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1 Anatomical human model 

A Japanese male model, which is based on magnetic resonance images, was used as a reference in 

this study (Nagaoka et al., 2004). The height and weight of this model were 1.73 m and 65 kg, 

respectively, which are close to those of mean values of Japanese males. This model consists of 2 mm 

cubic voxels (44,339,200 voxels) segmented into 51 anatomical tissues such as skin, fat, muscle, and 

bone. Figure S1 (A) illustrates the anatomical human model. 

2 Body temperature computation 

The body temperature were computed by the Pennes’ bioheat transfer equation, which is expressed 

by the following equation (Pennes, 1948): 

𝑪(𝐫)𝝆(𝐫)
𝝏𝑻(𝐫, 𝒕)

𝝏𝒕
= 𝜵 ∙ (𝑲(𝐫)𝜵𝑻(𝐫, 𝒕)) + 𝑴(𝐫, 𝒕) + 𝑸(𝐫, 𝒕) − 𝑩(𝐫, 𝒕)(𝑻(𝐫, 𝒕) − 𝑻𝑩(𝒎, 𝒕)),        (𝟏) 

where r and t denote three-dimensional position vector and time, T and TB are the tissue temperature 

and the blood temperature in each body part (m = 1, …, 14) where m represents the body parts shown 

in Fig. 3 (b). The parameters C, K, B, M, and ρ denote the specific heat, thermal conductivity, a term 

associated with blood perfusion, a basal metabolism, and mass density of the tissue, respectively.  

The boundary condition between the air and tissue were subjected to Eq. (2): 

−𝑲(𝐫)
𝝏𝑻(𝐫, 𝒕)

𝝏𝒏
= 𝑯(𝐫, 𝒕) ∙ (𝑻(𝐫, 𝒕) − 𝑻𝒂(𝒕)) + 𝑬𝑽(𝐫, 𝒕),     (𝟐) 

where Ta is the ambient temperature. EV is evaporative heat loss, respectively. H is the heat transfer 

coefficient between air and tissue that combines the convective and radiative heat losses here (Fiala et 

al., 1999). The heat transfer coefficient varies according to surface and air temperature as same in 

(Kamiya et al., 2019). The specific heat, blood perfusion rate, heat conductivity and basal metabolism 

used herein are identical to those used in our previous study (Hirata et al., 2006). In addition, the blood 

perfusion rate through skin is the same in (McIntosh and Anderson, 2010).  

In this study, the body core temperature was assumed to be equal to the blood temperature in the trunk. 

The time serious of blood temperature was computed considering arterial and venous temperatures for 

the body parts defined in Figure S1 (B). The arterial blood temperature was varied according to the 

following equation: 

𝑻𝒃𝒍𝒂,𝒎(𝒕) =
𝑻𝒃𝒍𝒑(𝒕) ∑ 𝑩(𝐫, 𝒕)𝑽(𝒓)𝒗𝒐𝒙𝒆𝒍𝒔

𝐫

𝒉𝒙,𝒎 + ∑ 𝑩(𝐫, 𝒕)𝑽(𝒓)𝒗𝒐𝒙𝒆𝒍𝒔
𝐫

+
𝒉𝒙,𝒎 ∑ 𝑻(𝐫, 𝒕)𝑩(𝐫, 𝒕)𝑽(𝒓)𝒗𝒐𝒙𝒆𝒍𝒔

𝐫

∑ 𝑩(𝐫, 𝒕)𝑽(𝐫)𝒗𝒐𝒙𝒆𝒍𝒔
𝒓 (𝒉𝒙,𝒎 + ∑ 𝑩(𝐫, 𝒕)𝑽(𝐫)𝒗𝒐𝒙𝒆𝒍𝒔

𝐫 )
,      (𝟑) 

where Tbla,m denotes the arterial and venous temperatures in each body part m, respectively. The blood 

temperatures in the head and torso were assumed to be same due to their high blood perfusion rate 

(Fiala et al., 1999). The values of V, hx, and m are given in (Kamiya et al., 2019).  
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The vasodilatation  according to temperature rise above a certain level were considered as the same 

as in (Laakso and Hirata, 2011).  

The evaporative heat loss from the skin is given as follows (Stolwijk, 1971): 

𝑬𝑽(𝐫, 𝒕) = 𝒎𝒊𝒏{𝑺𝑾(𝐫, 𝒕) ∙ 𝟒𝟎. 𝟔/𝑺, 𝑬𝑽𝒎𝒂𝒙(𝒕)},             

𝑬𝑽𝒎𝒂𝒙(𝒕) = 𝟐. 𝟐 ∙ 𝒉𝒄𝒇𝒑𝒄𝒍(𝑷𝒔(𝒕) − 𝝋𝜺𝑷𝑨(𝒕)),           (𝟒) 

where SW is the sweating rate [g/min], S [m2] is the total surface area of the human body, and 40.6 J/g 

is a conversion coefficient. The maximum evaporative heat loss, EVmax, on the skin depends on the 

ambient conditions. The convective heat transfer coefficient is represented by hc; PS and PA are the 

saturated water vapor pressures at the temperature of the skin and at the ambient air temperature, 

respectively; φe is the relative humidity of the ambient air, and fpcl is the permeation efficiency factor 

of clothing, which is affected by the wind velocity. For simplicity, fpcl is assumed to be 0.8, 

corresponding to a subject wearing short sleeves and long pants (Nishi and Gagge, 1970; Laakso and 

Hirata, 2011).  

The evaporative heat loss in elderly was modeled considering decline in skin perception and sweat 

gland (Hirata et al., 2012, 2014). There is no information on the age category when the data is divided 

into indoor and outdoor. Therefore, a thermoregulation model assuming adult males was applied to 

computed core temperature and perspiration.   

 

Figure S1. (A) Anatomical human model of adult male and (B) definition of body parts, representing 

a test subject.  
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3 Weather conditions in eight prefectures 

Figure S2 shows the daily average and maximum ambient temperatures for each prefecture in 2019 

(Japan Meteorological Agency, 2020), used to compute core temperature increase and sweating shown 

in Figure 2. As shown in Table 1, temperatures were lowest in Hokkaido and higher as one moves 

southward. The highest temperatures were observed in early August in each prefecture, and similar 

tendencies were observed in the computed body core temperature and sweating amount in Figure 2. 

The correlation coefficients between the average ambient temperature and the calculated results (body 

core temperature increase and sweating amount) were about 0.87 (p<0.05) and 0.8 (p<0.05), 

respectively, for the average of eight prefectures. 

 

Figure S2. Time course of daily average and maximum ambient temperatures in each prefecture in 

2019. 
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4 Evaluation of the validity of the regression model 

The F-test was carried out evaluate statistical significance of the proposed equations. Table S1 shows 

the F-values when the regression parameters were set in Table 2. As shown in Table S1, the proposed 

equation was statistically significant for all input variables and prefectures. 

Table S1. F-values for regression model with parameters in Table 2.  

Prefectures Classification 
Average 

Temperature 

Amount of 

sweating 

Body core 

temperature 

increase 

Miyagi  Indoor 512.7***  621.0*** 547.5*** 

Outdoor 732.1*** 1827.7*** 1869.5*** 

Niigata Indoor 424.0*** 629.0*** 534.8*** 

Outdoor 792.7*** 1898.0*** 1971.9*** 

Tokyo Indoor 475.5*** 536.5*** 450.6*** 

Outdoor 757.0*** 2545.1*** 2015.3*** 

Aichi Indoor 602.5*** 755.2*** 872.1*** 

Outdoor 1278.0*** 2565.6*** 1981.8*** 

Osaka Indoor 552.2*** 570.6*** 608.7*** 

Outdoor 1205.1*** 2269.0*** 1988.2*** 

Hiroshima Indoor 683.3*** 702.5*** 667.5*** 

Outdoor 626.2*** 1786.3*** 1373.8*** 

Fukuoka Indoor 370.1*** 488.6*** 425.5*** 

Outdoor 677.6*** 1797.7*** 1626.5*** 

 *p<0.05, **p<0.01, ***p<0.001 
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