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Objectives

• Deliver an overview of visitor monitoring methods

• Explore the applicability of existing visitor monitoring methods 
and technologies for backcountry recreation

• Deliver examples of methods’ usage



Agenda

• Introduction
• Overview methods
• Some examples
• Conclusion



Increasing backcountry skiing and
snowshoeing in Switzerland

Data: Lamprecht et al. 
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Monitoring methods in 7 categories
A) Manual observation methods

1. Direct in-situ counting
2. Nonparticipant direct monitoring
3. Citizen science observation methods

B) Automated observation methods
1. Pressure-sensitive counters
2. Light barriers and infrared counters
3. Radio frequency identification systems 

(RFID)
4. Photography and video monitoring from 

fixed locations
5. Radar detection from fixed locations
6. Aerial photography
7. Satellite imagery

C) Mobile tracking systems
1. Satellite-based

a. Targeted GNSS tracking (GPS trackers)
b. GNSS/GPS web-sharing services 

(STRAVA, Endomondo, GaminConect, …)
2. Land-based tracking system (mobile 

phone tracking)

D) Voluntary self-reporting
1. Summit registries and hut guestbooks
2. Self-registration boards
3. Online backcountry community platforms 

(hikr.org, CapToCamp.org, Trailforks.com, …)
4. General location-based social media 

platforms  Volunteered Geographic 
Information, Geo-tagged photographs

E) Compulsory registration
1. Trip permits and registrations

F) Surveys
1. Intercept surveys (specific site)
2. Targeted research surveys (internet, mail, 

phone  research – sample!)
3. Cross-sectional participation surveys (large 

sample / census, nation-wide)

G) Other methods
1. Use estimates by local experts
2. Indirect evidence (secondary data) 

a. Hotel and hut booking
b. Transportation bookings/tickets
c. Vehicle counts at staging areas/parking lots
d. Ski area boundary gates



Characteristics
• Type of personal information detectable

• Identity (of individuals)
• Individual characteristics (of recreationists)
• Additional insights into behavior

• Type of spatial and temporal information collected
• Spatial information
• Spatial extent
• Temporal resolution

• Reliability
• Reliability

• Potential impacts on study subjects
• Potential of affecting behavior
• Potential of privacy concerns

• Costs
• Equipment
• Implementation
• Effort and complexity of analysis

https://www.alamy.com/



First step

https://spvgg‐
eschenau.de/bogenschiessen



Second step – overview
C1b) GNSS/GPS web-sharing services 
(sports community – e.g. STRAVA heatmap )



Second step – overview
D3) backcountry sports community websites



Deeper insight –
G1) expert estimations on visitor use



Deeper insight –
G1) expert estimations
on wildlife habitats
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… if there are no experts
 A2) Nonparticipant direct monitoring



Automated observation
B4) Photography (colour and infrared) and 
B2) Infrared counters and induction positioning

Pyro sensor
(Hikers)

Data transfer
(GSM modul)

Induction bicycles

Camera



Time period: 10.6.2020 ‐ 22.10.2020

Data analysis e.g. GLM



C1a) GPS monitoring –
Hiking and mountain biking trips in VM

Rupf 2014



C1a) GPS monitoring –
Backcoutry trips 2010/11 Biosfera Val Müstair

Rupf et al. 2011



Combined
Methods
• B4) 

Automatic
cameras

• B2) 
Pyrosensors

• B4) Counter 
slope images



B4) Automatic camera B2) Pyrosensor
(Reconyx Hyperfire) (Eco-counter)



B4) Counter slope images –
after snow falls

Snow cover Sta. Maria







B4) Detected descent skiing tracks
– 10 days after snow fall (16.3.2021)



B6) Aerial photo
- plane
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• 2 flights high winter
• 1 flight late winter



B6) 
Aerial photos
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B6) 
Aerial 
photo
- drone
(Wingtra)
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Comparison of use intensity:
estimations wildlife managers (WM) and private 
experts (PE) vs. automatic cameras (AC) 

• High use (>30 people / day) is generally underestimated.

None
WM‐AC

None
PE‐AC

Few
WM‐AC

Few
PE‐AC

Medium
WM‐AC

Medium
PE‐AC

High
WM‐AC

High
PE‐AC

P‐value
Wilcoxon
test

.229 .821 .083 .252 .318 .903 .016 .039



D1) Self registration - Summit books



Conclusion – which method to use?

https://blogs.sas.com/



Characteristics of  monitoring methods 1



Characteristics of  monitoring methods 2



Characteristics of  monitoring methods 3



To take home …

• Visitor monitoring (in remote, big areas) is still challenging

• Set your objectives! – and (often) choose a combination of 
methods (incl. secondary data)

• BUT - we always could deliver monitoring data as a valuable basis for further 
negociations in participation of our partners

Langford R, Haegeli P, Rupf R (2020). 
How much recreational exposure to avalanche terrain is there? –
An overview of possible approaches for monitoring winter backcountry 
use for public avalanche-warning services. 172 p.
https://www.avalancheresearch.ca/pubs/2020_monitoringreport/ 



Thank you,

enjoy your walks and rides!

… and 

reto.rupf@zhaw.ch


