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Abstract:
The need for the “Sustainable Development” and at the same time the protection and preservation
of the available natural assets has become a global concern. Forests constitute vulnerable
ecosystems that change at great speed. In most of the occasions the change is downgrading. The
right management of natural resources is the unique solution for the achievement of sustainable
development. However, sustainable management of forests must be achieved with the respect and
protection of nature and landscape. Sustainable management of forest resources can only be
achieved through a well-organized road network compatible with the natural environment. This
paper describes the forest roads’ Environmental Suitability based on the Multi Criteria Evaluation
(MCE) Method. With this method we present the spatial variability mapping for the optimal forest
road network and the environmental impacts evaluation that are caused to the natural environment.
With the use of the MCE method, we can assess the human impact intensity to the forest ecosystem
as well as the ecosystem’s absorption from the impacts that are caused from the forest roads’
construction. For the human impact intensity assessment the criteria that were used are: the forest’s
protection percentage, the forest road density, the applied skidding means (with either the use of
tractors or the cable logging systems in timber skidding), the timber skidding direction, the traffic
load and truck type, the distance between forest roads and streams, the distance between forest
roads and the forest boundaries and the probability that the forest roads come through unstable
soils. In addition, for the ecosystem’s absorption evaluation we used forestry, topographical and
social criteria. The MCE method which is described in this study provides a powerful, useful and easy
to use implement in order to combine the sustainable exploitation of natural resources and the
environmental protection.
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Introduction 

Nowadays, the public awareness about the impacts of forest roads on the environment 
has been increased (Seiler, 2001; Cielo and Gottero, 2004; Coffin, 2007; Robinson et 
al., 2010; Akay et al. 2012; Pellegrini, 2012). In order to achieve the sustainable 
management of the forests, environmental studies have to be defined based on 
scientific and technical studies (Makhdoum 2008). A well-organized road network is 
crucial for the sustainable management of forest resources (wood production, 
ecotourism, water supply, or soil conservation) (Calvani et al., 1999; Gaodi et al. 2010). 
Furthermore, forest roads are recognized as a main source of sediment yield and 
pollution of off-site water and also ecological fragmentation and disturbance in forest 
landscapes (Laurance, 2001; Altrichter and Boaglio, 2004; Miles, 2006). Forest roads 
cause changes in the landscapes and losses in habitat and biodiversity (Jones et al., 
2000; Trombulak and Frissell, 2001; Havlick, 2002). Also, the forest road construction 
and maintenance operations are the most costly and destructive activities in forest 
operations (Liu and Sessions, 1993; Chung and Sessions, 2001). The forest road 
network planning for multiple objectives depends on three objective functions (life-cycle 
costs, adverse ecological effects, and landing attractiveness) (Stückelberger et al. 
2006).  

Therefore, a new method for the forest roads planning assessment that includes 
financial, ecological and social parameters has to be developed (Akay et al. 2008; Aruga 
et al. 2005; Dutton et al. 2005). Consequently, a functional approach of the forest roads 
planning and for the controlling of optimization of relative parameters (economic and 
environmental) is necessary (Eker et. al. 2013; Stückelberger, 2006).  

An expert-based approach to the forest road network planning can be achieved by 
combining the Delphi method and the spatial multi-criteria evaluation. This methodology 
is useful in forest road planning because it takes under consideration environmental and 
cost parameters (Hayati et al. 2012). Additionally, the Application of Sensitivity Analysis 
is also a significant method in forest roads network planning and environmental impacts’ 
assessment (Hayati et al. 2013). Likewise, the GIS-Based Multiple-Criteria Decision 
Analysis (MCDA) and the GIS-MCE based model for forest road planning are also 
methods in forest roads planning.  

The MCE method is a fundamental approach for screening and selecting spatially 
differentiated decision variants (Beinat and Nijkamp 1998). In the MCE technique, an 
attempt is made in order to combine a set of criteria to achieve a decision according to 
a specific objective (Eastman et al. 1995). In the last fifteen years, much work has been 
directed toward integrating Geographic Information Systems (GIS) and MCE methods 
in the context of spatial decision support systems for planning, retail and services 
locations, land-based project selection, and environmental management (Eastman et 
al. 1993; Jankowski 1995; Malczewski 1999). Nevertheless, over the last 20 years 
spatial MCE has come to be recognized as an inextricable component of Spatial 
Decision Support System (SDSS) (Malczewski 2006). Integrating GIS-based data 
processing and analysis techniques and Multi-Criteria Decision analysis we move into 
the concept of Multi-Criteria Spatial Decision Support System (MC-SDSS) (Malczewski 
1999). The advantage of MCE is that provides a flexible way of dealing with qualitative 
multidimensional environmental effects of decisions (Munda et al. 1995). 

In order to assess the Environmental Suitability for forest roads’ the intensity and the 
absorption criteria method could be used. 
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Materials and Methods 

The MCE technique includes the evaluation of the intensity and absorption criteria in 
order to achieve the spatial variability for the optimal forest road network. We agreed on 
the optimal ecosystem forest protection status to be the 100%.  

For the assessment of the intensity of the environmental impacts we used the criteria 
below (Doukas, 2004; Gianoulas, 2001). Each criterion is rated with a Weighting factor 
(based on experts’ agreements) that represents the intensity value. 

 

a) Intensity criteria in productive forests. 

The intensity criteria that were used are:  

 

I. Road Density. Logging means: Tractors.  The excess percentage of Dec and Dmax 
is rated as the reduction of the optimum 100. The comparison of the existing road 
density Dex with the optimum theoretical Dth and the optimum economical road density 
Dec is based on their calculation applying the Kroth method (Bernetti, 1965;  Kroth, 
1973; Tan, 1992; Olsson, 2004; FESA, 2005; Tampekis, 2009; Pellegrini, 2012). 
Weighting factor: 3. 

 

Figure 1. Equations of costs and road density. KW=ΚΒ+ΚR+ΚSU is for the forest roads’ total 
construction and maintenance (ΚSU) costs. The construction costs are from the loss of territorial 
annuity (ΚΒ) and the depreciation and capital interest that is invested for forest roads’ 
construction (ΚR). Κr is for the wood skidding costs and ΚS= KW+ Κr is for the total construction, 
maintenance and wood skidding costs.  

 

 

Source: Tampekis, 2009 
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II. Use of tractors in skidding.  The percentage of the use of tractors for skidding is 
rated as the reduction of the optimum 100.  Weighting factor: 2. 

 

III. Opening-up percentage.  The reduction percentage of the forest opening-up from 
forest roads and tractor roads which is <70%, is rated as the reduction of the optimum 
100.  Weighting factor: 3. 

 

IV. Skidding direction (horses, tractors, cable winches).  The skidding direction 
percentage which is <45° comparing to the vertical to the road skidding, is rated as the 
reduction of the optimum 100.  Weighting factor: 1. 

 

V. Traffic load and truck type.   

 The excess percentage of the traffic load, in comparison to the one that is justified 
from harvesting, is rated as the reduction of the optimum 100.  Weighting factor: 2.  

 The excess percentage due to truck overloading of the uniform truck loading according 
to the rules is rated as the reduction of the optimum 100.  Weighting factor:  2. 

 

VI. Forest Roads’ Location.  

 The forest roads’ distance from the streams should be enough not to affect the forest 
ecosystem. The percentage of forest roads that pass through the valley and the distance 
from the margins of the stream is less than 10 m, is rated as the percentage reduction 
of optimum the 100 as given in the table below: 

 

Table 1. Intensity evaluation rating due to the forest roads’ distance from the streams. 

Distance from streams 
(m) 

Rate (%) 

>10 100 

5-10 50-100 

0-5 0-50 

Weighting factor: 3 

 

 The percentage of the roads that pass through in less than 10 meters outside the 
forests’ boundaries or 20 meters within the forests’ boundaries is rated as the 
percentage reduction of the optimum 100. Weighting factor: 3 

 Forest roads shall not be going through unstable soils where they may be slipping, 
sliding or have failures in the construction of embankments. The layout design rate of 
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forest road, passing through a clay soil, large exposures streams, unstable soils, is rated 
as a percentage reduction of the optimum 100. Weighting factor: 3 

 

b) Intensity criteria in non-productive forests. 

The intensity criteria that were used are:  

 

I. Road Density and Forest Protection Percentage.  The percentage of the excess 
or the reduction of the values D=12.5-15m/ha, forest roads’ spacing S=800m and the 
forest protection percentage which is < 85%, is rated totally as the reduction of the 
optimum 100. Weighting factor: 3 

 

II. Applied Skidding Means.  The percentage of the trees’ skidding that aren’t carried 
out with the use of cable logging systems or with draught animals or with the 
combination of them, is rated as the reduction of the optimum 100. Weighting factor: 2 

 

III. Skidding direction (draught animals, cable logging systems).  The skidding 
direction percentage which isn’t achieved in diagonal or in parallel layout, comparing to 
the vertical road skidding (theoretical skidding distance), is rated as the reduction of the 
optimum 100. Weighting factor: 1 

 

IV. Traffic load and truck type.  

 The excess percentage of the visitors’ number, in comparison to the reception 
capacity of the space, is rated as the reduction of the optimum 100. Weighting factor: 2. 

 The percentage of vehicles with a uniform load on the wheels largest than the 
permitted by the regulations is rated as the reduction of the optimum 100. Weighting 
factor: 2 

 

V. Forest Roads’ Location.  

 The forest roads’ distance from the streams should be enough not to affect the forest 
ecosystem. The percentage of forest roads that pass through the valley and the distance 
from the margins of the stream is less than 10 m, is rated as the percentage reduction 
of optimum the 100 as given in the table below: 
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Table 2. Intensity evaluation rating due to the forest roads’ distance from the streams. 

Distance from streams 
(m) 

Rate (%) 

>10 100 

5-10 50-100 

0-5 0-50 

Weighting factor: 3 

 

 The percentage of the roads that pass through in less than 10 meters outside the 
forests’ boundaries or 20 meters within the forests’ boundaries is rated as the 
percentage reduction of the optimum 100. Weighting factor: 3 

 Forest roads shall not be going through unstable soils where they may be slipping, 
sliding or have failures in the construction of embankments. The layout design rate of 
forest road, passing through a clay soil, large exposures streams, unstable soils, is rated 
as a percentage reduction of the optimum 100. Weighting factor: 3 

 

The weighted average of the environmental impact intensity evaluation (ΣI), is equal to 
the sum of the products   Σ(I × WI) divided by the sum of the weighting factors (ΣW I). 

ΣI = Σ(I × WI) / ΣWI                                                                                                  (1) 

Where: 

I= the criterion value assessment (%) that evaluates the impact intensity which is not 
negative,  

WI= the weighting factor of each intensity criterion 

ΣWI= the sum of the Weighting values of each intensity criterion 

 

c) Absorption criteria. 

The ability of the forest ecosystem absorption of the forest roads’ impacts was also 
studied. Specifically, the term absorption is defined by whether the impact effect will be 
absorbed from the forest ecosystem as time passes, as well as the number of impact 
receivers. The evaluation criteria of absorption that were studied and the respective 
Weighting factors are: 

 

I. Forestry Criteria. Weighting factor: 3 

 Land uses: Woodlands: 100%, Forest area: 25-50%, Barren: 15%. 

 Forest species: Coniferous: 65%, Broad-leaved: 75%, Mixed 100%. 

 Forest management form: High forest: 100%, Coppice forest 50%, Composite forest: 
75-100%. 
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 Forest age: Even aged forest: 50%, Group-selective forest: 100%, Gardening forest: 
75%. 

 Tree height: High >20m: 100%, Medium 10-20m: 75%, Low <10m: 25-50%. 

 Soil quality: I-II: 100%, III-IV: 50%, V-VI: 25%. 

 Forest productivity (Harvesting): High >3 m3/year×ha: 100%, Medium 1-3 m3/year×ha: 
50%, Low <1 m3/year×ha: 25%. 

 

II. Topographical criteria.  Weighting factor: 2 

 Slopes: High >20%: 5-25%, Medium 8-20%: 50%, Low <8%: 100%. 

 Aspects: 

- Elevations <1000m; Northern: 100%, Eastern: 75%, Western: 75%, Southern: 50%,  

- Elevations ≥1000m; Northern: 70%, Eastern: 100%, Western: 100%, Southern: 70%,  

 Terrain relief: Mild: 100%, Various: 50%, Intense (divided into many parts): 15%. 

 

III. Social Criteria (number of receivers).  Weighting factor: 1 

 The tourist resort. 

 The national road network. 

 The railway network. 

 The archaeological area. 

 The neighboring city. 

 The neighboring village.  

 The European pathway. 

 The natural or artificial lake or river. 

 

The rating of the criteria above, depends on the number of people that accept the effect 
and is rated 25% if the receivers are many, 50% if the receivers are a few and 100% if 
there aren’t any. 

 

The weighted average of the environmental impact absorption evaluation (ΣA), is equal 
to the sum of the products Σ(A× WA) divided by the sum of the weighting factors (ΣWA). 

ΣA = Σ(A × WA) / ΣWA                                                                                               (2) 

Where: 

A= the criterion value assessment (%) that evaluates the absorption, 

WA= the weighting factor of each absorption criterion, 

ΣWA= the sum of the Weighting values of each absorption criterion 
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Conclusions 

The development and the application of the mapping of the Environmental Suitability for 
the optimum forest roads’ network as well as the environmental impacts evaluation that 
are caused to the natural environment based on the MCE technique, with the use of the 
intensity and the absorption criteria evaluation is an innovative tool. 

Consequently, with this method we will ensure the best protection and at the same time 
the sustainable exploitation of the forest resources.   

Additionally, it will be valued if there are any impacts to the natural environment and if 
some of the forest roads had been constructed legally or not according to the guidelines.  

This method plays a crucial role in the optimum solution selection (spatial, financial, 
forest, topographical, social and environmental) for the forest roads’ planning. It can 
also be customized to each areas’ particularities and to be applied for the creation of a 
new integrated decision support system (DSS). 

 

Figure 2. Workflow of the forest roads’ Environmental Suitability based on the Multi Criteria 
Evaluation (MCE) for non-productive forests. 
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