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QUALITATIVE ANALYSIS OF THE IMPACT OF MASS MOVEMENTS ON THE ALPINE HIKING

Problem context
Mass movements like rockfall
and landslides cause damage
to hiking infrastructure.

Therefore, alpine associations
need information about these
natural hazards to better
manage their infrastructure.
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= Context of alpine infrastructure management
= Methods for analysing user requirements
= Results

= Stakeholders and their tasks about mass movements

= Scenarios how to make use of mass movement
information

= Information needs
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CONTEXT OF ALPINE
INFRASTRUCTURE MANAGEMENT
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Heavy rainfall event on 05./06.08.2017:
Blocked hiking trails in Gro3arl Valley, Salzburg, Austria

According to information of the trail keeper of Section Huttschlag of the Austrian Alpine
Association (OAV):

A landslide tore away the trail on a width of 10 meters. Several days of reconstruction
enabled re-opening the trail. The severity of the rainfall event caused many more
blocked trails in the region of responsibility of Section Hiittschlag. The remaining
summer season was not enough time to make all trails accessible again.
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Alpine infrastrcture management in
the Austrian Alps

= The hiking infrastructure of trails and huts is a strong
asset for summer tourism in the Austrian Alps

= 2.5 Mio. Austrians mention hiking as one of their
recreational activities (DAV & OAV, 2011)

= 2.5 Mio. hiking tourists visit Austria per year (WKO, 2018)
= Challenge:

o Hiking trail affected by a
wix mass movement in the
Austrian Alps. Photo: D.
Hélbling, 2015

= Mass movements like rainfall-induced shallow landslides
debris flows and rockfall cause damage to the hiking
infrastructure

= Resulting in blocked access to mountain huts and hiking
routes and need for expensive restoration and trail
relocation
=  Objective:

= Support alpine infrastructure management and
maintenance with innovative Earth observation-based
information about mass movements and their impact
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METHODS FOR
ANALYSING USER REQUIREMENTS
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Analysing user requirements

= We performed a user

requirements analysis that ”
identified relevant

Product /service

stakeholders and pinpointed _:{ Conceptualize  --+ > concept
both user needs and ¥ .
requirements for information 3[ User interview | Guideline
. preparatlon questlonnalre
about mass movement impact v
on alpine infrastructure. __)[ Stakeholder | 5| Stakeholder
analysis diagram
* N
User + stakeholder | Interview
interviews protocols
* N
Evaluate feedback | Roles, tasks and
on user context scenarios of use
4 * N
Evaluate feedback | User needs and
on user needs requirements
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Questionnaire for semi-structured
interviews

= Interviews were perforemed with 17 interview partners. They are trail
keepers, trail builders, hut keepers and officials of the alpine associations of
DAV, OAV and OTK.

Other potentially Organisation,
interested contacts B role/function, tasks

Service
requirements

Region of responsibility
and maintenance effort

Known locations with damage
due to mass movements

Proposed solution
of MontEO

Benefit / Causes of mass
applications movements
Requirements to Dealing with mass
information movements

A 4

Collecting information
& documenting damage

Z DEPARTMENT OF GEOINFORMATICS - Z_GIS 9




PARIS

' ‘LODRON
UNIVERSITY
SALZBURG

= Stakeholders and their tasks about mass movements
= Scenarios how to make use of mass movement information
= Information needs

RESULTS

Z DEPARTMENT OF GEOINFORMATICS - Z_GIS 10




PARIS

People with trail/hut keeping duty and
their fields of activity

Main stakeholders Roles Fields of activity

Alpine associations

-----------------------------------

National : f Strategic trail B
level > Trail official : rategic trai
—I - k4 : management
Sections - o
level p ~
Operative trail
management
. In the office :
Trail keeper T —

Other organisations [ ) ‘
Tourism ~ . | Trail maintenance | :
associations - L )
Trail and hut ( )
construction

companies - — Trail builder ——— : | Trail construction

Mountain Mountail
rescue rescue
organisations

; In the field

------------------------------------

Hut facili
Y Hut keeper —_— ut facility
management
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Tasks in fields of activity

Opportunities for remote sensing information

= Strategic trail
management

= |nstructing trgil
keepers and
capacity building
= Organize fupding

= Technical sypport
with tools for trail
status

documen®tion

Strategic planning o
expected trail

maintenance effort

Operative trail
management

Documentation of
trail maintenance
status

Planning of large trai
revisions, new

construction and the
re-location of trails

Apply for funding .

Contracting trail
builders or organizing
revision campaigns
with volunteers

Hut keepers:

1 Planning new construction

of hut infrastructure

Trail maintenance

Performing trail
inspections

Doing trail servicing
and small repairs

Marking trails and
setting up sign posts

Trail construction

Implementing revision
campaigns for trails

Construction of
bridges, railings,
ladders, stairs,
installing safety ropes

Building trails in new
locations
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Scenarios for using mass movement
information

------------------------------------------------------

lllllllllllllllllllllllllllllllllllllllllllllllllllll

Operative trail management

Trail keeper

Hut keeper
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Mockup for Scenario A:
Prioritizing trail inspections

= QOverlaying mass movement information with
trails allows to distinguish between

=  Strongly impacted trails (more damage to be
expected)

= Lightly impacted trails (less damage to be expected)
= Trail keepers can adapt their seasonal planning of
trail inspection campaigns (number and duration)

by aligning the frequency of coverage to the
impact of mass movements

= They use their time more efficiently

Dataset of hiking
trails

é___> Overlay | Trails classified
. per category

Susceptibility map
(categorized)
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= Spatial allocation of
maintenance cost to trails
according to their
susceptibility class

= Trail officials gain a better
understanding how the
spatial distribution of
mass movements impacts
their expenses for trail
maintenance

Mockup for Scenario B:
Modelling expected cost of maintenance

Trail length (km) Maintenance cost (€)

@ high susceptibility @high susceptibility

Omedium Omedium
Olow Olow
Onot susceptible Onot susceptible

Maintenance cost
per category

Trails classified aggregate Trail lengths per
per category category
—— v
Trail maintenance E——
cost (previous ........................................ = -> gg g R
year) : trail categories
T ) Allocate to trails where :

costs have arisen
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Scenario C/C2: Adapting trail/hut
infrastructure to mass movement impact

= Perform planning that is aware of mass movement
impact
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Mockup for Scenario D:
Modelling a replacement route

=  Example OTK (at the alpine hut “Wiener
Neustadter Hiitte”):
Trail section “Gamskar” of the trail Georg-
Jager-Steig, Zugspitze, Tyrol, Austria
= Increased activity of mass movements in recent
years

= Trail repairs became necessary much more
often

= Atrail relocation is envisaged

=  Mass movement information allows trail
keepers to identify and build less impacted
trails

=  Thereby, they can provide a better-
maintained trail network that requires less
maintenance effort

Start and end point

of new trail
. Analyze with eoed 1ot
p=====3| cumulative cost alcu ate tﬁas -
: surfaces cost pa

Susceptibility map

Z (as cost factor)
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Identified information needs

Strategic trail management

*

Modelling expected cost of
trail maintenance effort

Need for information about share of
maintenance costs related to mass movements

Trail official
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Need for information about mass movement
impact on trail network of a region
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Operative trail management

. A [ Prioritizing trail inspections
: according to impact
_ Planning trail to adapt for Need for information about mass movement
Trail keeper 4 c . i t locally on trail t
. Impact of mass movement Impact locally on trail segments
. D Planning relc.)ca-ltlon of trails Need for information about mass movement
_ to avoid impact : impact locally on potential new trail locations
Hut facility management
= Planning hut infrastructure Need for information about mass movement
Hut keeper ——) to adapt for impact of mass | - > impact on hut facility infrastructure in detail
: movement
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Associated requirements

Clear description of required information products and their content

Requirements related to Need #2

mm Description Success criteria

[...]

Need for information about impact on trail network of a region

Area of Interest (AOI)

Mass movement impact
layer

Impact per trail segment

Cost per trail segment

Cost uncertainty per trial
segment

Polygon encompassing trail Trails
network completely covered
Raster with impact values
in 5 classes from weak to
strong

Impact value as attribute
of trail segment

Cost value in relation to
impact value and trail
segment length

Resolution 10m
80 % accurate

80 % accurate

80% accurate

Cost uncertainty value
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Conclusion

= Mass movements have an impact on alpine
infrastructure that is reflected in the trail
management and maintenance tasks

= Next steps:

= Produce Earth observation based mass movement
maps that meet the identified requirements

= Validate their suitability by discussing scenarios of use
with trail keepers and other stakeholders
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For more information please visit
http://monteo.zgis.at
or get in contact with

florian.albrecht@sbg.ac.at
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