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EXPANDING HEAT RESILIENCE 
ACROSS INDIA: HEAT ACTION 
PLAN HIGHLIGHTS 2022
As climate change fuels more frequent, intense, and longer 
heat waves, record-breaking, brutally hot weather is 
already a major health threat for vulnerable communities 
in India and other parts of the world.1 Heat stress refers to 
physiological ailments and symptoms caused by exposure 
to high temperatures and often humidity. Heat stress 
already affects 68 million people worldwide as of 2021.2 
New analysis finds that if global temperatures increase 
by 2°C (3.6°F) over pre-industrial levels, a billion people 
will endure extreme heat stress.3 This finding underscores 
the importance of limiting global warming relative to pre-
industrial temperatures to less than 2°C, and preferably 
to 1.5°C as outlined in the Paris Agreement; 1.0°C of 
warming has already occurred.4 The India Meteorological 
Department (IMD) in its annual Seasonal Outlook for 2022 
forecast a higher probability of heat waves occurring over 
west-central and some parts of northwest India.5 Heat 
Action Plans (HAPs) are essential to protect communities 
and save lives from extreme heat. Drawing lessons from 
Ahmedabad’s groundbreaking 2013 Heat Action Plan, city, 
state, and national-level authorities in India are ramping 
efforts up to implement extreme heat warning systems 
and preparedness plans.6 This factsheet presents the 
most recent highlights on heat resilience for the 2022 heat 
season in India, typically extending from March to June. In 
March 2022, large parts of western and central India have 
already touched 40° C, and many cities are facing severe 
heat waves (Figure 1).7 

HEAT ACTION PLANS (HAPs) 
BUILD RESILIENCE AND PROTECT 
COMMUNITIES 

HAPs are comprehensive extreme heat early warning 
systems and preparedness plans. Key objectives of HAPs 
include improving public awareness and community 
outreach; facilitating interagency coordination; 

context-specific capacity building among health care 
professionals; reducing heat exposure; and promoting 
adaptive measures.

Ahmedabad’s HAP was the first plan in India and South 
Asia.9 A study estimated that Ahmedabad, one of India’s 
largest cities, avoided approximately 1,190 deaths a year 
after implementing its HAP in 2013.10 City, state, and 
national level authorities continue to draw lessons from it 
as they ramp up implementation of extreme heat warning 
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Figure 1: Extreme Heat in March – a Map of Maximum 
Temperatures Over Indian States on March 31, 2022.8

Note: IMD declares a heat wave when the maximum temperature 
exceeds 40°C in a region with low elevation or when temperatures 
reach at least 4.5°C above the normal average temperature. IMD 
declares a severe heat wave if the departure from normal temperature 
exceeds 6.4°C (Source: India Meteorological Department, 2022).
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systems and preparedness plans.11 The Ahmedabad 
HAP was highlighted as a leading example of urban heat 
adaptation in the recent Intergovernmental Panel on 
Climate Change (IPCC) Working Group II report on climate 
impacts and adaptation.12 

India’s national government is working with 23 heat wave 
prone states (Figure 2) and over 130 cities and districts to 
develop and implement HAPs across the country.13 Natural 
Resources Defense Council (NRDC) and Public Health 
Foundation of India (PHFI) - Indian Institute of Public 
Health-Gandhinagar (IIPH-G) are working together to help 
develop, launch, and implement HAPs.

NATIONAL LEADERSHIP

The IMD and the National Disaster Management Authority 
(NDMA) lead India’s efforts to prepare for and respond 
to heat waves. NDMA and IMD have been working with 
23 out of India’s 28 states that have been identified as 
heat wave prone to develop heat action plans. NDMA 
has organized national level annual workshops with 
key stakeholders – state and city administrators, state 
disaster management authorities, academic institutions 
and civil society groups working in the area since 2017. In 
2019, NDMA updated its Heat Guidelines, which provide 
a roadmap for states and cities to develop HAPs.14 The 
guidelines, first published in 2016, included a new focus on 
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the role of the built environment. For example, cool roofs 
offer a simple and cost-effective solution to urbanization 
challenges. Cool roof surfaces, painted with solar reflective 
paint, covered in tiles, or with white membranes, are better 
at reflecting sunlight and absorb less heat.15 Ahead of the 
2021 heat season, NDMA encouraged cities to implement 
cool roofs as part of their HAPs to minimize heat wave 
impacts, accelerate access to affordable, sustainable 
cooling through rapid cool roof deployment, and scale and 
institutionalize implementation of cool roofs.16

As leaders prepare for the 2022 heat season, NDMA held 
a virtual national workshop on prevention, preparedness, 
mitigation, and management of heat waves in March 
2022. The annual workshop brought together academic 
researchers, policy makers, national-level ministries, non-
governmental organizations (NGOs), inter-governmental 
organizations (IGOs), state governments, and other 
stakeholders to discuss ways to tackle heat-related issues. 
The goal is for no Indian to suffer and die prematurely 
from extreme heat. This will be challenging in a warming 
world, given the alarming projections from the new IPCC 
report. Absent transformative changes in our global energy 
system, there will be worsening wildfires, floods, coastal 
storms, heat waves, air pollution episodes, and infectious 
disease outbreaks.17 Leaders need to further prepare India 
for a hotter future by addressing the heat resilience of the 
built environment and focusing on health protections for 
heat-vulnerable groups, including the elderly, pregnant 
women, the poor, and those with reduced access to green 
spaces.18 In cities, the ‘heat island’ effect, whereby building 
materials and paved surfaces retain and then re-radiate 
the sun’s heat, can increase urban heat health risks even 
further.19 Long-term urban planning is necessary to save 
lives and keep communities healthy. There should also 
be location-specific studies as well as further research in 
lower-income countries.

NDMA is currently supporting two studies in India 
to strengthen adaptation and build community-level 
resilience to extreme heat. The first study is working to 
identify and map the exposure of vulnerable populations 
to extreme heat, which will enable targeted approaches 
to reach them. The Indian Institute of Public Health, 
Hyderabad (IIPHH) is conducting the study in two 
cities – Hyderabad and Kolkata, across representational 
climatic conditions-and expects it to conclude in 2022. 
Although sections of the population susceptible to heat 
have been identified, improving granular identification 
and mapping of vulnerable groups in consultation with 
representatives of these vulnerable groups will guide 
policy recommendations to address the groups’ needs, 
and help in developing measurable policy targets and 
appropriate communication strategies. 

The second study supported by NDMA is assessing the 
effectiveness of India’s HAPs and reviewing international 
HAP best practices. The Visvesvaraya National Institute of 
Technology, Nagpur is conducting the study and expects 
it to conclude in 2022. The goal of this study is to clearly 
identify the components of a “model HAP,” including 
four intervention areas: meteorological, epidemiological, 
public health, and urban/regional planning. This study has 
finished reviewing all HAPs across India and 46 HAPs from 
Bangladesh, Afghanistan, and Nepal as well as countries 
in North America and Europe. The study has preliminarily 
identified that the lack of focused hot-spot based 
interventions as well as changes in land-use planning, 
and implementation of HAPs are major shortcomings. 
This research can help cities develop context-specific 
HAPs that better adapt existing HAP models. The findings 
and recommendations from both studies will then be 
incorporated into the heat action planning activities of 
NDMA and state disaster management agencies (SDMAs).  

NDMA, IMD, and IIPHG previously helped develop a 
report, the first of its kind, on city-specific heat wave 
temperature thresholds for heat-related health hazards 
across 103 cities across India.20 Further insights come 
from IMD Seasonal Outlooks, which are vital as they give 
communities lead time to prepare for extreme heat. This 
helps the states to take appropriate measures in mitigating 
the adverse health impacts of extreme heat exposure. IMD 
issues temperature forecasts and warnings in the following 
ranges: short to medium range (lead time/validity of 1 to 
5 days); extended range (lead time/validity up to 4 weeks); 
and seasonal range (lead time/validity up to 3 months).21

The IMD forecast has evolved into a well-structured 
temperature forecast and heat wave warning/advisory 
system, starting from seasonal (valid for the heat season – 
March to June, issued on March 1st annually) to extended 
range fortnightly to five-day state/met subdivisions to 
cities. IMD uses a three-tier structure for issuing heat 
early warnings at the national, regional, and local levels.22 
The daily five-day forecast is critical to interagency 
coordination, allowing for planning and preparation to 
ensure water availability and stocking of icepacks and 
oral rehydration solutions in clinics. IMD and the regional 
meteorological offices provided five-day forecasts of daily 
maximum temperatures to over 350 cities in 2021, an 
increase from 100 in 2016. 

In the summer of 2021 IMD introduced new services, in 
which the IMD website shared maximum temperatures 
and heat waves observed in real-time through an online 
map. IMD issued expanded impact-based heat wave 
warning bulletins that forecast minimum temperatures, 
humidity, and wind speeds twice per day. Humidity is an 
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important factor because high humidity limits the loss 
of heat from the human body via perspiration, making 
hot days even more dangerous.23 In 2021, IMD also 
started issuing forecasts for “warm or very warm nights”- 
considered when the daytime maximum temperature is 
more than 40 °C and the minimum temperature is 4.5 °C 
higher than normal (6.4 °C higher for very warm nights). 
Warm nights are indicative of high heat retention and 
may be correlated to urban heat island effects.24 The 
information generated was available on a dedicated page 
on IMD’s website.25 

In 2021, IMD moved from a simple to impact-based early 
warning system, which includes an estimated impact of 
extreme heat on human health, including for vulnerable 
groups. IMD has introduced geographic information 
system (GIS) tools for dissemination to states, including 

an interactive GIS map for both heat waves and warm 
nights.26 IMD recently announced that it has mapped 
vulnerability to heat waves at a district-level, for the heat 
prone states identified nationally.27 The national highway 
and railway networks have also been included for targeted 
early heat warnings, where the heat wave forecast is 
communicated to specific nodes and administrators 
for each of these transport networks. For local and state 
governments to consider the impact of relative humidity 
during heat waves, IMD is providing 12-hourly relative 
humidity forecasts from March to June. The impact of 
heat waves becomes more severe with an increase in the 
relative humidity.28 In 2020, IMD launched its Mausam 
Mobile App to communicate forecasts more easily to the 
public. Warnings in the app include IMD alerts and severe 
weather forecasts.29 

Hydration Stations in Ahmedabad, Part of the City’s Local Efforts to Respond to Extreme Heat.

(Source: Natural Resources Defense Council, 2017).
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HIGHLIGHTED STATE LEADERSHIP 

Across India, extreme temperatures are becoming more 
frequent, and are occurring in geographies that do not 
have a history of heat waves, such as Himachal Pradesh 
and Kerala.30 As many as 23 States were affected by heat 
waves in 2019, up from 19 in 2018.31 

 ANDHRA PRADESH

Andhra Pradesh continues to step up efforts to combat 
extreme heat. Key aspects of the state’s HAP include 
reducing heat-related morbidity and deaths by issuing 
heat-health warnings, with particular emphasis on 
vulnerable groups, and raising awareness among the 
public and health workers.32 Based on IMD’s seasonal 
outlook, the state identified its high risk and vulnerable 
areas. Andhra Pradesh focuses on communication to 
a range of media. For example, the state launched an 
awareness campaign to inform citizens to avoid peak 
heat times between 11 am and 5 pm and to take extra 
precautions for pregnant women in rural areas.  In the case 
of extreme heat, school times will be adjusted or cancelled. 
Several of the districts distributed oral rehydration salts 
(ORS) to commuters and made drinking water available 
in public places. The state has 1,168 automatic weather 
stations – approximately one for every hundred square 
kilometers – to better monitor heat conditions.33 Andhra 
Pradesh appoints nodal officers, government officers who 
take the lead in coordination of administrative municipal 
heat responses and alerts, when called, at the district and 
mandal levels. The state has a strong early warning system 
and disseminates the warnings to districts, mandals, and 
villages. Andhra Pradesh also uses maps and GIS tools for 
dissemination. Going forward, the state will continue to 
raise public awareness, establish communication links 
between state departments and the fields, and utilize 
online emergency operations center applications/tools. 
Regarding forecasting, Andhra Pradesh may use European 
Centre for Medium-Range Weather Forecasts (ECMWF) 
to support its weather forecasts. It is also considering 
introducing nighttime temperature forecasts, wind speed 
and direction, and soil types (for impact on agriculture) 
into heat wave forecasts, and having special forecasts for 
describing heat-health risks among animals and birds.  

 BIHAR

The Bihar State Disaster Management Authority (BSDMA) 
co-organized the “National Webinar on Preparedness, 
Mitigation & Management of Heat Wave for 2022” with 
NDMA. Bihar can experience droughts and floods 
simultaneously.34 Fire incidents can also occur; as a state 
with a large forest area, Bihar is considered highly prone 

to forest fires.35 It is resource challenged, given its smaller 
land size yet dense population. The local government 
is responsible for identification of extremely heat 
vulnerable areas, procuring water from private sources, 
incident reporting, running information and education 
campaigns, and implementing mock drills for slum areas 
and farmers. To build heat resilience, the state is working 
to increase its green coverage, which can reduce the 
urban heat island effect.36 For example, new road projects 
must plant and maintain trees. Protecting livestock is a 
key focus of the Bihar HAP.37 The Bihar HAP has 16 key 
stakeholders and starts annual preparation in January. 
The Chief Minister monitors the HAP. BSDMA focuses on 
protecting the heat-vulnerable and has an early warning 
system. Through spatial analysis, Bihar is attempting to 
identify heat wave prone districts. The state has worked to 
develop a mass text messaging system on heat advisories; 
the early warning system can reach a million people at 
once. Bihar has a disaster awareness program for children 
that includes heat waves. This year, HAP awareness 
will also involve hyperlocal dugdugis (drum beating) 
announcements in villages.  

Previously planned efforts by the state during heat 
season include information dissemination on heat waves 
using various forms of media; close coordination with 
IMD officials in affected regions; holding orientation 
and training programs, with the health department, for 
stakeholders such as hospital staff and district disaster 
management authority officials; implementing timed 
office closings by changing working hours for laborers 
under government schemes, closing markets in the 
afternoon, and constructing permanent roof structures 
in markets; adding sprinklers for cool mist on railway 
platforms, having ice bags available at health centers, and 
possibly making rainwater harvesting compulsory; using 
light colors in government buildings, schools, offices, 
and housing societies; and increasing drinking water and 
public shelter spots.

The state is also focusing on long-term measures to 
address climate change, and with the support of the UN 
Environment Program (UNEP), will pursue a climate 
resilient and low-carbon development pathway. This 
increases the capacity of Bihar’s government departments 
to deal with climate-related issues. The state’s ongoing Jal 
Jeevan Hariyali program aims to combat climate change, 
increase conservation, and preserve water resources.38 

 GUJARAT

Ahmedabad, in the western state of Gujarat, has been the 
leading city in India for its work on building resilience 
against extreme heat.39 Ahmedabad’s HAP serves as a 
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template for many cities and states across India, and 
internationally.40 The Gujarat State Disaster Management 
Authority (GSDMA) prepared a Gujarat State Action Plan 
for Prevention and Mitigation of Heat Wave 2020, as per 
the 2019 NDMA guidelines.41 As part of its HAP, Gujarat 
created detailed district, taluka, and village-level HAPs, 
which included mapping responsibilities to specific 
administrative line departments, according to the alert 
level. Long-term state plans include adopting cool roof 
technology and carbon neutrality for all buildings, to 
avoid adding new climate-warming emissions to the 
atmosphere, and to continue reducing heat-related illness. 
Cool roofs are one of the simplest and most cost-effective 
ways to fight the heat; they can help maintain lower indoor 
temperatures than traditional roofs, reduce dependence 
on air conditioners, and mitigate the urban heat island 
effect.42 The HAP will be integrated into Gujarat’s action 
plan on climate change. 

The Gujarat Institute of Disaster Management (GIDM) 
developed a training module, “Extreme Heat Prevention 
and Management,” which can be used by participants 
to protect people's health from extreme heat during 

summers.43 The training module is available in Gujarati. 
GIDM recently developed and released a comic book to 
raise awareness on heat waves for children (Figure 3), 
available in both English and Gujarati. 44

 MAHARASHTRA 

With the first regional HAP developed in India for the 
Nagpur area in 2016, Maharashtra went on to develop 
a statewide HAP in 2017.45 The Nagpur Municipal 
Corporation updated its HAP in 2019 from the original 
plan developed in 2016, along with five neighboring 
districts. The HAP consists of heat mitigation measures in 
accordance with the guidelines issued by NDMA. The HAP 
identified slum-dwellers, street-dwellers, laborers, and 
rickshaw-pullers as the most vulnerable groups as they are 
exposed to extreme heat on a regular basis.46 This year with 
heat wave conditions facing Mumbai and neighboring 
districts, the Brihanmumbai Municipal Corporation 
(BMC) appealed to citizens to stay safe and hydrated and 
avoid going out in the afternoon especially between 12 
noon and 3 pm to prevent a serious ailment or death due 
to heat stroke.47 The BMC is also suggesting that people 

Figure 3: Comic Book to Raise Awareness on Heat Waves for Children.

(Source: Gujarat Institute of Disaster Management, 2022).44
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carry water while going out in the afternoon; drink water 
regularly, even if not thirsty; avoid strenuous activities 
outside; avoid tea, coffee, soft drinks, high-protein and 
stale food; take oral rehydration salts and homemade 
drinks like lassi, torani (rice water), lemon water and 
buttermilk that help to rehydrate the body; use a hat or an 
umbrella; use a damp cloth on head, neck, face, and limbs 
if working outdoors; use fans; and bathe in cold water 
frequently.

Five major cities in Maharashtra, including Mumbai, are 
implementing Climate Action Plans to adapt, mitigate, and 
build resilience to climate change.48 The plans will focus 
on sustainable transport, green energy and buildings, 
air quality, improving green cover, water, and waste 
management. Mumbai’s climate plan proposes several 
ways to deal with rising heat: increase green cover, set up 
warning systems and cooling centers in vulnerable areas, 
and adopt new building design policies. It recommends 
increasing vegetation cover and permeable surface by 
30 to 40 percent by 2030 and increasing per capita open 
space from the current 1.8 square meters to 6 square 
meters by 2040 in an equitable way.49 Mumbai also recently 
announced that it is aiming to reach net-zero emissions 
by 2050, making it the first city in South Asia to set such a 
timeline and 20 years ahead of India’s current target.50 

 ODISHA

Odisha continues as a pioneer in disaster preparedness 
in India, from cyclones to heatwaves. Building on its 2015 
HAP, the Odisha State Disaster Management Authority 
(OSDMA) tackles heatwaves through an early warning 
system that considers both temperature and humidity 
levels to issue heat alerts.51 A state-level preparatory 
meeting on heatwave management is held annually by the 
chief secretary of the state administration and involves key 
departments and stakeholders. OSDMA issues directives 
to key departments to prepare and take precautionary 
measures and disseminate alerts and warnings to 

institutions and the public once heat alerts are received 
from IMD. OSDMA coordinates awareness campaigns 
and information, education, and communication (IEC) 
actions. Temperature forecasts and heat alerts are sent 
as bulk messages on mobile phones, including to the 
media for wider broadcast. Electronic screens at busy 
traffic intersections and marketplaces display warnings 
and heat information. Odisha developed a website and a 
mobile phone app that provides heat alerts and helps users 
identify, via maps, heat shelters and drinking water sources 
along highways. To build capacity among healthcare 
workers, Odisha has set up dedicated sections in hospitals 
to provide treatment for heat-related illness and increases 
staffing during heat alerts. OSDMA also facilitates capacity 
building for stakeholders and involves civil society 
organizations in awareness-building activities.

OSDMA conducts studies to identify threshold 
temperatures for different cities and regions in the 
state.52 Given Odisha’s distinct geophysical regions, it is 
important to determine region-specific thresholds that 
combine temperature and humidity, which together cause 
heat wave-related morbidity and consequent mortality. 
According to OSDMA, there is also the need to assess 
community vulnerability and then to design preparedness 
and cooling strategies.

For 2022, the state government decided to restrict public 
transport services during peak hours of the summer 
season to ensure passengers do not face health issues 
due to the heat.53 OSDMA announced that the timing of 
public transport services will be rescheduled so that bus 
travel during peak heat wave hours between 11 am and 3 
pm is restricted. The Chief Secretary also directed districts 
to raise check dams using sand-packs in small streams, 
to store water near tube wells and sanitary wells for stray 
animals and birds, and to urge all households both in 
rural and urban areas to keep water pots available for the 
animals.54
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COMBATTING HEAT IN CITIES AND 
DISTRICTS ACROSS INDIA

In addition to state and national efforts, HAPs led by city 
officials are vital in protecting local communities. City 
leaders have a clear mandate to protect residents and can 
employ local means of communication to reach the public. 
Municipal corporations can design programs tailored 
to their communities as well as provide early planning, 
coordination, capacity building, surveillance, and longer-

term measures to combat the heat island effect and 
climate change. City leaders are often charged with issuing 
and disseminating public health-based heat alerts in 
association with a color-coded early warning system while 
the IMD issues “heat wave warnings” that are more rooted 
in meteorological definitions of various extreme heat 
levels. IMD looks to city and regional governments to issue 
more health communication-based “heat alerts” and for 
them to use their meteorological forecasts to strengthen 
community heat resilience.

Figure 4: Color Code Signals for Heat Alert and Suggested Actions.

(Source: India Meteorological Department Standard Operating Procedure - Weather Forecasting and Warning Services, 2021).

Colour Code Alert Warning Impact Suggested Actions

Green (Noactlon) NormalDay Maximum temperatures 
are near nomal.

Comfortable 
temperature. No 
cautionary action re  
ulred.

Nil

Yellow Alert (Be 
updated)

Heat Alert Heat wave conditions 
at isolated pockets 
persists on 2 days

Moderate temperature 
Heat is tolerable for 
general public but 
moderate health 
concern for vulnerable 
people e.g. infants, 
elderly, people with 
chronic diseases

• Avoid heat exposure.
• Wear lightweight, light 

coloured, loose, cotton 
clothes.

• Cover your head: Use a 
cloth, hat or umbrella

Orange Alert (Be 
prepared)

Severe Heat Alert for the 
day

(i) Severe heat wave 
conditions persists 
for 2 days

(ii) Through not severe, 
but heat wave 
persists for 4 days 
or more

High temperature. 
Increased likelihood  of 
heat illness symptoms 
in people who are 
either exposed to sun 
for a prolonged period 
or doing heavy work. 
High health concern for 
vulnerable people e.g. 
infants, elderly people 
with chronic  hydrated 
diseases.

• Avoid heat conditions  
exposure- keep cool. 
Avoid dehydration.

• Drink sufficient water- 
even if not thirsty. 

• Use ORS, homemade 
drinks like lassi, torani 
(rice water), lemon water, 
buttermilketc. to keep 
yourself hydrated

Red Alert (Take 
Action)

Extreme Heat Alert for 
the day

(i) Servere heat wave 
persists for more 
than 2 days.

(ii) Toral number 
of heat/severe 
heat wave days 
exceeding 6 days.

Very high likelihood of 
developing heat illness 
and heat stroke in all 
ages

Extreme care needed for 
vulnerable people.
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KEY ELEMENTS OF HEAT ACTION PLANS

An effective HAP requires a combination of strong local leadership, interagency coordination, scientific expertise, broad 
communication strategies, and community engagement. Locally developed plans can be tailored to local conditions; while one size 
does not fit all, the HAPs in India have common features that are important to protecting communities from extreme heat.55  The 
five core elements are:

1. COMMUNITY OUTREACH TO BUILD PUBLIC AWARENESS

 • Locally developed and scientifically supported IEC pamphlets, hoardings/billboards, and videos to inform people on how 
to protect themselves from extreme heat.

 • Social media channels, bulk text messages, emails, radio, and mobile applications such as WhatsApp, aiming to reach 
the public.

 • Special efforts to reach vulnerable populations through focused sessions and direct communication by health care 
professionals in local clinics, ambulance service, and urban health centers.

2. EARLY WARNING SYSTEMS TO ALERT RESIDENTS AND INTER- AGENCY COORDINATION

 • Early warning systems (such as color-coded alert categories as shown in Figure 4) that correspond to increasing heat-
health levels/ the severity of an expected heat-hazard trigger a joint response by the relevant city and state authorities 
during extreme heat and alerts residents. For example, the Ahmedabad HAP uses a simple, color-coded, early warning 
“heat alert” system that alerts residents and city offices of predicted high and extreme temperatures.56

 • Formal communication channels to alert state and city government agencies, including health officials and hospitals, 
emergency responders, local community groups, media outlets and other key stakeholders – with an identified nodal officer.

 • Standard operating procedures (SOPs) for activities before, during and after heat season for each department to 
successfully implement a HAP that identify and define responsibilities of government departments.

3. CAPACITY BUILDING AMONG HEALTHCARE PROFESSIONALS

 • Special training modules for health staff in urban health centers.

 • Training programs for private general medical practitioners to equip first responders with knowledge of effective diagnosis 
and first-aid treatment for heat- related illnesses.

 • List of “Do’s and Don’ts” with help of local health professionals and disseminate to public through effective use of various 
media (print and social media, radio stations, TV ads).

4. ADDRESSING VULNERABLE GROUPS

 • Focused efforts, such as awareness and drinking water, for children, elderly people, people exposed to prolonged periods 
of extreme heat due to their profession (e.g., construction workers, farmers, traffic police), who are more vulnerable to 
extreme heat.

 • Affordable space cooling solutions and health care for vulnerable groups.

 • Adaptive measures, such as cool roofs for vulnerable communities.

5. IMPLEMENTING ADAPTIVE MEASURES

 • Communication on response methods, including drinking water, cooling centers, gardens, and shade spaces during 
extreme heat days.

 • Land use strategies to reduce the urban heat island effect, including green infrastructure, cool roofs, trees, and 
vegetation, and increasing green spaces.

 • Streamlining traffic and congestion reduction policies and strategies.
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INTEGRATED RESEARCH AND ACTION FOR DEVELOPMENT

Integrated Research and Action for Development (IRADe) has developed and implemented climate adaptive HAPs through extensive 
studies on mapping heat-vulnerable populations and heat islands in the cities of Delhi, Bhubaneshwar, and Rajkot.57 IRADe, along 
with the South Asia Heat Health Information Network (SAHHIN), have developed a toolkit to act as a platform to promote scientific 
interventions, prepare action plans and empower capacity building among stakeholders for South Asian countries. They have also 
organized several masterclasses and conducted medical stakeholder trainings.58 The Global Heat Health Information Network 
(GHHIN) also offers heat-health masterclasses.59 In 2020, IRADe collaborated with the local and state governments of the cities of 
Delhi, Rajkot, and Bhubaneswar to raise awareness and inform stakeholders on the impact of heat stress. Awareness activities in 
all three cities included highlighting the need for cool roofs to improve indoor thermal comfort during extreme heat, and the covering 
or shading of rooftops.

NEW RESEARCH ON EXTREME HEAT VULNERABILITY

Researchers from Mamta-Health Institute for Mother and Child, IIPH-PHFI-Bhubaneswar, Administrative Staff College of India, 
and PHFI-Gurugram conducted a heat vulnerability study across four cities.60 This study included 500 households from each 
city: from Ongole in Andhra Pradesh, Karimnagar in Telangana, Kolkata in West Bengal, and Angul in Odisha. It assessed 
the extreme heat vulnerability of the population of the four different cities. The study assessed the multidimensional heat 
vulnerability index for each household to estimate the magnitude of their vulnerability to extreme heat and heat waves. A heat 
vulnerability index can help identify vulnerable populations and prepare vulnerability maps. 

The study considered factors including, but not limited to, house and roof type, time spent outside, water shortages, power 
cuts, education, income, having hypertension and/or diabetes, water body access, and the ability to reduce time outside and 
drink more water during the summer. 

Most of the households fell under moderate to high heat vulnerability levels across all the cities. Angul had the maximum 
share of households that were vulnerable to extreme heat, followed by Kolkata, Karimnagar and Ongole. Analysis revealed that 
household vulnerability is more significantly related to adaptive capacity than sensitivity and exposure. At the regional level, 
the urban households in the southern part of India have a relatively lower overall heat vulnerability as compared to those in the 
eastern belt of the country. This is because both exposure and sensitivity are comparatively lower among the urban households 
of the southern cities, even though their adaptive capacity to counter extreme heat is lower in southern cities, as compared to 
those in eastern cities.

Students are Vulnerable to Extreme Heat. 

(Source: NRDC).



Endnotes

1 IPCC, 2022: Summary for Policymakers [H.-O. Pörtner, D.C. 
Roberts, E.S. Poloczanska, K. Mintenbeck, M. Tignor, A. 
Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. 
Okem (eds.)]. In: Climate Change 2022: Impacts, Adaptation, 
and Vulnerability. Contribution of Working Group II to the 
Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. 
Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, 
S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. Cambridge 
University Press. In Press. 

2 UK Met Office, One Billion Face Heat-Stress Risk From 2°C 
Rise, November 2021, https://www.metoffice.gov.uk/about-
us/press-office/news/weather-and-climate/2021/2c-rise-to-
put-one-in-eight-of-global-population-at-heat-stress-risk.

3 UK Met Office, One Billion Face Heat-Stress Risk From 2°C 
Rise, November 2021, https://www.metoffice.gov.uk/about-
us/press-office/news/weather-and-climate/2021/2c-rise-to-
put-one-in-eight-of-global-population-at-heat-stress-risk.

4 UK Met Office, One Billion Face Heat-Stress Risk From 
2°C Rise, November 2021, https://www.metoffice.gov.uk/
about-us/press-office/news/weather-and-climate/2021/2c-
rise-to-put-one-in-eight-of-global-population-at-heat-stress-
risk; UNFCCC, The Paris Agreement, accessed March 22, 
2022, https://unfccc.int/process-and-meetings/the-paris-
agreement/the-paris-agreement; NOAA, Climate Change: 
Global Temperature, August, 12, 2021, https://www.climate.
gov/news-features/understanding-climate/climate-change-
global-temperature.

5 IMD, Seasonal (March to May) and Monthly (March) 2022 
Outlook for the Temperature and Rainfall, March 1, 2022, 
https://internal.imd.gov.in/press_release/20220301_
pr_1502.pdf.

6 Ahmedabad Heat Action Plan, 2019, https://www.nrdc.org/
sites/default/files/ahmedabad-heat-action-plan-2018.pdf; 
NDMA, National Guidelines For Preparation of Action Plan – 
Prevention and Management of Heat Wave, October 2019, 
https://www.ndma.gov.in/sites/default/files/PDF/Guidelines/
heatwaveguidelines.pdf.

7 IMD, Temperature Forecast, accessed March 31, 2022, 
http://imdgeospatial.imd.gov.in/Min_Temperature/D4/index.
html#5/22.752/82.803. 

8 IMD, Temperature Forecast, accessed March 31, 2022, 
http://imdgeospatial.imd.gov.in/Min_Temperature/D4/index.
html#5/22.752/82.803. 

9 J. Hess et al., “Building Resilience to Climate Change: 
Pilot Evaluation of the Impact of India’s First Heat Action 
Plan on All-Cause Mortality,” Journal of Environmental and 
Public Health, col. 2018, article ID7973519 (8 pp.), doi.
org/10.1155/2018/7973519.

10 J. Hess et al., “Building Resilience to Climate Change: Pilot 
Evaluation of the Impact of India’s First Heat Action Plan 
on All-Cause Mortality,” Journal of Environmental and Public 
Health, col. 2018, article ID7973519 (8 pp.), doi.org/ 
10.1155/2018/7973519.

11 Shaw, R., Y. Luo, T.S. Cheong, S. Abdul Halim, S. Chaturvedi, 
M. Hashizume, G.E. Insarov, Y. Ishikawa, M. Jafari, A. Kitoh, 
J. Pulhin, C. Singh, K. Vasant, and Z. Zhang, 2022: Asia. In: 
Climate Change 2022: Impacts, Adaptation, and Vulnerability. 
Contribution of Working Group II to the Sixth Assessment 
Report of the Intergovernmental Panel on Climate Change 
[H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. 
Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. 
Möller, A. Okem, B. Rama (eds.)]. Cambridge University Press. 
In Press.

12 Knowlton, K., et al., 2014. Development and Implementation 
of South Asia’s First Heat-Health Action Plan in Ahmedabad 
(Gujarat, India. Int.J.Environ.Res. Public Health 2014, 11(4), 
3473- 3492; https://doi.org/10.3390/ijerph110403473. 
Cited in: Shaw, R., Y. Luo, T.S. Cheong, S. Abdul Halim, S. 
Chaturvedi, M. Hashizume, G.E. Insarov, Y. Ishikawa, M. 
Jafari, A. Kitoh, J. Pulhin, C. Singh, K. Vasant, and Z. Zhang, 
2022: Asia. In: Climate Change 2022: Impacts, Adaptation, 
and Vulnerability. Contribution of Working Group II to the 
Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. 
Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, 
S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. Cambridge 
University Press. In Press.

13 National Disaster Management Authority, Proceedings of 
National Webinar on Heat Wave Risk Reduction - 2021, 
January 2021, 
https://www.ndma.gov.in/sites/default/files/2021-08/
HeatWave_Workshop_2021_Final%20Proceedings.pdf.

14 National Disaster Management Authority, Notes from National 
Workshop on “Preparedness, Mitigation & Management of 
Heat Wave 2020,” December 2019, https://ndma.gov.in/
sites/default/files/2020-08/heatwave-report-dec2019.pdf.

15 NRDC, Expending Heat Resilience Across India: Highlights 
from Heat Action Plans, May 2021, https://www.nrdc.
org/sites/default/files/expanding-heat-resilience-india-
fs-20210514_0.pdf.

16 IMD, Heat Wave FAQ, accessed March 30, 2022, https://
internal.imd.gov.in/section/nhac/dynamic/FAQ_heat_wave.
pdf.

17 IPCC, 2022: Summary for Policymakers [H.-O. Pörtner, D.C. 
Roberts, E.S. Poloczanska, K. Mintenbeck, M. Tignor, A. 
Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. 
Okem (eds.)]. In: Climate Change 2022: Impacts, Adaptation, 
and Vulnerability. Contribution of Working Group II to the 
Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. 
Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, 
S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. Cambridge 
University Press. In Press. 

18 GHHIN, 10 Key Heat Health Messages from the IPCC AR6 
Report, February 2022, https://ghhin.org/news/10-key-
heat-health-messages-from-the-ipcc-ar6-report/; Shaw, 
R., Y. Luo, T.S. Cheong, S. Abdul Halim, S. Chaturvedi, M. 

https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://doi.org/10.3390/ijerph110403473


Hashizume, G.E. Insarov, Y. Ishikawa, M. Jafari, A. Kitoh, J. 
Pulhin, C. Singh, K. Vasant, and Z. Zhang, 2022: Asia. In: 
Climate Change 2022: Impacts, Adaptation, and Vulnerability. 
Contribution of Working Group II to the Sixth Assessment 
Report of the Intergovernmental Panel on Climate Change 
[H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. 
Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. 
Möller, A. Okem, B. Rama (eds.)]. Cambridge University Press. 
In Press.

19 GHHIN, 10 Key Heat Health Messages from the IPCC AR6 
Report, February 2022, https://ghhin.org/news/10-key-heat-
health-messages-from-the-ipcc-ar6-report/.

20 A. Srivastava, S. Bhan, D. Mavalankar et al., Temperature 
Thresholds Estimation Study for Heat Wave Warnings in India, 
Ahmedabad, 2019; Padmanaban, D., Specifically Tailored 
Action Plans Combat Heat Waves in India, Eos, 102, August 
2021, https://doi.org/10.1029/2021EO161871.

21 IMD, Heat Wave FAQ, accessed March 30, 2022, https://
internal.imd.gov.in/section/nhac/dynamic/FAQ_heat_wave.pdf

22 NDMA, Proceedings of National Webinar on Heat Wave Risk 
Reduction - 2021, January 2021, 
https://www.ndma.gov.in/sites/default/files/2021-08/
HeatWave_Workshop_2021_Final%20Proceedings.pdf.

23 NASA, Too Hot to Handle: How Climate Change May Make 
Some Places Too Hot to Live, March 2022, https://climate.
nasa.gov/ask-nasa-climate/3151/too-hot-to-handle-how-
climate-change-may-make-some-places-too-hot-to-live/.

24 UCAR Center for Science Education, Urban Heat Islands, 
accessed March 24, 2022, https://scied.ucar.edu/learning-
zone/climate-change-impacts/urban-heat-islands.

25 IMD, Heat Wave Guidance, accessed March 31, 2022, 
https://internal.imd.gov.in/pages/heatwave_mausam.php

26 IMD, Temperature Forecast, accessed March 31, 2022, 
http://imdgeospatial.imd.gov.in/Min_Temperature/D4/index.
html#5/22.752/82.803.

27 Notes from 2022 National Webinar on Preparedness, 
Mitigation & Management of Heat Wave.

28 NASA, Too Hot to Handle: How Climate Change May Make 
Some Places Too Hot to Live, March 2022, https://climate.
nasa.gov/ask-nasa-climate/3151/too-hot-to-handle-how-
climate-change-may-make-some-places-too-hot-to-live/.

29 IMD, “Mobile Apps Link,” IMD, accessed April 20, 2021, 
https://www.imdtvm.gov.in/index.php?option=com_ 
content&task=view&id=81&Itemid=135.

30 IMD, Seasonal (March to May) and Monthly (March) 2022 
Outlook for the Temperature and Rainfall, March 1, 2022, 
https://internal.imd.gov.in/press_release/20220301_
pr_1502.pdf; IMD, Heat Wave FAQ, accessed March 30, 2022, 
https://internal.imd.gov.in/section/nhac/dynamic/FAQ_heat_
wave.pdf; NDMA, Beating The Heat: How India Successfully 
Reduced Mortality Due To Heat Waves, accessed March 30, 
2022, https://ndma.gov.in/sites/default/files/IEC/Booklets/
HeatWave%20A5%20BOOK%20Final.pdf.

31 NDMA, Notes from National Workshop on “Preparedness, 
Mitigation & Management of Heat Wave 2020,” December 
2019, https://ndma.gov.in/sites/default/files/2020-08/
heatwave-report-dec2019.pdf; IMD, Heat Wave FAQ, accessed 
March 30, 2022, https://internal.imd.gov.in/section/nhac/
dynamic/FAQ_heat_wave.pdf.

32 Government of Andhra Pradesh, Andhra Pradesh Heat Wave 
Action Plan 2020, https://apsdma.ap.gov.in/latestupdate_
pdfs/heatwave/Heat_Wave_Action_Plan_2020.pdf. 

33 A. Jaiswal, Preparing For The Heat: Indian Cities, 2018, nrdc.
org/ experts/anjali-jaiswal/preparing-heat-indian-cities.

34 BSDMA, Drought Do’s And Don’ts, accessed March 22, 2022, 
http://bsdma.org/Know-Your-Risk.aspx?id=4.

35 Ministry of Environment, Forest & Climate Change, 
Identification Of Fire Prone Forest Areas Based On GIS 
Analysis Of Archived Forest Fire Points Detected In The Last 
Thirteen Years, 2019, https://fsi.nic.in/uploads/documents/
technical_information_series_vol1_no1.pdf.

36 Bright Vibes, How Preventing The Urban “Heat Island Effect” 
Can Help Cool Down Cities And Even Decrease Flooding, 
2021, https://www.brightvibes.com/2387/en/how-preventing-
the-urban-heat-island-effect-can-help-cool-down-cities-and-even-
decrease-flooding.

37 BSDMA, Bihar HAP, 2019, http://bsdma.org/Publication-
Reports.aspx.

38 Hindustan Times, Minister Says Bihar Environment Programme 
In Line With COP26 Agenda, November 2021, https://
www.hindustantimes.com/cities/patna-news/minister-
says-bihar-environment-programme-in-line-with-cop26-
agenda-101636798908735.html.

39 K. Knowlton et al., 2014, “Development and Implementation 
of South Asia’s First Heat-Health Action Plan in Ahmedabad 
(Gujarat, India),” International Journal of Environmental 
Research and Public Health 11 (4): 3473–92, https://doi.
org/10.3390/ijerph110403473.

40 IPCC, 2022: Climate Change 2022: Impacts, Adaptation, 
and Vulnerability. Contribution of Working Group II to the 
Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. 
Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, 
S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. Cambridge 
University Press. In Press; Shaw, R., Y. Luo, T.S. Cheong, S. 
Abdul Halim, S. Chaturvedi, M. Hashizume, G.E. Insarov, Y. 
Ishikawa, M. Jafari, A. Kitoh, J. Pulhin, C. Singh, K. Vasant, 
and Z. Zhang, 2022: Asia. In: Climate Change 2022: Impacts, 
Adaptation, and Vulnerability. Contribution of Working Group 
II to the Sixth Assessment Report of the Intergovernmental 
Panel on Climate Change [H.-O. Pörtner, D.C. Roberts, M. 
Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, 
S. Langsdorf, S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. 
Cambridge University Press. In Press.

41 GSDMA, Gujarat State Action Plan: Prevention and Mitigation 
of Impacts of Heat Wave 2020, http://www.gsdma.org/
uploads/Assets/other/gujaratstateheatwaveactionplan 
2020-2104252020024137455.pdf.



42 NRDC, Cool Roofs FAQS, March 2020, https://www.nrdc.org/ 
sites/default/files/india-cool-roofs-faq-20200527.pdf.

43 GIDM, Training Module: Extreme Heat Prevention and 
Management, 2021, https://www.preventionweb.net/
files/76725_trainingmoduleextremeheatprevention.pdf

44 GIDM, Comic Book, accessed March 22, 2022, https://gidm.
gujarat.gov.in/comic-book.

45 Indian Express, “Maharashtra, other states to follow 
Ahmedabad’s heat action plan now,” March 2017, 
indianexpress.com/article/ cities/pune/maharashtra-other-
states-to-follow-ahmedabads- heat-action-plan-now-4590265/.

46 K. Bhattacharya, Despite ESR Concerns, NMC In No Mood 
To Implement HAP This Year, April 2021, https://www.
thehitavada.com/Encyc/2021/4/3/Despite-ESR-concerns-
NMC-in-no-mood-to-implement-HAP-this-year.html.

47 Business Standard, Mumbai Civic Body Asks Citizens To Stay 
Safe And Hydrated Amid Heat Wave, March 2022, https://
www.business-standard.com/article/current-affairs/mumbai-
civic-body-asks-citizens-to-stay-safe-and-hydrated-amid-heat-
wave-122031500554_1.html.

48 Mumbai Live, Now, Nashik Is Set To Get A Climate Action 
Plan, January 2022, https://www.mumbailive.com/en/
environment/now-nashik-is-set-to-get-a-climate-action-
plan-71336.

49 Times Now News, Mumbai Faces Extreme Heat Conditions 
Due To Global Warming & Urbanisation, March 2022, 
https://www.timesnownews.com/mumbai/mumbai-faces-
extreme-heat-conditions-due-to-global-warming-urbanisation-
article-90262051.

50 The Print, Mumbai Announces Net-Zero Roadmap With 2050 
In Sight, 1st South Asian City To Set Such Timeline, March 
2022, https://theprint.in/india/mumbai-announces-net-zero-
roadmap-with-2050-in-sight-1st-south-asian-city-to-set-such-
timeline/872292/.

51 OSDMA, Heat Action Plan 2020 for Odisha, 2020, https://
www.osdma.org/preparedness/one-stop-risk-management-
system/heat-wave/#gsc.tab=0.

52 A. Dutta et al., “At Which Temperature Do The 
Deleterious Effects Of Ambient Heat ‘Kick-In’ To 
Affect All-Cause Mortality?” International Journal of 
Environmental Health Research, 30(2), doi.org/1 
0.1080/09603123.2019.1587389.

53 New Indian Express, Public Transport To Get A Heat Break, 
March 2022, https://www.newindianexpress.com/states/
odisha/2022/mar/15/public-transport-to-get-a-heat-
break-2430232.html.

54 Ommcom News, State Govt Gears Up To Deal With Heatwave 
As Mercury Levels Soar, March 2022, https://ommcomnews.
com/odisha-news/state-govt-gears-up-to-deal-with-heatwave-
as-mercury-levels-soar.

55 NDMA, National Guidelines For Preparation of Action Plan – 
Prevention and Management of Heat Wave, October 2019, 
https://www.ndma.gov.in/sites/default/files/PDF/Guidelines/
heatwaveguidelines.pdf.

56 NRDC, Ahmedabad Heat Action Plan 2019, www.nrdc.org/ 
sites/default/ files/ahmedabad-heat-action-plan-2019-
update. pdf.

57 Rohit Magotra et al., Nature Based Solutions for Heat Wave 
Management in Cities, accessed March 31, 2022, https://ic-
sd.org/wp-content/uploads/2020/11/Rohit-Magotra_Nature-
based-Solutions-for-Heat-Stress-Management.pdf.

58 IRADe, News and Events, accessed March 23, 2022, https://
irade.org/website/news-and-events/.

59 GHHIN, Masterclasses, accessed March 23, 2022, https://
ghhin.org/masterclasses/.

60 Suresh K. Rathi et al., 2022, “A Heat Vulnerability Index: 
Spatial Patterns of Exposure, Sensitivity and Adaptive Capacity 
for Urbanites of Four Cities of India,” International Journal of 
Environmental Research and Public Health 19, no. 1: 283. 
https://doi.org/10.3390/ijerph19010283. 



Copyright © 2022 Natural Resources Defense Council 

All rights reserved. No part of this publication may be reproduced, 
stored in a retrieval system or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, recording or otherwise, without 
prior permission.


