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• Provide a background on heat stress, wet bulb globe temperature (WBGT) and its spatial 
variations

• Describe the web-based tool that predicts WBGT over next 5 days across the SE US. 

• Summarize current work to tune the tool to the local scale & incorporate the influence of 
the landcover

Outline



• Field work measuring variables that affect heat over different landcover types– e.g.
different athletic surfaces

• Web-based tool that predicts WBGT over next 5 days across the SE US. 

• Site visits to various high schools across the region

• Engagements with athletic directors, trainers and coaches on heat safety

CISA/SERCC  Heat Research and Outreach Program



1. Air temperature
2. Humidity
3. Wind speed
4. Solar Radiation

Heat Index

Wet-Bulb Globe Temperature 
(WBGT)

Measures of Heat Stress



Wet bulb temperature (WBGT) football practice guidelines

• Guidelines for North Carolina

Ø Many states have developed requirements for high school sports practice



Ø OCEA has strict guidelines for worker exposure to heat stress



Regional patterns of heat stress (WBGT) across SE U.S

# Hours of 
Yellow Flag and 
greater
May-Sept



1. Surface type 
Asphalt/concrete is hottest, especially if it is dark colored
Artificial turf is hotter
Natural grass is hot.

2. Degree of shade. 
Surfaces that have been shaded most of day are the coolest

3. Openness of landscape
Closed (lots of trees/buildings nearby) -Hottest (lowest wind 
speeds)
Open (few trees/buildings) – Coolest (highest wind speeds)

Local patterns of heat stress (WBGT) across a landscape



Football Practice field 
1) Few trees 

2) Flat land

3) Sea breeze in afternoon

Steady breeze on many days

Open Landscape: Ashley HS, Carolina Beach, NC

Practice 

field

Field work reveals much local variation in WBGT which ties to wind speed variation

Extremely Sheltered: Cedar Ridge HS, Hillsborough, NC

Wetlands

W
etlands

Practice 

field

Football Practice field 
1) Sheltered - Ringed by forest 

& 60 feet below high 
school

Ø Little or no wind

2) Adjacent to wetland 

Ø Exceptionally moist



Charleston Medical District:
Urban Heat Island Pilot Study



Less Wind = Higher WBGT
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Off Building

Wind Blocked



Maximum WBGT at each location
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Ingests hourly gridded forecasts from the National 
Weather Service used to estimate WBGT

1. Air temperature
2. Relative humidity / dew point temperature
3. Pressure
4. Wind speed
5. Degree of cloud cover
6. Sun azimuth angle

https://convergence.unc.edu/tools/wbgt/

The wet bulb globe temperature (WBGT) prediction tool

https://convergence.unc.edu/tools/wbgt/


Wet Bulb Globe Temperature Tool

• Generates a 5-day forecast

• Provides background 
information on WBGT and 
use of the tool

https://convergence.unc.edu/tools/wbgt/

https://convergence.unc.edu/tools/wbgt/


Wet Bulb Globe Temperature Tool

Expanded view of output



Forecast Accuracy

Forecast MINUS Observed

Underpredicts

Overpredicts



Incorporate landcover information for more accurate WBGT 
forecast (more accurate wind speed forecast)

Current Work: 

Rougher surface, slower winds, higher WBGT
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Chip Konrad
Director of the Southeast Regional Climate Center
Professor, Department of Geography, UNC-Chapel Hill
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