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Heat stress conditions based
on ICON-GR forecasts
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Human response to heat:
Determining Factors

C e Basic physical elements of thermal
= 1290 environment
O 1090 » Air Temp, mean radiant Temp (sources),
80 absolute humidity, air movement (wind
20 a0 SpGEd)
10 AQ

Basic physiology elements of thermal
environment

»work load, clothing, duration of exposure,
health condition

WGS5 parallel session, COSMO GM 2023, Gdansk



Thermal Stress Indicators (TSI) Study

Table 2 | The environmental parameters used by the 187 meteo-based thermal stress indicators.

Thermal Index First Author Unit Temperature Humidity Radiation Wind

172 ‘Wet Bulb Temperature® Liljegren 2008 °C Ng N4 N N
173 Wet Bulb Temperature120 Malchaire 1976 °C N N4 N NG
174 Wet Bulb Temperaturel4 Stull 2011 °C N v

175 Wet Cooling Power™ Landsberg 1972 mcal/cm?’s N N J N
176 Wet Globe Temperature (Botsball)lzper150] Botsford 1971 °C v v i i
177 Wet Kata Cooling82 Maloney 2011 W/m? N4 v J v
178 Wet Kata Cooling Powerlos Cg??gﬁ:hﬂiﬁgf“ 1972 meal/cm?/s v v v v
179 Wet Kata Cooling Powerl?l Krisha 1996 Wim? N N N N
180 Wet Kata Cooling Power!?2 Hill 1919 mcal/cm?’s Vi N v
181 Wet-Bulb Dry Temperature!%3 Wallace 2005 °C N4 v J J
182 Wind Chulll5 OFCM/NOAA 2003 °C N N
183 Wind Chilll5* Siple 1945 g;gl.riifhr N N
184 Wind Chillls® Steadman 1971 cal/m®s N v N N
185 Wind Chill Equivalent!5¢ Quayle 1998 °C N N
136 Wind Chill Eqm‘{?;ings(a)rlggerame (wind of Falconer 1068 o . ,

- Wt Sy e+ Swm o 187 meteorologically based indices

™ -

Tested and correlated to

Information on complex parameters used for the computation of some thermal indices.

In case where the calculation of a thermal index requires any of the following parameter, that par h umanres pon se
1emperatuLe Ounnuny naulauvn winu

Mean Radiant Temperature v v v v
Dew point v

Wet Bulb Temperature v v Vv v
Globe Temperature v v v s
Vapor Pressure v v

Saturated Vapor Pressure v

Wet Bulb Globe Temperature v v v v
Psychrometric Wet Bulb Temperature v v v

*indirect use of a parameter incorporating that factor




Air Temp VS Thermal Stress indices

Air Enthalpy Apparent Temperature DiscomfortIndex
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WGBT Wet Bulb Globe Temperature Index
Measure of Heat Stress — widely accepted (since +50yrs) based on sun
and wind effect

e |ts 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)

e 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

WGS5 parallel session, COSMO GM 2023, Gdansk



WBGT - Liljegren mpooéyyion

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,

he (outdoor) WBGT is the weighted sum of the natural AH Mo {Pr\’ (e, — e, AF,,,

wet bulb temperature T, the globe temperature T, and Ly ="Ta = ¢y Mai (5) ( P — eu_.) Ah
the dry bulb (ambient) temperature 7,:

AF e — g¢ |:l(] +e )T4 _ T4:|
WBGT = 0.7T,, + 0.2T, + 0.17,,. (1) A w5 ally w
D
Separate models for the natural wet bulb temperature and + (1 — ay)S [(] — f }ﬁr)(l + E)

the globe temperature are necessary to accurately model the an(0) n
WBGT. -+ fd;,-( - -+ E) -+ Ot,;ﬂ-i|-

WBGT model has been developed that is based on T4 _ 1(1 LT - }—?(T, _T
the forecast of weather parameters. It consists of A
modaules for the calculation of Tw and the Tg. S - %)[] L ( b 1)f;:;;-+a,w-]-
Each modules is developed based on fundamental K 2 cos(9)

heat and mass transfer principles.

Code available in R.
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WBGT thresholds (color code)

XPOMATIKOZ AEIKTHZ WBGT

) WBGT WBGT Xpwpa
Mg (Fo) (co) KaTtaoTtaong

1 <78..81,9 <256..27.7 | Aeuké

2 82...84,9 27,8...29.4 Ryl

3 85..87.9 294..31 | kitpvo

0 4 88..89.9 311..321

e | e T

= 1= &0 | AEYKO: Kavowi Spoompiérre

KITPINO: Nepropiapos oy tvrov epyaoia yia yn eykhipaniapévo mpoatumid, No amogeuyBel n epyaaia ot ptpn xwpls
2 oxlaon. Opovriba yia SioorAyara avémauong, KavavAwon vepod (avé 30 Aemd)

!

MAYPO: Zuvioredren o ke ebwmepixric epyaoias o ywpous xwplc oxd

WGS5 parallel session, COSMO



LGLR: WBGT-obs / Temp

orrelation: WBGT-Temp OBS

LGEL: WBGT-obs / Temp
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T and other bioclimatic indices forecasts at HNMS

WBGT Forecast for D80T 18-12hs24 hrs
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http://minya.hnms.gr/discomfort/default.htm
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* Constantunderestimation of maximum 2mT during summer, leads to similar error of WBGT forecasts

Higher 2mT max discrepanciesin urban areas WG5 parallel session, COSMO GM 2023, Gdansk



WBGT - Forecasts

Time : 12:00UTC
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* Scatterplot: 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 toimproved forecasts of WBGT

* Time series (only 12UTCvalues), 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 BIAS

v JEWBGT e Sim-WBGYT

wilibt
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G5§galfe1s. sion, COSMO GM 2023, Gdansk

GT 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 .1
i

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

Average RMSEis 3.74 and
2.42 for the WBGT-Simand
WBGT-Lil respectively.

Use of the more

sophisticated formula
enables morereliable
prediction.




Next steps

o

Installation of WBGT sensors in main airports as
reference

Calculate Hazard < <« Approach per
municipality as part of daily forecast for the
public

Include Heat Stress Index (WBGT) in HNMS
Climate Atlas based on climate data series of
weather parameters — Trends

The ongoing climate change makes temporal
and spatial variations of workplace heat
exposure into key public health and
occupational healthissues in our area.

Necessity for legislation for occupation in heat
stress conditions based on TSIs to protect the
health and productivity of working people.

WGS5 parallel session,

Hytpopnvia Exoong: 2207/18 Dpa :12:30
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4 Kepauvikn SpootnplonTa

Emimeda eiSomoinong (alert)

Mn onuavtika dpawvopeva: Ta dpotvopeva mou avapévovtal 6 xprlouv
8laitepng emaypumvnong.

Méetprag éviacng dalvopeva: Ta Galvopeva Mou avapévovtal 6ev
elval aouvrABLota pnopolv dpwe va yivouy enikivbuva.

loxuprg évtaong poLvopeva: AVOLEVOVTOL LOXUPA LETEWPOAOYLKA
¢balvopeva, To OTOLA UITOPoUV VoL TIPOKOAECOLY {NULEG KOL ATUXA AT,
ZuvioTaTal Vo ELOTE (POOEKTLKOL.

@ oAb wyvpric évtaong dawvdpeva: Avapévoval moAl Loxupd
LETEWPOAOYIKG daLvOpEV, TO OOl Elval cuvhBwe emkivouva Kat
prtopel vo pokaAEéoouv HeYAAEG TNILEG KAl aTuXrpata. Zuviotatal va
elote mpooekTiKol Kal va akohouBeite Tig 0dnyleg Twv apywv.

WGS5 parallel session, COSMO GM 2023, Gdansk



Heat stress conditions based on

ICON-GR forecasts

Thank you

Establishing heat stress indicators for work in a warming world:
multi-country field evaluation and consensus recommendations,
September 2022, |SEE Conference Abstracts 2022(1)

Indicators to assess physiological heat strain — Part 2: Delphi
exercise, March 2022, Temperature 9(2):1-11
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https://www.researchgate.net/journal/ISEE-Conference-Abstracts-1078-0475?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJwcm9maWxlIn19
https://www.researchgate.net/journal/Temperature-2332-8959?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJwcm9maWxlIn19
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NWP high resolution predictions at HNMS

The areas involved in this 4km+1km "operational” cycle are:

The IFS domain provides the Boundary Condition fields for the 4km-Cosmo. It a

regular lat-lon area, 65x35deg, with 0.1deg resolution (651x351 points), containing ~ /
all vertical levels of 1rs. Its files are provided by local dissemination, for 72-hours /.
(per 3hours).
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http://www.hnms.gr/hnms/greek/index_html

Collaboration of HNMS with Minitry of Labor/University of Thessaly

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

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

L 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.
O Experimental period: May-September
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