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Heat Waves will Worsen in a Warming World

▲ Intensity
• The recent prolonged (multi-month) extreme 

heat has been unprecedented since the start 
of reliable instrumental records in 1895. 
(NCA 2014)

• The intensity of extreme heat events will 
likely increase. (NCA 2014)

▲ Duration
• Model results for areas of Europe and North 

America show that future heat waves in 
these areas will be longer lasting in the 
second half of the 21st century. (Meehl and 
Tebaldi, 2004)

• Over the period 1880 to 2005 the length of 
summer heat waves over W. Europe has 
doubled & the frequency of hot days has 
almost tripled. (Della-Marta, 2007)

▲Frequency
• Model results for areas of Europe and North 

America... show that future heat waves will 
become more frequent. (Meehl and Tebaldi, 
2004)

▲ Character
• Most models project somewhat lower 

relative humidity on the hottest days, but 
the combined effect of temperature and 
humidity changes is substantial increases in 
heat stress. (Wuebbles et al., 2014)

▲ Attribution
• “today about 75% of the moderate daily hot 

extremes over land are attributable to 
warming. It is the most rare and extreme 
events for which the largest fraction is 
anthropogenic, and that contribution 
increases nonlinearly with future warming.” 
(Fischer and Knutti, 2015)
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Extreme Heat’s Health Impacts

• Discomfort
• Workplace heat stress illness
• Long-term effects such as CKD
• Psychological distress
• Exacerbation of preexisting 

chronic conditions (asthma)
• Heat exhaustion
• Heat cramps
• Heat stroke
• Death

Related Impacts of Extreme Heat
• Infrastructure: electricity, water, transportation
• Economy: labor productivity, agricultural output, tourism
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Extreme Heat is a Multidisciplinary Problem

Decisions must be made in 
many disciplines to protect 
humans from extreme heat’s 
health consequences.
• Local health departments
• Utilities / Energy
• Emergency Management
• Resilience/Sustainability 

Offices
• Weather Forecast 

Offices
• Hospitals
• School districts

They all need information at 
different timescales, and 
have different risk 
tolerances and capacity to 
respond.
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National Integrated Heat Health Information System

NIHHIS will facilitate an integrated approach to providing a suite of decision 
support services to reduce heat related illness and death

The National Integrated Heat Health 
Information System weaves together 
existing pieces, identifies information 
needs and helps to develop needed 

climate services.

§ NOAA and CDC launched the National Integrated 
Heat Health Information System (NIHHIS) in June of 
2015 to address heat across timescales

§ NIHHIS quickly grew to include representation from 
several agencies (right) in an interagency working 
group. The group launched the NIHHIS portal and 
began harmonizing information and guidance.

§ NIHHIS has also launched regional, trans-boundary 
pilots to understand local decision-making contexts 
and needs, and to improve the information.

Ongoing activities include:
§ Expanding border health network in the south,
§ ‘Decision calendar’ exercises to understand multi-

disciplinary needs in the Northeast,
§ National projects to improve the utility of information 

such as Urban Heat Island campaigns.

climate.gov/nihhis
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NIHHIS: an Integrated Information System

Define 
demand by 

building 
relationships 

to 
understand 
local context

Co-develop 
inter-

disciplinary 
decision 

calendars, 
prototypes,  
requiremnts

Integrate 
information 

across 
timescales 

and 
disciplines

Foster inter-
agency, 

NGO, and 
private 
sector 

involvement

Co-learning, 
sharing best 

practices, 
and sharing 
information

Build Capacity, Inform Decisions, Encourage Risk-Reducing Actions

http://climate.gov/nihhis
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NIHHIS Core Questions

Institutional 
Capacity & 

Partnerships

• What 
institutional 
partners have 
you engaged to 
help define the 
needs (esp. 
bridging 
disciplines: 
health, env. 
science, 
emergency 
management); is 
that sustainable 
and if so, how 
and why?

Heat Parameters 
& Health 

Outcomes

• What heat 
parameters
(tmax, tmin, heat 
index, etc) are 
most important 
for which specific 
population and 
in what 
geographic 
conditions?

Data and Forecast 
Products

• What data and 
forecast 
products, 
indicators, 
surveillance, and 
monitoring is 
needed (at what 
spatial and 
temporal 
resolution & lead 
time) and what is 
currently being 
used by 
practitioners to 
make decisions?

Engagement and 
Communication 

Strategies

• What 
communication 
strategies are 
most effective 
both during an 
event and for 
long lead time 
planning 
(seasonal 
outlooks)?

Interventions and 
Effectiveness

• What health 
interventions are 
currently being 
employed in 
managing heat 
risk and at what 
timescales?

• Are these 
interventions 
successful, and 
to what extent to 
they depend on 
local context & 
capacity?

All NIHHIS engagements are used to understand the answers to these core 
questions – as well as how and why those answers change given local context.
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NIHHIS Engagement: Network and Domestic Pilots

International Network

National

Regional Engagements

Local NIHHIS Pilots

• Knowledge sharing
• Cooperative research

• Agency-level coordination of resources and 
services (interagency working group)

• Shared set of core questions

• Regional understanding of geography
• Co-development of climate and health tools 

and services

• Deep knowledge of vulnerability and 
effective interventions & communication

NIHHIS is a global network that integrates partners’ knowledge, experience, 
and activities to effect a coordinated response to heat-health at many levels.

https://ghhin.org/
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NIHHIS Interagency Working Group

The NIHHIS Interagency Working Group was initially formed as an Extreme Heat and Critical 
Infrastructure Task Force under the National Security Council. The group includes representation from:

Recent accomplishments and ongoing projects: 
• A major social media campaign to expand awareness 

of the issue in 2017 heat season.
• Activity modification thresholds and WBGT –

workshops and review paper.
• Development of version 2 of the NIHHIS Portal with 

harmonized inter-agency information and resources as 
well as heat predictions.

• A White House webinar on protecting vulnerable 
populations from Extreme Heat (2016).
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Building user engagement via other networks

NWS WFOs
& Weather Ready Nation 

Health Ambassadors
CDC BRACE Grantees

CPO-supported RISAs
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Defining Local Context and 
Understanding Sector-based Decisions

• Engagement with other agencies
–Activity Modification Guidelines

• Engagement through Pilots & 
Decision Calendars

–Interviews with experts in many 
disciplines

–Documentation and refinement
–Compare across pilots

• Attend Trade Meetings
–American Institute of Architects NYC
–National Association of County and 

City Health Officials
–Army Public Health Center
–Harris County Public Health 

One Health Conference
• Invite other disciplines to 

climate meetings
–AMS 2020 in Boston
–AGU GeoHealth



13National Integrated Heat Health Information System (NIHHIS) http://climate.gov/nihhis

Heat’s Impact on Outdoor Workers
Activity Modification Guidelines, often 
based on wet-bulb globe temperature 
(WBGT) are used for occupational, athletic, 
and the military heat exposure to advise 
on work/rest ratios and hydration.

WBGT can be approximated from temp., insolation, humidity, and wind.

http://climate.gov/nihhis
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Workshop with NIHHIS Interagency 
WG & Korey Stringer Institute

• Future studies should integrate more 
physiological and biometeorological
factors (e.g., cumulative heat stress) to the 
existing heat risk assessment models to 
reduce the assumptions and limitations in 
them. Future inter-agency collaboration to 
advance heat mitigation plans among 
physically active population is desired to 
maximize the existing resources and data 
to facilitate advancement in AMGs for 
environmental heat. Finally, the paper 
suggests additional research be done into 
the viability of predicting more complex 
biometeorological parameters for use in 
activity modification, such as the Wet 
Bulb Globe Temperature and the 
Universal Thermal Comfort Index from 
weather to longer (S2S) timescales.

https://doi.org/10.1007/s00484-019-01673-6

http://climate.gov/nihhis
https://doi.org/10.1007/s00484-019-01673-6
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NIHHIS RGB Pilot Engagement for Launch Workshop
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Engagement with El Paso Electric led to 
ideas for the energy sector

•Example of what we could show in an energy bill:

76   77   78   79   80   81   82   83   84   85   86   87   88   89

Mean temperature for the month of August in Austin, 
TX is expected to be 1.5F warmer than the average 
August, and this translates to a potential increase of 
$23 in your energy bill compared to last August, 
based on your energy usage history.

81.1 F
Past Month 
(July) Average 
Temperature

82.0 F

Next Month 
(August)
30 Year Average
Temperature

83.5 F

Next Month
(August) Average 
Temperature 
[prediction]

20
18

20
19

20
19

Additionally, climate 
predictions could be 
used in lieu of historical 
climate information in 
10-year plan activities



This Week’s NIHHIS Monitor Showing Last Week’s Impacts



Last Week’s NIHHIS Monitor Showing The Southeastern Heat Wave’s Impacts



Data from CDC Essence Syndromic Surveillance
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UHI Map of DC

Produced in summer 2018. 
Also created maps of 
Baltimore. Richmond was 
mapped by the same PIs 
previously.

Temperature readings 
collected in-situ via vehicle 
transects using mounted 
thermometers every second.

Satellite imagery and other 
data fed into machine 
learning process with 
transect data to create maps.
https://doi.org/10.3390/cli7010005

http://climate.gov/nihhis
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Urban Heat Island Potential 2019
Citizen Science Campaigns

https://www.climate.gov/news-features/featured-images/if-things-go-%E2%80%9Cnormal%E2%80%9D-most-us-locations-will-have-their-hottest-day

http://climate.gov/nihhis
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Engaging	Decision-Makers
The	National	Integrated	Heat	Health	Information	System	(NIHHIS)

Hunter Jones & Juli Trtanj
NOAA Climate Program Office

http://climate.gov/nihhis

http://cpo.noaa.gov/nihhis

http://climate.gov/nihhis
http://cpo.noaa.gov/nihhis
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Public Sector Driven Climate Services

The need for climate services has been well articulated by many 
government agencies and other organizations.

“…why climate services are necessary and needed is discussed much 
more than what climate services are or how they should be 
organized, developed and delivered.” (Harjanne, 2017)

but “discussions about climate services have been largely dominated 
by a supply-side perspective and framed from a standpoint of 
climate observations and modelling” (Lourenço et al., 2015)

How to develop demand for climate services as we improve supply?
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Are we getting the user engagement right?

Co-development and user orientation are strong themes for climate services, but…

“The question then is who are the users or stakeholders. In the user
orientation discourse this issue is often not discussed; instead general 

remarks of users and their needs are made.” (Harjanne, 2017)
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On the Science-Policy Bridge: Do Spatial Heat 
Vulnerability Assessment Studies Influence Policy?

“Recently there has been a proliferation of heat vulnerability 
mapping studies… [but this paper’s] results show that heat 
vulnerability mapping…has not as yet had a substantive 
influence on policymaking or preventive action.”

Tanja Wolf, Wen-Ching Chuang, Glenn McGregor. doi:10.3390/ijerph121013321

Earth & Environmental 
Science

Social Science

Decision 
Making

Policy and 
Preventative 

Action
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How to move beyond the “loading dock” approach

•Use intermediaries or “boundary objects” in acknowledging 
and communicating science and uncertainty.

•Co-develop information, assessments, and interventions to 
ensure local knowledge is incorporated.

•Consider dimensions and determinants of vulnerability for 
which there is inadequate data (i.e. social cohesion) – make 
friends in the social sciences AND in decision making science.

Tanja Wolf, Wen-Ching Chuang, Glenn McGregor. doi:10.3390/ijerph121013321

Decision Calendars 
& Active 

Prototyping

Integrated 
Information 

Systems

Leverage Existing 
Relationships 

(BRACE, RISAs, 
NWS WFOs, etc…)
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Building user engagement via other networks

NWS WFOs
& Weather Ready Nation 

Health Ambassadors
CDC BRACE Grantees

CPO-supported RISAs
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NIHHIS & Climate.gov
Understanding Probabilistic Predictions

http://climate.gov/nihhis
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Workshop Goals

• Build and strengthen the network between a multidisciplinary set of heat-
health decision-makers through relationship and awareness building.

• Identify and document locally-contextualized interventions at the planning 
and preparedness timescales, with important considerations noted.

• Discipline-specific decision makers will use planning scenarios to explore 
decision contexts behind the identified interventions, and specific 
information needs will be documented to support decisions in the form of 
decision calendars.



UNDERSTANDING DECISION TIMESCALES



HEAT HEALTH
RISK MANAGEMENT 

ANNUAL CYCLE

Planning Prepared-
ness

ResponseRecovery

Analysis of 
historical impacts 

& climate 
observations

Scenario-based 
planning & 

climate 
predictions

What can we learn 
from past 

experiences to 
improve heat health 

planning and 
preparedness?

How might our current 
approach fail under 

future climate stressors, 
and how can we prevent 

such failure?

Previous Years Future Years



Planning and Preparedness Lead Times

DECISION CALENDARS
Decision calendars are a framework to organize information about user context in 
decision-making. They document what needs to be known when, by whom, and with 
what certainty in order to take actions to reduce heat health risk.

For more information see:
Ray, A. J., & Webb, R. S. (2016).

Understanding the user context: decision calendars as frameworks for 
linking climate to policy, planning, and decision-making.

Climate in Context, 27–50. doi:10.1002/9781118474785.ch2

Emergency 
Manager

Long Term Inter-
annual

Pre-Heat 
Season 3-4 Weeks 1-2 Weeks < 1 Week

Active 
Heat 
Wave

Open Cooling
Centers?

Launch Heat 
Awareness Campaign

Environmental Decision-Support Information 

Characterize the 
heat season 
relative to 
previous or 

analog years

Selecting 
New Sites

Where will 
the Urban 

Heat Island 
Effect be the 

greatest?

Where is the 
UHI effect 

currently the 
greatest?

Targeted Outreach to
Pops of Concern?

Weather 
service 

issues heat 
advisory

Urban
Planner

Plant
Trees?

Detect likely heat 
event in the 
coming few 

weeks

Rooftop Albedo
Modifications
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Risk Mgmt. Actions

Concept Mapping

Decision Making

Decision Timeline

Climate Scenarios

Stress Testing

The workshop opens with a primer on the process for developing
decision calendars that will be followed throughout the day, as well as a
brief overview of the heat health climate context. The meeting then
proceeds through three cycles of lightning talks and breakout groups
which will successively build decision calendars, first through concept
mapping, and then using a timeline.

Workshop Process

I

II

III

I

II

III

Round 1 
Understanding 
the Problem 
Domain

Round 2 
Understanding 
Decisions and 
Timescales

Round 3 
Formalizing 
Information 
Needs

Round 1 
Mapping 
populations, 
risk factors, & 
actions

Round 2 
Decisions and 
decision-makers 
plotted on 
timeline

Round 3 
Information 
needs mapped to 
timeline and 
verified

Phases Outcomes

Decision 
Calendars



BREAKOUT GROUPS (RISK CATEGORIES)
Group A

Outdoor Active Exposure
This group will focus on decisions 
which must be made to protect 
people who must be exposed for 
work or play, such as emergency 
responders, athletes, and military 
personnel. 
[Sean Birkel]

Group B
Outdoor Incidental Exposure

This group will focus on decisions 
which must be made to protect 
people while they are exposed 
incidentally – in transit to other 
places, or engaged in leisure or 
neighborhood activities. 
[Bill Solecki]

Group C
Indoor Exposure

This group will focus on decisions 
which must be made to protect 
people while they are in homes and 
other buildings, including elderly 
care facilities or schools.
[Ellen Mecray]

Group D
Physiological Vulnerability

This group will focus on decisions 
which must be made to protect 
people who experience heightened 
vulnerability due to physiological 
constraints due to age, medication 
/ drug use, or temporary concerns 
such as a lack of acclimatization.
[Pat Kinney]

Group E
Behavioral Vulnerability

This group will focus on decisions 
which must be made to protect 
people who are at greater risk 
because of their behaviors, which 
with proper education and 
awareness, can be modified to 
reduce risk.
[Tonna-Marie]

Group F
Disability & Limited Agency

This group will focus on decisions 
which must be made to protect 
people with disabilities or limited 
agency (those who depend on 
others) as well as those who may 
have fewer means (lower income) or 
less access to services.
[Hunter Jones]

Ex
po

su
re

Vu
ln

er
ab

ili
ty

During breakouts, individuals will be assigned to groups based on risk
factors which must be managed to protect people from extreme
temperatures. Each risk categories may contain multiple risk factors,
and may be linked to multiple vulnerable groups. A set of interventions
may be employed to manage these risk factors.
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Population of Concern
Any group of people with shared 
characteristics who are at heightened 
risk of heat health impacts.

Risk Factor
A characteristic of a person or group that 
increases their vulnerability or exposure 
to the hazard of excessive heat.

Risk Management Action
Any health intervention or other action 
which can be taken to address risk 
factors and reduce risk in a population.

Decision Maker
Any person who is charged with 
making decisions and taking 
actions to manage risk in a 
population of concern.
Information Need
Climate, weather, or health 
information needed to inform a 
decision regarding a risk 
management action.

Assumption
A thing held constant and 
believed to be stable for the 
duration of an action (e.g. the 
power will be stable and 
adequate to run A/C units.

Decision Point
A question which must be answered in 
order to implement a risk management 
action.



INSTRUCTIONS
BREAKOUT 1 - CONCEPT MAPS

Concept maps are used to represent relationships between things.

They are composed of very basic elements: shapes and connectors.

Homeless 
Population

Increase 
Urban Tree 

Canopy

Urban Heat Island
(UHI) Effect

Reduces

Exposure to

High Temperatures

Ex
ac

er
ba

te
d 

by

For round 1, do not worry about who takes the 
action or what information is needed to inform 
decisions about the action.

How many 
needed to 

have 
effect?

Where 
to 

place 
trees?

What kind 
of trees?



Examples of Work Products from Group E: Behavioral Vulnerability



WORKSHOP OBSERVATIONS & OUTCOMES

• There are many disciplines involved in managing heat health risk, but they don’t 
necessarily work closely together or understand each other.
• An important outcome is strengthening this network of practitioners and 

researchers so that they work more closely together.

• Removing barriers to networking and learning is important. The workshop was 
held in a neutral space, with enough distance from day jobs and other distractions 
to allow participants to focus.

• The S2S timescale is still a challenge for participants in terms of understanding 
the utility of climate information. Though the workshop successfully encouraged 
participants to think long-term, it was still hard to get them to think about weeks 3-
4 or even seasonal information.

• The presentations which were most commented on were those coming from an 
unfamiliar specialty (athletics or energy) and those which offered a logical 
construct for analyzing decisions.



HEAT HEALTH INSIGHTS
One factor reducing reliability of electricity during heat events 
is that power lines expand and sag, sometimes becoming 
entangled in trees and ultimately resulting in downed lines and 
power outages. This must be considered when siting urban 
greening actions such as tree plantings.
The Low Income Home Energy Assistance Program (LIHEAP) 
subsidizes energy costs for cooling and heating, but in the 
Northeast this money tends to be allocated to winter heating, 
and little to no reserves are held for use in summer cooling. 
Improved seasonal to annual predictions could support better 
budgeting decisions for programs such as LIHEAP.
The use of existing media and communication channels as well 
as existing programs and policies is a recurring theme. New 
Hampshire reaches its elderly population through Meals on 
Wheels to deliver information and check on this population. 



INFORMATION NEEDS

High Resolution Urban Heat Island Map

This could be used to statistically downscale predictions to understand local impacts. It would be interesting to also do this 
dynamically if urban ecology can be better understood.

Heat Health Social Vulnerability Indices (local scale)

These are coupled with UHI-predictions to understand where RISK is highest
Hospitalization Outcomes by County for HRI, Air Quality Related Illnesses

Compare/contrast to NOAA StormData and other impact measurements for full picture
Heat Season Outlook (number of heat waves, +/- avg, relative to last year, historical analogs, seasonality)

This could include a health interpretation by our colleagues at CDC linked to Syndromic Surveillance outcomes
Heat Wave Predictions at Lead time 2,3,4 weeks

this extends HeatRisk to longer time scales, but this should also be able to take user-defined variables that set thresholds 
– for example hooking this up to CISA’s HHVT.

Heat load forecast (cooling degree days per week)

Wet Bulb Globe Temperature predictions over athletic fields and work sites out to two weeks for scheduling

humidity, temperature, solar exposure (can be derived from cloudiness), wind (cools, but also dries)

Many WFOs are already experimenting with this, such as Tulsa, El Paso, Chanhassen, Caribou, Raleigh, Burlington, etc..
Heave Wave Annual Exceedance Probability and 100 Year Return Interval

Realistic, useful heat health scenarios for future planning.
Not ( 3 degrees C warmer on average by 2100, but rather a localized estimate of how many heat alert days (based on 
health-relevant threshold) will occur requiring use of HAP.

https://convergence.unc.edu/tools/heat/
https://www.weather.gov/tsa/wbgt
https://www.weather.gov/epz/wxcalc_rh
https://www.weather.gov/car/WBGT
https://www.weather.gov/rah/WBGT


WHAT’S NEXT?

• The prototype decision calendars developed today will be combined with context 
from the talks and from other background information to create a synthesized 
complete decision calendar for heat health risk management.

• This interim product will be shared back with meeting attendees for comments 
and corrections.

• A final version of the decision calendar will be prepared and linked to climate and 
health information requirements and products (existing and potential).

• From this documentation of information requirements, existing products can be 
improved, and new products can be piloted.

• Over the next several months, new products will be prepared for piloting during 
heat season using tabletop/scenario exercises in focus groups.

• A NIHHIS webinar series will be developed to build on outcomes of the workshop.
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