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Problem & Objectives

ÅForest Roads constructed mainly between 1950 and 1980

ÅToday Ą Adaptation: 

ïdifferent requirements and harvesting technology

ïBudget restrictions

ÅAssessment of the Forest Road Network for timber 

production 

ïLarge areas 

ïSteep Terrain

ïWhole Process: Harvesting & Transportation
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Objective: Assessment of each timber parcel in terms of 

suitability for economic timber production

20-26t

28 - 40t

18t

Main Road

Timber parcel

Volume [m3]

Road segment not required

Requirements fullfilled

Input Output

[35 m3]

[90 m3] [200 m3]

Road standards

Harvesting Path

Suitability for economic timber production

Limited suitability

Not suitable

Collecting Node



Model subsystems
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Output

Optimization model

Harvesting Options

Hauling Route

Assessment



Model subsystems
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Harvesting Options
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Options:

[I]   Tower- / Long

distance yarder

[II]  Uphill / Downhill



Terrain Analysis for Yarders

Cable Road ŹCable Road ŷ

Forest Road

Landing

Pot. Cable Road

Int. Supports

Contour Lines

Skyline (Load Path)



Trafficable areas

Trafficability depending on..

1) Soil bearing capacity (! Changes periodically !)

2) Frequency and size of obstacles

3) Terrain Steepness

4) Type of machine

Lack of Data 

for large areas

Soil Property Map [BFS 2004]

Maximum gradeability = f (Soiltype)

Digital Elevation Model å

Wheeled vehicles



Trafficable Areas: Ensure Connectivity

Trafficable areas

connected

Trafficable areas

not connected

Shortest feasible path



Harvesting Options: Outcome
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For each Landing / Road Segment k:

Timber Parcel Nr. : 01, 01 , 04 , 06 , 08 ,

Harvesting Mean : GB, TYU, TYU, TYD, LYU,

GB:  Ground Based

TYU: Tower Yarder Uphill

TYD: Tower Yarder Downhill

LYU: Long Distance Yarder Uphill

LYD: Long Distance Yarder Downhill

1.

2.

#01

#08

#06

#04

#02

#03

#05 #07

Save only «best» harvesting system

Timber Parcel Nr. : 01, 01 , 04 , 06 , 08 ,

Harvesting Mean : GB, TYU, TYU, TYD, LYU,

«best»

«worst»

Further : Distance & Cost



Hauling Route: Network 

Representation
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Length [m] / Weight Limit / Landing [0 / 1]

K =1



Hauling Route: Analysis and

Outcome

Best Route: Landing ïCollecting Node

(Simplified:)

1. Bearing capacity limit of road as high as possible

2. Distance as short as possible
[40t]

[18t]

[28t]

[25t]

[18t]

[28t]

[28t]

Outcome from «Hauling Route»

- Limitation (e.g.: 25t)

- Distance (e.g.: 15 km)

- Hauling Cost



Model subsystems
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Input
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Optimization

Hauling Direction

Forest Road

Landing

Off Road Transport

Different Objectives:

(I) max. weight limit 

(II) most efficient harvesting 

system 

(III) concurrently identify the 

most efficient harvesting 

and hauling. 

Outcome: (for each Timber

Parcel and Objective)

- Landing

- Weight Limit 

- Hauling Distance

- Harvesting Method



Assessment
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[3] no efficient management 

possible (not suitable).

  

Weight limit during hauling (t) 

  

<18 >= 18,  <28 >= 28 
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Ground-based [3] [2] [1] 

Tower yarder [3] [2] [1] 

Long distance yarder [3] [2] [2] 

Helicopter [3] [3] [3] 

 
[1] Fulfills state-of-

the-art requirements

[2] limited suitability for efficient 

management



Application
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Austria

Germany

France

Italy

Switzerland Graubünden

Source: Swisstopo
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Suitability Map



Results: Statistic
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