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● Extreme heat is the #1 cause of 
weather-related deaths in the US.

● It will get worse with climate change 
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Heat kills

IMAGE: Weather Related Fatality and Injury Statistics, NWS, https://www.weather.gov/hazstat/

Estimated US Population 2023: 
334,233,854

Snapshot from earlier summer 2023:

Population under heat alerts: 
113,880,561

Source: 7-14-2023 Heat.gov, NOAA National Weather Service; US 
Census Bureau

(⅓ of the US)



● Current NWS heat alerts are based 
on Heat Index

● Other tools available that will be 
operationalized: wet bulb globe 
temperature (WBGT), HeatRisk 

● What do we know about WBGT and 
how is it used?
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NWS is updating heat services

IMAGES: NWS Unified Heat Strategy slideshow, NWS 
Public Program, 
https://sites.google.com/noaa.gov/publicweatherservices
/hazards/extreme-heat
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Natural Wet Bulb temperature

-Thermometer covered in wet cloth, 
simulates sweat
-Measures: air temp., humidity, 
wind, sunlight 
-This is often calculated from other 
measurements 
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Wet Bulb Globe Temperature

WBGT =  0.1(DB)  +  0.20(GT)  +  0.70(WB)

IMAGES: Duke Nicholas Institute for Energy, Environment, & Sustainability, 
https://nicholasinstitute.duke.edu/project/heat-policy-innovation-hub/what-is-wet-bulb-globe-temperature-wbgt

Dry Bulb temperature

-Typical outdoor 
thermometer
-Measures: air temp. 
(in shade)

Black Globe temperature

-Thermometer covered in 
copper black globe
-Measures: air temp., 
sunlight, wind
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Wet Bulb Globe Temperature

Basics:
● Developed by the military around 1950
● Used in military, athletic, and labor 

settings

Strengths:
● Accounts for solar radiation and wind 

speed
● Has been shown in studies to be 

correlated with heat-related illnesses 
(HRI)

Weaknesses:
● Standardization concerns
● High spatial variability
● Confusing for general public
● Designed for a “fit” and acclimated 

individual
IMAGE: Wet Bulb Globe Temperature, NWS Raleigh, NC, 
https://www.weather.gov/rah/WBGT
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WBGT has dispersed literature 
and thresholds

And many more…



8

WBGT has dispersed literature 
and thresholds

And more!



A. How is the intra-hour variability of wet bulb globe temperature 
characterized?

B. How does this impact its utility as a heat metric for use by NWS?
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Questions

NOAA Mission Goal: Weather-Ready Nation
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Case Study Methodology

Climate 
Division

ECONet 
Station

County 
Warning 
Area

● Data:
○ NWS Raleigh County Warning Area 
○ 3 counties/climate divisions, 4 sites
○ 2019 - 2022, month of July 

(hottest month of the year)

● WBGT Case Study: 
○ Source: NC Environment & Climate 

Observing Network (ECONet)
○ Variables:

■ WBGT, solar radiation (SR), 
wind speed (WS)

■ 1 min. data at 2 meters→  
various rolling averages

WBGT = 
0.1(DB) + 0.20(GT) + 0.70(WB)

JACK ECONet Station: 
directly measures GT 
and DB (shown in 
zoomed in photo), and 
calculates WB

IMAGE: NC State Climate Office, 
JACK - Sandhills Research Station
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Average Temporal Variance is 
greatest at the hottest time of day

Outlier hours can 
have ranges >10°F

WBGT avg. hourly range across all hours in July 2019-2022
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Rapid change may not be reflective of 
ambient conditions… does it matter? 

High Range Hour: 7-27-2022, 14:00 EDT Low Range Hour: 7-27-2020, 14:00 EDT

Minute Minute

REED Station 1 min. WBGT, SR, & WS
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Rapid change may not be reflective of 
ambient conditions… does it matter?

High Range Hour: 7-27-2022, 14:00 EDT Low Range Hour: 7-27-2020, 14:00 EDT
REED Station 
1 min. WBGT, 
SR, & WS,
and
Clear Sky 
Estimate vs 
Observed SR
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Same county will have different WBGT

REED: 7-27-2022, 14:00 EDT (High Range)

LAKE: 7-27-2022, 14:00 EDT (High Range)

IMPORTANCE OF 
STANDARDIZATION: 

15-min roll decreases the 
extremes by 0.5 - 1°F, and 

introduces delays  by 
almost 10 min)

Smoothing vs 
non-Smoothing 
WBGT in Wake 
County



● Mid-day hours can have an average WBGT range > 4°F
○ Max. ranges were > 10°F, but influenced by convection and sunrise/sunset
○ SR and WS vary rapidly minute to minute - could distract from general conditions but highlight 

importance of simple actions for reducing heat stress

● Intra-County differences show need for finer-grain heat communication
○ Who should be utilizing WBGT? And do they understand the variability associated?

● With cross-country operationalization: standardization is key
○ Partner engagement will be essential to operationalization
○ Messaging across metrics needs to be consistent and clear
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Summary
Questions:
A. How is the intra-hour variability of wet bulb globe temperature characterized?
B. How does this impact its utility as a heat metric for use by NWS?
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Questions?

Contact
Emily Nagamoto
emily.nagamoto@noaa.gov
Linkedin - Emily Nagamoto

NOAA Mission Goal: Weather-Ready Nation

Interested in other work related to this?
Curious about the comparison of other 
NWS heat metrics?

Check out this QR 
code for other work
that I did this summer: 

And check out my poster: Wed. 3pm

Summary & Key Takeaways

● WBGT is highly variable 
○ Within an hour can have range greater than 5°F
○ Within a county can have different flag thresholds

● Standardization and proper messaging will be key 
○ The type of instrumentation and post-processing of data 

is important
○ Considering your audience is also important
○ Operational forecasting using all 3 NWS metrics may 

improve performance

https://www.linkedin.com/in/emily-nagamoto

