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WHAT IS
HEAT STRESS?

Heat stress occurs when the human 
body loses the ability to internally 
regulate heat balance (hyperthermia).

This is opposed to a fever, where the 
human body is the cause of heat stress 
(Simon 1993).

Motivation
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or sub-national levels can substantially affect
livelihood options and resources and the capacity
of societies and communities to prepare for and
respond to future disasters. [2.2, 2.7] 

A changing climate leads to changes in the
frequency, intensity, spatial extent, duration,
and timing of extreme weather and climate
events, and can result in unprecedented
extreme weather and climate events. Changes
in extremes can be linked to changes in the mean,
variance, or shape of probability distributions, or all
of these (Figure SPM.3). Some climate extremes (e.g.,
droughts) may be the result of an accumulation of
weather or climate events that are not extreme
when considered independently. Many extreme
weather and climate events continue to be the
result of natural climate variability. Natural variability
will be an important factor in shaping future
extremes in addition to the effect of anthropogenic
changes in climate. [3.1]

Observations of
Exposure, Vulnerability,
Climate Extremes,
Impacts, and Disaster
Losses
The impacts of climate extremes and the potential
for disasters result from the climate extremes
themselves and from the exposure and vulnerability
of human and natural systems. Observed changes
in climate extremes reflect the influence of
anthropogenic climate change in addition to natural
climate variability, with changes in exposure and
vulnerability influenced by both climatic and non-
climatic factors.

Exposure and Vulnerability

Exposure and vulnerability are dynamic, varying across temporal and spatial scales, and depend on
economic, social, geographic, demographic, cultural, institutional, governance, and environmental factors
(high confidence). [2.2, 2.3, 2.5] Individuals and communities are differentially exposed and vulnerable based on
inequalities expressed through levels of wealth and education, disability, and health status, as well as gender, age,
class, and other social and cultural characteristics. [2.5]

Settlement patterns, urbanization, and changes in socioeconomic conditions have all influenced observed
trends in exposure and vulnerability to climate extremes (high confidence). [4.2, 4.3.5] For example, coastal
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Figure SPM.3 | The effect of changes in temperature distribution on
extremes. Different changes in temperature distributions between present and
future climate and their effects on extreme values of the distributions:
(a) effects of a simple shift of the entire distribution toward a warmer climate;
(b) effects of an increase in temperature variability with no shift in the mean;
(c) effects of an altered shape of the distribution, in this example a change in
asymmetry toward the hotter part of the distribution. [Figure 1-2, 1.2.2]
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Terminology:
Probability Density Functions 
and 99th and 95th Percentiles

Shift in Mean Increased Variability

Changed Symmetry

IPCC SREX, 2012
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DISCUSSION

Using Heat Stress metrics for model data comparisons are a 
robust method for predicting extremes (Fischer and Knutti, 
2012)

Wide spread use of air conditioning will be necessary (Barreca 
et al, 2013)

Occupational Health and Safety Administration (OSHA.gov) 
standards will be violated world wide in a warmer climate



CONCLUSIONS

CESM can replicate modern extreme heat stress patterns

Spatial patterns of extreme heat stress in CESM are similar to 
ERA Interim, however CESM is warmer worldwide

Variability of heat stress from 95th to the 99th percentile is 
greater in CESM than in ERA Interim

In a warmer climate, extreme heat stress at low latitudes rise 
above the calibration of Heat Index



THANK YOU!

QUESTIONS?



SUPPLEMENTAL
MATERIAL



NOAA 
http://www.nws.noaa.gov/om/heat/index.shtml

Heat Index
 Heat Index = (-42.379) + (2.04901523)*Tf + (10.14333127)*RH + ((-0.22475541)*Tf*RH) + 

((-6.83783e-3)*Tf^2.) + ((-5.481717e-2)*RH^2.) + (1.22874e-3)*(Tf^2.)*RH + (8.5282e-4)*Tf*RH^2. +  
((-1.99e-6)*(Tf^2.)*(RH^2.))

Polynomial fit to a empirical human thermal 
comfort model (Rothfusz, 1990) Used by the National Weather Service

History of Thermal Indices

http://www.nws.noaa.gov/om/heat/index.shtml
http://www.nws.noaa.gov/om/heat/index.shtml
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