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The energy expenditure of up hill and down hill walking

around the university

Toshihiko KOMATSU, Tadao MATSUSHITA,
Mutsuji NARUKAWA, Tadashi TSUJI

The purpose of this study was to estimate the exercise intensity of hill walking
around the university. Oxygen consumption was measured on 7 male and 7
female subjects at each type of hill walking (up and down).

The obtained results were as follows;

1. The walking speeds ranged from 64.9 to 74.0 m/min. That of the up hill
walking was less than the down hill.

2. The parameters measured to evaluate the physical intensity were oxygen
requirement and relative metabolic rate (RMR). The measured oxygen
requirement and RMR of the up hill walking were higher than that of the
down hill. However, the relationship between male and female was not
significant.

3. As far as the mean values are concerned, the amount of physical activity of
the male subject was 61.9 RMR-+min for the up hill walking and 26.5
RMR +min for the down hill. While that of the female was 59.2 RMR min for
the up hill walking and 25.2 RMR-+min for the down. In addition, total the
amount of physical activity of both typs of walking was 88.4 RMR+min for
males and 54.5 RMR-min for females, respectively.

4 . The coefficients of correlation and linear regression equation of RMR and the
amount of physical activity were calculated for each type of walking. These

values were all highly significant. Also, That of all types of walking and
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the 14 subjects was 0.985. The following regression equations estimating the
amount of physical activity (Y) against RMR (X) were obtained:
¥ =15.32X—5.08
From the results, it was concluded that the hill walking had sufficient
physiolosical intensity to be an effective activity for the exercise program

designed to develop and maintain physical condition.

& L &

W, BRCECTREEORE, 55 VIERBROBILE L L h, READHFEBERN.H
OB LTETN D, BEBFEEOHE. BRADAEKO - X AF—BICH~, FH, £
B, HREE L TES> TWBENLEDHO% % HD. BNICIZ80~200 RMR -4 (kcal)/B 7R
RBLTEY, BEOERF - HMELTSTHAVWI EZHALM R LW, ¥, BELSEERIT
BESCVDLDRBVWERBL TV T, 25VEEBECENICRLETHDLEHBL TV
bbb bd, FEBEAR-VERHEER L TWAHEREIE 0o,

) L HHEBHROFAL., B ioBT2ER TR LT, BERBC I,
SR ELBRDEBbN b, foT, BHOETEZRACEIEL, BESCHOLDE, B
ELFHEEHZ2TH> eBNERLLY, BENRERSSVVEDLNRB I Y R— Y AT
LEBEZ T ZENEELBbh b,

BIZIE, BEAEBCRARESFTROI V2V IV L WREBRT2L 5%+ v F £— 1%k
£ EWmER D B Wik h T BN OEERE & A GG & OBEN D b & BB B
THRHRIBRES LTV 5,

T TAWEO B, BHEEABOFCEBNCHEERN LV AR LDDT o —F& L
TRERBACHHHEREDHTO IR NANF—BRER L, FPEHRELHEET L L2ERE
Lo

£ B 5 &

AL, AEORBRLBTEAUL TS, FRITZIB~2Z/TH -k, Ty BFEREWLT
32 BEBETEORETH - 1o,

HBITEE  ThhEHIRY., BERTHIRBMESEEAD A REN» EEEAOCH
PREZEF TOLED, THEBTRO, BIVEBBOFHBT TH L, T7abb, o a2,
REMAEEADAAERNH OREFECEAP>TAZ— b Ly SABRBLB > THETT %, +

258



B 2 B (1989%)

LTKEBNCAD., B2
B L KESMERT - KBAEAT.
Z LUTREA RS 288 LT
CHl2 BBy B AR E T
DIOMTH %, FHHE 2 — A
B EOEHBT E LS HDIERF T
5 (H1) . ¥, BT
Bl AERERE (B L5
BRI v7) #RVCHRER
DFHAHFTH fTheT, k.
HITOEBHREL, WL
BEL (=4 _—2T] £n)
FHEB I RER LI,

TRNAVF—BOJE : =3
F—RBOWEIL, FT TRy K1 REHE
FEERRW, BRECRKBOR A/ REEFEIE, TIhOEERRBLTHE I 7 Ay JEF
K[EHE LI,

9 E0ERSTCEA U T ERE THHECI05 U LOREMZEZREY &£ b8, B#ED
5 AHDOFRERE LLKEHOLIAF —R L Lo L0 RABEK L) RBFSEEAR S
AEETBE I ¢, MROHED Lo ELHT. BEM, T o EHTOIECT V. T ORER L
THEEIT > co FRIBEOSTITICIE., ZRIFHBBERE 5 2 508 (1H26) AV, #BX&E
OWEIERTAA — 2 —"H i, ThbOoBRPERL, FIEOER» LBEEER, =%
NF-—EBEERU T 2L F BT (RMR :Relative Metaboric Rate) #R® i, T x /v F—
HEREIEFE 150D Skeald LTIRE Lc, ¥ ~RMROEHIBF CRLBHRARELL. 2,
TFTEL 15D CBR L CEBRHMEZHE L. bk, £FHTERTOMERME (4) Lx0
EHCHET ARMR OB HHEBHESL Lico ZhBIUELOHERIERY LA TH 5,

k. EOEETOHESTORMERF—ERB LT > TV 55, BFOFHEBETOREZIID
BrfThhis,

AT L

BREREUE R

1. SERVRERLL SITRR

R 1 CHBRRE L ASTROTERH LR, SR, FEEL FEAREOHTEERFY &

259



REFAL BT HEHTOz F v F—HRE

HEd+se, B _
’ #1 DO L B ITIER
FO208. LF BRE Al BE K BRI (8
(ix) (Tem ) ( kg ) UE ) KUE Hy
D18EE DE T HE wr
B} H.S. 19 175.5 84.5 147047 127 25"
i g(!ﬁ ~ H.Y. 19 180.6 74.0 13517 12" 36"
R TIAT R 3 153 10
TE-> T, MIS! 21 1764 8500 150487 14735
K.T. 22 178.6 88.6 127 58" 11733
LinL. 24T T.0. R 1726 70.0 127397 12711”
S 21 173.1 72.0 13°39” 12’ 50”
BETFRHEE. HERsE 0 1.5 6.25 10,53 17017 17 03”
- 3 *€F-
thEL bicke KTy 18 152.1 55.8 147497 127 58”
E% k- K R 25 Ei T
- - - I
ey ST VO S
- - - Q
AR E L ARITGE MoI. 20 158.0 51.8 14' 03"  12’55"
NITC 23 160.1 3278 14755  12°52”
DX REDTH H g;&%ﬁt " 5.7 7.3 TRTANNEEY
. L6 3.42 2. 1457 » 267
H10kg K & Hr o =

o WFE HR, FELOCEEFLBERCETD -0

FrERFOFHETE, LVEABLEIRLEL, BTRI3HP . TR USUHTH -
o ok, EMERBOERER YRS & (FFREH) « LVRTREF7.5%. wF3.1%. T
DT ERENS.2%. 2.0%. FHTRI.7%TH 1o THbb, BFomERMIRLT
L WIFhLBAZERKES bbb,

HFTHEE TR, EVERMBTT0.3m/5 XT64.9m/%4 T ORI ERFN74.8m/5 73.0m/
o FHURTE. T/ Th - Te ks, FHSTORER. IWWALWARE LTV 3806 (60—70m/%)
EHEH (80—90m/5) LDOFHDOEEZR Lo

2. BEHEELRMR

=01k, K 2 TARIVE — IR & T U — R
_ HE R £ P kY Ty R:
B O R B, EYE . FUR " g
\ BT
BEEBREELT “TH.s. 4.865 17.98 (3.4 10.70 (1.6 12.09 (1.9
S EE N R G R
EDFHFIC & T.A: 1.68 19.72 (3.9 9116 (1.2 13182 (2.1
e S EI S I E D
> TRLAKLR rlo: 1.86 21214 (4.0) 12087 (212) 16129 (3.8
= T 1% 4 4.17 19.44 (1.5) 10.88 (2.0 13.50 (2.8
MR % §fEE LT AR © 064 38 03 '8 Gy 3 G,
\/‘50 o F
L4 IR RBAR 9B
BREEED I.T. 3150 19131 (5.2 11211 (2.5
AN I B R
THETE, & MII: S S8 I S e S BT o 1 Exia§
T NIT. 436 16276 (373) 1082 (116
= ) S A 3.98 17-92 (4.1) 1958 (1.9)
71ml/ke/ 5 eSS 0 0.38 1.57 (0.59) 0.87 (0.31)
AY

260



BRAESE 2 B (19894F)

7F3.98ml/kg/ EOEBIT TR, ThEh19.44ml/ke/5. 17.92ml/ke/4\ ThHotzo &
D EhL, EVROBKEBER (LVROBRHEEE» DEBHROBRHBRELER) 3BT
15.27ml/kg/% F13.93ml/kg/5r. L b, EVROBREREERILEROBREERECS
Ly BT T37ME, LFT3HMBEFHEIREL, BRTOHE TN EfERZRL, BFTl.6
5, HFTLUETH 70

RMROFHETE, EWENBLEdbREL, TOEMPERELR L, & hiELEe
LORRIEFFHEEL W, THhbbd, ZWHECAVCEBERILUBS AR LE (5 WHRE |
EOBRANPCE LW EFTFL T B,
BEHBERURMROBZETRIVTR M AFTEHIED A h ol L Ly F
hZhOBERFHE TRBEFOHE, RMROFEFRELTFICE~NKE <, RMREMBAZELRKX
LI ENHEEI R, ¥, BREKMNNILELRR LD, B s dE5BT TORmEY
BETHY. KELEARLLEOBELXELLTOHRDORMR ThH - T,

3. BBEEHRE X AY-FER

53 BB OH %3  GHEHRrIIV¥-FER

#EBRE= A= Tea Te | gmEnk YT
FEROTIYE LB (RMR-%) TXeal ) Ukeal/Ke/7T )

REXRLTWS, Ly BF | 61.9 (14.42) | 75.1 (12.72) | 0.076 (0.0054)
FEEHEOFHE ZF | 59.2 ( 7.44) | 53.1 (5.27) { 0.070 (0.0076)
ERBE, LOROH w3 | 26.5 (9.11) | 31.4 (9.03) | 0.034 (0.0053)

PERBIREZT61.9R TR £% | 25.2 (4.75) | 22.8 (3.21) | 0.033 (0.0040)

MR-%\ ZF59.2RM

R-ZTy BrLbR oM B 347 (9.33) | 423 (5.2 | 0.047 (0.0059)
<, THEOERE

BEI2F hFh26.5R Fee ( FEEREE )

MR-4 25.2RMR*GTh >Tco ChbE & (FERK) +5&. BFT8.4RMR5 XF
TiI84.4RMR Gk b, ZDEED T FAF—FEERIL, B F106.5kcal, TF T75.9%calic
YL,

RMRZH, F4, K. BIUBE&KEOVWLARHL Y, B UFEXTH>HBECIRALE
EPELTERTHI P LIFREHELY T INF-BTHELTA B L. ThFRDOHTI
HIEHE 1 RMR - Sext Ly BT 121 .2kcals WFE0.9kcal & 7r o 2o S DLFDHIRIL,
~BEABZOHEEI EABTLLBERBLUETHS SR, BF TR LOEBEI LI PTKRE
Mote Ebit, BFTREFAADOAERD = XA F—BILH L. RE LTV 5ENELKHEE

261



KRR BT B EFTO T 2 ¥ —HRE

D) LTWBZ ERERTHE, AWETHWELD - THROBERPGBEST TS
TEEE-Ty 1BYEEDDORELTWA IR AF—BOWESEATRTELZEMNEL M-
oo —H WFEBCTE, FHBEHREOVHEIRFAIOLL->TEY . KERDOAT VY
ALPBFIE~NFLLERL TS, L L, FEER EHMCER LT 388038 TEW
BB TH D9, #->C. TFOBA LB TFRBCEBRNAZEER L > T X V¥ —HE
BEABEDILENLBEELLN S,

T, TR AF-FEEEOFLHERRAZETRD LA ol — BT FOERAHES
EHBAHEL, BFEABETEVD, ChRSaEoBEEN TR 2B OE B IEG
REBAGe & DEEICHEDEZ Dh TV B0, AFETRINLEZBELIAETEELREHETH -,

4. RMR & SH4hEDHE

B2 3 A&HTRHEORMR & °
= NENY
FEEHEOBARE R LT VSN | v GBX 4346
Who CHELD L. HEE —
BB RMR AL T 26
- Y =15.32X —5.08
Eﬁﬁﬁ{}fg%j}ﬂ R LT ZD‘o g - ! r =0.985
AL TOHTHRMR L #
= 5S0rrnx o

UV HEEBEROB LMK % Y=14.74X-3.38
ENTEHOLNEIL DT E-3 I

. @ :BFLYR_ ,,.
(%3) « BhbeHHE PRkl

ry— /‘/_. A:%-}P‘T")ﬁinc.97z
BIfRE R CAh B &, HHTE & POty
WEEBEREOHBEGRELES ety X BFEM  reo0vr

10 Y=15.49X7.87
Ny FheSTEe 1E ELT v : - ; . .
0 5 (RMR)

Bz -8B ABcEV-HE TR E - M=

RE DR D N, T OB, H2 &HFHORMREHEESE (RMRS) & o, BIE
_ R OERHER, FRRETLECHT 5 BRFEAEF
r =0.985(P<0.001) %7 L+ 7 #a RARRLR

RMR (X) 325 56KEHE (Y) OERARRIZY =15.32X —5.08TH -1z H-Th
XCBEHEEXRAT L&, FHEEHELZEDICENTE, ChCHAEHRE 1 RMR - 547
DoEE (BF1.2kcal, TF0.%cal) 2FERT AL - CEBHRELLBRENHEEZINE
i B, '

Lo L BHORFSENMERELEBLTWL DI, LEBDLOBBLEEELT, 4
£ EARMRIOL EDAEFBFEEHARATRTHE &L, b, BEEN+TEHLEATY
THEEROER (3 F—ER) ATETIHERRLTHFE LOWRETE L BT

262



RIE 25 (1989%)

bo F-Ts MENABESS W 2ED LD CIRESLH (RMR3.0) L EOBEYHET 5 &
ELRT D RBROBERNEABCLEET L EBREETHL E VL b, L, BORENH

- d (RHFBEOEFREBORYERA) \ HFEBEHEHEMNT EH0E D h b5 RIEN
BB, COFEMLOWTIR, SEOWELLE M,

PEDZ &bd, HESTFOIINF—BERET 22 0L 0 TOEBHEE, FEEL
BERHETLZENTE, HEEB TOTEN L FFEHECH LTEORESZH S 2 &0
TEHBHEHEI R, #-T. L0 IWEEREYRFT 2 LD CIBEEBOCHEER 2D
ANBERDBETHD LA, §—F, BEDFA TAZANVEO2WTRETLERD D &
Bbhs,

= 9

APEL, BRLBLFEEVUBERBRKFRLOSE (LW - ThE) HfFe-owt, =X
NE—BEERL, COEREGERRE, SAEHRYHET S LT BEEBECOREE -
HHSL VDD OEBMFCHEILTE D & L,
FORRE, RO & x2B 1,
1) £HFCOHTEE R, BLECEH64.9~74.0m/FTHY, EVHERITOELID /&
fERR Lo
2) £EMABEE?HBREER. RMR2LELL, BX &b EOEBTERVTAE LiEZR
Lio $1e. &R 5OEDRLMC RFEEI A EBZERD bR h - oo |
3) HEEHREOFHEIR., LVE BT T61.9RMR 4 T T59.2RMR 4 F v T2+ h
Fh26.5RMR 45, 25.2RMR4 %R Ly FETIE. FF88.4RMR 5, LF54.4RMR 5
Th-to
4) RMR & S&HEDE (RMR - &) OBfR% 45 &, £HTECEVWT, BXLbBELHE
BIRAR OB D e Fio, BRELB L &HT L2 ABA LB VEREMNESR (r=0.985) |
* DEIFE BRI
¥ (RMR+%) =15.32X (RMR) —5.08
TH-To
PEoz &b, WEBHTFOIXAF—BEZAET 5 LT TOEHEE. FEED
BAHETLI LN TE, BEAENOFEEHZ2 L VAN LDO—2DEEREL &
MT&EI,

AREBEEETHCH D, KEMIUREDOTIREER, MAERFEOMAEEKIC LK
BBl BLTRBOBEELET %,

263



KEBAC B HEEBTFTOx 20— HRE

B % X AR

1) BOBBERT, A.C.: Energy expenditure in level and grade walking. J. Appl. Physiol. 15(6): 1015—1021,
1960

2) HENRY J. MONTOYE, et al.: The oxgen requierment for horizontal and grade walking on a
motor—driven treadmil. Med. Sci. Sports Exercise, 17(6): 640—645 1985.

3) BAHEA A HRRBIEOERME. FFRE. 6:17-24, 1978

4) EEEARBERFERBE (1979) BXAOKENER, 36 F—HIK.

5) & B G KBELOEFEEREEHRETE. ARAEEREHRE 2 EFP

6) WL E i @R 400 - EE - FRCETINEE — ERRESLICENoEERBILE — KK
SHEEAEER. 55:35—43, 1982,

7) RBEX fi: AR—vB¥MEL Af—v EEY - ¥3%. KEHEHEE. 168189, 1965

8) BIHFZE: Ak 3 ¥F—RHBIT20%. KFEL AR 26(6):343—351, 1973.

9) BIHFZE i FEEREFOFWECE VT FEFEE. 27(1): 34—40, 1951.

10) & B BFAFELEOAENRMAE-EESE - BRRFELEOSFEDE, i F-EHREOHK . #
BARRPIE. 26(8): 394—400, 1984.

1) & B RFEOETERMOMN. RERIIERASHMEE. 9400 1041-1056, 1985.

12) & B RBEAESLOEEREE S A K- viEBhcowT. FEEEBTR. 27(s): 243—259, 1985.

13) i B BAARLECEEREEE-TE - Ll - BEROERENL D O BRIREH OIRE . 2/
REWE. 2929 591596, 1987.

14) IIFBR— f BEERFBE L A A—v - B ERKHR 148—155, 1977.

15) [WEEE M EPEFOERAMBCHTIVE — £28H HFEHEFOLBRYEOEHETHK
DINT — EHFFEPE. 14(3): 185—191, 1969.

(1990. 1. 9 =)

264





