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Road permeability assessment for ungulates- from science to practise
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Content

• Barrier effect: 
• knowledge base
• assignment of potential barriers

• Existing measures:
• existing potential passages
• passage efficacy

• Identification of deficiencies
• Ranking of mitigation needs
• Pragmatic – strategic approach
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Fencing
 50-80% reduction of ungulate-vehicle collision – if well done …
 Barrier effect of a fenced road > 90%
 Effect is species dependent

by default, fenced roads 
must be regarded
as effective barriers



Physical hindrances - Fences
 about 30% of major roads are fenced (speed, traffic volume)
 standard reduction in accidents: 80% moose, 60% deer, 55% roe deer, 50% 

wildboar
  resulting barrier effect = 2 x 

 factors affecting efficacy:
 length
 endings and openings
 gates
 stability
 …

BUT: fenced roads SHOULD be considered as potential barriers



 Snow-tracking studies 
revealed declined crossing 
rates = increased avoidance 
in ungulates as traffic volume 
increased
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Mortality
 Non-linear effect of traffic volume and 

speed on ungulate-vehicle collisions

Seiler 2004



Combined barrier model for moose

redrawn from Seiler 2003, Helldin et al. 2010
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Animal response types

Johansen et al. 2016



Potential barriers = 
roads that animals are not able  / not allowed to cross

Criteria for potential barriers
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Type of barrier
Potential barriers

Railroad
Road
Other
infrastrutcure
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prim. function of passage

Road bridges and 
tunnels
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prim. function of passage

Road bridges and 
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Passage efficacy 1(2)



Efficacy of “bridges”
 Passage size (with/length) is 

crucial factor, given sufficient 
height > 3m
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Efficacy of “bridges”
 Effect of 

passage width and 
passage height on 
passage usage 
by ungulates. 
Passage height  > 3m.
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Potential passages
Phase 2

Identification of 
potential passages

Bridge database

at 
potential 
barriers 

Main purpose

Valley, 
landscape

Private road, 
pathRailroad

traffic
 < 80 ADT

Public road

traffic
< 1000 ADT

Water

dry passage
  > 2m

Animals

Visual 
evaluation

all all all

Efficacy model
E = ƒ (B / L)

Efficacy of 
potential passage 

for ungulates

not feasible 
for wildlife

not feasible 
for wildlife



Moose overpass

Passage efficacy 1(2)
Oh my Love, I 
would go 500 
miles for you!

… or just the 
square root of 

your home 
range …



Effective distance

 Permeability = “proportion of potential barrier 
without need for further mitigation”

allometrically scaled effect distance 
= passage efficacy E * SQRT(Home range area)

mitigation required: remaining barrier > 2 km

Passage with 
high efficacy

Passage with 
low efficacy

Passage with 
very low efficacy

rel. effect-distance
< 2km

mitigated barrier within effect distanceno mitigation required: remaining barrier 
< 2 km distance between two potential passages with known efficacy

= max 2+2+2 km = 6 km

compare Bissonette and Adair 2008

open, high efficacy
closed, low efficacy



Laxå

Finnerödja

Gårdsjö

BDL 511

BDL 512

E20

BDL 383fullgod passage
under järnväg

återstående barriär 
av ca. 4 km, behov 

av 1-3 passager

mindre 
effektiv 

passage

bro ej 
lämplig 
för vilt

återstående 
barriär < 2km
= inget 
åtgärdsbehov

åtgärdat barriär 
inom effektavstånd 

till passage

antal passager Application example: 
Permeability analysis for 
highway E20 och railroad 
between Laxå och Finnerödja. 

Foto: Google Maps och Google 
StreetView 2014. 





Potential barriers Remaining barriers
(deficiencies in permeability)

Railroads > 2km
Roads > 2km



Remaining barriers per road



% potential barrier WITHOUT need for mitigation
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Ranking and prioritization



Remaining barriers
min. number
of passages 
required



Circuitscape

Landscape connectivity 
and prioritization 

Remaining barrier

Need for mitigation
High
Intermediate
Low







UVC locations



UVC densities



significant UVC clusters (KDE+) 



KDE+ prioritized clusters

Prioritized for 
mitigation

Criteria for prioritization:
UVC every year
UVC > 5 / km
Cluster length > 250m
Cluster strength > 10%



impediment

attraction 
(on the other road side)

gates in fence

detailed StreetView analysis



Cost-benefit of fencing



Remaining tasks:
 Define a realistic goals for permeability
 20%, 50%, 80%, 100%  - what is needed – what is attainable? adjust level regionally ?
 scale dependent ?
 Develop passages at grate cost-efficacy of measures innovative solutions multiple target species
 Develop priority maps for connectivity (strategic wildlife corridors)
 Validate the approach simulation models ? traffic mortality / accidents



National guideline for landscape
 Objectives/Requirements: 
 SMART-goals
 all infrastructure shall be adapted to landscape
 no wildlife shall be killed by transport facilities and 

traffic
 continuous increase of knowledge through 

monitoring and research
 landscape connectivity analysis for all new 

investment projects required
 targeted mitigation measures shall be accomplished 

along existing and new infrastructure
 …
 …

TRAFIKVERKET 2015. Landscape guideline (In Swedish: Riktlinje landskap) Swedish 
Transport Administration (Trafikverket), TDOK 2015-0323.



Thanks!

Foto: Tobias Lektell 
(www.lektell.se)

The studies were financed by the Swedish Transport Administration.
Download reports: www.TRIEKOL.se


