisson  Negative Binomial 

  β  SE  β  SE  β  SE 

GBD Value  378.861  369.07  0.026***  0.00  0.025  0.02 

GBD Upper Limit  497.383  484.19  0.027***  0.00  0.027  0.02 

GBD Lower Limit  ‐1.276  46.57  ‐0.000  0.00  ‐0.000  0.01 

Embdat  237.908  162.03  0.464***  0.01  0.680*  0.29 

Chaudury  92.770  79.30  0.406***  0.02  0.685*  0.34 

Akhtar  136.327  91.41  0.496***  0.01  0.681*  0.29 

NDMA  192.383  140.69  0.210***  0.01  0.184  0.12 

NCRB  71.749  91.37  0.077***  0.01  0.072  0.09 

Hindu  161.269  96.11  0.199***  0.01  0.173  0.10 

Average  152.375  85.73  0.303***  0.01  0.401*  0.19 

* p<0.05, ** p<0.01, *** p<0.001 



   116

Figure 7.24: Influence diagram of decision model. 
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Table 7.18: Mid, later, and end of century temperature related excess death direct cost estimates (in 

billions) for five population growth scenarios on RCP 8.5 using US VSL estimates ($9.631 million) 

  Temperature related excess death direct cost estimates for RCP 8.5 

2025  2050  2075  2100 

Lower 95 PI  $419,430,050,000 $541,069,580,000 $589,802,440,000  $469,607,560,000

Lower 80 PI  $424,534,480,000 $571,985,090,000 $660,205,050,000  $571,696,160,000

Median  $433,683,930,000 $627,652,270,000 $807,559,350,000  $809,389,240,000

Upper 80 PI  $442,544,450,000 $685,534,580,000 $977,546,500,000  $1,099,860,200,000

Upper 95 PI  $446,974,710,000 $717,702,120,000 $1,087,339,900,000  $1,308,852,900,000

 

 

Table 7.19: Mid, later, and end of century temperature related excess death direct cost estimates for 

five population growth scenarios on RCP 8.5 using India VSL estimates ($0.275 million) 

  Temperature related excess death direct cost estimates for RCP 8.5 

2025  2050  2075  2100 

Lower 95 PI  $11,976,250,000 $15,449,500,000 $16,841,000,000  $13,409,000,000

Lower 80 PI  $12,122,000,000 $16,332,250,000 $18,851,250,000  $16,324,000,000

Median  $12,383,250,000 $17,921,750,000 $23,058,750,000  $23,111,000,000

Upper 80 PI  $12,636,250,000 $19,574,500,000 $27,912,500,000  $31,405,000,000

Upper 95 PI  $12,762,750,000 $20,493,000,000 $31,047,500,000  $37,372,500,000

 

   



   118

Table 7.20: Sensitivity analysis for variables affecting heat deaths 

(‘000)  Temperature related excess deaths on RCP 8.5 and  
median population projections (see table 3.3) 

  2025  2050  2075  2100 

1% increase in:         

Population 45.48 65.83 84.68  84.88

Death Rates 45.48 65.83 84.68  84.88

Temperatures 45.48 65.83 84.68  84.88

Upper and lower bounds of:   

GBD upper (0.10) 47.40 68.60 88.26  88.46

GBD lower (0.02) 8.91 13.72 17.65  17.69

ER function upper CI (0.1630023) 77.26 111.80 143.90  144.20

ER function lower CI (0.0269517) 12.77 18.49 23.79  23.84

Temperature upper bound (4.8 ºC) 58.41 84.55 108.8  109.0

Temperature lower bound (2.6 ºC) 31.64 45.80 58.92  59.05

 

No increase  45.03 65.17 83.85  84.04
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