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Biomechanical Study on Man's Adaptation to Cold 

-Comparison of the Outfit of JARE and Eskimos in 

Heat Insulation and Physical Activity-

Kazuhiko WATANABE* and Kei TERAI** 

Abstract: The heat insulation and the physical performance were tested to 
compare the winter clothing of the JARE with that of Greenland Eskimos. Four 
healthy students were chosen as subjects. In the heat insulation test, each subject's 
body temperature was monitored during 60 min in chamber ( -40°C). The condi­
tion of bicycle ergometer exercise was 2.5 kp x 15 min. The results revealed the 
following: In heat insulation the Eskimo outfit excels the JARE outfit. In the 
physical performance test, the sportswear proves better in "broad jump" than the 
JARE and Esikimo outfit. But in the seven other items of the test, the three kinds 
of clothing showed almost the same result, though the Eskimo outfit was a little 
lower in "trunk flexibility". The JARE outfit seems suitable for physical activity, 
but its gloves require some improvements in heat insulation so as to cope with the 
severe cold. 

��: a *mli:l'l!!�•vm� CJARE) tJ:m:tE�m L--c1.,,Q�mfF��-vmtc"':::>\,,--c, f* 
i/latt:to J: �:ff;l�tt�OO 1::>n,.v::=. i'" � t.::..�tc, Y 1J - ::/ 7 ::/ r :r. ;;7,. =¥--c-O)�vffi c Jt� L 
k.. ���c v-c, �ijtt.i:::'-Ff�� 4 ,i50)�t.,��t.::... f*i/l!ttOJ'T ;:7,. r ·-e�:t. -40°C 
OJ$�rC605}Fa1tE�2'-t!", -t"0JFa11'C 2.5 kp O)�:(i/j'""(·155}Fa1Q) §�.ijf.:r.Jv ::i ,-;. - � -
f'F��fib-l:!", �f*�tm t �-vffipgi/l! � -1:- =- � - Lt.::... -t" OJ*s=*, :r. ;:7,. =t- -c -�vffivt, 
1*?.ffilttvc.:to1,, --C JARE �-J: IJ i"" <·.n --C \, 'Q*s=*iJ;� G:ht.:. 

� t.::.., Jllb�.1J'T A r OJ 8 � § tc:t..n ,--cv:t, r.n:t>!jli'Ut'Cf J --c-7,. ;-f- - -;, '7 :r. 7 iJ: 
JARE :loJ:�:r.A=f--'E--�-vffiJ: IJi'"(·:ht.::..Jitit"Z:'�·::d..:b:, ftl!OJ�§'""(·t:t, ff*W.J:: 
1*1z 1::> LJ '""(·:r.A =¥--c-OJ�-vffiiJ:��fih,JititOJ vib,.vi., �ivfµi]�OJttil--C-� ·:d..:. 

JARE �-vffiv:t, �f*tt-JfF��ff? Q)tC� l,-CI,,� c :1§-x..1::>.h�. t..:t..:. L, JARE Q) 

fF�'F�vtf*ill!tttJ�if L <fl£<, �tt��--t .o. 

1. vi. u©tc. 

:,$:?iJf�OJ § 1¥Jv:t, ��O) Wiffiii�UOJ��vc£vjt,, --c Im�, ��iJ:tJ: � ;h, --c � t-:�JfHiftirc 

v:::>t,,t��l¥J�*'f-�ffl,--c, ffijtgvciovt 0 M:�t.i::�ffli�jgpj<'. t, J: ? c '"t 01b 0)--C'tf> 0. ;:. ;n,vc 

J: "? t, ffij[gvciovt 0 fF�OJ�:@:ft:to J: ���M:��26, � Gtctk:�tt� 1b �2:bf-:t,,. 

4-@vi., 13 :;$:1¥Iffij[g�-�u� (tl � fJAREJ c �f*--t 0) ;,j:�:(E�ffl L, --Ct,, 0 fJi*i<ffi 

* JA�*��ff�tm1*ffffit�-����1i1f��. Laboratory of Physiology and Sports Biomechan­
ics, The University of Hiroshima, 2-17, Midori-cho, Fukuyama 720. 

** �}'.rffijfilliJf�m. National Institute of Polar Research, 9-10, Kaga 1-chome, Itabashi-ku, Tokyo 
173. 
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(3J5.}=§ij[l, D ��*It) c, Y !.l - :/ 7 :/ F .:z:. 7' � � - :b�'m'ffli'" ¢ =§ltij[l c tc "'::>\,, '"C, �ml ti 

:to J: rf{'F�f!O) ffi:b" G Jttt�W-t Q ;:. c vc t, t..:. 

2.1. ffl�.ffil ii[�? t,, t (J) �� 
2.1.1. ���ffl 

�Lv: ffi:tt!f!iff�Flr-0£llffi.��� Cllffi.l!t�ft : -40
°
C, � Jli.) 

2.1.2. tBt�� 

••��A�T4�K•��cL-CSb��t..:. -��O)MDl¥J�P71-���1K� 

L, t.:: .• 

� 1 tbt��OJ:!ir���?i& 
Table 1. Physical characteristics of the subjects. 

==============================-�-,--=----! I Chest I Subcutaneous fat (mm) Subject I Age Height • Weight girth I 
(cm) j (kg) (cm) Subscapula I Upper arm I Waist I Omphalion 

K. H. 28 
J. 0. 18 
H. S. 20 
Y. K. 20 

110.1 60.14 I 
178.2 60.93 
174. 7 72.41 
165.1 61.58 

89.5 
89.4 
88.5 
89.3 

ill I 21.51172.0 63.90 I 89.2 I 

2.1.3. �UJE-=¥111& 

5.3 
4.8 
8.3 
6.5 
6.2 

3.8 6.8 
3.0 5.0 
4.3 9.5 
4.0 6.0 
3.8 6.8 

6.2 
6.0 
8.5 
7.0 
6.9 

ti€��vc� GiJ'- 1.:26��0) § 1¥), r-9�, JJr:t�W.00 Lt-: 5 x.. c-, 23.5
°
C 0)$�vc:to1,,,-c Jr 

1*�1!:�fr\,,, 11Ht-c•m�,m;:a;�tifc'� Q;:: c �1itWl Lt-:. ,tO)fkT v � - � -,t,1t�:to 

J:rfJ.!'1*�$&iJ-.GO)ltfll!ffi.O)�/:fjO)f.:260) �
0

')' (/ 7 ')' 7
°

��*rLk (� 1 ). 

����:t, 23.5
°
C 0)$}¥:'t':rt)"-=f-�C!M--? f::. '£ '£ '"c'O)=t(��O)fil[��.lJ-J& 1:), ,tO)�f1£llffi.�vC 

� t lffitm:�1:±HflHv:. 1. iru�tm. 2. )Jij}fm, 3. :::klfflfm (:::klfflm[.Mi), 4. JE'ft� CJE 
�{$), 5 . .:f, (-:¥�$), 6. 'ij'rp, 7. m[.filk, 8. J::�FKJ{fil, 9. �P'lfm (,@'ij' 
fl,)OJ{}L.w'::) 

Fig. 1. The position of the temperature measurement. 1. Forehead, 2. Breast (nipple 
level), 3. Af. rectus femolis (surface), 4. Instep, 5. Hand (back}, 6. Back 
{subscapular level), 7. Rectum, 8. Overcoat {inside of breast level), 9. Boot 
(inside of instep position). 
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A� L,t.:. A��tcv:t, ���vi.�r ;::' c :f" � 7' � -vc .J:--::> -C Jlvt;h,t.:. L, kiJ�--::> -C -t"O)� 

@-cO)�•tt•11•vt0nt.:. ��, �-� �-�O)ft�I&1Jtt 37J';::'c��•��fib 

;h,t.:. 

23.5 °C 0)$m--(·O)�fj�l07J'f13,0)m� .J: a -40°C O)f.!£mt�--r.:-O)�fj�307tf13iO)ma-!c� 

L, t.: 0) '"t:>, -40°C '°(' 15 7trl3, § �-.:r. Jv ':2 • .;1. - pl -a-�-� �k ( -c -r - !7 li� § �Jf[.::r.. Jv 

':2. ;I. - pl-, 2.5 kp -C�7t60@J�) �O)m�ia� L,t.:. -tO)Mt, jqJ�·-e�-=rtc�'? -C157,tf13, 

O)@Ji:l�;@��� l,f.:O)'t:,, :pJ�:f" � 7' pl -vc .J: -0 -C���� 23.5 °C 0)$glvcjffl�lfi l,, 

-t t:. --r.:-� Gtcl57J'F13iO)�fJ@Ji:l�ffl�ic� L,t.:. 

2.1.4. �UJE�t£ 

T v .;1. - pl -,t/ijt�vi., =�illU��T v .;1. - � -it/ijtH�J:Jh,, -40°C 0)$miJ,. G 7 :,,-

7-r =i - F'� 23.5°C 0)$m"i--r.:-�l.-,-c, ���vi.'M'i/ffi.r--r.:·f'J:ffib��t.:. Itl\f&, t<Hlli/ffi.O) 

�UJEv:t, 3'rI��-if-- � 7'�-&!ftH�ffil.-,, T:/plJv�bF-!;IJIJW!x.vc.t IJ�M�tctc�L, 

t.:. &m'.HO)Wt�l& IJ vi., -40°c O)f�&���vt, 'M&rtc�l.-,-Cfi-0 t.:. 

2.2. )i:IIJ� jJ TA r 

2.2.1. ���m:to .ta��� 

���mv:t., m.ftffi:t1MiJf�ml*J--r.:·J1•tJ�+7tfix. � tmm� .t a}l!5rvc�l;,-cfi-0 t.:. � 1 

tc� l,k 4 i50)���vc JARE :to .J: �.:r.7' :f"-c -�vffia-�ffi � �' -t;h,..:f;h,0)�{4:r--r.:·jPJ 

-0) 7 7' r JJ{ § �fi -0 f.:. 

2.2.2. J!!•t!§1J7 7' } JJ{ § 

J!!•�1JO)-r7'rJJ{§tt, �rO)c�IJ-c��-

a) .ft't:>t&Mia (Broard jump) 

b) -if- -1 F' 7' 7 'Y 7 (Side stepping) 

c) .ft&f*frr}re (Trunk flexibility; forward bending under the ground level) 

d) �W.J:f*Bt G L, (Trunk flexibility; backward bending in belly position) 

e) 7' 5- ':I T::" :/ � (Stepping) 

f) ��Bt.£t�FJ3i (Reaction time) 

g) :Win1J (Back strength) 

h) �mti.Jli� (Sargent jump) 

fflUJEtc� L-Cv:t., -t;h,..:f;h,O)JJ{ § re --::>l.-,-c��� � �t-= ::i x. --r.:-�� L,, ��O)�Wt,tt.rl.-, 

.J: ? vc 1±� L, t.:. 

2.3. t (l)flB(l)iU�XI 1§1 b=f.JIII 

2.3.1. �JJRO)!iitc J!J� 

1<H!lO)Jiitv:t., tog §!itlJ��0)7(f'rtc.t IJffiUJEL,t.:. �t.:, 1<HRO)J!J�v:t., 0.1mm § 
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2.3.2. %�ttmu 
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.BCfHJ:jJWvt, '.ff1itf�ElH!iJ¥H�ffl'1,t.:. jg1Jv:t.7- .J. F v-�, lfn.EEv:tJJ(��lfn.EEH�ffl",, 

\,,fJ-i,cb, 23.5
°

C o:>�{lf=--efy'?k.. 

3.1. ili�:li<O��tr.J�ffi 

� 1 vCfBl�� 4 � VC "'.) \,' -C o:>%�89�1!!&�7.T" L, -C t6 G. fBl��o:>if.�o:>f:fey;v; 21.5 �' � 

* 172.0 cm, 1*'.i: 63.90 kg, .H!@lffl 89.2 cm 'c' 2b fJ, � GvC.BCf��)ljj)!JlC:tc'\,, -C cb, v'l:v9: S * 

A�A�To:J�$w1*m���QC��GnQ. 

�� ��'°�•��a�m�e<0�a 

;Jk. 2 �:t JARE :to .J: 'CF-= 7-. ::V- -1:- - o:> �ffivc "'.) '-', -C, --l-o:> :11:it c J!J � vc "'.) '-', -C ttmU L, k. fuli� 

7.J" l,k. cb o:> 'c't6 Q. !1!:SJC "'.)\,' -Cv:t, cf.�, **fl;, J::�, ;( ;i; Y, r�, ffl-=f-qC "'.)\, '-C, 

JARE c -= 7,. ::r--1:--�rm o:> Jtfst:o; t.r. � n -c", Q. -= 7,. ::r- -1:- - �rm vc :to", -c v:t, "if :f.•v:t 7 

-if 7 -;,, .&:� --e, § �o:>:::§1:tvc .t '? -c A 1=nm:B-� 7J ..,{ -� Q .t , tcmi," ,jb "in -c ", Q. *.fftv:t 

7-if 7 -Y lt�o:> �*fl; c � 1t•o:> f'3*fi; c -/J'- G t.r. G. J::�v:tJii1 � r 7 7J -1 o:> ItR 'c' t6 Gt;�, 4-@l 

rl!ffl co <b o:> �:t�.&:�--c-� '? k.. ;( ;i; :/�:ts�� � t.:t:t::*:.&:�iJ;�jffi --e� Q iJ�, 4-@rl!ffl o:> <b co 
��ItR�tb'?k. r��*•�'/�7, iio��.tu�*'/�7, •�mo:>*�o:>�­

� -��ffl Lt-:. �-msv:t�:f.:r-1 p Ymr��ffl Lt-=.. 

JARE �-o:>�IH:t, J::r3Il:::§Nlic D ��*U;o:>v'l:iJ:.v:t, .=7,.:q:--1:--�Vffic ��o:Jr�� 

�fflLk.. ffl-=t-tt:::e*o:>§Wffl��fflL, :f.•tt$:f.:tc.trF�Jt�-ffl:f.•��fflLk.. 

� 2 �vi 0) m:11: :to .t r1 J!J � 
Table 2. Weight and thickness of the outfit. 

Weight (kg) Thickness (mm) 

JARE Eskimo JARE Eskimo 

Gloves 0.15 0.35 2.0 6.0 

Boots 2.15 2.38 1. 5 12.0 
(0. 84 inner) (6. 0 inner) 

Coat 0.98 4.15 4.2 4.0 
(26. 0 hair length) 

Trousers 0.46 1. 59 1. 5 4.0 
(34. 0 hair length) 

Underwear 1.47 1.49 3.0 6.0 

Cap 0.32 - 4.0 4.0 
(26. 0 hair length) 

Sole - - 53.0 17.0 

Total 5.63 9.96 
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� -C, �ffl:.ii:O) Jtiic--C:'v'l, JARE 0) t 0) iJ� 5.63 kg, .::r. .7. :t-.:£--0) 1b O)v'l 9.96 kg --c:-s 1J, 

.::r._7.=f-.:£--�vffiO)jJ;,j� 4.33 kg ?bffl:\,,;:, C7.J�4'�.h,t..:. �tcJ:::gO)ffl:.ii:�v'l7(� <, JARE 

O)J:::ti"iJ� 0.98 kg c 1!66-C tI.ii:--c:· s-? f-:0) tci1 L,, .::r. .7. =r-.:c--0) nv'l 4.15 kg c ", 5 -m--c:-, 

� L,\,,��4' L,t-: • .::r._7. =f".:£--O)J:::gv'llt�c "'? ;:, C 1b s "? --C, :gJfHltO)ffl:.ii:�iJ� Gfilu� 

O)�v-t W!Hi'&'t:·s 0;:, c iJ�i'"-"-C O)���iJ� G¥1li!f �ti..t-:. .::r. A =r-.:c--�vffiO)�if, J:::gt-:vt 

't:·�ffl:.ii:0)40%t.AJ::� ti 2sb--C\,, 0;:. c i1��fi!!dl�'t:-S 0. JARE O)�i;, ,t-O){ilHi.bfi1�17% 

�tl--c:-s0. 

-jj, JJ� rcM 1.,,--c vi., � 2 tc4'-t-c j:o IJ t-:iJ�, �lfll¥Jt.cln,ft=¥�vc 01.,, --c 't:' s 0. 

JARE 0) JjiJ� 2.0 mm ""c' S ,-:, t-: 0) text L,, .::i:. .7. =f" .:£--iJ� 6.0 mm ""c' S I), .::r. .7. =f" .:£--0) JjiJ� 

JJ1.,,;:, c �4' L, t-:. :fltf{ttcM L,--Cvi., JARE iJ� 1.5 mm --c:-s-? f-::O)tci1 L,, .::i:. .7. =r- .:c--v'l 

12.0 mm -cs,-:, t-:. L-i1� L,, ffl;Jl'fO) JJ � vcM L---C vi., JARE '/J� 53.0 mm 't:' '6 IJ, .::r. .7. =r-.:c­

-0) 17.0 mm J: 9 t � L, < JJ",;:, c iJ�4'�*1..t-:. J;ttc4' Lt-: J:: , tc, :tltffi;O)�ffl:.ii:vi. JARE 

iJ� 2.15 kg .::r. .7. :t-.:c--i1� 2.38 kg c v�Uf IAj Cffi:'t:· S ,-:, t-:. 

"£ t..:, .::i:. A =f-.:£--�viitCj:o\,, --c �lfl1¥JtJ::;:, C tt, ;§.BlO)�O)*� ��· L,t-:�i;O)JJ � 0) 

;:. c 't:''60. {?IJ;tvf, J:::g't:'vi. JARE i1� 4.2mm, .::i:..7-:t-.:c--;6� 4.0mm cv�v�!Aj-O){Ii't:· 

t60iJ�, �O):flt���l\li'"0c, .::r..7-:t-.:c--HIHi. 26.0mm c\,,:jffi:tc�-t-0. ll'U�tc, X 

� :/vCj:o\,, "( t .::r._7. =f".:£--vi., :f,O):flt� ��!lvc;\*1.,o c 34.0 mm tC t �i'" .g. 

CO)J:, re, .::r._7.:\"-.:c--O)�viflc JARE O)�'VfficO)*�t.c�\,,vi., "if-tO)ffl:.ii:O)�'t:· 

s0. �GK, .::i:._7.=f-.:£--O)�-�JJ=¥0)1b0)#�<, ���O)*�<b�-�Ah0c,t-O) 

�lfliJ� � G vc !!f;Jllf c t.c 7::, 5 • 

3.3. ��Btt©Jt� 

� 2(a) vi. JARE O)�vffi��.ffl L,t-:��� Y. K. O):!t-f*-*ffil&tJ� i?O)i/a[lj:o J: {1,b113�� 

1tO)re��4'Lt-: t O)'t:'S 0. �ifidlv'li/atl c 1u113��4'L, ffiifidlv:t�r�,��c ct rc�f*Ji/a, 

���O);ililJ�ttt.c c�4'i"°· 

.ttJfi/&O)�lliffil&vi., � 1 tc4'L,t-:cj:o IJ, L wJmitm, 2. Hf@ffil, 3. *lfflffil C*lfflu[MJ), 

4. JEffB CJE'Wffil), 5. =¥ (=¥:Wffil), 6. Wi:p, 7. i1!�, s. J:::gf*Jffil, 9. ffl;f*Jffil CJEW$0)& 

ft) 't:'S0. 23.5
°

C 0)$�iJ�G -40
°

C tC.A�1it, "if�L,1.,,m.tlfl&r;o��60G*1..t-:O)v'l 

=¥-Wim cs; T) ""c'if> 1J, *lfflim (3; .&), fftPSim (9; v) ti�:t;n,tc.0--:$�, � GrcJ::�f*JifB 

cs; e) t �oot.c11&r�4'-t-. JE-Wffil (4; *) rcj:o\, ,--ct ���oot.cil&rtJ��60 Ght-:. c 

*1.,GO):!t,f*ffil&v'l, "'nl1>0?"1-rHt (shell) rcffl�-t-0 <bO)'t:'S IJ, C;h,tcxfL,--C�,u tcore) 

tcffl�i'" 0 Hf@-$ (2; 6), "Wl=P (6; D) j:o J: {1p[� (7; .) ""c'vi.il&rv'l�!!f;l""c'V'ltJ::il� ,-:, t-:. 

c ti.. G O)i:p't:·, .ttJli/aiJ� 10°c .[;J_ rte�"? t-: $&:o�=¥Wffilvc�66 Ght-= c "' ::> ;:, c v-t, :ic� 

M:O)ffiitJ� Gt tt § �;h,0. 
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(a) 

(b) 

(HR! 

23.5 � -1.o"c Exercise-ale -1.o·c �23.5 ·c 
, ____ Rest ----""ir� bicycle� <,--Recovery� Subj. Y.K. 

•: 1 

6'. 2 
o: 6 
.. , 3 

•: 4 
o: 1 
•: 8 
v:9 

•: 5 

a: HR 

0 3 6 9 9 3 6 9 12 15 18 21 24 27 3p 3 6 9 12 1p 3 6 9 12 1r3 3 6 9 12 15 

C [HR) 
40 

30 

19) 

20 

00 

•: 7 

o: 6 
.,.; 2 
v: 9 
o: l 
.: 8 ·= 4 
.. ; 3 

10 

0 

I t 

I t 
I I o.----·" .,_ ___ ._ ___ ... ___ .,.... ___ ..._ ___ .,._ __ -

- ,o ·c -1.o·c 
Exercise 

_ __,,...____ bicycle ------""''--

(ESKIMO) 

Subj. Y. K. 

0 3 6 9 0 3 6 9 12 15 18 21 24 27 30 3 6 9 12 15 3 6 9 12 15 3 6 9 12 15 

� 2 �Fa1��v::.ff 0 {*iffit, �viiffit� J: �,Ciffi�O)gc�. (a) JARE �viHtdlf, 

(b) =�:f".:f;-�-�{4: 

.:HR 

Fig. 2. Monitoring of the body temperature, outfit temperature and heart rate while 
sitting in a cold chamber. ( a) JARE outfit, (b) Eskimo outfit. 

17 



18 

v::>--::5\,, --c, 2.5 kp 0) il!tf1�7ey-c150-F1c190) § �1fi{'F*:z-fih'1:t 0 c, =¥:Wfm, *lfflfITTO)lffil!l 

J::�iJ��iibG:h,0. L,;a:.L,, ;:::h,GO)$&Lt, il!tfJ�T�¥.f�&Il{J£r:o��L,\,,. %:re, =¥ 

'W$0)fI£ri1: §ft"? tc.. il!tf1�150-F1c190)@J�M�j:o �, 23.5°C 0)$mJcj:o\,, --c ITTlU 1-, tc. c ::. 

;s, =¥:Wtm, *lfflfffiO){*lffil.J::�io J: �J::fr�tm, *ft�fffilffilO)J::�iJ� §l[v:, tc.. 

�--C, � 2(b) fi=?-=t--1:--�vffi�frffl L,k!AJ-tsl��O) Y. K. 0)*5*-c;:50. ��=¥R� 

a JARE �VfflO)-� c £-:> tc. < !AJ-c'S 0. ;:: 0)*5*tc J: 0 c, JARE �VfflO)-�O) � 2 

cJt�L,t£f�#<;:. cvi, 23.5°C O)tf£fili1"G -40°C O)tf£fil�A�l,k�0)300-F1c1j0)� 

�O)q=ic·, =?-=t--1:--�vffiO)niJ�, 1it�1¥Jvcmi_ll0)1J&r$i1�{I£\,, c "' 5;:: c c·;:50. fffUx.v:!, 

23.5°C rcj:ovt0=¥'W$0)lffil!ltt, JARE, =?-=t--1:--0).Vfflc cbvivilqJC{ii-c·;:50iJ:, -40°C 

O)ff£m�O)m0-&��0)=¥Wff£0)&1la, =?-=t--1:--0)••0)•� 1�c:z-r£n0::.ca 

ts:_\,, . *lfflfffi, *ft�$, JE'W$tCiovt0&IlfJ£rvi�L,\,,iJ�, ;:::h,Gib JARE O)ibO)tCJt 

""L {I£riJ�9)'fJ:\,, c \,, 5 ffirPJ;o��iib t;i:h, 0• JARE O)�vffic·�OOts:.fI£r�� L,tc. J:: � � $ 

cs; e) O)lffil!l&i, =?-=t--1:---c·vit:5£ tJfJ&r:o��iibG:hf, =?-=t--1:--H!iO)�tlffi.tf:O).fit� 

��--t 1b 0) c ,�h:h, 0. 

150-F1c1j0) § �Jfif'F*tCio\,, --C vi, JARE O)�Vfflc'� l,k. c IA]�, =¥:Wifil, *lfflfffic'O)ilffi.!l 

@l:fj(;o�� l,iJ:. v:, tc.. -40°C tCio\,, --C vi, ;:: :h, G 0) $&vi, ¥.f O!M!l{J£r--t 0;:: c iJ��iib G 

:h,tc.. \,,f:h,tc l,--Ccb, �1C.,,0)$U[O)i!ffi.1lvi*�tJ:�!ltJiJ�ts:. <, =?-=t--1:--•rmvcj:o\,,--Ct 

�•0)$&�0)•�•m0)••�, *�<�vt0::.c���:ht-:.O)�s0. 

� --c, ;:: :h, i?O)ffirPJtc v::>\, ,--c, 4 i:50):tSt��tc v::>\,, --c, 4l-�&�#io J: �{'F*�#tciovt 

Q Mll 0) �!tfJii:tC "'.:) \, '--c tJ. rtc�--t. 

� 3 v:t. -40°C 0)$fil�O) A�ntr c, A�307t�O)ilffi.!l�ft0) Jt�-c-s 0. :ft� l¥J tc vi 

JARE 0) �vffi c = 7- =t--1:--0) �vffi c 0) �#0) Jt�� fi--:;, tc. <b 0) c' 25 0 il�, WJJlh 0) J: ? tc, � 

,c..,O) tm&vi�1i'iO)tm&vc.Jt� --c fI£r 0) iui;n�:Pt.t",::. c ti�;:: ;:: -c· ts G tc.iib t��:h --c", 0. 

*1fft1¥Jvc:m:lJ���iibtc.O)ti, t<Hli�&c *ft�mlc vcj:o\,, tc·s "? tc.. t< Bli � mt vi. JARE 

c· 8.4°C, =?-=t--1:--c·vi. 3.4°C O)fJ£rc·;:5--::,tc.. £k, *ft�tfili!ffi.vi. JARE c· 15.1°C O)fj£ 

r-c·s"?kO)vc.�1-,, =?-=t--1:---c·vi s.2°c tee c·£ -:>k. 

� 4 vi. JARE io J: �=7-=t--1:--.fivcv::>l.t·--C, -40°C 0)$filc·150-F1c1j0) §�If[{'F*�D" 

",, f'F*ntr c f'F*mf�� Jt� L,tc. 1b O)c·s 0. tBt�1'HiwJ@llqJ� 41:5-c·:Ptt:.\,,O)c·s 0 n:, 
*1fITTl¥JtC�JE L,tc.*s*, :m:lJ�;o:�iib G:h,kO)vi, *lfflim (JARE c·vt 4.6°C O)J:::Jt., .::c.7' 

:t--1:--c'vi 7.8°C O)J:::Jt.), W[)Hblffil (JARE c·vi 0.2°C, .::c.?-=t--1:---c·vi 0.4°C O)J:::Jt.), 't{ 

Hli�ml (JARE c·vt 2.1
°

c 0)1J&r, =?-=t--1:---c·vt 0.2°c O)J::�) -c·sv:,tc.. l.t·f:hib =?­

=t--1:--•rmvcj:o\,,t, -f*i!ffi.j:o J: �'t<Bli�i!ffi.O)J:::Jt.iJ:�iib G:htc.. 

� --c, § �Jfi f'F* tc J: 0 � 1*� 0) •• c L, --c vi ,Gtf3� tc rM1 L, --c ti. r 0) J: 5 ft:. *!='=il: � G :h 

tc.. 
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� 3  - 40°

C, 30%r�lA�fiJ{& Q:){*m]l, �-m]lQ:)�{l:Jl 
Table 3. Difference of temperature before and after sitting 

in a cold chamber ( -40°C, 30 min) . 

JARE 

Forehead Breast M. rectus Instep Hand Back Rectum Overcoat Boot femolis 

H. S .  4. 4 1 .  3 4 . 7 3 . 1 23. 8 0. 4 0. 1 9 . 5 19 . 2 
Y. K. 2. 0 0 . 9 1 3 . 2 4. 2 17. 4 0. 1 0. 0 9. 0 1 1 .  4 
J. 0. 0. 4 1 .  1 3. 0 4 . 8 15. 2 0. 1 0. 2 8. 4 14. 5 

K. H. 3 . 4 2. 4 3 . 5 3 . 0 12 . 5 0. 6 0 . 4 6. 8 1 5 . 2 

x -2 . 6 - 1 . 4  - 6. 1 - 3 . 8 - 17 . 2 -0. 3 -0. 2 - 8. 4  - 15. 1 

SD 1 . 66 0. 67 4. 79 0. 87 4. 82 0. 25 0 . 17 1 .  1 7  3 . 21  

Eskimo 

H. S. 2. 5 0. 3 3 . 0 3 . 5 12 . 5 0. 4 0. 3 3. 2 6. 2 

Y. K. 1 .  1 1 .  1 4. 2 4. 9 1 1 .  9 0. 4 0. 2 2. 9 4. 9 

J. 0.  0. 4 1 .  2 3 . 0 4. 6 14. 7 0. 5 0. 3 3 . 6 3. 1 

K. H. 0. 8 0. 5 6. 3 4. 2 1 1 . 7 +0. 1 0. 4 3 . 7 6. 7 

x - 1 . 2 -0. 8 -4. 1 -4. 3 - 12. 7 0. 3 -0. 3 - 3 . 4 -5 . 2 

SD 0. 91  0. 69 1 .  56 0. 61  I .  38  0. 27 0. 08 0. 37 1 .  6 1  

t 

� 4  l3�}ff.=1L-- -=z· ,,< - :7 -f'F:JHC# 5 f*m]l, �-m]lO)�{tii: 
Table 4. Difference of temperature before and after the bicycle 

ergometer exercise (2.5 kp, 15 min) . 

JARE 

Forehead Breast M .  rectus Instep Hand Back Rectum Overcoat Boot femolis 

H. S. - 0. 8  2. 1 4. 1 - 0. 6 - 1 . 0  0. 9 0. 5 - 4. 5 5. 8 

Y. K. 1. 1 1 .  2 1 .  2 - 0. 4 5. 9 0. 5 0. 0 - 4. 5 - 1 . 2  

J. 0. -0. 4  1 .  1 1 .  5 - 1 . 9  - 1 . 4 - 0. 6 0. 4 -2. 7 0. 2 

K. H.  1 .  1 1 .  6 7. 3 - 1 . 9  - 6. 5  0. 2 -0. 2 0. 8 - 3. 5 

x 0. 3 1 .  5 4. 6 - 1 . 2 -0. 8 0. 3 0. 2 -2. 7 0. 4 

SD 0. 99 0. 46 2. 45 0. 8 1  5. 09 0. 64 0. 33 2. 50 3. 91  

Eskimo 

H. S. 0. 8 2. 4 7. 7 - 2. 8 - 2. 7 1 . 4 0. 6 - 0. 2 -3. 0 

Y. K. 2. 1 1 .  2 6. 8 -4. 6 2. 9 0. 6 0. 2 -2. 0 - 4. 5 

J. 0. 0. 1 0. 5 7. 3 -4. 3 6. 8 0. 3 0. 7 0. 3 - 1 . 5 

K. H. - 1 . 5 1 .  6 9. 2 -2. 4 1 . 5 1 .  1 0. 1 2. 7 - 2. 6 

x 0. 4 1 . 4 7. 8 - 3. 5 2. 1 0. 9 0. 4 0. 2 -2. 9 

SD 1 .  50 0. 79 1 .  03 1 .  09 3. 92 0. 49 0. 29 1. 94 1 .  24 

t 
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� 5 EJlpi]jf.:r. ;v -::z· ;1. - � -fp�q:r O)J\iiWj,C,,113�0)Jtt'l 
Table 5. Maximum heart rate during the bicycle 

ergometer exercise. 

JARE Eskimo 

K. H. 168. 0 206. 2 

J. 0. 171 .  4 1 86. 0 

H. S. 144. 9 160. 4 

Y. K. 153. 7 160. 4 

iii. 159. 5 178. 2 

� 6 {1£fl&�i5U,c� ? f*:I( (a), mJJ (b), .Ifn..EE (c) O)�{t. 
Table 6. Comparison of the body weight (a) , grip strength ( b) , blood 

pressure ( c) before and after sitting in a cold chamber. 
(a) Body weight (kg) 

K. H. 

J. 0. 

H. S. 

Y. K. 

m 

(b) Grip strength (kg) 

K. H . 

J. 0. 

H. S. 

Y. K. 

m 

Before 

60. 74 

65. 64 

72. 41 

61 .  58 

65. 09 

46. 0 

52. 0 

49. 2 

46. 5 

48. 4 

(c) Blood pressure (mm Hg) 

K. H. 

J. 0. 
H. S. 
Y. K. 

m 

125/50 

127/39 

141/56 

1 07/37 

125/46 

JARE 

After 

60. 5 1  

65. 41 

72. 20 

61 . 47 

64. 90 

46. 1 

48. 0 

47. 5 

43. 0 

46. 2 

132/58 

1 10/44 

1 39/57 

98/55 

120/54 

Before 

60. 93 

63. 95 

72. 34 

61 .  76 

64. 75 

50. 5 

54. 0 

50. 0 

48. 0 

50. 6 

1 16/65 

134/43 

137/45 

100/58 

122/53 

Eskimo 

After 

60. 62 

63. 63 

71. 99 

61. 49 

64. 43 

47. 5 

50. 0 

51 .  0 

47. 2 

48. 9 

120/84 

125/44 

1 33/47 

1 00/65 

120/60 

* 5 i'C. § �}l[fF*tc. J: o )'&� ,u1SfsC�1rd-. * 5 tc. J: --::,-C W3 b iJ�t.r J: :He., .:r.. 7' :c\=- -t" - �  

«i 0) 15iJ�, ,uia�ir� €:>�o c fF*��;o;� 1,., , ;: c ;o;}t?JlU � :n, 6 .  ;: :htt, .:c. 7- :c\=- -:r:- -�vmO) 

JJ::fiilt:& < ,  fF* O) L-�i'" � fl JARE �- c Jttc L. -cg; o ;:  c �7.l"i'° '6 0) c l...  'tf:t § � :h  

Q o  .":: O)�vi., } V ')'  }" � Jv�fi '""(·-JW OOi{H:::. �f Q O) '""Cvi. t.;: \, , tr,. c ,W-b;h, Q .  

� 't ,  -40
°

C O) {f&ilffi.���� O) J.,.�frjiu J: � § �}l[fF* 155}r�1�'?i?6, �tt605}���� 
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J:t t H./ --c, tl. r 0) J: 5 t.s: mi� ffl. t-:. 

� 6W n�m0)��� 0 .  -t� ��, f�-��o c ,  = 7' � .:r: - O)�•�n 3W g 0)� 

li�b�t!S IJ ,  JARE O)�vm-eO) 190 g v:::.Jt�--c, J: 1J jc �1, , ;: t :0�1F �nt-:. ;: ;h,v:t= .7' �  

.:r: -�fiO)jjiJ;5eff:fl;o;�tr" --::d-=. ;: c �7F-t <b O)c· � 6  5 .  ;: 0) ;:  c v:t. , l:�:P�lf[1'f�v:::.:tovt 

0 ,t.,iB�iJ;, = 7' � .:f: -�vffi:ffffl O)jjiJ� J: IJ � I, ,  V"" lv�7F l,f.:_ ;: c c f�Ht--C�x. 0 c f!.M 

-c- � J:  5 .  

* 6(b) v:t., m1JO)mf�1F-t. mnv:t.f1£ma�5�J:::. J: -?  --c ��v:::.f1£rffi���-t J: 5 -c-Z5 o 

"/J:, JARE C = A �  .:r: - O)�Vffi C O) rfcli v:::.:to1, ,--c��'/J;Z5 Q C  v:l:.�bb"/J;f.:\,, .  

t1U��O) q=iv::.v:1:. , 3.5-4.o kg t O)m1J11£r� 'i h < � t  1, , t-=.. 11£&���i:p-c:·O) lJ!tl5£mf� 

ffl.0 ;: t t �bb--c, �ffi&O) �r c O) �ffi� � G K�*-t� � �� ;s 5 .  

� 6(c) v:t.wEE�{tr:::.--::>1, , --c O)ffi��-t. ffiA�'/J�� o XJ;, �;li£H1"Jffi� c L,--C,  JARE :io J:  

u = A �  .:r: - O)�fi c t v:::..Ifn.EEv:::. --::>\, ,  --c v:t.* � t.s: �1t�:t. �:lbb Gnt.s: tJ :. -? t-=. f�{l1¥Jv::=. v:t., 

�&���v:::.:tovt 0 ��0)*6* c L, --c,  JN�.Ifn.EEiJ�ET11£r L,, JN:1�.Ifn.EE"/J;ET J:�-t 0 c 

1, ,  5 f1jJfiJtJ;�jjv:::.�bb Gnt-=.. 

3.4. �.f*it:IJ.JnlttJ T 7. 1--

JARE :to J: U= 7' � .:r: -�{lmO):ff ffl 5tdtv:::.:t:ovt o �ibt�:1JT 7' H:t., ::z Y r P - Jv�# c 

L---c, A ;t; - '7 1:7 = 7 ,  A ,t; - ';I v  ;:I. - x O)�f±f:: c Jt� L-t.s::i}; G ,  ,, {  7 ;t- - '"? :/ A T  A 1- � 

fr -?  t-=. . 

W 7  MRE t = � ��-�-� l a� �-'7 � = 7 K l ���� 
lb�1J�lt� 

Table 7. Comparison of the physical performance test of the outfit 
of JARE, Eskimo and sportswear. 

(a) Broad jump (cm) 

Sportswear JARE Eskimo 

K. H. 223. 0 187. 5 191 .  8 

J. 0. 242. 5 196. 0 208. 9 

H. S. 230. 5 202. 1 203. 0 

Y. K. 2 1 1 .  0 1 8 1 .  0 189. 5 

in 226. 8 191 .  7 198. 3 

(b) Side stepping (times/20s) 

K. H. 36. 0 35. 0 35. 0 

J .  0. 37. 0 35. 0 35. 0 

H. S. 36. 0 39. 0 38. 0 

Y. K.  43. 0 46. 0 42. 0 

in 38. 0 38. 8 37. 5 
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(c) Trunk flexibility (cm: forward bending under the ground level) 

Sportswear JARE Eskimo 

K. H. 17. 1  14. 3 15. 4 

J. 0. 5. 9 3.9 0.0 

H. S. 1 5.2 5.2 8.4 

Y. K. 10. 4 4. 4 2. 5 

m 12.2 7. 0 6.6 

(d) Trunk flexibility (cm: backward bending in belly position) 

K. H. 32. 0 37.0 34. 0 

J. 0. 40.0 47. 0 36.0 

H. S. 37.0 39.0 32.0 

Y. K. 55. 0 45. 0 41. 0 

m 41. 0 42. 0 35.8  

(e) Stepping (times/s : right, left) 

K. H. 9.8 1 1 . 0 10. 5 

J. 0. 1 1 .  2 10. 4 1 0. 4 

H. S. 12. 0 12.0 1 2.4 

Y. K. 13. 1 12. 6 13. 0 

m 1 1 . 5 1 1 .  5 1 1. 6 

(f) Reaction time (ms) 

K. H. 367.4 336. 0 361 . 2 

J. 0. 373.6 370. 2 369.0 

H. S. 283. 6 295. 8 284.4 

Y. K. 250. 0 303. 0 268. 4 

iii 3 18. 7 326. 3 320.6 

(g) Back strength (kg) 

K. H. 125.0  130. 0 1 23. 0 

J. 0. 146. 0 1 37. 0 146. 0 

H. S. 120.0 1 16.0 134. 0 

Y. K. 136. 0 137. 0 141 .  0 

iii 1 3 1. 8 130. 0 136. 0 

(h) Sargent jump ( cm) 

K. H. 52.0 44. 0 42.5 

J. 0. 63.5 59. 0 57. 0 

H. S. 51. 0 48.5 45. 5 
Y. K. 48. 5 44.0 45. 5 

m 53. 8 48.9 47. 6 
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*5:,Ji.* n <::.:,:G-t° c :to IJ -C'S 0 .  "£ fmU�� § a) 0) .ft'b$ima-c·vi., 7' ;t; - 7 17 .:r.. 7 iJ; 

JARE :to J:: tf.:r.. 7' 4'- -'.f:- - �ft J::  1'.J '6 1'f;i:vc �t, , n\(;.-C·ti; -0 t� (p<0.01 ). LtJ,. L, JARE :to J::  

a.:r.. 7' =f- -c - O)�vmisj-C' �i., 1'3:t�v-i�ob G;h,fJ:7:J" --:> k... :'£�1¥Jvc,  7' ;t; - 7 17 .::i:. 7 '<b {!;ob 

-c' JARE :to J: tf .:r.. A =t- -t:" - �vffivc:to\., '\ -C �Jl:��i.�bb b;h, f' �* C L -c ;:  ;h, 1:) 0) �,vffi�c 

:to� 0 :ilib��M:O)i"" <"n -(\., ,  0 ;:  c �7f--t ;: c vc t.t 0 t� c }/!:-;b;h, 0 .  d) O){:Jt�J:1*.& G L 

1/C:[o \., ,  -C vi., :if-:ieyf@.B")vCli., .::c. 7' =t- -1:: - �vffiiJ;, 7' ;t; - 7 17 .:r.. 7 :to J:: tf JARE O)�vijvc Jt 

� L --C fi£t, ,f@.�7:G Lt� ;: c tJq:±: § '6 ;h, 0 .  

� � 

=*IiJf'9E�rr , vc ti; t� 1'.J ,  rru�:v:tili:ttP.iJf'9Em1E:!ffii��,g O)ttwmt���vt. coo, s **��t 

-���-fi O)ffi�, � W*�O) I-U O .ft$re:to J:: tf•@*�0) 006�®� 0) �5�� fflk... 

;:. ;: vc 1*a!h , k. L "i -t. 

3i: ml 

q:qlJ fll:H$� (198 1) : ilffi.�±W+. *J?:, WI+:lt, 638 p. 

(1984�10 Jj 3 B �W) 


