
1

The Perceived Temperature:
The Method of the Deutscher Wetterdienst for the Assessment of Cold Stress and

Heat Load for the Human Body

G.  Jendritzky,  H. Staiger,  K. Bucher ,  A. Graetz,  G. Laschewski,
Deutscher Wetterdienst, Germany

Summary

In the past, numerous simple thermal indices have been developed in order to describe the complex
conditions of heat exchange between the human body and its thermal environment. For cold conditions the
approaches consider combinations of temperature and wind velocity, focusing on the turbulent flux of
sensible heat with the windchill equivalent temperature as the best example. Heat load conditions have
been mainly described by combinations of temperature and one measure of humidity to express the role of
latent heat flux. However, none of these old and still partly popular indices take into account all
mechanisms of heat exchange. Thus they are not universally valid and cannot be applied to all climates, all
regions, every season and every scale. Only complete heat budget models are sufficiently powerful to
assess the thermal environment in thermophysiologically significant way.

Because complete heat budget models have been available for several years and computing time is no
longer a constraint, these models are considered as state-of-the-art. The thermal index used in the routine
procedure of the Deutscher Wetterdienst (German Weather Service) is the perceived temperature (PT).   PT
refers to a reference environment in which the perception of cold and/or heat would be the same as under
the actual conditions. Perceived cold or heat is computed by means of the Klima-Michel-Model, which is a
complete heat budget model of the human body based on the comfort equation by Fanger. The approach
has already been applied to all conceivable scales from micro to global both in daily forecasts and in
climatology.

The influences of wind and radiation on PT are discussed. PT is compared with various other indices both
traditionally used to characterize thermal conditions and recently developed on the basis of complete heat
budget models. Examples for the suitability of PT for several applications like daily forecasts and
bioclimate maps are given.  Negative values of PT can be regarded as windchill temperatures.

1 The perceived temperature PT

1.1 Definition

The perceived temperature PT in the dimension °C is the air temperature of a reference environment in
which the perception of heat and/or cold would be the same as under the actual conditions (Staiger et al.
1997). In the reference environment the wind velocity is reduced to a slight draught, and the mean radiant
temperature is equal to the air temperature (for example, an extensive forest). The water vapour pressure is
identical with the actual environment as far as it is not reduced by condensation. Perceived heat and cold is
computed by means of the comfort equation by Fanger (1970) which is based on a complete heat budget
model of the human body. The thermo-physiological assessment is made for a male, the "Klima Michel"
(Jendritzky et al. 1979 and 1990, Jendritzky and Kalkstein 1997), aged 35 years, 1,75 m tall, weighing 75
kg. His work performance is 172,5 W which corresponds to a metabolic rate of 2,3 Met, and to walking ca.
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4 km/h on flat ground. The assessment procedure is designed for staying outdoors! Accordingly, the
standard male may choose his clothing between summer and winter clothes, in order to gain thermal
comfort as far as possible. Summer clothes (0,50 clo) correspond to a pair of light long trousers, a short-
sleeved shirt and sandals, winter clothes (1,75 clo) in this approach to a suit of woollen material, a tie, a
winter coat and warm, solid shoes.

1.2  Computation method

The input parameters for the computation of the perceived temperature are provided by a synoptic
observation according to code FM 12 of the World Meteorological Organisation  (WMO) or a numerical
weather forecast which contains cloud cover data or alternative forecasts of short-wave or long-wave
radiant fluxes. From a Synop observation are required:

- air temperature (tl) and dew point temperature (td)  2 m above ground
- wind velocity (ff) (and height of anemometer above ground)
- total cloud amount (N)
- cloud amount with low-level/medium-level clouds (Nh) and cloud types of the levels low, middle

and high (groups 8, FM 12).

The water vapour pressure is derived from td. The wind velocity at anemometer level is reduced with a
logarithmic approach to 1 m above ground, zo=0,01 is fixed as roughness length. The short-wave and long-
wave radiant fluxes can be parameterised sufficiently accurately on the basis of cloud cover data as well as
geographical co-ordinates, date and time; the model is used following the regulations of the German
Engineers Association VDI 3789, Part 2 (1994). On this basis, the mean radiant temperature tmrt is
determined according to the method quoted by Jendritzky et al. (1979 and 1990) for a flat area without
horizontal screening and an upright standing human being.

By iteration within the range clo = 0,50 to clo = 1,75 the required insulation value of the clothing is
computed with unchanged meteorological input parameters which is meeting the condition Predicted Mean
Vote (PMV) = 0 of the comfort equation of Fanger (1970). The bisection converges linear (Press et al.
1996), and is sufficiently efficient from the numerical point of view.

If the clothing cannot be chosen in such a way as to provide thermal comfort, stress situations will arise
which can be assessed on the basis of PMV which in this case will deviate from zero. The PT is
subsequently to be determined by means of a linear regression with the independent variables PMV and clo
with an accuracy of ± 0,5 K.

2 Scientific bases

The  perception of a human being of heat, cold or thermal comfort does not react on the air temperature
only. In an often comparable order, solar radiation, wind velocity, humidity as well as heat radiation of
atmosphere and ground (Landsberg 1972, VDI 1998) have a decisive influence. The perception of thermal
comfort, heat load or cold stress is also essentially influenced by the individual degree of work
performance as well as the insulation value of clothes worn. For an application in the daily routine forecast
within the meteorological service not every single case can be individually pursued. A standardisation is
necessary  which has to meet the goal to describe physiologically significant the meteorological effects on
the body of a person staying outdoors and behaving normally.
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2.1  Physiology

perceived temperature is based on the comfort equation of Fanger (1970). By means of heat balances the
complex interactions of all components of the meteorological environment on the heat balance of the
organism are quantitatively described. The comfort equation is valid for the steady state, the thermal
balance between body and environment in which storage or destorage of heat, for example in the body
shell, is terminated.  This requires a time span of  one hour at least.

Höppe (1999) shows the long scientific way to a complete simulation of the human heat balance since the
requirement voiced by Büttner (1938). Fanger (1970) uses own extensive studies in climatic chambers as
basis. Especially sensitive and latent heat transfers from/to the body surface by considering the insulation
of the clothing are biophysically correctly described. Though approaches computing the convective heat
transfer from the surface of the body/clothing differ between the complete budget models (Fanger 1970,
Höppe 1984 and 1993, Steadman 1984 and 1994, Gagge et al. 1986, Pickup and de Dear 1999), they
nevertheless yield results which differ only slightly.

Since Fanger,  much more knowledge has been gained. The temperature of the body underneath the
clothing or of the skin of uncovered parts of the body can be described, and the blood volume circulated in
order to maintain the thermal balance including the thermo-regulatory conditioned dilatation or constriction
of the peripheric blood vessels can realistically be quantitatively computed (Höppe 1984, Gagge et al.
1986). The temporal course of the storage of heat can be simulated in minute steps (Gagge et al 1986,
Höppe 1999). The new results, however, also show that assertions of the comfort equation of Fanger are
still qualitatively and quantitatively valid for the entire body as well as for the steady state. His concept of
the Predicted Mean Votes (PMV) is recognised and often applied in air-conditioning techniques.
Improvements of the description of humid-warm conditions by PMV are possible, and proposed by Gagge
et al. (1986).

The advantage of the comfort equation of Fanger which can be applied to many items in the daily routine
in the meteorological service is that only a few mathematically-intensive procedures are necessary
compared to those which compute all physiological details and offer a choice of numerous terms like skin
temperature, core temperature, physiological sweat rate or degree of skin wetness. When referring to a
standardized person, additional assertions about particular physiological detail can be parameterised i.a.
with sufficient accuracy by regression from more sophisticated models as the basic heat fluxes in the
models differ within tolerable limits. So for example, the required insulation degree of the clothing for cold
conditions can be derived which would be necessary for thermal comfort, Fig. 1.

Physiologically considerable variations have to be expected in the parameters of the heat budget between
individual human beings. Therefore the results of complete heat balance models are rather valid for a larger
number of persons with more or less equal environmental conditions than for individuals.

2.2     Meteorology

Wind measurements at the level of a human being and radiation measurements are not contained in the
usual meteorological observations. They have to be derived with sufficient accuracy from the available
data. „Sufficient accuracy“ has to be assessed by means of the individually possible variability of the
physiological processes. Consideration has to be taken of the fact that in case of assertions related to cold
stress and heat load it can be assumed that the steady state has been reached.
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The vertical profile of the wind in the Prandtl layer is well known. The reduction of a wind measurement of
10 m above ground to 1 m is therefore possible with the required accuracy. Fluctuations in the wind force
due to the local environment and squalls are not ascertainable  but neither have to be considered for the
steady state.

Radiation measurements are rarely available. Consequently the present applications often start from a mean
radiation temperature, tmrt,  identical with the air temperature, tl. This is in most cases inadmissible. For the
local noon, even in winter when the sun is low, mean radiant temperatures (computed according to
Jendritzky et al. 1990) up to +30 K above the air temperature are similarly frequent as such of +10 K only
(Fig. 2a, Air temperature less than 0 °C). Only when wind velocities of more than 10 kt are occurring the
deviations concentrate in winter on 0 to 10 K (Fig. 2b). During night  the additional short -wave radiation
is missing. The radiant temperatures fall below the air temperature. The ground and in particular a snow
covered surface may cool down far below the air temperature, a fact which has not yet been considered in
some model approaches (Pickup and de Dear 1999). In winter (Fig. 3a, Air temperature less than -10 °C)
deviations of the mean radiation temperature  from the air temperature of -10 K are more frequent than
identical values. Wind  velocities of more than 10 kt, often connected with an amount of low clouds close
to overcast, in most cases entail concurrent air temperatures and radiant temperatures (Fig. 3b).

Some heat balance models, e.g. Gagge et al. (1986), work with an operative temperature. It is a mean,
weighted with the heat transfer coefficient for convection and radiation, of air temperature and mean
radiant temperature. With 0 °C and slight wind only, often operative temperatures of 3,5 K below the air
temperature can be assumed at night, during daytime of 13 K above the air temperature. Such deviations
considerably affect the heat  fluxes and thus the thermal perception. The weight of the heat transfer
coefficient of radiation increases with the air temperature, is above +30 °C comparable to the one for
convection, and decreases noticeably less with the wind velocity. Therefore, for meteorological reasons, a
consideration of the radiation in the stress indices is indispensable in order to allow for realistic assertions
about stress on the organism by the thermal environment.

Cloud observations of synoptic observations make it possible to draw conclusions with the necessary
accuracy of the radiation components direct, diffuse and reflected which are necessary for the
determination of tmrt. This procedure is applied according to VDI (1994).  A prerequisite is to know a
regional climatology of Linke’s turbidity factor. From the total cloud cover the reduction is determined of
the short-wave radiation fluxes compared to those which are astronomically possible. Therein is also
contained a mean optical thickness of the clouds, which might limit the procedure to moderate and high
latitudes. The long-wave radiation fluxes can be parameterised on the basis of air temperature, wind
velocity, vapour pressure and cloud cover in the three cloud layers low, medium, high as well as the short-
wave radiation balance. The surface temperature of the ground can be derived from the air temperature and
the wind velocity by taking account of the Bowen ratio which depends on the land use. As land use forestry
and agriculture are assumed. At sites near the coast, the Bowen ratio for water should be applied as the
diurnal variation of the surface temperature then is strongly attenuated.

Today the numerical forecast directly offers temperatures at the boundary areas soil - atmosphere, snow -
atmosphere, respectively. They are the result of integrated soil models. In general the long-wave radiation
balance is available, in the German models as hourly totals. Thus the long-wave fluxes, required for tmrt,
can be determined from the atmosphere and the hemisphere formed by the ground. The short-wave
radiation balance in form of hourly  totals is available as minimum as well as the albedo of the ground
which may vary considerably when a snow cover is existing. The short-wave radiation fluxes are in general
directly computed in the models, at the ECMWF  and the Deutscher Wetterdienst by the model of Ritter
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and Geleyn 1992. The diffuse short-wave radiation computed, however, is at present not available in the
data banks in Germany. It can be assessed with sufficient accuracy by means of the global radiation and the
model according to VDI (1994). Hourly totals fit in with the assertions on indices of the steady state; cloud
cover data, on the contrary, are only valid for a determined time of observation. After a bank extract,  not
much time is needed for the computation of the meteorological input data which are necessary for PT.

3 Comparison with other indices
3.1  Air temperataure

The best relation between air temperature and perceived temperature can be found in the cold range (Fig.
4). The correlation coefficient is r = 0,955. Correlation with the perceived temperature can be expected, as
the heat fluxes from the organism to the environment also are essentially determined by the air
temperature. The correlation is substantially derived from the annual variation.

3.2  Wind chill equivalent temperature (Court 1948, Dixon 1987)

The wind chill equivalent temperature is the air temperature of a reference environment, in which the same
cooling rate is acting on a plastic cylinder as in the actual environment. The reference environment for
which the correlation has been made (Fig. 5) refers to a wind velocity of  4 m.p.h and tmrt = tl.  With r =
0,759 the correlation with PT is rather small and has only to be attributed to the fact that both indices use
the air temperature. The cooling computed with the wind chill has nothing to do with the physiological
processes in the body and the heat transfer, influenced by the clothing, to the environment. There are no
radiation effects at all with wind chill.

3.3  Wind Chill Factor according to Bluestein and Zecher (1999)

The new wind chill factor assesses the cooling effect on the basis of a cylinder with the dimensions of a
head, where the inner temperature is kept at 37 °C. Compared to the wind chill equivalent temperature the
heat transfer at the surface outside corresponds to the human skin, the temperature of the surface outside
varies dependent on air temperature and wind velocity. This „technical body“ thus certainly comes quite
close to the physiological processes of the heat fluxes in the face. The wind measured in a height of 10 m is
multiplied by the factor 0,5 in order to assess a wind velocity at the level of a human head. The radiation
temperature of the environment is assumed as being identical with the air temperature. The cooling is
indicated in a wind chill temperature referred to a reference wind velocity of 1,79 m/s. This new wind chill
formula yields noticeably higher wind chill temperatures than the old formula applied.

Table 1 shows the differences compared to PT. Due to the different wind velocities of the reference
environment, PT yields lower temperatures with lower wind velocities than the new wind chill formula.
With a wind velocity of 10 m above ground of ca 9 m/s the differences of the entire temperature range
become minimal. Thus, with the new formula, the wind chill temperatures are clearly lower than the
perceived temperature; in an extreme case of -43 °C and 20 m/s by 14 K. The reason for these differences
might be due to the type of assessment. The new wind chill formula assesses the perceived temperature of
uncovered skin for the entire body although it is to a large extent covered with well insulating clothing.

3.4  Physiological equivalent temperature PET (Höppe and Mayer, 1987, Höppe 1999)
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PET, (°C), is based on a complete heat budget model of the human being, describing the physiological
processes in detail. PET provides the air temperature of a reference environment in which heat fluxes
would be the same as in the actual environment. The reference environment is defined by means of the
formula  radiation temperature is equal to air temperature and calm. As a standard a water vapour pressure
of 12 hPa is prevailing, 50% humidity with a temperature of 20 °C. The assessment is made for a standard
male, aged 35 years, 1,75 m tall, weighing 75 kg. He wears unchangeable clothes with an insulation value
of clo = 0,9, clothes normally worn at the office and he has a work performance of 80 W, which
corresponds to 1,5 Met. PT and PET are closely correlated with r = 0,995, Fig. 6, the regression gradient is
1. Under environmental conditions which entail a cooling effect, PET shows slightly higher values than the
PT. This is to due to the fact that a water vapour pressure of 12 hPa has been fixed as standard for PET.
The enthalpy of the air which thus is increased, has under very cold conditions the effect that the heat flux
from the body to the atmosphere is reduced. In the range between 4 and 17 °C the slightly wavy course of
the data shows for PT the variations in  clothing. The „ratio“ of the uncovered parts of the body increases,
which affects the heat fluxes. With PET, on the contrary, the insulation by the clothing remains unchanged.

Both indices actually differ only in their assessment, which with PET refers to an office environment
according to the standard effective temperature. Described according to the terms of PMV this leads with
PET = +4 °C to a PMV = -3,5, that is  heavy to extreme cold stress. This is correct for office clothes and
activities in such a cold environment. As regards  PT, just the lower limit of comfort is reached; the clothes
are suited for winter and the work performance corresponds to the double metabolic rate of   office work.
This is reasonable for thermal conditions which in the course of the year are occurring most frequently in
Germany.

3.5  Outdoor Apparent Temperature, ATo (Steadman 1984 and 1994)

The Outdoor Apparent Temperature AT° °C, is the air temperature of a calm environment with tmrt = tl, in
which a standardised person achieves the same heat transfer as under the actual environmental conditions.
The person performs an activity which corresponds to walking with 5 km/h, 2,7 Met. The computation is
made by means of the insulating rate of the clothing which is necessary to create a balance between heat
production and heat release. This is directly proportional to AT°. Thus, the clothing is variable in the same
kind as with  PT. Compared to the former indices (Steadman 1971 and 1979) AT° also takes account of the
radiation effect. The correlation coefficient is r = 0,977, Fig. 7. For the correlation the regression model
(Steadman 1994) was applied. Compared to the original model it has a variance of ±1,2 K. The convective
heat transfer coefficient has been parameterised by means of the table provided by Steadman. Both facts
contribute to an increased variance. Values for AT°, °C, are obtained which in general conform with the PT
and with PET. Solely for cold conditions the shade apparent temperature (Steadman 1979, Quale and
Steadman 1998) which is considering humidity as well as wind velocity yields a slightly smaller, but still
usable correlation coefficient than AT° compared to PT. It is not suited for assessing summer radiation
days. In particular the model parts of AT° which deal with heat transfer between body and environment due
to radiation,  are simplifying compared to the approaches of Gagge et al. (1986), Höppe (1984) or also
Fanger (1970).

3.6  Result

The indices which are based on a complete heat budget model of the human body and are referring to an
identical reference environment,  conform well for the dimension °C. They take account of the fact that the
mean radiant temperature may considerably deviate from the air temperature which has noticeable effects
also under cold conditions with lower wind velocities. The subsequent assessment of this figure for the
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thermal perception may essentially differ in dependency on reference performance and insulation of the
clothing.

The new wind chill formula assesses  the effect of low air temperature and high wind velocities on
uncovered parts of the body. For the reference environment a wind velocity of 1,79 m/s is assumed. Air
temperature and radiant temperature of the actual environment are assumed as being identical. The mere
reference to uncovered parts of the skin leads in the first place to clear deviations from PT, physiological
equivalent temperature and outdoor apparent temperature. Apart from this, the different defined wind
velocities also have an effect.

Air temperature and wind chill equivalent temperature (former formula) have no usable relation to the
indices which assess the cold stress due to wind under cold conditions or heat load and are based on a
complete heat budget model. There are correlations, as the air temperature is an important input parameter
for all indices. There is no connection between the former wind chill formula and the physiological
processes within the human body. This is why criticism is voiced (Driscoll 1992, Kessler 1993).

4 Application of the PT with the Deutscher Wetterdienst
4.1 Thermal assessment

Table 2: Perceived temperature and thermal stress following VDI (1998)

perceived temperature °C thermal perception physiological stress

< -39 very cold extreme cold stress

-39 to -26 cold heavy cold stress

-26 to -13 cool moderate cold stress

-13 to    0 slightly cool low cold stress

0 to -20 comfortable comfort possible

+20 to +26 warm low heat load

+26 to +32 warm moderate heat load

+32 to +38 hot heavy heat load

> +38 very hot extreme heat load

The assessment of the PT is made according to VDI (1998) by means of  PMV, the scale of  the stress on
the thermo-regulatory system due to the thermal environment. The thermal perception corresponds to the
seven-step ASHRAE scale (ASHRAE, 1996). The thresholds of the physiological stress may have to be
separated from the connection with PMV and assertions on extreme values may better be related to
thresholds known from corresponding studies.
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4.2  Information for the forecasting meteorologist

The systems for  Meteorological Application (MAP) serving at the branch offices of the Deutscher
Wetterdienst to provide the meteorologists with basic information offer the perceived temperature by
mouse click, Fig. 8. The computation is made on the systems themselves on the basis of synop
observations and/or numerical forecasts whose output is structured like a synop observation. PT is already
forecasted on the basis of the „Lokal Modell“ (Majewski 1998) of the Deutscher Wetterdienst, Fig. 9. This
computation uses the short-wave and long-wave radiation forecasts contained in the forecast models. The
radiation ratio in the heat budget of the human being can thus be better described than by parameterising
the cloud cover only. With the data flow of the centrally generated forecasts the systems of the regional
branch offices will also be supplied  before long by data bank extract with PT information.

4.3  Target groups in the public

Because of the climatic situation in Germany there are no official threshold values set for issuing warnings
of  dangers due to extreme cold stress caused by very low temperatures and high wind velocities. If
necessary, information is provided on the basis of Table 2. In the south-west of Germany there is a heat
load warning service for rehabilitation purposes and spas. It aims at better controlling the physical stress of
cardio-vascular patients and to recommend them a suitable behaviour in their leisure time.

The „Klima-Michel-Modell“, since 1995 with the result „perceived temperature PT“ has been within the
Deutscher Wetterdienst  the standard assessment procedure for the complex atmospheric conditions of heat
transfer for a long time. Based on this model, the thermal conditions of street canyons have already been
studied, cities have been assessed in a 10-m grid for town planning purposes, bioclimatic maps have been
produced in all relevant scales from mikro to global (Jendritzky and Graetz 1998), the results of climate
change scenarios have been thermo-physiologically assessed (Jendritzky and Tinz 1999), and
epidemiological studies on the effects of heat and cold on daily the basis of 30-year mortality data have
been realized (jendritzky et al.1998). The method presented of the perceived temperature approach has thus
demonstrated its global suitability for numerous applications.

Perceived temperature is also used for forecasts for weather-sensitive persons whose reaction thresholds
against external stimuli are extremely attenuated. Particularly patients with respiratory problems and aged
people take such information into account when planning their day e.g. by avoiding to stay  outdoors at
times of the day which are unfavourable for them or by reducing unusual strains.
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Tab. 1 Revised wind chill temperature, wct, (Bluestein and Zecher 1999) as a function of air temperature and wind speed versus perceived
       temperature, PT. Assumption for PT: humidity 50%, mean radiant temperature same as air temperature

Wind speed                                            Air temperature, °C
at 10 m       7.2    4.4    1.7   -1.1   -3.9   -6.7   -9.4  -12.2  -15.0  -17.8  -20.6  -23.3  -26.1  -28.9  -31.7  -34.4  -37.2  -40.0  -42.8
 m/s
 2.2 wct C    7.2    4.4    1.7   -1.1   -3.9   -6.7   -9.4  -12.2  -15.0  -17.8  -20.6  -23.3  -26.1  -28.9  -32.2  -34.4  -37.2  -40.0  -42.8
     gt  C    3.0    -.7   -4.4   -8.0  -11.6  -15.2  -18.8  -22.4  -25.9  -29.5  -33.0  -36.5  -40.0  -43.5  -47.0  -50.5  -53.9  -57.4  -60.9

 4.5 wct C    4.2    1.2   -1.9   -5.1   -8.2  -11.3  -14.4  -17.6  -20.7  -23.9  -27.1  -30.2  -33.4  -36.6  -39.8  -42.9  -46.1  -49.3  -52.5
     gt  C    2.0   -1.8   -5.6   -9.4  -13.2  -16.9  -20.6  -24.3  -28.0  -31.7  -35.4  -39.0  -42.7  -46.3  -49.9  -53.6  -57.2  -60.8  -64.4

 6.7 wct C    1.7   -1.7   -5.1   -8.4  -11.9  -15.3  -18.7  -22.2  -25.7  -29.2  -32.7  -36.2  -39.7  -43.2  -46.7  -50.2  -53.7  -57.2  -60.8
     gt  C    1.5   -2.4   -6.3  -10.1  -14.0  -17.8  -21.5  -25.3  -29.1  -32.8  -36.5  -40.3  -44.0  -47.7  -51.4  -55.1  -58.8  -62.5  -66.2

 8.9 wct C    -.2   -3.8   -7.3  -11.0  -14.6  -18.3  -21.9  -25.6  -29.3  -33.1  -36.8  -40.6  -44.3  -48.0  -51.7  -55.4  -59.3  -63.1  -66.9
     gt  C    1.1   -2.8   -6.7  -10.6  -14.5  -18.3  -22.1  -25.9  -29.7  -33.5  -37.3  -41.1  -44.8  -48.6  -52.3  -56.1  -59.8  -63.6  -67.3

11.2 wct C   -1.7   -5.4   -9.2  -12.9  -16.7  -20.6  -24.4  -28.3  -32.2  -36.1  -40.0  -43.9  -47.8  -51.7  -55.7  -59.6  -63.6  -67.7  -71.7
     gt  C     .9   -3.1   -7.0  -10.9  -14.8  -18.7  -22.5  -26.4  -30.2  -34.0  -37.8  -41.6  -45.4  -49.2  -53.0  -56.8  -60.6  -64.3  -68.1

13.4 wct C   -2.9   -6.8  -10.6  -14.6  -18.5  -22.4  -26.4  -30.4  -34.5  -38.6  -42.7  -46.7  -50.7  -54.8  -58.8  -62.9  -67.2  -71.3  -75.3
     gt  C     .7   -3.3   -7.2  -11.2  -15.1  -19.0  -22.9  -26.7  -30.6  -34.4  -38.2  -42.1  -45.9  -49.7  -53.5  -57.3  -61.1  -64.9  -68.7

15.6 wct C   -3.9   -7.9  -11.9  -15.9  -19.9  -24.1  -28.2  -32.3  -36.4  -40.7  -44.8  -48.9  -53.1  -57.3  -61.5  -65.8  -70.1  -74.4  -78.8
     gt  C     .6   -3.4   -7.4  -11.4  -15.3  -19.2  -23.1  -27.0  -30.9  -34.7  -38.6  -42.4  -46.3  -50.1  -53.9  -57.7  -61.6  -65.4  -69.2

17.9 wct C   -4.8   -8.8  -12.9  -17.1  -21.2  -25.4  -29.6  -33.8  -38.1  -42.4  -46.7  -50.9  -55.2  -59.5  -63.8  -68.2  -72.6  -77.1  -81.6
     gt  C     .5   -3.6   -7.6  -11.5  -15.5  -19.4  -23.3  -27.2  -31.1  -35.0  -38.8  -42.7  -46.6  -50.4  -54.2  -58.1  -61.9  -65.7  -69.6

20.1 wct C   -5.6   -9.7  -13.8  -18.1  -22.3  -26.6  -30.8  -35.2  -39.6  -43.9  -48.2  -52.6  -56.9  -61.3  -65.8  -70.3  -74.8  -79.3  -83.9
     gt  C     .4   -3.7   -7.7  -11.7  -15.6  -19.6  -23.5  -27.4  -31.3  -35.2  -39.1  -42.9  -46.8
-50.7  -54.5  -58.4  -62.2  -66.1  -69.9
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Fig. 1 Required insulation degree of clothing for thermal comfort

Fig. 2 a) Frequencies of mean radiant temperature versus air temperature at noon:
wind speed  below 10 kn
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Fig. 2 b) Frequencies of mean radiant temperature versus air temperature at noon:
Wind speed  above 10 kn

Fig. 3 a) Frequencies of mean radiant temperature versus air temperature at midnight:



2
Wind speed  below 10 kn

Fig. 3 b) Frequencies of mean radiant temperature versus air temperature at midnight:
Wind speed  above 10 kn
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Fig. 4 Correlation of air temperature and perceived temperature
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Fig. 5 Correlation of wind chill equivalent temperature and perceived temperature
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Fig. 6 Correlation of physiological equivalent temperature and perceived temperature
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Fig. 7 Correlation of outdoor apparent temperature and perceived temperature
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Fig. 8 MAP-screen with perceived temperatures calculated from synoptic observations at  March , 24th,
2000, 00 UTC
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Fig. 9 Perceived temperature calculated on the basis of the „Lokal Modell“ of  the Deutscher Wetterdienst


