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Body-atmosphere energy exchange Thermal environment

• Air temperature

• Humidity

• Wind speed

• Solar radiation

• Longwave radiation

The person

• Internal heat
production (activity
level)

• Clothing insulation

• Sweat evaporation

• Respiratory heat
exchange“Standard” man, defined as a healthy male, about 25 years of age
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Spatial-temporal spectrum for 

multilevel research of environment

(Turner, 1990; Levin, 1992; Yattaw, 1999; Sarma, 2005; Yoshino, 2005)
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Hierarchical

level

Scale

horizontal, m temporal, hour

Micro- 102 – 104 101 – 104

Meso- 103 – 106 104 – 105

Macro- 105 – 107 105 – 106
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System “Weather/Climate – Human health and well-being”

Bioclimatic indices
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Russian Far East
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Stage Data Region Bioclimatic index*

1. Macro-
level 

Climatic Russian Far East (RFE) H, Tn, НЭЭТ, AT, 
ЭЭТ, CLODEX

2. Meso-
level 

Climatic, weather Southern part of the RFE SSC, PET, T

3. Micro-
level

Weather Khabarovsk, Birobidzhan SSC, PET

Main Stages and Regions

*H – Wet Kata Cooling Power by Hill (Hill et al., 1928)
Tn – Natural Wet Bulb Temperature (Maloney, Forbes, 2011)
AT      – Apparent temperature (Steadman, 1984)
NEET – Effective Temperature (or Resultant Temperature) (Missenard , 1948)
EEТ – Equivalent Effective Temperature (Aizenshtat, Aizenshtat, 1974)
CLODEX – Index of Clothing Required for Comfort (de Freitas, 1979)
SSC – Spatial Synoptic Classification(Kalkstein et al., 1986)
PET – Physiological Equivalent Temperature (Mayer, Höppe, 1987; Höppe, 1999)
Т – Air temperature

Data
Climatic: Scientific Handbooks on Climate 
Weather: http://meteo.ru/
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Spacial dynamic of the 
Effective (or Resultant) 
Temperature (NEET), 
continental part of the 
Russian Far East, winter

NEET = 37 – (37 – T) / [0,68 –
0,0014 f + 1/ (1,76 + 1,4 V0,75)] 
– 0,29 T (1 – f/100)

Effective (or Resultant) Temperature (NEET)

T – air temperature, °С

f – relative humidity, %
V – wind speed, m s-1

Algebraic or statistical modelMacro-level
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Mean maximum (a) and minimum (b) for winter (January) clo requirements at a 
metabolic rate of 116 W m-2, Russian Far East

Energy balance stress index

Index of Clothing Required for Comfort (CLODEX)

(1 clo = 0,155 °С m2 W-1)

Macro-level



The “Air Mass-Based” Approach: 
Spatial Synoptic Classification (SSC)

 Each day is assigned a particular air mass type.

 Air mass determination is based on 24 distinct variables 
(6 variables 4 times per day).

 The air masses are spatially cohesive.

 They lend themselves well to health-based applied 
studies since “offensive” air masses are statistically 
linked to negative health outcomes.

 They are primary input for heat-health warning 
systems.
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Proxy thermal stress index



SSC Air Mass Types

DP Dry Polar 

DM Dry Moderate

DT Dry Tropical 

MP Moist Polar 

MM Moist Moderate 

MT Moist Tropical 

MT+, MT++ Moist Tropical Plus

TR Transition between air masses

Sheridan S.C. (2002) The redevelopment of a weather-type classification scheme for North 
America. Int. J. Climatology 22:51-68

Kalkstein L. S., Greene S., Mills D. M., & Samenow J. (2011) An evaluation of the progress in 
reducing heat-related human mortality in major US cities. Natural Hazards 56(1):113-129

Spatial Synoptic Classification (SSC), Nomenclature
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Proxy thermal stress index
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Spatial Synoptic Classification (SSC)

http://sheridan.geog.kent.edu/ssc.html 

Proxy thermal stress index



SSC Air Mass Types, Russian Far East, %: 1. Dry Moderate; 2. Dry Polar; 3. Dry Tropical; 4. Moist 
Moderate; 5. Moist Polar; 6. Moist Tropical

Meso-level

Spatial Synoptic Classification (SSC)

Proxy thermal stress index

http://sheridan.geog.kent.edu/ssc.html 
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Frequencies                      Ta,Td

Moist Tropical air 

masses

MT+ and MT++

Spatial Synoptic Classification (SSC)
Meso-level Proxy thermal stress index
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Frequencies                       Ta, Td

Dry Tropical air mass

Proxy thermal stress indexMeso-level

Spatial Synoptic Classification (SSC)
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http://www.mif.uni-freiburg.de/rayman/

Munich Energy-Balance Model for Individuals MEMI

PET derived from RayMan model

Model RayMan 1.2: Meteorological Institute, University of Freiburg, Germany
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Starting window in RayMan 1.2

http://www.mif.uni-freiburg.de/rayman/

Physiological Equivalent Temperature(PET)

Energy balance stress index
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Physiological 
Equivalent 
Temperature(PET), 
mean year values, 
southern part of the 
Russian Far East

Grigorieva, Matzarakis (2011)

Physiological Equivalent Temperature (PET)

Meso-level Energy balance stress index
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Birobidzhan
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35.1 - 41.0

29.0 - 35.0
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18.1 - 23.0

13.1 - 18.0

8.1 - 13.0

0.1 - 8.0

-10.0 - 0.0

-10.1 - -20.0

< -20.1

PETmean = 2.2 °C PETmax = 50.1 °C PETmin = -31.3 °C

PETd < 0.0 = 141.0 d PETd > 15 and < 25 =60.2 d PETd > 30.0 = 44.8 d PETd > 35.0 = 16.6 d

Physiological Equivalent Temperature (PET), Birobidzhan, 15.00 (1997-2006)

Grigorieva, Matzarakis (2011)

Physiological Equivalent Temperature (PET)

Micro-level Energy balance stress index
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Input windows for buildings and trees

Input of buildings

Energy balance stress index
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Main Street

Residential area

Birobidzhan
Jewish Autonomous Region

SquareBauche, Grigorieva, Matzarakis (2013)

Micro-levelEnergy balance stress index
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Monthly (along y-axis) and daily (along x-axis) dynamics of thermal comfort in 
winter, January (a), and summer, July (b), calculated with Physiological Equivalent 
Temperature (PET) for Birobidzhan, residential zone

Bauche, Grigorieva, Matzarakis (2013)

(a) (b)

Physiological Equivalent Temperature (PET)
Micro-level Energy balance stress index
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PET (°C)
Weather 

station

Residential

area
Street Square

< −30 21,0 12,1 14,9 12,9

< −20 68,3 59,4 63,0 60,5

< −10 117,2 113,0 114,6 113,5

< 0 170,1 167,6 168,4 167,7

(15 – 30) 65,4 72,3 70,1 72,2

(18 – 27) 37,0 42,6 40,5 42,6

> 29 19,5 9,9 13,9 10,7

> 35 6,0 2,2 3,4 2,4

> 41 1,0 0,3 0,6 0,4

Physiological Equivalent Temperature (PET)
Birobidzhan, 2000–2010

Micro-level Energy balance stress index

Bauche, Grigorieva, Matzarakis (2013)



y = 0.114x - 215.4
R² = 0.118* (p<0.05)
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Proxy thermal stress index

Spatial Synoptic Classification (SSC)



SSC, daily temperature and mortality in summer, 
Khabarovsk, 2000-2012

SSC T (°C)
T at 3pm 

(°C)

SSC 
Frequency 

(%)
Mortality (M)

(M – Mmean)
/Mmean

(%)

65+
(M – Mmean)
/Mmean (%)

MT+, 
MT++

25.2 29.3 3.8 ± 2.77 24.2 ± 5.64 12 25

MT 21.8 26.7 15.7 ± 8.08 22.7 ± 5.20 6 8

MP 14.6 16.3 7.5 ± 3.84 20.1 ± 4.78 -8 -8

MM 18.9 21.3 26.8 ± 8.27 21.0 ± 4.72 -4 -2

DT 19.3 27.4 7.8 ± 5.94 23.9 ± 5.16 11 15

DP 13.3 18.5 2.6 ± 2.18 21.2 ± 4.61 -1 -7

DM 18.0 23.9 21.5 ± 5.79 21.6 ± 4.81 -1 -2

mean 20.1 23.4 21.9 ± 5.00
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During summer, a 12% higher rate of all-cause mortality (22 % for 65+) is 
associated with most offensive Moist Tropical plus (MT+, MT++) air mass, and 
a 10% (14% for 65+) higher rate – with Dry Tropical (DT)

Micro-level



Mortality Algorithm for Khabarovsk

Mortality = 18.836 – 0.007 TOS – 0.13 Tmean + 

+ 0.384 DTR + 0.321 AT

• For either MT+ or DT

• TOS = time of season (May 1st = 1, May 2nd = 2…)

• Tmin, Tmean, Tmax = air temperature, °C

• DTR = diurnal temperature range =Tmax – Tmin , °C

• AT = 3 pm Apparent temperature, °C

Micro-level
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Number, intensity (°С) and duration (days) of heat 

waves per decade for Khabarovsk (1960 – 2012)
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Definitions

Heat wave: 3 and more 
days when Tmean

exceeds the 95% 
percentile for the 
summer months.

Heat wave intensity: 
cumulative mean 
temperature excess. 

The fewest heat waves occurred in 1960-1969.
Number of heat waves is highest in the decades 1980-1989 and 1990-1999.
In all cases, the longest heat waves are the most intense.
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Forecast

Air Mass 
Category

Forecast 
Weather Type Not “offensive”

“Offensive”

Forecast 
Algorithms

Prediction of 
Excess Mortality

YES

Watch or Warning 
(Criteria depends 

upon locale)

No Watch/Warning

NO

Communicated to local authorities

Updated forecast?

Heat – Health – Watch –
Warning – System 

(HHWWS)



Conclusions

 The approach applied helps to outline the regions and periods during the 
year that are thermally most uncomfortable and hazardous for human 
health and well-being. 

 Mapping a particular day’s weather types, and spatial distribution of heat 
and cold waves helps to contour areas most vulnerable for population 
health. A more critical use of the methodology used has been the 
identification of excessive heat- and cold-stress conditions.

 The construction of the operational Weather Health Warning Systems can 
save human lives during extreme weather, that can be accessed by 
forecast meteorologists and health-safety authorities to warn the citizens 
of impending dangerous weather.

 The findings will be valuable for warning stakeholders and the decision 
makers, and are expected to be translated into action for the development 
of proper intervention procedures in health control, to minimize population 
loss and to guarantee social security. 
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https://www4.uwm.edu/isb/index.cfm

The International Society of Biometeorology (ISB) provides an 
international forum for the promotion of interdisciplinary collaboration between 
meteorologists, health professionals, biologists, climatologists, ecologists and other 
scientists.

The International Journal of Biometeorology publishes original research 
papers, review articles and short communications on studies examining the 
interactions between living organisms and factors of the natural and artificial 
atmospheric environment.
Living organisms extend from single cell organisms, to plants and animals, 
including humans. The atmospheric environment includes climate and 
weather, electromagnetic radiation, and chemical and biological pollutants. 
The journal embraces basic and applied research and practical aspects such 
as living conditions, agriculture, forestry, and health.

http://link.springer.com/journal/484

21st International Congress of Biometeorology 
September 3–6, 2017, Durham, UK

http://community.dur.ac.uk/icb.2017/

https://www4.uwm.edu/isb/index.cfm
http://link.springer.com/journal/484
http://community.dur.ac.uk/icb.2017/

