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Optimization from the point of utilization of timber implies determination of optimal
density and spatial layout of forest roads, and at the same time, it is necessary to justify
social, cultural and protective forest functions and spatial management. The public natural
forests of Northern Bosnia and Herzegovina (BIH) were object of observation and
research, and they are naturally renewed from the seeds. It is the most important forest
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relation to planning of forest roads. The tools of Geographic Information System (GIS)
allow a complete spatial and statistical analysis and management of data collected from the
forest management plans or being surveyed in the field, and obtained by analysis of Digital
Terrain Model (DTM) and AHP method. Planning of forest roads was done in hilly
Management Unit (the MU) Prosara and mountainous MU Bobija-Ribnik. Optimal density
of forest roads was determined by minimization of total transportation cost, it ranges from
16 to 26.5 m/ha. These results showed that natural forests have potential for normal forest
management.
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AI Za trajnostno gospodarjenje z gozdovi je potrebna tudi optimizacija omreţja gozdnih
cest. Optimizacija z vidika rabe lesa pomeni opredelitev optimalne gostote in prostorske
umestitve gozdnih cest, hkrati pa je treba zadostiti socialnim, kulturnim in varovalnim
funkcijam gozda in upravljanja s prostorom. Raziskovalni objekt so bili drţavni naravni
gozdovi severne Bosne in Hercegovine (BIH), ki se tudi naravno pomlajujejo. Ti gozdovi
so najpomembnejši z vidika koliĉine in kakovosti lesa ter biodiverzitete. Odprtost vseh
gozdov v BIH znaša 10 m/ha, v naravnih gozdovih pa 11 m/ha. V smislu Forest … (1995)
priporoĉil ti gozdovi niso dovolj odprti za trajnostno gospodarjenje. Trenutno stanje
odprtosti naravnih gozdov zahteva naĉrtovanje novih gozdnih cest. Naĉrtovanje novih
gozdnih cest vsebuje naĉrtovanje odprtosti gozda in projektiranje gozdnih cest. Ta naloga
zahteva analizo obstojeĉega omreţja gozdnih cest, doloĉanje optimalne gostote gozdnih
cest in projektiranje gozdnih cest. Analiza obstojeĉega omreţja gozdnih cest vsebuje
izraĉun obstojeĉe gostote gozdnih cest, izraĉun povpreĉne spravilne razdalje, izraĉun
relativne odprtosti gozda ter koeficient uĉinkovitosti obstojeĉega omreţja gozdnih cest. Vsi
našteti indikatorji odprtosti gozda so bili uporabljeni za ocenjevanje obsega in kakovosti
obstojeĉega omreţja gozdnih cest. Analitiĉni hierarhiĉni proces (AHP) omogoĉa izbor in
evalvacijo vplivnih dejavnikov na naĉrtovanje gozdnih cest. Orodja Geografskega
Informacijskega Sistema (GIS) omogoĉajo popolno prostorsko in statistiĉno analizo ter
obdelavo podatkov pridobljenih iz gozdnogospodarskih naĉrtov ali lastnih terenskih
meritev pridobljenih z analizo Digitalnega Modela Reliefa (DMR) in AHP metode.
Zgošĉevanje omreţja gozdnih cest je bilo izvedeno v hribovitih razmerah GGE Prosara ter
gorskih razmerah GGE Bobija – Ribnik. Optimalna gostota gozdnih cest, ki smo jo
opredelili z minimalnimi transportnimi stroški, se je gibala med 16 in 26.5 m/ha. Rezultati
kaţejo, da imajo naravni gozdovi potecial za normalno gospodarjenje.
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1

INTRODUCTION

Forests of a country are only a part of the global forests which are important for
preservation of stability of the whole forest ecosystem. Besides, the national forests are the
part of national and global economy and for these reasons common standards are
prescribed for sustainable forest management.
All around the world, more precisely in 234 countries, the forest covers around 4 billion ha
or around 39 %, and forest land covers around 1,2 billion ha. Regarding the total forest
area, natural forests cover 3,7 billion ha, while the forest plantations cover around 291
million ha. The growing stock of wood in the world forests is around 531 billion m3 or 129
m3/ha. Public forests take around 3 billion ha, private ones around 774 million ha. From 96
% of the global forests which are managed by policies of sustainable forest management,
58 % of them were covered by Programme for the Endorsement of Forest Certification
(PFCC) and 42 % by the Forest Stewardship Council (FSC). In 2011, the number of the
employees in the forest sector all around the world was 12,7 million people and through
the production and services 606 billion USD was earned (Global …, 2015).
The forests cover around 1 billion ha or 47 %, of which natural forests cover 929 million
ha and plantations cover 83 million ha in Europe (more precisely 59 European countries).
The growing stock of European forests is 115 billion m3 or 113 m3/ha. 950 million ha of
those forests are managed on the basis of forest management plan, and 167 million ha of
the forests are certified. Public forests cover 897 million ha and private ones 108 million
ha. 671,000 people work in the European forest industry (Global …, 2015).
The forest industry in Bosnia and Hercegovina (BIH) can be observed since the time of the
Ottoman empire (1463 - 1878), through the reign of the Austro-Hungarian Empire till the
year 1918 when the biggest changes happened in the forestry: from the regulation of the
property relations to the methodology and organisation of the production. The production
started with more intensive utilisation of the wood from our forests and the use of the
forest railroad. After the World War I and fall of the Austro-Hungarian Empire, the
Kingdom of Serbs, Croats and Slovenians, later the Kingdom Yugoslavia, has continued
with the forest management through the Ministry of Forestry which took over the contracts
of the forest exploitation in BIH from the local and foreign companies. After the World
War II, other significant changes took place in the forestry, mostly in the ownership
structure and methodology of the production because of the gradually bigger
mechanisation in all work segments and more of a truck use for the transportation. Until
the beginning of the Civil War in 1992, around 187 million m3 of net timber has been cut in
the forests of BIH. At the end of the 1988, in BIH's forests, length of forest roads was
10,174 km (Strategija …, 2011).
At the beginning of the war in the Socialist Republic of Bosnia and Hercegovina, the
Government of the Republika Srpska (RS) founded the Public Enterprise of Forestry of
Republika Srpska and in 1993 changed its name to Public Forest Company (PFC) Srpske
Šume with its residence in Banja Luka. In 1994, the Government of RS brought the Law of
RS Forests by which the public forests and forest land come under the jurisdiction of the
1
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PFC through Forest Management until 2005 when the RS Government changed the name
of the enterprise again to PFC ŠUME RS which consisted of 23 Forest Management Areas
(FMA), and they lost the status of legal entities. Private forests are run by their owners.
Certification of the management of public forests is carried out by FSC standards
(Strategija …, 2011). Today, PFC consists of 30 organizational units, of which there are 26
FMAs (Organizacija ..., 2015).
The total amount of the forests and forest land cover 1,092,094 ha or 44 % of the total RS
surface which is above European average. Public forests cover 795,834 ha or 73.5 %, while
private ones spread on 296,260 ha or 26.5 %. The public forests consist of: natural forests
489,025 ha, coppice forests 215,122 ha and forest cultures 55,264 ha (Statistiĉki ..., 2017a).
The natural forests are usually named high forests and they regenerate naturally from the
seeds. This forest category divides on narrower categories of natural forests: high forests
with natural regeneration and high degraded forests with natural regeneration. The
narrower categories of natural forests divide on management classes. Management class is
ecological, productive and classifying forest unit and at the same time a spatial unit, and
represent the basic unit of forest management planning (Šumskoprivredna …, 2013b).Total
growing stock in public forests is 194,601,610 m3 or 244 m3/ha and the volume increment
is 6.6 m3/ha while in private ones the growing stock is 49,130,390 m3 or 166 m3/ha and the
volume increment is 4.5 m3/ha. The forestry of RS was employing 4692 workers in 2016
(Statistiĉki ..., 2017a). Private forests are fragmented on about 464,000 cadastral parcels
which are in the possession of 250,000 owners in RS (Udruţenje …, 2006).
The Gross Domestic Product (GDP) in RS was 4,924,107 € in 2016, and the share of
Agriculture, Forestry and Fishing in GDP is 9.3 % (Statistiĉki …, 2017b). Forest and forest
lands are declared natural goods of general interest and are under the special state care and
protection. Forest management is based on Forest Management Plan (FMP) by the
principal of the sustainable management scheme. Basically, it means preservation and an
enlargement of the forest productivity, that is, the quantity and quality of timber
assortments, but in these modern days, more and more attention is directed towards the use
of the forest areas in sociocultural purposes and in the protective-regulatory character of
the forests such as the preservation of the air, water, land and biodiversity quality.
The forests and forest land cover 1,521,400 or 48 % of total area of Federation of Bosnia
and Herzegovina (FBIH). The public forests take 1,244,400 ha or 81.8 %, and private
forests 277,000 ha or 18.2 % of total forests area in FBIH. The public forests consist of:
natural forests which take 568,432.2 ha or 45.7 %, coppice forests take 255,615.1 ha or
20.5 % and forest cultures take (Sokolović and Bajrić, 2013b).
Based on these results, total area of forests and forest land is 2.6 million ha or 46 % of total
area of BIH. The public forests take 78 %, and private 22 % of total forests area. Natural
forests take 53 %, coppice forests 23 % of public forests in BIH. We can see that forest
coverage of BIH is similar as the one in Europe and higher than average World forests
coverage. The main product of the forest was timber in the earlier historical periods, but
today, non-timber products, services and protection of environment play an increasingly
important role.
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2

RESEARCH ISSUES

Sustainability and durability of timber production, as well as of the other forest products
and the use of forest area, can be determined with the term optimal forest management. In
a mathematical way, optimization is defining the minimal or maximal value of the real
function. From the aspect of using timber, optimization is utilization of the forests with the
minimal transport cost (Dobre, 1995; Potoĉnik, 2004) considering the rest of the forest
users. Transport of timber is a very significant and the most expensive part of the
harvesting operations. According to Sokolović and Bajrić (2013a), the transport cost makes
around 80 % of total cost of the harvesting operations.
Considering the character and the role of forest roads, their effect on the forest
management, the cost of their construction and maintenance, planning of the forest roads
network i.e. planning of forest accessibility is very important task. The forest road network
should be placed in those areas of the forest space where it is the most suitable and it is
determined by terrain characteristics, site productivity and transport cost. Skidding distance
is the most decisive factor determining the skidding cost (Nikolić, 1993), so the
construction of the forest road is justified if the construction of forest road leads to reduced
skidding distance and it represents the main goal in planning of the forest accessibility
(Jeţ, 2016).
After the planning of the forest accessibility there is the designing of the forest roads.
Forest roads are a part of forest traffic infrastructure together with skid roads or trails and
the other objects and they are intended for forest management and needs of the local
population according to Forest Law of RS (Zakon …, 2008). Forest traffic infrastructure is
classified on primary and secondary. Primary forest traffic infrastructure consists mainly
from the forest roads which make the forest permanently accessible. Forest road represents
linear and also a spatial body which not only connects two points, but also adapts to the
terrain configuration and increases the accessibility of the forest area. Their function is to
transport the timber products from the forest to the final users and consumers (Jeliĉić,
1971; Jeliĉić, 1983; Butulija, 2002; Sokolović and Bajrić 2013a). A manual … (1998)
divides forest roads according to their position, construction, purpose of use and
importance. Forest roads are divided to the main, secondary and dirt roads based on their
purpose. The main forest roads make a forest management unit accessible. The secondary
forest roads make accessible the catchment area or transportation zones. Their carriageway
is made of gravel. They are connected to the main forest roads or public roads. The main
and secondary forest roads can be used during whole year. Those types of roads are so
called surfaced forest roads. The dirt forest roads make a compartment temporarily
accessible and they are built without an upper road layer. They can be used for timber
transport when they are dry or frozen (Jeliĉić, 1971; A manual …, 1998; Butulija, 2000;
Pravilnik …, 2002). The third type of forest roads are so called unsurfaced forest road.
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Secondary forest traffic infrastructure consists of skid roads and skid trails which make the
forest temporarily accessible and are recognized as productive forest area. They are used
for gravity trasnsport, winching and skiding with skiders or animals from the cutting area
to the landings next to the forest road. Skid roads are constructed by excavation of soil
with dozers or excavators. Roadbed width of skid roads is 3.5 m and longitudinal
inclination of skid road should be 16 % in order to protect from erosion of its surface. Skid
trails are not built as skid roads but only trees and other obstacles have to be removed in
order to enable moving of skidder during skidding operations (Jeliĉić, 1983; A manual …,
1998; Pravilnik …, 2017).
When we talk about the designing, we primarily talk about the forest roads designing
which is in accordance with the Manual for designing forest truck roads (Pravilnik …
2002). The Manual provides the appearance and the content of the designing
documentation and the dimensions of the construction elements of the forest roads and
objects by them. PFC ŠUME RS has the rights to use them and the obligation to maintain
the forest roads in the domain of public forest which is regulated by Law on Forests
(Zakon …, 2008).
According to A manual … (1998) roads are divided into: access, main, secondary forest
roads and skid roads and trails based on their porpose of use in steep terrain. Forest
transport infrastructure divides into primary, secondary and special in Croatia. Primary
forest transport infrastructure consists of public roads that make accessible forest and forest
roads. Secondary forest transport infrastructure consists of skid roads and trails and special
roads (Pentek et al., 2010; Pentek et al., 2014; Lepoglavec, 2014). Potoĉnik (1996a, 1996b)
divides forest roads into tree categories in Slovenia. He distinguishes forest roads for
public traffic which connects villages, farms, mountain houses, cottages and tourist
facilities, forest roads, which are used for recreation, the needs of the military and the
police and forest roads, which are intended for forest management and they are divided
into main and secondary. According to purpose, usage and technical elements of forest
roads, they are divided into: forest roads for forest management and public use (G1) with
public traffic share of 50 % with no limit of traffic load in this category, forest roads which
make accessible more than 1,000 ha of forest (G2) with the purpose of forest management
and traffic load can be restricted and forest roads which make accessible less than 1,000 ha
of forest (G3) and they are intended for forest management and also traffic load can be
limited (Pravilnik …, 2008).
The total length of the roads in public forests in RS is 10,432 km, of which 7,016 km goes
to forest roads, and 3,416 km to public roads (Statistiĉki …, 2017a). According to Cadastre
of forest roads in public forests, length of roads which make forests accessible is 9,464.65
km. In natural forests there are around 5,440.50 km of forest roads and according to it, they
belong to the most accessible category of the forests. PFC ŠUME RS constructed 53.76 km
of new forest roads in 2016, and the cost of their construction was 1,329,866.67 € (Katastar
…, 2017). Accessibility of the public forests by public and forest roads is about 9.4 m/ha.
Accessible natural forests with average road density of 11.6 m/ha are the best. They are the
most accessible forest category because they cover 61 % of the total public forests. The
natural forests produce 2.8 million m3 of timber of the total annual amount of timber in RS,
which is 3.4 million m3. 2.9 million m3 comes from public forests and 436,214 m3 comes
4
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from private ones annually (Statistiĉki …, 2017a). Data about the forest accessibility of
private forests are not known, which is understandable, because managing these forests
includes big issues considering unresolved property relations in most cases and the fact
that the areas of the private forests are fragmented and small. The actual accessibility of the
forests in RS, mostly public ones, doesn‘t even provide the usage, regeneration, care and
protection in every area and the consequence of that is the work focus on a smaller space
which is accessible to the forest communications, that is, roads (Strategija …, 2011).
Total length of public and forest roads which make accessible forests in FBIH is 11,422
km, and forest accessibility is 10.9 m/ha, and natural forests are accessible with 5,558 km
or 10.5 m/ha (Sokolović and Bajrić, 2013b).
Based on of these results, total length of roads which make a forests accessible in BIH is
around 21,000 km, and average forest accessibility is 10.15 m/ha, while density of forest
roads in natural forests is 11 m/ ha.
This dependence between intensive management and the density of the forest roads can be
expressed in numbers as: to 6 m/ha - the forest is not accessible; 6-15 m/ha – possibility of
the extensive forest management; 16 - 30 m/ha – provides normal forest management; over
30 m/ha – intensive forest management (Forest …, 1995; Dobre, 1995; Potoĉnik, 2004).
Density of forest roads depends on extraction type and should be 25 m/ ha for ground
skidding in Europe (Dykstra and Heinrich, 1996). The ground skidding is the most
common type of extraction of timber in BIH (Marĉeta, 2015) and, in my opinion, in
European forests. Recent research in RS showed that the accessibility can be significantly
bigger and can go from 14 to 21 m/ha (Potoĉnik et al., 2011), considering both aspects:
production and terrain characteristics.
Density of forest roads was around 12 m/ha in the period between 2001 and 2005 in
Croatia (Pentek et al., 2007). Pentek et al. (2014) determined the primary forest
accessibility from 5 m/ ha in karst region to 15 m/ ha in mountainus region, and in hilly
region, it was around 11 m/ ha. Actual average density of roads is 10.5 m/ha in public
forests in Serbia (Kadović et al., 2008). The forest accessibility in Austria is up to 45 m/ha
(Ghaffarian et al., 2009). Actual density of forest roads in Slovenia is around 25 m/ha (Krĉ
and Beguš, 2013). Trajanov et al. (2015) has determined that forest accessibility is 13.43
m/ha in Former Yugoslav Republic of Macedonia. Total forest accessibility is around 22
m/ha by public and forest roads, and 20 m/ha by forest roads in Republic of Serbia
(Šumarstvo …, 2017).
The actual accessibility of the forest, to be more correct public forests in RS and BIH, is
less than the accessibility in the neighboring countries. The conclusion is that the
accessibility of the forests in our country should enlarge, that is, it is needed to execute the
accessibility optimization during the process of planning in order to achieve the optimal
forest management. Defining of the optimal forest accessibility was formerly based only
on the minimal transport cost, the reason being that the forest roads represent objects
which demand the significant investments by forest enterprises and also there is a loss of
5

Petković V. Optimization of forest roads network in hilly and mountainous natural forests in Northern Bosnia and Herzegovina.
Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2019 .

the part of the productive forest area. The construction of the forest traffic infrastructure,
more precisely of the forest roads, has a great economical and environmental impact.
To achieve the most efficient, stabile, safer and acceptable forest road network from the
aspect of the construction, traffic, ecology, social aspect and the production of the timber,
the analysis of the terrain and site characteristics and the state of the infrastructure in a
specific forest complex needs to be executed. Dominant factors affecting planning of the
forest traffic infrastructure network, that is, which enter the multicriterial analysis, are
numerous and they don‘t have to be of the same value on all areas under forest. Those
factors can be classified into two groups: economical and technical factors. Economical
facors include growing stock, volume increment, allowable cut volume of timber, the sitehabitat conditions, existing accessibility, transport cost etc. Technical factors include
geomorphological elements such as terrain slope, exposition, depth and soil category,
configuration or relief expression, presence of a watercourse; i.e. terrain characteristics.
Integral planning of the forest roads network aspires to reach an optimum of the forest
accessibility, i.e. to enlarge the density of the forest roads in that amount which can
provide the reduction of the transport cost. Primary aim of the planning of the forest roads
is a reduction of average skidding distance by increasing density of forest roads. That can
be achieved by planning the routes of the forest roads in areas suitable for its
implementation and not accessible enough. The achieved accessibility should provide the
optimal forest management, i. e. the preservation and advancement of its functions. If we
want to achieve optimal forest management and optimal forest accessibility we have to
study results of earlier researches in the field of planning of forest road network.
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3

LITERATURE REVIEW

The planning of the forest roads consists of the two phases: planning of the accessibility
and the designing of the forest roads (Potoĉnik, 2004). The planning of the accessibility
primary means defining of the optimal forest road density, although density is just one out
of four accessibility indicators. Designing and routing of the forest roads comes after the
defining of the needed accessibility. Forest roads network should be economically efficient
and environmentally and socially acceptable (Chung et al., 2008a).
3.1

INDICATORS OF FOREST ACCESSIBILITY

Besides forest road density, the forest accessibility is most often shown by average
skidding distance, relative forest accessibility and with efficiency coefficient of forest road
network.
3.1.1 Forest road density
The most often indicator of the accessibility of the larger areas, mostly management units,
is forest road density which is expressed with the length of forest roads in area unit m/ha or
km/1000ha (Jeliĉić, 1971; Dobre, 1995; Potoĉnik, 2004; Piĉman, 2007; Poršinsky et al.,
2017). However, the forest roads length doesn’t affect equally on the forest accessibility.
So, during the determination of the forest accessibility, it should be considered which roads
can be used for skidding of timber from one-side or two-side of the forest road, that is,
which ones pass with whole length through certain area or they only pass by forest edge or
come to the forest edge. Because of a different points of view, forest roads are differently
taken into account for forest accessibility. Forest road makes accessible the forest if it goes
with all its length through the forest and if 100 % of its length is taken into account (Dobre,
1995; Piĉman, 2007; Šumskoprivredna …, 2013b; Krĉ and Beguš, 2013; Pravilnik …,
2015; Poršinsky et al., 2017; Pravilnik …, 2017a, 2017b). If forest road goes by forest edge
in a distance of 200 m (Dobre, 1995; Krĉ and Beguš, 2013; Hribernik, 2013), 250 m
(Pravilnik …, 2015; Pravilnik …, 2017a, 2017b; Poršinsky et al., 2017), 300 m, 50 % of its
length is taken into account (Piĉman, 2007) or just 500 m of its length is taken into account
of forest accessibility (Šumskoprivredna …, 2013b). If it comes vertically to the forest
edge, forest road is taken into calculation of forest accessibility with 500 m of length
(Piĉman, 2007), 250 m (Pravilnik …, 2015; Poršinsky et al., 2017; Pravilnik …, 2017a,
2017b). These are spatial criteria for determination of density of forest roads and they are
related to the type and purpose of forest road into forest area. Besides these criteria for
determination of density of forest roads, elimination criteria are also used, which are
related to the quality of forest roads, their technical conditions and traffic load. These
criteria mean that forest road has pavement, fulfills minimal technical requirements for
long-distance timber, that traffic load can not be less than 10 t and higher than 26 t and that
forest vehicles (forwarder or skidder) will not move by agricultural or urban land in
extracting of timber (Pravilnik …, 2015; Pravilnik …, 2017a, 2017b; Poršinsky et al.,
2017). The analysis of forest accessibility with actual forest roads network is based on their
cadastre.
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3.1.2 Forest road cadastre
The cadastre of forest roads is guided by PFC ŠUME RS and it consists of data about type
of roads (public, forest) and their length which make total forest area and forest categories
accessible. The cadastre is supplemented each year with new information about length of
roads and skid roads which are built in this year and the cost of their construction. It does
not include vector data about roads and their spatial distribution in the management units.
It is the main disadvantage of it. According to that, cadastre of forest roads should be
created as an attribute table which will be connected with their vector data. This table
should contain data about forest roads such as their: length, width, purpose, type of
carriageway, year of construction, cost of construction and code. This code contains
information about forest roads and their attributes. This concept was used for development
of methodology for creation of cadastre of primary and secondary forest traffic
infrastructure in Croatia (Piĉman et al., 2006; Pentek et al., 2008; Lepoglavec, 2014). The
main precondition for making forest traffic infrastructure cadastre is recording forest traffic
infrastructure with GPS and measurement of their constructive elements. By making GIS
of the area it is possible to create the database for each forest communication that is
graphically shown and can be analysed. This database should be made for each FMA of
PFC ŠUME RS.
Making the cadastre of forest traffic infrastructure includes field work and analysis of
collected data. Data about forest traffic infrastructure were entered into attribute table and
connected with vector data of forest traffic infrastructure. Each forest road and skid road
has a cadastre number which contains alfa-numeric signs. This methodology was
developed by Piĉman et al. (2006), Pentek et al. (2008) and Lepoglavec (2014). It was used
to create cadastre of primary and secondary forest traffic infrastructure in Croatia.
Determination of cadastre number of forest traffic infrastructure is done by unique system
of classification watching the management unit as a whole. It consists of a code of
management unit in system of codes of Forest Management Areas in Croatia, capital letters
and Arabic numbers which represent a purpose and order of forest road or skid road in this
management unit.
Example 1: The code of a forest road is 617 B2 M 01.
Legend:
- The first mark means code of the management unit,
- The second mark consists of capital letter, A for public road and B for forest or fire
protection road, and Arabic number where 1 is main forest road, 2 is secondary
forest road and 3 is dirt forest road.
- The third mark shows location of forest road in the management unit and its
influence on forest accessibility:
O is forest road where the entire length passes through management unit,
G is forest road which goes to the border of management unit,
- M is forest road where one part passes out of management unit and the second part
passes through management unit.
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-

The fourth mark is Arabic number which shows a number of forest road in
management unit.

Example 2: The code of the secondary forest traffic infrastructure network 617 1 C 0005
Legend:
- The first number means number of management unit in classification of Forest
Management Areas in Croatia.
- The second mark is Arabic number that is a number of compartment of the
management unit.
- Capital letter, as the fourth mark, means type of the secondary forest traffic
infrastructure: C is a dirt forest road, D is skid road, E is skid trail.
- The fourth mark is Arabic number which determines a number of secondary forest
traffic infrastructure in management unit (Lepoglavec, 2014).
In Slovenia cadastre of forest roads is managed by Slovenia Forest Service and it consists
of code of forest road, its name, its category, its length, construction elements and a forest
management area, a municipality to which forest road belongs (Pravilnik …, 2008). It is in
accordance with land cadastre and cadastre of public roads in Republic of Slovenia and the
cadastre is available on portal http://zgs.gisportal.si/javno/profile.aspx?id=EGC@ZGS
(Figure 1).
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Figure 1: Cadastre of forest roads
Slika 1: Evidenca gozdnih cest
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3.1.3 Average skidding distance
Average skidding distance is one of the most important and most frequently used
indicators of forest accessibility, especially from the point of its reduction. It represents the
distance between the place of cutting of trees and the forest road or landing by the road.
During the determination of the value of average skidding distance, the assumption is that
the timber is evenly distributed on the forest area and the centre of gravity of that area is at
the same time the centre of gravity of the timber concentration. That means that the
average skidding distance is the distance from the centre of gravity or of compartment to
the closest forest road. Furthermore, the average skidding distance can be determined as
the distance from points gained by raster or points of the grid of certain forest area to the
forest road. These points are usually at the same distance.
At last, it can be calculated as weighed average where weights are surface of cutting area
or a volume of felled timber which needs to be skidded to the forest road (Nikolić, 1993).
The average skidding distance depends on the position of forest road in relation to the
cutting area, their mutual distance, terrain characteristics (relief) and the forest road
density.
Skidding distance, determined as the perpendicular distance from the forest road, is called
geometrical skidding distance. Geometrical average skidding distance is shorter than the
real one for the value of skidding factor because it extends due to slope and presence of the
surface obstacles.
Klemenĉić (1939) analysed the influence of the forest road network shapes and skidding
distance for the same road length and forest area and discovered the relation between
skidding length and skidding factor.
For the same forest road density accessible lowland forests are better because the timber
can be skidded from the both sides of the road, most often rectilinear. In hilly or
mountainous areas, skidding distance gets longer because the timber is pulled on the sloped
terrain, curvy routes and most of the time it skids on the upper side of the forest road
(Sokolović and Bajrić, 2013a).
Geometrical average skidding distance, gained analytically or by GIS, has to be multiplied
with the skidding factor in order to gain a real average skidding distance. This factor
influences on the extending of the geometrical average skidding distance and depends on
the slope and terrain configuration and surface obstacles presence.
According to Segebaden (1964) in Swedish conditions, skidding factor of geometrical
average skidding distance for lowland is 1.2 and for mountains is 1.5.
Skidding factor which was used for transformation of geometrical into real average
skidding distance depends on the distance extension due to slopes and curving. Slope was
divided into categories and ranges from 5 % to 100 %. This factor goes from 1.101 to
2.687 (Studija…, 1987, Sokolović and Bajrić, 2013a).
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Also, skidding direction of roundwood affects the skidding factor except the one for the
slope and relief, and it can be 1.84 for downhill skidding and 1.78 - 2.31 for uphill
skidding (Dobre, 1990).
According to Nikolić (1993), coefficient of the bypassing obstacles goes from 1.1 to 1.2
and distance is extending because of the slope.
Pentek et al. (2004) claim how according to Abegg (1978) coefficient of distance
extending goes from 1.15 for lowland to 1.65 for mountain area with average value of
1.44.
Stankić (2010) has determined, during the timber extraction by forwarders, that the factor
of skidding distance correction has a span from 1.2 to 2.5 and as an average value he takes
1.3.
Skidding factor is from 1.6 to 2 for lowland terrain and 3.6 for steep terrain (Lotfalian et
al., 2011).
Lepoglavec (2014) has used relief division by Bertović (1999) and skidding factor ranges
from 1.2 for lowland to 1.7 for mountainous region and 1.6 for Karst region.
Determining average skidding distance represents one of the most important tasks,
especially in the process of planning forest accessibility, because the construction of one
forest road is considered justified if the result is reduction of the average skidding distance
(Sokolović and Bajrić, 2013a).
Real skidding distance can be obtained by spatial analysis of DTM with tools of ArcGIS,
based on raster of terrain slope and length of skid trails (Đuka et al., 2017b).
Geometrical and real average skidding distance can be defined for existing forest road
density, but also for the optimal one, so to be more specific, they can be defined as the
actual and targeted average skidding distance. The targeted average skidding distance is
defined based on the optimal forest road density (Rebula, 1981; Piĉman, 2007; Potoĉnik et
al., 2011).
After determination of skidding distance it is necessary to determine the skidding direction.
Skidding direction (uphill and downhill) effects the productivity of skidder and the cost of
skidding. The costs of timber skidding with the use of skidder are: for the uphill are 6.08
€/m3, and 6.38 €/m3 for downhill skidding (Jeţ, 2016).
Defining the relief areas inside chosen objects of the research is significant for the quality
of the terrain characteristics analysis, mostly because of the terrain slopes and division
which has influence on determining average real skidding distance, that is, on the skidding
factor due to slope and obstacles on the surface. Relief areas are determined based on the
terrain categorization by altitude and slope.
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3.1.3.1 Relief classification by altitude
Relief is divided into: a lowland, to 200 m of altitude, a hill from 200 to 500 m of altitude,
a low mountain, from 500 to 1000 m of altitude, a medium mountain, from 1000 - 1500 m
of altitude, and a high mountain with altitude between 1500 to 2000 m (Bertović, 1999).
According to vertical division of forests in BIH there are typical zones: the lowest zone are
oaks after which comes the zone of the hilly forests of beech with fir at the certain altitude.
Above the zone of beech and fir, there is a zone of subalpine forests which have a character
of climatic and regional forests (Jovanović, 1967). The characteristic zone for Croatia and
Bosnia and Herzegovina is the subalpine forest of beech above which comes the zone of
pine as the upper edge of forest vegetation (Stefanović, 1986).
In general, relief is divided into two basic categories: highland and lowland. Highlands are
categories with higher altitudes and are divided into mountains and plateaus. Mountains
are higher land differently shaped and divided by altitude into: low (200 to 1000 m),
average (1000 to 2000 m) and high (over 2000 m). Plateaus are flat lands, slightly curved
parts of highland. Lowland are flat parts of land with small altitude up to 200 m and small
height difference between points (Lazarević, 2000). He quotes that in geomorphology of
the former Yugoslavia there are plains and Karst fields, sandy terrains, deluvial terraces in
Pannonian area, hill chains to 300 m, hill chains to 400 m, mountains from 500 to 1000 m,
mountains from 1000 to 1600 m, mountains over 1600 m, karst terrain to 200 m, Karst
terrains from 200 to 500 m, Karst terrains from 500 to 1,000 m and Karst terrain from 1000
to 1600 m. Also, he divided relief into agrarian area up to 500 m of altitude and husbandry
- orcharding area up to 1000 m. Above that zone there is forest area, on the altitude from
1600 to 1800 m and above upper forest edge there are mountain dry land and mountain
desert from the economic and productive point of view.
Lepirica (2012) in Bosnia and Herzegovina defined geomorphological areas: highland of
Dinaric area which is extreme mountainous area with the highest altitudes, average
highland which borders with Dinaric area with average altitudes between 1000 and 1600
m, mountain plains or plateaus on altitudes of 900 to 1400 m, low plains and plateaus on
altitude around 350 m, hilly mounds with average altitudes lower than 1000 m.
There are seven zones of forest plant communities (ZFPCs) in BIH. Plant community 1 is
Quercus ilex maquis forest in small part of Southern BIH on altitudes between 0 and 150
m. Community 2 consists of Quercus pubescens and Carpinus orientalis forests which
occupy low land and hilly areas of sub-Mediterranean BIH on altitudes between 100 and
650 m. Community 3 is dominated by Quercus frainetto forests in the eastern parts of BIH
on altitudes from 150 to 700 m. Community 4 consists of Quercus petrae and Carpinus
betulus forests which are found in hilly area of the Northern and Central BIH on altitudes
between 200 and 900 m. Community 5 is represented with Fagus sylvatica L. and mixed
Fagus - Abies forests which are above oak forests on altitudes between 700 and 1400 m.
Community 6 consists of mixed Picea – Abies - Fagus forests and it is above Community 5
on altitudes from 800 to 1600 m. Community 7 is represented by subalpine Fagus sylvatica
L. forests and is the highest zone with altitudes between 1400 and 1800 m (Stupar and
Ĉarni, 2017).
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3.1.4 Relief division by slope
Slope is the most important morphometric parameter for analysis and relief description.
Relief division by slope, from the geomorphological point of view, is much more accurate
because it indirectly enters the pattern of kinetic energy. In this way we avoid the
misinterpretation of the terms lowland and plain (Lazarević, 2000). Terrain slope can be
determined directly in the field by instruments or by calculation as the angle tangent which
the flat closes with horizontal one. The terrain slope can be also determined by the density
of the contours on the topographic maps and with modern tools of GIS softwares. The
slope is expressed in percentages or degrees.
The slope of the terrain can be: very gentle (inclination up to 5° or up to 9 %), average
gentle (5 - 7° or 9-12 %), gentle (7 - 15° or 12-27 %), moderately steep (15 - 25° or 27-47
%), very steep (25 - 40° or 47-84 %) and craggy (over 40° or over 84 %) (Bunuševac,
1951; Govedar, 2011).
Lazarević (1973, cit. by Lazarević, 2000) divided relief according to slope into plains with
inclination up to 5 % and the rest with inclination above 5 % .
When it comes to forestry, the significance of slope terrain is seen in the fact that it
depends on the slope if the forest will be felled, how it will be used, that is, what transport
resources are needed and what type of forest traffic infrastructure will be needed as the
transport element. On extremely sloped terrains, forest cutting can cause soil erosion. On
the terrain slopes up to 60 % it is possible to use skidder for skidding and over 60 % it is
recommended to use cable yarder for extraction of timber (Nikolić, 1993).
Heinimann (2000) recommends timber extraction by cable yarder on terrain slope from 35
to 50 %, and with helicopter on terrain slope over 50 %.
Slope terrain which is acceptable for forest road construction ranges from 0 to 70 %
(Pentek, 2002), while Keller and Sherar (2003) quote that slope up to 60 % is suitable for
forest road construction.
The categories of terrain by slope are: flat terrain up to 10 %, moderately inclined terrain
11-20 %, medium inclined terrain 21-33 %, steep terrain 34-50 % and very steep terrain
above 50 %. These categories determine harvesting type and type of timber transport
(Poršinsky et al., 2014).
Today, base for terrain categorization of terrain of relief areas are Digital Terrain Model
(DTM). A DTM is a continuous surface that, apart from the values of height as a grid, also
consists of other elements that describe the topographic surface, such as slope (Podobnikar,
2005).
The methods for making DTMs were developed more than fifty years ago (Miller and
Laflamme, 1958; Doyle, 1978). The quality spatial assessment was based on the statistical
comparison of small areas of higher quality with the created DTM in order to find thematic
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rasters. High quality terrain data were acquired mainly photogrammetrically using aerial
photographs and manual stereo measurements or matching techniques, or by vectorization
of contour lines from topographical maps and attribution (Podobnikar, 2005). DTM is a
three-dimensional representation of a part of geographic area representing digitized
altimetric values in the form of a matrix of pixels or dots (Podobnikar, 2009).

Figure 2: Digital surface model and Digital terrain model (Wikipedia …, 2018)
Slika 2: Digitalni model površine in digitalni model terena (Wikipedia …, 2018)

Surfaces represented by a Digital Surface Model include buildings and other objects.
Digital Terrain Models represent the base ground (Figure 2).
DTM with resolution of 4x4m is used for the analysis of macro-topographic features like
slope of terrain, aspect, terrain ruggedness index (TRI)) and micro-topographic features
(constant and occasional streams) which are important for vehicle mobility during timber
skidding in MU Zalesina (Đuka et al., 2015).
The Republic Administration for Geodetic and Property Affairs RS owns DTM with
resolution 5 x 5m for research areas and it is ceded for dissertation making. This model
will serve as a base for defining relief areas as it is specified, slope of terrain and terrain
exposition and other elements of forest area. Geomorphological elements, especially slope
and exposition are gained by DTM analysis for chosen areas in GIS and it is raster type
source of information.
The skidding distance can be determined as Euclidean distance, it represents straight line
distance between each cell and the roads. The Pythagorean equation is used for calculation
of distance between points in Euclidean 2D space. This distance is based on root-square of
the sum of the squares of difference rectangular coordinates of points by horizontal and
vertical axis (Euclidean distance, 2018). Pythagorean theorem (Equation 1):
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c2  a2  b2  c  a2  b2  a  b

- if

...(1)

a  b  c  a 2  a 2  2a 2  a 2

where:
-

c – hypothenus of right triangle,
a – side of right triangle,
b – side of right triangle.

The length of diagonal of square is calculated by Equation 2, and it is based on
Pythagorean theorem:
-

d a 2

...(2)

where:
-

d – diagonal of square,
a– side of square.

It means that length of diagonal of square is longer than side of square for 41 %.
Another tool of ArcGIS 10 for determination of skidding distance is available, besides
Euclidean distance, Path distance. This tool enables determination of true surface distance
because it takes into account a horizontal and a vertical factor (Đuka et al., 2017a, 2017b).
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3.1.5 Relative forest accessibility
For estimation of the forest accessibility by density and average skidding distance, relative
accessibility and coefficient of the efficiency of forest roads network are also used.
Relative forest accessibility, as an indicator of total forest accessibility, was introduced by
Backmund in 1966, and it represents ratio between accessible forest area by forest roads
and total forest area (Equation 3). The accessible forest area by forest roads is an area
which surrounds forest roads. That area is defined by width of buffer zone around of forest
roads. He established the width of the buffer zone around of forest roads that is equal to
forest roads spacing. Same author, evaluates forest area from the point of forest
accessibility as inaccessible, accessible and multiple accessible.
-

E

Aotv
l  e
 100 
Auk
Auk

... (3)

where:
- E - relative forest accessibility (%),
- Aotv – accessible forest area (ha),
- Auk – total forest area (ha),
- ∑ l – total length of forest roads (m),
- e – forest road spacing (m).
This equation is modified by Sachs (1968) and he used buffer zone width around forest
roads of 200 m on the flat terrain, and on the steep terrain width of the zone was 100 m for
uphill skidding and 200 m for downhill skidding. Hentschel (1996) puts width of buffer
zone around forest roads in depndence on slope of terrain and skidding direction. The
width of buffer zone is 150 m on terrain slope up to 25 %, 60 m on terrain slope over 25 %
for uphill skidding of timber, and 100 m for downhill skidding. Hayati et al. (2012)
determined the width of buffer zone around forest roads on the basis of double targeted
geometrical skidding distance.
At the end, it shows the forest surface percentage which is accessible for certain targeted
average skidding distance. It is gained as the relation of the accessible forest area P O
against the total forest area PU (Equation 4) (Pentek et al., 2005; Sokolović and Bajrić,
2013a).
- OR =

PO
 100
PU

... (4)

where:
-

-

OR - relative forest accessibility (%),
PO - the accessible forest area (ha),
PU- the total forest area (ha).
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Creating the buffer zone whose width is equal to double targeted average geometrical
skidding distance (Figure 3), we get areas which are accessible and those not accessible
enough, within one forest complex. Forest roads should be planned within insufficiently
accessible forest areas. The forest is insufficiently accessible if relative forest accessibility
is up to 55 %, poorly accessible if it is between 56 and 65 %, hardly well accessible if it is
between 66 and 75 %, very well accessible if relative accessibility is between 76 and 85 %
and excellent accessible if it is over 85 % (Pentek et al., 2005).

Figure 3: Buffer zone around forest roads
Slika 3: Vplivno obmoĉje gozdnih cest
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3.1.6 Efficiency coefficient of the forest road networks
Efficiency coefficient of forest roads network represents the relation between ineffective
surfaces, that is, multiple accessible and the total single accessible areas for double average
targeted geometrical skidding distance (Pentek et al., 2005; Potoĉnik et al., 2011;
Sokolović and Bajrić, 2013a). This coefficient is grade of the impact of the forest roads on
the accessibility.
During the defining of the relative accessibility by creating the buffer zones around forest
roads, this indicator of the forest accessibility can also be gained at the same time.
Efficiency coefficient of the forest road network is calculated with Equation 5:


- kU =  1 



PN
PO


 100


... (5)

where:
-

kU-efficiency coefficient of the forest road network (%),
PN-surface of the inefficiency of bordered areas (multiple accessible areas) (ha),
PO-accessible area for the chosen double aimed geometrical skidding distance (single accessible
areas) (ha).

This efficiency coefficient should be as higher as possible, because smaller efficiency
coefficient means that the roads are multiple overlapping and crossing.
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3.2

OPTIMIZATION OF FOREST ROAD DENSITY

Piĉman and Pentek (1998) consider that the optimal density of the forest roads is the key
factor which affects the forest managing. The optimal forest road density has to take into
consideration the conditions of skidding, minimal cost of construction and maintenance of
the roads and skid roads, value of the forest and its landscape. From the economic point of
view, the optimization of the forest road network goes in the direction of the minimizing of
the transport cost which consists of skidding cost and cost of the long distance transport of
the timber to the consumer or manufacturing capacities. So, the optimal solution from the
economical point of view represents the minimal total transport cost which indicates the
optimal forest road density. The skidding cost consists of: cost of the construction and the
maintenance of the secondary forest transportation network (€/m) and the cost of the
timber skidding (€/m3). The timber transport cost consists of: forest road construction cost
(€/m), maintenance cost (€/m) and long distance transport cost (€/m3) (Potoĉnik, 2004).
The method of minimization of total transportation cost which includes skidding cost and
the cost of construction and maintenance of forest roads has been used in previous studies
(Klemenĉić, 1939; Popović and Nikolić, 1968; Jeliĉić, 1971; Piĉman and Pentek, 1998;
Naghdi, 2004; Ghaffarian and Sobhani, 2008; Naghdi and Liamei, 2009; Rafiei et al.,
2009). According to Sokolović and Bajrić (2013a), the transport cost makes about 80 % of
the total production cost of timber.
The timber skidding is one of the most intensive and the most expensive phase of the
transportation and determining of the skidding route is one of the most important factors
during the accessibility and forest roads design which is confirmed by the fact that the
skidding cost is 20 to 30 times bigger than the long distance transport cost (Jeliĉić, 1983).
For that reason, Krĉ (1995) has developed his own algorithms which have the possibility to
determine the best possible ways for timber skidding in a certain area based on the known
data.
Heinimann (1998) established that the forest accessibility by forest roads considering the
slope depends on the technology of forest utilization and timber transport. The goal of the
research was to develop the model of the planning of forest accessibility for steep terrains
and apply it within the model of the total skidding cost with skidder or cable crane.
The long distance transport cost vs. skidding cost vs. winching cost approximately relate 1
: 10 : 100 (Sistemi …, 2010).
Optimal density depends on total transportation cost, relief and stand characteristics which
are usually expressed by allowable cut volume of timber (m3/ha) and it is different in
different conditions and periods.
In Korea, Kim (1996) examined economic issues of the forest road according to the forest
growing stock and forest road density. The research results show that for growing stock of
46, 60, 100, 150 and 200 m3/ ha, the forest road density is 7.7, 10, 16, 23 and 29 m/ ha.
This research shows that enlarging of the timber enlarges the forest road density.
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Density of forest road network ranges from 7 to 10 m/ha under hilly conditions with terrain
slope up to 40 % and density of skid roads from 60 to 80 m/ha. On steep terrains, where
usage of cable cranes is recommended, the optimal density of forest road network should
be from 15 to 25 m/ha. On steep terrains with intensive forest management, the
recommended density of forest road network is between 25 and 35 m/ha. On steep terrains
(slopes over 50 %) the recommended road-net density is 20 m/ha, due to economic
reasons, productivity, erosion problems, forest protection area, etc. (A manual …, 1998).
Optimal density of forest roads network depends on road construction cost, extraction cost,
discontinued timber volume and network efficiency factor and can be ranged from 13.6 to
22.6 m/ha (Ryan et al., 2000).
Analysis of the impact of the productive forest function on the forest road density showed
that with the change in forest road density comes the decline of the allowable cut volume
of timber and quantity of big and spacious trees.
The results of researches carried out in Iranian Caspian showed that optimal road density
ranged from 6 to 28 m/ ha for different areas (Naghdi, 2004; Ghaffarian and Sobhani,
2008).
The total cost regarding optimal road density was minimized considering the optimum road
spacing approach where the point of minimum road cost plus skidding cost occurs where
slope of the skidding cost is equal and opposite to the slope of the road cost (Rafiei et al.,
2009).
The skidding cost depends on skidding costs per unit and the cost of the skid road
construction. The important factor considering skidding cost per unit is the time of the
skidding for one timber cargo which depends on log volume and skidding distance.
Skidding cost for Timberjack 450C is 7.86 €/m3 (9.44 $/ m3) and for Clark skidder is 5.31
€/ m3 (6.38 $/ m3). The road construction cost includes excavation and filling (construction
skid road by bulldozer), carriageway and finishing and retaining wall and drainage
construction cost. The planning cost of forest road project is taken as 10 % of the cost.
Annual forest road construction cost per km is determined by total cost of capital interest,
depreciation and repair, and maintenance cost. Summing up the above mentioned costs, the
annual road construction cost is 3,036.51 €/ km (3,647 $/ km). Based on minimizing of
road construction and skidding costs, the proposed forest road network density could be 7
to 10 m/ ha (Naghdi and Limaei, 2009).
Also, based on the transportation cost, it is determined that the optimum road density for
Timberjack 450C and HSM 904 is 2 - 4 m/ ha and 3 - 5 m/ ha. The optimum road density
for both machines is 3 - 5 m/ ha. These estimated densities are less than Dalak kheyl road
density which is 16.1 m/ha. These densities were calculated on the basis of skidding and
forest road construction cost and they cannot be taken into account as a final density of
forest roads from the point of other functions of forest (Raffiei et al., 2009).

21

Petković V. Optimization of forest roads network in hilly and mountainous natural forests in Northern Bosnia and Herzegovina.
Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2019 .

Ghaffariyan et al. (2010) calculated optimal spacing of forest roads based on the cost of
construction of forest roads and harvesting cost, which consist of cutting cost and cost of
timber extraction with cable yarder. Optimal density of forest roads is obtained from forest
road spacing.
The skidding cost for Timberjack 405 C is 8.2 $/m3 or 6.83 €/m3, and forest road
construction and maintenance cost is 35,149.66 €/km (42,216.5 $/km). The annual
construction and maintenance of forest roads costs 40,249 m3 of timber volume, interest
rate of 5 % and 50 years lifespan of forest road is 2,460.35 €/km (2,955 $/km)
(Jourgholami et al., 2013).
Optimal density of forest roads was considered from the point of the cost of construction
and maintenance of roads which make forest accessible, the cost of timber extraction and
the cost of loss of productive forest area for different productivity of forest stand (Carmo et
al., 2013).
The optimization of forest roads in these papers is based on method which can be called
graphical, because it demands drawing chart of timber transport cost. The optimal distance
between forest roads can be determined on the basis of total transport cost, considering that
the optimal forest road density can be calculated from it (Figure 4). It is confiremed by
Equations 8.
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Figure 4: Distance between forest roads and minimal cost of timber transport
(adapted after Poršinsky et al., 2017)
Slika 4: Razdalja med gozdnim cestami in minimalni stroški transporta lesa
(prilagojeno po Poršinsky in sod., 2017)

Matthews (1939) has mathematically defined optimal road spacing from which optimal
road density is derived. Optimal density of forest roads was used as a parameter for
achieving forest accessibility on strategic or regional level, and optimal road spacing is a
parameter for designing forest roads in the field. These two parameters were based on
skidding and forest roads construction and maintenance cost, and these costs are called the
transportation cost.
Matthews (1942) developed an equation for calculation of optimal forest road spacing
based on transportation cost (Equation 6).
-S =

40,000 C road
V  Ctravel

... (6)

where:
- S-optimal road spacing (m),
- Croad- the cost of construction and maintenance of forest roads (€/ m),
- Ctravel- the cost of timber extraction (€/ m³/ m),
- V- harvesting density (m³/ha).
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Jeliĉić (1971) calculated the distance between forest roads on the basis of Equation 7:
- e

F
( g  o)
M  a  p0

... (7)

where:
-

e - distance between forest roads (m),
F- area (ha),
M – annual allowable cut volume of timber (t/ha) where volume weight of conifers is taken as 0.8
(t/m3) and broadleaves 1 (t/m3),
g - road construction cost (€/m),
o - road maintenance cost (€/m),
a - skidding factor,
p0 -skidding cost (€/t/m).

-

Optimal distance between forest roads (e) or optimal forest roads spacing (S) is used on the
flat, lowland terrains, but on the steep terrain better indicator of optimization is optimal
density of forest roads. Optimal density of forest roads based on optimal spacing of forest
roads can be calculated by Equation 8 (Jeliĉić, 1971; Logging …, 1974; A manual …,
1998):
- c=

10 , 000
S

... (8)

where:
-

-

c - optimal density of forest roads (m/ ha),
S - optimal forest road spacing (m).

It makes sense to talk about optimal forest road distance in a flat or gentle sloped terrains,
but when it comes to steep terrains or terrains with intense relief forms etc. it is better to
calculate the optimal forest road density.
Sundberg (1976) determines optimal density of forest roads by Equation 9.
-

ORD  50

C  T V  q
R

... (9)

where:
-

-

ORD - optimal density of feeder forest roads (m/ ha),
q - allowable cut volume of timber (m3/ ha),
R - the cost of construction and maintenance of forest roads ($/ km),
T - a conversion factor of geometrical extraction distance to real extraction distance because of
presence of obstacles on the earth surface and slope of terrain,
V - a net correction factor,
C – labour cost of timber extraction means ($/ min).

Ljubojević (2010) has planned the accessibility based on the optimal forest road density in
the MU Kozara-Mljeĉanica and determined the optimal density of 19 m/ ha.
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In the Forest management unit Boljetinska rijeka, which belongs to the National Park (NP)
Đerdap, Serbia, it is determined that the optimal forest road density should be 20 m/ ha. In
this study, the optimum was also observed from the point of distance between the roads
and it is determined that the optimal distance should be 500 m (Stanić, 2010).
Trajanov et al. (2015) calculated optimal density of forest roads as a function of total
transport cost, or more precisely, minimal transport cost defines optimal forest road
density. Total cost of transport consists of cost of construction and maintenance of forest
roads and the skidding cost.
The actual forest road network should be upgraded to the level of optimal and the new
routes have to be spatially arranged in a way to minimize average skidding distance. The
optimum is based on economic factors, however, for spatial layout of planned forest roads
a spatial analysis of forest area is also needed, that is, it is needed to take into account
technical factors which affect the density and layout of forest roads. In order to execute
mutual analysis of multiple factors it is needed to apply different mathematical models and
methods which, today, are mostly contained in different software packages. The next step,
or the intermediate stage between planning the accessibility and designing of forest roads,
is determining the area suitability for forest roads construction.

3.3

MULTI-CRITERIA ANALYSIS

The purpose of forest roads planning is sustainable forest management with minimal risks
for environment. The first task of this job is to find optimal spatial layout of forest roads
network considering economic and environment aspect.
Piĉman (1994) based the optimal forest road density on economic factors, considering also
topographic and hydrological factors which he separated by DTM. His research was placed
in NP Medvednica, so he also considered recreational and touristic significance of the area.
The position of forest roads can be determined by comprehensive analysis of the
economical-technical criteria, but in the second phase of planning, the ecological and
sociological terms of the certain area have to be considered too while fulfilling minimal
technical characteristics of the route (Pentek, 2002, Pentek et al., 2005).
Determination of forest road density depends on affecting factors: harvesting methods,
different type of roads, the ratio of each road to the whole network, growing stock, slope,
geological conditions, presence of material for constructing surface of roads, capital
interest rate, timber extraction cost, type of extraction vehicle, slope and length correction
coefficient, routes, logs of assortments, allowable winching distance, brush and
underbrush, condition of the roots, silvicultural methods, type of soil, altitude, direction of
the slope and morphology of forest and terrain. Optimal density of forest roads for stand
volume of 353 m3/ha and different type of determination of skidding cost (contract and
accounting method) is 19 to 23 m/ha for this forest area (Lotfalian et al., 2008).
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Factors of environment which are taken into account when planning forest roads are
divided into six groups: soil, water, biosphere, atmosphere, socio-economic and cultural
resources. Construction of forest roads causes the loss of productive and habitat area,
damages of water sources, and the atmosphere effects on quality of forest roads (Gumus et
al., 2008).
During the optimization of the forest road network (Sokolović et al., 2009), the following
factors have to be considered: normal timber growing stock, terrain slope and depth of soil.
According to these factors, thematic maps are made based on the maximal and minimal
values which are reclassified and graded, and their overlapping, that is, raster summing,
shows the areas suitable for forest road construction.
Abdi et al. (2009) developed a method by using GIS and Multi Criteria Evaluation (MCE)
to design a forest road network with the minimal construction cost. They identified six
factors which were standardized to a range of 1 to 5. The results of Analytic Hierarchy
Process (AHP) have showed that weight of slope is 0.44, weight of soil is 0.24, weight of
geology is 0.161, weight of aspects is 0.08, weight of altitude is 0.044 and weight of
growing stock is 0.025.
Analysis of different forest road layers construction, based on experts’ experience by the
usage of AHP, showed slope with coefficients 0.216, hydro with 0.211, geology with
0.195, soil with 0.151, volume with 0.101, type of forest with 0.049, aspect with 0.047 and
elevation with 0.030. Eight studied layers can be divided into two major classes, the most
important layers (value more than 0.125) and the least important layers (value less than
0.125). Potential map for forest road planning was created by overlaying all layers with
different coefficients. The study area from forest road construction point of view was
classified into five classes: very good, good, average, bad, and worse (Mohammadi et al.,
2010).
During preparation of the Master plan of forest accessibility in RS, Potoĉnik et al. (2011)
used terrain slope, soil depth, normal and existing growing stock in the multi-criteria
analysis, whose values were graded and transformed into rasters whose sum gave the areas
suitable for forest road construction.
Enache et al. (2011), during the planning of the forest roads, considered geomorphologic
relief elements of the observed area. There were 17 km of roads placed with the density
around 43 m/ ha and distance between them was 234 m. It was estimated that the
construction cost was around 36.8 €/ m. The planned forest roads shortened the skidding
distance, and of course, cost was reduced for about 5.3 €/ m3, which was the research goal.
Decision making group classified important criteria with ponders for forest road located in
Haraz region, Mazandaran, Iran: technical features (0.271), transportation (0.084), features
(0.434), usage (0.138), road construction with minimal excavation (0.027) and destruction
of wildlife habitats (0.045) (Hashemkhani et al., 2011).
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Hosseini et al. (2012) selected slope of terrain, aspect, hydrology, growing stock and soil
type as influential factors for determination of suitability of forest area for construction of
forest roads. Soil type was divided into three categories: stable, mid-stable and unstable
based on rock type, slope, depth and drainage. These factors were presented as overlaid
maps and analysed by using GIS.
Using of GIS tools and AHP analysis is very valuable method for developing a Decision
Support System to determine maintenance priorities of forest roads on the basis of erosion
risk and the evaluation of social value of roads (Pellegrini et al., 2013).
Optimal forest road density can be achieved by building new roads which have to be
justified from the economic and technological aspect while considering the multifunctional
usage of forest. The economic aspect means reducing the average skidding distance and
skidding cost. Technological criteria demands usage of the DTM and Digital Elevation
Model (DEM). Forest functions are graded during the elaboration of the Forest
Management Plan (FMP) and are presented by the figures made by Forest Service. Forest
functions are: protective, hydrological, climate, biotopic, hygiene and health, recreational,
touristic, defensive, natural heritage protection, cultural heritage protection, educative,
research, aesthetic, timber-production, hunting features etc. (Hribernik, 2013).
Density of forest roads depends primarily on growing stock and slope of terrain in analysed
forest area. The growing stock is one of decisive factors which affects the quality and
quantity of construction of forest roads. Forest accessibility for growing stock above 500
m3/ha and slope of terrain up to 30 % ranges to 120 m/ha for natural forests (Sokolović and
Bajrić, 2013a).
According to Caliskan (2013), determination of suitability forest area for construction of
forest roads is based on the analysis of slope, aspect, elevation, growing stock, hydrology,
soil, bedrock and landslide sensitivity of forest area. Impact of these factors on suitability
for construction was determined by using AHP method, and results of the analysis were as
follows: slope with weight of 0.194, hydrology 0.172, bedrock 0.165, type of soil 0.164,
growing stock 0.087, landslide 0.077, aspect 0.072 and elevation 0.069.
The decisive factors in defining of the relief areas are: altitude, terrain slope and
ecological-vegetation type. Criteria for defining priority areas for accessibility are: terrain
slope, technology, targeted average real skidding distance, skidding roads, allowable cut
volume of timber for a management period (10 years), growing stock, age of stands and
relief area. The chosen factors are analysed by multicriterial model which implies using of
software Idrisi with tools Reclass, Fuzzy, MCE, MD Choice. AHP method was used
because of the simplicity of pair comparison for the assessment of the importance and
ranking of the criteria. The weights are relative values of every factor in a relation with the
total number of factors which make parts in the analysis. The gained raster is divided into
three categories: low priority, average level priority and highest level priority for
accessibility (Lepoglavec, 2014).
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For strategic planning of the forest accessibility, it is needed to execute terrain
classification according to slope, the use of the suitable system of forest exploitation,
analysis of the primary accessibility and the analysis of the timber delivery, considering
different relief areas (Đuka et al., 2015).
Firouzan and Abed (2015) conclude that planning of forest accessibility should be
considered from the point of environmental factors and single silvicultural method of
uneven aged structure of Shanderman area forests (Iran). Environmental factors are: slope,
soil stability, aspect, regeneration of forests and growing stock. Weight of each affecting
factor was obtained by using Multi Criteria Evaluation (MCE) and Expert Choice software.
Tampekis et al. (2015) evaluated impact of intensity of forest traffic by forest roads on
environment and the ability of the environment to absorb the impacts caused by forest
roads construction. This method refers to non-productive forests.
Environmental impact on the planning of forest roads was observed from the point of
pollution of atmosphere by Green House Gases. Heavy machinery powered by diesel fuel
was used for construction of forest roads and every phase of this job can be weighed in fuel
consumption whose consequence is emission of Green House Gases in kg of CO2 per road
unit. Total releasing of CO2 in the atmosphere is 27.54 kg/ m2 of finished forest road, and
mature beech forest can absorb 0.704 kg of CO2/ m2 /year (Nenu, 2017).
The most common factors which were used in multi-criteria analysis are slope of terrain,
type of soil and growing stock, and method which was used for this analysis is AHP.
3.4

FOREST ROAD DESIGN

The next step of forest road planning is forest roads designing. Designing is surveying,
measuring or recording of necessary documentation for facility constructing, and all that
documentation is a project. Designing of the forest road means its planning, describing and
drawing in order to analyse and construct the road. There are three types of projects:
preliminary, strategic and main (Piĉman, 2007).
Preliminary plan of forest road network includes collection data about forest area as
follows: the area of compartments, growing stock, annual increment, allowable cut volume
of timber, primary and secondary forest traffic infrastructure, actual forest accessibility;
geological, soil and land cadastre; hydrological, morphological, biological and similar data.
Preliminary planning consists of work in office and work in the field. Work in the office
contains drawing the borders of compartments and management unit, forest roads and skid
roads, and zero lines for new forest roads on a map with scale 1:5,000, 1:25,000 or
1:50,000. Field work implies collecting data about terrain, determination of points which
forest road should connect and points which it should avoid. After that, a zero line is
selected which should be the best from the economic and environmental point of view.
General plan is being made based on field and office work. It is necessary to do geodetic
survey of terrain around the selected zero line from preliminary plan and produce contour
map scale 1:2,000 or 1:5,000. Than, the detailed zero line is set on this contour map which
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includes defining of road axis and drawing a longitudinal profile and cross sections of
future forest road. Calculation of earth mass and construction cost is a final step of this
procedure.
The main plan is a result of preliminary and general plan of forest road and it is a base of
forest road construction. It is the transfer of the forest road route from general plan on
terrain and defining of horizontal curves and the points of road, then surveying longitudinal
profile and cross section profiles in the road points. Also, the place of bridge, culverts or
crossroads should be marked (Piĉman, 2007).
Guĉević (2009) distinguishes: strategic, preliminary, main, operational projects and project
of constructed object.
Designing of forest road is done by using direct and indirect method. Direct method is used
for forest road designing. The first task is collecting data about terrain, then transferring
zero lines from the map that were defined in preliminary and general plan in the field. Zero
lines are set up by clinometer between main points which forest road should conect. The
best zero line is selected, from the point of road alignement, stand and terrain
characteristics, utilization and protection of forest area. This zero line is used for defining
of forest road axis which is marked in the field and it is a base for defining of horizontal
curves, surveying of longitudinal profile and cross section profiles in the field.
Indirect method is used for designing of public roads. This method implies setting up the
zero lines on the map. These zero lines are transferred in the field after introduction to
terrain characteristics and the best will be selected from the point of construction cost and
influence on the forest accessibility. Then, terrain surveying is carried out around the zero
line and on the basis of it, and the map with scale of 1:2000 is drawn. It is used for defining
of road axis, horizontal curves and points of forest road which are necessary to mark them
in the field. Surveying of longitudinal profile and cross section profiles into road points is
done in the field (Butulija, 2000; Lepoglavec, 2014).
Basically, designing of forest roads by direct method implies placing of zero line, defining
of forest road axis in the field, while indirect method of forest road design includes placing
of zero line in the field which is transferred on the map and forest road axis is defined on it.
This axis is transferred in the field (Butulija, 2000).
Designing of forest roads means determination of forest roads location in the forest area by
traditional or modern methods (Chung and Session, 2001).
Traditional approach of forest road designing distinguishes two types of forest road
network based on terrain characteristics. Perpendicular forest roads are recommended in
flat terrain and their main parameter is the spacing. In steep terrain, strategy of designing
of forest roads is based on defining the location of points which forest road or its segment
has to connect. At this stage, forest road designing does not consider variability of forest
stand conditions and harvesting technology (Heinimann, 2017).
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The modern approach of designing of forest road consists of vector, raster or graph way of
determination of forest road location (Chung et al., 2008a). Vector approach is based on
computer algorithm which generates road networks from different factors that effect on
road designing. This method includes a sensitive analysis of affecting factors such as: total
length of roads, percentage of landings, slope, horizontal and vertical alignment. This
method improves a manual method of forest road designing, and it is suitable for strategic
planning of forest road location (Anderson and Nelson, 2004).
Chung and Session (2001) have developed forest road design method using generic
algorithm and simulated annealing methods for optimizing forest road location. These
methods were used for designing a main road with high standard and single access road
with low standard in two steps: determination of main road location using generic
algorithm, and determination of single access road location with simulated annealing
method.
Forest road location has an effect on degradation, habitat loss and fragmentation of
individual small forest area. Forest roads placed alongside the forest area have the low
effect on degradation of small forest area habitat and low effect on loss of habitat,
degradation and fragmentation of forest area (Forman, 2005).
Stückleberger et al. (2007) developed an improved model of optimization of forest road
location based on connectivity of terminal points with shortest paths which were based on
minimal transportation cost. Determination of the shortest paths is carried out with Djikstra
algorithm. These terminal points and links between them make a wire diagram. This model
can determine suitable and the most effective cost locations for forest roads in steep
terrain.
Optimization of forest road location is carried out by heuristic algorithm, that should
determine the most effective cost location of forest road for timber harvesting and the costs
of production, skidding and construction and maintenance of forest roads. This method
developed a tree-shape forest road network which evenly covers forest area (Chung et al.,
2008b).
Chung et al. (2008b) defined the variable costs as the unit skidding cost, and the fixed cost
represents the cost of forest road construction and maintenance. Besides information on
volume of timber in harvesting units, skidding and road network, and the landings by forest
road or the saw mills, planning of forest roads network depends on terrain characteristics
such as slope and hydrology.
Hribernik (2013) planned forest roads in the areas with the smallest slopes, and he has
singled out a slope map based on the DTM with resolution of 25 x 25 m.
Najafi and Richards (2013) have planned forest road network on the basis of minimal
transportation cost which provides cutting and transport activities by Mixed Integer
Programming (MIP) method. Transportation cost was defined by cost of construction and
maintenance which were calculated based on segment length, terrain characteristics, road
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standard, traffic volume and unit skidding cost. These researches were based on
determination of cutting areas as points which will be connected with the paths of the
lowest cost.
Planning of forest road network is carried out by NETWORK 2000 software on the basis
of the routes with minimal timber harvesting and extraction cost, for timber transport from
harvest units to the saw mills or the market on the basis of given link and sale data. These
routes will be used for timber harvesting. Link data consists of information on forest roads
network, the fixed and variable costs. Sale data includes information on timber harvesting
units, timber destinations, volume and production year (Jourgholami et al., 2013).
The forest road network can be created using the path method of the lowest cost and the
side hill method. The first method uses ArcGIS low cost analysis tool for determination of
the path of the lowest cost between two points which has the lowest accumulated cost. This
tool is a Phyton file, which is a text file. The side hill method is an automatic method
which produces a line between start and end points with a constant grade (Brundage,
2015).
Heinimann (2017) has applied an optimal road strategy with comprehensive spatial and
statistical analysis of terrain and stand characteristics of forest area and harvesting
technology. Optimal road strategy depends on definition of points which forest road should
connect. These points are cutting areas (compartments) from which timber should be
transported with skidder or cable yarder to landings on forest road. They define timber
volume i.e. stand characteristics of forest area. The strategy depends on the analysis of
terrain characteristics based on field research conducted earlier, or they are derived from
Digital Terrain Model (DTM) or airborne light detection and ranging (LiDAR) system.
During the projecting it should be conisdered that the routes fulfill technical demands in
horizontal, vertical and cross sections which are prescribed for forest roads.
According to Jeliĉić (1983), the width of the roadway is determined by the traffic needs,
that is, by the width of the vehicle and the cargo, and the speed limit. Forest roads are built
with one lane and minimal width of the carriageway is 3 m; there are also passing sections
in clear places with the interspace out of 200 to 500 m. Dimensions of the trapezoidal ditch
are: bottom width 30 - 50 cm, depth 30 - 60 cm. Cut slope of the drainage ditch is 1 : 1.
Slope of the slopes depends on a land type and for fill slopes they are from 1 : 1.5 for
sandy terrains to 1 : 1 for rocky terrains, and for the cut slopes, it is 1 : 1, that is 4 : 1.
According to construction norms GN 200 (Jeliĉić, 1983; GraĊevinske norme, 2006), the
soil divides into seven categories on the basis of the level of the resistance during the
excavation (Table 1).
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Table 1: Soil categories GN 200 (Jeliĉić, 1983; GraĊevinske norme, 2006)
Preglednica 1: Kategorije tal GN 200 (Jeliĉić, 1983; GraĊevinske norme, 2006)
Category

Land

Tools

SOIL
Category I.

Non-coherent

Shovel

Category II.

Regular

Spade

Category III.

Firm

Pick

ROCK
Category IV.

Sedimentary

Pick

Category V.

Soft rock

Gunpowder

Category VI.

Hard rock

Explosive

Category VII.

Very hard rock

Explosive

According to A manual … (1998) the roadbed width for the main forest road is 5 m, and
for secondary road is 4.5 m. The width of the roadway on the main forest roads is 4.5 m
and for the secondary roads is 4 m. The value of the cross slope is 2 to 3 %.
Dimensions of the constructive elements in cross profile for the main and secondary forest
road are the same, with the exception of some secondary forest roads without carriageway,
if its purpose is transport of timber exclusively during the dry periods. The roadbed width
for main and secondary forest roads is 5 m with carriageway width of 3 m and shoulder
width of 1 m on both sides of the road. If there is not enough funds for constructing forest
roads with two carriageways, the surpassing spots are built with the interspace of 200 to
300 m. The smallest radius of the horizontal curve of the forest road is 20 m (R = 20 m).
The grade of the cut and fill slopes depends on the type of material, that is, the land
category in the road body. The grade of the cut slopes for land surface is 1:1, rocky 2 : 1,
3 : 1 and 10 : 1 depending on their hardness. The grade of the fill slopes for soil material is
1 : 1.5, sedimentary rock 1 : 1.25 and for hard rock 1 : 1. The dimensions of the trapezoid
ditches in soil material are 50 cm. On the rocky surfaces, gutters are made with the width
out of 1 m and ground level 10 cm below vertical alignment of the road bedding (Butulija,
2000).
According to Manual for designing of forest truck roads in RS (Pravilnik …, 2002), the
roadbed width on soil and sediment rock surface in straight is 4 m and on the hard rock is
only 3.5 m without gutters. The main forest road for one-way drive and side forest road
should enable one-way truck drive with the carriageway width of 3 m. If it should enable
two-way drive at the same time, it is necessary to construct passing places every 300 m
whose width should be 3.5 m. The shoulder width on soil and sediment rock surfaces is 0.5
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m, and they are made on the both sides of the road. The cross slope of the narrow ledges is
1 % bigger than the carriageway slope for the water drainage from the road roadbed. On
the rocky surfaces, gutters are 0.5 m wide.
The cross slope of the carriageway is single-lined and it is built on that side of the road
where it is more convenient depending on the terrain characteristics and its value is 3 %.
Longitudinal slope for main forest roads is 6 to 8 %, and for secondary forest roads is 8 to
10 %. Minimal radius of the horizontal curves depending on the calculated vehicle speed,
road significance and terrain configuration is 20 m. This radius should be applied only in
exceptional and necessary situations. The carriageway widening in the road curves depends
on curve radius and road significance and it should be 40/ R (m) for the main two-way
forest roads and 40/ 2R (m) for all the others. Carriageway on forest roads is made of rocky
(gravel) materials with various thickness which depends on the traffic load, bed capacity
and climate characteristics. For axle bearing up to 10 tons and depending on the material
type, it’s usual to make the following carriageway thickness:
-

for soil base, thickness is 50 cm,
sedimentary rock base, 30 cm,
rocky base, 10 cm.

In soil bases with low bearing capacity, under the drive-ways it is needed to implement a
layer of pure sand with thickness of 10 to 15 cm. The carriageways of main and secondary
forest roads should be treated as Macadam.
Drainage from the road formation resolves with the trapezoid shaped ditches with the
bottom width out of 0.3 m on soil based surfaces. Gutters with the width of 0.5 m are made
on the rocky bases. Pipe culverts of concrete have diameter of 40 to 100 cm and are placed
at least 60 cm under the carriageway.
The grades of cut and fill slopes depend on base type. The grade of the cut slopes for soil
base is 1 : 1, sedimentary rock 2 : 1, hard rock from 3 : 1 to 10 : 1, and for fill slopes on
soil base is 1 : 1.5, and on rock base is 1 : 1.25 and 1 : 1.
According to Ryan et al. (2000) the roadbed width on forest roads ranges from 4.0 to 7.0
m. The carriageway width is 3.4 m depending on the terrain characteristics and vehicle
dimensions which traffic on the roads. Longitudinal slope of vertical alignment is 4 to 6.7
%. Ditch depth is 0.3 to 0.75 m and width is 1 m. The grade of fill slopes is 1:1.5 and cut
slopes is 1:1. The width of shoulder is 1 m.
In Slovenia carriageway width of forest road is 3.5 m and shoulder width is 0.5 m. The
grade of cut slopes ranges from 1 : 1 to 5 : 1, and fill slopes ranges from 1 : 1.25 to 1 : 1.5
depending on soil category. Minimal radius of horizontal curves is 9 m and of vertical
curves is 350 m. Maximal grade of longitudinal slopes of roadbed is 12 %, and minimal
cross slope of carriageway is 3 % (Pravilnik …, 2008).
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During preparation of the preliminary design, the maximal slope of vertical alignment is 8
%, minimal radius of horizontal curves is 20 m and of vertical ones 200 to 400 m. The
carriageway width is 3.5 m with shoulder of 0.25 m on every side. The carriageway
thickness is 0.245 m, grade of cut slopes is 1 : 1 and fill slope is 4 : 1 (Lepoglavec, 2014).
This kind of implementation, spatial and statistical analysis of spatial data and at last, the
forest road designing on the map and terrain, are possible using by programmes based on
GIS (ArcGIS, GlobalMapper) and GPS.
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3.5

GEOGRAPHICAL – INFORMATIONAL SYSTEM (GIS)

GIS is a system for managing spatial data and their characteristics and has a significant
role in managing natural resources. GIS is an especially important tool in a process of
forming decisions during formulating policies of management planning (Upadhyay, 2009),
mostly because of the forest work character where the single entity of each assignment is
achieved by office and terrain work.
For every forest work, the tasks of planning make a base and a starting point for realization
of management plans, no matter if those plans are in field of forest protection, usage,
monitoring, biodiversity preservation, ecosystem etc. For all these plans GIS is an
infallible tool in contemporary planning and management plan realization and gives us
important data about the forest areas and resources we manage.
Implementation of GIS in forestry consists of translating analogue forest maps into digital
ones, gathering information about content and, at last, forming data base about forest areas.
The complete forest area data base has to consist of all relevant information which are
connected to forest area and all elements we are managing around.
The spatial data in GIS are shown in tree basic models:
-

raster model,
vector model, and
TIN (triangulated irregular network) model.

Marić (2011) claims that GIS represents spatial data using entity and continuous data
model, whereby data are first linked in the vector structure and later in the raster ones.
Raster represents an image made out of cells or pixels organized in the network, that is, in
rows and columns. In that kind of network, every cell has its own value by which it is
possible to make a spatial representation of raster model with information about every cell
or cell groups. According to that, raster models can be discrete or thematic and continuous
or incessant.
The most common source of raster data are scanned maps, satellite and orthophoto images,
Digital Elevation Models (DEM), etc. The quality of raster model is defined, among other
things, by its resolution, that is, by the dots per inch (dpi). With a bigger resolution there is
a bigger accuracy of the model, but also a bigger size of the model itself.
Vector model represents spatial data in a form of dot, line and polygon as the simplest
vector shapes defined by spatial position and attributes. From these basic shapes topology,
geometrical networks, terrain and so on are formed in bases.
TIN or triangulated irregular network represents digital vector relief shape gained from a
group of irregular distributed dots or contour lines. TIN is actually a group of border
triangles in which the ground represents a plane. It contains data about slope, exposition
and elevation, so it is used for different kinds of analysis, mainly for smaller areas which
show high accuracy.
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The main advantages of the database use are mostly related with the database size, work
with the large data groups without performance reduction (operational speed) with large
group of data, reliability, safety, stability etc.
Misir and Başkent (2002) claim that GIS is used for every step, starting with the
information gathering which is also the first level of multi-target management planning.
So, every phase in the process of making and realisation of forest-economic bases, from
the inventory to analysis and modelling as a support in decisions, represents fertile ground
for using GIS.
The forest inventory, in which we gather data about timber inventory, tree species, stands
structure, annual increment, growing stock, borders of the forest areas, represents
foundation for forestry development strategy for further management plans. GIS serves for
making thematic maps based on the data about any stand element. At the same time, these
data are changing and updating which make possible to track down all changes in growing
stock, annual increment, sizes of the forest areas, stand age, etc.
An extraordinary example of thematic maps species distribution, volume distribution and
trees number based on forest inventory has made USDA Forest Service for the area of the
USA (Maps, 2014).
Advisory Research GroupArcGIS is developed by Environmental System Research
Institute (Esri), it holds 43 % of GIS markets and it produces GIS software packages, and
the most notably ArcGIS Desktop, ArcGIS Online and ArcGIS Server (Brundage, 2015).
ArcGIS is very diverse set of professional GIS applications for creation, management,
integration, analysis and distribution of geographic data. Its three main products are:
ArcView, Arc Editor and ArcInfo. These programs can be used for different types of
spatial analysis, adoption of the best and most effective decisions, visualisation of content,
making plans, presentation of new ideas etc.
ArcView is used for a comprehension using data, mapping and analysis. ArcEditor adds
advanced geographic editing and creation of data. ArcInfo contains the professional GIS
tools including those for geocoding.
ArcGIS Desktop includes integrated set of applications which makes separate
organizational segments, and those are: ArcCatalog, ArcMap, ArcScene, ArcGlobe,
ArcToolbox and ModelBuilder.
ArcCatalog is an application which locates, searches and manages spatial data and
geospatial databases.
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ArcMap is the main application of ArcGIS Desktop which is used for mapping, editing,
questioning and analysis based on maps. It is used for preparation of maps in page setup
and also in printing.
ArcGLOBE application is included in ArcGIS 3D Analyst, and it allows permanent,
interactive three-dimensional view of geographical data. It works as ArcMap with GIS
layers, showing the data from geospatial database and the other formats of GIS data.
ModelBuilder segment is a window for design of graphical models of complex GIS tasks
from tools and data.
When we talk about databases, ArcGIS supports work with three different types of bases
(ArcGIS, 2018) which are mainly different by its use, platforms they work on and by the
size of databases they can contain: File geodatabases, Personal geodatabases and
Enterprise geodatabases.
The second type of GIS application is Global Mapper software. It is a very useful
programme with many tools for spatial analysis and it has access to almost all extension of
data. This software is suitable as a standalone GIS tool for editing GIS data or additional
tool with the other GIS softwares. It allows spatial analysis and graphic view of 200
formats of spatial data in vector, raster or geospatial database models. It has incorporated
VMS support which allows direct access to online servers with maps, satellite snapshots
and digital elevation model for the entire world. This GIS application allows watching and
processing of LIDAR (Light Detection And Ranging) data. They are obtained laser
altimetry surveying of surface through high density of a billion three-dimensional points,
and result of this surveying is a high quality of surface which was recorded.
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3.6

GLOBAL POSITIONING SYSTEM - GPS

GPS determines a location using satellites. It consists of three segments. Cosmic segment
consists of 24 satellites which are circling 20,000 km above the Earth. Measuring the
length between GPS device and four or more satellites can determine the location of a
point on the ground with an accuracy of a few dozen meters to a few millimetres. The basic
functions of satellites are as follows: collecting and archiving data that were received from
control segment, keeping the accurate time by using several of their own atomic clocks,
which are constantly sending information and signals to the users on two frequencies and
provide a stable platform and the orbit for the transmitters of data.
The control segment consists of earth stations. They are distributed all around the world
and their functions are constantly monitoring and collecting data from satellites. Location
of satellites are calculated in control stations and they send necessary information back to
the satellites.
The user segment consists of the GPS receivers, softwares and a manual for usage. The
receiver determines your position from data which are received from four or more satellites
in WGS84 reference system. Average accuracy of positioning by GPS receiver is 10 m, but
it can range up to 20 m depends on satellite layout, cloudiness and canopy density.
Selection of a GPS receiver depends on accuracy of positioning and the other options (size
of memory, size of device, software). Accuracy influences on the price of GPS receiver.
This system is developed for needs of US Ministry of Defence and its use for civil purpose
is approved after several years. GPS signals are free, GPS receivers are smaller every year.
They are used in the vehicles, ships and plans for navigation, in geodesy, mining, geology,
civil engineering, forestry for measurements. They have been used for military purpose for
guiding missiles (Petković, 2007).
At the end, experience, opinions, methods, tools and results of the researches which are
presented so far, lead us to defining of objectives, hypothesis and schedule of our research
i.e. planning of forests roads network.
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4

OBJECTIVES OF RESEARCH

During the research, the category of natural forests in lowland-hilly and mountain areas of
the north BIH, that is in RS, is observed. This forest category is environmentally and
economically the most valuable forest category and it is observed from the aspect of its
actual and potential accessibility by forest roads. According to that, the work objectives
are:
1. To analyse actual density of forest roads according to forest management plans;
2. To determine optimal density of forest roads according to forest management plans;
3. To set up zero lines of new forest roads;
4. To harmonize forest accessibility with forest management plans and silvicultural
measures; and
5. To do economic and time analysis of profitability of achieving optimal density of
forest roads from the point of view of wood production.
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4.1

HYPOTHESIS

The aimed goals indicate on the problem of the insufficient accessibility of the forest in
general, and at the same time of the natural forests. Considering the results of the previous
researches, foreign and local ones, it is concluded that it is needed to check next
hypothesis:
HYPOTHESIS 1: Actual density of forest roads is not in accordance with the optimal.
As it is said, there are indicators that the actual density is not in accordance with the
optimal one, that is, it is less than the latter. It allows only extensive forest management
which results with the over-cutting in the most accessible parts of forest and in making
transport and process of timber exploitation more expensive.
HYPOTHESIS 2: Actual density of forest roads is lower in hilly than in mountainous
areas. In mountainous areas the forest vegetation belongs to the Abieti-Fagetum illirycim,
that is, Piceo-Abieti-Fagetum dinaricum. The growing stock in this natural forests is 413.1
m3/ ha or 1,730,830 m3. The annual increment is 11.27 m3/ ha. According to the plan of
cutting which has been made for FMA by management classes, it is planned to cut 357,836
m3 of the total timber volume in 10 years (Šumskoprivredna …, 2013a). In the hilly areas,
the natural forests of oak and beech are represented which belong to the phytocenological
communities of Querco-Carpinetum illyiricum. The growing stock in natural forests is
926,815 m3 or 267.2 m3/ha. The annual increment is 6.7 m3/ ha. Based on the previously
established allowable cut volume of timber for FMA by management classes and forest
categories, the plan of allowable cut volume of timber for MU is made and allowable cut
volume of total timber volume is 169,396 m3 for 10 years (Šumskoprivredna …, 2013b).
This is why it can be expected that the forest road density is larger in mountainous than in
hilly natural forests.
HYPOTHESIS 3: By achieving optimal density of a forest road network, the total cost
of transport will become lower. Optimal forest road density is probably higher than the
actual one, and in order to achieve it, it is needed to build new roads. In order to achieve
that we need financial funds, that is, the cost of transport of timber will become more
expensive. At the same time, the enlargement of the forest road density will bring the
shortening of the skidding distance and the cost of skidding will lower. Considering the
relation of the transport cost and skidding cost the total transport cost should get lower.
HYPOTHESIS 4: Actual forest road density is not sufficient for measures described
on forest management plans for natural forest. This hypothesis is a consequence of the
ascertainment from the Strategy of forestry developments RS (2011-2021) (Strategija …,
2011); that the work is focused on the accessible areas, that is, on the compartments closer
to the forest roads. It means that forest accessibility of natural forests is insufficient and
that quality application of the group-selection management system for natural forests is not
possible. The management system requires as much density of forest roads as possible for
quality internal division of stands on transport zones, work fields, defining of the landing
location and planning of the secondary forest traffic infrastructure network.
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HYPOTHESIS 5: The optimal forest road density may be achieved only in several
forest management periods (10 years each). By lowering the transport cost, primarily the
cost of skidding, more funds will be saved which can be redirected to the forest road
construction. Saved funds through skidding cost justify construction of the new forest
roads in order to achieve the certain optimum which is possible to achieve, but only in
several management periods.

4.2

WORK PROGRAMME

Optimization of forest roads network based on the set goals and hypothesis implies
planning and designing of new forest roads. Planning of forest roads is based on the
analysis of actual forest roads network from the point of density of the forest roads and
average skidding distance. Also, this job includes determination of optimal density of
forest roads, on the basis of total transportation cost and stand productivity (allowable cut
volume of timber). Total transportation cost is a sum of the cost of skidding and long
distance transport of timber.
The optimal length of forest roads should be a spatial layout in the natural forests area. It
implies multi-criteria analysis of terrain and stand characteristics of natural forest area.
Terrain characteristics conditions are determined by spatial analysis of DTM and field
surveying. Stand characteristics conditions are obtained from Forest Management Plan and
terrain measurements. Stand conditions are understood as site productivity, stand
protection and the other functions of forests. New forest roads should be planned into the
area of natural forests which are suitable for their construction. Suitability of this area for
construction of forest roads is evaluated on the basis of weights of influential factors for
construction of forests roads by AHP method. These factors are selected on the basis of the
results of previous researches and their weights are determined on the basis of experience
of forest scientists who will be interviewed by questionnaire. The phase of forest roads
planning is finished and the phase of forest roads designing starts.
The new forest roads are designed as zero lines into areas which are suitable for their
construction and insufficiently accessible. The zero lines are connected with actual forest
roads network. During the setting of routes of new forest roads, we must take into account
standards for forest roads and protection of environment. Economic evaluation of
justification of new forest roads designing is carried out on the basis of savings in skidding
cost and the cost of forest roads construction. These costs are estimated for some zero lines
(case study) which are transferred from the contour map to the field and designed by
RoadEng software (Figure 5).
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Figure 5: Work programme model
Slika 5: Program raziskovanja
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5

STUDY AREA

During the research, the category of natural forests in the hilly and mountainous areas of
the north BIH has been observed. The natural forests area within public forests grows on
489,025 ha or 61 %. The growing stock of timber in them is around 161 million m3 or 329
m3/ha and the annual increment is around 8 m3 /ha. Total amount of cut timber is 2.8
million m3 (Statistiĉki …, 2017a).
For natural forest category, the group-selection system of management is stipulated. The
application of this management system forms various age-structured and mixed stands. The
substance of this system is that in every stand of management classes, during every period
of management, there is cutting in the function of natural regeneration and use of timber
(in groups) and cutting in the function of tending and use of timber (outside groups). That
means that the cutting of natural regeneration and tending is spatially separated in every
stand, but they are performed together in the same stand.
The areas where there are conditions for natural regeneration are identified in the field and
shelterwood cutting (Silvicultural terminology, 2018; Cutini et al., 2015), or some phase of
shelterwood cutting, is done in the whole the areas or most of them. These phase are as
follows: a preparatory, seedling and a final. Improving the conditions for seed production
is a task of preparotory phase. The purpose of seedling phase is preparing of soil of stand
and a final cut is used for release youth of overstory trees and it is done in a very fertile
year.
It is also possible to do different kinds of so called edge cutting in groups, especially when
it comes to the youth cores which have to be expanded and make conditions for natural
regeneration of the larger group. In groups where there is no youth, nor it is expected that it
will show up, all trees are marked and cut (clear cut in group). After this kind of cutting,
these groups are afforested with quality seedlings of suitable sorts of trees (completing of
the natural regeneration). So, in different groups in the same stand, different kinds of
cutting are done, depending on the state of every group and considering conditions of their
possible regeneration.
Out of the groups treated in one cutting turn, on the remaining part of surface of every
stand in management class, in the same cutting turn it is necessary to do spacing cutting on
a principle of positive selection.
Allowable cut volume of timber in this system is planned for management class as a whole.
That means that allowable cut volume of timber is realized on the whole surface of
management class. The parts of management classes are distributed all over FMA as
compartments and their forming is made on the soil and vegetation mapping, formed
productive forest types and executed researches. Going from the determined management
objectives, for allowable cut volume of timber calculation are used data about growing
stock (size, structure, quality), increment, conducted trial tree marking and other elements
from which allowable cut volume of timber size depends, in the limits of possible
amplitude of allowable cut volume of timber. The assortment structure of allowable cut
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volume of timber can be calculated on the basis of total timber volume and volume of
gross wood from the Assortment tables for total timber volume and gross wood. The
volume of timber assortments is the same for both ways of calculation (Šumskoprivredna
…, 2013b).
Harvesting technology, that is most commonly used in BIH, implies felling and processing
of the trees at the stump by chainsaw and extraction of the assortments to the landing. The
roundwood is extracted by skidder, and fuelwood by animals. The most common
harvesting method is the assortment method, and beside of it, half-tree length and treelength methods are used. The method of whole trees is not practiced. A consequence of
using assortment method is an occurrence of significant volume of timber residue that
remains in the forest as an unused, and it can be used for production of energy from wood
biomass (Marĉeta, 2015).
The general aim of forest management from the productive point of view is permanent
growth enlargement, that is, a bigger forest yield, and a harmonizing yield structure with
economy needs in tree species and assortments of forest products (production fastness).
Group-selection management system is most suitable in mixed forests of beech, spruce and
fir, mixed forests of beech and fir, in forests which are in succession to mixed forests of
beech and fir (spruce), then in beech forests which slowly become mixed forest of beech
and fir with spruce, in mixed forests of fir and spruce, in pure fir and pure spruce forests
and other forests made of shade-tolerant tree species where the goal is forming stands of
different age with accent on natural renewal.
During the application of the group-selection management system, while choosing the
groups or earlier, the inner spatial planning of every stand is done.
Forest stands are divided into transportation zones and work fields where planning and
designing of the secondary forest traffic infrastructure and location of forest landings,
choice of technology for use of timber (mechanization), etc. take place. All these solutions
are better also in an economic way when the network of the primary forest roads is dense
and vice versa (Šumskoprivredna …, 2013b).
Natural forests are different in the structure of tree species, plant communities, terrain and
stand characteristics. We wanted to check what kinds of management classes make natural
forests in hilly and mountainous areas and optimize the accessibility of this forest category
by forest roads based on their current timber production or their potential for timber
production and terrain characteristics. In the purpose of research, two different MUs from
two different FMs which belong to PFC ŠUME RS had been chosen.
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5.1

MANAGEMENT UNIT PROSARA

The research is done in the MU which is located in the mountain Prosara in the north of RS
and BIH in the area of municipality Gradiška (Figure 6). It is managed by the FM
Gradiška, Forest office Gornji Podgradci.
This forest management manages state forests in FMA Posavsko which extends on three
municipalities: Gradiška, Srbac and Prnjavor (44°41ˈ51ˈˈ and 45°11ˈ14ˈˈ N Latitude;
16°54ˈ35ˈˈ and 17°47ˈ31ˈˈE Longitude). It borders with municipalities Kozarska Dubica,
Prijedor, Banjaluka, Laktaši, Teslić, Doboj and Derventa in Republika Srpska. North
border of the area is the river Sava, that is, the border with Republic of Croatia. By
horizontal division of forest vegetation in former Yugoslavia (Braun-Blanquet) FMA
Posavsko belongs to Euro – Siberian - North American region, Illyrian flora province. By
beech, that is, beech-fir forests in higher mountain areas, we have very different oak forests
with climatogenic character. Vegetation is characterized with substantial part of Middle European elements but also with a huge presence of Balkans relict species. Forest
vegetation is present on the carbonate and silicate base, mostly in deeper soils. Higher belts
of area (hillsides of Kozara, Motajica) are mostly made of communities of hilly beech
(Fagetum illyricum) and on higher levels comes fir (Abieti-Fagetum illyricum). Other
lower parts belong to phytocenological communities of Querco-Carpinetum illyiricum.
Forest and forest land cover 3,812.49 ha. Natural forests cover the largest area of 3,470.20
ha. Natural forests consist of three management classes (MC) as follows:
-

1104: natural forests of beech with sessile oak on deep brown and illimerised soil
on acid silicate rocks,

-

1106: natural forests of beech of hilly belt on eutric brown soils on flysch rocks,
and

-

1416: natural forests of sessile oak and beech on deep acid brown and illimerised
soils on acid silicate and silicate-carbon rocks.

Geological substrate is made of silicate rocks. Soil is deep and acidic and its depth is over
70 cm. Growing stock in natural forests is 926,815 m3 or 267.2 m3/ ha. Annual increment
is 6.7 m3/ ha. Based on the previously, allowable cut volume of timber for forest
management area by management classes is established, as well as forest categories and
management units in FMP and allowable cut of total timber volume and allowable cut
volume of roundwood for 10 years are shown in Table 2.
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Table 2: Allowable cut volume of timber in the natural forests for period from 2013 to 2022
Preglednica 2: Moţni posek lesa v naravnih gozdovih v obdobju 2013-2022
Total Timber
Residue Roundwood
Volume
Management
Area
Type of tree
class (MC)
(m3/ ha)
(m3/ ha)
(m3/ ha)
(ha)

1104

1106

1416

Total

477.63

1,202.36

1,750.61

3,430.60

Fuelwood
(m3/ ha)

Conifers

0.08

0.02

0.06

0.0002

Broadleaves

49.66

12.87

23.51

13.28

Total

49.75

12.89

23.56

13.2802

Conifers

0.04

0.01

0.03

0.0001

Broadleaves

52.56

13.62

24.88

14.06

Total

52.60

13.63

24.91

14.0601

Conifers

0.12

0.04

0.08

0.0004

Broadleaves

50.32

13.04

23.82

13.46

Total

50.43

13.08

23.90

13.4604

Conifers

0.05

0.01

0.03

0.0002

Broadleaves

48.76

12.63

23.08

13.04

Total

48.81

12.64

23.11

13.0402

The allowable volume of roundwood, residue and fuelwood are based on share of these
assortments in total timber volume in natural forests. The average share of volume of
roundwood is 58 %, residue is 28 % and fuelwood is 13 % in allowable cut of total timber
volume (Šumskoprivredna …, 2013b).
The total timber volume is volume of the tree measured on the stump. It consists of
roundwood, residue and fuelwood. The roundwood is intended for industrial processing
and use, it consists of peelerlogs and sawlogs and the other technical roundwood
(Statistiĉki..., 2017a).
In MU Prosara, the length of forest roads is 27.83 km or 7.3 m / ha which suits the
accessibility of natural forest where the total length of forest roads is 25.25 km.
(Šumskoprivredna …, 2013b).
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Figure 6: Location of MU Prosara in BIH
Slika 6: Lega Gozdno Gospodarske Enote Prosara v BIH
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5.2

MANAGEMENT UNIT BOBIJA-RIBNIK

This management unit belongs to FMA Petrovaĉko which is settled in municipality
Petrovac with headquarters in Drinić (Figure 7). This municipality was established after
the signing of the Dayton Peace Agreement and occupies 17 % of the former municipality
Bosanski Petrovac. This MU is managed by FM Oštrelj - Drinić. It is settled in the Western
part of RS and BIH with coordinates 44°30'26'' N and 16°27'58'' E. It includes vegetationgeographical area of inner Dinaric Alps, Western-Bosnian carbonate-dolomite area which
belongs to Euro-Siberian-North American region. It spreads between Grmeĉ on the north,
Oštrelj on northwest and Lom mountain on southeast. Towards the east, the area goes to
the entity border between RS and FBIH. In this area there are forests of beech and maple
(Aceri obtusati Fagetum) and forest of fir and spruce on basic substrates. These forests
represent terminal phase in succession process of Piceo-Pinetum illyricum community
towards final communities Abieti-Fagetum illyricum, that is, Piceo-Abieti-Fagetum
dinaricum. As it can be concluded, the geological base is made of carbonate and dolomite
where several types of soil are developed: calcomelanosol, calcocambisol, luvisol and
rendzina. The surface of MU Bobija-Ribnik is 4,372.41 ha from which natural forests take
4,180.59 ha. This forest category is made of management classes:
-

1109: natural secondary beech forests in forest belt of beech and fir on
calcomelanosol and luvisol with area of 605.35 ha,

-

1238: natural forests of beech and fir with spruce forests on calcomelanosol and
calcocambisol, with area of 2367.66 ha and

-

1239: natural forests of beech and fir on calcomelanosol and calcocambisol, which
cover 1215.58 ha of MU.

Growing stock in natural forests of this MU is 413.1 m3/ha or 1,730,830 m3. The annual
increment is 11.27 m3/ ha. The total length of forest roads is 65.47 km while the total
length of forest roads in natural forests is 64.14 km. According to that, accessibility of MU
is 15.18 m/ ha, and of natural forests with natural renewal is 15.66 m / ha. According to the
cutting plan which is made for FMA by management classes, it is planned to cut 357,836
m3 of the total timber volume in 10 years (Table 3) The share of roundwood in allowable
cut of total timber volume is 57 %, residue is 28 % and fuelwood is 14 % in MU BobijaRibnik. (Šumskoprivredna …, 2013a).
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Table 3: Allowable cut volume of timber in the natural forests from 2013 to 2022
Preglednica 3: Moţni posek lesa v naravnih gozdovih v obdobju 2013-2022
Total Timber
Residue Roundwood
Volume
Management
Area
Type of tree
class (MC)
(m3/ ha)
(m3/ ha)
(m3/ ha)
(ha)

1109

Fuelwood
(m3/ ha)

Conifers

6.28

1.83

4.43

0.02

Broadleaves

60.79

16.54

27.01

17.24

Total

67.07

18.37

31.44

17.26

Conifers

54.70

15.94

38.58

0.18

Broadleaves

39.70

10.80

17.64

11.26

Total

94.4

26.74

56.22

11.44

Conifers

42.12

12.27

29.71

0.14

Broadleaves

52.90

14.39

23.50

15.00

Total

95.02

26.66

53.21

15.14

Conifers

36.57

10.66

25.79

0.12

Broadleaves

48.86

13.29

21.71

13.86

Total

85.43

23.95

47.50

13.98

618.2

1238
2,359.8

1,216.3
1239

Total

4,194

If we want to achieve defined objectives and to check hypothesis of the research we have
to apply next scientific and professional methods for planning of forest roads network in
natural forests of Northern BIH.
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Figure 7: Location of MU Bobija-Ribnik in BIH
Slika 7: Lega Gozdno Gospodarske Enote Bobija-Ribnik v BIH
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6

METHODS OF WORK

6.1

ACTUAL FOREST ACCESSIBILITY ANALYSIS

6.1.1

Forest road density

According to Potoĉnik (2004), the accessibility indicators are forest road density, average
transport skidding distance and the width of the belt of forest which is accessible by a
forest road. The forest accessibility is graded by: road density, relative accessibility,
average skidding distance and efficiency coefficient of forest roads network (Sokolović
and Bajrić, 2013a).
So, accessibility of the chosen management units, that is, of the natural forests in them by
forest roads will be determined based on: absolute accessibility, average skidding distance,
relative accessibility and efficiency coefficient of forest road network.
Absolute accessibility is expressed by forest road density in m/ ha or km/ 1,000 ha. The
forest road density is determined for MU and for certain forest categories as well as for
natural forests in MU. By these data, the analysis of natural forests accessibility is also
done according to the influence forest roads have on it, because it is known that not every
forest road (considering its length, spatial position and skidding possibility) makes forest
equally accessible. For determining the influence of forest roads on the forest accessibility,
criteria by Piĉman (2007) is used:
-

the forest road which with its whole length or part of it goes through forest is
calculated with all its length, that is, 100 %,

-

if forest road goes by forest edge or 300 m from it and it is possible to use it for
loading, the forest road is calculated with 50 % of its length,

-

the forest road which comes vertically to the edge of forest and ends there is
calculated with the length of 500 m and

-

dirt forest roads are not included in calculation of forest accessibility.
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6.1.2 Average skidding distance
Using a combination of tools for spatial analysis in ArcGIS which was developed by Esri it
is possible to select the most suitable way for determining skidding distance and skidding
zone. To determine the geometrical average skidding distance with the named programme
package, that is, with its ArcToolbox, firstly it is needed to determine the centre of gravity
of compartments with tool Feature to the point. Next, the tool Near determines the distance
between the centre of gravity of compartments and the nearest point on the forest road and
sets the skidding direction.
The average skidding distance, in this case, will be observed as geometrical and real one;
as actual and targeted. The way of determining geometrical skidding distance has already
been described, and in order to determine the real skidding distance, it is needed to
determine a skidding factor. The real skidding distance is a product of geometrical
skidding distance and a skidding factor (Equation 10) (Pentek et al., 2005; Potoĉnik et al.,
2011):
-

SdS  SdG  kG

... (10)

where :
-

SdS - real average skidding distance (m),
SdG - geometrical average skidding distance (m) ,
kG - skidding factor.

6.1.2.1 Skidding factor
Skidding factor is used for transformation of geometrical to real average transport skidding
distance depending on the distance extension due to slopes and curving. Also, it depends
on relief area of certain forest area and skidding factor for relief areas.
Determining the skidding factor is carried out by spatial analysis of DTM. First, we
determine rasters of altitudes and slopes after which the altitude raster, considering the
lowest and highest altitude, is divided into relief areas by Bertović (1999) and slope raster
is divided into five categories of slope: to 15 %, 16 – 30 %, 31 – 45 %, 46 – 60 % and over
60 % (Potoĉnik et al., 2011). These categories of altitude and slope raster were multiplied
by total skidding factors for each category of relief areas (Lepoglavec, 2014) and slope
(Studija…, 1987; Sokolović and Bajrić, 2013a). Statistical analysis in ArcGIS 10 software
determines the share of individual categories in total MU surface which is than multiplied
with given total skidding factor for individual categories, either relief areas or slopes.
Average skidding distance has an impact on the performance of transport means, and in
addition also on single and total cost of skidding. When the average skidding distance is
bigger, the productivity is smaller and skidding cost is higher.
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Unit skidding cost is calculated as a relation between a labour cost of a skidder LKT-81T
and its productivity for a skidding distance (Equation 11) (Jedinstvene …, 2002).
-

Tp ( i ) 

CrT
UT

... (11)

where:
-

Tp(i) - skidding cost (€),
CrT - price of skidder’s work (LKT-81T) per 8 hours work shift - workday (WD) (€/WD),
UT - skidder’s productivity for a skidding distance (m3/ WD).

The price is regulated by Decision of PFC ŠUME RS No. 01-2166/12 since May 28th 2012
and it is 324.52 €/ WD (Appendix 6), and productivity of LKT-81T is regulated by The
unique standards for forest works (Jedinstvene …, 2002).
Determination of skidding direction will complete the analysis of actual and optimal forest
accessibility using 3D tools of spatial analysis. Skidding direction is determined from the
centre of gravity of compartments to the nearest point on the forest road, by using Arc tool
box Features, XY to line. Skidding timber uphill and downhill is determined by using
Spatial analyst tools. Raster of altitude of forest road surface is subtracted from altitude
raster of DTM, and the result is raster of area above and below of forest road surface.
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6.2

FORMING OF GIS DATABASE FOR SELECTED AREAS

This part of research requires collection of necessary data from FMP, Operational studies
and field surveying for selected MUs. The following information is needed: a list of
compartments for analysed MUs, its surface and current growing stock from Operational
studies. From FMPs, we need: intensity of cutting, normal growing stock, allowable cut
volume of timber and annual increment for management classes of natural forests, climate
and geological-soil conditions, orography etc.
To connect all this attribute data and apply in space, vector marks of observed units, like
borders of compartments in MU and forest road network are needed. The borders of
compartments and borders of MUs were obtained from PFC ŠUME RS. The forest roads
network was recorded by hand-held device for global positioning, type GARMIN
GPSMAP 62st in MUs. For recording of forest roads, option TRACK is used. The
measurement error depends on the weather, stand and terrain characteristics and goes from
5 to 10 m, that is, from 9 to 13 m in conditions of total treetop closures (Potoĉnik et al.,
2009). The gathered data than are transferred by software DNR GARMIN into suitable
shapes (shape files), lines and dots in ArcGIS for spatial analysis. Watercourse network in
the MU is obtained by digitalization from analogue maps. Analogue maps of Military
Geographical Institute, Belgrade with ratio 1 : 25,000 are used as a base for digitalization
necessary content and in other purposes.
Processing of the recorded and collected data on terrain and from management-planned
documentation is made possible by using tools which are based on GIS. This system is
used for spatial and statistical analysis of the data obtained from management
documentation, recording on the terrain or using DTM analysis.
Connecting the attribute data with vector ones is made possible by entering the collected
data from management-planned documentation into attribute tables and using ArcGIS
Calculate geometry. Attribute data are entered in a way that option ArcGIS Edit is used for
given layer in which attribute table forms a wished column by Add field. Collected
(growing stock) and measured (slope of terrain and soil depth) data served for getting
rasters and spatial analysis by ArcGIS software. Data from attribute tables are further
transferred into rasters by Arctool Feature to raster.
DTM, Republic Administration for Geodetic and Property Affairs of Republika Srpska
(RAGPA RS) with resolution 5x5 m is used as a raster base. From this DTM rasters of
altitude, terrain slopes etc. are isolated. Terrain slope is gained from DTM by using
ArcTool box tool Surface Slope.
This analysis and applied methods will make possible determining the actual forest
accessibility from the aspect of forest road density and average skidding distance and its
related cost in natural forests of the chosen MUs (Hypothesis 1) and their mutual relation
from that viewpoint (Hypothesis 2).
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6.3

ANALYSIS OF THE STAND AND TERRAIN CHARACTERISTICS OF THE
NATURAL FORESTS

The selected objects of research according to information from FMPs and Operational
studies of MUs belong to different relief areas and categories of natural forests. The
research objects are different by terrain and stand characteristics. On the basis of results of
research, the most common influential factors which were evaluated by using multi-criteria
analysis of forest area from the point of planning of forest roads are: slope of terrain and
depth of soil, and growing stock as indicator of stand productivity potential. Types of
growing stock are: normal from FMPs which implies timber production potential of
management classes and current growing stock from Operational studies which shows
production of timber by compartments.
We have decided, that in the purpose of determination and comparison of chosen factors of
natural forests, to select five compartments of each management class of natural forests.
The choice is made by using Microsoft Excel random operation where total number of
compartments for each management class is multiplied with random number and the result
was the number of the chosen compartments. Inside chosen compartments are placed five
sampling plots by random choice. These plots are in the shape of concentric circles by
Methodology of national forest inventory in BIH (Metodologija …, 2007) (Figure 8 and
Table 4).

Figure 8: Sampling plots are placed in a compartment
Slika 8: Vzorĉne površine v oddelku
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In the circles are measured DBH over 5 cm (Table 4), trees’ heights, terrain slope and soil
depth. The coordinates of centres of sampling plots which were set are recorded by using
GPS. Volume of trees is determined from Table of timber volume (Špiranec, 1975;
Špiranec, 1976) for tree species on the basis of DBH and trees’ height in the sample plots.
Growing stock (Vfield) is calculated based on volume of trees and coefficient of DBH
classes for conversion of volume of trees on ha (Appendix 4). The terrain slope is
measured in direction of main fall on the distance of 25 m from the circle centre. Distance
between sample plots, height of trees and slope are measured by Vertex device. The soil
depth is determined by drilling with auger and measuring the depth of drill. Soil category is
graded in categories by Jeliĉić (1983) and GraĊevinske norme (2006) based on its depth
and possibility of their excavation.
Table 4: The measured diameters depend on radius of sampling plots
Preglednica 4: Izmerjeni prsni premeri dreves so odvisni od polmera vzorĉnih ploskev
DBH
Radius of concentric circles
(cm)
(m)
6 - 10
2.5
11 - 20
4.5
21 - 30
5.5
31 - 50
9.0
51 - 80
15.0
≥81
25.0

The results of field research slope of terrain and depth of soil and growing stock in the two
MUs will be compared to each other, and growing stock which was calculated based on
field measurements (Vfield) will be compared with the normal (Vnorm) and current (Vcurr)
growing stock from FMPs and Operational Studies (UreĊajni …, 2013a, 2013b). Normal
growing stock is defined by system and management goal and has the same value on the
total surface of management class. This growing stock is an indicator of the stand
productivity, a targeted growing stock for a management class of one or more types of
trees species on the certain type of soil. On the other hand, current growing stock changes
from compartment to compartment and is defined by forest inventory after the end of the
management period, so, this is a real growing stock of forest in the compartments.
For analysis of stand and terrain characteristics, a Discriminant analysis, which is one of
Multivariate analysis of variance, is used. This analysis classifies multiple independent
continous variables by grouping dependent descriptive or categorical variables. It
determines whether or not independent variables explain variance of grouping variables at
statistically sigificant level. (Stanković and Stamenković, 2009). The grouping variable is
showed as a code which is showed as integer numbers and it is necessary to select minimal
and maximal value of the variable for discriminant analysis. The independent variables,
one or more of them, are the predictors of group membership. Discrimination between
groups is provided by discriminant function or functions if there are more than one group.
The function or functions are linear combinations of predictors. The results of discriminant
analysis are: means, standard deviations, univariate ANOVA for each variable.
Explanation of the analysis is provided by Box's M, correlation and covariance matrix
within groups, covariance matrix between separate groups and total covariance matrix.
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Discriminant function and their elements are presented by eigenvalue, variance percentage,
canonical correlation, Wilk's lambda and chi-square tests (Anderson, 1958; Cooley and
Lohnes, 1971; IBM SPSS …, 2018).
This analysis is used because of differences in size of sample. Inventory of public forests
which is managed by PFC ŠUME RS is carried out in the same way but sample plots are
placed at a mutual distance of 100 m in each compartment (Šumskoprivredna …, 2013b)
and the same elements are measured as in our research.

6.4

DETERMINATION OF THE OPTIMAL FOREST ROAD DENSITY

Planning of forest road network will be done during the phases of accessibility planning
and forest road designing at the general level. Accessibility planning will result in
determination of optimal forest road density.
Optimal accessibility of natural forests will be stated by forest road density which is
determined with following methods:
-

method based on minimal transport cost and
mathematical patterns for calculation of optimal forest road density.

The first method is based on the calculation of skidding cost and long distance transport
cost. Skidding cost consists of construction cost and the cost of maintenance of skid roads
and unit skidding cost of skidder. Long distance transport cost consists of the cost of
construction, their maintenance of forest roads and the cost of driving which will be
neglected. The transportation cost in preliminary planning phase (Piĉman, 2007) is defined
based on the experience of previous researches or studies which have been conducted on a
certain area (Klemenĉić, 1939; Popović and Nikolić, 1968; Jeliĉić, 1971; Piĉman and
Pentek, 1998; Naghdi, 2004; Ghaffarian and Sobhani, 2008; Naghdi and Liamei, 2009;
Rafiei et al., 2009).
During the calculation of the construction cost of skid road, firstly we consider the amount
of excavation on:
- soil category III. with cross slope of 15 % is 0.5 m3/ m,
- soil category IV. with slope of 30 %, excavation amount is 0.8 m3/ m,
- and soil category V., slope 35 %, excavation amount is 1.0 m3/ m (Jeliĉić, 1979).
Soil category III. implies deep soil without gravel or rocks, it can be excavated by dozer or
excavator. Soil category IV. implies sedimentary soil, and soil category V. implies soil
which consists of soft rock and it can be crushed by explosives (Jeliĉić, 1983). Soil
category is determined by visual assessment. The cost of maintenance of skid roads is not
taken into account because it is very difficult to determine it regardless of the fact that
contractors are obliged to maintain them (Pravilnik …, 2008). The cost of skidding is
calculated considering labour cost of skidder LKT 81T which is regulated by Decision of
PFC ŠUME RS (Appendix 6) and its productivity on each 100 m of skidding distance
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according to The unique standards for forest works (Jedinstvene …, 2002). The total cost
of skidding is equal to the sum of construction cost and skid road maintenance and unit
skidding cost of LKT 81T and they are expressed in €/ km or €/ m.
Long distance transport cost is determined based on construction cost and maintenance
cost of forest roads. Construction cost depends firstly on the amount of work. Excavation
amount for terrain category III is determined based on cut volume of soil with standard
cross-section, with the width of roadbed in cut of 3 m and cut slopes 1:1 and it is defined
for average value of cross terrain slope for given MU (Figure 9) (Potoĉnik, 2005).

where:
g-depth of carriageway,
b-carriageway width, P1 + P2-cut area,
y-length of cut slopes,
y'-height of cut slopes
Figure 9: Cross section of forest road (Potoĉnik, 2005)
Slika 9: Preĉni profil gozdne ceste (Potoĉnik, 2005)

Fill volume is determined by drawing of standard cross-section in AutoCAD programme
package, with roadbed width in fill of 1 m and grade of fill slope of 1 : 1.5 for soil category
III.. For soil category V., cut slope is 1 : 0.5 and fill slope 1 : 1. The amount of earth work
depends on other constructive elements of forest roads i.e. maximum slope of vertical
alignment is 8 % and (in extreme cases up to 10 %), roadbed width f is 4 m (carriageway 3
m, shoulder 0. 5 m each), widening etc. The amount of material for construction of
carriageway is based on the width of the carriageway, its thickness, length of the forest
road and coefficient of wasting of material 1.3 (Lepoglavec, 20014). Drainage ditches in
soil category III. are of trapezoid shape with width of 0.5 m and depth of 0.5 m. On soil
category V., ditches are gutters with width 0.5 m and depth 0.2 m. The carriageway is
macadam type with thickness 0.5 m on soil category III. and 0.1 m on soil category V.
(Pravilnik …, 2002). The long distance transport cost is presented in €/ km or €/m.
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It means that the cost of forest road construction should be presented at annual level using
rent factor (Equation 12) (Ryan et al., 2000; Potoĉnik, 2004):
1.0pn  1
1.047450  1

 19.02
1.0pn  0.0p 1.047450  0.0474
where:

... (12)

- f =

-

-

f - rent factor,
p- capital interest (4.74 %),
n- period of depriciation (50 years).

The cost of construction and maintenance of forest roads and skid roads is calculated based
on the unit work price (Opis …, 2009), considering the amount of work for doing roadbed
and surface of forest roads.
On the other hand, considering that there aren’t enough information about actual forest
roads in chosen MUs from the aspect of age, the cost of their construction and level of
depriciation, only the cost of maintenance of forest roads can be taken into consideration
(Hribernik, 2013) in the case of determining of long-distance timber transport cost. That
means that in one case total cost of transportation will be used, and in the other case total
transportation cost will consist of the cost of maintenance of forests roads during the
calculation of long-distance timber costs and the cost of skidding.
This transportation cost depends on forest road density on the basis of discontinued
allowable cut volume of total timber volume and allowable cut volume of roundwood for
50 years of life span of forest road. It is calculated for management classes and natural
forests and it is also shown at annual level.
Discontinued timber volume is calculated by Equation 13 (Ryan et al., 2000):
where :
-

-

Vd 

v3
v
v1
v2


 ...  n n
n1
n2
n3
1.0 p
1.0 p
1.0 p
1.0 p

... (13)

Vd – discontinued allowable cut volume of timber (m3),
v1, v2, v3, vn – allowable cut volume of total timber volume and roundwood in period of depriciation
of forest road (m3),
p – discontinued measure (4.7 %),
n – depriciation period (50 years).

This way we obtained the charts of total transportation cost where minimal value shows
optimal density of forest roads as shown in Figure 4.
Optimal density of forest roads is calculated by A manual … (1998) and Ryan et al. (2000)
equations because of relief characteristics of chosen MUs.
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We obtain the optimum value which needs to be achieved in analized MUs by Equation 14
(A manual …, 1998):
-

c=

100,000  h  V
4 R

... (14)

where:
- c - optimal forest road density (m/ ha),
- R - cost of road construction with maintenance cost in depriciation period (€/ km),
- h - skidding cost (€/ m3/ 100 m),
- V - discontinued total allowable cut volume of timber gained in life span of forest road (m3/ ha).

Ryan et al. (2000) calculated optimal forest road density based on skidding and long
distance transport costs, timber volume which skids and efficiency of forest roads network
(Equation 15).
- Opt.Den. 

V  e  (100  m)
R

... (15)

where:
-

Opt.Den.-optimal density (m/ ha),
V-discontinued allowable cut volume of timber (m3/ ha),
e-network efficiency factor (e=0.44 for two-side skidding, e=0.91 for one-side skidding),
m – skidding cost distance (€/ m3/ 100 m),
R-road construction cost plus annualized maintenance cost (€/ m).

The Equation 14 is derived from equation for calculation of optimal road spacing and it is
based on Matthews (1942) method of equal road spacing. On the other side, the Equation
15 is not based on optimal road spacing. It use the same elements as the Equation 14 and it
takes into account a factor of efficiency of forest road networks instead of road spacing.
The factor of network efficiency is defined as possibility of timber skidding to the road
from one or both sides.
The optimal density of forest roads is only used as a guide for planning of forest
accessibility in specific area. It is a reflection of stand potential and actual forest
accessibility which is represented by cost of timber transport.
Based on the optimal forest road density which is defined as the average value of gained
optimums we’ll calculate average skidding distance by Rebula’s (1981) (Equation 16):
-

SdOS 

kS
 10, 000
c

... (16)

where:
-

SdOS - real aimed average skidding distance (m),
ks - total skidding factor of theoretical average skidding distance (0.4 for plain, 0.6 for hill, 0.8 for
mountain),
c - forest road density (m/ ha).
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6.5

RELATIVE FOREST ACCESSIBILITY

Calculation of relative accessibility was explained by Equation 4 in chapter 3.1.3.
By creating the buffer zone whose width is equal to double targeted geometrical skidding
distance, we will gain areas which are accessible and those which aren’t accessible enough
inside a forest complex. Inside insufficient accessible areas forest roads should be planned.
The scale of Pentek et al. (2005) will be used for evaluating of relative natural forests
accessibility.
6.6

EFFICIENCY COEFFICIENT OF FOREST ROAD NETWORK

During the determination of the relative accessibility by creating the buffer zone around
forest roads, at the same time we can determine this indicator of forest accessibility.
Efficiency coefficient of forest road network is calculated by Equation 5 in chapter 3.1.4.
This coefficient should be as big as possible, because smaller coefficient means that the
roads are overlapped for multiple times.
To achieve the goal of the accessibility optimization, the infallible part is classification of
the forest area according to suitability for construction, what we will do this time.
By defining the optimal forest road density it will become obvious if the actual density is
less than optimal one, as it is assumed in Hypothesis 1. Calculation of the average targeted
skidding distance based on the optimal forest road density will show if there is shortening
of the actual skidding distance, and by it, if there is reduction in skidding cost Hypothesis
3.
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6.7

DEFINING OF SUITABILITY OF AREA FOR
CONSTRUCTION BY MULTI-CRITERIA ANALYSIS

FOREST

ROAD

It is necessary to upgrade the actual forest road network with new routes of roads in order
to achieve the optimal density of forest roads and reduce skidding distance. At the same
time, these new forest roads have to fulfill minimal technical requirements regulated by the
Manual for designing ... (Pravilnik …, 2002). At this point the question is in which area we
are building those roads. That issue will be solved by defining the suitability of natural
forests area for forest road construction. We get the area suitable for forest road
construction by spatial analysis in programme package ArcGIS.The number and type of
stand’s and terrain’s factors which will be used in the assessment of suitability of the forest
area for forest road construction depend on the quality and character of the assessment
itself. It is clear that in defining of suitability of the forest area for construction of forest
roads, the most important are the factors from which depends the cost of construction of
forest roads as well as the quantity and quality of timber which has to justify the forest
road construction of certain density in the next cut turns. The point is that we try to asses
the optimal length of forest roads for every forest area and that we try to justify those
investments in the shortest period of time possible.
The most common influential factors, which were used for defining suitability of area for
forest road construction in the previous researches are: terrain slope, growing stock and
soil depth.
Relief has a very big influence on the forest road construction cost, especially when it is
broken, with presence of small rivers and streams (A manual …, 1998). Terrain slope is
one of the most important factors during the forest road designing from the suitability
aspect of both the road and the terrain after the construction. On gentle sloped terrains it is
possible to overcome the certain slope with relatively short length of road for whose
construction big investments aren’t needed. On the steeper terrains there is danger for fill
slope to slip, so it is needed to build expensive sustaining concrete walls or to cut roadbed
in wild terrain which would result in surplus of excavation. That surplus of earth mass
could be moved to the fill slope, under the road, which could cause damage to the trees
(Sokolović et al., 2009). Terrain slopes acceptable for forest road construction range from
0 to 70 % (Pentek, 2002; Sokolović et al., 2009). Terrain slope unsuitable for forest road
construction is over 60 % where the use of cable yarders must be considered and
implemented (Nikolić, 1993; Keller and Sherar, 2003; Potoĉnik et al, 2011).
The economic justification of forest road construction in certain areas depends on the stand
productivity. The growing stock is an indicator of stand productivity. What kind of
growing stock, normal (Vnorm) or current (Vcurr) or growing stock based on field research
(Vfield) will be used for determination of suitability of natural forest area depends on results
of discriminant analysis. The rasters of growing stocks are obtained by using raster tool
from data which were entered in attribute table.
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Soil category is one of the most important factors in the construction of forest roads, and
there are seven categories according to resistance of excavation (Table 1). Soil category is
determined on the basis of visual assessment, and it can be precisely determined only after
the construction of the forest road, because on it mostly depends the cost of soil works
during the construction. Soil depth is (as one of its characteristics) easy measurable in the
field and in the combination with cross slope can have great influence on the forest road
construction. Soil is classified into five categories according to depth: 0 - 15 cm - very
shallow, 16 - 30 cm - shallow, 31 - 60 cm - middle deep, 61 - 120 cm - deep, >120 cm very deep (Bunuševac, 1951). Shallow soils on mildly sloped terrains and deep soils even
on steeper terrains demand less construction cost, that is, soil works (Sokolović et al.,
2009). Saito et al. (2013) have designed forest roads taking into account soil depth and in
their forest road routes deep soils were avoided because of the high volume and cost of soil
works, although the unit cost of soil works was lower. Soil also represents the source of
building material for forest road construction, so we often find that suitable material in the
river valleys, because on the other hand, hard rock usually demands expensive mining and
crushing before using material for construction of the upper road layer. As for the terrain
stability it is necessary to avoid moist and soft areas with insufficient bearing capacity (A
manual …, 1998). The thematic maps of depth of soil were obtained by using Inverse
Distance Weighed (IDW) interpolation method in GIS. Depth of soil was surveyed for
each sample plot in the field. Location of these sample plots was recorded by GPS device
and transferred by GIS on the map of MUs like points and entered into attribute table of
layer of points for each sample plots. This point feature contains the Z value of depth of
soil which will be interpolated into the surface rasters by using IDW method. This method
is based on the assumption that points which are close to each other are more similar than
points which are further one from another. IDW uses measured values for each point to
predict value for any unmeasured point and it means that each sample plot has a greater
influence than unmeasured points whose influence decreases with distance which is
showed on the map as concentric circles around sample plots. This method was used
because of terrain and stand characteristics between points which are close to each other
(ArcGIS …, 2012).
Original value of these rasters is standardized using Equation 17:
- Xi =

(Ri  Rmin )
 X max
(Rmax  Rmin )

... (17)

where:
-

-

xi- standardized value,
Ri- basic value,
Rmin- lower value of basic scale,
Rmax- upper value of basic scale,
Xmax- upper average value of standardized scale.

This analysis standardize factor values which come into assessment for MU building up in
way that on the x axis is placed original value, and in a y axis its standardized value from 0
(unsuitable) to 1 (suitable). The rasters of influential factors are divided by reclassification
and each category of them is joined in standardized values. This method is applied in Idrisi
programme package with the difference of existence of choice possibility between standard
63

Petković V. Optimization of forest roads network in hilly and mountainous natural forests in Northern Bosnia and Herzegovina.
Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2019 .

shapes of fuzzy functions (linear, sigmoid, S and J shaped) and it is possible to define the
shape of the function on your own (Krĉ, 1995; Lepoglavec, 2014).
The suitability of area for construction was obtained by addition of standardized raster of
influential factors which are weighed for each factor. The weight of each factor means its
influence on the suitability of area for forest road construction. These weights were
obtained by AHP method. We wanted to determine weights of influential factors on
determination of area suitability for forest road construction in our research. We prepared a
Questionnaire for assessing the impact of criteria for determination of natural forest area
for construction of forest road (Appendix 1). It was sent to e-mail addresses of forest
engineering scientists. The influence of the slope, soil and timber growing stock on
determination of area suitability for forest road construction is determined on the basis of
opinions and experiences of 14 forest engineering scientists. The average scores which
were obtained by questionnaire for every criterion were standardized by Equation 17 and
compared to pairwise matrix according to AHP methodology.
This method was developed by Tomas Saaty and it was created as an auxiliary tool of
multi-criteria decision-making. The AHP can be implemented in three simple consecutive
steps: evaluation of importance of the criteria, computing the vector of criteria weights and
consistency calculation. The first step means that decision maker gives an assessment of
influence of each of criteria on the problem. The scale of 9 ratings is most often used for
assessment of influence of criteria on the problem or the other scale as in our
questionnaire. The average scores of the assessment of influence of each criterion is used
for making the pairwise matrix. This matrix represents a mutual relationship of influence
of criteria on the problem. It is used for making a normalized vector which is used for
calculation of weights of criteria in the problem. If we want to provide the accuracy of the
assessment of criteria influence on the problem and calculation of their weights, then we
should calculate consistency ratio CR using Equation 18.
- CR 

CI
RI

... (18)

where:
-

CR – consistency ratio,
CI- consistency index,
RI- random index.

Consistency index CI is calculated by Equation 19:
- CI 

 max  n

... (19)

( n  1)

where:
-

CI – consistency index,
max - maximum value of pairwise matrix,
n- matrix size nxn.
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If CR  0,10, the assessments of influence of criteria on the problem are acceptable, and a
result of the AHP is reliable (Saaty, 1980; Saaty, 2008; Pellegrini et al., 2013; Hribernik,
2013; Lepoglavec, 2014; Jeţ, 2016) (Appendix 2).
Determination of area suitable for construction of forest roads is showed in Figure 10.

Slope of terrain

+
Depth of soil

+
Growing stock

=
The map of suitability of forest
area for construction of
forest roads

Figure 10: Suitability of natural forests area for construction of forest roads
Slika 10: Primernost obmoĉja naravnih gozdov za gradnjo gozdnih cest

Gained raster of area suitability is divided into three categories: 0 - 0.33 low priority area,
0.34 - 0.66, medium priority area and 0.67 - 1 highest priority area. This method is applied
during the defining of the area suitability for forest road construction in this study.
Based on the level of suitability and priority of area for planning of forest accessibility, the
routes of new forest roads which should complement actual forest road network and thus
shorten the skidding distance, are planned.
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6.8

DESIGNING OF FOREST ROADS

At the general level, forest roads are designed by setting the zero line on contour map by
method of equal length of segments of zero line between contour lines under constant
grade. The grade of zero line is a relation between altitude and horizontal difference
between two points, and length of segments of zero line is a ratio of equidistance and grade
of zero line. In order to setup zero line, we need to form contours on the basis of DTM
with equidistance of 5 m. Then, we connect contour lines with segments of zero line with
equal lengths with constant longitudinal grade (Figure 11). The most important
constructive element of zero line is longitudinal slope whose maximal value goes to 8 %
for main, 10 % for secondary and 12 % for dirt roads (Jeliĉić, 1983; Pravilnik …, 2002).
According to that, forest roads will be planned in the grade of 8 to 10 %, and length of a
segment of zero line ranges from 50 to 62.5 m. These are minimal values of length for
given grade. With longer length of the segment, grade decreases under the maximally
allowed line.

Figure 11: Setting of zero line on contour map
Slika 11: Postavitev niĉelnice na karti

The designing of forest roads or more precisely zero lines is done in insufficient accessible
natural forests areas and for construction of suitable areas of natural forests with terrain
slope up to 60 % (Nikolić, 1993; Keller and Sherar, 2003; Potoĉnik et al, 2011).
Insufficient accessible natural forest areas are determined by forming buffer zones around
existing roads whose width is equal to double targeted geometrical skidding distance. All
areas outside that zone are insufficiently accessible. The area suitability for construction is
defined by spatial analysis of terrain slope, soil depth and growing stocks.
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We also have to consider watershed protection by forming the protection zone around it.
The width of stream protection zone should be based on local laws and regulations, as well
as slope, soil type, vegetation cover, and sensitivity of the area (Keller and Sherar, 2003).
According to The manual about protection measures ... (Pravilnik …, 2003), the width of
protection zone is 10 m. Therefore, forest roads should be designed outside the protection
zone, which is defined by forming the buffer zone around streams.
Planning and designing of forest roads are not allowed or restricted in the forest area with
high protection value. Forest of high protection value (HPV) are divided into six categories
by FSC standards:
HPV-1: Forest areas of biodiversity which is significant from the point of global, regional
and national level,
HPV -2: Forest areas which are important considering landscape at global, regional and
national level,
HPV -3: Endangered or rare forest ecosystems,
HPV -4: Forest areas important from the point of water, land and fire protection,
HPV -5: Significant forest areas for meeting of basic needs of local communities, and
HPV -6: Forests areas which are important considering preservation of traditional and
cultural identity of local communities (Projekat …, 2007; Šumskoprivredna …, 2013a,
2013b).
After setting zero lines routes for the planned forest roads on the contour map, their
application in the field starts. Firstly it is necessary to save the network of actual and
planned forest roads and compartments borders in kmz or kml format as raster (Figure 12).
The raster is imported in programme BaseCamp (Figure 13) from where it is sent into GPS
receiver and applied to the field (Figure 14).
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Figure 12: Saving raster in kmz or kml extension
Slika 12: Shranjevanje rastra v kmz ali kml formatu

Figure 13: Importing the raster in kmz or kml extension in to BaseCamp
Slika 13: Uvoz rastra v kmz ali kml formatu v BaseCamp

68

Petković V. Optimization of forest roads network in hilly and mountainous natural forests in Northern Bosnia and Herzegovina.
Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2019 .

Figure 14: Transfer of raster with planned forest roads into GPS device
Slika 14: Prenos rastra z naĉrtovanimi gozdnimi cestami v GPS

Several zero lines which were identified on the terrain have been selected and corrections
were made if it was necessary. During the placement we measured azimuths, length and
grade of directions, recording the cross sections into road points.
Data about zero lines are entered into field sheet (Appendix 3) and into RoadEng Survey
Map module (Figure 15). RoadEng is one of the most famous programmes for road
designing and it is broadly used in the forestry of the North America. The improved
versions of this programme allow optimal forest road designing, cable crane designing,
object digitalization, 3D animation and many other functions. Standardization of this
software with Esri tools allows broad use in forest road designing. Somewhat different
standards of road designing in Europe prevent use of this software in European forestry.
For that reason, we use programmes with a base in AutoCad. These programmes still
haven’t been simplified in the area of data input so it takes a lot of time and preparation.
Those data consist of azimuth and length of directions, surveyed cross section in every
zero point, type and depth of soil and zero point marks.
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Figure 15: Module Survey Map of RoadEng
Slika 15: Modul Survey Map v RoadEng

Based on these data in module Location are defined: forest road layout (Figure 16),
longitudinal (Figure 17) and cross sections (Figure 18) and mostly significant data are the
amounts of cut and fill volume of soil (Figure 19). Cut and fill volume of soil depend on
forest road constructive elements, type of soil and purpose of forest road. The maximal
longitudinal slope of forest road is 8 % and in extreme cases up to 10 %. The roadbed
width of forest roads is 4 m, and that is 3 m for carriageway and 0.5 m for shoulder on both
sides of carriageway. Drainage ditches are trapezoid on category III of soil with width of
0.5 m, depth 0.5 and on soil category V., they are gutters with width 0.5 m, depth 0.2 m.
Slope of cut slopes for category III is 1:1, and slope of fill slopes 1:1,5. Slope of cut slopes
for soil category V. is 1 : 0.5, and slope of fill slopes is 1:1. Carriageway is macadam with
thickness of 0.5 m on soil category III., that is, 0.1 m on soil category V. (Pravilnik …,
2002). Based on these results and unit prices of construction according to Description of
work and unit prices for forest truck roads in RS (Opis …, 2009), the cost of forest roads
construction is calculated. The obtained costs are compared with those we predicted based
on the earlier experiences so we could get the accessibility optimum.
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Figure 16: Layout of forest road
Slika 16: Situacija gozdne ceste v RoadEng

Figure 17: Longitudinal profile of forest road
Slika 17: Vzdolţni profil gozdne ceste v RoadEng
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Figure 18: Cross section of forest road
Slika 18: Preĉni profil gozdne ceste v RoadEng

Figure 19: Data table
Slika 19: Preglednica rezultatov v RoadEng

Placing the zero lines as the routes of future forest roads in areas suitable for their
construction which are inaccessible, we get the picture about length and forest road density
we could obtain on the chosen area, and at the same time the possibility of forest road
construction cost assessment arises. In this way it can be seen if the actual forest road
density is sufficient for optimal forest management (Hypothesis 2) or if there will come to
the shortening of the average skidding distance and reduction of its cost (Hypothesis 3).
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6.9

ECONOMIC ANALYSIS

The forest road construction is comprehensive and expensive project and it requires
significant funds for realization. Today, when forestry as a branch of industry fights for
survival, taking long-term loans (up to 10 years) with an interest rate up to 4.7 % on an
annual level (Investiciono …, 2017) doesn’t seem to be rational. FMs of PFC ŠUME RS
are aware that investment into construction of forest roads will not be justified in 10 years,
financial funds for this purpose have to be found through savings and of course, through
grants of governmental and nongovernmental sectors. Ministry of Agriculture, Forestry
and Waterpower engineering announces a Tender for using funds of expanded
reproduction where there is, among others, an item which relates to construction and
maintenance of forest roads.
However, the biggest part of the funds should be provided from FM’s own sources and it is
better that in this case we place accent on the reduction of skidding cost by shortening the
average skidding distance.
What type of forest roads will be designed depends on surface of forest area which forest
road makes accessible, traffic load and amount of money in the moment of forest road
construction. Forest roads are divided on:
- main forest roads which make accessible MU and maximal allowed longitudinal
grade ranges from 6 to 8 %,
- secondary forest roads which make accessible group of compartments or basin and
maximal longitudinal grade of from 8 to 10 %, and
- dirt forest roads where longitudinal grade ranges from 10 to 12 %, and it is without
carriageway, and which make accessible one or two compartments (Jeliĉić, 1971;
Pravilnik ..., 2002). Roadbed width is 4 m for all types of forest roads (Pravilnik ...,
2002).
Achieving the optimal forest road density, the average skidding distance will be shorter
and skidding cost will be reduced. Savings on this cost have to be invested in expanding
the forest road network, considering the cost of its construction and maintenance. That way
we would get data about what amount of savings in the skidding cost could justify
construction and maintenance of the new roads and in what period of time, is it 10 or more
years, that is, more management periods (Hypothesis 5). The applied methods should give
us a complete image about actual and optimal forest accessibility, proposed routes of new
forest roads from the terrain point and stand characteristics and the cost of transport, and
economic analysis of planning new forest roads.
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7

RESULTS

The research results are given for every management unit, separately and compared.
7.1

MANAGEMENT UNIT PROSARA

7.1.1 Analysis of the actual forest accessibility
The total length of forest roads in the MU which makes forest accessible is 27.83 km, that
is, in natural forests 25.25 km, and actual forest road density in MU Prosara is 7.30 m/ ha
considering total forest area, in natural forests (NF) 7.28 m/ ha, in forest plantations 5.56
m/ ha and in coppice forests 3.54 m/ ha according to forest categories from FMP
(Šumskoprivredna …, 2013b). Vector length of forest roads, recorded by GPS GARMIN
62st is 40 km and from that 31 km or around 77 % of the total length was taken into forest
accessibility calculation, depending on location of forest roads in forest area (Piĉman,
2007). According to that, the actual density of forest roads of this MU is 7.8 m/ ha, that is,
the actual density of forest roads in natural forests is 9.04 m/ ha (Table 5).
Actual geometrical average skidding distance, determined by method of distance of centre
of gravity of compartments from the forest road, is on average around 510 m (Figure 20).

Figure 20: The centres of gravity of compartments
Slika 20: Teţišĉa oddelkov
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Pisarić potok
Pisarić-Gornja
Jablanica
Forest road for
compartment
23
Hajduĉki potok
Miloševac
Greben
GuvnoJablanica
Forest road for
compartment
57
Forest road for
compartment
55
Forest road for
compartment
54
Golubov potok
Gašnica
Belegija
Forest road for
compartment
43
Total

Actual Forest
Accessibility
(m/ ha)

Actual Forest
Road
from-to

Length into
Account of
Forest
Accessibility
(m)
Make
Accessible
from TwoSides (m)
Make
Accessible
from OneSide (m)
Do Not
Make
Accessible
(m)

Table 5: The actual forest roads in MU Prosara and their influence on forest accessibility
Pregledica 5: Obstojeĉe gozdne ceste v GGE Prosara in njihov vpliv na odprtost naravnih gozdov
Total length
Length of Segments
Asphalt
(m)

Macadam
(m)

1,515

1,980

-

-

3,495

3,495

1.02

-

5,277

-

-

5,277

5,277

1.54

-

4,279

-

-

4,279

4,279

1.25

-

1,075
945
1,263

-

-

1,075
945
1,263

1,075
945
1,263

0.31
0.28
0.37

-

6,661

1,080

1,821

1,939

3,760

1.10

-

1,052

-

-

1,052

1,052

0.31

-

2,142

-

-

2,142

2,142

0.62

-

1,714

-

-

1,714

1,714

0.50

4,140
-

3,398
2,667
740

1,382
3,234
-

704
520
-

608
2,534
740

1,312
3,054
740

0.38
0.88
0.22

-

1,285

-

386

513

899

0.26

5,655

34,475

5,696

3,431

27,572

31,007

9.04
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The real skidding distance is defined based on geometrical skidding distance and skidding
factor. We have obtained a map of altitudes in MU Prosara by spatial analysis of DTM and
on the basis of it, two relief areas are distinguished: lowland which covers around 30 % of
surface and hilly which covers around 70 % of natural forests area (Figure 21).

Figure 21: The relief areas on the basis of altitude map
Slika 21: Reliefna podroĉja na osnovi nadmorskih višin
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Skidding factor considering relief areas is 1.38 (Table 6).
Table 6: Skidding factor for relief areas
Preglednica 6: Spravilni koeficient za reliefni podroĉji

Relief Area

Vector Natural Forest
Area

Total Skidding
Factor

Weighted Skidding
Factor

ha

%

Lowland

1,024.05

29.9

1.20

0.36

Hilly

2,402.99

70.1

1.45

1.02

Total

3,427.04

100

1.38

By creating the slope raster from DTM of the MU, we have obtained terrain slope from 0
to 121 %, and average slope is 27 % (Figure 22).

Figure 22: Slope of terrain
Slika 22: Naklon terena

77

Petković V. Optimization of forest roads network in hilly and mountainous natural forests in Northern Bosnia and Herzegovina.
Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2019 .

Skidding factor which depends on slope of terrain is 1.31 (Table 7). The average value for
skidding factor for natural forest in MU Prosara is 1.34, considering that the real skidding
distance is 685.95 m. The average skidding factor means that real skidding distance is 34
% bigger than geometrical due to presence of obstacles on the earth surface and slope of
terrain. Average productivity of skidder LKT 81T for this skidding distance is 32.3 m3/
WD and skidding cost according to that, is 10.05 €/ m3 if we know that labour cost of this
kind of skidder is 324.52 €/ WD.
Table 7: Skidding factor depends on slope of terrain and presence of obstacles
Preglednica 7: Spravilni koeficient je odvisen od naklona terena in prisotnosti ovir
Slope category

Vector Natural Forest Area

Total Skidding
Factor

Weighted
Skidding Factor

ha

%

0 – 15 %

668.81

19.5

1.1035

0.22

16 – 30 %

1,359.80

39.7

1.2305

0.49

31 – 45 %

992.05

28.9

1.3625

0.39

46 - 60 %

321.89

9.4

1.5815

0.15

61 – 121 %

86.60

2.5

2.423

0.06

Total

3,429.14

100
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Timber skidding is carried out downhill from 69 %, and uphill from 31 % of total natural
forests area in MU (Figure 23).

Figure 23: Skidding direction
Slika 23: Smer spravila lesa

79

Petković V. Optimization of forest roads network in hilly and mountainous natural forests in Northern Bosnia and Herzegovina.
Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2019 .

7.1.2 Analysis of the stand and terrain characteristics of natural forests in MU
Prosara
The natural forests in this area cover surface of 3,470.2 ha or 87.2 % of total forest area
and consist of natural forest of beech and sessile oak, which are devided into three
management classes of natural forests (1104, 1106 and 1416) (Figure 24).

Figure 24: Management classes of natural forests
Slika 24: Gospodarski razredi naravnih gozdov

In total 75 sampling plots have been set within three management classes. Inside
management classes, five compartments have been chosen by random selection. In
management class 1104, selected compartments are 25, 55/1, 56, 58, 22/1; in management
class 1106, selected compartments are 42, 26/1, 24, 26 i 22; in management class 1416,
selected compartments are 29, 45, 31, 25/1 and 25/2 – in which five sample plots were set
(Figure 8). In these 15 compartments and set sample plots 576 trees are counted. Average
DBH of measured trees is 35.2 cm, their average height (H) is 23.6 m, average growing
stock (Vfield) from field research is 142 m3/ ha, average slope of terrain (i) is 40 % and
depth of soil (dofs) is 93 cm in each selected compartment of natural forests. The average
normal growing stock (Vnorm) is 395 m3/ ha for management classes of natural forests
which are located in FMP for FMA Posavsko (2013-2022), current growing stock (Vcurr) is
276.5 m3/ ha and average volume of trees (v) in the sample plots is 1.86 m3 (UreĊajni …,
2013b) for the compartments of the MU Prosara (Table 8).
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Table 8: Average values of measured elements of trees and terrain by compartments
Preglednica 8: Povpreĉne vrednosti izmerjenih parametrov dreves in terena po oddelkih
Descriptive Statistics
N
Min
Max
Sum
Mean
Statistic Statistic Statistic
Statistic
Statistic
Std. Error
DBH (cm)
15
27.50
44.74
527.42
35.1613
1.45309
H (m)
15
18.30
29.40
354.80
23.6533
0.87738
Vfield (m3)
15
93.00
246.00
2,136.50 142.4333 11.28715
i (%)
15
27.00
50.00
600.00
40.0000
1.96457
dofs (cm)
15
30.00
346.00
1,394.50
92.9667
24.88930
Vnorm (m3/ ha)
15
379.87
416.93
5,920.85 394.7233
4.27570
Vcurr (m3/ ha)
15
214.10
378.80
4,148.40 276.5600 13.21972
v (m3)
15
0.86
3.40
27.94
1.8627
0.20791
Valid N
15

Std. Devia.
Statistic
5.62780
3.39808
43.71493
7.60874
96.39585
16.55973
51.19976
0.80525

7.1.2.1 Discriminant analysis of compartments by groups
Discrimination process is observed from the point of grouping of compartments of natural
forests by the chosen two MUs which belong to hilly and mountainous relief region. This
grouping variable has code 1 for MU Prosara and hilly relief area, and code 2 for MU
Bobija-Ribnik i.e. mountainous relief region. The grouping process is carried out on the
basis of following predicted variables: growing stock (Vfield) which was calculated from the
field measurements and current growing stock (Vcurr) which was obtained during forest
inventory, and they are compared to each other on the basis of significants of the grouping
variables and their mutual correlation, normal growing stock (V norm) for management
classes of natural forests, slope of terrain (i) and depth of soil (dofs).
The results of comparison show that the compartments were distributed into equal
predicted groups. The average value of normal growing stock of management classes
(Vnorm) is 375 m3/ ha and 461 m3/ ha in group 1, current growing stock (Vcurr) in group 1 is
276 m3/ ha (UreĊajni …, 2013a, 2013b) and growing stock from field research (Vfield) is
142 m3/ ha, and in group 2, average Vcurr is 379.5 m3/ ha and average Vfield is around 133
m3/ ha. Average terrain slope (i) is 40 % in group 1 and 28 % in group 2. Average depth of
soil (dofs) is 93 cm in group 1 and 23 cm in group 2. (Table 9).
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Table 9: Group statistics
Preglednica 9: Statistika po GGE
Groups

1

2

Total

Vnorm
Vfield
i
dofs
Vcurr
Vnorm
Vfield
i
dofs
Vcurr
Vnorm
Vfield
i
dofs
Vcurr

Mean

Std. Deviation

394.7233
142.4333
40.0000
92.9667
276.5600
461.5033
132.7333
27.6000
23.0000
379.5333
428.1133
137.5833
33.8000
57.9833
328.0467

16.55973
43.71493
7.60874
96.39585
51.19976
51.27952
27.62108
8.41597
9.27362
78.87177
50.54877
36.26556
10.09489
76.11453
83.73124

Valid N
Unweighted
Weighted
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
30
30
30
30
30
30
30
30
30
30

Testing the means of group by each predictor, we obtained the influence of them on
discrimination by groups. The normal growing stock (Vnorm) has the highest influence
(0.549) on the discrimination and the growing stock (V field) which is based on field
measurements (0.981) has the lowest influence according to coefficient of Wilks’ Lambda.
This coefficient is an indicator of discriminant power of each of the predictors. The
influence of growing stock from field surveyed has not influence on prediction model i.e.
this variable is not significant for grouping. (Table 10).
Table 10: Test of equality of group means
Preglednica 10: Test enakosti aritmetiĉnih sredin
Variables Wilks' Lambda
F
Vnorm
0.549
23.036
Vfield
0.981
0.528
i
0.610
17.918
dofs
0.781
7.830
Vcurr
0.609
17.988

df1
1
1
1
1
1

df2
28
28
28
28
28

Sig.
0.000
0.474
0.000
0.009
0.000

The highest correlation is between normal (Vnorm) and current (Vcurr) growing stock (0.421)
and then between slope of terrain (i) and depth of soil (dofs) (0.405). The lowest
correlation is between growing stock from the field measurements (Vfield) and normal
growing stock (Vnorm) (- 0.048). Correlation between growing stocks Vcurr and Vfield is
0.127. The relationship between these variables is weak (Table 11).

82

Petković V. Optimization of forest roads network in hilly and mountainous natural forests in Northern Bosnia and Herzegovina.
Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2019 .

Table 11: Within group correlations
Preglednica 11: Korelacije v skupini
Variables
Vnorm
Vnorm
1.000
Vfield
-0.048
Correlation
i
0.091
dofs
0.112
Vcurr
0.421

Vfiled
-0.048
1.000
0.136
-0.051
0.127

i
0.091
0.136
1.000
0.405
-0.077

dofs
0.112
-0.051
0.405
1.000
-0.183

Vcurr
0.421
0.127
-0.077
-0.183
1.000

The discriminant function explained 100 % of variance that is 100 % of discriminant
power of this function. It means that there is one way of combination of independent
variables for grouping, the number of discriminant functions depends on number of groups
and is equal to number of groups minus one. Canonical correlation between the canonical
discriminant function and grouping variable is high (Table 12).
Table 12: Eigenvalues
Preglednica 12: Lastne vrednosti
Canonical
Function
Eigenvalue % of Variance Cumulative %
Correlation
1
1.790a
100.0
100.0
0.801
a. First 1 canonical discriminant functions were used in the analysis.

Determining the relationship between discriminant function and grouping variable, Wilks’
Lambda test is carried out and according to its result, we can see that there is a statistical
significant relationship because p value is less than significant threshold of 0.05 (Table
13).
Table 13: Wilks' Lambda test
Preglednica 13: Wilks' Lambda test
Test of Function(s) Wilks' Lambda
1
0.358

Chi-square
26.161

df
5

Sig.
0.000

Coefficients of this discriminant function which is the weight of predictors are shown in
Table 14.
Table 14: Standardized canonical discriminant function coefficients
Preglednica 14: Koeficienti standardizirane kanoniĉne diskriminacijske funkcije
Function
Variables
1
Vnorm
0.641
Vfield
-0.039
i
-0.551
dofs
-0.199
Vcurr
0.255
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Relationship between predictors and discriminant function is determined by correlation
coefficient in structural matrix and relationship between normal (Vnorm) and slope of terrain
and this function is average and relationship between current growing stock (Vcurr), depth
of soil (dofs) and growing stock from field research (Vfield) and discriminant function is
weak (Table 15).
Table 15: Structural matrix
Preglednica 15: Strukturna matrika
Variables
Vnorm
Vcurr
i
dofs
Vfield

Function
1
678
0.599
-0.598
-0.395
-0.103

Results of classification of compartments of natural forests from hilly (original group 1)
and mountainous (original group 2) area show that 90 % of compartments are correctly
classified into predicted groups. The predicted group 1 has 15 compartments from original
group 1 and 3 compartments from original group 2 from 18 compartments in this group.
These three compartments 116, 117 and 122/1 are from management class 1109, original
group 2 which are classified into predicted group 1. There are 12 compartments in the
predicted group 2, all from original group 2. (Table 16).
Table 16: Classification results
Preglednica 16: Rezultati klasifikacije
Groups
Count
Original
%

1
2
1
2

Predicted Group Membership
1
2
15
0
3
12
100.0
0.0
20.0
80.0

Total
15
15
100.0
100.0

At the end, 90 % of compartments are correctly classified from original hilly and
mountainous groups into predicted groups. The normal and current growing stock and
slope of terrain (i) have the highest and statistically significant influence on discrimination
of compartments by predicted groups. The growing stock which was calculated based on
field measurements (Vfield) has the lowest and inconsiderable influence on the
discrimination which is not statistically significant. Relationship between current growing
stock (Vcurr) and growing stock (Vfield) from field measurements in the selected
compartments is weak because their mutual correlation coefficient is 0.127. This is the
reason why the current (Vcurr) and normal (Vnorm) growing stock for compartments of
natural forests were selected as an indicator of stand productivity.
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7.1.3 Calculation of optimal density of forest roads
The method of minimal transportation cost is based on determination of skidding and long
distance transport cost.
7.1.3.1 Skidding cost
Skidding cost consists of cost of construction of skid road and unit skidding cost. The cost
of excavation is 2.44 €/ m3 (Opis …, 2009), considering soil category III. (Jeliĉić, 1983,
GraĊevinske norme, 2006) while volume of excavation which is 0.5 m3/ m on soil category
III. (Jeliĉić, 1979). The unit cost of excavation can be obtained as a quotient of cost of
excavation (2.44 €/ m3) and volume of excavation (0.5 m3/m), and it is 1.22 €/ m. At the
end, total cost of construction of skid road is 0.01 €/ m3, and this result was obtained by
dividing unit cost of excavation (1.22 €/ m) and average discontinued allowable cut
volume of timber (83.96 m3/ha). Average discontinued allowable cut volume of the timber
in the natural forests depends on rent factor (f) (Table 17).
Table 17: Discontinued volume of timber in period of depreciation of forest road
Preglednica 17: Diskontinuirana koliĉina lesa v ĉasu amortizacije gozdne ceste
Discontinued allowable cut volume of timber
Forest management
Total timber volume
Roundwood
Average
classes
(m3/ha)
(m3/ ha)
(m3/ ha)
1104
116.15
55.02
85.58
1106
122.80
58.16
90.48
1416
117.74
55.81
86.78
Natural forests
113.96
53.97
83.96

The unit skidding cost, considering cost of skidder LKT 81 of 324.52 €/ WD, which is
prescribed by Decision of PFC ŠUME RS since 2012 (Appendix 6) and its productivity for
100 m of skidding distance, volume of mean tree of 0.5 m3 and winching distance of 30 m
is 58.58 m3/ WD (Jedinstvene …, 2002) is 5.54 €/ m3. Total skidding cost is 5.55 €/ m3
(Table 18).
Table 18: The skidding cost
Preglednica 18: Stroški spravila lesa
Skidding cost
Unit measure
Unit cost of excavation
€/ m
of soil category III.
Average discontinued
allowable cut volume of
m3/ ha
timber
Total cost of construction
€/ m3
of skid road
Unit cost of skidding
€/ m3
Total

€/ m

Cost €/ m3

Volume m3/ m

Total

2.44

0.5

1.22
83.96
0.01
5.54

3

5.55
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7.1.3.2 Long distance transport cost
The cut volume of soil for average slope of terrain in the MU, soil category III. roadbed
width of 3 m, is 1.65 m3 /m. The amount of excavation was determined on the basis of
depth of carriageway and terrain slope (0 – 75 %). The depth of carriageway means the
depth where all truck wheels are on hard surface (Potoĉnik, 2005). While, fill volume of
soil is 0.225 m3/ m for roadbed width of 1 m. It is obtained by drawing the cross section in
AutoCad, with roadbed width of 1 m in fill and slope of fill slopes of 1:1.5 (Figure 25).

1:1
3

1

1:1.5

Figure 25: Standard cross-section of forest road on category III
Slika 25: Normalni preĉni profil gozdne ceste na talni podlagi III. kategorije

Construction cost for 1 km of forest road according to unit price from Description of work
and unit prices for forest truck roads in RS (Opis …, 2009) and amount of work is
31,670.49 €/km. The cost structure of construction of forest road consists of preparation
works, earthworks and carriageway construction works. Share of the cost of preparation
works is 6.6 %, earthworks is 46.6 % and carriageway construction works is 46.7 % of the
total cost of construction of forest road (Table 19). The annual construction cost of forest
road is 1,665.12 €/km which was calculated using rent factor (f) which is 19.02.
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Table 19: The construction cost of forest roads
Preglednica 19: Stroški gradnje gozdnih cest
Preparation work
Unit measure
Removing humus

€/ m

Earthworks
Excavation of soil
category III.
Roadbed preparation

Unit measure

Making of fill
Excavation of
carriageway bed
Bed of carriageway
preparation
Planning of slopes
Digging of ditches

Unit price

Amount

Total

2.10

1,000

2,100

3

Unit price

Amount

Total

3

2.30

1,650

3,795

€/ m2

1.60

1,400

2,240

3

1.60

225

360

€/ m3

2.30

450

1,035

€/ m2

1.50

3,000

4,500

€/ m2

0.38

450

171

€/ m

3

2.01

180

361.8

€/ m

2

2.05

1,000

2,050

€/ m
€/ m

Shoulder making
Carriageway drain water
making
Carriageway construction
Rock excavation in stone
pit
Carriageway making

€/ m

0.25

1,000

250

Unit measure

Unit price

Amount

Total

€/ m3

7.33

1,500

10,005.45

€/ m2

1.59

3,000

4,770

Pipe culvert making

pc

32.25

1

32.25

Total

€/ km

31,670.49

Maintenance of forest roads implies regular and periodic maintenance with suitable works
and unit prices of those works. According to that, the annual maintenance cost is 0.72 €/ m
or 720 €/ km (Table 20).
Total cost of maintenance was obtained by multiplying the annual cost of maintenance of
forest roads (720 €/ km) and rent factor (f=19.02) for 50 years of depreciation of forest
road and they are 13,694 €/ km. When we add the cost of construction 31,670.49 €/ km and
the cost of maintenance 13,694 €/ km of forest roads we get that total cost of construction
and maintenance is 45,360.49 €/ km, and the annual long distance transport cost of forest
roads is 2,385.12 €/ km.
These costs are divided with allowable cut volume of total timber volume and allowable
cut volume of roundwood during the management period of actual FMP for FMA
Posavsko and should be reduced because of the losses of timber during the life span of one
forest road (50 years) (Table 17).
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Table 20: The cost of maintenance of forest road
Preglednica 20: Stroški vzdrţevanja gozdnih cest

Profiling of roadbed of forest road by grader

Unit
measure
m2

Ditches cleaning

m

Regular

4

Unit price
(€)
0.030

Total
(€)
0.12

1

0.051

0.051
0.171
Total
(€)
1.52

Amount

Total €/ m/ year

0.3

Unit price
(€)
5.07

Loading by excavator

m

3

0.3

0.86

0.26

Transport by truck

km

Periodic maintenance
Rock excavation in stone pit

Spreading and planning material by grader
Compression of material by roller
Shoulder making

Unit
measure
m3

Amount

0.3

2.10

0.63

m

2

3

0.030

0.0885

m

2

3

0.178

0.53

m

2

1

0.819

0.82

Total

3.85
Total (5-10 years) €/ m

0.55

Total = Regular + Periodic maintenance €/ m

0.72

The optimal forest road density will be observed from the point of minimal total
transportation cost which consists of skidding cost and long distance transport cost. In the
first case, the total long distance transport cost will be expressed by construction cost and
forest road maintenance, but later on it will be expressed only by maintenance cost because
of lack of information about cost of forest road construction in the past and the
maintenance of the forest roads is done annually. Optimal forest road density is equal to
minimal total transportation cost.
The forest road density besides of total cost of transport depends on discontinued allowable
cut volume of timber (Appendix 5). The results show that minimal total transportation cost
ranges from 13.4 to 17.3 €/ m3 at density 7 - 9 m/ ha of forest roads (Figure 26).

88

Petković V. Optimization of forest roads network in hilly and mountainous natural forests in Northern Bosnia and Herzegovina.
Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2019 .

Total timber volume
Skupna koliĉina lesa

Roundwood
Okrogli les

Figure 26: Optimal density of forest roads
Slika 26: Optimalna gostota gozdnih cest
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In this case, optimal density of forest roads is shown with minimum of total transport cost
which consists of the skidding and long distance transport cost, more precisely, the long
distance transport cost was presented by the cost of maintenance of forest roads.
Considering only skidding and maintenance cost as total transportation cost, we obtained
significantly lower total transportation cost with minimal value from 9.5 to 12.05 €/ m3 and
density of forest roads ranges from 15 to 20 m/ ha (Figure 27).
The optimal density in relation to transportation cost varies between 7 (Figure 26) and 20
m/ ha (Figure 27), and average optimum is around 14 m/ha, and minimal total
transportation cost varies from 9 to 17 €/ m3. Such density of forest roads makes extensive
forest management possible and it is higher than the actual density of forest roads in MU
Prosara with 7.3 m/ ha. Skidding distance for this density is 428 m and skidding cost is 7.9
€/ m3. On the basis of these results skidding distance was reduced for 82 m and saving in
skidding cost of 2 €/ m3 in comparison to actual real skidding distance (686 m) and real
skidding cost (10 €/m3). Average optimal density of forest roads which is determined by
method of transportation cost, on the basis of allowable cut volume of total timber volume
is 14 m/ ha and on the basis of allowable cut volume of roundwood is 11 m/ha.
Considering the labour cost of skidder is regulated by Decision of PFC ŠUME RS (324.52
€/ WD) and that its productivity is inversely proportional to the average skidding distance
and the forest road density, we conclude that the transportation cost is constant in a certain
area (MU). That means that the total transportation cost is directly proportional to the longdistance timber transport cost and consequently forest road density depends on it. On the
basis of the obtained results of optimization, we can see that with the reduction of long
distance transport cost comes the total transportation costs reduction and increasing of
forest road density.
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Total timber volume
Skupna koliĉina lesa

Volume of roundwood
Koliĉina okroglega lesa
16

Total cost
14
(€/m³)
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Density of forest roads (m/ha)
Poly. (skidding costs)

Linear (roading costs)

Figure 27: Optimal density of forest roads
Slika 27: Optimalna gostota gozdnih cest
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We have decided to calculate optimal density of forest roads for management classes of
natural forests because of terrain characteristics by A manual …, (1998):

c

-

100,000  h  V
100,000  5.55  53.97

 12.8
4 R
4  45,360.49

... (20)

where:
-

c - optimal forest road density (m/ha),
R - cost of road construction and maintenance (45,360.49 €/ km),
h - skidding cost for 100 m of skidding distance (5.55 €/m3),
V - total allowable cut volume of roundwood obtained in life span of forest road discontinued in
construction year m3/ha (53.97 m3/ha) (Table 17),

and Ryan et al. (2000):
- Opt.Den. 
where:
-

-

V  e  (100  m)
53.97  0.44  (100  5.55)

 17.04
R
31.7  13.7

… (21)

V - discontinued allowable cut volume of roundwood (m3/ha);
e - network efficiency factor;
m – skidding cost (€/m3) for 100 m of skidding distance;
R - road construction cost plus annualized maintenance cost (€/ m).

Calculating the optimal forest road density, the average values from 16 to 21 m/ha were
obtained, (Table 21) which make possible a normal management of forests. Optimal
density of forest roads that is calculated on the basis of allowable cut volume of total
timber volume is 22 m/ ha and on the basis of allowable cut volume of roundwood is 15 m/
ha. The reason of difference from 5 m/ ha between these two results could be found in their
basis and purpose beside, the other, same factors. The basis of the Equation 20 is forest
road spacing, and it is actually equal to distance between forest roads. The Equation 21 is
based on factor of efficiency of forest road network.
Table 21: The calculated optimal densities of forest roads
Preglednica 21: Izraĉunana optimalna gostota gozdnih cest
Management classes/
Forest category

A manual
… (1998)
m/ha

Ryan et al.
(2000)
m/ha

Average
m/ha

Total timber volume

19

25

22

Volume of roundwood

13

17

15

Average

16

21

18.5
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The average optimal forest road density that is obtained by method of minimal total cost of
transport is 14 m/ ha, and average calculated optimal density is around 19 m/ha, or from
extensive to normal forest management (Forest …, 1995). Average optimal density of
forest roads, according to obtained average results is 16 m/ ha, and it is targeted density.
Average optimal density for discontinued allowable cut volume of total timber volume is
18 m/ ha, and for allowable cut volume of roundwood is 13 m/ ha. The real average
skidding distance for this optimum of forest roads density for conditions of MU Prosara
should be 375 m which is shorter for 311 m from the actual real average skidding distance.
Skidding cost would be 7.51 €/ m3 or 2.54 €/ m3 less than the actual one.
7.1.3.3 Relative accessibility of natural forests in the MU Prosara
Based on the double targeted average geometrical skidding distance, the accessible natural
forest area is determined and it is PO = 2,338.51 ha. The geometrical targeted skidding
distance is 279 m, based on real average skidding distance and skidding factor. Relative
accessibility of natural forest roads is 67 %, which means that 33 % of total natural forest
area isn’t accessible enough. The grade of relative accessibility is hardly well (66 - 75 %)
(Pentek et al., 2005) (Figure 28).

Figure 28: The accessible natural forest area for double average targeted geometrical skidding distance
Slika 28: Dostopnost naravnih gozdov za obojestransko povpreĉno ciljno geometrijsko spravilno razdaljo
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7.1.3.4 Coefficient of efficiency of actual forest road network
The surface of multiple accessible area of natural forests is PN=890.54 ha and in relation to
surface of the single accessible areas, it shows that this efficiency coefficient of the forest
road network is 61.9 % and it represents the quality of forest roads designing, or more
precisely, their spatial distribution in forest area (Figure 29).

Figure 29: Single and multiple accessible natural forest area
Sllika 29: Enkratno in veĉkratno dostopne gozdne površine
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7.1.4

Determination of suitability of natural forests area for forest road construction

However, whether it will be possible to achieve the calculated average density of forest
roads, depends on the terrain characteristics and stand characteristics. Considering the
terrain configuration, routes of new forest roads cannot be observed from the point of their
optimal road spacing, but we should make their spatial layout. The spatial layout of new
forest roads is done based on the area suitability for construction of forest roads which is
determined based on terrain slope and soil depth. It was decided that in this process would
be used normal (Vnorm) and current (Vcurr) growing stocks which represent stand
characteristics, on the basis of results of discriminant analysis because growing stock from
field research (Vfield) was not statistically significant. The current growing stock was used
for determination of suitability of natural forest area for construction of forest roads as an
influential factor of timber production of compartments based on the results of
discriminant analysis. The normal growing stock is the influential factor of timber
productive potential of management classes, because they are basic units for forest
management planning in the case of determining construction suitability. It is the targeted
growing stock.
Areas suitable for construction are obtained by overlapping thematic maps of the terrain
slope, current and normal growing stock and soil depth. These values range from 0 to 122
% for slope, from 0 to 147 cm for depth of soil and from 160 to 525 m³/ha for growing
stocks. These maps are obtained by standardization of the original values in values from 0
to 1. Standardized values of these factors are shown in Figure 30.
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Figure 30: Standardized values of influential factors
Slika 30: Standardizirane vrednosti vplivnih dejavnikov

After that, these rasters are added and weighed with weights of influential factors. The
weights of influence factors are results of opinion and experience of fourteen forest
engineering scientists. These weights are 0.42 for slope of terrain, 0.19 for depth of soils
and 0.40 for growing stock (Appendix 2). There are several researches where, using AHP
methods, they determined the influence of the terrain slope, growing stock and soil on the
determining area suitability for construction of forest road. They show that the terrain slope
has the biggest influence, then soil and at last, the growing stock (Abdi et al., 2009;
Mohammadi et al., 2010; Hashemkhani et al., 2011; Lepoglavec, 2014).
Results of this analysis are two rasters: the first shows the suitability of natural forests area
for construction of forest roads based on V norm, and the second is the suitability of natural
forests area for construction of forest roads based on Vcurr. In the first case a normal
growing stock was used besides the other two influential factors, and it can be observed as
an indicator of site potential. The current growing stock which was used in the second case
is an indicator of actual site production. These rasters of area suitability are classified into
two parts: suitable (high and medium suitable) and unsuitable for construction of forest
roads (Lepoglavec, 2014) (Figure 31 and Figure 32).
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Figure 31: The suitability of natural forest area for construction of forest roads based on Vnorm
Slika 31: Primernost naravnih gozdov za gradnjo gozdnih cest upoštevaje Vnorm

Figure 32: The suitability of natural forest area for construction of forest roads based on Vcurr
Slika 32: Primernost naravnih gozdov za gradnjo gozdnih cest upoštevaje Vcurr
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From the total surface of natural forests 13 ha or 0.38 % are unsuitable for forest road
construction, 2,344 ha or 68.4 % are medium-suitable and 1,071 ha or 31.2 % are highsuitable for forest road construction from the point of normal growing stock (Figure 31).
According to current growing stock, 45.4 ha or 1.33 % are low-suitable for construction of
forest roads, 2,755 ha or 80.5 % are medium-suitable and 627 ha or 18.17 % are highsuitable for construction of forest roads (Figure 32).
7.1.5

Designing of forest roads

The zero lines of new forest roads will be developed in medium and high-suitable areas for
forest road construction considering all of the above mentioned and the other factors
(Figure 33). The raster of suitability of natural forests area for construction of forest roads
based on normal growing stock (Vnorm) was selected for setting of zero lines because we
aspire to optimal forest management and because Vnorm is higher than Vcurr. The goal is to
reduce average skidding distance and at the same time to enlarge absolute forest
accessibility.

Figure 33: The proposed forest roads in suitable areas for construction of forest roads
Slika 33: Predlagane gozdne ceste na podroĉji primernih za gradnjo gozdnih cest
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According to that, zero lines will be set in areas which aren’t accessible enough
considering the double targeted geometrical skidding distance (Figure 34). This skidding
distance is the indicator of relative and overall natural forest accessibility.

Figure 34: The proposed forest roads in insufficient accessible areas of natural forests
Slika 34: Predlagane gozdne ceste v ne dovolj dostopnih predelih naravnih gozdov

During the designing of forest roads at general level we should take into account a
protection of soil, water (Figure 35), high protection value forests and maximal
longitudinal grade of forest road what was defined into method of work, chapter 6.8. FM
GRADIŠKA suggested the compartment 30 with area of 52.55 ha for protection at level
HPV-1a: Protected areas (Šumskoprivredna …, 2013b).
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Figure 35: The zones of water protection
Slika 35: Obmoĉja varovanja voda

By setting the zero lines of new forest roads on the actual network, their total length is
enlarged for 21 km (Table 22) and the total length of forest roads which make natural
forests accessible would be 46.25 km, and forest road density would be 13.5 m/ha. The
actual forest accessibility would enlarge for 6.2 m/ha, but the forest management intensity
would stay at the same level, and achieved forest road density is lower than average
optimal for 2.5 m/ ha.
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Proposed
Forest Road
from-to
Compartment
57-59
Compartment
57-58
Compartment
54-26/1
Compartment
25-25/1
Compartment
54/1-32
Total

Achieved
Forest
Accessibility
(m/ ha)
Length
into Account
of Forest
Accessibility
(m)
Make
Accessible
from TwoSides (m)
Make
Accessible
from OneSide (m)
Do Not
Make
Accessible
(m)

Table 22: The proposed forest roads in MU Prosara and their influence on forest accessibility
Preglednica 22: Predlagane gozdne ceste v GGE Prosara in njihov vpliv na odprtost naravnih gozdov
Total length
Length of Segments
Asphalt
(m)

Macadam
(m)

-

1,800

-

386

1,028

1,414

0.41

-

1,000

-

-

1,000

1,000

0.29

-

500

-

-

500

500

0.15

-

1,200

-

-

1,200

1,200

0.35

-

5,012

-

-

945

945

0.28

-

21,396

-

386

20,624

21,010

6.24

As it can be seen, the average optimal forest road density obtained by mathematical
equations and method of minimal transportation cost (16 m/ha) hasn’t been reached and
therefore, neither has been the average skidding distance. The reason for that is terrain
configuration and the relief. Apart from all these factors, on the forest accessibility, to be
more specific on compartments 33, 34/1, 35, 40 and 41, impacts the social aspect of forest
space which is a limiting factor of use of local public roads for transportation of timber. To
be more specific, it is needed that FM Gradiška which is a part of MU Prosara participates
in maintenance of the actual local roads which are close to the mentioned compartments,
and then expands its network with planned roads and their usage for timber transport.
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The average geometrical skidding distance, determined with distance method of centre of
compartments gravity from the forest road for suggested network of forest roads, would be
271.5 m, and the real skidding distance is 365 m considering the value of skidding factor.
It is 321 m shorter from the actual real average skidding distance. The skidding cost would
be, in that case, 7.43 €/m3, considering productivity and labour cost of skidder, which is for
2.62 €/m3 less than the actual skidding cost (Figure 36).

Figure 36: Skidding distance and direction for proposed forest roads
Slika 36: Spravilne razdalje in smeri spravila lesa za predlagane gozdne ceste
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Timber skidding is carried out downhill from 64 %, and uphill from 36 % of total natural
forests area by setting zero lines for new forest roads, which changes ratio of timber
skidding direction in comparison with actual forest roads network. It means that new forest
roads are mostly a ridge type (Figure 37).

Figure 37: Skidding direction for proposed forest roads
Slika 37: Smer spravila lesa za predlagane gozdne ceste
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For new forest roads, network relative accessibility of natural forest for real skidding
distance is around 78.2 %, because the accessible surface is PO= 2,683.31 ha (Figure 38).
The grade of this relative accessibility is very well and better than the grade of the relative
natural forests accessibility for double targeted geometrical skidding distance, which is
hardly well.

Figure 38: Accessible area of natural forests for proposed forest roads
Slika 38: Dostopni predeli naravnih gozdov pri predlaganih gozdnih cestah
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However, efficiency coefficient of the forest road network is 55 % (Figure 39) and it is less
in relation to one which is accomplished for double targeted geometrical skidding distance
(62 %) in Figure 29, considering that the surface of multiple accessible areas is
PN=1,195.37 ha. This is a consequence of connecting new roads with actual ones and
making smaller inaccessible areas accessible.

Figure 39: Single and multiple accessible natural forest area for proposed forest roads
Slika 39: Enkratno in veĉkratno dostopni predeli naravnih gozdov pri predlaganih gozdnih cestah

The suggested routes of forest roads transfer to GPS receiver and their transfer and
marking in the terrain is done. That way the changes are made on the spot, if necessary, in
the sense of changing route direction if there are some unsuitable spots, that is, which
should be avoided or if there is some skid road suitable for changing into forest road.
The suggested routes are transferred to the terrain by setting zero lines and measuring of
the slope and the distance between zero points, azimuth of directions and cross sections of
the terrain, and these data were entered into Field sheet (Appendix 3).
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7.1.6 Economic analysis
The cost of construction of 21 km of new forest roads would be 665,080.23 €, considering
the construction cost in MU Prosara which is 31,160.49 €/ km.
Shortening of the average skidding distance in natural forests based on the suggested roads
would save around 2.62 €/ m3 and also considering the targeted real skidding distance it
would save 2.54 €/ m3, which in average would be 2.58 €/ m3. The total savings in
skidding cost based on the planned allowable cut volume of total timber volume is 169,396
m3 and allowable cut volume of roundwood is 80,196 m3, (average 124,796 m3), would be
437,041.68 € for total timber volume and 206,905.68 € for roundwood during one
management period. The average total savings on the basis of these two allowable cut
volume is 321,973.68 €. This could justify around 48.4 % of construction cost which
means that in 21 years (about two management periods) 21 km of new forest roads could
be built.
According to gathered data on the terrain during the setting of zero lines and their transfer
to RoadEng software, construction cost of forest roads is estimated. The cost of
construction of forest roads is specifically determined in compartments 43a, 58 and 59 and
they are also determined by setting zero lines, that is, by amount of cut and fill volume of
soil, their length, average longitudinal grade, width of roadbed and price obtained by
designing of forest traffic infrastructure in RoadEng programme package (Table 23).
Table 23: Economic analysis of cut and fill volume (RoadEng)
Preglednica 23: Ekonomska analiza odkopnih in nasipnih koliĉin (RoadEng)
Forest road in compartments
Item

43a

58

59

Length (m)

500

307

800

Width of roadbed (m)

4

4

4

Average grade (%)

9

-7.5

-5

Cut volume (m3)

859

69

749

Fill volume (m )

669

86

1,159

Cost of earthworks
(€)

4,920

2,921.03

6,034.62

Cost of carriegway
construction (€)

9,986.25

6,131.56

15,978

Total cost (€)

14,906.25

9,052.59

22,012.62

Cost (€/ km)

29,812.50

29,201.90

27,515.78

3
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The total length of zero line which is placed in compartment 43a is 500 m. It follows a skid
road 370 m with longitudinal grade of 12 %, and average grade of the zero line is 9 %. The
cost of construction of dirt forest road, i.e. road without carriageway, should be 4,920 € or
9,840 €/ km in this compartment. The cost of construction of secondary forest road would
be 14,906 € or 29,812.50 €/ km.
In compartment 58, the actual skid road with length of 307 m is recorded, whose average
longitudinal grade is -7.5 %, while in some sections the grade is up to 16 %, and width is 3
m. The cost of dirt forest road construction would be 2,921.03 €, or 10,738.97 €/ km.
According to the cost of construction of carriageway, total cost of construction of forest
road with carriageway should be 9,052 € or 29,202 €/ km for this length.
Also, in compartment 59 are recorded constructive elements of the actual skid road with
length of 800 m whose average width is 2.6 m and average longitudinal grade is -5 %. The
cost of dirt forest road construction would be 6,034.62 € or 7,543.28 €/ km, and cost of
construction of forest road with carriageway would be 22,013 € or 27,516 €/ km.
Thus cost of dirt forest road construction would be between 7,543 € and 10,769 €/ km, and
forest roads with carriegway construction would be from 27,516 to 29,813 €/ km, where
cost of constructing of 21 km of dirt forest roads would be from 161,538 to 226,153 €
(average 193,845 €), and forest roads with carriageway would be 678,461.54 €. Savings in
the skidding cost could be used for construction, in average, of 35 km of dirt forest roads
or in average 11 km of forest roads with carriageway in 10 years. On the basis of these
results, it can be concluded that 21 km of suggested routes could be constructed in around
23 years.
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7.2

MANAGEMENT UNIT BOBIJA-RIBNIK

7.2.1 Analysis of the actual forest accessibility
The actual length of the forest roads is 65.47 km, while the total road length in natural
forest is 64.14 km. Thus, actual density of forest roads depends on the length of forest
roads and total forest area or area of the forest categories, and it is 15.18 m/ ha for the MU.
Primary forest accessibility of natural forests is 15.66 m/ ha and 2.9 m/ha of forest
plantations in this MU Bobija-Ribnik (Šumskoprivredna …, 2013a).
Vector length of forest roads is 75.2 km, and from the total length 71 km or 94 % of it was
taken into forest accessibility calculation because of spatial layout of actual forest road
network in MU and natural forest area (Piĉman, 2007). Thus the forest road density is 16.2
m/ ha in MU Bobija-Ribnik, and density of forest roads is 17 m/ ha in natural forests
(Table 24).
The average geometrical skidding distance is determined by the method of distance of
centre of gravity of compartments from the forest road (Figure 40) and it is 281 m.

Figure 40: The centres of gravity of compartments and skidding direction
Slika 40: Teţišĉa oddelkov in smeri spravila lesa
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Actual
Forest Road
from-to

Actual Forest
Accessibility
(m/ ha)
Length Into
Account of
Forest
Accessibility
(m)
Make
Accessible
from TwoSides (m)
Make
Accessible
from OneSide (m)
Do Not
Make
Accessible
(m)

Table 24: The actual forest roads in MU Bobija-Ribnik and their influence on natural forests accessibility
Preglednica 24: Obstojeĉe gozdne ceste v GGE Bobija –Ribnik in njihov vpliv na odprtost naravnih gozdov
Total length
Length of Segments
Asphalt
(m)

Macadam
(m)

BrankušaCompаrtment
115

-

3,071

-

-

3,071

3,071

0.73

BrankušaCompаrtment
113

-

2,706

-

-

2,706

2,706

0.64

VranjevacLoţioniĉko brdo

-

2,916

-

1,458

-

1,458

0.35

Ĉekina poljanaOklinak

-

1,928

-

-

1,928

1,928

0.46

SibirCompаrtment
106

-

2,538

-

-

2,538

2,538

0.61

Kodţin krajCompartemnt 97
(Compartment
136)

-

8,708

-

-

8,708

8,708

2.08

Stara BunaraKaluĊerski put

-

9,762

-

1,729.5

6,303

8,032.5

1.92

BravskoBrankuša

-

4,400

-

573.5

3,253

3,826.5

0.91

BunaraCompartment
131/2

-

1,900

-

-

1,900

1,900

0.45

KecmaniVranjevac

-

11,069

-

-

11,069

11,069

2.64

BravskoCompаrtment
107

-

14,544

-

425

13,694

14,119

3.4

OklinakVranjevac

-

11,615

-

-

11,615

11,615

2.8

Total

-

75,157

-

4,186

66,785

70,971

16.99

109

Petković V. Optimization of forest roads network in hilly and mountainous natural forests in Northern Bosnia and Herzegovina.
Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2019 .

The real skidding distance depends on the geometrical skidding distance and skidding
factor which depends on relief area, terrain slope and obstacle presence on the ground
surface. Spatial analysis of DTM of MU Bobija-Ribnik shows that the MU belongs to
mountain relief area, low and medium high mountain area according to Bertović (1999)
(Figure 41).

Figure 41: Relief areas based on altitude map
Slika 41: Reliefna podroĉja na osnovi nadmorskih višin

110

Petković V. Optimization of forest roads network in hilly and mountainous natural forests in Northern Bosnia and Herzegovina.
Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2019 .

Average skidding factor which depends on relief areas is 1.6 (Table 25).
Table 25: Skidding factor according to relief area
Preglednica 25: Spravilni keoficient za reliefni podroĉji
Vector Natural Forest Area

Total Skidding
factor

Weigthed Skidding
factor

1.55

0.99

1.70

0.61

Relief area
ha

%

Low mountains

2727.50

64.1

Average mountains

1529.13

35.9

Total

4256.63

100

1.60

By creating the slope raster in % from DTM of the MU, we get terrain slope from 0 to 114
%, and average slope is 19 % (Figure 42).

Figure 42: Slope of terrain
Slika 42: Naklon terena
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Average skidding factor according to terrain slope and presence of obstacles on surface is
1.197 (Table 26).
Table 26: Skidding factor depends on slope of terrain and presence of obstacles on surface
Preglednica 26: Spravilni koeficient je odvisen od naklona terena in prisotnosti ovir
Total Skidding
Weigthed Skidding
Vector Natural Forest Area
Factor
Factor
Slope
ha

%

0-15 %

1817.55

42.70

16-30 %

1812.15

42.60

31-45 %

580.93

13.60

46-60 %

42.96

1.00

61-114 %

3.04

0.07

Total

4256.63

100

1.1035

0.47

1.2305

0.52

1.3625

0.18

1.5815

0.02

2.3265

0.002
1.197

Thus the average skidding factor is 1.4 and it means that geometrical skidding distance
should be increased for 40 % depending on terrain characteristics, and according to the real
skidding distance which is 393 m. The skidding cost for this length is 7.6 €/m3 considering
average skidder productivity for the real skidding distance (42.7 m3/ WD) and its labour
cost.
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Skidding direction of timber is carried out downhill from 65 % of total natural forest area
and uphill from 35 % of natural forest area (Figure 43).

Figure 43: Skidding direction for actual forest roads network
Slika 43: Smer spravila lesa pri obstojeĉi mreţi gozdnih cest
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7.2.2 Analysis of the stand and terrain characteristics of the natural forests
The surface of the MU Bobija-Ribnik is 4,372.41 ha, from which natural forest take
4,188.59 ha or 96 % of total forest area. This forest category consists of three managment
classes (1109, 1238 and 1239) of mixed forests of beech and fir with spruce (Figure 44).

Figure 44: The management classes of natural forests
Slika 44: Gospodarski razredi naravnih gozdov

Five compartments (stands) in each management class of natural forests were chosen in
purpose of analysis of natural forest state. The compartments, selected in MC 1109, are:
116, 117a, 122/1, 123/2 and 128; in MC 1238 the selected compartments are: 98, 119,
122/1, 123/1 and 134; and in MC 1239, compartments which were chosen are 111, 117,
118/1, 118/2, 119. In each of the chosen compartments five sample plots have been set in
the shape of concentric circles with different radius, and total number of them was 75. In
these sample plots 507 trees were counted. Average DBH of the measured trees is 34 cm,
with average height (H) of 21.5 m and average volume of trees (v) is 1.7 m3, average
growing stock from field measurements (Vfield) is 133 m3/ha, slope of terrain (i) is 28 %
and depth of soil (dofs) is 23 cm in the compartments of the MU. The average value of
normal growing stock (Vnorm) is 461.5 m3/ha for management classes of natural forests
which is prescribed by FMP for FMA Petrovaĉko (2013-2022) and current growing stock
(Vcurr) is 379.5 m3/ha which is calculated for each compartment of MU Bobija-Ribnik in
Operational Study (UreĊajni …, 2013a) (Table 27).
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Table 27: Measured and calculated elements of trees and terain by compartments
Preglednica 27: Povpreĉne vrednosti izmerjenih parametrov dreves in terena po oddelkih
Descriptive Statistics
N
Min.
Max.
Sum
Mean
Statistic Statistic Statistic
Statistic Statistic Std. Error
DBH (cm)
15
22.90
42.88
515.07
34.3380 1.59967
Vfield (m3/ ha)
15
85.00
187.00
1991.00 132.733 7.13173
v (m3)
15
0.1
2.54
25.17
1.678
0.14111
H (m)
15
17.00
26.00
323.50
21.567
0.68818
i (%)
15
15.00
43.00
414.00
27.600
2.17299
dofs (cm)
15
8.00
39.00
345.00
23.000
2.39444
Vnorm (m3/ ha)
15
393.42
509.86
6922.55 461.503 13.24031
Vcurr (m3/ ha)
15
215.60
487.20
5693.00 379.533 20.36460
Valid N (listwise)
15

Std. Devia.
Statistic
6.19548
27.62108
0.54652
2.66530
8.41597
9.27362
51.27952
78.87177

On the basis of discriminant analysis, it is evident that with this analysis 90 % of
compartments on natural forests from MUs Prosara and Bobija-Ribnik is correctly
classified from original to predicted groups and the influence of predictors on the
prediction model i.e. grouping of them was determined.
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7.2.3 Determining optimal forest road density
As well as in the previous MU, the method of minimal transportation cost is applied for
determining the optimal forest road density.
7.2.3.1 Skidding cost
Skidding cost is determined based on construction cost and skid road maintenance and unit
skidding cost. Considering it is a category V of soil, (Jeliĉić, 1983; GraĊevinske norme,
2006), the amount of excavation is 1 m3/m (Jeliĉić, 1979). Unit cost of excavation is 6.15
€/m (Opis …, 2009) and it was calculated as a ratio of cost of soil excavation and volume
of excavation. The total cost of construction of skid road is result of dividing of unit
excavation cost (6.15 €/ m) and average discontinued allowable cut volume of timber
(155.15 m3/ ha) (Table 29). Average discontinued allowable cut volume of timber for
natural forests is 155.15 m3/ ha (Table 28).
Table 28: Discontinued volume of timber in period of depriciation of forets road
Preglednica 28: Diskontinuirana koliĉina lesa v ĉasu amortizacije gozdne ceste
Discontinued allowable cut volume of timber
Forest management
Total timber volume
Roundwood
Average
classes
(m3/ha)
(m3/ ha)
(m3/ ha)
1109
156.6
73.3
114.95
1238
220.4
131.2
175.8
1239
221.8
124.2
173
Natural forests
199.4
110.9
155.15

The total cost of construction of skid road is 0.04 €/m. The unit skidding cost, considering
labour cost of skidder LKT 81 of 324.52 €/WD (Appendix 6), and its productivity on 100
m skidding distance (Jedinstvene …, 2002), is around 5.54 €/m3. The total skidding cost
according to that is 5.58 €/m3 (Table 29). The cost of maintenance of skid roads is not
taken into account because of the same reasons in MU Prosara.
Table 29: The skidding cost
Preglednica 29: Stroški spravila lesa
Skidding cost
Unit measure
Unit cost of excavation
€/ m
of soil category V.
Average discontinued
allowable cut volume of
m3/ ha
timber
Total cost of construction
€/ m3
of skid road
Unit cost of skidding
€/ m3
Total

€/ m

Cost €/ m3

Volume m3/ m

Total

6.15

1.0

6.15
155.15
0.04
5.54

3

5.58
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7.2.3.2 Long distance transport cost
Average slope of terrain in the MU is 19 %. The excavation volume for the mentioned
average terrain slope, terrain category V, considering that the slope of cut slopes is 1: 0.2
and carriageway width 3 m of roadbed in a cut is 0.87 m3/ m (Potoĉnik, 2005). The fill
volume is obtained by drawing the cross section in AutoCad, with roadbed width of 1 m in
fill and slope of fill slopes of 1:1, is 0.3 m3/m (Figure 45).

1:0.2
3

1

1:1

Figure 45: Standard cross-section of forest roads on category V.
Slika 45: Normalni preĉni profil gozdne ceste na talni podlagi V. kategorije

Construction cost for 1 km of forest road according to unit price (Opis …, 2009) and work
amount is 15,549.35 €/km. Share of preparation works is 13.5 %, earthworks is 48.9 % and
carriageway construction works is 37.6 % in the structure of total cost of construction of
forest roads (Table 30).
Table 30: The cost of construction of forest roads
Preglednica 30: Stroški gradnje gozdnih cest
Preparation work
Unit measure
3

Unit price

Amount

Total

Removing humus

€/ m

2.10

1000

2,100

Earthworks
Excavation of soil
category V.
Roadbed preparation

Unit measure

Unit price

Amount

Total

€/ m3

5.60

870

4,872

€/ m2

0.94

1,400

1,316

€/ m

3

0.94

300

282

€/ m

2

0.36

450

162

€/ m

3

2.00

60

120

Shoulder making

€/ m

2

0.85

1,000

850

Carriageway construction
Rock excavation in stone
pit
Carriageway making

Unit measure

Unit price

Amount

Total

7.301

390

2,847.35

1

3,000

3,000

Total

€/ km

Making of fill
Planning of slopes
Digging of ditches

€/ m

3

€/ m2

15,549.35
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The annualized cost of construction of forest roads was calculated based on rent factor
which is 19.02 and it is 817.32 €/km.
Considering that the actual forest road network should be maintained, the maintenance cost
structure was shown in Table 31.
Table 31: The cost of maintenance of forest road
Preglednica 31: Stroški vzdrţevanja gozdnih cest

Profiling of roadbed of forest road by grader

Unit
measure
m2

Ditches cleaning

m

Regular

4

Unit price
(€)
0.0575

Total
(€)
0.23

1

0.1

0.1
0.33
Total
(€)
0.76

Amount

Total €/m

0.15

Unit price
(€)
5.07

Loading by excavator

m

3

0.15

0.86

0.13

Transport by truck
Spreading and planning of material by
grader
Compression of material by roller

km

0.15

2.10

0.32

m2

3

0.030

0.09

m2

3

0.178

0.54

2

1

0.819

0.82

Periodic maintenance
Rock excavation in stone pit

Shoulder making

Unit
measure
m3

m

Total

Amount

2.65

Total (5-10 years)

€/m

0.38

Total =regular+periodic maintenance

€/m

0.55

The annual cost of maintenance is 0.55 €/m or 550 €/km, and the total cost of maintenance
of forest roads is 10,461 €/km based on a rent factor (f=19.02). According to that the
construction cost (15,549.35 €/km ) and cost of forest road maintenance (10,461 €/km)
make the total cost of long distance transport and it is 26,010.35 €/km. The annual cost of
long distance transport of timber is 1,367.53 €/km. This cost is divided with discontinued
allowable cut volume of total timber volume and allowable cut volume of roundwood for
natural forest category in the life span of one forest road (50 years), but also at an annual
level (Table 28).
In the first case, the optimal forest road density will be expressed with minimal total
transportation cost which consists of skidding cost and the cost of construction and
maintenance of forest roads (long distance transport cost), after that, it will be expressed
with minimal total transportation cost that consists of skidding cost and the cost of
maintenance of forest roads (long distance transport cost). It is because we don’t have
enough information about cost of forest road construction in the previous time and the
maintenance of the forest roads is done annually.
The optimal forest road density depends on skidding cost and cost of construction and
maintenance of forest roads (long distance transport cost) and discontinued allowable cut
volume of total timber volume and discontinued allowable cut volume of roundwood
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(Appendix 5). Minimal total transport cost ranges from 10.3 to 12.1 €/ m3, and optimal
density from 15 to 21 m/ ha (Figure 46).
Total timber volume
Skupna koliĉina lesa

Volume of roundwood
Koliĉina okroglega lesa

Figure 46: Optimal density of forest roads
Slika 46:Optimalna gostota gozdnih cest
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In the second case, total transportation cost consists of skidding cost and cost of
maintenance of forest roads. It determines optimal density of forest roads on the basis of
discontinued allowable cut of total timber volume and allowable cut volume of roundwood
which ranges from 23 to 29 m/ha, and minimal cost of transport is from 8.3 to 9.4 €/m3
(Figure 47).
When we talk about the method of minimal transportation cost, average optimal density is
22 m/ ha, achieved skidding distance should be 364 m, and cost of skidding is 7.4 €/m3. In
comparison to the actual real density of forest roads (16 m/ha) in MU Bobija-Ribnik,
optimal density is twice higher than actual and it will lead to the reduction of skidding cost
for 0.2 €/m3. The average optimal density for allowable cut of total timber volume is 25
m/ha and for allowable cut volume of roundwood is 19 m/ ha, from the point of minimal
cost of transport.
The reduction of long distance transport cost comes to the total transportation costs
reduction and increasing of forest road density.
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Total timber volume
Skupna koliĉina lesa

Volume of roundwood
Koliĉina okroglega lesa

Figure 47: Optimal density of forest roads
Slika 47: Optimalna gostota gozdnih cest
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Optimal density is calculated by Equation 22:
- c

100,000  h  V
100,000  5.58  110.9

 22.9
4 R
4  29,458.26

... (22)

where:
-

c-optimal forest road density (m/ ha),
R= 29,458.26 (€/km)-cost of road construction and maintenance,
h=5.58 (€/m3)-skidding cost,
V= 110.9 (m3/ha)- total allowable cut volume of roundwood obtained in life span of forest road
discontinued in construction year m3/ha (Table 28),

and Equation 23:
V  e  (100  m)
110.9  0.44  (100  5.58)
- Opt.Den. 

 30.4
R
19.0  10.5
where:
-

… (23)

V-discontinued allowable cut volume of roundwood (m3/ha),
e-network efficiency factor,
m – skidding cost (€/m3) for 100 m of skidding distance,
R-road construction cost plus annualized maintenance cost (€/m).

As it can be seen, the optimum is equal or higher than the one obtained by minimal
transportation cost, and thus from the actual forest road density in MU Bobija-Ribnik. The
optimal forest road density calculated by these equations goes from 27 to 35.5 m/ha.
Average calculated optimal density of forest roads is 31 m/ ha (Table 32). The difference
between obtained results in these two equations could be explained in the same way as in
MU Prosara.
Table 32: The calculated optimal densities of forest roads
Preglednica 32: Izraĉunana optimalna gostota gozdnih cest
Management
classes/Forest
category

A manual
(1998)
m/ha

Ryan et al.
(2000)
m/ha

Average
m/ha

Total timber volume

31

41

36

Volume of roundwood

23

30

26.5

Average

27

35.5

31.25
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According to obtained results by these two methods, the average optimal forest road
density goes from 22 to 31 m/ha. The average optimum density is 26.5 m/ha and it is
targeted optimal density for the MU Bobija-Ribnik. This optimum would provide a normal
forest management (Forest …, 1995; Dobre, 1995). Total average optimum for allowable
cut volume of total timber volume is 32 m/ ha, and for allowable cut volume of roundwood
is 23 m/ ha. On the basis of the average optimal density, optimal distance between forest
roads using Equation 8 can be calculated, and it is 377 m. We used optimal density of
forest roads as an indicator of forest accessibility.
The average real targeted skidding distance for obtained average targeted optimum in
conditions of this MU is 303 m, and geometrical one would be 216 m. According to it, the
average real targeted skidding distance would be 90 m shorter. Skidding cost for real
targeted skidding distance would be 6.95 €/m3 considering average skidder productivity of
46.7 m3/ WD and labour cost of it (324.52 €/ WD). This would make savings in skidding
cost from 0.65 €/m3.
7.2.3.3 Relative natural forest accessiblity
Relative natural forest accessibility for value of double targeted geometrical skidding
distance is 89.3 %, and surface of accessible area is PO=3,742.6 ha (Figure 48). It means
that only around 11 % of natural forest area isn’t accessible. This density and average
skidding distance would provide excellent forest accessibility by Pentek et al. (2005).

Figure 48: Accessible natural forests area for double targeted geometrical skidding distance
Slika 48: Dostopnost naravnih gozdov za obojestransko povpreĉno ciljno geometrijsko spravilno razdaljo
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7.2.3.4 Calculation of coefficient of efficiency of forest road network
The efficiency coefficient of forest road network in this case would be 20 %, because the
multiple accessible surface is PN=2,988.3 ha (Figure 49). The reasons, why this coefficient
is small, lie in the facts that forest roads are parallel to each other, more or less, and
therefore there is an overlapping of buffer zones around them, but because of that they are
connected to each other. The other reason for the low coefficient of efficiency is the fact
that some actual forest roads were routes of forest railway. The public railway PrijedorSrnetica was passing next to MU Bobija-Ribnik and the routes of forest railway are
connected to it (Studija…, 1987). The forest railway has not been used since 1970’s when
has been removed. The forest roads are planned around forest railway network and
connected with it and after their removal it was obtained the new forest road network.

Figure 49: Single and multiple accessible natural forest areas for actual forest roads network
Slika 49: Enkratno in veĉkratno dostopne gozdne površine
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7.2.4 Determination of the area suitability for forest roads construction
However, achieving this optimal density depends on the terrain and stand characteristics.
The spatial layout of new forest roads is done based on the area suitability for construction
of forest roads which is determined based on terrain slope, current and normal growing
stock of management classes and soil depth based on the results of discriminant analysis as
explained for MU Prosara.
Areas suitable for construction are obtained by overlapping thematic maps of the terrain
slope, current and normal growing stock and soil depth. Thematic maps are obtained by
standardization of the original values in values from 0 to 1. The original values of
influential factors in the MU range from 0 to 114 % for slope, maximal depth of soil is 121
cm, and 200-700 m³/ha for growing stock. Standardized values of the influential factors are
shown in Figure 50.

Figure 50: Standardized values of influential factors
Slika 50: Standardizirane vrednosti vplivnih dejavnikov
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These standardized rasters are added to each other and weighed with weights of influential
factors. The weights of influential factors are the result of opinion and experience of
fourteen forest engineering scientists and they are shown in Appendix 2.
Results of this analysis are two rasters of suitability of natural forests area for construction
of forest roads based on Vnorm and Vcurr. These rasters of area suitability are classified into
three classes: 0-0.33 unsuitable areas, 0.33-0.66 medium suitable and 0.66-1 very suitable
for construction (Figure 51 and Figure 52).
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Figure 51: The suitability of natural forest area for construction of forest roads based on Vnorm
Slika 51: Primernost naravnih gozdov za gradnjo gozdnih cest upoštevaje Vnorm

Figure 52: The suitability of natural forest area for construction of forest roads based on Vcurr
Slika 52: Primernost naravnih gozdov za gradnjo gozdnih cest upoštevaje Vcurr
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From the total surface of natural forests 16 ha or 0.4 % are unsuitable for forest road
construction, 1,835 ha or 44 % are medium suitable and 2,343 ha or 55.6 % are high
suitable for forest road construction from the point of normal growing stock (Figure 51).
According to current growing stock, 7.4 ha or 0.2 % are low suitable for construction of
forest roads, 3,780.5 ha or 89.4 % are medium suitable and 404 ha or 10.4 % are high
suitable for construction of forest roads (Figure 52). Average area which is unsuitable for
construction of forest roads is 0.3 % and suitable for construction of forest roads is 99.7 %.
7.2.5 Forest road designing
Forest road designing on the level of zero line is realised in areas which are medium or
high suitable for their construction on the map of suitability of natural forests area for
construction of forest roads based on current growing stock (Vcurr) because current growing
stock is higher than normal growing stock (Vnorm) (Figure 53).

Figure 53: The proposed forest roads on suitable area for construction of forest roads
Slika 53: Predlagane gozdne ceste v ne dovolj dostopnih predelih naravnih gozdov
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The goal of setting zero lines is to make accessible the insufficient accessible areas of
natural forests for double targeted geometrical skidding distance and thus skidding distance
will be shorter (Figure 54).

Figure 54: The proposed forest roads in insufficient accessible area of natural forests
Slika 54: Predlagane gozdne ceste v ne dovolj dostopnih predelih naravnih gozdov

Also, in this case of the MU, for designing of forest roads is used the same way as in the
MU Prosara and with same limitations. There is no protected forest areas from the point of
FSC standards in MU Bobija-Ribnik.
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Considering all the facts, the set length of zero lines is 21,6 km (Table 33).

Macadam
(m)

Achieved
Forest
Accessibility
(m/ ha)

Compаrtment
143- 146

-

6,385

-

-

6,385

6,385

1.52

Compаrtment
140/1-143

-

1,241

-

-

1,241

1,241

0.3

Compаrtment
97-135

-

2,318

-

-

2,318

2,318

0.55

Compаrtment
97-93

-

1,556

-

-

1,556

1,556

0.37

Compаrtment
131/1-142/1

-

3,096

-

-

3,096

3,096

0.74

Compartemnt
128

-

794

-

-

794

794

0.19

Compаrtment
123/1-118/1

-

2,653

-

-

2,653

2,653

0.63

Compаrtment
117-110

-

2,373

-

-

2,373

2,373

0.57

Compartment
115-112

-

1,176

-

-

1,176

1,176

0.28

Total

-

21,592

-

-

21,592

21,592

5.15

Proposed
Forest Road
from-to

Make
Accessible
from TwoSides (m)
Make
Accessible
from OneSide (m)
Do Not
Make
Accessible
(m)

Asphalt
(m)

Length into
Account of
Forest
Accessibility
(m)

Table 33: The proposed forest roads in the MU Bobija-Ribnik
Preglednica33: Predlagane gozdne ceste v GGE Bobija-Ribnik
Total length
Length of Segments

Thus the total length of actual and proposed forest roads in MU Bobija-Ribnik in natural
forests is around 86 km, and achieved density of forest roads is around 21 m/ha. The
achieved forest road density is less than average optimal density for 5 m/ha and higher than
actual for 5 m/ha.
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Setting these routes, it came to the reduction of the average geometrical skidding distance
which in average is 173 m (Figure 55), and the real skidding distance according to it is 242
m, and skidding cost would be 6.5 €/ m3 based on average skidder LKT 81T productivity
and its labour cost. The realized skidding distance with this density would be shorter from
the actual one for 151 m, and from the targeted real one 61 m. Skidding cost, according to
it, is less for 1.10 €/ m3, that is 0.45 €/ m3.

Figure 55: Skidding distance and skidding direction for proposed forest roads network
Slika 55: Spravilne razdalje in smeri spravila lesa za predlagane gozdne ceste
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Relative accessibility of natural forests of MU by constructing the suggested routes for
average real skidding distance, would be 242 m or 79.7 %, and accessible area is
PO=3,340.545 ha. The grade of the relative accessibility is very well (Figure 56). The grade
of this relative accessibility of natural forests is lower than the one for double targeted
geometrical skidding distance which is excellent, because of lower density than optimal
and overlapping of buffer zone arround forest roads.

Figure 56: Accessible area of natural forests for proposed forest roads network
Slika 56: Dostopni predeli naravnih gozdov pri predlaganih gozdnih cestah
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Timber skidding is carried out downhill from 55 %, and uphill from 45 % of total natural
forests area by setting of zero lines for new forest roads, which changes ratio of timber
skidding direction in comparison to actual forest roads network (Figure 57).

Figure 57: Skidding direction for proposed forest roads
Slika 57: Smer spravila lesa za predlagane gozdne ceste

The efficiency coefficient of new forest roads network, considering the surface with
multiple accessible areas of PN= 1,757.27 ha, is 47.4 % (Figure 58).
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Figure 58: Single and multiple accessible natural forest areas for proposed forest roads
Slika 58: Enkratno in veĉkratno dostopni predeli naravnih gozdov pri predlaganih gozdnih cestah

Relative natural forests accessibility in relation to one which is determined for targeted
skidding distance is somewhat smaller, but with the same grade, but the efficiency
coefficient of forest roads network is enlarged from 20 % (Figure 49) to 47 %, therefore
zero lines for new forest roads have better spatial layout in natural forest area.
Some of the new routes were set on terrain as zero lines and their constructive elements
were measured as in the case of MU Prosara. On the basis of these field surveys, cut and
fill volume of soil by RoadEng is determined.
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7.2.6 Economic analysis
The construction of routes of the new roads in total length of around 22 km, considering
the average construction cost in this MU, would be 15,549.35 €/km or total 342,085.70 €.
The construction of new roads will lead to the reduction of the real average skidding
distance as it can be seen, for 150 m, and thus, to the reduction of the skidding cost which
would be lower for 1.10 €/m3. Considering that during one management period, allowable
cut volume of total timber volume is 85.43 m3/ha, and that is around 357,836 m3 of the
total timber volume, allowable cut volume of roundwood is 47.50 m3/ha or 198,578.03 m3,
(average 278,207.02 m3 ), the total savings in skidding cost would be from 393,619.60 to
218,435.83 € or average 306,027.72 € in one management period. These average savings
can justify around 89.5 % of the investments in new forest roads.
Considering the average forest road construction cost in MU Bobija-Ribnik, from savings
from the annual skidding cost, we could build 22 km for 11 years of new roads.
After the planning of the accessibility and setting the zero lines on the map by ArcGIS 10
programme package, we started transferring planned routes of the forest roads in the
terrain. Planned routes are marked on the field by GPS as it is has been done in MU
Prosara. More precisely, we set four zero lines by gathering necessary data for forest road
designing by using programme package RoadEng. Based on the amount of work gained by
designing and unit cost of construction, we’ll get the total cost of road per km.
Based on the setting of zero lines and work price (Opis …, 2009) in the selected
compartments, it can be seen that average cost of construction of forest roads ranges from
11,600 to 18,800 €/km, so on average 15,200 €/km.
Here we have to take into consideration that through compartments 118/1, 119, 122/1,
123/1 passes the skid road whose average width is around 2.3 m, and longitudinal grade is
on average ±5 %. The only problem on the specific sections are horizontal curves, to be
more correct, their radius. To use this skid road for the forest road, it is needed to
reconstruct the actual one, from the aspect of width and horizontal radius curves which
could lead to route change on short sections. The cost of reconstruction should be 6,940 €
or 12,113 €/ km (Table 34).
The cost of construction of dirt forest roads according to this, go from 3,222 to 10,648 €/
km, on average 6,935 €/ km, and average cost of construction of surfaced forest road is
15,200 €/ km.
Considering the length of the suggested routes, the cost of construction of forest roads
would be 334,400 €, and of dirt forest roads 152,570 €. With savings from the skidding we
could justify 91.5 % of the construction of set zero lines for forest roads, that is, to build
around 20.1 km of forest roads and around 44.1 km of dirt forest roads during one
management period. So, 22 km of the set zero lines could be built in around 11 years time.
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Table 34: Amount of works during construction of the forest roads
Preglednica 34: Obseg dela pri gradnji gozdnih cest
Forest road in compartment
Item
97, 98, 135

117, 118/2, 112,
111, 110

118/1, 119,
122/1, 123/1

128

Length m

677

1,414

573

601

Roadbed width m

4

4

4

4

Average Grade %

8

8

8

8

Cut V

713

1000

113

56

Fill V

485

432

52

106

7,209.50

10,663.8

2,136.92

1,933.85

5,518.20

11,854.10

4,803.59

5,038.46

Total cost (€)

12,727.7

22,517.9

6,940.51

6,972.31

Cost (€/ km)

18,800

15,925.1

12,112.8

11,601.03

Cost of earthworks
(€)
Cost of construction of
carriegway (€)
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7.3

COMPARATIVE RESULTS

Two MUs have been chosen from PFC ŠUME RS which are in two different FMAs, on
different terrain and site characteristics, and those are Prosara in FM Gradiška which
belongs to FMA Posavsko and Bobija-Ribnik in FM Oštrelj-Drinić which belongs to FMA
Petrovaĉko. Natural forests were selected in them and from DTM is determined their
affiliation to the certain relief area based on terrain classification by altitude (Bertović,
1999). Thus it was determined that MU Prosara belongs to lowland-hilly area and BobijaRibnik belongs to low and average mountain relief area. Natural forests in these two MUs
were developed on the different types of soils and they consist of different tree species i.e.
vegetation communities. The soils in the MU Prosara are deep on silicate rocks mostly, and
in the MU Bobija-Ribnik, they are shallow on the limestone. Natural forests in the hilly
MU are made from beech and sessile oak forests, and in the mountainous MU are made
from mixed forests of beech, fir and spruce.
The forest road density in natural forests of MU Prosara is around 7 m/ha and in MU
Bobija-Ribnik around 16 m/ha according to data from FMP. Recording the forest road
network using GPS receiver, a bigger vector length is obtained and consequently the
accessibility of natural forest is bigger and it is 9 m/ha in the first and 17 m/ha in the
second case. The actual forest road density is bigger in mountainous than in the hilly area
according to FMP and state on the terrain.
The real average skidding distance determined by method of the center gravity distance of
compartments from the forest road is 393 m in MU Bobija-Ribnik and 686 m in MU
Prosara. Considering average skidding distance, the cost of this transport phase goes from
7.69 to 10 €/m3. Timber is skidded downhill from 65 to 70 % of total area of natural
forests, and uphill from 30-35 % of total area for actual forest roads network in these two
MUs.
Grouping of selected compartments into hilly and mountainous group was done correctly
in 90 % of cases based on the slope of terrain, depth of soil, current growing stock from
Operational studies (UreĊajni …, 2013a, 2013b) and growing stock which was calculated
based on measuring of DBH and heights of trees on sample plots. This process was carried
out by using discriminant analysis. The normal, current growing stock and slope of terrain
had the highest and stastically significant influence on the discrimination, and growing
stock from field research had the inconsiderable influence on this process. Discriminant
function was used due to differences in methods of data gathering, more precisely the size
of sample. The correlation between these two types of growing stock is inconsiderable.
Considering the results of discriminant analysis, it was decided that current growing stock
from Operational studies would be used as an indicator of timber productive potential of
compartments. Management classes considering the tree types and types of soils are
different by production capability which is expressed by growing stock and allowable cut
volume.
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Optimization of natural forests accessibility means calculation of optimal density of forest
roads on the basis of total transportation cost (Table 35).
Table 35: Total transportation costs
Preglednica 35: Skupni transportni stroški
Total transportation cost
MU Prosara
Cost of skidding (€/ m3)
5.55
Cost of construction of
31,670.50
forest roads (€/ km)
Total cost of
maintenance of forest
13,694
roads (€/ km)
Total long distance
45,360.50
transport cost (€/ km)
Annual long distance
2,385.00
transport cost (€/ km)

MU Bobija-Ribnik
5.58
15,549.35
10,461.00
26,010.35
1,367.53

The cost of construction of forest roads is higher in Prosara than in Bobija-Ribnik, and the
explaination for this we can find in the cost of construction of carriageway i.e. carriageway
thickness on soil category III. in Prosara.
Total transportation cost in relation to density of forest roads provides a minimal
transportation cost which shows optimal density of forest roads ranging from 7 to 29 m/ha
(Table 36).
Table 36: Optimal density of forest roads
Preglednica 36: Optimalna gostota gozdnih cest
Items
MU Prosara

MU Bobija-Ribnik

Minimal transportation
cost (€/ m3)

9.5-17.3

8.3-12.1

Optimal density of forest
roads (m/ ha)

7-21

15-29

Consequently we observed the accessibility of the natural forests from the aspect of the
optimal density of the forest roads, which we calculated by mathematical equations of A
manual … (1998) and Ryan et al. (2000), based on the total transportation cost and
allowable cut volume of total timber volume and allowable cut volume of roundwood
which would be cut in a life span of the forest road and which were discontinued on the
year of the construction. In MU Bobija-Ribnik, the average optimums for natural forests
area is 31 m/ ha, and 19 m/ ha in MU Prosara. For that reason it is decided to adopt the
average optimum value which for MU Prosara is 16 m/ha and for MU Bobija-Ribnik is
26.5 m/ha. Total average optimal density of forest roads for discontinued allowable cut of
total timber volume ranges from 18 to 32 m/ ha, and for allowable cut volume of
roundwood from 13 to 23 m/ ha in MU Prosara and MU Bobija-Ribnik. These optimal
densities are something to which we should aspire when we make plan of forest
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accessibility. The results of the methods used for optimization show how wide boundaries
of the optimal density of forest roads could be. The optimal density of forest roads is
targeted density and it has to be considered from the point of the standards for forest road
construction, harvesting and extraction technology, forest management system, terrain and
stand characteristics of total forest area at a certain period. The optimal densities of forest
roads for different volume of timber is important from the point of using of different
harvesting technology. Considering that assortment harvesting method is used in BIH, it
can be seen that significant volume of the residue (28 % of allowable cut of total timber
volume) remains at the stump. In the time arising needs for energy where important part of
the energy is produced from forest biomass, we have to think about using the other
harvesting methods which could enable higher utilization of the wood residue. That
requires concentration of volume of timber as much as possible at one place i.e. on the
landing. It can be achieved by introducing of tree-length and whole tree harvesting method,
in dependance on forest management system or needs of society for timber.
The real skidding distance for obtained average optimum in conditions of these MUs is
303-375 m, and skidding cost for real targeted skidding distance would be 6.95-7.51 €/m3.
It is a decrease in skidding cost from 0.65 to 2.54 €/ m3.
Thus the actual forest road density is smaller than the optimal one and the optimum is
bigger in mountainous than in the hilly forest areas. Achieving the optimal forest road
density would lead, obviously, to shortening of the average skidding distance and reduction
of skidding cost and the total transportation cost. Considering the group-selection
management system which demands the thickest forest road density for quality conduction.
The actual relative natural forest accessibility is 67 % and 89 % in Prosara and BobijaRibnik. The efficiency of actual forest road network ranges from 20 % to 62 % in BobijaRibnik and Prosara. This coefficient should be as high as possible because it is an indicator
of quality of designing of forest roads.
Multi-criteria analysis of the terrain slope, normal and current growing stock and soil depth
of the chosen areas in ArcGIS 10 determined suitability of natural forests area for
construction of forest roads. Slope of terrain ranges from 0 to 122 %, depth of soil ranges
up to 147 cm and growing stock from 150 to 700 m³/ha, and these values are obtained by
spatial analysis, field research and from FMPs. Maximal values of slope and depth of soil
are bigger in MU Prosara than in Bobija-Ribnik, but values of growing stock are lower.
The growing stock which was obtained based on DBH and height of trees measured in the
filed ranges from 129 to 220 m³/ha. The difference between growing stock from the FMPs
and from field research can be explained with the size of sample. These original values are
standardized with the values from 0 to 1. The influence of the selected factors was obtained
by AHP method, and the results of the pairwise comparison are weights of influential
factors which affect determination of suitability of natural forests area for construction of
forest roads. Results of the AHP have showed weights of influential factors (Table 37).
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Table 37: Weights of influential factors
Preglednica 37: Uteţi vplivnih dejavnikov
Influential factors

Weights

Slope

0.42

Depth of soil

0.19

Growing stock

0.40

Natural forests area which is suitable for the forest road construction is 99 % in the both
MUs. In such a way begins the phase of the forest roads designing at the general level
where they are set as the zero lines on maps of suitability of natural forests areas for
construction of forest roads. They are set in areas suitable for the construction and
insufficiently accessible at the same time considering the development state of the forest,
exactly average diameter of stands, watercourse protection and technical constrains of the
constructive elements of the forest roads.Thus in MU Prosara 21km of zero lines for new
forest roads is set and arround 22 km in MU Bobija-Ribnik. Density of forest roads, which
was achieved by new forest roads network, ranges from 13.5 to 21 m/ha. Real average
skidding distance ranges from 242 to 365 m, and skidding cost based on it, is 6.5 to 7.4
€/m3. These skidding distances are shorter than actual ones for 151 i.e. 321 m, and
skidding cost would be lower for 1.10 or 2.6 €/m3. Relative natural forests accessibility for
real realized skidding distance is around 80 % in the MUs and its grade is very good in
comparison to relative accessibility for double targeted geometrical skidding distance. The
coefficient of efficiency of new forest roads network ranges from 47 to 55 %, it is
decreased in MU Prosara for 7 %, and in MU Bobija-Ribnik it is increased for 27 % in
comparison to actual forest roads network. Timber is skidded downhill from 55 to 64 % of
total area of natural forests, and uphill from 36 to 45 % of total area for new forest roads
network in these two MUs.
The total average savings from the skidding cost would be 321,973.68 € during one
management period considering the average allowable cut volume of 124,796 m3 of timber
in MU Prosara. The cost of the construction of the new roads in the length of 21 km
according to the average estimation of construction cost would be 31,670.26 €/ km, and
total cost of construction would be 665,080.23 €. The savings from skidding cost would
justify around 48 % of the investments needed for the construction of the new forest roads.
To determine how much the unit price of the forest road construction would be, three zero
lines have been set in the given terrain characteristics of the MU, in the compartments 43a,
58 and 59. The data collected on the terrain afterwards have been entered in the
programme for forest road designing, the RoadEng and according to the work amount the
cost of the construction of the new forest roads by km has been calculated and it is, on
average, 28,666 €/km. In case of making accessible one or two compartments, the
construction of a dirt forest road without carriageway which would have a seasonal
character should be considered. The cost of construction of this road would be, on average,
9,143 €/ km. As it can be seen, the difference between the estimated cost of forest road
construction and the one obtained by designing in the RoadEng programme is around
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3,000 €/ km. The designed forest roads with the length of 21 km could be built in around
22 years time.
The construction of the routes of the new roads in the total length of 22 km, considering
the average construction cost in this MU would be 15,549.35 €/km, and the total cost
would be around 342,085.70 € in MU Bobija-Ribnik. Average allowable cut volume of
timber is 278,207.02 m3 which is cut in the management period, and the total savings in
skidding cost would be 306,027.72 €. These savings can justify around 90 % of the
investments into new roads. In this MU, the zero lines for some suggested routes of forest
roads have been set. Based on them and using RoadEng programme package, we obtained
the cut and fill volume of soil for set zero lines and the obtained cost of construction would
be around 15,200 €/ km. The dirt forest roads cost of construction would be around 6,935
€/km. The planned 22 km of new forest roads could be built in 11 years time, in this MU.
The estimated cost of construction of forest roads based on the method by Potoĉnik (2005)
is higher for 350 or 3,000 € /km than the cost of construction which was obtained based on
designing by RoadEng.
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8
8.1

DISCUSSION
ANALYSIS OF THE ACTUAL ACCESSIBILITY OF NATURAL FORESTS

The state of the accessibility in the chosen MUs is observed from the aspect of the forest
road density and the average skidding distance.
The actual forest road density in chosen MUs is from 7 to 16 m/ha, but also in the natural
forests in RS it is around 9 m/ha, and average density of forest roads is around 10 m/ha in
BIH. This accessibility allows only extensive forest management (Forest …, 1995; Dobre,
1995; Potoĉnik, 2004). As it was previously shown, the actual forest road density is higher
in mountainous than in lowland-hilly relief areas, thus we confirmed Hypothesis 2 in
which we assumed that actual natural and overall forest accessibility is lower in hilly than
in mountainous areas. The result of this state is the fact that public and forest railways are
intensively built in period of rule of Austro-Hungarian empire over BIH (1878-1918).
Also, this is the period of intensively utilization of forests and timber from BIH’s forests,
especially the forests of fir and spruce in mountainous area. It was built 346 km of forest
railways and 80 km of gravity forest railways. They were connected with public railways
and the timber was transported by them. The forest railways are not used until 1976, when
they were removed and the routes of forest railways has started to be used as the forest
roads since then (Šumske..., 2018).
The forest accessibility ranges from 10 to 45 m/ha in neighbouring countries (Pentek et al.,
2007; Kadović et al., 2008; Ghaffarian et al., 2009; Krĉ and Beguš, 2013; Pentek et al.,
2014; Trajanov et al., 2015; Šumarstvo …, 2017). Enache et al. (2016) determined that
density of forest roads is 18.5 m/ ha in mountainous region of Europe. Comparing the
accessibility in surrounding countries, the forest accessibility in RS and BIH is equal or
smaller from 2 to 6 times.
A manual … (1998) recommends density of forest roads from 7 to 10 m/ha in hilly areas
and up to 35 m/ ha on steep terrain. According to that, it can be concluded that our MUs
have the recommended forest accessibilities. That means that overall and natural forest
accessibility is achieved considering relief areas to which the selected MUs belong.
The real actual average skidding distance goes from 400 to 700 m, and it depends on the
geometrical skidding distance and skidding factor. These real average skidding distances
justify use of skidder in the skidding phase of timber transport, considering that the
average terrain slope in analysed areas goes from 19 to 27 %. The suitable conditions for
skidder use in extraction of timber are slopes up to 35 % and skidding distance up to 800 m
(Lepoglavec, 2014). The obtained skidding factors, which represent the coefficient of the
lengthening of the geometrical skidding distance, range from 1.3 to 1.4. Skidding factors
go from 1.2 for lowland to 2 for mountainous areas, and even to 3.6 for steep terrains
(Segebaden, 1964; Abbeg, 1978; Nikolić, 1993; Pentek, 2004; Stankić, 2010; Lepoglavec,
2014). Skidding factor depends on density of traffic forest infrastructure, terrain slope,
presence of obstacles on terrain surface and ranges from 1.09 to 5.05 for low mountain,
Karst region in Croatia (Đuka et al., 2017a, 2017b).
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8.2

ANALYSIS OF TERRAIN AND STAND CHARACTERISTICS OF RESEARCH
OBJECTS

Analysis of DTM of the natural forests in the MUs by altitude determined that MU Prosara
belongs to lowland-hilly area and Bobija - Ribnik to low and average mountain relief area.
The research object are natural forests which are of seed origin. They are economically the
most valuable forests considering their share of 47 % in the total surface of public forests,
82 % in growing stock and 88 % in allowable cut volume of timber and assortments
structure. Natural forests consist of management classes of natural forests. Management
class represents the basic management unit based on which the planning in forestry is done
and it is made of compartments, that is, stands, in organizational-spatial sense. Natural
forests in selected MUs consist of six management classes. They are ecological and
productive units of the different productive potentials and they should be taken into
consideration during the accessibility planning because they can influence on the optimal
forest road density.
Discrimination of selected compartments of natural forests in hilly and mountainous group
by discriminant analysis showed that normal current growing stock (Vnorm) has the highest
and statistically most significant influence on grouping, and the influence of growing stock
based on field research (Vfield) is the lowest and it is not statistically significant. This
discrimination is explained by one canonical discriminant function whose correlation with
group variable is high and statistically significant. Grouping of compartments from original
to predicted groups was done correctly in 90 % of cases. It means that the process of
optimization of forest accessibility should be separately observed in these two MUs,
because of their terrain and stand characteristics. Also, on the basis of the influence of
predicted variables on the discrimination and the results of previous researches, it was
decided that for determination of suitability of natural forest area for construction of forest
roads normal (Vnorm) and current (Vcurr) growing stock should be taken into account as the
indicators of targeted and actual stand productivity, and as the indicators of terrain
characteristics influential factors are slope of terrain (i) and depth of soil (dofs).
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8.3

THE OPTIMAL FOREST ACCESSIBILITY

The optimal accessibility of the natural forests is observed from the aspect of the optimal
forest road density and targeted skidding distance from which depends the relative
accessibility and the efficiency coefficient of the forest road network. The mathematicalgraphic method has been used to define the optimal forest road density.
Mathematical method of determining the optimal forest road density is based on its
calculating from the transportation cost and timber volume. The optimal accessibility from
the aspect of the use of the timber demands making of forests accessible by forest transport
infrastructure with minimal transportation cost. So, the optimal solution from the economic
point of view is minimal total transportation cost which shows the optimal forest road
density this way. This way of determining the optimum could be called graphic, because
the chart of the total transportation cost is the best way for noticing its minimum which
shows the optimal forest road density. Total transportation cost consists of skidding cost
and cost of construction and maintenance of forest roads.
Total average skidding cost is 5.56 €/ m3 for skidder LKT 81T in the both MUs. Total
skidding cost is 7.5 €/ m3 for Timberjack and 5.39 €/ m3 for Clark skidder (Naghdi and
Limaei, 2009; Jourgholami et al., 2013). The skidding cost of LKT 81T is between the
skidding costs of the other two types of skidders, but their comparison is difficult to
compare because of different types of skidders, terrain and stand characteristics, labour
cost of skidders and calculation period.
The estimated cost of construction of forest roads ranges from 15,000 to 32,000 €/ km, on
average 23,500 €/ km by method of Potoĉnik (2005). The average cost of construction is
around 24,737 €/ km in RS (Katastar …, 2017). The cost of construction of forest roads is
obtained by RoadEng software and it ranges from 15,000 - 29,000 €/ km, on average
22,000 €/ km. Considering all of these costs, we can conclude that average cost of
construction is around 23,400 €/ km.
The estimated cost of maintenance of forest roads ranges from 10,500 to 13,700 €/km, and
total long distance transport cost when we add the cost of construction and maintenance of
forest roads is from 26,000 to 45,000 €/ km. The annual cost of long distance transport
ranges from 1,400 to 2,400 €/ km.
Naghdi and Limaei (2009) have obtained that the cost of forest road construction is
19,072.5 €/ km, and annual long distance transport cost of timber is 3,083.36 €/km. The
cost of forest road construction depends on slope of terrain, which ranges from 14 to 100
€/m for 0 to 132 % of terrain slope (Ghaffaryian et al., 2010). Enache et al. (2011)
calculated that the average cost of construction of forest roads is 33.52 €/ m. The cost of
forest road construction and maintenance is 35,692.01 €/ km and the annual long distance
transport cost is 2,498.31 €/ km (Jourgholami et al., 2013). Comparing our costs with costs
of the research we can see that they are approximately equal, and they are significant ly
higher than costs which were obtained by Pereira Neto (1995), Souza (2001), Zagonel
(2005) and Carmo et al. (2013) which range from 0.6 to 2.15 €/ m.
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The results of graphical method show that the optimal forest road density goes from 7 to 29
m/ha in the chosen MUs. The other way is calculation which implies the calculation of the
optimal forest road density by mathematical equations which in this case were provided by
A manual … (1998) and Ryan et al. (2000), also based on the total transportation cost and
timber volume which would be cut in the life span of one forest road discontinued on the
construction year. On average, the optimal densities go from 19 to 31 m/ ha. The adopted
average optimum is 16 m/ha for MU Prosara and 26.5 m/ ha for MU Bobija-Ribnik. These
optimums would provide normal forest managing according to Forest … (1995), Dobre
(1995) and Potoĉnik (2004) and placed the accessibility of the natural forests and forests in
general and they are in accordance with results of Dykstra and Heinrich (1996), Ljubojević
(2010), Potoĉnik et al. (2011) have recommended optimal density of forest roads from 14
to 22m/ ha. Optimal density of forest roads in Iranian Caspian forests ranged from 6 to 28
m/ ha (Naghdi, 2004; Ghaffarian and Sobhani, 2008). According to Study of accessibility
of MU Bobija-Ribnik (1987) in BIH, the optimal distance between forest roads is 550 m,
which matches the density of 18.1 m/ ha. Optimal density of forest roads is 21.6 m/ ha, an
average forwarding distance is 285 m which is calculated based on minimization of total
transportation cost and optimal forest road spacing (Ghaffarian et al., 2009). Ghaffaryan et
al. (2010) calculated optimal forest road spacing of 440 m, and optimal density of forest
roads is 21.1 m/ ha. Then, they obtained optimal density of forest roads by using Network
analysis based on the cost of construction and maintenance of forest roads, cost of cutting
and the cost of timber extraction of cable yarder (harvesting cost), is 75.5 m/ ha. The
average value of optimal density of forest roads in selected MUs is approximately equal
with optimums of the mentioned research from the point of terrain and stand
characteristics, except of 8.5 m/ ha of optimal density of forest roads in the MU Borovik,
in Serbia that Danilović et al. (2013) has calculated. Planned primary forest accessibility
should be 15 to 30 m/ ha in 2030. It should be 25 m/ ha in hilly region and 30 m/ ha in
mountainus region of Croatia (Pentek et al., 2014). Optimal density of forest roads is
calculated based on growing stock (200 m3/ ha) and skidding cost is 17.1 m/ ha, and 12.7
m/ ha based on allowable cut volume of timber and skidding cost (Trajanov et al., 2015).
Targeted density of forest roads is 12 m / ha for low land area, 18 m / ha for hilly area, 22.5
m/ ha for mountain area and for karst region 12 m / ha (Pravilnik …, 2015; Pravilnik …,
2017a, 2017b; Poršinsky et al., 2017). Determination of optimal densities with
consideration of allowable cut volume of total timber volume is important from the point
of utilization of residue for production of biomass for energy. The average optimal density
of forest roads for different types of allowable cut volume of timber ranges from 13 to 32
m/ ha.
The optimal forest road density can be higher than actual from the point of stand or
management classes timber production which is confirmed by the Hypothesis 1 where we
assumed the same fact. The results of determination of optimal density of forest roads also
confirm our assumption that the density of forest roads is higher for mountainous than for
hilly relief areas, which is expressed in Hypothesis 2. Also, optimal density of forest roads
as an indicator of potential of stand shows that the actual forest road density cannot enable
quality application of the group-selection managing system as we assumed in Hypothesis
4. The difference between actual and optimal forest road densities causes uneven
realization of allowable cut volume of timber in the area of management classes of natural
forests, especially into compartments. It means that the allowable cut volume of timber is
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being realized in the areas of the compartments or their parts which are closer to the forest
roads because of insufficient forest road density. The group-selection management system
predicts implementation of silvicultural measures of natural regeneration and tending of
stands, and thus allowable cut volume of timber is realized in the whole area of
compartment at the same time.
Reaching the optimal forest road density will necessarily lead to shortening of the average
skidding distance from 90 m in Bobija-Ribnik to 311 m in Prosara, and reduction of the
skidding cost from 0.65 to 2.54 €/ m3 and total transportation cost also, what we assumed
in Hypothesis 3. The real skidding distance will be from 300 to 375 m achieving average
optimal density of forest roads.
The grade of forest accessibility ranges from hardly favorable to excellent based on the
average optimal density of forest roads, and coefficient of efficiency of actual forest road
network is higher for 42 % in the MU Prosara, because the forest roads are parallel and
their layout is with equal spacing in the most part of MU Bobija-Ribnik. This is the reason
because buffer zones around actual forest roads overlap and forest roads are often corssed.
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8.4

DEFINING THE AREAS SUITABLE FOR FOREST ROAD CONSTRUCTION

The areas suitable or unsuitable for construction were selected in the form of map by
modern methods of multi-criteria and spatial analysis of many factors in ArcGIS
programme package. This method of accessibility planning is based on the positive
experiences which have developed over the time and which took into consideration
different factors: geomorphological factors, forest area productive ones, as well as the
infrastructural ones. The most often used factors in multi-criteria analysis are terrain slope,
soil characteristics and timber volume, but also aspect, altitude, geology, hydrology,
transportation cost, environmental impact (Heinniman, 1998; Pentek, 2002; Sokolović,
2005; Lotfalian et al., 2008; Abdi et al., 2009; Mohammadi et al., 2010; Potoĉnik et al.,
2011; Enache et al., 2011; Hribernik, 2013; Lepoglavec, 2014). We used three factors for
determination of suitability of natural forests area for construction of forest roads and they
are: slope of terrain, depth of soil and growing stock from FMPs, based on the earlier
research and data which were available to us. The growing stocks which were evaluated
are normal and current growing stock. The first is an influential factor of potential timber
production of management classes. The second growing stock is an indicator of timber
production of compartments of natural forests. The values of these factors are standardized
from 0 to 1, and their influence (weight) on determining of suitability is obtained by AHP
method which is based on results of opinion and experience of 14 forest scientists. Their
weights are 0.42 for slope of terrain, 0.19 for depth of soils and 0.40 for growing stock.
According to results of earlier analysis influence of terrain slope is 0.22 - 0.44, soil is 0.15
- 0.24 and timber volume is 0.103 - 0.10 (Abdi et al., 2009; Mohammadi et al., 2010;
Caliskan, 2013) on suitability of natural forest area for forest road construction. Comparing
the results we can see that in our study forest scientists gave bigger influence of timber
volume than the mentioned studies. Firouzan and Abed (2015) analysed an effect of
silvicultural method and environmental factors on planning of forest road network by using
AHP method. According to them, influence of the slope of terrain (0.174), type of soil
(0.164) and growing stock (0.165) is similar or equal. The influence of these factors is
lower than their influence in our research. Besides these factors in the evaluation analysis
they include geology, direction and regeneration capability with the lowest influence
(Firouzan and Abed, 2015). By summing these rasters in ArcTool WeightSum is obtained
a raster of suitability of natural forest area for construction of forest roads. Statistical
analysis of the raster showed the suitability in the chosen MUs which is around 99 % of the
total surface of the natural forests in them.
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8.5

FOREST ROAD DESIGNING

The forest roads, in this case, are designed in the areas which are high and medium suitable
for their construction and insufficiently accessible whose terrain slope doesn’t go over 60
% and where at the same time it was taken care of watercourse protection, social role of the
forests as well as of forest management planning. The areas suitable for construction are
determined by multi-criteria spatial and statistical analysis of the terrain’s and sites’
characteristics.
The efficiency coefficient of new forest roads network ranges from 47 to 55 %, it is
decreased in MU Prosara for 7 %, and in MU Bobija-Ribnik, it is increased for 27 % in
comparison with actual forest roads network. Timber is skidded downhill from 55 to 64 %
of total area of natural forests, and uphill from 36 to 45 % of total area for new forest roads
network in these two MUs.
Designing of new forest roads was done by ArcGIS 10 software by setting the zero lines.
The maximal grade of the zero lines ranges from 8 to 10 %. Around 22 km of the zero lines
were set into natural forest area of the MUs and they contributed to the increase of forest
road density from 7 to 13 m/ ha in Prosara and from 16 to 21 m/ ha in Bobija-Ribnik.
These forest road densities lead to reduction of the real average skidding distance from 240
to 270 m, and the savings in skidding cost would be, on average, 1.10 to 2.6 €/ m3 or 14 to
26 % of actual real cost of skidding. The grade of natural forest accessibility is very good
(around 80 %) in both MUs based on relative accessibility. The difference between
efficiency coefficient of forest road network in the MUs decreased from 42 % (20 to 62 %)
to 8 % (47 to 55 %), it is now higher for 20 % in MU Bobija-Ribnik, and lower for 7 % in
MU Prosara, than this coefficient which was calculated based on double targeted
geometrical skidding distance. Timber is skidded downhill from 60 % and uphill from 30
% of total natural forests area for achieved density of forest roads. Skidding direction
should be uphill where it is possible because uphill skidding direction causes less soil
damage than downhill skidding direction (A manual …, 1998). This density would enable
normal forest managing (Forest …, 1995; Dobre, 1995; Potoĉnik, 2004) and would be in
accordance with Master plan of making forests accessible in RS. It can be seen that with
the enlargement of the forest roads length, for the same length different forest road
densities would be achieved as the result of the different actual forest roads, that is, their
densities. Designing new forest roads in MU Borovik, FMA South Morava which were
managed by FM Vranje, density of forest roads increased from 3 to 6.8 m/ ha, but optimal
density of 8.5 m/ ha was not achieved (Danilović et al., 2013).
A bigger forest road density has been achieved by the designing of the forest roads than the
actual one which was assumed in Hypothesis 1 and that it will also lead to reduction of the
average skidding distance and the skidding cost confirming Hypothesis 3. This reduction
of skidding distance by achieving of optimal density of forest roads is an opportunity for
introduction of adapted agricultural tractors for skidding of timber. Average slope of
terrain in the observed MUs ranges from 19 to 27 %, and share of the areas with terrain
slope up to 30 % ranges from 60 to 85 %, is suitable for using of adapted agricultural
tractors for timber extraction. Justification of this statement is in the fact that this type of
vehicles can be used for skidding of timber for maximal distance of 250 m, maximal
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allowed slope for uphill skidding is 25 %, and for downhill skidding is 35 % and maximal
load size is 0.2 m3 (South…, 2010). Marenĉe and Krĉ (2016) have determined that using
of AGT 835 T, adapted farm tractor, can be efficiently for skidding of timber maximal load
size of 1 m3 by skid trails with longitudinal slope up to 20 %. Introducton of new means of
skidding requiers optimization of density of forest roads from the point of cost of skidding
based on labour cost of adapted agricultural tractor and its productivity in skidding of
timber. The highest density of forest roads will provide more quality application of groupselection management system in natural forests stated in Hypothesis 4. Based on the
savings in skidding cost and of course, the planned allowable cut volume of timber, the
mentioned length of the forest roads could be built in 11 or 22 years time, which confirms
our assumption in Hypothesis 5 which says that for achieving of the optimal density of
forest road is not enough one management period of 10 years.
In order to summarize all of the objectives and hypothesis of the research, it can be seen
that:
-

analysis of actual overall and natural forest accessibility from the point of density
of forest roads and average skidding distance has shown that actual forest
accessibility is insufficient for intensive forest management and it is necessary to
do its optimization;

-

optimization of forest accessibility was observed from the point of determination of
optimal density of forest roads. It was determined by method of minimization of
total transport cost. Calculated optimal density of forest roads represents their
targeted density which can be justified by timber production of stand. Whether this
density will be achieved depends on terrain characteristics;

-

there was an effort to achieve optimal density of forest roads by setting zero lines
into natural forest areas which are suitable for construction of forest roads and
insuficiently accessible. The achieved density of forest roads this way is lower than
the targeted one, but it is higher than the actual density of forest roads. It enables
normal forest management;

-

the optimal density of forest roads was determined on the basis of FMP, or more
precisely, allowable cut volume of timber which is prescribed in it. The
management system which is applied in the natural forests requires as much forest
accessibility as possible. The primary forest accessibility will be higher with new
forest roads than the actual one, but we are not sure whether it will be sufficient for
implementation of management system and silviculture measures;

-

justification of construction of new forest roads is based on savings in skidding cost
due to reduction of skidding distance and average cost of construction of forest
roads. Economic analysis has shown that construction of new forest roads will be
justified in 10 to 20 years time.
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9

CONCLUSIONS

Optimization of forest accessibility was based on minimization of harvesting, extracting
and long distance transport cost of timber in the past. Forest roads were built in the areas
with mild slope of terrain, and the steep terrain remained inaccessible for usage of timber.
This problem is still present today what is confirmed by the actual density of forest roads
which enables extensive forest management. The usage of non timber products is not
considered in the process of planning of forest accessibility.
Today a comprehensive process of planning of forest accessibility is present which
includes all of the aspects of usage of forest and forest space. Apart from timber production
and usage of the other forest resources, terrain and stand characteristics, it includes
protection of forest environment, usage of forest space in health, sports and cultural
purpose, data about ownership in the planning of forest accessibility. That is a large
number of numerical and descriptive data whose collection, surveying and analysis require
usage of the achievements in the field of IT technology. The devices and sofwares such as
GIS, SPSS, RoadEng and GPS are necessary for modern planning of forest roads and their
management.
Using of GIS softwares (ArcGIS, GlobalMapper or QGIS) requires quality data for spatial
and statistical analysis. Quality of these data can be provided by Light Detection Airborne
Ranging (LiDAR) system. This system works on the basis of laser survey of forests,
buildings and ground altitudes, and it is a remote sensing system at the same time. LiDAR
measuring produces cloud of points with accuracy less than of a meter. It records number
of returns because light from lasers is reflected from features on the ground surface and
finally from the ground. On the basis of the return from the ground, or a last return of
LiDAR, we can make a Digital Elevation Model (DEM). The first return offers a height of
features on the ground and provides making Normalised Digital Surface Models or Canopy
Height Model. The other product of LiDAR is of light intensity and it is used for
differentiation of natural or artificial facilities on the ground on the basis of the reflecting
return energy. Point classification is the last product of LiDAR and it provides remote
sensing of the features on the ground based on point classification codes. The codes were
defined by The American Society for Photogrammetry and Remote Sensing (ASPRS) for
LiDAR (GISGeography, 2018). The advantage of LiDAR system is a large number of
various data and their accuracy which are obtained by laser survey. These data are
available in .las file format or ASCII .xyz files and they can be analysed by GIS softwares
such as ArcGIS or GlobalMapper. LiDAR can be used for forest inventory (Environmental
…, 2011).
Here, the focus was directed on the forest roads designing in the public natural forests, and
forests in general. The reason for this is that the private forests, that is, the parcels of the
private forests, are small and fragmented, that is, scattered. Often, for private forests, the
property relations aren’t resolved. The goal of the Strategy of the rural developments RS
(2009-2015) was to improve the state of private forests, joining the private forest-owners
and offering the expert’s help and the funds for this had been provided in the amount of
25.6 million € (Strateški …, 2009). So, first it had to resolve the problem of the parcel
fragmentation, regulate the property relations, organize the private forest-owners and if it is
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possible, to do integral planning of the forest road network for private forests so they can
be better connected with the public forests and public roads, and further, with a market.
These facts have been confirmed by conclusion that mobilization of the private forestowners can be increased then when a better logistics, infrastructure and organizational
conditions are provided (Pezdevšek Malovrh et al., 2017).
The approach of forest roads planning is unchangeable over time, and for this job it was
needed to make the studies of terrain characteristics, quantity and quality of all indicators
of timber production and consumption or supply and demand of timber. But, data, tools,
methods and costs are changeable. Today, we use modern tools (GPS) for surveying field
data which are analysed by spatial, statistical or multi-criteria analysis with modern IT
technologies (GIS). Management system of forests, management classes, their growing
stock and allowable cut volume of timber can also be changed because of climate change,
weather disaster, fire, war or negligent management with forests. Technologies of
harvesting and extracting of timber can be changed and instead of chain saw and skidder,
harvester, forwarder or cable yarder can be used for these jobs. Primarily, usage of cable
yarder for timber extraction on the steep terrain which is inaccessible, is unavoidable.
Harvesting and extraction of timber with the new means requires a determination of real
cost of timber utilization, and first of all its transport. This will increase the timber price on
the market because timber is not easily accessible anymore.
The cost of using these machines is bigger than the cost of current harvesting and skidding.
The cost of construction and maintenance of forest roads depends on the prices of fuel,
material and machinery which are used in construction and maintenance of forest roads.
The maintenance of forest roads is done according to needs and available budget, and
determination of cost is general and according to experience of the forest engineer. All of
these factors are changeable over time, and their values and influences on the process of
forest roads planning depends on climate change and human needs.
The people use the timber as raw material for construction of objects, furniture and as a
firewood for heating and preparing a meal. The human population in the world is growing
and their needs for timber, space and energy are growing too. Deforestation is one of the
biggest problems which causes climate change. It causes a large number of changes in
timber production of stand, health of trees and environment. Frequent occurance of
drought, floods, devastating winds, snows or ice causes great forest damage which has a
great impact on the forest management planning and thus to the planning of forest
accessibility. On the basis of these facts, it can be concluded that planning of forest
accessibility is very difficult and changeable for a long time. Our last chance is in the fact
that forest is a renewable resource.
Based on the obtained results of research and experience which derives from the
collaboration with PFC ŠUME RS, some recommendations could be given in the sense of
the simpler and more efficient planning of the forest roads through phases of the
accessibility planning and forest road designing:
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-

considering the organization of PFC ŠUME RS, it is needed to think about forming
the department for GIS, at the level of PFC ŠUME RS or at the individual
organizational unit,

-

it is needed to make the GIS data of MUs based on data collected from FMPs,
surveyed in the field or obtained from DTM,

-

it is needed to make the studies of the forest accessibility for every MU by spatial
and statistical analysis and multi-criteria evaluation of a large number of influential
factors,

-

the optimization of forest accessibility in these studies should considered
economical, technical, technological and environmental aspect of timber
production, and it purpose is satisfying of needs of society for timber suply,

-

the results of the implemented plans should be embedded into FMP by performance
stages for grace period of basics. Implemetation of planning of forest accessibility
requires analysis and comparison of the achieved and planned activities in FMPs
for 50 years time.

The necessity for implementation of these conclusions lies in the fact that Global
Environmental Facility (GEF) finances the realization of a project Master Plan of Forest
Roads Construction in RS and BIH through The World Bank, Grant No. TF016646,
Project ID No. P129961. Making of this project was started in 2017. The conditions of the
competition for this project showed that objectives, hypothesis and methods of this
research are justified considering a period from adoption of topic of the doctoral
dissertation and its implementation (2013-2018) to the beginning of realization of the
Master plan. This job is in the progress.
All indicators point out that forest accessibility has to be higher due to comprehensive and
quality forest management in the total forest area. Planning of forest traffic infrastructure is
a long time process (50 years). Its main purpose is timber and forest area. Total forest area,
quantity and quality of timber are changing over the time. Also, the needs of society for
timber are changing in time. It has been proven by fact that total forest area is decreased
for 1 % from 1990 to 2015 in the world (The World Bank, 2018). Weather disasters create
a big damage to the forest, and deforestation happens due to satisfying the needs of world
population for food production, construction land and energy. At the present wood biomass
is increasingly used for production of energy. If we take into account that aspect we need
to harmonize forest management planning and thus planning of forest accessibility with
production of energy from timber residues. It means application of harvesting technologies
and planning of forest traffic infrastructure in the purpose of concentration of timber at the
landings because of cheaper production of timber biomass for energy.
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Planning of forest accessibility depends on timber harvesting and transport technologies
and forest management system. Increasing density of forest roads means reduction of
skidding distance and we have to consider introduction of adapted agricultural tractors for
timber skidding, taking into account terrain and stand conditions as well as skidding cost.
The harvesting and transport technologies are also changing over the time and depend on
standard of living and technological advancement of a society in the certain historical
moment.
Also, it is necessary to do comprehensive evaluation of all functions of forest area which
are significant for environmental protection and sustainable usage of all its benefits. In the
sense of evaluation of all functions of forests we have to consider their determination and
mapping. This conclusion is based on the experience from Slovenia where map of forest
functions is already in use. The map of forest functions is used for forest management
planning and planning of forest roads in the certain area. Forest functions are included in
forest management plans while Slovenian Forest Service is responsible for their
preparation and implementation. There are 17 forest functions on the map (Hribernik,
2013). The first indicator in determination of forest functions is a multiple use of forest
roads. In case of Slovenia 15 most important uses of forest roads where recognized where
forest management use is presented by 40 %, hunting by 17 % and opening of farms by 13
regarding the importance (rank) of particular use (Potoĉnik, 1996a, 1996b).
It can be seen that process of the optimization of forest accessibility is not permanent and
unchangeable for a long period of time. It requires analysis, comparison and monitoring of
the influential factors which are used in this process and adaptation of the planned
activities for the optimization period which changes over the time.
The increase in timber price could cause a decrease in timber demand and search of
alternative raw material from renewable resources for satisfying the needs of world
population.
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10
10.1

SUMMARY (POVZETEK)
SUMMARY

Optimization of forest roads network is necessary for sustainable forest management. It
means determination of optimal density and optimal spatial layout of forest roads
considering economic, environment, social and cultural aspect of forest and spatial
management. The research was carried out in public natural forests of Northern Bosnia and
Herzegovina (BIH) which were managed by Public Forest Company (PFC) ŠUME RS.
Those are the forests of seed origin and they naturally regenerate. Therefore, natural forests
are the most important forest category from the point of timber production and its quality
and biodiversity. The overall forest accessibility is around 10 m/ ha, and the natural forests
accessibility is 11 m/ ha in BIH and they are insufficient for intensive sustainable forest
management. The actual accessibility of the forest, or more precisely, public forests, is less
than the accessibility in the neighboring countries. Having studied the methods, techniques
and results of earlier researches we have concluded that the accessibility of the natural
forests should enlarge, that is, it is needed to execute the accessibility optimization during
its planning process in order to achieve the optimal forest management. On the basis of this
research, we have made a work programme and in it, we have defined which objectives we
have to achieve and which hypothesis we have to check. We have selected what kind of
methods, techniques and tools we would use for field survey and data processing. This task
consists of quantity and quality analysis of actual natural forest accessibility, determination
of optimal density of forest roads and their spatial layout in the MUs area which is suitable
for construction of forest roads and economic justification of designing new forest roads.
Analysis of natural forest accessibility was carried out in hilly and mountainous MUs
Prosara and Bobija - Ribnik. It means determination of actual density of forest roads,
average skidding distance, relative forest accessibility and coefficient of efficiency of
forest roads network. Actual density of forest roads in natural forests of these two MUs
ranges from 7 to 16 m/ ha. Consequently, the optimization of natural forest accessibility
was observed from the point of timber production, the cost of transport, harvesting
technology, soil protection, and sustainable forest management at the end. The cost of
transport consists of extraction cost and cost of construction and maintenance of forest
roads. The most common type of timber extraction from the point of terrain characteristics
and timber volume is ground skidding by skidders. Timber production is observed from the
point of allowable cut volume and it is defined by Forest Management Plan for 10 years.
Those factors were used for calculation of optimal density of forest roads and this optimum
needs to be achieved in the field. Average calculated optimal densities are 16 and 26.5
m/ha. Achieving optimal density of forest roads will be provided by spatial layout of new
forest roads in suitable area for their construction. Determination of suitability of area for
construction of forest roads is based on impact of three factors: slope of terrain, depth of
soil and growing stock. Those are the most common factors that were evaluated for this
purpose. Influence of those factors was defined by Analytic Hierarchy Process (AHP)
method. Impact of these three factors was calculated by pairwise matrix on the basis of
experience of forest scientists and for slope it is 0.42, for depth of soil 0.19, and for
growing stock 0.4. These weights of influential factors were multiplied with their
standardized rasters in ArcGIS software and the result is a raster of suitability of natural
forest area for construction of forest roads. The routes of new forest roads were designed as
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zero lines in the suitable areas for their construction and length of new forest roads which
were designed is around 21 km in MUs. Density of forest roads which is achieved is 13.5
m/ha in Prosara and 21 m/ha in Bobija-Ribnik. The new forest roads networks in these two
MUs were analysed from the point of average skidding distance, relative accessibility of
natural forest and coefficient of efficiency of forest roads network. These new forest roads
networks should contribute to reduction of distance and cost of skidding which was
achieved. Skidding distance was reduced for 150 to 320 m, and the savings in the skidding
cost would be, on average, 1.10 to 2.6 €/ m3, and total savings should be 306,027.72 to
321,973.68 € considering average allowable cut volume of total timber volume and
allowable cut volume of roundwood in one management period. These savings provide 48
to 90 % of investments which are necessary to construct new forest roads if we take into
account the cost of their construction 15,000 to 32,000 €/ km on average. That means, the
new forest roads could be constructed in 11 to 22 years. As it can be seen, the average
optimal density of 16 and 26.5 m/ ha is not achieved, the reasons are probably terrain
conditions or engineer vision. Also, optimal density at this moment will not be the same as
optimal density for 50 or 100 years, because forest is a dynamic ecosystem that is subject
of influence of climate change, changes in technical and techological process of usage of
timber and the other forest resources and changes in transport.
Using the analysis, methods, techniques and tools the objectives were set and it was found
that:
-

actual density doesn’t suit the optimal one, that is, it is less than the optimal one
and also than the density which is obtained by forest road designing (Hypothesis 1).

-

also, obtained density of the forest roads is bigger than the actual one in
mountainous than in hilly relief area (Hypothesis 2).

-

by determining the optimal forest road density and their designing, the average
skidding distance will be shorter, and skidding cost reduced, which will also reduce
the total transportation cost (Hypothesis 3).

-

the enlargement of the forest road density creates the preconditions for quality
implementation of all management measures which are defined by managing
system for natural forests (Hypothesis 4).

-

with savings in the skidding cost the funds needed for construction of the designed
forest roads would be realized and the realized length and density could be
achieved in two management periods, which confirms the assumption of the
Hypothesis 5, that the enlargement of the accessibility could be achieved in period
longer than 10 years.
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The results and findings of the research suggest the next recommendations:
-

it is necessary to establish GIS department at the PFC or the FMs,

-

it is necessary to make GIS of MUs based on data collected from FMPs, surveyed
in the field or obtained from DTM,

-

to make the studies of the forest accessibility for MU based on comprehensive
analysis of terrain and stand conditions and the other factors,

-

the results of the implemented plans should be embedded into FMP, it is necessary
to do analysis, comparison and monitoring of the planned and realized activities in
optimization of forest accessibility.

The results of this research and the plan of Global Environmental Facility (GEF) for
making of Master Plan of Forest Roads Construction in RS and BIH show the necessity for
increasing forest accessibility from the point of timber utilization and satisfying the needs
of rising world population for food production, raw material and living space. This
increase of forest accessibility will be burdened with the higher cost of timber harvesting
and transport due to introduction of new technology and the planning of forest traffic
infrastructure on steep terrain and inaccessible areas because the timber is no longer
readily available.
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10.2

POVZETEK

Optimizacija omrežja gozdnih cest v sredogorskih in gorskih naravnih gozdovih
severne Bosne in Hercegovine
Optimizacija omreţja gozdnih cest je potrebna za trajnostno gospodarjenje z gozdom s
ĉimer razumemo doloĉanje optimalne gostote in optimalne oddaljenosti med gozdnimi
cestami upoštevaje ekonomske, okoljske, socialne in kulturne vidike gozda in upravljanja s
prostorom. Raziskava je bila izvedena v javnih naravnih gozdovih severne Bosne in
Hercegovine (BIH) s katerimi gospodari Javno gozdarsko podjetje (JGP) Šume RS.
Gozdovi so semenskega izvora, se naravno pomlajujejo in so zato najpomembnejša
kategorija gozdov z vidika lesne proizvodnje, kakovosti in biodiverzitete. Odprtost vseh
gozdov z gozdnimi cestami v BIH znaša 10 m/ha, v naravnih gozdovih pa 11 m/ha, ki pa je
prenizka za intenzivno trajnostno gospodarjenje z gozdovi. Trenutna odprtost gozdov,
natanĉneje javnih gozdov, je manjša kot v sosednjih drţavah. S prouĉevanjem metod,
pristopov in rezultatov predhodnih raziskav smo zakljuĉili, da je potrebno odprtost
naravnih gozdov poveĉati, kar pomeni, da je potrebno izvesti optimizacijo odprtosti
gozdov v procesu njihovega naĉrtovanja za dosego optimalnega gospodarjenja z gozdovi.
Na osnovi predhodnih raziskav smo izdelali program dela, kjer smo opredelili cilje in
znanstvene hipoteze. Izbrali smo metode, pristope in orodja, ki smo jih kasneje uporabili
pri terenskem delu in obdelavi podatkov. Ta postopek obsega kvantitativno in kvalitativno
analizo dostopnosti naravnih gozdov, doloĉanje optimalne gostote gozdnih cest in njihovo
prostorsko umestitev v GGE, ki so primerne za gradnjo gozdnih cest in je gradnja novih
gozdnih cest ekonomsko utemeljena. Prouĉevanje dostopnosti naravnih gozdov z gozdnimi
cestami smo izvedli v hribovitih in gorskih GGE Prosara in Bobija – Ribnik, kjer smo
ugotovili trenutno gostoto gozdnih cest, povpreĉno spravilno razdaljo, relativno odprtost
ter koeficient uĉinkovitosti mreţe gozdnih cest. Obstojeĉa gostota gozdnih cest v naravnih
gozdovih prouĉevanih GGE znaša 7 do 16 m/ha. Na tej osnovi smo optimizirali dostopnost
naravnih gozdov, kjer smo upoštevali koliĉino lesa, stroške transporta, tehnologijo
pridobivanja lesa, zašĉito tal in trajnostno upravljanje z gozdom. Stroške transporta lesa
predstavljajo stroški pridobivanja lesa ter stroški gradnje in vzdrţevanja gozdnih cest.
Najpogostejši naĉin spravila lesa upoštevaje terenske razmere je traktorsko z zgibniki.
Koliĉino lesa smo ocenili na osnovi obsega dovoljene seĉnje opredeljene v
gozdnogospodarskih naĉrtih GGE za desetletno obdobje. Našteti dejavniki so bili
upoštevani pri doloĉanju optimalne gostote gozdnih cest, ki jo je potrebno doseĉi tudi na
terenu. Povpreĉne izraĉunane optimalne gostote gozdnih cest so med 16 in 26.5 m/ha, ki
bodo na terenu doseţene z ustrezno prostorsko umestitvijo naĉrtovanih gozdnih cest na
podroĉjih primernih za gradnjo. Primernost gozdnih podroĉij za gradnjo gozdnih cest
temelji na treh osnovnih dejavnikih: naklon terena, globina prsti in lesna zaloga. Vpliv teh
dejavnikov smo opredelili z metodo analitiĉnega hierarhiĉnega procesa (AHP). Vpliv teh
dejavnikov smo izraĉunali preko matrike parov, ki izhaja iz izkušenj raziskovalcev iz tega
podroĉja in znašajo za naklon terena 0,42, za globino prsti 0,19 in za lesno zalogo 0,4.
Tako dobljene uteţi vplivnih dejavnikov smo pomnoţili z njihovimi standardiziranimi
rastri v ArcGis okolju in na ta naĉin dobili raster primernosti naravnih gozdov za gradnjo
gozdnih cest. Poloţaj naĉrtovanih gozdnih cest smo opredelili z niĉelnico na terenih
primernih za gradnjo gozdnih cest, njihova dolţina pa je znašala 21 km. Na ta naĉin smo v
GGE Prosara dosegli gostoto gozdnih cest 13,5 m/ha, v GGE Bobija – Ribnik pa 21 m/ha.
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Za novo omreţje gozdnih cest v obeh prouĉevanih GGE smo analizirali povpreĉno
spravilno razdaljo, relativno odprtost in koeficient uĉinkovitosti omreţja gozdnih cest.
Nove gozdne ceste naj bi prispevale k skrajševanju spravilne razdalje in stroškov spravila,
kar se je tudi zgodilo. Povpreĉna spravilna razdalja se je skrajšala za 150 do 320 m,
spravilni stroški v povpreĉju za 1,10 do 2,6 €/m3, skupni prihranki pa 306,027.72 do
321,973.68 € upoštevaje dovoljen obseg seĉnje lesa v naĉrtovalskem obdobju. Prihranki
pokrijejo 48 do 90 % vloţka v gradnjo novih gozdnih cest ob upoštevanju povpreĉnega
stroška gradnje gozdne ceste 15.000 do 32.000 €/km. Nove gozdne ceste bi lahko zgradili
v 11 do 22 letih. Zakljuĉujemo, da optimalna gostota gozdnih cest med 16 in 26,5 m/ ha ni
doseţena. Predpostavljamo, da sta vzroka terenske razmere in projektantska odloĉitev oz.
vizija. Prav tako danes izraĉunana optimalna gostota gozdnih cest ne bo enaka ĉez 50 ali
100 let, ker je gozd dinamiĉen ekosistem in podvrţen vplivom klimatskih sprememb,
tehniĉnim in tehnološkim spremembam rabe lesa in drugih gozdnih virov kakor tudi
sprememb v naĉinu transporta.
Z analiziranjem, uporabo razliĉnih metod in pristopov ter orodij, smo dosegli veĉ ciljev in
zakljuĉujemo:
trenutna gostota gozdnih cest ni optimalna, ampak je niţja od optimalne,
kakor tudi od gostote gozdnih cest dobljene z zgošĉevanjem omreţja gozdnih cest
(Hipoteza 1),
izraĉunana gostota gozdnih cest je višja v gorskih kot v hribovitih terenskih
razmerah (Hipoteza 2),
z doloĉanjem optimalne gostote gozdnih cest in vkljuĉevanjem novih
gozdnih cest v obstojeĉe omreţje gozdnih cest se bo skrajšala povpreĉna spravilna
razdalja, zniţali pa se bodo tako spravilni kot skupni transportni stroški (Hipoteza
3),
s poveĉevanjem gostote gozdnih cest in dostopnosti gozda je doseţen
predpogoj za kakovostno izvedbo ukrepov za upravljanje naravnih gozdov
(Hipoteza 4),
s zmanjšanjem spravilnih stroškov ostanejo razpoloţljiva sredstva za
gradnjo novih gozdnih cest v naĉrtovanem obsegu v dveh ureditvenih obdobjih, kar
potrjuje Hipotezo 5, da bo poveĉanje dostopnosti gozda moţno doseĉi v obdobju
daljšem od 10 let.
Rezultati in zakljuĉki raziskave vodijo do naslednjih priporoĉil:
potrebno je ustanoviti oddelek za GIS podporo na JGP Šume RS ali na
gozdnih upravah,
potrebno je izdelati GIS GGE na osnovi podatkov iz gozdnogospodarskih
naĉrtov, terenskih izmer ali iz DMR,
pri študiju dostopnosti GGE moramo poleg proizvodne funkcije na
splošnem nivoju upoštevati še okoljsko funkcijo,
izsledke je potrebno vgraditi v gozdnogospodarske naĉrte. Potrebno je
izvajati analize, primerjave in spremljanje naĉrtovanih in realiziranih korakov
optimizacije dostopnosti gozda.
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Rezultati te raziskave in naĉrt globalne okoljske zmogljivosti v procesu izdelave splošnega
naĉrta gradnje gozdnih cest v RS in BiH kaţejo na potrebo za veĉjo dostopnost gozdov, za
zagotavljanje lesnoproizvodne funkcije in potreb rastoĉe svetovne populacije po
proizvodnji hrane, surovin in bivalnega okolja. Poveĉevanje dostopnosti gozda bo
pomenilo višje stroške pridobivanja lesa in njegovega transporta zaradi uvajanja novih
tehnologij in naĉrtovane gradnje gozdne infrastrukture na strmih oz. teţko dostopnih
terenih, kjer lesna masa ni enostavno dostopna.
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APPENDIX
Appendix 1: Questionnaire for assessing the impact of criteria

Bulevar Vojvode Stepe Stepanovića 75a, 78400 Banja Luka, Republika Srpska, Bosna i
Hercegovina, e-mail: dekanat@sfbl.org, 387 51 464 628, 464-884, 464-298
QUESTIONNAIRE FOR ASSESSING THE IMPACT OF CRITERIA
One of the tasks of preaparation of a doctoral thesis is determination of suitability of natural
forest area for forest roads construction based on three criteria (slope of terrain, soil depth
and growing stock). Forest engineering scientists should contribute to defining of influence
of each criterion on determination of suitability of natural forest area for construction of
forest roads. We would like to help us!
Criterion influence:
1.
2.
3.

Lowest
Medium
High

influence factor

influence

slope of terrain

1 2 3

depth of soil

1 2 3

growing stock

1 2 3

The guidelines:



Thank you!

Each criterion should be graded 1-3,
Please round a grade for each criterion.
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Appendix 2: Analytic Hierarchy Process (AHP)
The results of QUETIONNAIRE
slope

depth of soil

growing stock

1

2

1

3

2

1

2

3

3

3

2

3

4

3

2

1

5

3

2

2

6

1

2

3

7

3

2

2

8

3

1

2

9

3

1

2

10

2

2

3

11

3

1

2

12

3

2

3

13

3

2

3

14
average
Stand.
values
(0-1)

3

2

3

2.5714286

1.714285714

2.5

0.7857143

0.357142857

0.75

Pairwise matrix
slope

depth of soil

slope

growing stock

1

2.2

1.047619048

depth of soil

0.4545455

1

0.476190476

growing stock

0.9545455

2.1

1

sum

2.4090909

5.3

2.523809524

Normalized vector
slope

depth of soil

growing stock

weight

sum

consistency
of matrix

slope

0.4150943

0.41509434

0.41509434

0.4150943

1.245283

3

depth of soil

0.1886792

0.188679245

0.188679245

0.1886792

0.5660377

3

growing stock

0.3962264

0.396226415

0.396226415

0.3962264

1.1886792

3

1

1

1

1

λmax

3

sum

CI

0

RI

0.58

CR

0
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RI-random index (Saaty, 1980)
m

2

3

4

5

6

7

8

9

10

RI

0

0.58

0.90

1.12

1.24

1.32

1.41

1.45

1.51
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Appendix 3: Field sheet
ŠG/FM____________________;ŠU/FO____________________ ;PJ/MU____________________ ;
Odjel/Compartment_______;Šumski put/Forest road ________Prilazni put/Dirt road_______

Taĉka
/Point

Nagib nulte
linije/Grade
of zero line
(%)

Rastojanje
izmeĊu taĉaka
/Distance
between points
(m)

Azimut/
Direction
(°)

Popreĉni
nagib terena
lijevo / Cross
slope left %

Popreĉni
nagib terena
desno / Cross
slope right %

Primjedba
/ Note
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Appendix 4: Calculation of growing stock for DBH classes
The
Average
middle
v for
DBH
of DBH
DBH
class
class
class
c
3

V
3

(cm)

(cm)

(m )

(m / ha)

6-10

7.5

0.0215

0.004

5.375

11-15

12.5

0.068333

0.0123

5.555556

16-20

17.5

0.18825

0.0241

7.811203

21-25

22.5

0.344

0.0398

8.643216

26-30

27.5

0.638

0.0594

10.74074

31-35

32.5

0.85

0.083

10.24096

36-40

37.5

1.5225

0.1104

13.79076

41-45

42.5

0.1419

0

46-50

47.5

2.067

0.1772

11.66479

51-55

52.5

0.348

0.2165

1.60739

56-60

57.5

0.2597

0

61-65

62.5

7.052

0.3068

22.98566

66-70

67.5

7.473333

0.3578

20.8869
119.3022

v-average volume of trees for DBH class
c-coefficient of DBH class for conversion of volume m3 in growing stock m3/ha
V-growing stock for DBH class
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Appendix 5: Determination of optimal forest road density based on total transportation cost for
allowable cut volume of roundwood of natural forests in MU Prosara

Calculation of the cost of long distance transport for discontinued allowable cut volume of
roundwood (roading cost) in €/m³
c

V

c/V

Roading
cost

Roading
cost

(m/ha)

(m3/ha)

(m/m3)

(€/m)

(€/m3)

1

53.97315

0.018528

45.4

0.841159

2

53.97315

0.037055

45.4

1.682318

3

53.97315

0.055583

45.4

2.523477

4

53.97315

0.074111

45.4

3.364636

5

53.97315

0.092639

45.4

4.205795

6

53.97315

0.111166

45.4

5.046954

7

53.97315

0.129694

45.4

5.888113

8

53.97315

0.148222

45.4

6.729272

9

53.97315

0.16675

45.4

7.570431

10

53.97315

0.185277

45.4

8.41159

11

53.97315

0.203805

45.4

9.252749

12

53.97315

0.222333

45.4

10.09391

13

53.97315

0.240861

45.4

10.93507

14

53.97315

0.259388

45.4

11.77623

15

53.97315

0.277916

45.4

12.61739

16

53.97315

0.296444

45.4

13.45854

17

53.97315

0.314971

45.4

14.2997

18

53.97315

0.333499

45.4

15.14086

19

53.97315

0.352027

45.4

15.98202

20

53.97315

0.370555

45.4

16.82318

21

53.97315

0.389082

45.4

17.66434

22

53.97315

0.40761

45.4

18.5055

23

53.97315

0.426138

45.4

19.34666

24

53.97315

0.444666

45.4

20.18782

25

53.97315

0.463193

45.4

21.02898

c-forest road density
V-discontinued volume of roundwood for 50 years of forest roads life span and interest rate
of 4.74 %.
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Example of calculation of discontinued allowable cut volume of roundwood (V) for 50 years
of depriciation of forest road and interest rate of 4.7 % by method of Ryan et al. (2000)

Roundwood

Allowable cut
volume of
roundwood in
10 years
23.12 (m3/ ha)

(m3/ ha)

1st year

V

1.05

22.01701

th

1.710339

13.51653

st

2.785963

8.297979

st

4.538039

5.094239

st

7.391988

3.127421

st

12.04077

1.919965

11 year
21 year
31 year
41 year
51 year
Total

53.97315
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Calculation of total transportation cost based on skidding and long distance transport cost for
discontinued allowable cut volume of roundwood (roading cost) and forest road density
Forest road
density

Skidding
costs

Roading
costs

Total
costs

(m/ha)

(€/m3)

(€/m3)

(€/m3)

6

12.51468

5.046954

17.56164

7

11.37608

5.888113

17.26419

8

10.61378

6.729272

17.34305

9

9.85998

7.570431

17.43041

10

9.493628

8.41159

17.90522

11

9.146672

9.252749

18.39942

12

8.824341

10.09391

18.91825

13

8.520442

10.93507

19.45551

14

8.265614

11.77623

20.04184

15

7.973754

12.61739

20.59114

16

7.836845

13.45854

21.29539

17

7.618614

14.2997

21.91832

18

7.477844

15.14086

22.61871

19

7.325441

15.98202

23.30746

20

6.964103

16.82318

23.78728

21

6.846154

17.66434

24.51049

22

6.767581

18.5055

25.27308

23

6.687728

19.34666

26.03439

24

6.610812

20.18782

26.79863

25

6.533771

21.02898

27.56275

Example of calculation of skidding cost

c

Productivity of
LKT-81T

Labour
cost of
skidder

Skidding
cost

Skidding
cost €/m3

Average
skidding
cost

Cost of
construction
of skid road

Total
skidding
cost

(m3/WD)

(€/WD)

(€/m3)

(€/m3)

(€/m3)

(€/m3)

(€/m3)

Summer

Winter

Summer

Winter

13

42.81

34.38

324.5

7.58

9.44

8.51

0.01

8.52

14

43.85

35.66

324.5

7.40

9.10

8.25

0.01

8.26

16

45.70

37.91

324.5

7.10

8.56

7.83

0.01

7.84

c-forest road density
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Figure of optimal forest road density and minimal total transportation cost
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Appendix 6: Decision of PFC ŠUME RS No. 01-2166/12

