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Abstract
Ski-orienteering, which combines cross-country skiing with orienteering, dates back to the late 1800s, with the first World 
Championships in 1975. While researchers have explored the physiological and biomechanical determinants of success in 
cross-country skiing and orienteering separately in detail, scientific knowledge concerning ski-orienteering remains limited. 
Based on the information that is presently available together with interviews with elite ski-orienteers, we explore here for 
the first time the historical development, physiological, biomechanical, and psychological demands, certain training strate-
gies, and future prospects and challenges associated with this sport, including its potential to become an Olympic event. 
A demanding endurance sport (with racing times of 12–120 min), ski-orienteering requires both considerable aerobic and 
anaerobic capacity, as well as well-trained upper and lower body muscles. In addition, ski-orienteering demands advanced 
skiing technique on various types of terrain, with frequent changes between sub-techniques, on both wide and narrow tracks 
and with numerous turns on downhill terrain. Moreover, success in this sport requires accurate and rapid orienteering—the 
ability to navigate a complex network of ski tracks with numerous intersections/crossings in a manner designed to pass the 
multiple control points in the order indicated on the map as rapidly as possible, i.e., advanced spatial cognition and highly 
developed navigational skills. Thus, ski-orienteering requires training designed to improve both relevant physiological char-
acteristics and orienteering skills, which should become the focus of future interdisciplinary research on this complex sport.
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Introduction

Ski-orienteering, an endurance sport that combines cross-
country skiing and orienteering over a large network of 
tracks, is uniquely challenging [1]. In addition to requir-
ing optimal development of relevant physiological charac-
teristics, this sport requires intense focus on choosing the 
shortest and/or most rapid route to ski, even when stressed 
and exhausted. Furthermore, while skiing on narrow tracks 

on challenging terrain covered with snow of varying prop-
erties, the ski-orienteer must transition smoothly between 
a variety of sub-techniques that involve the upper and/or 
lower body muscles to different relative extents. In this per-
spective article, we present a brief overview of the history 
and organization of ski-orienteering, as well as highlight 
current advances and suggest avenues for future develop-
ment. A thorough search of the literature (completed in 
December of 2023) covered by PubMed and Web of Sci-
ence, revealed no previous scientific articles exploring the 
sport of ski-orienteering.

Based on the information that is presently available 
together with interviews with elite ski-orienteers, we explore 
here for the first time the historical development, physio-
logical, biomechanical, and psychological demands, certain 
training strategies, and future prospects and challenges asso-
ciated with this sport, including its potential to become an 
Olympic event.
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The history and evolution of ski‑orienteering

Although the first known public ski-orienteering compe-
tition was held as early as 1887 in Sundsvall, Sweden, it 
was not until 1975 that the International Orienteering Fed-
eration (IOF) recognized this sport, with the first World 
Ski-Orienteering Championships being held in Finland 
that same year [2]. Since then, the number of national and 
international events has been increasing steadily and, at 
present, about 15 nations participate in international ski-
orienteering competitions [3].

The first six World Championships involved only an 
individual race (with a winning time of approximately 
90–120 min) and a relay involving four ski-orienteers. 
In 1988, a short-distance event (with a winning time of 
30–45 min) was added and in 2002, the Sprint event, with 
a winning time of 12–15 min, was also included, leading 
to the short-distance event being lengthened somewhat 
and redesignated as middle-distance. At the 2005 World 
Championships, the relay was reduced from four to three 
legs and in 2011 the Sprint Relay, in which one man and 
one woman each ski three relatively short sections, was 
introduced. The current World Championship program 
includes the Sprint, Pursuit, Middle Distance and Sprint 
Relay (Table 1), while the other events shown in Table 1 
are included in other World Cup and European Champion-
ship competitions [1].

Indeed, ski-orienteering is included in several major 
international multisport events. It has been a part of the 
Asian Winter Games since 2011 and the Winter Univer-
siade (World University Games), where it debuted in 2019 
and will become compulsory in 2027 [4, 5]. Ski-orienteer-
ing is also featured in the Conseil International du Sport 
Militaire (CISM) World Military Winter Games [4, 6]. 
In addition, the International Orienteering Federation has 
made several, as yet been unsuccessful attempts to include 
ski-orienteering in the Winter Olympic Games (2014 and 
2018) [4, 7].

The basics of ski‑orienteering

Ski-orienteering takes place in natural environments includ-
ing, e.g., forests, hills, and mires. The competition is usu-
ally performed on a network of wide ski tracks, most often 
including a stadium or arena, built for competitions in cross-
country skiing and/or the biathlon in combination with nar-
rower ski tracks prepared by the organizers for that specific 
competition [1]. The entire network consists of 50–100 km 
of groomed ski tracks that vary in width, including 20–50% 
of cross-country ski tracks/trails (often prepared with a piste 
machine) > 2 m wide that allow higher speed and 50–80 km 
of 0.8–1.2-m-wide tracks/trails (made with a snowmobile, 
here referred to as narrow tracks) [8]. The start, finish, map 
changes, and, in the case of relays, changeovers typically 
occur in the arena. Following announcement of the area for 
competition, no competitor or coach is allowed to enter this 
area, so the terrain remains unknown.

A ski-orienteer uses the same equipment as a cross-coun-
try skier, including boots, bindings, and skis for the skating 
technique (Fig. 1) [8, 9]. Although most athletes also use 
ski poles similar in length to those employed for skating in 
cross-country skiing, some utilize slightly shorter poles to 
facilitate double poling on narrower tracks. In all cases, the 
pole basket diameters are as much as threefold larger than 
those on cross-country skiing poles, which prevents the pole 
from penetrating deep into the relatively soft snow beside 
the narrow tracks.

To enable the skier to view the map clearly while skiing, a 
holder attached to the chest positions the map in front of the 
face. Most of these athletes also carry a compass fastened 
to the map-holder or wrist, for help in navigating certain 
situations. For an experienced ski-orienteer, the compass 
is less essential than in the case of orienteering on foot. In 
addition, the skier has a wireless electronic timing chip on 
a finger or wrist for registering arrival at each control point.

The map, showing all of the control points to be passed 
as rapidly as possible in the sequence indicated (Fig. 2), is 

Table 1  The ski-orienteering events currently included in the World and European Championships and in the World Cup for Ski-Orienteering

a These controls are described in more detail in “The basics of ski-orienteering”

Events on the international program Estimated winning time  
(min)

Course length (linear 
distance in km)

Approximate actual skiing 
distance  (km)

Number of 
 controlsa

Sprint race 12–15 3–4 3.5–5 10–15
Middle distance race 40–45 7–10 10–15 20–25
Long distance race 85–95 15–25 20–30 25–35
Mass-start race 50–60 10–15 13–20 30–40
Pursuit race 50–60 10–15 13–20 30–40
Sprint relay (6 legs, 2 athletes) 6–8 min/leg 1.5–2.5 2–3 8–12
Relay (3 legs, 3 athletes) 30–35 min/leg 6–8 8–12 15–20
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Fig. 1  An elite male ski-orien-
teer equipped with his standard 
racing gear for competing at 
the Ski-Orienteering World 
Championships in 2021. A 
device holds the map 15–30 cm 
in front of his face. At the 
same time, an electronic unit 
for marking each control as he 
passes needs only to be within 
30 cm from the control to do 
so, as a result of which the 
athlete does not have to stop 
completely at controls (although 
controls located on a downhill 
slope require greater reduction 
in speed)

Fig. 2    A map of a ski-orienteering course prepared for the 2021 
Junior World Ski-Orienteering Cup in Kääriku, Estonia, illustrating 
the characteristic, slightly hilly Baltic forest terrain along with some 
open areas and marshes. White indicates normal forest, light green 
more dense forest, yellow open areas, and blue mires or water. The 
prepared ski tracks are shown in green, with the solid lines depict-
ing normal tracks > 2 m in width and the dashed lines tracks approxi-
mately 80–120  cm wide. The purple line depicts the course, where 

the start is the triangle (which has one corner pointed towards the first 
control), the controls are circles, and the finish a double circle. The 
first digit of the control marker (e.g.,  1–32) indicates the sequential 
number of the control and the second digit(s) ((e.g., 1–32) the num-
ber to be used in connection with the electronic punching. We have 
constructed three possible routes from control 2 to control 3 in blue, 
pink and red
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given to the skier only 15 s before the start of the race [8]. 
This map also provides information about the network of 
tracks and features of the terrain, such as hills, vegetation, 
open areas, houses, roads, frozen or thawed bogs/lakes. etc., 
thereby aiding the skier in deciding which route would be 
fastest in light of his individual strengths and weaknesses.

In the case of relays, when the members of the team ski 
successively after one another, the first skier receives the 
map 15 s prior to the start, while the others receive the map 
in connection with the change-over they are involved in. As 
also is the case for individual races with mass or chase starts, 
the courses are branched, with somewhat different controls, 
so that skiers/teams cannot simply follow one another. In 
this way, each member follows a slightly different course, 
although all teams visit the same controls. There is usu-
ally no communication between the team members during a 
race—there is no time to communicate during changeovers 
and, moreover, a team member who has finished their leg is 
not allowed to communicate with a team member who has 
yet to start.

The physiological demands 
of ski‑orienteering

Ski-orienteering is a demanding endurance sport, involv-
ing, as indicated above, competitions of different lengths on 
varying terrain employing different combinations of upper 
and/or lower body work. The physiological factors that could 
potentially limit overall performance include aerobic capac-
ity (which is required to maintain speed, proper technique, 
and mental focus), anaerobic capacity (required when energy 
demands are especially great, as when skiing on steep uphill 
terrain, as well when sprinting towards the finish), muscular 
strength (especially in the upper-body, including the core), 
balance, coordination and agility (particularly when skiing 
on narrow tracks, on technically difficult downhill terrain, 
and/or through narrow sections of the course).

All in all, the physiological demands associated with 
ski-orienteering are comparable to those placed on cross-
country skiers [10, 11]. In both cases more than 50% of the 
racing time is spent skiing uphill, the sections where inter-
individual performance varies most. The best ski-orienteers 
are well-trained endurance athletes, highly skilled at skiing, 
and, indeed, in certain cases, capable of competing well 
against elite cross-country skiers at the national level [12].

World-class cross-country skiers exhibit some of the 
highest maximal oxygen uptake  (VO2 max) values ever 
reported [10, 13–15], i.e., 80–90 and 70–80 mL  kg−1  min−1 
for men and women, respectively. The corresponding val-
ues for ski-orienteers competing at the international level 
range from 70 to 75 and 60 to 65 mL  kg−1  min−1 for men 
and women, respectively, with utilization of > 90% of their 

 VO2 max when employing the double poling technique 
(based on interviews with our ski-orienteers). In ski-ori-
enteering, more skillful orienteering and skiing technique 
may compensate for less-than-optimal aerobic capacity, 
but only to a certain extent.

Pacing in individual cross-country skiing and biath-
lon races is regulated primarily by the skiers themselves. 
In contrast, the specific challenges associated with ski-
orienteering demand strategic adjustments in pacing. For 
example, skiing steep uphill segments on narrow tracks 
requires extra effort, making it necessary to recover on 
subsequent sections to avoid excessive fatigue.

Biomechanical aspects of ski‑orienteering

In addition to the factors discussed above, successful 
ski-orienteers require the ability to alternate between the 
different skiing sub-techniques on both wide and narrow 
tracks and in response to the changes in speed and incline 
encountered along the course. The technical complexity 
involved in distributing the generation of force between the 
upper and lower body muscles in an optimal manner pre-
sents both opportunities and challenges. Maximal skiing 
speed exerts a greater effect on overall performance in the 
pursuit, mass-start races, and relays, where a rapid finish 
is required, than in individual start ski-orienteering events.

From a biomechanical perspective, ski-orienteers 
resemble cross-country skiers, employing a wide range 
of speeds over varying terrain with frequent transitions 
between the different sub-techniques (also referred to as 
gears), as well as utilizing different downhill and turning 
techniques (for an overview and definitions, see Table 2) 
[16]. The many transitions between gears must be chosen 
and timed properly for the prevailing terrain and track con-
ditions (including track width) and, in addition, require 
mastery of the various skating and double poling sub-
techniques. Moreover, a ski-orienteer needs to frequently 
adjust his/her power output and cycle length in response 
to changes in conditions. On soft tracks with lower poling 
force, the poling frequency will likely be higher and cycle 
length shorter to avoid penetrating through the snow and 
thereby losing energy.

At the same time, unlike cross-country skiers, ski-ori-
enteers must read the map and choose the optimal route for 
skiing. The mental focus required varies at different points 
along the course and may be so great as to slow down 
the skier’s speed. On the wider sections of the course, 
the skiers generally ski considerably faster, accumulating 
fatigue from which they may recover on other sections of 
the track, especially downhill portions.
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The orienteering and cognitive aspects 
of ski‑orienteering

A successful ski-orienteer must be able to navigate on a 
wide variety of different terrain and during different types 
of events (e.g., from sprint to long-distance, in either indi-
vidual or mass-start races). Since, as mentioned above, 
each competitor receives the map only 15 s prior to start, 
they must navigate while skiing.

Thus, ski-orienteering performance is highly dependent 
on the skier’s ability to interpret the topography, qual-
ity and width of the ski tracks, number of trail intersec-
tions and distances indicated on a two-dimensional map 
to determine the optimal route between controls. For 
instance, a shorter route may actually take more time if 
it involves more difficult terrain and/or orienteering. The 
varying quality of the ski tracks and the skier’s rapid speed 
render these decisions particularly challenging. As in the 
case of orienteering on foot, the ability to continuously 
convert two-dimensional information from the map into 
the optimal three-dimensional route [17] requires good 
spatial cognition [18], e.g., reliable recognition of distinct 
features and symbols [19]. Mistakes, such as selecting the 
wrong intersection, can be more costly in terms of both 
energy and time than in the case of foot orienteering. For 
instance, skiing unnecessarily down a steep downhill on a 
narrow ski track can require a significant amount of time 
and energy to return uphill to the correct route.

During orienteering on foot, many skilled competitors 
simplify the information provided by the map [20–22] by 
focusing on the features most easily seen and, in particular, 
most useful for navigation. On less challenging sections 
of the course, they focus more heavily on the map [23] 
in order to plan for more challenging sections to come. 
Skilled orienteers also avoid unnecessary movement of 
the map during competition, maintaining the display of 
their present location directly in front of their eyes by 
adjusting the positioning of the map. As also mentioned 
above, unlike orienteers on foot, elite ski-orienteers rarely 
use their compass, but instead memorize the positions of 
crossings and trails (e.g., by counting and direction—first 
left, second right, third left, etc.). However, they may use 
the compass to orient the map towards the north, take a 
shortcut between trails and, of course, when confused/
disoriented.

Ski-orienteers, like all elite athletes, involved in race 
competitions, face the challenge of managing distractions 
and physiological fatigue to maintain optimal cognitive 
performance throughout a race. Indeed, among their great-
est challenges is maintaining focus on the orienteering 
(map) during the entire event. Clearly, this task is more 
difficult in races exceeding 90 min than events like a 

12-min sprint. Mental fatigue, defined as “the inability to 
maintain concentration and process information for deci-
sion-making efficiently and effectively after a prolonged 
period of cognitively loaded activity” [24], significantly 
compounds this challenge, often reducing focus and pro-
longing reaction times. This is particularly critical in ski-
orienteering, where athletes must make rapid decisions 
while skiing across unfamiliar terrain at high speed. While 
it is possible to relax momentarily on flat sections of a 
wider ski track that are easily navigated, it is crucial to 
regain concentration as soon as needed.

Training of a ski‑orienteer

Because of the relative paucity of research on ski-orien-
teering, little is presently known concerning the training 
routines of athletes engaged in this sport. To improve our 
understanding of this matter, we conducted interviews with 
16 international ski-orienteers (11 men and 5 women) from 
Norway, Sweden and Finland. The interview guide consisted 
of 12 closed-ended questions about the nature and volume 
of their training (for example, how many hours they trained 
during the last season; how many hours were performed at 
low, moderate and high intensity; how many of their train-
ing hours were conducted using different exercise modes, 
etc.). In addition, one open-ended question focusing on 
the participants’ reflections about how sport science could 
potentially improve future ski orienteering performance was 
included in the interview guide. Standard ethical procedures, 
including approval by the Swedish Ethical Review Author-
ity, voluntary participation with prior informed consent, and 
maintenance of confidentiality and anonymity, were strictly 
adhered to.

Physical training for ski‑orienteering (Table 3)

As shown in Table 3, elite female ski-orienteers trained, 
on average, approximately 22% less the men. The reported 
volumes of training for both sexes are less extensive than 
those described previously for elite cross-country skiers and 
biathletes [11, 25] and more similar to those of elite ori-
enteers [26]. Both the men and women performed most of 
their endurance training, either as skiing on snow or roller-
skis or running with or without a map, at low intensity. In 
contrast, elite biathletes and cross-country skiers perform 
relatively more endurance training at low intensity [11, 25, 
27]. The additional strength training, focusing specifically 
on the muscles of the upper body, performed by our ski-
orienteers accounted for somewhat less of the total training 
time and resembled that documented for elite biathletes and 
cross-country skiers.
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Statistically significant differences between the male and 
female ski-orienteers interviewed here were observed with 
respect to total training volume (i.e., endurance and strength 
combined), total hours of endurance training, and total hours 
of endurance training at low intensity. At the same time, 
as would be expected, there were differences between the 
individual athletes. These initial insights into the training 
of ski orienteers are based on interviews on a small number 
of athletes, including more men than women, and require 
confirmation with a more detailed follow-up study.

Training for the orienteering aspects 
of ski‑orienteering

The opportunities for training actual ski-orienteering are 
often limited by lack of sufficient snow coverage, as well as 
the extensive time and effort required by coaches to prepare 
the ski tracks, set up courses, and position control points 
properly in the terrain. Consequently, every such opportu-
nity is of great value, especially since there may be only 
40–60 such opportunities, including 20–30 competitions, 
each winter.

This raises the question as to whether these athletes can 
improve their specific orienteering skills throughout the rest 
of the year in some other manner. Although orienteering in 

a suburban area using roller skis is one such possibility, this 
activity still demands extensive preparation. Alternatively, 
ski-orienteers can perform appropriate exercises on both 
skis and roller skis at varying speeds. One such exercise 
involves employing a map used previously to practice mak-
ing choices concerning optimal routes, which reduces the 
need for preparation.

Indeed, in preparation for competitions, elite ski-orien-
teers, who are prohibited from visiting the area of competi-
tion in advance, attempt to obtain ski-orienteering and/or 
orienteering maps of the area utilized in previous competi-
tions. Studying these maps can familiarize an athlete with 
the topography, the permanent network of (wide) cross-
country ski-tracks, and the overall characteristics of the 
terrain.

Following races, ski-orienteers engage in extensive analy-
sis and comparison of their choice of routes, focusing on 
mistakes and loss of time. This analysis is most effective 
when based on Global Positioning System (GPS) tracks (typ-
ically provided by the organizers after major competitions) 
in combination with the times required to navigate between 
sequential control points. Using this information, the ath-
letes can focus on reducing or eliminating their weaknesses 
and improving their overall skills in order to avoid making 
similar mistakes in future competitions.

Table 3  Characteristics of the training performed by elite international male and female ski-orienteers

The values shown are means ± SD of self-reported values
# p < 0.05 for the values of the men versus the women, as calculated using the Mann–Whitney U-test

Variable Unit Training

Men (n = 11) Women (n = 5)

Total volume of endurance and 
strength training

Hours/year (range) 653 ±  72# (range = 523–770) 536 ± 47 (range = 490–610)

Total volume of endurance training Hours/year (range) 603 ±  63# (515–720) 494 ± 41 (450–560)
Training intensity distribution Hours/year (average % of total) at

Low intensity 497 ±  79# (82%) 382 ± 59 (77%)
Medium intensity 57 ± 23 (10%) 65 ± 25 (13%)
High intensity 49 ± 30 (8%) 47 ± 15 (10%)

Type of endurance training Hours/year (average % of total)
Skiing
On snow 177 ± 43 (30%) 166 ± 45 (34%)
On roller-skis 150 ± 53 (25%) 94 ± 64 (19%)
Combined 327 ± 90 (55%) 260 ± 92 (52%)
Running (with and/or without a map) 223 ± 111 (36%) 147 ± 47 (30%)
Other 52 ± 37 (12%) 88 ± 120 (12%)

Strength training Hours/year 50 ± 26 42 ± 8
Overall distribution Average % of all training combined

Low-intensity 76% 71%
Medium-intensity 9% 12%
High-intensity 7% 9%
Strength 8% 8%
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Future perspectives

The training and performance of male and female elite 
ski-orienteers can be optimized in a number of different 
ways, including more financial support allowing both 
year-round training and time for recovery. Ideally, the 
ski-orienteer should belong to an elite group at a center 
with high-quality training facilities, snow conditions and 
ski-tracks and the support of well-educated, experienced 
coaches. Monitoring of the individual skier’s physiologi-
cal and biomechanical characteristics and ski-orienteering 
technique, both in the laboratory and in the field, should 
be a key factor on which training is based.

Furthermore, as in the case of other sports, research 
focused on ski-orienteering should help improve the per-
formance of these athletes. Among other aspects, such 
research should encompass: (1) physiological and biome-
chanical studies designed to improve strength and endur-
ance, in particular of the upper body, as well as skiing 
technique, especially on narrow tracks; (2) analysis of 
performance and pacing during both training and com-
petitions using a combination of GPS and motion tracker 
sensors to optimize the choice of route and performance 
under different conditions; (3) improvement of stress man-
agement, concentration, map reading, spatial orientation 
and decision-making; and (4) development of computer-
based training designed to improve map memory and 
decision-making.

By integrating perspectives from the ski orienteers com-
bined with our own knowledge and experience, we identi-
fied four specific research questions critical to advancing 
ski orienteering:

1. What training strategies are most effective and how can 
training be individualized?

2. Which biomechanical characteristics unique to ski-
orienteering, i.e., differing from cross-country skiing, 
should the athletes focus on?

3. How can cognitive abilities such as map reading, spatial 
orientation, and route decision-making be improved on/
off snow and could Virtual Reality (VR), Augmented 
Reality (AR), and/or Artificial Intelligence (AI) be use-
ful in this context?

4. How can tracking of individual performance in real-time 
utilizing wearable technology be utilized to improve per-
formance?

The International Orienteering Federation has been 
working actively to make this sport even more popular 
utilizing live TV broadcasts with GPS tracking of the 
athletes’ positions, including cameras along the track and 
at the stadium (either involving drones or camera men 

who ski alongside the athletes on certain segments of the 
course) and skilled commentators. In addition, moving 
competitions closer to metropolitan areas and competing 
in smaller, more open areas with fewer obstacles could 
attract more spectators. More extensive use of chase start 
and sprint relay events, attractive competitive formats, 
would give spectators the possibility to follow exciting 
man-to-man duels. At the same time, measures of this 
sort will encourage more individuals to participate in 
ski-orienteering.

Finally, inclusion of ski-orienteering in major interna-
tional multisport events is being promoted. As mentioned 
above, this sport is already an event in the Asian Winter 
Games, the Winter Universiade (World University Games), 
and the CISM World Military Winter Games and the Inter-
national Orienteering Federation is actively pursuing its 
inclusion in the Winter Olympic Games. Inclusion of ski-
orienteering in such prestigious events will not only broaden 
its media exposure and attract a more diverse audience, but 
also potentially attract additional financial support.
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