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The ratio of record daily temperature highs (Red) to record 
daily lows ( Blue)  observed at about 1,800 weather stations in 

USA from January 1950 through September 2009. 
Source: Meehl et al. 2009



Increase in Total U.S. Heat wave Days



Effect of Climate Change: IPCC (2001) – Mean 
temperature is going up and variability increasingtemperature is going up and variability increasing ‐

probability of extremes ‐ increasing



Frequency of summer temperature anomalies (how often they 
deviated from the historical normal of 1951‐1980) over the 
summer months in the northern hemisphere. Source: NASA/ 

Hansen et al. 2012



A heat wave is generally defined as a period of several 
days to weeks of abnormally hot weather.days to weeks of abnormally hot weather.

h 3 d d h h b• In the past 3‐4 decades, there has been an 
increasing trend in high‐humidity heat 

hi h h t i d b th i twaves, which are characterized by the persistence 
of extremely high night‐time temperature.1

• The combination of high humidity and high 
night‐time temperature can make for a deadly 

i i ff i li f d i i lpairing, offering no relief and posing a particular 
threat for the elderly. 

• Extreme heat events are responsible for more 
deaths annually than 
h l h d fl d dhurricanes, lightning, tornadoes, floods, and 
earthquakes combined.2



Heat and Humidity = Heat IndexHeat and Humidity   Heat Index
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Heat Index in deg CelsiusHeat Index in deg. Celsius
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Record warmest days in last 20 yearsRecord warmest days in last 20 years

• Seventeen of the 18 warmest years in the 
136‐year record all have occurred since 2001,136 year record all have occurred since 2001, 
with the exception of 1998. 
Th 2016 k th d• The year 2016 ranks as the warmest on record. 

(S NASA/GISS)(Source: NASA/GISS).



Why Climate Change:  
Carbon Dioxide ( Green House Gases
LATEST MEASUREMENT:  January 2018

407.79 ppm



Global Average temp increase 
1880‐ 2017



Temperature increase 1884 to 2017

2017   



Chicago heat 
wave 1995



Chicago (Cook county) heat wave 1995 USA



Who are affected in heat wave: 
old poor isolated without socialold, poor, isolated – without social 
support, no cooling or supportpp g pp



Mass Grave in Chicago after Heat 
Wave
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EU heat wave 2003EU heat wave 2003
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European Heat Wave 2003
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European Heat wave – 2003
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New York Daily Mortality with Temp



Forest and city fires during heat waves 
and summer



Temperature increase in 2017 as 
compared to 1951‐80



Heat 
wave in 
20152015





Heat wave in Pakistan 2015Heat wave in Pakistan ‐ 2015



Pakistan Rush to Buy Ice 2015Pakistan – Rush to Buy Ice 2015



Pakistan Heat wavePakistan Heat wave



Increase in severe heat waves with 
different climate scenario projections



Heat is hereHeat is here 



Bats Drop during excrement heat wavesBats Drop during excrement heat waves



Water shortage and heat in summer : 
deadly combination



Official death due to Heat waves : 
India



Heat wave deaths are likeHeat wave deaths are like 
ice burgs -10% visible
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Heat Action Plan for 
Ahmedabad city: journey and 

lessonslessons



First scientific workshop in March 2011
followed by MOU signed with IIPHG AMCfollowed by MOU signed with IIPHG, AMC, 
NRDC USA under Vibrant Gujarat 
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In 
Ahmedabad, a

lnnual average 
of maximum 
temperatures 
have beenhave been 
increasing 
steadily over 
the past 30the past 30 
years

Graph data:  3811/13/2019



Analysis of temperature and mortality 
d t f Ah d b ddata of  Ahemdabad. 
2010 Heat wave in Ahmedabad – Temp. reached  47deg C on 21st May
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2010 Heat wave –
d il t lit d t 2009 ddaily mortality compared to 2009 and 
2011 – 310 vs 100 deaths per day
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2010 Ahmedabad  heat wave : 
May 20-27th – excess deaths 800 in 

k d 1344 d th ione week and 1344 excess deaths in 
May 2010.

48

300

350

(°
C)

y)

Daily Death Counts Avg 
Temperature 
‐ 47°C

44

46

200

250

300

er
at
ur
e 

at
hs
/d
ay 2009&2011 Deaths –

310/day
Average daily 
temperature (2009 
& 2011)

42
100

150

200

m
 Te

m
p

TH
S 
(d
ea

38

40

0

50

100

M
ax
im

um

DE
AT

380

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

M

May  2010

11/13/2019 41



Ambulance calls for Unconsciousness 
case ‐EMRI 108 
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Scientific Work & advocacyScientific Work & advocacy
• Establishing Temperature – MortalityEstablishing Temperature  Mortality 
Relationship 
S i tifi ll d t i i th th h ld ith• Scientifically determining the thresholds with 
color codes to issue warnings at various levels

• Assessing various vulnerable groups 

• Communicating the findings to various policy 
groups, Governments, Scientific Community 
and other interested NGO’s.and other interested NGO s.  
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Temperature Mortality scatter plot and 
fitted Curve – Thresholds 41, 43, 45 deg C
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Slum Community Heat 
V l bilit SVulnerability Survey 

 Method ‐ 300 slum community households surveyed 
(primarily female heads of household);  providing 
information for a total of 1,650 individuals

 Key Findings – Slum communities are vulnerable and 
unaware of temperature and extreme heat dangerous

 Those who have not sought
March 2011 Kick-Off Workshop Participants, Ahmedabad

 Those who have not sought
Info on heat are 11 times more likely
t h h t illto have heat illness. 
 Key Recommendations –
Educate, Warn & treat early   

Summer 2011 community survey respondents 



Heat related admissions and mortality 
among new-borns in Ahemdabad in 
20102010 
– Dr. Khyati Kakkad prof paediatrics, Ahmedabad  and Dr. Perry Sheffield USA

During April, May, and June 2010, 

24 NICU admissions with high temp. 
without infection in newborns in SCL 
hospital: versus 8 and 4 admissions in 
2009 and 2011 respectively2009 and 2011, respectively

Increased NICU admissions in hospital 
ward: Possible cause ‐ slum house have tin 
roof and poor ventilation etc. so gets very hot

Some deaths happened in NICU: 

Because NICU became very hot as it was on 
top floor and under black  tar covered roof. 

As a solution, NICU was moved to the ground 
floor and the roof was replaced with a cool 
roof (china mosaic).

46



Pilot AHMEDABAD HEAT ACTION PLAN in 2013
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Key steps in developing HAPKey steps in developing HAP

Ci• City government engagement 
• Background data & analysis – weather and 
mortality / health

• Understanding city and vulnerable groupsg y g p
• Early warning system and setting thresholds
• Feasible interventions and its detailing – IEC• Feasible interventions and its detailing – IEC 
• Writing the plan and disseminating

l i d i i h i• Implementing and monitoring the impact
• Revising the plan and scaling it up
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hlFocus Groups, Interviews, Pamphlets

 March 2012 Workshop, Health Effects 
of Heat in Relation to Climate Change 
 2 focus groups held for health care 2 focus groups held for health care 
professionals 

 Dozens of semi‐structured 
interviews with govt.

Dr. Perry Sheffield, Mt. Sinai School of Medicine, with focus
group of Ahmedabad medical professionals (Mar 2012).

Informational pamphlets and 
hoardings in English (left) and 
Gujarati (right)Gujarati (right),



Community OutreachCommunity Outreach



Intervention Intervention –– 22
BuildingBuilding Capacity of medical communityCapacity of medical communityBuilding Building Capacity of medical community Capacity of medical community 
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Intervention Intervention –– 3 3 Reducing Reducing Heat Exposure Heat Exposure &&
Promoting AdaptivePromoting Adaptive MeasuresMeasures –– water coolingwater coolingPromoting Adaptive Promoting Adaptive Measures Measures  water, cooling water, cooling centerscenters
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Intervention Intervention –– 44
EEarly arly Warning Warning SSystem ystem & & yy gg yy

InterInter‐‐Agency Agency EEmergency Response Planmergency Response Plan
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HAP - 2017 Cool Roofs Initiative by AMCHAP 2017, Cool Roofs Initiative by AMC 
Cool Roofs Offer Multiple Benefits for Cities

Cool roofs keep temperatures lower during hot summers

Robust cool roof programs engage the community, respond to local conditions

Dedicated city budgets and funding mechanisms are vital for cool roof programs in low income 
communities.

Programs that start with voluntary initiatives and then expand to building codes are a proven 
way to expand cool roofs in a city.
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Impact of Heat Action PlanImpact of Heat Action Plan

• Reduction in all cause of mortality during heat 
waves

i h k d d h• Decrease in heatstroke cases and deaths
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Relative Risk of Death with max 
temperature – Ahmedabad Pre &temperature Ahmedabad Pre & 
Post HAP

Pre HAP

Post HAP



Mortality per million for Max temp. 
Ahmedabad - Pre (2009-12) andAhmedabad Pre (2009 12) and 
Post HAP (2913-16 Periods

Mortality is less
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Heat Stroke Mortality and Morbidity before and 
after HAP on Selected 5 Municipal Hospitals ofafter HAP on Selected 5 Municipal Hospitals of 

AMC
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Combined effect of Min – Max 
Temperature on Ave Daily Deaths inTemperature on Ave. Daily Deaths in 

Ahmedabad 2001‐2015 
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Scale up of HAP in otherScale up of HAP in other 
states
• Maharashtra govt asked us to help set up HAP in 7 
cities near Nagpurgp

• NDMA asked to help develop a model national plan• NDMA asked to help develop a model national plan 
for Heat

• Rajasthan UNICEF asked us to help develop heat 
i l d ld i l f 2 l l kaction plan and cold action plan for 2 rural talukas 

in Rajasthan
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Policy Papers: Issue BriefsPolicy Papers: Issue Briefs

Recommendations 
for Vulnerable 
Groups and PrimaryGroups and Primary 
Actors

Municipal• Municipal 
Government
Medical Pro iders• Medical Providers

• Workers in High‐
Risk Occ pationsRisk Occupations

• Slum 
C itiCommunitiesAvailable online from: 

http://www.nrdc.org/international/india/extreme-heat-
preparedness/



Recognition Heat as a Disaster and Recognition Heat as a Disaster and 
N d f HAPN d f HAPNeed for HAPNeed for HAP
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Expanding HAP across IndiaExpanding HAP across India 
with help from NDMA – state 
DMA
• States with HAP

H• Haryana
• Odhisa, 
• Telangana, 
• Andhra Pradesh, 
• Uttar Pradesh
• Bihar
• Karnataka

• HAP as a part of State Disaster Management 
Plan

• Gujarat
• Rajasthan 



Key lessons on 
d l t f HAP t l ldevelopment of HAP at local 
levellevel
• Involvement of Local city or district administrative 
and health and political leadershipp p

• Use of Local IMD and Heath data ‐death 
registration, OPD, Indoor admission, ambulanceregistration, OPD, Indoor admission, ambulance 
calls… data

• Facilitation by local and national institutions /Facilitation by local and national institutions / 
experts

• Learning and adapted HAP developed in other• Learning and adapted HAP developed in other 
countries / cities 

• Measurement of process of implementation and• Measurement of process of implementation and 
Impact on mortality and morbidity11/13/2019 65



This is the beginning of climate change –
worse still to come – so lets prepare now for 
next 80 years
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Thank You from all theThank You from all the 
tpartners
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