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Abstract

Three different clothing thermal resistance (r.) schemes are compared using meteorological and human
data collected in Martonvasar. Model 1 is the most complex, it is energy balance based. Model 3 is the
simplest, it is the UTCI-clothing model used as submodel in the UTCI (Universal Thermal Climate Index)
scheme. It uses air temperature as sole input. Model 2 uses more data than model 3, the data used are
the thermal insulation values of the clothing worn. Meteorological data refer to the town Martonvasar.
The data were collected in the period August 9, 2016 — May 23, 2018. The main result is that the r. val-
ues obtained by model 1 differ significantly in most of the cases from the results obtained by models 3
or 2. The fact that the results of model 1 rarely match the results of model 3 or model 2 suggests that
the energy balance between human body and environment is rarely achieved, merely this is the case in
approximately 10 percent of the cases.

Keywords: clothing thermal resistance; energy balance of the human body; clothing ensemble; air tem-

perature; environmental heat deficite; metabolic heat flux density

Introduction

In our day and age, mainly models based on energy
balance are used in the human biometeorological in-
vestigations (Potchter et al., 2018). It should be empha-
sized that the human factor can be fully taken into ac-
count only in these models. The human factor refers
to the activities of people and the clothing they wear.
Both factors are decisive in terms of human thermal
load and sensation.

Clothing exerts its thermal effect mainly through
its thermal insulation. The thermal insulation of
clothing (r.) is mostly an unknown parameter and
it varies highly from person to person. It can be both
an input and output variable of the energy-balance-
based biometeorological models. It is used as an in-
put variable in the vast majority of models, such as
in the most commonly used PMV (Predicted Mean

Vote), (Fanger, 1970), PET (Physiologically Equiva-
lent Temperature), (Hoppe, 1999), or UTCI (Univer-
sal Thermal Climate Index), (Fiala et al., 2012) mod-
els. In these models, r is either constant (e.g. Hoppe,
1999) or can be estimated in a very simple way by par-
ametrization (Havenith et al., 2012; Olesen, 1985). In
these cases, the personal variability of r is not taken
into account at all, although this variability can be
very large. There are also models (e.g. Auliciems & de
Freitas, 1976; Auliciems & Kalma, 1979; Yan, 2005;
Yan & Oliver, 1996), in which r, is an output vari-
able. In these models, r is determined on the ba-
sis of energy balance of the clothed human body-en-
vironment system. These models are a lot less often
used compared to the ones, in which r_ is used as in-
put variable.
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As we mentioned, the thermal effect of the individu-
al differences between human characteristics can only
be taken into account in models based on energy bal-
ance (de Freitas & Grigorieva, 2015). In these models, a
person is characterized by his/her activity-related met-
abolic heat flux density (M), clothing, and thermal sen-
sation. The last factor is the most complex phenomenon,
it can only be estimated by asking people; the pioneer-
ing work of Fanger (1970, 1973) should be highlight-
ed in this regard, which determined the development
of the entire profession. The methodology for estimat-
ing M has also improved a lot, among these works we
would highlight Weyand et al. (2010), in which M is pa-
rameterized for individuals walking at different speed.
Clothing is at least as much a variable and individu-
al factor as the previous two due to its thermal insu-
lation. The thermal insulation of clothing can only be
accurately determined by measurement. These meas-
urements are time consuming, expensive and individ-
ual measurements have no sense due to high interper-

Clothing thermal resistance models

son variability. Therefore ry is commonly determined
by parameterizations. It is clear that r, values deter-
mined by parameterizations and on the basis of the en-
ergy balance of the human body-environment system
don’t necessarily have to agree. To our knowledge there
is no work yet dealing with the comparison of r values
obtained using different methods.

Based on the aforementioned, the aim of this work
is 1) to compare three r, calculation methods and
2) to test the sensitivity of the energy-balance-based
method to variations of wind speed and M. In the fol-
lowing, model 1 is the energy-balance-based meth-
od; model 2 is the clothing ensemble model of Oles-
en (1985), which can be viewed as the most empirical;
and model 3 is the wellknown UTCI-clothing mod-
el (Havenith et al., 2012). After the presentation of the
methods follows a detailed description of the data col-
lected, which is then followed by the presentation and
discussion of the results. Eventually, the most impor-
tant conclusions are drawn at the end.

The basic equations of the models are as follows.

Model 1: Thermal resistance of clothing can be es-
timated from the energy balance equation of the hu-
man body-clothing-environment system (Acs et al.,
2021). It can be expressed as follows,

TS - Ta

T=pPCp - R
‘ P M-AE,-AE,-W

. +
M-AE - AE,-W

Thy

where p is air density [kgm™], c, is specific heat at
constant pressure [Jkg! °C?], T, is air temperature
[°C], Ty is skin temperature [°C] (a constant, 34 °C),
Iy, is the combined resistance for expressing thermal
radiative and convective heat exchanges [sm?], R,; is
the isothermal net radiation flux density [Wm™2], M is
the metabolic heat flux density [Wm™], AE4 is the la-
tent heat flux density of dry skin [Wm=2], AE, is the
respiratory latent heat flux density [Wm™=] and W is
the mechanical work flux density [Wm™] referring to
each activity, in this case walking. In our model appli-
cations, the walking speed is 1.1 ms™.

The parameterization of environmental and hu-
man factors is described in the work of Acs et al. (2019,
2021). The human body is considered as a single node
and since Ty is an input variable and r is an output
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1},

variable, this model is the inverse of the common en-
ergy-balance-based models (e.g. Fanger, 1970, 1973).

Model 2: Thermal resistance of clothing can also
be estimated on the basis of thermal insulation of the
garments (Olesen, 1985) that make up the clothing.
The expression is as follows,

n

Ta= E R

i=1

where r is the resulting thermal insulation of to-
tal clothes worn, r ; is the thermal insulation of the ith
garment and i is the number of garments. The r val-
ue obtained this way can be used as input variable in
each model, where T is an output variable. The model
can be called as clothing ensemble model.

Model 3: Thermal resistance of clothing is estimat-
ed in the UTCI model as follows,

r,=1.372-0.01866-T,—0,0004849 -T2~ 0.000009333-T°
where T, is the air temperature. The model can be

referred to as the UTCI-clothing model (Havenith et
al,, 2012).
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Atmospheric and human data are used. They are col-
lected in Martonvasér (geographical latitude 47.31 °N,
geographical longitude 18.79 °E), more precisely, dur-
ing running events at the running track surrounding
the soccer field in Martonvasar.

occasions. In other occassions, when there was envi-
ronmental heat surplus, the energy-balance is not met
since the process of sweating (evaporation from the wet
skin) is not simulated. In these cases, the value of r
is negative, which cannot be interpreted physically. In

Figure 1. Location of Martonvasar in Hungary and the running track surrounding the soccer field in Martonvasar
Photo by: Ferenc Acs

Atmospheric data

There were in total 112 occasions of running activity
(Acs et al.,, 2019) in the period August 9, 2016 - May
23, 2018. Atmospheric data were collected on each run-
ning occasion. Out of these 112 occasions, the energy-
balance-based method (method 1) is applicable in 74

the following, we will consider only the applicable cases.
Values of air temperature, air humidity, average wind
speed, wind gust speed and atmospheric pressure data
are taken from the website of Hungarian Meteorologi-
cal Service (HMS) and refer to Martonvasar. The mete-
orological station in Martonvasar is one of the stations

Figure 2. Evolution of air temperature and global radiation values registered during the
74 occasions of running on the Martonvasar athletics track

Figure 3. Evolution of average wind speed and wind gust speed values registered during
the 74 running occasions on the Martonvasar athletics track
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of the Hungarian Meteorological Service from about
a thousand stations. The Martonvasar meteorologi-
cal station - soccer field beeline distance is 100-150 m.
Data refer to periods of 10-minutes. The 10-minute pe-
riod is at the middle of the running activity. The be-

ginning and the end of each running is regularly docu- Name Thermal insulation value (clo)
mented. Relative sunshine duration and cloudiness are swim briefs 0.04
visually observed. The referring air temperature and <horts 006
global radiation values as well as wind speed values are
R . ankle socks 0.05
presented in Figure 2 and 3, respectively.
Air temperature changed between 10 and 25 °C, sneakers 0.08
whilst global radiation between 0 and 460 Wm™. in total 0.23
There were cases of lower temperatures coupled with Autumn clothes
higher values of global radiation (e.g. occasion 17 on Name Thermal insulation value (clo)
January 1, 2017; occasion 19 on January 15, 2017; oc- swim briefs 0.04
casion 20 on January 19, 2017), and conversely, higher sweatpants 0.25
temperatures .coupled with l.ower global radl_atlon val- e leeve 01
ues (e.g. occasion 40 on April 18, 2017; occasion 41 on " 02
April 23, 2017 and occasion 42 on April 26, 2017). Av- ! Tn gray sweater :
erage wind speed changed between 0.5 and 8.5 ms 7, thick orange sweater 03
but it fluctuated mostly between 2-3 ms?. Wind gust green vest 013
speed values were mostly between 3 and 6 ms?, val- | ankle socks 0.05
ues exceeded 10 ms™ only twice. Note that wind gust sneakers 0.08
speed was lower than 1 ms™ on two occasions. thick gloves 0.05
black cap 0.05
Human data in total 1.25
There are two types of human data: a) human state var- -
iables and the referring basal, walking and total energy Winter clothes
flux densities and b) thermal insulation values of gar- autumn attire complete in total
ments making up clothing. The anthropometric and with 1 pair of socks 1.25+0.05+0.20 =1.50
and 1 pantyhose

energy flux density data of the persons included in the
study are presented in Table 1. The heat and energy flux
density values shown in Table 1 (the last three columns)
were calculated according to Acs et al. (2019) (equations
(10)-(14)). Only one person (person 1) undertook the
long-term longitudinal experiment — simultaneous and
parallel documentation of the weather, activity and the
clothing worn. It should be mentioned that such long-
term experiments are very rare given the complexity of
the work to be performed. The anthropometric data of
persons 2 and 3 were used only when the sensitivity of
model 1 to changes in metabolic heat flux density was
examined (below in chapter: Results, section: Sensitivi-
ty of model 1 to metabolic heat flux changes).

Thermal insulation data of the garments mak-
ing up the clothing of person 1 used during running
events are summarized in Table 2.

Table 1. Human characteristics of the persons in the study

Table 2. The thermal insulation value of garments worn
and the total thermal insulation value of clothing worn in
different seasons based on model 2

GARMENTS

Summer clothes

The thermal insulation value is expressed in clo
unit, which was introduced by Gagge et al. (1941). 1
clo is 0.155 (m? - °C)/W. Thermal insulation values ex-
pressed in clo for different garments are taken from
literature (e.g. Parsons, 2014; Innova, 2002). It is worth
mentioning that the same clothes were used during
the runs, it is only their combination that may have
changed from run to run. As mentioned, the weath-
er, the clothing worn and the activity (duration of the
run, weight before and after the run) were document-
ed after each running event. Of course, the wearing of
clothes had seasonality. Table 2 also provides infor-
mation on these possible seasonal thermal insulation
values on the basis of model 2.

Persons Sex Age Body mass | Body length | Basal metabolic | Walking energy Total energy
[years] [kg] [em] heat flux flux density flux density
density [Wm] [Wm] [Wm-?]
Person 1 male 66 89 190 40.8 94.5 135.3
Person 2 male 53 95 179 42 108 150
Person 3 male 24 120 179 46 124.9 170
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Applying the models we a) compared their behav-
ior and b) examined the sensitivity of model 1 to the
changes of wind speed and M. The sensitivity of mod-
el 1 to changes in wind speed was investigated by com-
paring r values obtained for average wind speed and
wind gust speed. The sensitivity of model 1 to chang-
es in M was examined by comparing the r, values
obtained for the M value of person 1 and the rg val-
ues obtained for the M values of persons 2 and 3. We
chose wind speed because it is one of the most rapidly
changing factors among the meteorological state var-
iables. In model 1, the person is represented by M, so,
the variability between people is expressed via varia-
bility of M.

Comparison of the models

The comparison of the models can only be done for
person 1, since, as mentioned, there is no document-
ed data for the clothes and weather of person 2 and
3. There are three comparisons: results obtained by
model 1 are compared by results obtained by model 2
and 3, and lastly, results obtained by model 2 and 3 are
also compared. Each comparison contains 74 points,
that is, there are exactly as many points in each scatter
chart as there are applicable running events. Compar-
ison of r values of person 1 obtained by model 1 and
2 is presented in Figure 4.

We can see that for r, values smaller than 1 clo,
most of the points are below the dashed line, that is,
model 2 overestimates model 1. For r, values great-
er than 1 clo, the scatter of points is much larger and
model 1 can overestimate significantly model 2. It

Figure 4. Scatter chart of clothing thermal resistance
of person 1 obtained by model 1 (inverse application of
the energy-balance-based model) and model 2 (clothing
ensemble model)

seems that the agreement of the models increases as
heat deficit increases. Comparison of r values of per-
son 1 obtained by model 1 and 3 is presented in Fig-
ure 5.

Figure 5. Scatter chart of clothing thermal resistance
of person 1 obtained by model 1 (inverse application of
the energy-balance-based model) and model 3 (UTCI-

clothing model)

Here, the trend observed in Figure 4 is even more
pronounced. For r values smaller than 1 clo, model 3
overestimates model 1, but for r, values greater than
1 clo model 1 can significantly overestimate model 3.
Note that model 3 cannot produce ry values greater
than 1.7 clo. On the other hand, the r  values obtained
with model 1 became greater than 2 clo in some cas-
es. The biggest differences between the results of mod-
el 1 and model 3 are in cases, in which air temperature
values are lower (e.g. 4-11 °C) and global radiation val-
ues are higher (370-460 Wm2). These cases can easi-
ly be recognized in Figure 2. In these cases, r values
obtained by model 3 are about 1-1.3 clo, whilst r val-
ues obtained by model 1 about 0-0.3 clo. The effect of
radiation can also be revealed in cases of greater heat
deficiency. In these cases, model 1 overestimates (1.7-
2.3 clo) model 3 (1.2-1.5 clo), because model 3 is insen-
sitive to the lack of global radiation. Comparison of r
values of person 1 obtained by model 2 and 3 is pre-
sented in Figure 6.

It is noticeable that the results agree much better
than previously. In this case, model 3 systematically
overestimates model 2. This overestimation is great-
er in the case of small heat deficits (smaller r values),
and decreases as heat deficit increases. Based on the
results of the scatter charts, differences between the
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Figure 6. Scatter chart of clothing thermal resistance of
person 1 obtained by model 2 (clothing ensemble model)
and model 3 (UTClIclothing model)

models are the largest in situations with small heat
deficit (r less than 0.5 clo).

Sensitivity of model 1to wind speed changes
Model 1 depends on ry,, therefore it is sensitive to
wind speed changes. Wind speed changes are char-
acterized by comparing average wind speed and wind
gust speed values (Figure 3). Comparison of r values
obtained by model 1 using wind gust speed and aver-
age wind speed values is presented in Figure 7.

For these wind speed changes, the maximum val-
ue of r change is around 0.4 clo. r deviations of 0.2-
0.4 clo can occur both in case of larger (1.5 clo) and
smaller (below 0.5 clo) environmental heat deficits.
The determining role of wind can even be seen in cas-
es, where r < 0.5 clo.

Sensitivity of model 1
to metabolic heat flux changes
Model 1 depends on M, therefore it is sensitive to
changes of M. M values of persons 1, 2, 3 differ about
15-20 Wm2. The effect of these constant differences on
r. can be seen in Figure 8.

Since M of person 2 and person 3 is greater than
the M of person 1, r, values obtained for persons 2

Discussion

Figure 7. Scatter chart of clothing thermal resistance
values obtained by model 1 using wind gust speed and
average wind speed values

and 3 are underestimated with respect to the r val-
ues obtained for person 1. The bigger the r  values, the
bigger the differences between them. In case of large
heat deficits, these differences can reach 0.4-0.7 clo.
Note that models 2 and 3 do not explicitly show this
dependence.

Figure 8. Comparison of clothing thermal resistance
values obtained by model 1 for persons 2 and 1 (blue), and
for persons 3 and 1 (green)

The tested r models differ greatly. Each model has its
advantages and disadvantages. Model 1 is the most
complex because it takes all important environmen-
tal and human factors into account. This is both an
advantage and a disadvantage. M and r are simulat-
ed referring to a specific person, whilst thermoregula-
tion processes are not considered at all. In our opinion,
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thermoregulatory processes (e.g. sweating, shivering)
do not need to be simulated if the model is not for
testing human comfort, they are rather to be used in
simpler tests like climate classification. However, the
number of input variables is large. This is a clear dis-
advantage, especially if we want to use the model for
climate classification. Model 2 is much less complex



than model 1. Model 2 is simple, but the r values of
the garments that make up the clothing may differ
from the literature values and r values may vary from
case to case. Model 2 has as many input variables as
there are garments that make up the clothing. Model 3
is the most simple since r depends only upon air tem-
perature. The human is an imagined average person
(Blazejczyk et al., 2010, 2013) with a body weight of
73.5 kg, abody fat content of 14% and of a Dubois area
of 1.86 m>. Sex is not specified. His/her clothing rep-
resents the clothing patterns of European and North
American urban populations.

We could see that the r values obtained with mod-
el 1 and model 3 differed to the greatest extent (Figure
5). These differences were the greatest when heat defi-
cit was small according to model 1, while it was great-
er according to model 3. These cases were seen when
in addition to lower air temperatures (higher heat def-
icit according to model 3), higher solar insolation val-
ues (lower heat deficit according to model 1) occurred.
Larger r differences obtained by model 1 and model
3 could also be observed in conditions of greater heat
deficits (r, = 1.3 clo). In these cases, heat deficit was
greater (1.6 < ry < 2.2 clo) according to model 1 and
smaller (1.2 <r, < 1.5 clo) according to model 3. These
differences are caused by the fact that model 1 takes
the effect of radiation balance on thermal load into
account, while model 3 doesn’t. These cases show that
there can be large differences between the thermal in-
sulation of worn clothing (model 3 or model 2) and
the thermal insulation of the clothing providing the
energy balance (model 1) in case of either a small or
a large heat deficit. It seems that a person’s clothing is

Conclusion
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such that the energy balance of his/her body is rarely
completely or approximately fulfilled. More precisely,
in 8-10 cases out of 74 cases, the energy balance was
fully met (Figure 4, Figure 5). It is most correct to con-
sider each r value as an approximate value. Such are
the typical seasonal values given in the literature (e.g.
Yan, 2005; Yan & Oliver, 1996). The seasonality of the
clothing worn can also be seen based on the data pre-
sented in this work. According to model 2, the low-
est summer r values can be around 0.2 clo, the high-
est winter values are around 1.5 clo, while the autumn
and spring values can be often around 0.6-1.0 clo.
Model 1, which is the most complex of the exam-
ined models, has highly variable capabilities. It can-
not be used in warm climates or in weather situations
that provide an excess of ambient heat, in which cas-
es the energy balance equation is not complete, as it
does not simulate the process of sweating. However,
when it is applicable (cases of lack of heat), it is able
to simulate interpersonal variability because of the
changes of M. Since the value of M used during walk-
ing depends very weakly, that is, to a small extent, on
the sex of the person, the difference between the sex-
es in the variability of the ry is not noticeable.The in-
terpersonal r differences are the smallest in the case
of small heat deficits, they increase as heat deficit in-
creases, and they can reach values of 0.4-0.7 clo in cas-
es of large heat deficits. Note that this sensitivity (Fig-
ure 8) is comparable with the sensitivity (Figure 7)
obtained for wind speed changes. It should be noted
that the model is planned to be applied to individuals.
The main strength of model 1 is that it eliminates the
effect of clothing on the thermal load of human body.

In this work, we compared three different clothing
thermal resistance models that can be used either as a
stand-alone human biometeorological model (model
1) or as submodels (models 2 and 3). Model 1 is based
on energy balance and is therefore the most complex.
Model 3 is the simplest one and model 2 is in between
the two. To the best of our knowledge, there are no
such or similar comparative analyses in the scientif-
ic literature. The results obtained show that there is a
considerable difference between r values obtained by
model 1 on one hand and models 2 and 3 on the oth-

er. The results suggest that 1) it is hard to achieve a bal-
ance of energy between the human body and the en-
vironment because in most of the cases it is either of
the following: too much or too little clothing is worn.
Based on the results obtained in the study, it is ap-
proximately in 10% of the cases that an energy bal-
ance is met; 2) the impact of individual differences on
r. is greater with increasing environmental heat defi-
cit. Of course, further studies need to be conducted in
order to get a better knowledge of the thermal features
of the clothing worn by humans.

Geographica Pannonica * Volume 27, Issue 2, 83-90 (June 2023) | 89



Clothing Thermal Resistance
in the Human Biometeorological Models

References

Acs, F., Kristof, E., & Zsékai, A. (2019). New clothing
resistance scheme for estimating outdoor environ-
mental thermal load. Geographica Pannonica, 23(4),
245-255. https://doi.org/10.5937/gp23-23717

Acs, F., Zsékai, A., Kristof, E., Szab6, AL, & Breuer, H.
(2021). Human thermal climate of the Carpathian
Basin. International Journal of Climatology, 41(S1),
E1846-E1859. DOLI: 10.1002/joc.6816

Auliciems, A., & de Freitas, C. R. (1976). Cold stress
in Canada. A human climatic classification. Inter-
national Journal of Biometeorology, 20(4), 287-294.
https://doi.org/10.1007/BF01553585

Auliciems, A., & Kalma, J. D. (1979). A Climatic Clas-
sification of Human Thermal Stress in Australia.
Journal of Applied Meteorology (1962-1982), 18(5),
616-626.

Blazejczyk, K., Broede, P, Fiala, D., Havenith, G., Hol-
mér, I, Jendritzky, G., Kampmann, B., & Kunert, A.
(2010). Principles of the New Universal Thermal
Climate Index (UTCI) and its Application to Bio-
climatic Research in European Scale. Miscellanea
Geographica, 14(1), 91.

Blazejczyk, K., Jendritzky, G., Brode, P., Fiala, D., Ha-
venith, G., Epstein, Y., Psikuta, A., & Kampmann,
B. (2013). An introduction to the Universal Ther-
mal Climate Index (UTCI). Geographia Polonica,
86(1), 5.

de Freitas, C. R., & Grigorieva, E. A. (2015). A compre-
hensive catalogue and classification of human ther-
mal climate indices. International Journal of Biom-
eteorology, 59(1), 109-120. https://doi.org/10.1007/
s00484-014-0819-3

Fanger, P. O. (1970). Thermal comfort. Analysis and
applications in environmental engineering. https:/
www.cabdirect.org/cabdirect/abstract/19722700268

Fanger, P. O. (1973). Assessment of man’s thermal
comfort in practice. British Journal of Industrial
Medicine, 30(4), 313-324. https://doi.org/10.1136/
oem.30.4.313

Fiala, D., Havenith, G., Brdde, P., Kampmann, B., &
Jendritzky, G. (2012). UTCI-Fiala multi-node mod-
el of human heat transfer and temperature regula-
tion. International Journal of Biometeorology, 56(3),

429-441. https://doi.org/10.1007/s00484-011-0424-
7

90 | Geographica Pannonica * Volume 27, Issue 2, 83-90 (June 2023)

Gagge, A. P, Burton, A. C., & Bazett, H. C. (1941). A
Practical System of Units for the Description of the
Heat Exchange of Man with His Environment. Sci-
ence, 94(2445), 428-430. https://doi.org/10.1126/
science.94.2445.428

Havenith, G., Fiala, D., Blazejczyk, K., Richards, M.,
Brode, P.,, Holmér, I, Rintamaki, H., Benshabat, Y.,
& Jendritzky, G. (2012). The UTCI-clothing model.
International Journal of Biometeorology, 56(3), 461-
470. https://doi.org/10.1007/s00484-011-0451-4

Hoppe, P. (1999). The physiological equivalent tem-
perature — a universal index for the biometeoro-
logical assessment of the thermal environment. In-
ternational Journal of Biometeorology, 43(2), 71-75.
https://doi.org/10.1007/s004840050118

Innova Air Tech Instruments (2002). Thermal Com-
fort. Innova Air Tech Instruments, 32 pp. (it is avail-
able from the authors on the request).

Olesen, B. W. (1985). A new simpler method for esti-
mating the thermal insulation of a clothing ensem-
ble. ASHRAE Transactions, 91(2B), 478-492.

Parsons, K. (2014). Human Thermal Environments:
The Effects of Hot, Moderate, and Cold Environ-
ments on Human Health, Comfort, and Perfor-
mance, Third Edition (3rd ed.). CRC Press. https://
doi.org/10.1201/b16750

Potchter, O., Cohen, P, Lin, T.-P., & Matzarakis, A.
(2018). Outdoor human thermal perception in vari-
ous climates: A comprehensive review of approach-
es, methods and quantification. Science of The To-
tal Environment, 631-632, 390-406. https://doi.
org/10.1016/j.scitotenv.2018.02.276

Weyand, P. G., Smith, B. R,, Puyau, M. R., & Butte,
N. F. (2010). The mass-specific energy cost of hu-
man walking is set by stature. The Journal of Exper-
imental Biology, 213(Pt 23), 3972-3979. https://doi.
0rg/10.1242/jeb.048199

Yan, Y. Y. (2005). Climate Comfort Indices. In J. E.
Oliver (Ed.), Encyclopedia of World Climatology
(pp. 227-231). Springer Netherlands. https:/doi.
0rg/10.1007/1-4020-3266-8 44

Yan, Y. Y., & Oliver, J. E. (1996). The Clo: A Utili-
tarian Unit to Measure Weather/Climate Com-
fort. International Journal of Climatology, 16(9),

1045-1056. https://doi.org/10.1002/(SICT)1097-
0088(199609)16:9<1045::AID-JOC73>3.0.C0O;2-0O



https://doi.org/10.5937/gp23-23717
https://doi.org/10.1007/s00484-014-0819-3
https://doi.org/10.1007/s00484-014-0819-3
https://www.cabdirect.org/cabdirect/abstract/19722700268
https://www.cabdirect.org/cabdirect/abstract/19722700268
https://doi.org/10.1136/oem.30.4.313
https://doi.org/10.1136/oem.30.4.313
https://doi.org/10.1007/s00484-011-0424-7
https://doi.org/10.1007/s00484-011-0424-7
https://doi.org/10.1126/science.94.2445.428
https://doi.org/10.1126/science.94.2445.428
https://doi.org/10.1007/s00484-011-0451-4
https://doi.org/10.1007/s004840050118
https://doi.org/10.1016/j.scitotenv.2018.02.276
https://doi.org/10.1016/j.scitotenv.2018.02.276
https://doi.org/10.1242/jeb.048199
https://doi.org/10.1242/jeb.048199
https://doi.org/10.1007/1-4020-3266-8_44
https://doi.org/10.1007/1-4020-3266-8_44
https://doi.org/10.1002/(SICI)1097-0088(199609)16:9<1045::AID-JOC73>3.0.CO;2-O
https://doi.org/10.1002/(SICI)1097-0088(199609)16:9<1045::AID-JOC73>3.0.CO;2-O

	_Hlk126307187
	_Hlk126307294
	_Hlk126307396
	_Hlk126307482
	_Hlk126307933
	_Hlk126308302
	_Hlk126308388
	_Hlk126308548
	_Hlk126309006

