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Design of forest road network in relation to all-society functions

of forests

M. KASKOVA

Faculty of Forestry and Wood Technology, Mendel University of Agriculture and Forestry,

Brno, Czech Republic

ABSTRACT: The basic condition of forest management development is the accessibility of the forest. A design of the forest road
network in relation to all-society functions of forests has been made in the catchment of the Vil¢ok stream. The catchment is situated
in Protected Landscape Area Beskydy. The method Quantification and Quantitative Evaluation of Functions of Forests as a Basis
for their Evaluation (VYSKOT et al. 2003) was used for the design. This method can be applied to road planning. It can serve as
another component in the decision-making process of the planning of forest road construction.
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Nowadays the evaluation of the optimal forest accessi-
bility is based on the geomorphological and technological
classification of the forest area. The optimal density of
forest road network is approximately determined by the
factor of the terrain division (BENES 1991). The efficiency
of accessibility is evaluated according to the geometrical
and theoretical skidding distance. When evaluating the op-
timal accessibility, the reduction of the skidding distance
is taken into account; however, the existing proposals of
the road network have not prioritized the effect and impact
on the all-society functions of forests.

MATERIALS AND METHODS

The catchment of the Vilcok stream was chosen for the
evaluation and design of the forest road network in rela-
tion to the all-society functions of forests. The catchment is
situated in Protected Landscape Area (PLA) Beskydy east
of the Sance water basin. The Vil&ok stream flows into the
Ricka stream, which is a left-hand affluent to the Regice.
The Regice discharges into the Sance water basin. The area
of this catchment is 240 ha. The road network optimization
was solved in the framework of research projects of the De-
partment of Forest Engineering and Reclamation, Faculty
of Forestry and Wood Technology, Mendel University of
Agriculture and Forestry in Brno (BENES 1985).

The stands on 53% of the catchment area are composed
of Norway spruce (Picea abies L.) at 90% and more. The
remaining area is covered with European beech (Fagus
sylvatica L.), silver fir (4bies alba Mill.) and Norway
spruce (Picea abies L.). Stands with degree of damage |
take up 50% of the catchment area. Stand with degree of
damage I is a medium damaged stand.
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The routing of the current forest road network was
evaluated and a new design of the road network in the
area was made, both in relation to the all-society functions
of forests. Different variants were compared according to
geometrical skidding distance and road network density
by the BENES (1991) method. The data was processed on
the basis of the values of the real potential of the functions
of forest stands according to the management complexes
of stands and stand type and values of the real effects of
functions of the forest stands by the VYSKOT et al. (2003)
method.

According to VYSKOT et al. (2003) the real potentials
and the real effects exactly determine the functional ability
of stands in the objective situation, independently of the
instantaneous social demand. The real potentials of forest
functions are quantified functional potentials of forests
under optimum ecosystem conditions. The real effects of
forest functions are actual quantified functional effects
under actual ecosystem conditions.

The individual parts of stands in the catchment were
evaluated. Each part of stand was allocated to a factual
stand type according to tree species composition and
percentage representation of the individual tree species.
The parts of stands were assigned to function objective
management complexes of stands according to forest
type groups. Then value degrees of real function poten-
tials were found according to management complexes of
stands for stand type (0-6).

The value of the total real potential of functions of
forests (RPfl) is the sum of the values of particular func-
tions (0-36): bioproduction, ecological-stabilization,
hydric-water-management, edaphic-soil-conservation,
social-recreation and sanitary-hygienic. The real effect
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Fig. 1. The percentage of individual values of total real potential
according to the area

of all-society functions of forests is defined as the degree
complement of the real function potential. The real effect
was defined according to the actual function-reduction cri-
teria of forest stand conditions (the criteria of age, stock-
ing and health condition). The values of age and stocking
were taken from a management book. The management
book is a part of the forest management plan. The book
includes data on forest condition, proposals of manage-
ment measures, table of areas. The health condition of the
stands was defined according to terrain reconnaissance
and Decree No. 78/1996.

RESULTS AND DISCUSSION

The real potentials of bioproduction and sanitary-hygi-
enic functions have the highest values, but the real poten-
tials of ecological-stabilization function have the lowest
values in the catchment of interest. It is due to the high
proportion of Norway spruce (Picea abies L.) in the stands
of the Vil¢ok catchment. The hydric-water-management
function has the highest real effects.

Parts of the stands with the average total real poten-
tial have the highest representation in the catchment, in
particular with the value 19 (Fig. 1). The value 19 is the
sum of potentials of particular functions. The values 17 to
20 mean average total real potential of functions. VYSKOT
et al. (2003) stated that the average total real potential of
functions had 62% representation in forests of the Czech
Republic. The values 21-26 mean high total real potential
of functions. Parts of stands with a high total real potential
(ZFv) are situated mainly in the southern and south-east-
ern parts of the catchment. These parts of stands have the
highest values of the real effects of the individual func-
tions and, within the framework of their potential, these
stands fulfil all the functions at 80% and more.

The forest roads 1L (forest roads with all-year traffic)
and 2L (forest roads with seasonal traffic) were investi-
gated in the area of interest. Parts of stands with differ-
ent real potential are often adjacent to these roads. This
is due to the fact that the forest road network, mainly
the hauling roads, has always been used as a permanent
line of forest division. That is why stands with different
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Table 1. State before Benes’s design (BENES 1985)

Density of hauling roads (m/ha) 8.83
Accessibility of the forest (%) 45
Geometrical skidding distance (m) 626
Table 2. State after Benes’s design (BENES 1985)
Density of hauling roads (m/ha) 32.5
Accessibility of the forest (%) 74
Geometrical skidding distance (m) 104

values of the total real potential are situated along one
forest road. It is due to different species composition
and representation of tree species in individual parts
of the stand. It is possible to claim that the stands have
a high functional effect because the total real potential is
evaluated as medium-increased and high. That is why we
can ignore the value differentiations of the individual parts
of stands along the road.

The forest roads should not intervene in the parts of the
stand with high total real potential. The observed parts of
the stand reach higher functional ability in the optimal pos-
sible conditions; they are functionally more effective and so
more valuable than parts of the stand with low potential. If
we disrupt these parts of stand, the detriment will be higher
than due to the intervention in the parts of stand with low
total real potential. The forest road network is however es-
sential for forest operations. This means that if there exists
apossibility of leading the road through other than valuable
stands, it should be made use of. But if the exclusion of the
road from some parts of stand would mean the inacces-
sibility of these stands for forest operations, it would be
necessary to build the road in spite of it, but with respect to
some measures that would decrease its negative influence
on the affected stands with high effects.

It is evident that the construction of forest road influ-
ences all-society functions of forests. But if we apply the
method to concrete parts of stands before and after the
road construction, the values of total real potential will not
change. But the situation is different in real effects. The
real effect is found according to the actual function criteria
of the forest stand conditions (the functional reduction
criteria of age, stocking and health condition). The age of
stands cannot be influenced by the road construction. The
road construction does not have to influence the stocking.
The area of the part of stand (which the new forest road of
type 1L or 2L goes through) will be reduced by the road
area but the stocking will not be changed. However the
forest road can influence the health condition of the stand.
Especially in the case of damage to the root system of trees
near the forest road, canopy opening and tree damage,
which can essentially influence their health condition.

The road construction also strongly influences the hy-
dric-water-management function. KRESL (1978) stated
that interception and transpiration decreased as a result
of deforestation of the required zone for the forest road
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equally to its width. But evaporation increases at the same
time. The road bed (the form of its surface) decreases
the surface accumulation and infiltration practically to
a negligible value. It means that rainfall infiltration into
the soil is restricted and the road accelerates the origina-
tion of overland flow. Cutting slopes along roads drain
the adjacent area and influences overland and subsurface
flow that is caught by road ditches and concentrated into
other places — into the culverts. Its speed increases and
conditions for development of erosion damage are formed
under outlets from the culverts.

It would also be possible to compare the deforestation of
a zone for a forest road to a clear cut and to calculate the
detriment of the stands. This value can be compared with
the costs of construction of a road going outside the parts
of stands with high total real potential. This possibility
can be taken into consideration only if both variants allow
regular management in the forest.

Building a forest road in this catchment is very difficult
because of the unfavourable terrain conditions (high slope
— mainly the terrain for cable systems).

BENES (1985) was interested in the solution of the
forest road optimization in this catchment. Optimization
with several treatments was implemented according to
his design. His design was directed only towards the for-
est road density, the accessibility of stands for skidding
machines, design characteristics of forest roads and their
relationships to terrain configuration. But he did not take
into account the all-society functions of forests.

Four states were compared according to the density
of hauling roads, relative rate of access and geometrical
skidding distance.

1. State before BENES’s design (Table 1) (BENES 1985)
2. State after BENES’s design (Table 2) (BENES 1985)
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Table 3. Present state

Density of hauling roads (m/ha) 38.5
Accessibility of the forest (%) 66
Geometrical skidding distance (m) 102

Table 4. State after the design according to all-society functions
of forests

Design 1 (R10, R11)!

Density of hauling roads (m/ha) 344
Accessibility of the forest (%) 73
Geometrical skidding distance (m) 103
Design 2 (R6, R8, R10, R11)!

Density of hauling roads (m/ha) 27.5
Accessibility of the forest (%) 72
Geometrical skidding distance (m) 127
Design 3 (R6, R7, R10)!

Density of hauling roads (m/ha) 24.6
Accessibility of the forest (%) 62
Geometrical skidding distance (m) 164

'forest roads proposed to be discontinued
R1,...,R11 — road numbers (Fig. 2)

3. Present state (Table 3)
4. State after the design according to the all-society func-

tions of forests (Table 4)

The routes of forest roads that are proposed to be dis-
continued go through the parts of stands with high real
potential of functions of forests. Geometrical skidding
distance will increase and the density of forest roads will

M

” Fig. 2. Map of the Vilcok
catchment with stream and
roads
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decrease by discontinuation of these roads in comparison
with the present state.

BENES (1991) reported that the geometrical skidding
distance should be between 140 and 180 m in the moun-
tainous and hilly country. As can be seen in Tables 1-4,
in none of the variants does the average geometrical skid-
ding distance exceed the top limit of values reported by
BENES (1991).

Designs were aimed only at the road discontinuation in
parts of stand with high real potential. These stands were
considered to be functionally more efficient and thus more
valuable.

Time constrained validity of the real effects and real
potentials could be seen as a problem. Real effect indicates
the state in the actual conditions. Its value will be different
after a certain period of time. It is difficult to determine
the exact stocking and health condition in a few years. The
values of stocking depend on concepts of forest manage-
ment, and also on variable natural conditions (windthrow
disaster, etc.). Stocking can be decreased by silvicultural
treatments, but it can revert to the original value, accord-
ing to the age and intensity of treatment. It means that it
is necessary to take into account the time when the evalu-
ation of a certain part of stand is made. It is possible to
claim that the forest road network designed according to
real effects will be convenient for the all-society functions
of forests in the actual conditions, but a few years later it
does not have to be so.

The design of the forest road network can be realized
only according to real potentials of forest stands. The real
potential of forest functions is provided on the basis of
management complex of stands and stand type.

The management complex of stands does not change, but
the stand type changes with changes in the species composi-
tion. However, the forest road network is a long-term matter.
During the regeneration of the stand, the species composi-
tion can be changed. Should the road go through parts of
stands at felling age, the design according to real potentials
of forest functions may not be optimal in the next rotation if
the species composition is changed. It is theoretically pos-
sible to say that the design would be different after 10 or
20 years if it were realized at the end of rotation of the stand.

Example: The value of parts of stands for the real poten-
tial of forest functions is 19 (average total real potential of
functions), if they are in management complex of stands
55 in the Vil¢ok catchment (for the species composition
90% and more of Picea abies). If the species composition
is 70% of Fagus sylvatica and 30% of Picea abies in the

next rotation, the real potential of forest functions will be
24 in these parts (high total real potential of functions).
It is a large difference in this catchment because the real
potential of forest functions reaches the values 19-24.
So the part of stand would have the highest value in this
catchment instead of the lowest value.

It means that the design will be valid only in the cur-
rent rotation.

Therefore, there is only one solution. It is necessary
to plan the species composition for individual species of
newly established stand for stands that are at the end of
their rotation. The resultant stand type should be as close
to the natural species composition as possible and thereby
reach the highest values of total real potentials.

CONCLUSION

The method Quantification and Quantitative Evaluation
of Functions of Forests as a Basis for their Evaluation
(VYSKOT et al. 2003) can be used for road planning and
construction. It can serve as an extra component that will
be a member of the decision process.

So far, the main criteria for the forest road construction
remains to respect the terrain configuration and observe
the parameters of the type of concrete forest road to fa-
cilitate the forest operations. The implementation of this
method will be convenient if there is a possibility to build
aroad in several different directions. If it is not possible to
have the forest road outside the parts of stands with high
total real potential, some measures will have to be taken
in order to minimize the negative effects even at the cost
of increasing the costs of forest road construction.
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Navrh lesni dopravni sité s ohledem na celospolecenské funkce lesa

M. KASKOVA

Lesnickad a dievaiskd fakulta, Mendelova zemédélskad a lesnickd univerzita, Brno, Ceskd republika

ABSTRAKT: Zpiistupnéni lesa je zakladnim predpokladem pro rozvoj vsech ¢innosti lesniho hospodatstvi. Navrh lesni dopravni
sité s ohledem na celospolecenské funkce lesa byl proveden v povodi potoka Vil¢ok, které se nachazi v Chranéné krajinné oblasti
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Beskydy. Pro navrh byla pouzita metoda Kvantifikace a kvantitativni hodnoceni celospolecenskych funkci lesii jako podklad pro
Jejich ocenovani (VYSKOT et al. 2003). Tato metoda bude moci byt vyuzita pro planovani lesnich cest a mtize slouzit jako dalsi
prvek, ktery bude soucasti rozhodovaciho procesu pfi planovani vystavby lesnich cest.

Kli¢ova slova: lesni dopravni sit’; celospolecenské funkce lesa; celkovy redlny potencial a efekt; navrh lesni cesty

V soucasné dobé vychazi hodnoceni optimalniho
zptistupnéni lesnich porostl pfedevsim z geomorfolo-
gického a technologického Clenéni lesnich uzemi. Podle
koeficientu terénu je orienta¢né stanovena optimalni
hustota lesni dopravni sité. Pfi posuzovani optimalnosti
zpiistupnéni je tedy bran ohled pfedevsim na zkraceni
priblizovaci vzdalenosti, ale dosud nebyly v navrzich cest-
ni sité zohlediovany vlivy a dopady na celospolecenské
funkce lesi.

Pro posouzeni a navrh lesni dopravni sit¢ (LDS) s ohle-
dem na celospolecenské funkce lesa bylo vybrano povodi
potoka Vil¢ok, které se nachazi na uzemi CHKO Beskydy,
vychodné od vodni nadrze Sance. Optimalizace cestni sité
tohoto povodi byla fesena jiz v ramci vyzkumnych ukolt
pracovnikii Ustavu lesnickych staveb a melioraci Lesnické
a dfevaiské fakulty Mendelovy zemédélské a lesnické uni-
verzity v Brné€ (BENES 1985). Na tizemi bylo hodnoceno
vedeni soucasné lesni dopravni sité¢ a byl proveden novy
navrh, v§e s ohledem na celospolecenské funkce lesa.
Riizné varianty pak byly porovnavany podle geomet-
rické ptibliZzovaci vzdalenosti a hustoty cestni sit¢ podle
BENESE (1991). Zpracovani bylo provedeno na zakladé
hodnot realnych potenciala funkci lesnich porosti podle
hospodarskych souboril a porostnich typti a hodnot jejich
realnych efekti podle metodiky VYSKOTA et al. (2003).
Jak uvadi VYSKOT et al. (2003), realny potencial a realny
efekt stanovuji funkéni schopnosti porostll v objektivni
poloze, nezavisle na okamzité spolecenské potiebe, ktera
je Casove 1 vécné ucelove subjektivni. Redlny potencial
vyjadiuje schopnosti v optimalné¢ moznych ekosysté-
movych podminkach, zatimco realny efekt u¢inky v pod-
minkach aktualnich.

V zajmovém tizemi byly sledovany lesni cesty 1L a
2L. K témto cestam ¢asto priléhaji z kazdé strany po-
rostni skupiny s rozdilnym realnym potencidlem nebo
efektem funkci lesa. Je to zplusobeno faktem, Ze lesni
dopravni sit’, zejména odvozni cesty, byla a je vyuzivana
jako trvala linie rozd¢leni lesa. Proto dochazi k situaci, ze
se podél lesni cesty nachazeji porosty s riznou hodnotou
celkového realného celospolecenského potencialu. Je to
dano riznym druhovym slozenim a zastoupenim dievin
v jednotlivych porostnich skupinach. V povodi Vilcok
dosahuji nejvyssich hodnot realné potencialy funkce
bioprodukéni a zdravotné-hygienické, naopak nejnizsich
hodnot potencidly funkce ekologicko-stabiliza¢ni, coz
vyplyva z vysokého procentudlniho zastoupeni smrku.
Nejvyssich redlnych efektd dosahuje funkce hydricko-
vodohospodarska.

Metoda Kvantifikace a kvantitativni hodnoceni celo-
spolecenskych funkci lesti jako podklad pro jejich
ocenovani (VYSKOT et al. 2003) bude moci byt vyuZita
pii planovani a vystavbé novych cest. Muze slouzit jako
dalsi prvek, ktery bude soucasti rozhodovaciho procesu.

I nadale musi zGstat hlavnim kritériem vystavby LDS
respektovani konfigurace terénu a dodrZeni parametrti po-
dle konkrétniho typu lesni cesty pro umoznéni ¢innosti
lesniho hospodafstvi. Pfi moznosti rozhodovani, kdy bude
mozné vést trasu nékolika rGznymi sméry, je potfebné
vyuziti této metody. Pokud lesni cesta nebude moci byt
vedena mimo porostni skupiny s vysokym celkovym
realnym celospolecCenskym potencidlem, budou muset
byt splnéna opatieni vedouci k minimalizaci zpisobenych
negativnich 0i¢inkt i za cenu zvyseni nakladl na vystavbu
lesni cesty.
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BOOK REVIEW

AN ILLUSTRATED GUIDE TO MAPLES

ANTOINE LE HARDY DE BEAULIEU

Timber Press, Portland « Cambridge, 2003, 464 pp., hardcover, ISBN 0-88192-601-9

Many books and papers dealing with the maple mor-
phology, taxonomy, systematics, propagation, cultivation
or wood properties have been written, some of them
published by Timber Press. From these I would select
the monograph Maples of the World as the most compre-
hensive and authoritative source of information. Many
illustrated guides or colour encyclopedias of cultivated
maples have been published, too. From this category
I would definitely choose An Illlustrated Guide to Ma-
ples, again published by Timber Press, as the fabulous
and almost ideal photographic companion to Maples of
the World.

An [llustrated Guide to Maples tells a fully documented
and exhaustive photostory of the aristocratic genus Acer in
four-season gardens. Up-to-date, it is the largest illustrated
reference on maples that assembled over 1,200 gorgeous
photographs, taken mainly from West European and
American gardens, but sometimes from natural habitats,
too. The text is concise relying heavily on the illustrations
to highlight the main features of each maple. They do this
brilliantly.

The book begins with an introduction to the maple
world giving telegraphic information on the history, leaf
colours, bark, flowers, inflorescences, fruits, propagation
techniques, hardiness, and hybridisation. The maple clas-
sification used in this volume follows de Jong’s systemat-
ics, currently accepted in Europe but not in Japan. As this
is not a taxonomic treatise, it was the author’s choice to
adopt the classification he considers as the most complete
and the most recent to his knowledge. From this point of
view, my comment is pertaining to the invalid name of
A. mono used by the author. According to the nomenclato-
rial change ratified several years ago, a current valid name
for this species is A. pictum.

Brief descriptions of the species include the epithet,
common name, wild origin along with the year of in-
troduction, general appearance, morphological charac-
teristics of the trunk, buds, leaves, flowers, fruits, and
information on the propagation. The book is laid out in
alphabetical order — an ideal form which makes it very
simple to find any given plant taxon. All maple species
cultivated in Europe are included, whatever their origins.
This huge inventory of species, subspecies, varieties and
formae is depicted in very instructive photos of the bark,
foliage, flowers, fruits and other relevant details, always
accompanied by a photograph of a larger part of the plant.
The author’s goal was to present a wide diversity of ma-
ples from which landscape designers and gardeners may
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safely and reliably select the particular cultivar, form or
species. Numerous photographs in this book are an ideal
source of information. For me, dare I say, the most excit-
ing illustrations belong to A. sikkimense ssp. metcalfii,
the very rare maple with which I undertook several tissue
culture experiments but never had a chance to see a habit
and appearance of mature specimens. Finally, may I assure
you what a remarkable maple it is. However, it is needed
to say that it was not the author’s intention to present
a complete list of maple cultivars. Indeed, it is a technical-
ly impossible task for a single volume aimed mainly at true
type species. Though the most popular cultivars frequently
seen in public gardens and arboreta are mentioned in the
book, at least one additional volume would be required for
cultivars of the Japanese maple species only. Therefore,
readers wishing to feast their eyes on 4. palmatum culti-
vars will be disappointed (8 photos displayed on a single
page only) despite many excellent illustrations of widely
represented cultivars of 4. japonicum, A. shirasawanum or
A. sieboldianum. For this group of maple fanciers oriented
to Japanese maples, I would recommend other titles, either
Maples for Gardens published by Timber Press in 1999,
or Yano’s bilingual Japanese-English edition of Book for
Maples from 2003.

The final chapter is an essay about diverse utilisations
of maples in the landscape, from golf courses to bonsai.
A glossary, list of discoverers and principal maple
botanists, short bibliography with 20 references, index
of common names and plant index offer further welcome
information. Perhaps instead of an ordinary listing Acer
names in an index, I would prefer if the author had de-
veloped a table which, in addition to page numbers, had
columns for the hardiness zone appropriate for each ma-
ple taxon, sun/shade/shelter conditions, etc. Such a table
would have made it much easier to use this illustrated
guide also as a cultural guide for the complete designing
and plantings.

Outstanding features of the book are the magnificent
colour reproductions of excellent quality, moreover art-
fully arranged. The author along with the publisher have
made the polished book with which I have the great
respect and admiration. In this case a picture is indeed
worth a thousand words. What an inspiring book that
makes maple addicts many out of us.

Dr. Jaroslav Durkovic
Technical University, Zvolen
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