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Human response to heat:  
Determining Factors

Basic physical elements of thermal 
environment

➢Air Temp, mean radiant Temp (sources), 
absolute humidity, air movement (wind 
speed)

Basic physiology elements of thermal 
environment

➢work load, clothing, duration of exposure, 
health condition 
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Thermal Stress Indicators (TSI) Study

15th International Conference on Meteorology, Climatology and Atmospheric Physics, 27-29 Sept. 2021

187 meteorologically based indices 
Tested and correlated to 

human response



r = 0.71 r = 0.99 r = 0.79 r = 0.95

UTCI Air Enthalpy Apparent Temperature Discomfort Index

r = 0.80 r = 0.94 r = 0.78 r = 0.88

WBGT Effective Temperature Subjective Temperature Environmental Stress Index

r = 0.94 r = 0.99 r = 0.96 r = 0.70

Heat Index Humidex Humisery Operative Temperature

Air Temp VS Thermal Stress indices

15th International Conference on Meteorology, Climatology and Atmospheric Physics, 27-29 Sept. 2021



WGBT  Wet Bulb Globe Temperature Index

Measure of Heat Stress – widely accepted (since +50yrs) based on sun 
and wind effect

•   Its limitations result from the non-standard instrumentation and 
calibration procedures which erode its accuracy 

•   Various estimation approaches from air temp and humidity (omit 
radiant Temp and/or WindSpeed) 

•  Limitations: formula of WGBT leads to underestimation of heat 
stress when restricted evaporation exists. Keep in mind that WGBT 
results from a combination of elements, so human response to a 
given level of the index are not uniform 
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WBGT - Liljegren προσέγγιση 

James C. Liljegren , Richard A. Carhart , Philip Lawday , Stephen Tschopp & Robert Sharp (2008) Modeling the Wet Bulb 
Globe Temperature Using Standard Meteorological Measurements, Journal of Occupational and Environmental Hygiene, 

5:10, 645-655, 

WBGT model has been developed that is based on 
the forecast of weather parameters. It consists of 
modules for the calculation of Τw and the Tg. 

Each modules is developed based on fundamental 
heat and mass transfer principles. 
Code available in R.
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WBGT thresholds (color code)
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Correlation: W B GT- Te mp  O B S



Daily WBGT  and other bioclimatic indices forecasts at HNMS

http://minya.hnms.gr/discomfort/default.htm
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• Constant underestimation of maximum 2mT during summer, leads to similar error of WBGT forecasts
• Higher 2mT max discrepancies in urban areas WG5 parallel session, COSMO GM 2023, Gdansk

❑ 2mT, 10m wind speed, RH, SWRad 

48h forecasts from ICON-GR

❑ WBGT forecasts twice per day 

targeted to the warm period of the 

day.

❑ Heat wave: 17-27 July

❑ Municipalities in Attica and Ministry 

of Labor based extra measures of 

external work on WBGT forecasts

❑ No WBGTobs available to verify…..

ICON-GR: 2mT Forecasts



WBGT - Forecasts

• Scatter plot: WBGT forecasts correlated with the actual observation.
• Correlation coefficient for WBGT-Lil and WBGT-Sim are 0.97 and 0.99 respectively
• Use of the Liljgren approach leads to improved forecasts of WBGT 
• Time series (only 12UTC values), WBGT-Sim forecast tends to overestimate obs values at lower 

ranges. 
• WBGT-Lil forecasts underestimate observed values, ​which is especially obvious at the observed 

maxima​.
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WBGT Forecasts: Statistical Evaluation

• Obs comparison with Fcs 
values 

• Only the LGLR values for 
12:00UTC (warmer part of 
the day) were used for 
June, July and August 

• Mean BIAS is +1.87 for 
WBGT-Sim, which indicates 
overestimation, while the 
mean BIAS for WBGT-Lil is -
1.15, indicating an 
underestimation. 

• Average RMSE is 3.74 and 
2.42 for the WBGT-Sim and 
WBGT-Lil respectively. 

• Use of the more 
sophisticated formula 
enables more reliable 
prediction. 
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Next steps

o Installation of WBGT sensors in main airports as 

reference

o Calculate Hazard Color Approach per 

municipality as part of daily forecast for the 

public 

o Include Heat Stress Index (WBGT) in HNMS 

Climate Atlas based on climate data series of 

weather parameters – Trends

o The ongoing climate change makes temporal 

and spatial variations of workplace heat 

exposure into key public health and 

occupational health issues in our area.

o Necessity for legislation for occupation in heat 

stress conditions based on TSIs to protect the 

health and productivity of working people.
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AUTOWARNING SYSTEM 

h t t p s : / / e m y. g e t m a p . g r /
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Thank you

Heat stress conditions based on 
ICON-GR forecasts

• Establishing heat stress indicators for work in a warming world: 
multi-country field evaluation and consensus recommendations, 

September 2022, ISEE Conference Abstracts 2022(1)
• Indicators to assess physiological heat strain – Part 2: Delphi 

exercise, March 2022, Temperature 9(2):1-11

https://www.researchgate.net/journal/ISEE-Conference-Abstracts-1078-0475?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJwcm9maWxlIn19
https://www.researchgate.net/journal/Temperature-2332-8959?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJwcm9maWxlIn19


NWP high resolution predictions at HNMS

COSMO-GR: 

1km

http://www.hnms.gr/hnms/greek/index_html


Collaboration of HNMS with Minitry of Labor/University of Thessaly

❑ Measurements of WBGT were performed near meteorological stations inside  airports. 
Specifically, sensors were put in Larissa (110) , Nea agchialos (111) and Tanagra (114)
military airports. 

❑ The sensors were provided by the University of Thessaly FAMELab (Functional Architecture 
of Mammals in their Environment] research team.

❑ Tha data were analyzed and compared to empirical relations for the estimation of WBGT 
and also were used for the evaluation of forecasted values from NWP model. 

❑ Experimental period: May-September
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