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Humid heat extremes

e The combination of high temperatures with high humidity is more
uncomfortable, and potentially more dangerous, than high temperatures

under drier conditions.

NOAA's National Weather Service
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e Humidity and high temperatures are leading cause of death
from extreme weather events (e.g. 1995 Chicago heatwave)



Assessing humid heat stress with wet-bulb temperature

e Wet-bulb temperature is the temperature
measured by a fully ventilated thermometer
with its bulb wrapped in a soaked cloth

o It reflects the ability of mammals to cool
themselves by sweating

Wet-bulb temperature records

US: 33°C1n Appleton,WI, on July 13, 1995 at 5pm
(temperature of 38°C, dew point of 32°C)

1995 Chicago heat wave experienced peak wet-bulb
temperatures close to 32°C for consecutive days

An hour of vigorous, shaded activity at a wet-
bulb temperature of 33°C raises core body
temperature to the heat stroke limit of 40°C.



Previous wet-bulb temperature studies using one GCM
Sherwood & Huber (2010)
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Compiling high-resolution projections of wet-bulb temperature

Challenges:
e Multiple models used

o County-level spatial scales t 5 & '

e No available humidity downscaling methods

Wet-bulb projection approach:

Combine historical wet-bulb and dry-bulb temperature relationships
from the North American Regional Reanalysis (NARR) with the
probability distribution of local temperature change.

Step 1: Estimate the conditional wet- and dry-bulb distribution

Step 2: Use a linear model to shift the conditional distribution
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Step 1: Estimate conditional distribution
Pittsburgh, PA Houston, TX

o AT /ATg = 0.07 °C/"C

25
28

26
|

24
|

22

10
|

Max. wet-bulb temperature (°C)
20
Max. wet-bulb temperature (°C)

AT./AT4 = 0.8 °C/°C AT./ATq = 0.8 °C/°C

| I | | | | 1
10 15 20 25 30 20 25 30
Dry-bulb temperature (°'C) Dry-bulb temperature (°C)

Depending on the Bayesian Information Criterion

(BIC), fit a linear model or piece-wise linear model: _
w=wet-bulb temp. b,, b;=y-intercepts
1w (T) = bo+ Poly+e. Tq=dry-bulbtemp. T,=break point
To(T) = by + By min(Ty, Ty) + B max(0, Ty — Tp) + €. Bo, B1, B2~ linear slopes
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Step 2. Use linear model to shift conditional distribution

e To account for the effects of climate change, we shift the
conditional distribution upwards by a linear function of local
forced temperature change:

T, (Td, ATf) = T, (Td — ATf) + ﬁoATf

Bo

Bo = slope of standard
linear regression

AT, =local forced
temperature change

wet bulb temperature

dry bulb temperature
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Comparing empirical projections with a CMIP5 model (CNRM-CM5)
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Comparing empirical projections with a CMIP5 model (CNRM-CM5)
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American Climate Prospectus Humid Heat Stroke Index
“It’s not just the heat, it’s the humidity.”

Peak Wet Bulb

ACP HHSI Temperature Description (hottest part of day)
74°F-80°F : :
I (23.3°C-26.7°C) Uncomfortable. Typical of much of summer in the Southeast.
Dangerous. Typical of most humid parts of Texas and Louisiana
80°F-86°F . : .
| (26.7°C-30.0°C) in hottest summer month, and most humid summer days in
' ' Washington and Chicago.
I 86°F-92°F Extremely dangerous. Comparable to Midwest during peak
(30.0°C-33.3°C) days of 1995 heat wave.
S92°F Extraordinarily dangerous. Exceeds all U.S. historical records.
IV (>33.3°C) Heat stroke likely for fit individuals after less than one hour of

moderate activity in the shade.
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Projections from the American Climate Prospectus

Dangerously Humid Summer Days
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Key takeaways

e Under RCP 8.5:

e By late 215t century, dangerously humid Cat. II+ days are expected
to characterize most of summertime in the eastern U.S., with >
50% of U.S. population expected to experience > 1 week of
extremely dangerous Cat. II1+ days year !

e By late 22™d century, extremely dangerous Cat. III+ days are
expected to characterize most of summertime in the eastern U.S.,
with > 30 extraordinarily dangerous Cat. IV days year

e Mitigation can greatly reduce risk. By late 215t century:

e Under RCP 4.5, only 1/3 U.S. population expected to experience 1
Cat. III day year

e Under RCP 2.6, only ~4% of U.S. population expected to
experience 1 Cat. III day year
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Laboratory studies: reductions in labor productivity
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o Safe working times decline as wet-bulb
temperature increases at constant dry-bulb
temperature
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Relative humidity is not expected to be stationary with global warming

Ensemble average of 27 CMIP5 models
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o Reflected in slopes above the breakpoint, smaller AT_wet for AT _dry

Sherwood and Fu (2014) .



