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Summary. The data collected by the authors in 
four experimental series have been analysed to- 
gether with data from the literature, to study the 
relationship between mean skin temperature and 
climatic parameters, subject metabolic rate and 
clothing insulation. The subjects involved in the 
various studies were young male subjects, unaccli- 
matized to heat. The range of conditions exam- 
ined involved mean skin temperatures between 
33~ and 38~ air temperatures (Ta) between 
23 ~ and 50 ~ C, ambient water vapour pressures 
(Pa) between 1 and 4.8 kPa, air velocities (Va) be- 
tween 0.2 and 0.9 m.  s-~, metabolic rates (M) be- 
tween 50 and 270 W.  m -2, and Clo values be- 
tween 0.1 and 0.6. In 95% of the data, mean ra- 
diant temperature was within _+ 3~ of air tem- 
perature. Based on 190 data averaged over indi- 
vidual values, the following equation was derived 
by a multiple linear regression technique: 
T~k = 30.0+ 0.138% +0.254 P~-0.57V~ + 1.28.10 -3 
M - 0 . 5 5 3  Cto. This equation was used to predict 
mean skin temperature from 629 individual data. 
The difference between observed and predicted 
values was within + 0 . 6 ~  in 70% of the cases 
and within + 1 ~ in 90% of the cases. It is con- 
cluded that the proposed formula may be used to 
predict mean skin temperature with satisfactory 
accuracy in nude to lightly clad subjects exposed 
to warm ambient conditions with no significant 
radiant heat load. 
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Introduction 

Skin temperature is a fundamental factor in heat 
exchanges between the body and its environment. 
The level of  skin temperature directly affects the 
energy transfer by convection and radiation and 
also influences heat losses from sweat evapora- 
tion by determining the saturated vapour pressure 
at the skin surface. The assessment of skin tem- 
perature is thus of  great importance for thermal 
balance evaluation in working man. 

It is well known that temperature varies across 
the surface of  the skin, so that an average skin 
temperature may only be obtained by taking the 
mean of local temperatures weighted according to 
the relative surface of the area they are supposed 
to characterize. The optimal number of measure- 
ment points, their location, and the weighting sys- 
tem most appropriate for estimating mean skin 
temperature have been discussed for many years 
(Teichner 1958; Ramanathan 1964; Olesen et al. 
1972; Nadel et al. 1973; Lund and Gisolfi 1974). 

Several heat stress indices use a fixed mean 
skin temperature for thermal balance calcula- 
tions: this temperature is taken to equal 35 ~ in the 
Heat Stress Index (Belding and Hatch 1956) and 
in the Index of Thermal Stress (Givoni 1969), 
while a figure of 36 ~ C is adopted in the Required 
Sweat Rate Index (Vogt et al. 1981). This last fig- 
ure can be very close to the actual average skin 
temperature observed during intermittent expo- 
sure to heat: however, it can underestimate skin 
temperature levels during the most severe periods 
of exposure and thus lead to important errors in 
heat balance calculations (Mairiaux et al. 1986). 

Direct measurements of skin temperatures be- 
ing often not possible in practice, some authors 
have tried to derive prediction equations from ob- 
served skin temperature data. Givoni (1967) re- 
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viewed published data and presented various for- 
mulae relating skin temperature to dry and wet 
bulb temperatures, air velocity, mean radiant tem- 
perature or metabolic rate. These relationships 
are valid for resting subjects only. Missenard 
(1973) reviewed data collected on nude subjects 
by other authors and proposed four equations re- 
lating skin temperature to air temperature, at four 
levels of air velocity. Several other relationships 
have been published by various authors, but most 
of these were obtained from a relatively small 
number of subjects and in a given set of condi- 
tions. 

This study constitutes a further attempt of 
finding a reliable predictor of skin temperature 
variations in warm environments. The data used 
originated from four different studies carried out 
by the authors on clothed and nude subjects, both 
at rest and at work, at various levels of air temper- 
ature, humidity and air velocity. 

Material and methods 

Data sources 

The results of four experimental series, all but one being pub- 
lished, constituted the main data base of this study. Details of 
the experimental procedures can be found in the referenced 
papers. The main features of each series are briefly summar- 
ized below. 

Series I: five subjects wearing shorts and working on a bicycle 
ergometer were exposed to square pulse variations in air tem- 
perature (T,,: 23 ~ C--50  ~ C; 28 o C--45  ~ C) at constant meta- 
bolic rate ( M = 1 6 9  W.  m -s)  and to metabolic variations be- 
tween 117 W.  m -2 and 214 W.  m -2 at constant T~ (36.5~ 
The working period lasted 120 min (Mairiaux et al. 1983). 

Series I f :  six subjects exposed in the same experimental set- 
ting as that in series I. Conditions of exposure involved: con- 
stant metabolic rate (169 W- m-5),  square pulse variations of 
air temperature (Ta : 50 o C--23 ~ C; 45 ~ C--28  ~ C) or water va- 
pour pressure (P~,: 4 k P a - - 2  kPa; 4.6 kPa- - l .4kPa) ,  and a 
steady condition at T,, = 36.5 ~ and P~, =:3 kPa (Mairiaux et al. 
1986). 

Series HI:  five subjects working on a bicycle ergometer at con- 
stant load (M = 143 W- m -2) either "nude"  or "clothed".  The 
duration of exposure was 150 rain divided into two subperiods 
of 75 rain. From one subperiod to another, three parameters 
could be varied: clothing, Ta between 21~ and 47~ and 
mean radiant temperature (7,.)between 18~ and 54~ (Vogt 
et al. 1983). 

Series IV: the experiments (unpublished results) were carried 
out by five subjects and involved alternate periods of cycling 
exercise in a climatic chamber (T, ,=T~=41.8~ P,~=3 kPa; 
air velocity (V~,)=0.64 m - s -  t) and resting periods outside the 
chamber ( T , , = T r = 2 8 ~  1 ~ P~,=0.9 kPa). The duration of 
exercise was 20, 24 or 28 rain depending on the metabolic rate 

(243 W.  m -2, 199 W . m  -2 and 166 W . m  -z respectively) 
while rest periods lasted 15 rain between the exercise bouts. 
The final recovery period lasted 30 min. The subjects were 
clothed (0.5 Clo) in three conditions and nude (0.1 Clo) in the 
two others. The clothing insulation was determined using the 
figures from Olesen and Nielsen (1983). 

Additional data from other authors were also used in or- 
der to enlarge the diversity of the conditions taken into ac- 
count. These data were in most cases averaged data over a 
small number  of subjects; Hardy and Stolwijk (1966): 3 sub- 
jects; Stolwijk and Hardy (1966): 3 subjects; Gagge et al. 
(1969): 4 subjects; Chappuis et al. (1976): l l  subjects; Gon- 
zalez et al. (1978): 5 subjects; Kobayashi et al. (1980): 5 sub- 
jects; Candas (1980): 5 subjects; Alber-Wallerstrom and 
Homer (1985): 6 subjects. 

Subjects 

The data collected by the authors are based on a sample of 18 
male subjects, as 2 subjects took part in both series I and II, 
and another  subject took part in series I and IlI. All subjects 
were in good health and unacclimatized to heat. Age ranged 
from 20 to 25 years for sixteen subjects; two subjects were 30 
years old. Body weight was on average 71.4 kg (range: 60-- 
84.8) while mean stature was 178 cm (range: 168--186). Four- 
teen subjects had their [2o ...... assessed: values ranged from 2.9 
to 4.0 1 �9 min - ~ with an average 12o, = 3.46 1 - min - ~. 

The data from the literature involve a total sample of 41 
male subjects with characteristics similar to our own: young 
subjects (33 with age <28 years; all below 38 years) with a 
good level of fitness and unacclimatized to heat. 

Measurement techniques 

In series I, lI and III, ten local skin temperatures (foot, calf, 
thigh, hand, upper arm, abdomen, chest, back, subscapular 
and forehead) were recorded. Thermocouples were used in se- 
ries I and IL In series III, thermistors were used and the meas- 
urement of forearm skin temperature was substituted for the 
subscapular location. Mean skin temperature (T~k) was deter- 
mined by weighting each local measurement according to the 
Hardy and Dubois formula. In series IV, skin temperatures 
were recorded with thermistors at four locations: chest, upper  
arm, medial thigh, and leg; q'~k was determined using Ramana- 
than 's  expression (1964). 

In the studies taken from the literature, the number  of 
measurement locations ranged from 7 to 15 and thermocou- 
ples or thermistors were used in all but one study (Gagge et al. 
1969) where measurements were taken with a radiometer. 

Data selection and statistical analysis 

Experimental series I to IV provided a minute by minute re- 
cord of skin temperature. The purpose of this study being to 
examine the relationship between mean skin temperature and 
climatic parameters as well as metabolic rate and clothing in- 
sulation, we analysed the data observed at the end of each ex- 
posure period, that is 20, 25 or 30 rain after the metabolic a n d /  
or climatic transient. When the periods of exposure were long- 
er, as for instance in series III, we selected the conditions pre- 
vailing after 25 min and 60 min of exposure. The same ration- 
ale was used, when applicable, to select the data reported in 
the literature references. In series I, II and IV this provided a 
total of 629 sets of data:  T,, Tr, Pa, V~, M, Clo, Tsk, and rectal 
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temperature (T~). From these, were derived 127 "mean"  con- 
ditions by averaging over the individual values for each ex- 
periment. With the data available from series III and from the 
literature, a set of 218 "mean"  conditions was constituted. 

The "mean"  conditions were reviewed to assess the nor- 
mality of the distribution of the different parameters. We ex- 
cluded data sets in which any parameter was markedly outside 
the 95% confidence limits of its distribution. This led to the 
suppression of 18 sets of data from the literature and of 10 sets 
corresponding to high and low radiant heat load exposures in 
experimental series III (Vogt et al. 1983). This last step of se- 
lection left for statistical analysis a total of 190 "mean"  condi- 
tions, among which 151 corresponded to nude subjects and 39 
to clothed subjects. " N u d e "  and "clothed" data were consid- 
ered together as they were recorded in subjects exposed to the 
same conditions in the nude and in the clothed condition. 

A stepwise multiple linear regression analysis was con- 
ducted on the 190 "mean"  data, the skin temperature being the 
dependent  variable, T,, T~, P,, V,, M and Clo being the inde- 
pendent  variables. In a separate analysis, rectal temperature 
was also taken as an additional independent  variable. A skin 
temperature prediction equation was derived which included 
the variables bearing a significant contribution to the regres- 
sion. Predicted skin temperatures were then computed for the 
"mean"  data and for the individual data. The level of agree- 
ment between observed and predicted skin temperatures was 
calculated as the percentage of cases where the difference be- 
tween observed and predicted values was within given limits. 

Results 

Table 1 gives the mean, standard deviation and 
range of ambient and physiological parameters 
considered in this study. Ambient temperatures 
ranged from the neutral to the warm zone, most of  
them being above 27 ~ C. No significant radiant 
heat load was present and Ta and T~ were broadly 
in the same range. The data studied did not in- 
clude high air velocities. The ranges of ambient 
humidity levels and metabolic rates were fairly 
large. The rectal temperature levels observed in 
the data suggest that most of  the conditions stud- 
ied did not put an excessive thermal strain on the 
subjects. 
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Table 1. Mean value, standard deviation and range of each 
variable considered in the statistical analysis (n data = 190) 

Variable Mean SD Range 

T.~, ~ 35.2 7.7 22.9-- 50.6 
T,, ~ 34.6 6.5 24.1-- 49.5 
Pa, kPa 2.2 1.1 0.8-- 4.8 
V~, m - s-~ 0.33 0.22 0.2-- 0.9 
M, W- m -z 124.9 63.1 46.4--272 
Clo 0.19 0.18 0.1-- 0.6 
T~r ~ 37.4 0.38 36.6-- 38.4 
T~R, ~ 35.3 1.3 32.7-- 38.4 

Table 2 gives the successive results of  the step- 
wise multiple linear regression of mean skin tem- 
perature (190 mean values) on the independent 
variables. The last line of this table gives the re- 
gression coefficients when also including rectal 
temperature. As can be seen, the most significant 
parameters for the prediction of Tsk are, in de- 
creasing order, air temperature, ambient partial 
vapour pressure and clothing insulation. Due to 
the strong correlation between T~ and Ta  

(R = 0.95), the effect of the mean radiant tempera- 
ture is confounded with the effect of  air tempera- 
ture and the regression coefficient for Tr is not 
statistically significant. To a lower extent, Pa and 
V~ were also related to air temperature variations 
in the conditions studied (R=0.40 and 0.39 re- 
spectively). Metabolic rate was significantly corre- 
lated with rectal temperature (R = 0.50). The con- 
tribution of metabolic rate to the prediction was 
not significant (p < 0.05) when rectal temperature 
was taken into account and was at the limit of sig- 
nificance when Tre was excluded. For practical 
purposes, a prediction equation including Tre 
would be of limited interest, and therefore T~e was 
not considered in the final proposal. 

The validation procedure was thus based on 
the following prediction equation: 

Table 2. Stepwise multiple linear regression equations of mean skin temperature on the independent  variables: air temperature 
(T,0, water vapour pressure (P..), thermal insulation of clothing (Clo), absolute air velocity (Va), metabolic rate (M), mean radiant 
temperature (Tr) and rectal temperature (T~,). Regression coefficients in parentheses are not statistically significant (p < 0.05). 

# Constant  T,~ P~I Clo V,~ M Tr T,.e R 2 

variables term ~ kPa m - s - t  W-  m-Z ~ ~ 

1 30.0 0.149 0.770 
2 30.0 0.136 0.246 0.805 
3 30.1 0.139 0.200 - 0.811 0.816 
4 30.0 0.141 0.256 -0 .580  -0 .512  0.820 
5 30.0 0.138 0.254 -0 .553  -0.571 1.28.10 -3 0.823 
6 30.2 0.161 0.293 -0 .544  -0 .603  1.41- 10 -3 ( -0 .032)  0.825 
7 14.1 0.159 0.283 -0 .600  -0 .497  (5.58.10 -s)  ( -0 .030)  0.434 0.837 
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T~k = 30.0 + 0.138 T a  -/- 0.254 P a  - 0.571 V a 

+ 1.28 �9 10-3 M - 0 . 5 5 3  Clo 

where Ta was in ~ Pa in kPa, Va in m �9 s-~, M in 
W . m  -2. 

This equation was used to compute skin tem- 
perature from the data (n = 629) collected in indi- 
vidual subjects. Figure 1 illustrates the relation- 
ship between observed and predicted skin temper- 
atures. The corresponding equation of  regression 
was: 

T~kob~ = 0.94 T~kpred + 2.15 (R = 0.863) 

Table 3. F r e q u e n c y  of  ag reemen t  be tween observed  an d  pre-  
dicted skin t empera tu res  

Percentage  o f  obse rved-pred ic ted  T~k dif ferences  
within M e a n  da ta  Ind iv idua l  da ta  

(n = 190) (n = 629) 

___0.2~ 33% 33% 
_+ 0.4 o C 57% 54% 
_+ 0.6 ~ C 77% 70% 
-!-- 0.8 ~ C 93% 83% 
+ 1.0 o C 95% 90% 
___ 1.2 o C 96% 95% 
+ 1.4 ~ C 98% 97% 

A few data points in the figure corresponded 
to observed skin temperatures well below the pre- 
dicted values. All these values originated from ex- 
perimental series IV either from nude subjects 
during the resting periods or from clothed sub- 
jects after more than one hour exposure. This 
point will be discussed below. 

The frequency of agreement between observed 
and predicted T~k values is de,scribed in Table 3. 
The prediction error was within 0.6~ in 70% of 
the cases, and remained within 1 ~ C in 90% of the 
cases, when considering individual data. As ex- 
pected, the agreement was better when the mean 
data were compared. In the 14 subjects for whom 
individual data were available, the mean differ- 
ence between observed and predicted values 
ranged from - 0.82 ~ C to + 0.59 ~ C. No relation- 
ship was found between this mean difference and 
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Fig. 1. M e a n  skin  t empera tu re s  observed  in 629 indiv idual  
da ta  plot ted as a func t ion  o f  predic ted  skin  t empera tures .  Re- 
gress ion  line (y  = 0.94x + 2.15) with 95% conf idence  l imits 

the subject's ;2o~ ..... or mean skinfold thickness. 
Individual data were also examined regarding the 
effect of  exposure time of  day on the prediction. 
The observed Tsk during the thermoneutrality pe- 
riod before the start of  each exposure was on av- 
erage 0.36~ (SD 0.35~ below the predicted 
value in morning exposures, while only 0.02~ 
(SD 0.34~ above the predicted value in after- 
noon exposures. This difference was highly signif- 
icant (Student t =  4.02 with 58 dr). A similar trend 
was observed when considering Tsk values re- 
corded during the rest of  the exposure but it was 
not significant (Student t =  1.83 with 58 df). 

Discussion 

This study was based on results collected in var- 
ious laboratories, with different experimental pro- 
tocols and using various methods of  mean skin 
temperature determination. By analysing together 
these various sets of  data, it was hoped that the 
prediction formula to be derived could be rele- 
vant to an increased range of  ambient conditions 
and to a significant part of the working popula- 
tion. 

The overall agreement observed in these con- 
ditions between observed and predicted skin tem- 
peratures can only be compared with the figures 
reported by Meyer (1981). In his study, based on 
29 subjects involved in various experiments in the 
same laboratory, 82% of the calculated values 
were within + 0.85 ~ of  the observed values and 
95% of the calculated values were within 
_+ 1.42~ of the observed ones. This level of  
agreement is similar to that obtained in the pres- 
ent study (see Table 3). 

Several factors could have contributed to the 
difference between predicted and observed skin 
temperatures. The prediction errors observed for 
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the data from series IV may be in part related to 
characteristics specific to this series, as for in- 
stance the use of only four points of skin temper- 
ature measurement. Besides these particular fac- 
tors, a more general source of prediction error 
could be the circadian variation in thermoregula- 
tory functions. In series I and II, which involved 
both morning and afternoon experiments, the dif- 
ference between the observed and  predicted skin 
temperatures during the initial resting period was 
significantly affected by the time of day while this 
was not the case during heat exposure. This ob- 
servation must however be considered with cau- 
tion, as a circadian variation in mean skin temper- 
ature has been reported during heat exposure but 
not at thermal neutrality (Marotte and Timbal 
1982). Individual factors such as physical fitness 
or subcutaneous fat may also have contributed to 
the variance in T~k prediction. Both the level of 
training and the subject's Vo ..... have been shown 
to affect skin temperature variations in response 
to heat exposure (Gisolfi and Robinson 1969; 
Drinkwater et al. 1982). The heat storage observed 
during the exposure to heat may be another 
source of prediction inaccuracies as the skin tem- 
perature variation exhibits some relationship with 
heat storage or rectal temperature (Houdas et al. 
1972). A relationship between Tsk and Tre was ob- 
served in series I, II, and III, which involved con- 
tinuous exercise in the heat (R = 0.40 with 100 df) 
but not in series IV which involved alternate peri- 
ods of exercise and rest (R=0.2I with 43 df). In 
similar work-rest alternations, Saltin et al. (1968) 
did not observe a T~k--Tre relationship. In the 
present study, the results showed that the inclu- 
sion of rectal temperature in the prediction model 
would have improved the accuracy of the predic- 
tion. 

The regression coefficients determined for 
each independent variable can be compared with 
those reported in other studies. Among the am- 
bient variables considered, air temperature was 
the best single predictor of T~k. The relationship 
had the form: T~k=30+0.149T~, with R =0.88. In 
ambient conditions, with Ta ranging from 10~ to 
35~ Missenard (1973) reported Ysk-Ta rela- 
tionships with slopes ranging from 0.35 to 0.45, 
and constant terms between 23 and 19.5 depend- 
ing on the relative air velocity. In another study 
with air temperatures ranging from 10~ to 
40~ T~k was related to T~ by T~k=27+0.22Ta 
(Saltin et al. 1972). For air temperatures between 
30~ and 50~ few data are available. For T~ 
above 34 ~ C, Meyer (1981) reported slopes of 0.15 
and 0.11, and constant terms of 29 ~ C and 31.5 o C 

at rest and at work respectively. When air temper- 
ature rises above 30--35~ the increase in T~k 
per unit change in Ta is thus lower than that ob- 
served in neutral to cold conditions. This con- 
firms the non-linearity of the relationship, when 
T~k increases close to the level of core temperature 
(Gagge et al. 1937; Houdas et al. 1972). In the 
range of data examined in this study, the para- 
bolic trend of the relationship was found not sig- 
nificant. 

The influence of ambient water vapour pressure 
on T~k depends on the type of thermoregulatory 
exchanges between the skin and the environment. 
Its influence is only significant when body cool- 
ing requires the evaporation of sweat at the skin 
surface. The increase in T~k with the increase in Pa 
observed in this study was thus expected, for most 
of the ambient conditions analysed involved regu- 
latory sweating. The slope of the observed T~k-- P, 
relationship (0.25) is in agreement with the figures 
reported by others in comparable ambient condi- 
tions (Candas 1980; Meyer 1981). 

Variations in air velocity may affect skin tem- 
perature through increases in convective ex- 
change and evaporative heat losses. Depending 
on the difference between air and skin tempera- 
tures, a change in air velocity could either de- 
crease or increase the skin temperature. In the 
conditions in this study, a decrease in Tsk was ob- 
served with the increase in air velocity. This in- 
verse relationship may probably be ascribed to an 
increase in evaporative cooling in the conditions 
studied. 

Conflicting results have been reported con- 
cerning the influence of metabolic rate on skin 
temperature. In cool or neutral environments, a 
drop in skin temperature has frequently been re- 
ported at the start of exercise, sometimes followed 
by a subsequent and progressive increase with the 
continuation of exercise (Saltin et al. 1968; Na- 
kayama et al. 1977; Adams 1977). Fanger's com- 
fort equation (1970) is based on the assumption of 
a decrease in skin temperature with activity level. 
In warm environments, some authors reported a 
Tsk increase with metabolic rate (Nelson, cited by 
Givoni 1967) while others found that T~k was in- 
dependent of the level of activity (Missenard 
1973). These apparent discrepancies between re- 
sults reflect the complex interactions between 
work and skin temperature. The body movements 
associated with working activities increase the re- 
lative air velocity at the skin surface and, as Ad- 
ams (1977) has shown, two activities requiring the 
same metabolic rate may induce different skin 
temperatures, due to differences in relative air 
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velocity. In the present study, the exercise mode 
was uniformly a cycling exercise and therefore the 
relative air velocity could be affected by the ped- 
alling rate but not by variations in metabolic rate. 
When relative air velocity was taken into account, 
Missenard (1973) did not find any effect of meta- 
bolic rate. On the other hand, muscular exercise is 
associated with a vasoconstrictor drive and this 
explains in part the drop in skin temperature al- 
ready mentioned (Christensen and Nielsen 1942). 
Moreover, metabolic rate constitutes a major 
component of  the total heat lead and thus of heat 
storage in a given ambient cortdition. In the pres- 
ent study, this contribution seems to have played 
the main role as rectal temperature was not corre- 
lated to any climatic parameter but was related to 
activity level. The metabolic rate contribution to 
the Tsk prediction was therefore only significant 
providing T~e variations were not taken into ac- 
count in the model, and even so the effect was 
slight. Our results thus support the assumption 
that metabolic rate has per se little effect on skin 
temperature level. 

The effect of  clothing on skin temperature re- 
flects the interferences that this insulation factor 
puts on insensible and sensible heat exchanges 
with the environment. Depending on the ambient 
conditions, cool or warm, clothing may be asso- 
ciated with respectively an increase or a decrease 
in skin temperature (Vogt et al. 1983). In warm 
conditions associated with regulatory sweating, 
the evaporative heat transfer coefficient is re- 
duced and a saturated microclimate may develop 
under the clothing, so inducing a rise in skin tem- 
perature. However, in these conditions, the une- 
vaporated sweat may accumulate in the clothing 
and have a marked cooling effect (Craig 1972). In 
the conditions of the present study, the significant 
Tsk reduction observed among the subjects when 
clothed may be ascribed on the one hand to the 
reduction in convective heat load and on the 
other hand, to the full wetting of the clothing ob- 
served in experimental series IV, especially during 
the resting periods spent in a dry climate (Pa = 0.9 
kPa). 

Besides the various parameters considered so 
far, the subject state of heat acclimatisation is an- 
other factor which can significantly affect the 
magnitude of skin temperature variations. During 
exposure to heat, heat acclimatised subjects exhi- 
bit higher sweat rates together with higher skin 
wettedness and lower mean skin temperature than 
those observed in unacclimatised subjects (Can- 
das 1980). This important factor in Tsk variation 

should not be neglected when application of the 
prediction formula is considered. 

In conclusion, the present results allow the 
prediction of mean skin temperature in warm cli- 
mates, with satisfactory accuracy, from the main 
ambient parameters (Ta, Pa, V,), activity level M 
and clothing insulation. Due to the range of con- 
ditions analysed in this study, these conclusions 
are valid for nude or lightly clad unacclimatised 
subjects exposed to ambient temperatures above 
27 ~ under minimal radiant heat load. 
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