
6  journal of outdoor activities Volume 7  No. 1/2013   ISSN 1802-3908          7

The effect of equipment weight on 
energy cost in ski-mountaineering
Jiří Baláš1, Martina Smětáková1, Barbora Strejcová1, Andrew Martin2

1Faculty of Physical Education and Sport, Charles University, Prague, Czech Republic
2School of Sport & Exercise, Massey University, Palmerston North, New Zealand

Introduction
Ski-mountaineering and ski-touring are the most 
common names for a rapidly developing mountain 
activity on skis. The skis allow the ascent and descent 
of non-groomed slopes thanks to a heel detachable 
binding and climbing skins. Ski-mountaineering is 
a competitive but also recreational activity traditi-
onally connected to mountaineering. Competitive 
ski-mountaineering is organised by the International 
Ski Mountaineering Federation (ISMF) and compe-
titions are divided according to the duration of the 
race, number and length of the ascents/descents 
(ISMF, 2012). Ski-mountaineers may use crampons, 
ice-axes and ropes to overcome normally inaccessi-
ble areas, such as rock faces or steep ice slopes. Ski-

-touring is practised on the same skis, but the overall 
difficulty of the terrain is easier than in ski-moun-
taineering, so the use of the additional mountainee-
ring equipment is not necessary.
Although locomotion on skis is common for count-
ries with cold winters, interest in medical aspects of 
ski-mountaineering has grown recently (Diaz et al., 
2010; Duc, Cassirame, & Durand, 2011; Faulhaber, 
Flatz, & Burtscher, 2007; Schenk, Faulhaber, Gatte-
rer, Burtscher, & Ferrari, 2011). Schenk et al. (2011) 
consider competitive ski mountaineering as an ac-
tivity with cardiopulmonary strain requiring a high 
degree of physical fitness. Duc et al. (2011) suggest 
that ski-mountaineering can be viewed as one of the 
most strenuous endurance sports like cross-country 
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skiing, running and off-road biking. In non-com-
petitive conditions, Tosi et al. (2009) found that the 
efficiency of locomotion on mountaineering skis in-
creases with speed, up to a maximum of about 25% 
at a speed close to the self-selected value in the field. 
In his previous study, Tosi et al. (2010) indicated that 
ski mountaineering appears slightly more energy de-
manding than walking in similar conditions (packed 
snow, 21 % gradient). The authors also found in the 
range of speed (0,93 – 1,25 m•s-1) considered in the 
study, a small contribution of ankle loading on the 
energy efficiency i.e., 1 kg of added weight to an 80 
kg equipped person only resulted in an increment of 
about  2 % in energy cost. 
In competitive ski-mountaineering and in marke-
ting this area, there is a trend to use the lightest gear 
to reduce the energy cost of ascent. Common equi-
pment (skis, binding, boots) on the market usually 
weighs from 6 kg to 10 kg, although race equipment 
weighs less than 4 kg. The added weight of 0,5-2 kg 
on ankles (Tosi, et al., 2009) may not correspond to 
the differences when using light and heavy equip-
ment. Therefore, the aim of this current study was 
to compare the effect of the weight of different ski-
-mountaineering equipment on the energy cost of 
skiing locomotion.

Methods

Participants
Six ski-mountaineers (mean age 30,0 ± 5,5 years, 
body mass 69,5 ± 2,7 kg, height 1,74 ± 0,04 m) re-
gularly participating in ski-mountaineering com-
petitions volunteered in the study. All participants 
reported at least 5 years’ experience with ski-moun-
taineering and were familiar with different equip-
ment. Written informed consent was obtained from 
all participants. The study received approval from 
the local ethics committee. 

Terrain measurements
The terrain measurements were taken at a ski centre 
at about 700 m above sea level on part of a groomed 
360 m long ski slope with mean inclination of 20˚ 
(variation from 18˚ to 22˚) and level 360 m long ski 
route. The ambient temperature varied between 2,2 
and 3,2 ˚C and the snow temperature between -3,5˚ 
and -2,3˚ during the whole measurement. The ski 
slope and ski route were marked by coloured plates 
every 30 m. The participants had to pass through 
the section in 30 s, i.e. at a speed of 1 m•s-1. Every 
participants had a GPS (Garmin eTrex 20, USA) to 
verify his speed.

After finishing the level section (6 min), the parti-
cipant had to start the slope ascent immediately 
(6 min). Then, a rest of 15 minutes was allowed to 
change equipment. The equipment was assigned 
randomly during the three attempts. All participants 
undertook all six conditions (three types of the ski-
-equipment at the level and inclined ski terrain).

Ski equipment
Three equipment sets with different weight (light, 
moderate and heavy) were used. The light equipment 
weighed 3200 g - boot 680 g (Scarpa alien Carbon, 
Italy, size 42), the binding 140 g (Montura Haereo, 
Italy) and ski 780 g (Sporten Guru, Czech Republic, 
163 cm). The moderate equipment weighed 7754 
g - boot 1100g (Scarpa F1 Race, Italy, size 42), the 
binding 1327 g (Silvretta Pure, Germany) and the ski 
1450 g (K2 Superlight RLS,USA, 153 cm). The hea-
vy equipment weighed 9600 g - boot 1430g (Scar-
pa Rush, Italy, size 42), the binding 2600 g (Marker 
Duka, USA) and the ski 2070 g (K2 side stash, USA, 
188 cm). The same 100% natural mohair ski skin of 
150 cm length (Contour, Italy) was used for all three 
ski sets. The length of the ski poles was set indivi-
dually so that the skier had a right angle at the el-
bow joint when the arms were parallel to the body 
in a standing position. All participants had similar 
body proportion and were able to use the equipment 
without any mentioned limitation on ski technique.

Respiratory and heart rate analysis
Minute ventilation (VE), oxygen uptake (VO2) and 
carbon dioxide production (VCO2) were measured 
during the whole ski test by a portable breath-by-
-breath indirect calorimetry system (MetaMax®, 
Cortex Biophysic, Germany). The MetaMax® was fi-
xed onto the chest by a provided harness. Before the 
testing, the device was calibrated with a known gas 
mixture of 15 % O2 and 5 % CO2. Additionally, befo-
re each test, the auto-calibration of ambient air and 
volume calibration according to the manufacturer’s 
guidelines were performed. The volume calibration 
was performed using a 3 l syringe. Data were ave-
raged over 60 s intervals and the last minute from 
all testing conditions was taken for analysis. The re-
spiratory exchange ratio was computed by dividing 
measured CO2 by measured O2. The heart rate (HR) 
was monitored through MetaMax® using a Polar 
heart transmitter belt (Polar Electro OY, Finland). 

Data analysis
The normality for all variables was tested by one 
sample Kolmogorov-Smirnov goodness of fit. All 



6  journal of outdoor activities Volume 7  No. 1/2013   ISSN 1802-3908          7

The effect of equipment weight on 
energy cost in ski-mountaineering
Jiří Baláš1, Martina Smětáková1, Barbora Strejcová1, Andrew Martin2

1Faculty of Physical Education and Sport, Charles University, Prague, Czech Republic
2School of Sport & Exercise, Massey University, Palmerston North, New Zealand

Introduction
Ski-mountaineering and ski-touring are the most 
common names for a rapidly developing mountain 
activity on skis. The skis allow the ascent and descent 
of non-groomed slopes thanks to a heel detachable 
binding and climbing skins. Ski-mountaineering is 
a competitive but also recreational activity traditi-
onally connected to mountaineering. Competitive 
ski-mountaineering is organised by the International 
Ski Mountaineering Federation (ISMF) and compe-
titions are divided according to the duration of the 
race, number and length of the ascents/descents 
(ISMF, 2012). Ski-mountaineers may use crampons, 
ice-axes and ropes to overcome normally inaccessi-
ble areas, such as rock faces or steep ice slopes. Ski-

-touring is practised on the same skis, but the overall 
difficulty of the terrain is easier than in ski-moun-
taineering, so the use of the additional mountainee-
ring equipment is not necessary.
Although locomotion on skis is common for count-
ries with cold winters, interest in medical aspects of 
ski-mountaineering has grown recently (Diaz et al., 
2010; Duc, Cassirame, & Durand, 2011; Faulhaber, 
Flatz, & Burtscher, 2007; Schenk, Faulhaber, Gatte-
rer, Burtscher, & Ferrari, 2011). Schenk et al. (2011) 
consider competitive ski mountaineering as an ac-
tivity with cardiopulmonary strain requiring a high 
degree of physical fitness. Duc et al. (2011) suggest 
that ski-mountaineering can be viewed as one of the 
most strenuous endurance sports like cross-country 

Abstract
The aim of the study was to compare the effect of using ski-mountaineering equipment (skis, bindings, boots) of 
different weight on the energy cost of skiing locomotion. Six ski-mountaineers performed 6 randomly assigned 
conditions (locomotion at level and at 20° slope with three sets of ski-mountaineering equipment of different 
weight) on natural snow. Repeated measures ANOVA was used to test the effect of the equipment on heart rate 
(HR), oxygen consumption (VO2), ventilation (VE) and respiratory exchange ratio (RER). There was a signifi-
cant effect (p < 0,001) of the ski equipment for all physiological variables (HR, VO2, VE, RER) on the 20° slope 
and for VO2, VE (p < 0,05) on the level terrain. The relative contribution of weight (with respect to the total 
body weight) to the VO2 increase at the 20° slope can be expressed by the equation: % VO2 = 1,97 % weight. 
The current study showed a substantial effect of the equipment weight on the energy cost of ski-mountaineering.

Key words: 
energy cost, ski-mountaineering, equipment

Souhrn
Cílem studie bylo posoudit vliv skialpinistického vybavení (lyže, vázání, boty) s různou hmotností na ener-
getickou náročnost lokomoce na sněhu. Šest skialpinistů podstoupilo v náhodném pořadí 6 měření (chůze na 
lyžích po rovině a ve 20° svahu se třemi váhově rozdílnými skialpinistickými sety) v přírodních podmínkách. 
K vyhodnocení vlivu hmotnosti vybavení na srdeční frekvenci (SF), spotřebu kyslíku (VO2), ventilaci (VE) a 
respirační poměr (RER) byla použita ANOVA s opakováním měření. Byl shledán významný vliv (p < 0,001) 
lyžařského vybavení na všechny sledované fyziologické proměnné (HR, VO2, VE, RER) ve 20° a na VO2, VE 
(p < 0,05) při lokomoci na rovině. Nárůst VO2 ve 20° svahu daný navýšením hmotnosti vybavení (s ohledem 
na celkovou hmotnost lyžaře) lze vyjádřit regresní rovnicí: % VO2 = 1,97 % hmotnosti lyžaře. Tato studie 
shledala významný vliv hmotnosti vybavení na energetickou náročnost skialpinismu. 

Klíčová slova: 
energetická náročnost, skialpinismus, vybavení

skiing, running and off-road biking. In non-com-
petitive conditions, Tosi et al. (2009) found that the 
efficiency of locomotion on mountaineering skis in-
creases with speed, up to a maximum of about 25% 
at a speed close to the self-selected value in the field. 
In his previous study, Tosi et al. (2010) indicated that 
ski mountaineering appears slightly more energy de-
manding than walking in similar conditions (packed 
snow, 21 % gradient). The authors also found in the 
range of speed (0,93 – 1,25 m•s-1) considered in the 
study, a small contribution of ankle loading on the 
energy efficiency i.e., 1 kg of added weight to an 80 
kg equipped person only resulted in an increment of 
about  2 % in energy cost. 
In competitive ski-mountaineering and in marke-
ting this area, there is a trend to use the lightest gear 
to reduce the energy cost of ascent. Common equi-
pment (skis, binding, boots) on the market usually 
weighs from 6 kg to 10 kg, although race equipment 
weighs less than 4 kg. The added weight of 0,5-2 kg 
on ankles (Tosi, et al., 2009) may not correspond to 
the differences when using light and heavy equip-
ment. Therefore, the aim of this current study was 
to compare the effect of the weight of different ski-
-mountaineering equipment on the energy cost of 
skiing locomotion.

Methods

Participants
Six ski-mountaineers (mean age 30,0 ± 5,5 years, 
body mass 69,5 ± 2,7 kg, height 1,74 ± 0,04 m) re-
gularly participating in ski-mountaineering com-
petitions volunteered in the study. All participants 
reported at least 5 years’ experience with ski-moun-
taineering and were familiar with different equip-
ment. Written informed consent was obtained from 
all participants. The study received approval from 
the local ethics committee. 

Terrain measurements
The terrain measurements were taken at a ski centre 
at about 700 m above sea level on part of a groomed 
360 m long ski slope with mean inclination of 20˚ 
(variation from 18˚ to 22˚) and level 360 m long ski 
route. The ambient temperature varied between 2,2 
and 3,2 ˚C and the snow temperature between -3,5˚ 
and -2,3˚ during the whole measurement. The ski 
slope and ski route were marked by coloured plates 
every 30 m. The participants had to pass through 
the section in 30 s, i.e. at a speed of 1 m•s-1. Every 
participants had a GPS (Garmin eTrex 20, USA) to 
verify his speed.

After finishing the level section (6 min), the parti-
cipant had to start the slope ascent immediately 
(6 min). Then, a rest of 15 minutes was allowed to 
change equipment. The equipment was assigned 
randomly during the three attempts. All participants 
undertook all six conditions (three types of the ski-
-equipment at the level and inclined ski terrain).

Ski equipment
Three equipment sets with different weight (light, 
moderate and heavy) were used. The light equipment 
weighed 3200 g - boot 680 g (Scarpa alien Carbon, 
Italy, size 42), the binding 140 g (Montura Haereo, 
Italy) and ski 780 g (Sporten Guru, Czech Republic, 
163 cm). The moderate equipment weighed 7754 
g - boot 1100g (Scarpa F1 Race, Italy, size 42), the 
binding 1327 g (Silvretta Pure, Germany) and the ski 
1450 g (K2 Superlight RLS,USA, 153 cm). The hea-
vy equipment weighed 9600 g - boot 1430g (Scar-
pa Rush, Italy, size 42), the binding 2600 g (Marker 
Duka, USA) and the ski 2070 g (K2 side stash, USA, 
188 cm). The same 100% natural mohair ski skin of 
150 cm length (Contour, Italy) was used for all three 
ski sets. The length of the ski poles was set indivi-
dually so that the skier had a right angle at the el-
bow joint when the arms were parallel to the body 
in a standing position. All participants had similar 
body proportion and were able to use the equipment 
without any mentioned limitation on ski technique.

Respiratory and heart rate analysis
Minute ventilation (VE), oxygen uptake (VO2) and 
carbon dioxide production (VCO2) were measured 
during the whole ski test by a portable breath-by-
-breath indirect calorimetry system (MetaMax®, 
Cortex Biophysic, Germany). The MetaMax® was fi-
xed onto the chest by a provided harness. Before the 
testing, the device was calibrated with a known gas 
mixture of 15 % O2 and 5 % CO2. Additionally, befo-
re each test, the auto-calibration of ambient air and 
volume calibration according to the manufacturer’s 
guidelines were performed. The volume calibration 
was performed using a 3 l syringe. Data were ave-
raged over 60 s intervals and the last minute from 
all testing conditions was taken for analysis. The re-
spiratory exchange ratio was computed by dividing 
measured CO2 by measured O2. The heart rate (HR) 
was monitored through MetaMax® using a Polar 
heart transmitter belt (Polar Electro OY, Finland). 

Data analysis
The normality for all variables was tested by one 
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data showed normal distribution. Descriptive sta-
tistics (means, standard deviations) were used to 
characterize the physiological response during the 
ski tests. Repeated measures ANOVA was used to 
assess the effect of the ski equipment. A linear re-
gression analysis was used to estimate the degree 
of correlation between the added weight and the 
oxygen increase. To control for Type-I error, the 
significance level was set to 0,05. All analyses were 
performed by the statistical software SPSS for Win-
dows Version 20 (Chicago, IL, USA).

Results
There was a significant effect (p < 0,001) of ski 
equipment for all physiological variables (HR, 
VO2, VE, RER) on the 20° slope and for VO2, VE 

(p < 0,05) on the level terrain (Table 1, Figure 1a). 
Physiological values from all skiing conditions re-
presented a steady state, except for the ascent with 
the heaviest equipment, where the values were 
also increasing during the last minute of measu-
rement. With the heaviest equipment, skiers had 
RER higher than 1 and the increase in VE was not 
accompanied by a similar increase in VO2. Skiers 
apparently achieved intensity over the ventilatory 
anaerobic threshold. 
We found a significant interaction of the20° slope 
and the ski equipment for VE (p < 0,001) and RER 
(p < 0,001) but not for HR, VO2 (Fig. 1) confirming 
higher glycolytic demands and anaerobic contribu-
tion with heavier equipment on the 20° slope than 
on the level terrain.

Table 1 Heart rate (HR), oxygen consumption (VO2), ventilation (VE) and respiratory exchange ratio (RER) 
in ski-mouintaineering with three equipment sets during level and 20° slope locomotion. The p-values re-
present a significant effect of weight

Inclination Equipment HR
(bpm) 

VO2
(ml•min-1)

VE
(l•min-1)

RER

0° light 97 ± 9 1,18 ± 0,18 30,2 ± 5.0 0,83 ± 0,03
moderate 103 ± 14 1,32 ± 0,12 32,5 ± 2,8 0,82 ± 0,02
heavy 106 ± 17 1,57 ± 0,27 37.6 ± 3,8 0,84 ± 0,04

p < 0,05 p < 0,05
20° light 149 ± 11 3,08 ± 0,18 74,9 ± 9,0 0,89 ± 0,06

moderate 156 ± 12 3,38 ± 0,20 81,2 ± 6.2 0,89 ± 0,03
heavy 166 ± 11 3,63 ± 0,19 103,3 ± 13,9 1,01 ± 0,02

p < 0,001 p < 0,001 p < 0,001 p < 0,001

The percentage of VO2 increase was expressed as a linear function of the equipment weight with respect to 
the total body weight (Fig. 1b). We found a significant (n = 18, r = 0,75, p < 0,001) positive dependence of 
VO2 increase on added equipment weight: % VO2 = 1,97 • % weight.

Figure 1a  Oxygen uptake (VO2) during level and 20° slope ski-mountaineering with light, moderate and 
heavy equipment; 1b. Percentage increase of the oxygen consumption (VO2) as a function of heavier equip-
ment (% weight). Zero on the x axis represents the total weight of the skier with the lightest equipment used 
(skis, bindings, boots)

Discussion
The objective of the study was to verify if the use 
of competitive ski-mountaineering equipment has 
an effect on energy expenditure in comparison with 
commonly used equipment. Three sets of equip-
ment were used for the study which may represent 
three different styles of ski-mountaineering: com-
petition set - the emphasis on a low weight of equi-
pment, ski touring – balance between comfortable 
ascent and descent, free ride – accent on the stabili-
ty during the descent. The slope inclination chosen 
in the current study (20°) was higher than in similar 
studies dealing with angle locomotion with poles 
with or without skis (Hansen & Smith, 2009; Tosi, et 
al., 2009). The idea was to simulate real conditions 
where skiers try to overcome the altitude with the 
shortest, most economical and advantageous way 
(Jindra, Heppnar, & Vomáčko, 2012).
The current study showed a substantial effect of 
the equipment weight. The differences in VO2 con-
sumption were 10% between light and moderate 
equipment and 18% between light and heavy equi-
pment on the slope. Tosi et al. (2009) proposed a 
function of the percentage of added load, % weight, 
with respect to the total (including ski, bindings 
and boots) weight of the subject at the 11,9° uphill 
ski locomotion: % energy cost = 1,71% weight. We 
used the same idea at the 20 ° slope with the result: 
% VO2 = 1,97% weight. The higher beta coefficient 
in our study may be explained by the steeper slope 
used as the work against gravity was higher.
The locomotion on skis appears slightly more ener-
gy demanding than walking and snowshoeing in 
similar conditions (Tosi, et al., 2009). In the current 
study, the VO2 at the level terrain with the lightest 
equipment was 17,0 ml•kg-1•min-1, s = 2,7, with 
the heaviest equipment 22,6 ml•kg-1•min-1, s = 4.4. 
Figard-Fabre et al. (2009) found the average VO2 
14,1  ml•kg-1•min-1 during walking with poles at a 
slightly faster speed (1,17 m•s-1). The added weight 
of ski equipment may partially explain the higher 
oxygen uptake in skiing. Miller and Stamford (1987) 
showed that added weight on the ankle at level wal-

king increases VO2 by 0,8 % (ml•kg-1•min-1•100g-1). 
In our case, the lightest equipment weighed 3160 g 
which means a 25%  (3,4 ml•kg-1•min-1) increase in 
VO2 compared to walking and 77% (9,8 ml•kg-1•-
min-1) increase when using the heaviest equipment 
(9600 g), according to Miller and Stamford’s (1987) 
equation. Consequently, skiing on the level terra-
in, without counting the added energy cost caused 
by the weight of the equipment, appears similarly 
energy demanding as walking with poles. 
The main strength and also limitation of the study 
is the measurement on natural snow in terrain con-
ditions. The quality of snow may have considerable 
impact on energy cost of locomotion on the snow. 
The friction during a diagonal stride technique and 
a double pole technique represented 10% to 50% of 
energy expenditure (Saibene, Cortili, Roi, & Co-
lombini, 1989). The friction in ski-mountaineering 
skis is due to skins with hairs gripping the snow in 
the backward direction and sliding in the forward 
direction. The effect of friction was not measured 
in the current study, however, it seems desirable to 
include it in further studies to understand better 
the biomechanical and physiological aspects of lo-
comotion on the snow.

Conclusion
We found a significant effect of the equipment wei-
ght on the energy cost of ski-mountaineering. The 
relative contribution of weight to the VO2 increase 
on the 20° slope can be expressed by the equation:  
% VO2 = 1,97 % weight. Locomotion on level terra-
in seems to have similar oxygen cost as walking 
with poles when we subtract the energy cost caused 
by the equipment weight.
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heavy 166 ± 11 3,63 ± 0,19 103,3 ± 13,9 1,01 ± 0,02

p < 0,001 p < 0,001 p < 0,001 p < 0,001

The percentage of VO2 increase was expressed as a linear function of the equipment weight with respect to 
the total body weight (Fig. 1b). We found a significant (n = 18, r = 0,75, p < 0,001) positive dependence of 
VO2 increase on added equipment weight: % VO2 = 1,97 • % weight.

Figure 1a  Oxygen uptake (VO2) during level and 20° slope ski-mountaineering with light, moderate and 
heavy equipment; 1b. Percentage increase of the oxygen consumption (VO2) as a function of heavier equip-
ment (% weight). Zero on the x axis represents the total weight of the skier with the lightest equipment used 
(skis, bindings, boots)

Discussion
The objective of the study was to verify if the use 
of competitive ski-mountaineering equipment has 
an effect on energy expenditure in comparison with 
commonly used equipment. Three sets of equip-
ment were used for the study which may represent 
three different styles of ski-mountaineering: com-
petition set - the emphasis on a low weight of equi-
pment, ski touring – balance between comfortable 
ascent and descent, free ride – accent on the stabili-
ty during the descent. The slope inclination chosen 
in the current study (20°) was higher than in similar 
studies dealing with angle locomotion with poles 
with or without skis (Hansen & Smith, 2009; Tosi, et 
al., 2009). The idea was to simulate real conditions 
where skiers try to overcome the altitude with the 
shortest, most economical and advantageous way 
(Jindra, Heppnar, & Vomáčko, 2012).
The current study showed a substantial effect of 
the equipment weight. The differences in VO2 con-
sumption were 10% between light and moderate 
equipment and 18% between light and heavy equi-
pment on the slope. Tosi et al. (2009) proposed a 
function of the percentage of added load, % weight, 
with respect to the total (including ski, bindings 
and boots) weight of the subject at the 11,9° uphill 
ski locomotion: % energy cost = 1,71% weight. We 
used the same idea at the 20 ° slope with the result: 
% VO2 = 1,97% weight. The higher beta coefficient 
in our study may be explained by the steeper slope 
used as the work against gravity was higher.
The locomotion on skis appears slightly more ener-
gy demanding than walking and snowshoeing in 
similar conditions (Tosi, et al., 2009). In the current 
study, the VO2 at the level terrain with the lightest 
equipment was 17,0 ml•kg-1•min-1, s = 2,7, with 
the heaviest equipment 22,6 ml•kg-1•min-1, s = 4.4. 
Figard-Fabre et al. (2009) found the average VO2 
14,1  ml•kg-1•min-1 during walking with poles at a 
slightly faster speed (1,17 m•s-1). The added weight 
of ski equipment may partially explain the higher 
oxygen uptake in skiing. Miller and Stamford (1987) 
showed that added weight on the ankle at level wal-

king increases VO2 by 0,8 % (ml•kg-1•min-1•100g-1). 
In our case, the lightest equipment weighed 3160 g 
which means a 25%  (3,4 ml•kg-1•min-1) increase in 
VO2 compared to walking and 77% (9,8 ml•kg-1•-
min-1) increase when using the heaviest equipment 
(9600 g), according to Miller and Stamford’s (1987) 
equation. Consequently, skiing on the level terra-
in, without counting the added energy cost caused 
by the weight of the equipment, appears similarly 
energy demanding as walking with poles. 
The main strength and also limitation of the study 
is the measurement on natural snow in terrain con-
ditions. The quality of snow may have considerable 
impact on energy cost of locomotion on the snow. 
The friction during a diagonal stride technique and 
a double pole technique represented 10% to 50% of 
energy expenditure (Saibene, Cortili, Roi, & Co-
lombini, 1989). The friction in ski-mountaineering 
skis is due to skins with hairs gripping the snow in 
the backward direction and sliding in the forward 
direction. The effect of friction was not measured 
in the current study, however, it seems desirable to 
include it in further studies to understand better 
the biomechanical and physiological aspects of lo-
comotion on the snow.

Conclusion
We found a significant effect of the equipment wei-
ght on the energy cost of ski-mountaineering. The 
relative contribution of weight to the VO2 increase 
on the 20° slope can be expressed by the equation:  
% VO2 = 1,97 % weight. Locomotion on level terra-
in seems to have similar oxygen cost as walking 
with poles when we subtract the energy cost caused 
by the equipment weight.
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