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INTRODUCTION

An environmentally sensitive area (ESA) can be defined as a sensitive site which
needs special protection, strategies, and implementations bechulse natural features,
ecological functions, wildlife, aesthetic or historical value. ESAs include, but are not limited
to, native forests, high quality successional forests, national parks, essential wetlands, riparian
areas, water bodies, important eratheds, karst features, wildlife reserves, world heritage
areas, sensitive sites with significant natural and cultural values, and areas of high visual
value.

The resources management activities can be undertaken in ESAs by considering
specific guidelies; however, the principal value is conservation, including the protection of
biodiversity, ecosystems, and habitats. On the other hand, designated forestry activities have
to be carried out in a manner that protects the identified conservation valu8s\dn E

Alst I nternational Symposium of Forest En
Forest Har vesting and Roadi ndgashemorgnized ano n me n t
02-04 June 2016 at Bursa Technical University, Faculty of Forestry in theotiBursa,
which is located in such a region that is very rich in terms of forest products, forest resources,
and environmentally sensitive areas in particular. The symposidorgamizers includeg
IUFRO Division 3.01.00 and FETEC Platform. V. Forest Engimge and Technologies
Workshop wil be held during the symposium.

The aim of the symposium was discuss the most recent scientific researches and
professional works related to forest harvesting and roading activities taken place in
environmentally sengve areas with attendance of relevant shareholders, practitioners and
international researchers from various regions of the world.

On behalf of the entire organizing committee, | would like to thank all the participants
of the symposium and express bgst wishes to those who contributed duringptieparation
and organization stages of the symposium.

Prof.Dr. Abdulah E. AKAY
Symposium Chairman
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POSSIBILITY OF EFFICIENT FOREST MANAGEMENT AND UTILIZATION BY
SCM-MODELING CONCEPT AND SUBJECT

Toshio NITAMI
University of Tokyo, Tokyo, JAPAN
nitami@ fr.a. utokyo.ac. jp

ABSTRACT

The SCM, supply chain management, is commonly used at industrial product manufacturing
Their producing processes and material feedings are finely controlled through the huge fixed
system. On the other hand, forest is the huge manufacturing plant itself to produce woods
which continues production restlessly, and woods themselves are nornunand
homogenous material. Furthermore, their production processes are also not able to be
standardized due to uneven terrain and ground conditions and the complicate operation
procedures under natural environments. Here, SCM application is discussddrefst
management and utilization. Time axial expansion is required for the long period growing to

be the product by itself, and the space axial expansion is also required for the vast area of
stands where face much diversity of environm

Key words: SCM, management, utlization, time, space
1. INTRODUCTION

It comes common to use the idea and utility of SCM (Supply Chain Management) in many
industrial fields. We have scarcely usage in the forestry sector, in spite that in the wood
industry and papeandustry.

It may mainly because that forestry is processes under the natural environment not easy to
manage their conduction definitely and because that which deals long life tree vegetation
whose grow stage and matureness are vague. It is advaneigablCT to forestry activities

and pushing the harvesting, production and sales management to systemize. This expects
SCM-based method applicate to forestry processes.

It is convincing that we are getting involved much with highly mechanized high pexrfae
forest operations and which leads to require more efficient and proper for the regional
conditons. SCM can be expected to play such functions balancing these two subjects.

2. SCM APPLICATION AND SUBJECT FOR FORESTRY PROCESS

Sales and transportatiofrom forest logging site to market and sawmill factory of log,
processed timber, have been systemized as a distribution process of management industry.
The upstream part of the timber supply can be divided into two sections, the former is
growing standig tree in forest stands applying adequate silvicultural treatments and the latter
is tree feling, harvesting and wood processing to logs.
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The former is management for long life living staff and there is no definite time critics besides
the necessity fotreat management for growing stages, such as@nemercial thinning for
younger and thick stands and tree density control thinning, and finally mature stands are to be
clear felled, but each treatment have no definitely scheduled execute time in qooEcess

for a product. These treatments have a certain allowance of execution and can be enough to be
conducted in the system with fuzziness.

And also the latter has vagueness for operation system by machine and labor complex under
various natural condan. Even if we alter the sequence of operation in a system it may work
and achieve to provide same product, and multi process would be merged to a single process
when a machine was introduced.

3. EXPANSION OF SCM FOR FORESTRY BUSINESS

SCM for ordinal ndustry usually models the processes bounded to time definitely, but our
agricultural field founded by livestock production requires process modeling considering
vegetation growth. So called Sixth industrialization has been promoted in Japan for years
which comes from pushing harmonious combination of the first, the second and the third
industry, aiming that regional first industry would be active through the regionally integrated
natural industry connected chain. It is very initiative to see close thedssstiesult and the
effect of the operation. The integrated database of the sixth industry can be viewed from the
first industry stand point for the row material production, viewed from the second industry
stand point for the processing and viewed fromtthal industry point for the construction
(Figure 1) (Yotsukura, 2009).
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Figure 1. Modeling of expanded SCM for fo
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Forest management plan requires regional forestry to consider time series of treatment
processes. Umlly there are no consideration for special optimization on location of
harvesting sites. A timber harvesting undertaking would be initialized by a planner staff of a
regional forestry enterprise by focusing on a certain size of forest which may promote
business area integration, often up to 30ha, but scarcely consider stand volume and quality in
numerical way (Figure 2). One can say it is too much to understand and evaluate by a human.
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i
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L Wood logs 5,000m3/yr
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| @ Third Ind. View
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J
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Roof
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Tec., Co.LTD.

Composite timber

Figure 2. Modeling relationship considering forestry circumstances

Bivalent harmonization between special and horal conditions for forestry and wood harvesting
and silviculture are inevitable under natural condition, such as mountainous terrain, by human
techniques, such as road equipping and machine operation systere &g
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“Sixth Industry”
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Figure 3. Requirement for DB management considering forestry activities.



1stinternational Symposium ¢forest Engineering and Technolog(@ETEC 2016
02-04 June 2016Bursa, Turkey

ORAL PRESENTATION

A system for forest resource management and timber production is undertaking as a tool for
business integration, promotion and evaluation on a web cloud style ase,sEiyire 4, 5,

and expanding function for forestry engineering chain management.
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Figure 4. User interface page of Forest and Forestry Management System
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Figure 5. Proposal to forest owner by a simulation result of harvesting business.

4. CONCLUSION

Information utilization for forest management is useful and getting inevitable when consider
the scale of space and time. Getting operation data and share them with conjuncts is efficient
for promote the business. Connecting parts of a forestry basihesugh ICT offers smart
forestry which integrates whole forestry activities and pull in the timber market into the forest
domain as a marként business instead of prodwmtit business.

4



1stinternational Symposium éforest Engineering and Technolog(¢€TEC 201§
02-04 June 2016Bursa, Turkey

ORAL PRESENTATION

A laser based forest stand measuring system is operating (Figlrer] expecting efficient
forest stand survey. And it also enables accurate grasp of not only tree volume but also the

location and shape. And it founds flexible forestry managing system with accurate stand
information.

Figure 7. Digitalized forest stand vieivuseful forVirtual Realty treatments

REFERENCES
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INFRASTRUCTURE LAYOUT AT FOREST ECOSYSTEMS MANAGEMENT
Selcuk GUMUS

Karadeniz Technical University, Faculty of Forestry, Forest Engineering Department, 61080
Trabzon, Turkey Tel: +90 462 3772861 Fax: +90 462 377286hIE squms@ktu.edu.tr

ABSTRACT

Forest land access is primarily provided by forest roads in the conditions of Turkey. Road
infrastructures are one of the most important factors at adequate planning and managing of
forest ecosystemdhe stages of evaluating atermining the adequacy of forest roads,
although very important, are usually ignored at ecosystem planning studies in the current
applications. The planning of the forest road network has been individually done by
considering general planning approactsgh as road amount, road interval, and some
technical limitation, somehow distinct from other ecosystem planning activities, according to
the Turkey officiallegislation. The forest road networks are planned in accordance with the
Principles of Road Commmigue No: 202, which was first published by General Directorate

of Forestry in 1984. Today, it continues with the Communique No: 292 renewed in 2008
according to the changing conditions and approaches. At the current planning applications,
the amount of rad has definitely been restricted. It was stated that the total of road
construction area could not exceed %1 of the total forest area (20 m/ha). Turkey is located on
a large geography where generally business shapes the structure of the. Therefoudy it sho
not be any absolute and general restriction. It is known that Austria, with similar
characteristics with the conditions of Turkey, has higher road density value (45 m/ha) than the
limit specified for forested areas in Turkey. This study was aimedstusi the restriction of

the road density of Turkish forests. The forest road network planning should be made as a part
of strategical scale harvest planning. By this way, forest structure and functions, topographical
features, soil properties, wildlife @logy, transport systems and road needs can be taken into
account in determining road density.

Key words: Forest Infrastructure, Forest Road, Road Density, Infrastructure Layout, Forest
Ecosystems Management.

1. INTRODUCTION

Forests are the one of tbemmon renewable natural sources widespread in the Earth. Forests
offer many services besides the wood that is the used wide range of human life. Sustainable
management of forest ecosystems are depend on well balanced protection and usage policy.
The fores harmless utilization can be realized with the appreciate infrastructure layout. Roads
is the most important forest infrastructure. The forest road network consist of access and
secondary hillside roads segments for serving appropriately every kincesftrfoservice and
transportation of each type of product obtained from forest communities.

Roads, in particular, are physical manifestations of the social connections and the economic
and political decisions that lead to land use change. Their existamends on social
structuresand their physicatharacteristics depend partly on landscape strudde@logical
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road network theory, which is comprised of basic principles of land use, transportation,
network theory and ecology, provides a frameworknterpret the ecological effects of road
networks (Coffin, 2007).

Traditionally, road analysis has been narrowly focused both geographically and ecologically.
Roads can be analyzed as ecosystems using environmental gradient analysis to distinguish
betweerroad segments in different sectors of the landscape or across latitudes and elevation.
(Lugo and Gucinski, 2000) (Figure 1).

(b)

Temperiture

Rainfall

Disturbance
Events

(a) Climate
(e)

Topogrphy

Geology Substrate(s)
(d} Maintenance
Slope
Use or Function

Figure 1. Axes of the parameters that define the ecological space or the environmental
gradients within which roads function.hd main gradients are shown in (a) and each (climate,
geology, and useffunction) are further subdivided into component factors in (b), (c), and (d),

respectively. l(lugo and Gucinski, 2000

Many authors consider that fragmentation of habitats by roadsbm#élye most important of

the ecological effects of roads and their traffitie direct and indirect influences of roads on
ecological processes vary widely from plant community to landscape level. On a large scale,
theseinfluences are multiplied by the deity of road networks and mainly result in landscape
pattern change in the road effect zone. Road development is a primary cause of habitat
fragmentation, as construction removes original land cover, thus creating edge habitat. (Liu, et
al., 2008; Spelldrerg, 1998). Fragmentation included road density, housing density, lake
perimeter, lake area, and grassland, coniferous forest, and barren area. Deciduous forest,
wetland, public land area, and percent volume of poor subgrade soils were negatively
correlaed with fragmentation (Hawbaker, et al. 2005).

Subjects such as roadkills and local erosion are familiar, whereas traffic noise effects,
subdivided populations, and interrupted or enhanced horizontal ecological flows are real
frontiers (Forman, 1998). Ehe was an indication that roads in the direct surroundings of a
reproduction site (250 m) affect the population size negatively. This is in accordance with the
expected extra mortality on roads (Vos and Chardon, 1998).
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Effects are evident for faunal mement, population fragmentation, human access, hydrology,
aguatic ecosystems, and fire patterns. A road density of approx. 6 m/ha appears to be the
maximum for a naturally functioning landscape containing sustained populations of large
predators, such asolves and mountain lions (Felis concolor). Moose (Alces), bear (Ursus)
(brown, black, and grizzly), and certain other populations also decrease with increasing road
density. These species are differentially sensitive to the roadkill;aeadance, and man

access dimensions of road density. Species that move along, rather than across, roads
presumably are benefitted by higher road density (Forman and Alexander, 1998).

Dutch policy has focused on the open roadside vegetation;kittgdanimal movement
patterns, and nature restoration. US transportation policy largely ignores biodiversity loss,
habitat fragmentation, disruption of horizontal natural processes, natural stream and wetland
hydrology, stream water chemistry and reduction of fish populat@nmsnge of ecological
issues highlighted in the transportation community in 1997. The Netherlands and Australia are
world leaders with different approaches in road ecology. In The Netherlands, the density of
main roads alone is 15 m/ha, with traffic dignof generally between 10,000 and 50,000
vehicles per commuter day. Australia has nearly 900,000 km of roads for 18 million people.
In the United States, 6.2 million km of public roads are used by 200 million vehicles. Ten
percent of the road length is national forests, and one percent is interstate highways. The
road density is 12 m/ha, and Americans drive their cars for about 1 h/day. Road density is
increasing slowly, while vehicle kilometers (miles) traveled is growing rapidly (Forman and
Alexander 1998).

Road constructioncauses a destruction on forest ecosystdRoad removal creates a short
term disturbance which may temporarily increase sediment loss. Howevertetomg
monitoring and initial research have shown that road removal reducesccérasion and the
risk of landslides (Figure 2)Sivitalski et al. 2004 For this; forest road amount is as
important as its layout in forest area.

4 ; 25 S s - - ) - Nl _. , 2

Figure 2. Forest acces road and forwarder usage to extraction of vi~dilijss( et al. 2004)

Road nework should be carefully design as well as calculate road amount. There is a relation
between road density and space. Figure 3 shows the relation paRloofar, and Pentek,
1998) Road densitydecreasesause increases on road interval space.

8
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Figure 3. Road density and spare relation

Because it is very difficult digitalize the environment and ecosystem factors, road density
calculations are made according to total transportation cost taking into environmental
considerations. Total cost does not digaintly change for slight deviations away from the
optimum density (Figure 4). It is therefore acceptable to deviate away from optimum values
by up to 15% Rhilips et al. 2004)
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Figure 4. The cost effects of road densBhifips, et al. 2004).

It is assumed that the effective factors in costs can be determined by using the mathematical
models, as well as by the help of graphical model, less costs of skidding and road construction
can be obtained; therefore, optimal road density can be evaluatedestiag methods,

9
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different types of roads, the ratio of each road to the whole network, stand per hectare, slope,
geological conditions, presence of sand mine for constructing surface of roads, capital interest
rate, wood extraction costs, type of skidglior yarding machinery, routes, type and number

of load, allowable winching distance, brush and underbrush, condition of the roots,
silvicultural methods (cutting form), regional soil, regional height, direction of the slope and
morphology of the forest arfactors which have been mentioned in this research as affecting
determination of roads network densfiyotfalian et al., 2008)

Although those common knowledge worldwide there are different forest road density value
between countries. Each country Hagest road length according to their social, economic

and ecosystems sensitivities. In Turkey, at the current planning process, that form the basis of
Road Communiqu&lo:292, the amount of road has definitely been restricted. It is stated that
the totalof road construction area could not exceed %1 of the total forest area (20 m/ha).

This study was aimed for discussing the restriction of road density in Turkish forésts.
common literature investigated and evaluated for Turkish Forest roads plamaress
Google Earth was used understanding some relations between different road networks, forest

lands and topographical features.
2. RESULTS AND DISCUSSION

Road density studies can be grouped in two aspects one of ecosystem effectives and the other
wood transportation economics. There are many approach for determining optimal road
density and the evaluation of the ecosystem effects such as fragmentation and wildlife
harmful.

A study have been made for Middle Atlantic Coastal Forest, data ranggdousetermine
ordinal ranking for each selected fragmentation metric given Tabldkahd density
determined a@ange of 2.8 to 64.18 m/ha in this repteiman et. al, 2002

Table 1. Road density values according to the fragmentation metric.
Ordinal score data range

Fragmentation metric 1 2 3 4 5

Road density (km,/km?) 3583 -6.418 2.318 - 3.5R2 1.740 - 2.317 1301 -1.739 0.208 - 1.300
Claszs area (ha) 153 - 5099 5099 - 11885 11855 - 22977 22977 - 42416 42416 - 77981
Percentage of landscape 737 -3166 31.67 -46.41 46.42 -58.78 5B.79-71i51 7152 -92.78
Total core area index (%) T13-31.13 3114 -43.93 4384 - 54.08 54,09 -64.28 64.29 - B5.66
Mean nearest neighbor (m) 14557 - 28555 B9.46 - 14558 B3.00 -89.45 45,76 -62.99 30.00 -45.75

The best range for road density was80m/ha and included the majority of the ecoregion. In
comparison, conservation planners in charge of the eastern red wolf (Canis rufus) recovery
effort, which is centered in and around the Alligator River National WildldééuBe could be
concerned about the impact of roads on recovery efforts. Although there has been some
variability based reports an approximate road density threshold of 5 m/ha fotelwmmg
persistence of wolves on species and geographic location, th&feclgerature (Heilman et.

al, 2002)
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The road density threshold described by other studies applies most directly to areas not
adjacent to large reservoirs of occupied wolf range, and that relatively small areas of high
road densities can sustain woh&s long as suitable roadless reservoirs are nedviegh

1989). According to Lyon 1983abitat effectiveness for elk at road densities up 37.27 m/ha
(Lyon, 1983). At NestedEcological Units in Northern Great Lakes Region, USAgad
density ranged from.6 to 20.7 m/hdhat highest densities were in the Keweenaw Peninsula
(an area with relatively low populationBaunders, et al. 2002).

In a study, the cable systems analyzed for optimal road spacing in Austria. The roading,
yarding and installation coper cubic meter were computed for different yarding distances
and graphed as a function of road spacing. The minimum total cost and ORS were
42.88Euro/mt and 261m, respectively for onsvay vyarding. For tweway yarding, the
minimum estimated total co$hRS and optimal road density would be 38&8o/n?, 373m

and 26.8m/ha, respectively. The results showed increasing harvested volume decreases ORS
and that increased roading cost increases ORS. (Ghaffariyan 20 0), Generally, nder
Austrian condions road spacing varies from 200 m to 400 m depending on steepness, forest
ownership and available skidding equipment. The mmead density is 45 m/ha
commercial forests and 9 m/ha in protection forests including effective public i8ad&K,

1996)

Under European conditions road densities for ground skidding are about 25 m of road per
hectare of forest. Expressed in terms of the volume of timber extracted, this corresponds to an
effective density of roughl y o@n@vwbodnn aoniixedr o ad |
broadleaved tropical forest under conditions typical of West Africa, where harvest volumes
average about 10 mj per hectar e, an effecti
extracted roundwood would imply only 1 m of road per &iexbf forest. This is many times

lower than actual road densities commonly encountered in tropical forests, suggesting that
effective road densities may be higher in some tropical forests than in temperate forests in
industrialized countriegDykstra andHeinrich, 1996).The optimal density for forest road

network in lowlying stands was calculated on the terrain according to minimum total cost
model and found 14.71 m/ha in Croatia. The mean extraction distance (ds) would decrease to
170 m(Picman and Peek, 1998). Phillips and friends studied on optimum road density
according to road construction and timber extraction costs for Irish forekey developed a

matrix for road density (Table 2pfilips, etal 2004).

It can be seen that the road densayies from 13.61 m/ha to 22.59 m/2emir 2007 was
examined the road density and space in some European countries. It was observed that every
country has adopted implementations differ.:
social conditiongDemr, 2007).In Korea, optimal road densities were calculated from 7.7 to

29 m/ha according to stands volume per ha for skiddergalian et al., 2008)A study have

been made in Iramyrcanian zoneoptimum road density was-8 n/ha for forwarders
accordig to minimizing sum of skidding and roading cod®afiei et al., 200p Any other

study made for evaluation of performance road density calculated as 10.6 m/ha in Iran (Amiri

et al., 2012).
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Table 2.Matrix for road density vs timber movement cost awaldrconstruction cost

Optimum Road Density (m/ha)

Timber Road Construction Cost (€/m)
Move. Cost

(€/m*M100m}| 2400 2525 2650 27.75 20.00 3025 3150 3275 34.00
0.80 1597 1561 (1527 | 1495 1465 1437 1410 1385 1361
0.88 16.75 16.37 |16.01 | 1568 1537 1507 1479 1453 14.28
0.96 17.50 17.10 |16.73| 16.38 16.05 1574 1545 1517 14.91
1.04 18.21 17.80 |17.41| 17.05 1671 1638 1608 1579 1552
1.12 18.00 18.47 |18.07| 17.60 17.34 17.00 1669 16.39 16.11

[1.20 1956 19.12 |18.70| 1831 17.94 1760 17.27 1696 16.67
128 | 2020 1974 1931 18.91 1853 1818 17.84 1752 17.22
1.36 | 2082 2035 19.91 1949 19.10 1874 1839 18.06 17.75
144 | 2143 2094 2048 2006 1966 1928 1892 1858 1826
152 | 2201 2151 2105 2061 2020 1981 1944 1909 1876

| 160 | 2250 2207 2159 2114 2072 2032 1995 1950 1925 |

Heinimanndeveloped a normalized cost model as a function of road density and slope
gradient for skidder and yardéased extraction systems. Above 42% the model prefers
cablebased extraction systems, extraction is limited to oEausities approximately below 25

m/ha because of limited line length. Difference between total cost of skidder and cable based
extraction at optimal road spacing at 30% slope, and 60% slope respecliegtyniann,
1998).A necessargondition for minimumcost is that variable yarding costs equal road costs
(Peters, 1978).

The average animal power (sulkies) skidding distance was measured to be 71 m while average
skidding production wa shoue Antoptimal toaddspatirag which 1 . 2
minimizes the overall total costs was found to be 137 m. at forest plantations in Tanzania
(Abeli and Magomu, 1993A Japanese study was reported from 5 to 50 m/ha road density of

total forest road system according to terrain gradients and logging systenes J)lab

Table 3. Standard Forest Road Density Suggestedo(1967)

Terrain Type of Logging Standard Density
Class | Even  Type | Truck hauling type 30-50
Class Il Hily  Type Il Tractor hauling type 20-30
Class I Type il Medum distance 10-20
ClasslV very Type IV Long distance 5-15

The planning of forest road networks were start according to the principles of Road
CommuniqueN0:202 that were first published General Directorate of Forestr§Oid.

Today, it continues with the of Road Communig\e: 292 renewed in 2008 according to the
changing conditions and approaches. The planning of the forest road network studies have
being individually made considering general planning approaches swohcaamount, road
interval and some technical limitation, somehow distinct from other ecosystem planning
activities, according to the Turkey official legislation.
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At the current planning codes the amount of road has definitely been restricted.téidid Isha

the total of road construction area could not exceed %1 of the total forest area (20 m/ha). In
this code, the harmfully effects of forest road constructions were described, but there is not
any approach to optimizing of the road density. High doread density and existing road
network can be ecologically affect the spatial structure of forest functioning patches,
compartments, and also forest stands, in the long(Bker and Coban, 2010J.hese cases
wanted to collaborate for development theowledge the susceptibility of environmental
damage in forestland, and the importance of planning the wood harvesting and timber hauling
and the proposition of measures were want minimize the this harms, and perhaps develop the
wood harvesting practical de considering the environmental weakness associated with
economical aspect€(or r °a and Bognol a, 2010) .

3. CONCLUSIONS

It concluded that the road density values varies from county to continents according to its
effects on forest access relating withngportation techniques and costs components as well
as ecosystems prioritie$senerally, road density is optimized by total cost minimization
studies. This studies are based on skidding, forwarding, yarding and road construction costs.
Selection one of tl#e logging systems depends on the general terrain slope. Terrain slope is
also an important effect on road construction costs and ecological aspects.

The forest road network planning should be made a part of strategical scale harvest planning.
By this way forest structure and functions topographical features, soil properties, wildlife
ecology, transport systems and road needs should be taking into account and road density can
be optimized for sustainable forest ecosystem management.
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ABSTRACT

Many studies have been conducted on the ecological and hydrological effects of different
types of terrain use in catchments. However, there have fe@estudies on the effects of
forestry activities and especially logging roads on catchment hydrology. Forest roads are very
important in terms of providing access to forestry products and to satify human needs.
However, building forest roads or roads adijog forests can have certain ecological and
hydrological effects. This study aims to present the hydrological effects of forest roads in the
G°k-ay Catchment, | ocated in the southern s
Systems/Remote SensiiGIS/RS) techniques were used to identify the road network of the
catchment, and sampling spots were determined from roads with different soil characteristics.
Catchment roads were classified into Transport Roads (TR), Tractor Logging Roads (TLR),
Human/Animal Power Logging Roads (HAPLR), and Asphalt Roads (AR). The road density
of all the roads in the catchment was 2.5 km?krand the ratio of road surface to total
catchment area was 2%. The highest level of compaction was measured in TLRLSagI()

with 6.50 MPa, and the lowest level of compaction was measured in HAPLR soil with 0.25
MPa. The highest level of topsoil bulk density (1.87 grtimnd the lowest level of topsoil
hydraulic conductivity (0.69 cm H) were measured in TLR soil. In naturfarest soil,
compaction varied between 0.1 MPa as the lowest and 2.64 MPa as the highest, bulkk density
was 0.95 gr cim, and hydraulic conductivity was 35.49 cnthimfiltration values were 0 cm

hr! in TLR soil and 7.21 cm Hrin natural forest soilThere were statistically significant
differences between the compaction values of different roads. Forest roads, in general, were
observed to have poor hydrological characteristics, and low levels of hydraulic conductivity.
Particularly during heavy or plenged rainfall, surface runoff on the roads is a distinct
possibility. Controlled transfer of this water to the catchment drainage system is very
important for catchment hydrology, and to control floods and overflows.

Keywords: Forest harvesting, foresbad, soil penetration, catchment
1. INTRODUCTION

Forestry production consists of three distinct stages: felling and preparation (harvesting),
initial transportation (skidding or extraction), andnain transportation (transportation over
regularroads) zt ¢ r k 2009) . I n Turkey, forest roads
of wood to be transported in a year, and the purpose of construction (GDF, 1984). Criteria
used in the design and planning of forest roads are the technology to be used, stand
characteristics, terrain conditions (geology, hydrology, etc.), cost, and ownership status

! Note:This paperhas been partly presented in Symposium on Precision Forestrgsn Gperations (Turkey)
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(Erdack, 1987) . Many factors play a role in
plays a significant role in the prioritization of these factors. Winenpractice is examined,

stand characteristics and cost appear to be most important factors. According to Tan (1992),
the most important factor in the construction of forest roads is the transportation of forestry
products at low costs. Ecological and tgidgical factors are usually not prioritized in forest

road construction.

Road density refers to the ratio of road length to a given area, and road spacing refers to the
direct distance between the roads in a forest road network. For Turkey, the idledé nsaty

was calculated as 20 km/ ha, and the ideal r
density and road spacing values for a miuitictional forestry approach have not yet been
established. Road density and road spacing values need techeulated on the basis of
functional characteristics of forests. Besides operation and economic concerns, ecological and
hydrological criteria should also be seriously taken into consideration. Especially in
catchments where water production takes placg design and road planning should be part

of catchmentwide planning.

In the historical development of forestry production activities in Turkey, there is a tendency
towards a heavier use of machine power instead of human and animal power. However, in
extraction works, human and animal power is still widely used, due to rural employment
conditions and topographical features. Environmental concerns, on the other hand, usually
take a backseat in logging activities. Transportation for logging in Turkeytéaibaly done

using human and animal power (Acar, 2004). Extraction is done using primitive methods 95%

of the time, which lowers the quality and amount of transported wood, damages saplings and
trees in the vicinity of the work area, requires heavy mhwaek, and sometimes results in

fatal work accidents. Thushere is an acute need to improve methods used during extraction,
which is an important stage in forestry prod

Many studies have been conducted on the ecological and economic impacts of forestry
production. Tlese studies can be grouped into those focusing on forest soil (Bettinger and
Kellogg, 1993; Smidt and Blinn, 1995; Marshall, 2000; Pinard et al., 2000; Makineci et al.,
2007), residual trees (Froehlich et al., 1981; Krzic et al.,, 2003), young trees (fRaslatb,

2003 Erojlu et al., 2007) and the products t
clearly emerges from these studies is that forestry production has many negative
consequences. On the other hand, forestry production is a must in order to meetishef nee
human societies. Thus, forestry production activities should strive to develop and adopt
methods with minimal harm to the ecosystem, to the products, and to human health, in other
words methods that are economically eficient as well as environme isiadtainable.

This study comparatively examines the effects of hupawer based, animgplower based,

and machingopower based techniques used in the extraction stage of wood production in
Turkey, on the topsoil compaction and hydrophysical charactsrsfisoil. The study aims to
measure the |1 mpact of forestry production &
hydrology.
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2. MATERIAL AND METHOD

2.1. Study Area

G°kdere Catchment, the site of t hi sankteuwcy,
province, in the Middle Kézél é&rmak section o
Catchment, which is 20 km northeast of the district and on the southern slopes of ligaz

Mountain, is situated4bEt e énrdN olioenhgli aa8iBtelsd e3s3 |
510 East (Figure 1) (G°I et al ., 2010; G°Il e

Gokdere Catchment Map

4544000

4540000 4542000

4538000

Figure 1. Location and DEM map of G°

The average annual temperature at the site ¢
mm. The climate ofthe i t e i s d e-subhuridy mebsotheersnal, dvithrmiedium levels

of surplus water during winter, and close to
located on the transition zone between the humid climate of the Black Sea region and the
continent al climate of the Centr al Anatolian

The geology of the catchment contains schists, phyllites, marble, limestone, sandy limestone,
and limestone clay. There are Brown Forest Soil (M), Colluvial soil (C) and Alluvia{Apil

in the catchment. Soils in the catchment ar
2011).

Coniferous trees that are dominant in the regionPanas nigraArnold (Black pine),Pinus

sylvestrisL. (Scots pine), andbi es bor Matt, ( Ukuwudahafir). These
pure and mixed stands in the catchment (¥ne
study is Scots pine. In addition, juniper speciksiperus communis subsp. Naha

(Common juniper) anduniperus oxycedrus. (Prickly juniper) are also seen in the region, in

small numbers and in a dispersed manner (Anonymous, 2006). 76.6% of the catchment is
covered by forests, 12.7% by forest gaps, and 10.8% is used as residential and agricultural
land.
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The total area of the catotent is 6798.7 ha and the average slope is 38%; about 70% of the
catchment is covered by very steep slopes, mean elevation is 1702m, max. catchment point is
2545m , min. catchment point 1090m. There are a total of 223 streams, with drainage density
of .76 The mainstream slope, calculated wusing
pattern of the catchment is dendritic.

Transportation roads, logging roads and other roads in the catchment have a total length of
263 km. In terms of their usage and constarcitharacteristics, unpaved forest road makes

up 129.1 km of these roads (Surface area= 0,7% kn¥1 hectares), unpaved village
transportation road through or adjoining forests makes up 23.0 km (Surface area= ?184 km
=18 hectares), and paved villagensportation road makes up 14.1 km (Surface area= 0,141
kn? = 14 hectares). Skid trails, on the other hand, which are not shown on the maps and used
temporarily during logging, have a total length of 96.5 km (Surface area= 0.197 k@7
hectares). The tal surface area of all the roads built in the catchment by clearing forest is
123 hectares. Road density in the catchment is 2.5 Kn/khe ratio of total surface area of

the roads to total catchment area is 123 ha/6798.7 ha = 0.02 = 2% (Figure 2).

560.000 565‘000 57on
H 8
g ¢
g g
i i
L:TJ Catchment Boundary
§ — Creek vDamEer:{In) g
i == Paved Road Maxizoag!: | L
§ wmssss= Unpaved Roaa- Min: 1090 §
Forest Road
0 625 1.250 2500 3.750 5 003“ ol
560’000 565’000 570’000
FQure 2. G°kdere catchment DEM and curr

2.2. Method

Using the Digital Elevation Model (DEM) (Figure 1), climate, a topographical map, a
geological map, and aerial photography data were collected. To examine the road system of
the atchment, forest stand map, topographical map, aerial photos and ground measurements
were used. Geographic Information Systems/Remote Sensing (GIS/RS) techniques were used
to identify the road network of the catchment, and sampling spots for ground nmeastise

were selected from roads with different characteristics. In addition, coordinates of the roads
not found on the maps but actively used were identified using a GPS device, and added to the
maps. Catchment roads used in forestry production were @dsag Transport Roads (TR),
Tractor Logging Roads (TLR), Human/Animal Power Logging Roads (HAPLR), and Asphalt
Roads (AR).
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Transect sampling was conducted over transect lines (perpendicular to the road) on sampling
spots, selected from different roads lwiimilar physiographic, soil, vegetation and other
characteristics. Soil samples were taken and compaction measurements were made along 30
transect lines each spaced three meters apart. Samples were taken from the side slopes, tire
tracks and migroad, ad compaction measurements were made for the topsilci®) and

subsoil (510 cm). In addition, for comparison purposes, samples were taken from non
disturbed soils in forest (280 m from the side slope of road) on the roadside, along each
transect. Conpct i on measurements were made using a

To identify the general soil properties of the sampling spots in the catchment, soil pits (10m
away from the road) were dug for each road type. From these soil pits, disturbed and
undistubed cylindrical soil samples (400 érand 100 cr) were taken, one from each
horizon (¥zyuvacé, 1976) .

Texture (Bouyoucous, 1951), field capacity, permanent wilting point and available water
capasity (Cassel and Nielsen, 1986), pH (U.S. Salinity Labgre®taff, 1954), EC and
salinity (Rhoades, 1996), lime(CaGO(Richard and Donald, 1996), soil organic matter
(Nelson and Sommers, 1996), and bulk density (Blake and Hartge, 1986) analyses were
conducted on the soil samples collected.

3. RESULTS and DISGQJSSION
3.1. Soil Properties

The solum depth of the forest soils of the catchment was observed to vary betwe&@ 30
cm. Measurements conducted at the study area showed that the soils were shallow. Texture
classes were identified as SCL (Sandy clay pa@L (Clay loam) and L (Loam). Sand
content varied between 31%. The highest field capacity was measured {rhérizon of

soils, with 45.31%, and the lowest field capacity i rizon of soils, with 15.98%. The
highest soil bulk density was 1.17 gr ¢t 0-10 cm depth, and 1.33 gr.éhat 1620 cm
depth. The fact that soil at 42D cm depth has a higher level of bulk density can be explained
with compaction, lower levels of organic matter content, and lower levels of root and solil
fauna activity. Agegegate stability of soils varied between 24.51% and 72.37%. The average
of aggregates stability in topsoil-@ cm depth) was 64.93%. Infiltration rate of the solil
samples varied between 7-:20.94 cm.H, infiltration rate at the end of 20 minutes was12.

cm h!, and final infiltration was 1.98 cm™hHydraulic conductivity (percolation) varied
between 13.022.91 cm H.

pH of the soils was defined to be moderately acidic. In general, the soil samples did not have
a problem with salinity. Lime contentf the soil samples was low (0-£282%). Organic
matter made up 0.69% to 16.81% of the samples. Topsoil samples were rich or very rich in
terms of their organic matter content. Total nitrogen amounts varied in proportion to the
amount of organic matter.
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3.2. Effects of Forest Roads and Harvesting Activities on Soil

The skidding of the logs on the forest ground causes soil compaction, which according to
(Greacen and Sands, 198bwers soil porosity on the forest ground, and affects water
infiltration, soil moisture, soil aeration, and root volume. Landsberg (2003) found that tralil
depth on the forest ground following skidding varies between 15 and 25 cm, and the average
soil density is 500kP and above. According to Vidrine et al. (1999) following airigin
harvest, 11% of the harvest area was disturbed, bulk density was increased by up to 21%, and
70% of t he har vest trail was covered by
compaction is a physical factor that prevents plant growth. Studies ceddlmw that soil
compaction above 80 kPa prevents root development in plants (Bowen and Coble, 1967;
Okursoy, 2000). Godwin (1990) found that, although there is some variation between plants,
shear strength values of 8195 MPa usually hinder root devplment.

It was found that roads built inside or in the vicinity of forests have different effects on the
physical and chemical characteristics of the soil. Road construction and forestry activities did
not have a great impact on soil texture classes. @rgaatter content of the roads varied
significantly, with the highest levels (2.55%) observed in HAPLR soil, and lowest levels
(0.52%) observed in TR soil. Critical moisture tension levels varied significantly by road
type, and the lowest beneficial watewels (4.67%) were observed in TR soil. Bulk density
values were higher in all road types compared with natural forest soil, and the highest value
(1.98 gr.cr) was observed in TR soil. Highest levels of topsoil compaction were observed in
TR soll, with acompaction value of 14.0MPa.

In terms of catchment hydrology, it was found that roads have the biggest impact on
infiltration rate, hydraulic conductivity, bulk density, and aggregate stability characteristics of
the soil. The stability of the aggregasewd the pores between them affects the movement and
storage of water, aeration, erosion, biological activity. Soil samples taken from the forest
roads had poor hydiphysical characteristics. In TR soil and TLR soll, infiltration values
were measured as &m h', which indicates that during rainfall, these roads would be
impermeable. During heavy rainfall, in particular, there is a distinct possibility of surface run
off on these roads. Considering the total surface area covered by roads in the caghanent,

the total impermeable surface area this creates, it should be expected that very high volumes
of water would be transferred to the catchment drainage system.

Different compaction values were observed, depending upon the type of production activity,
frequency of road use, type of transport, and pavement status. Rural area transport roads (TR),
in particular, have very high levels of compaction (1213601MPa). In the HAPLR roads,
compaction values were close to the compaction values of natural foreSE@mpaction

values were found to be higher in those sections where log skidding takes place. In TLR
roads, which were built for forestry production purposes and usually used for tractor
transportation, soil compaction values varied between-4.836 MRa. When average values

of soil compaction at different soil depths were compared, it was found-ti@&ti depths of

the TR and TLR roads had higher levels of compaction. Average compaction values were
highest under the track sections of the TR and.R roads (Figure 3).
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Statistics concerning the compaction values of different road types, built inside and in the
vicinity of forests, are reported below.

Statistically significant differences wereund between the compaction values measured
along transect lines on different road types. The difference between the compaction values of
natural forest soil on the one hand, and compaction values of all types of road soil on the
other, is statisticallysignificant (F: 30.603, p<0.05). When compaction values along tire
tracks and skid trails were compared, statistically significant differences were found between
HAPLR soil and TLR soil, as wel as between TR soil and TLR soil (F: 3100.186, p<0.05).

Statstically significant differences were found between the compaction values measured
along transect lines on different road types. The difference between the compaction values of
natural forest soil on the one hand, and compaction values of all types cdaibah the

other, is statistically significant (F: 27.455, p<0.05). When compaction values along tire
tracks and skid trails were compared, statistically significant differences were found between
HAPLR soil and TLR soi, as well as between TR soil ab® Bolil (F: 2641.193, p<0.05).

3.3. Catchment Hydrology and Forestry Activities

Forest roads, built with different purposes, have multiple effects on the environment. These
effects can be ecological, hydrological, or recreational. Roads also have dédtiafécts in

terms of erosion, surface runoff, amount of groundwater, and water quality. Soil compaction
decreases infiltration, and thus leads to an increase in surface runoff. Surface runoff damages
road surfaces, and lowers the quality of stream mwatth the sediments it carries. During

heavy rainfall, it can cause erosion, landslides, and at high altitudes even avalanches. Surface
runoff is faster on road surfaces and roadside slopes, and the water is transferred to streams
faster. Road constructio increases the risk of landslidgsG° r cel i oJ | u, 200
construction collects and strengthens the otherwise dispersed movement of runoff water down
the slopes. Riparian zones can be damaged by road construction and logging activities. In
regions with steep gradients, cutting slopeserimipt both surface runoff and shallow
underground runoff. Materials from erosion on road surfaces and roadside ditches, and from
collapses in cutting slopes increase the volume of sediment carried to stream beds
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(G°rceliojl u, 2 0 0 4 )ter prdduction takesplaceeand is foresth witha wa
hydrological function, protecting the hydrological structure should be the first priority in road
construction.

Roadside ditches are a part of the surface drainage system, and increase the water drainage
capacity of the drainage system to the river. In the past, felling and transportation (production,
harvest) methods were based on very intense road networks. Horel (1996) argued that in
catchments, surface area of permanent forest roads and landing gé&édseitoshould not
exceed 5% of the total surface area of the forest cover. This ratio is suitable for extraction via
suspended cables and helicopters. In addition, this ratio can help minimize the effects of roads
on hydrology and sediment transport. Forekts that have a hydrological function, a road
density threshold value of 2.0 km Knis recommended Kart al of | u, 2011) .
total length of forest roads is 125 000 km. For -aneter wide road built in a steep
mountainous region, 20of forest area is destroyed. Multiplying this number with the total
length of forest roads, it could be ardudat 250 000 ha of forest area are destroyed for road
construction. In a study conducted in Artvin, it was found that the construction of a 2 km road
in a terrain with 60% slope by using a dozer resulted in the destruction of 3.8 ha of forest area.
In emlogical and hydrological terms, this area can no longer be classified as natural forest,
and has direct effects on the hydrological characteristics of its catchment. Forest roads are
also highly wulnerable to erosion because they are sloped, unpavedckawdgetation.

Further studies and efforts are needed to develop more effective methods for the protection of
natural hydrologic regimes. The first priority should be protection and the development of
measures to mitigate the damage done by forest noatigdrologic structure. In addition,

failure to keep proper maintenance results in the deterioration of the drainage system of the
roads, and causes floods and overflows. Extra sediment load carried from the roads causes
blockages i n t @ systam anth rergacetbétes flobds ramd overflows
(G°receliojl u, 2004) .

The most commonly used routes for forest road construction in Turkey are those tracing
ridges and riverbeds. Roads built along riverbeds, in particular, have detrimental effects on
catchment hydrology and aquatic system. These include the narrowing of the riverbed, failure
to build sufficient drainage infrastructure in river crossings, large amounts of sediment carried
to water, and floods and overflows due to blockages. Roads built #Hlergfreams increase

the carving of the sides and trigger channel erosion. Destruction of the riparian zone
vegetation eliminates their shadowing effect. Organic matter intake, which is crucial for
aguatic life, is hindered. Riparian zone system, theirigedround and habitat of numerous
animals, is destroyed. Extra sediment intake from the road changes the physical and chemical
characteristics of the water, with negative effects on the wildlife. In addition, the faster
transfer of surface water to streamauses dramatic changes in water temperatures, another
factor with detrimental effects on aquatic life.

4. CONCLUSION
Roads are inevitable for the transportation of forest products to human societies. In current

practice, the volume of production ando@omic concerns are given the priority. Yet,
ecological and hydrological criteria should also be taken into account. Road planning should

23



1stinternational Symposium ¢forest Engineering and Technolog(@€TEC 2016
02-04 June 2016Bursa, Turkey

ORAL PRESENTATION

take the functional uses of the forest into consideration, and in the case of some special
ecosystems, should be aded altogether. Catchments where water production takes place
and forests with hydrologic functions require special road planning. In these areas, hydrology
should be the main criterion. In the selection of routes, waterways, crosses, and hydro
ecological structure should be taken into account. Road drainage systems should have
sufficient capacity and be properly maintained. Measures to prevent or mitigate sedimentation
should be taken both in primary production areas and on the roads.

The most importantattors that affect soil compaction are soil moisture, texture, structure,

and the organic matter content of the soil (
soiland in sandy and granular soil, levels of compaction are higher. Organic roatéantof

the soil mitigates harmful effects of compaction. Forestry production should be timed to
coincide with moisture levels that minimize soil compaction, and avoided in high moisture
conditions (Lavoir et al., 1984; Meek et al., 1992). Machinery sHo@& operated with proper

tire pressure. Lowpressure tractor tires minimize topsoil compaction (Okursoy, 2000).
Drainage on road surfaces and roadside slopes should be improved. Springtime rainfall and
melting snow dampen road topsoil, and soil degeiaratnd compaction are faster in this

season.
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ABSTRACT

In this study, physical damages of logs caused from forest harvesting operations were
determined on the mountainous terrain in Artvin region. For this purpose, 400 logs were
measured before sfa in 3 forest selling storages. Maximum damage depth and length on the
logs were measured. Also damage level of logs was determined. Physical damages of logs
were examined according to tree species, log diameter and length. As a result; end damage,
crack, fracture, slit and smash were verified on the logs. No damage was observed in 50% of
logs. In addition, the average damage length, depth and levels of damage were measures as
19.90 cm, 16.75 mm and 0.62 respectively. Considering logs for damaged |&gedf %8s

were undamaged, 24% of logs were light damaged, 13% of logs were middle damaged and
4% of logs were heavy damaged.

Key words: Harvesting, log, damage, Artvin
1. INTRODUCTION

Logging operations which are performed inside forest area are tichg@@werconsuming

and they are performed with diverse primitive and/or modern methods. Usage of modern
methods is closely related to such issues as high technology, abundance of products to be
transported, funding opportunities and employment of qualdieghloyees (Eker and Acar,

2005). Logging is, in the simplest terms, conducted in three ways: by manpower, animal
power and mac hi ne power (Bayoj Il u, 2001) . I
performed by manpower and animal power. Production mech@amzsdte in developed

countries is much higher compared to our country (Acar, 1998).

Wood raw material harvesting operations result damages in various shapes and levels on the
product which is manufactured, f 1086e Bykstras o i | ,
and Heinrich, 1992; Bettinger and Kellog, 1993). Studies conducted for the solution of this
problem worldwide display negative impacts of harvesting and compare logging operations
based on traditional techniques and Reduced Impact Loggind) (Rnd some
recommendations are being developed for minimizing the damages (Costa and Tay, 1996;
Johns et al ., 1997; Bertault and Sist, 1997;
2007; Sist and Ferreira, 2007; Putz et al., 2008).

Dependingon the usage of proper techniques during wood extraction, quality and quantity
|l osses are witnessed in the products (G¢rtar
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et. al,, 2009), in addition, as a result of harvesting performed without plannimgtated that
insurance, compensation and transportation costs increase and the forest soil and residual
stand suffer from some damages (Dykstra and Heinrich, 1996). Careful and planned
performance of logging operations can preserve wood value, seadtihgesidual trees, and

with the resulting increase in value, it might be possible to cover logging costs.

In this paper, it was determined that wood raw material harvesting performed in Artvin area,
which has a mountainous terrain, causes physical desnaug the transported products and
general evaluations are made on the economic dimensions of these damages.

2. MATERIAL AND METHODS
2.1. Study area

Artvin locality, which is chosen as study area, stands out with its steep terrain conditions due

to the slope and roughness of forest areas and several negative impacts on wood raw material
under these conditions (Erojlu et al ., 201
Ormanl & (120) and D¢zhanl ar (260) forest S
according to tree species of the 400 logs measured in these storages is given in Table 1.

Table 1. Number of measured logs according to tree species
Tree species Sample number

Spruce 162
Scotch pine 44
Beech 105
Chestnut 69
Black alder 20
Total 400

2.2. Methods

In this study the physical damages suffered by waddted harvesting in the forest until their
stockpiling in forest storages are identified. First of all, types of damages occurring in felling,
branching, delimbing, debarking, loggjnigading and transportation stages were identified.
Cracks or damages at the end of the log during skidding were classified using such criteria as
the average length and depth of the damage. In the classification of damage level, the
following grouping wa used depending on the production damage level. As a resdlt, pre
stockpiing damage in logs was determined based on the species of trees (Table 2).

Table 2. The criteria used for the level of damage
Damage level of logs

No damage

Ligth damage  Log damage < 10%

Middle damage Log damage % 130

Heavy damage Log damage >%30

WNEFkO
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As can be seen in table 2, the damages in logs are graded as 0 (no damage) if there were no
damages, 1 (light damage) if the damage was lower than 10 percent, 2(dadaige) if the

damage was between 10 and 30 percent, and 3 (heavy damage) if the damage was higher than
30 percent.

While determining the types of damages, the physical damages which occurred on logs were
classified as end damage, crack, fractureasiit smash. Figure 1 provides examples of these
types of damages. End damage is the skull formation due to dragging the logs on ground.

Figure 1. Damage types on logs émd damage, -tcrack, e fracture, d slit, e-smash)

Crack is the cleavage caused by impacts during ctibpgling, loadingunloading stages.
Fracture is the breaks caused by impacts with hitting hard surfaces during-taptigg or
unloading. Slit is the situation caused by slitting of logs during dwafign or logging
operations. Smash is the situation which occurs due to hitting trees or rocks during tying
according to logging methods during wood extraction or hooks of loading machines
compressing the logs.

While measuring the length of damage in loijshere is more than one damage on the log,

the longest one is accepted as the length of damage for each log and recorded in cm. In
addition, the depth of damage was also measured on the logs. This value is determined by
recording the deepest physicalnisge determined on the log in mm (Figure 2).

3. RESULTS
The summary of data obtained as a result of observation and measurements made on 400 logs
in three different forest storages is given in Table 3. As can be seen from the table,

measurements were deon 5 different types of logs the average length of measured logs
were found as 3.38 m and average diameters were found as 47.88 cm.
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Figure 2. Damage length and depth

Table 3. Number of logs according to tree species and forest storage
Average Average Average Average  Average
Treespecies Number length, diameter, damage damage damage

m cm length, cm depth, mm  level

Spruce 162 3.81 52.27 18.77 18.86 0.65
Scotch pine 44  4.16 40.45 12.27 15.93 0.57
Beech 105 2.88 51.53 15.22 11.98 0.59
Chestut 69 293 39.95 38.74 24.16 0.77
Black alder 20 243 36.95 5.40 0.88 0.15
400 3.38 47.88 19.90 16.75 0.62

Depending on tree species, the longest damage was found in chestnut logs, followed by
spruce, beech, scotch pine and black alder species sf Tree ranking from large to smallest

of damage depth was chestnut, spruce, scotch pine, beech and black alder. The ranking as
regards level of damage was chestnut, spruce, beech, scotch pine and blatk gé&eral,

the average damage length was foasdl9.90 cm, average damage depth was found as 16.75
mm and average level of damage was found as 0.62.

As can be seen in Figure 3, the most common physical damage in logs is end damage,
followed by crack, slit, smash and fracture damages. No damagesdasetified in 196 logs.

The main explanation of nedamaged logs can be attributed to the fact that the share of
machined logging in wood extraction is high.

General classification of level of damage on logs showed that most logs (59%) fall in the non

damaged group (Figure 4). Light damage, middle damage and heavy damage found in the
logs was represented by 24%, 13% and 4% shares, respectively.
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Figure 4. Ratio of the damage level of logs

Figure 5 prowdes the distribution of damages according to tree species in determination of
damages on logs. When the total 162 spruce logs are examined, all types of physical damages
determined in the study are encountered. No damage was found in 45% of spruce logs,
whereas 46% was found with end damage, 3% with cracks, 1% with fractures and 2% with
slits. 25% of scotch fir logs displayed no damages, whereas 75% were found to have end
damages. It is believed that the reason for which end damage is higher companegeo sp
logs is that scotch fir logs are dragged on the ground with manpower and wood extraction is
applied. Of the 105 beech logs which were measured, 53% had no physical damages, 33%
had end damage, 10% had cracks and 3% had fractures. There are no playsdogds in

61% of chestnut logs, whereas 16% suffered from end damages, 9% from cracks, 10% from
slits and 4% from smash. No physical damage was found in 80% of the measured black alder
logs whereas 20% suffered from end damage.

31



1stinternational Symposium ¢forest Engineering and Technolog(@ETEC 2016
02-04 June 2016Bursa, Turkey

ORAL PRESENTATION

m no damage mend damge m cracks m fracture mslit m smash

Lk,

Spruce Chestnut Beech  Scotch pine Black Alder

h O
o o
1 1

Number of logs
(TR
o O

= b2
o O
L

o

Figure 5. Ratio of thelamages types of logs according to tree species

In Figure 6, the levels of damage identified in logs are given according to tree species. 57% of
spruce logs are in the nalamages group, whereas 23% are {ddinaged, 17% are middle
damaged and 2% are hgadamages logs. As for scotch fir logs, middle and heavy damage
was not identified; 757% of these logs are-a@amaged and 47% are liggamaged. As for
beech logs, 59% are classified as -omamaged, 25% as ligltamaged, 14% as middle
damaged and 2% aght-damaged. Of chestnut logs, 65% are -damaged, 7% are light
damaged, 13% are middteamaged and 14% are headgmaged. As for black alder logs, no
middle and heavy damage was found, and 85% of these logs were classifieddasmaged

and 15% were absified as lightlamaged.
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Figure 6. Ratio of damages levels according to tree species
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As a result of the performed examination, no significant relation was determined between
middle diameters of logs and the length, depth and level of damagetidess, as diameter

values increase, all three damage parameters showed a slight increase. The graphs, equation
and R values showing relations between average diameters and the length, depth and level of
damage is given in Figure 7.
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Figure 7. Redtion between log diameter and damage length (a), depth (b) and level (c)

As a result of the examination, no significant relation was found between lengths of logs and
the length, depth and level of damage. Nevertheless, as length valueseancadl three
damage parameters showed a slight increase. The graphs, equatiohafue®R showing
relations between average length and the length, depth and level of damage is given in Figure
8.

4. CONCLUSION
At the end of this study, it was conckd that in Artvin locality which is located in a
mountainous area, with highly sloped, rocky and steep terrain, physical damages occurred

which cannot be accepted as high in the products which are transported to the storage during
wood raw material produon activities.
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Forests, which are renewable natural assets, are formed by coming together of several living
and nonliving elements. However, this formation is not a haphazard batch, but it is in the
form of a whole, a system. Forest ecosystem is processed for a number of purposes, during
when the structure of the forest must not be compromised. For this effect, forests must be
managed according to forestry technique. This means that certain rules and techniques must
be observed in order to minimize the damages given to the products during production and
transportation of forestry products. Logging operations by machines sudfarHigh costs

and logging by manpower result in excessive damage; for this reason, in both cases, a good
transportation plan and work organization is needed.
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ABSTRACT

Basic elements of the landscape are expressed asrpatdkcorridor. The road corridor

inside and at the side of forest is a very important corridor in terms oégiérn of the
landscape on which people wander. Road corridor plays an important role in determination of
the visual impact of natural and cultural values that landscaping possesses; they are also
essential components that express ecological transitichdanmers. In this study a visual
evaluation has been performed on the habitats and species that are scattered especially inside
or at the side of forests in D¢zce province.
visual photographing was perfoed between June and October in order to determine the
visual potential displayed bBublero falcatePinetum sylvestrisCentaureo yaltirikij Seselio
resinosiiand Eleocharietum quinqueflorababitats at the side of roads. These photographs
including treeimages for each habitat were then assessed by users angenmsrso as to
determine their meaning in terms of visual quality parameters. As a result, a visual quality
value as regards all three areas under protection status and their perceptive anglivate
identified.

Keywords: protected areas, visual potential, phenological observation.
1. INTRODUCTION

Generally landscape is defined as a whole consisting of jpadthxcorridor basic
components. It is true that an essential part of this wisotepresented by corridors which
ensure interrelation between different landscapes. Corridors not only provide this
interrelatedness, but they also represent the prominent characteristics with their different
landscapes and habitats (Forman, 1983; 199&ural and different corridor structures such

as road, stream, and valley represent different situations of landscape. Although corridors are
witnessed with natural structures, roads are essential corridor structures which lead the
fragmentation of the t&scape.

Forests are the most important components of landscape. Forest roads are the most important
components in perception and definition of forest landscapes. Forest road corridors contribute
to the formation of a new habitat style as well as fragat®n of the habitat (Sayer and
Maginnis, 2005).
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There are several protection areas with different statuses inside forest habitats. Protection
statuses directed especially towards fauna bring with it efforts for protecting the habitat which
host the spcies. Forest ecosystems host a variety of habitat species such as rocky, water bank,
space in and around forest, halophilous, and aquatic also stand out with the different types of
vegetation that they accommodate.

In recent years visual evaluations @aning importance especially in defining natural and
cultural areasA lot of studies in the research on environmental psychology have identified
some dimensions (Khew et al., 2014) in relation to how nature is perceived and refer to an
i ndi vi daeptibnd of naterer to the value of responsibility users feel towards
conservation (Schultz, 2000; Clayton, 2003; Fischer and Young, 2007; Bruni and Schultz,
2010).

In line with such information the basic purposes of the study can be listed as follows:
1 Determination of the visual situations of protectjonmority habitats around forest
roads which pass through rocky areas and
1 Displaying the regard and usage will for such areas in addition to the impacts created
on humansby visual material belonging to different habitat species

2. MATERIAL AND METHODS
2.1. Study area

The study was carried out in the forest rodsides incluBurgero falcatePinetum sylvestrjs

Centaureo vyaltirikij Seselio resinosiand Eleocharietum gmquefloraeha b i t at s o f D
provinence. The province D¢zce, which i s t he
40INNJOO 47Nj north daBUOt 2dbdNj] eeracdct 31 ®dnYi Njudes, [
West part of Turkiye and in the Blacksezgion (Figure 1).

2.2. Material

The main materials of the study a@Beblero falcatePinetum sylvestrjisCentaureo yaltirikij
Seselio resinosiand Eleocharietum quinquefloralabitats and their visual situations.

2.3. Methods

In the first step of thetudy, Bublero falcatePinetum sylvestrijsCentaureo yaltirikij Seselio

resinosii and Eleocharietum quinqueflorabab i t ats were observed as
and Demir, 2016). In this term, plants and habitats were also taken photos.To understand
visual potentials of road corridor inside and at the side of forest of some habitats under
protection, questionnare wa carried out by wusing their pho
al ., 2007, M¢derrisojlu et al., 2006 ; M¢derr
the most visual effect of the habitats were evaluated in the survey according to their visual

st uations (Eroj !l u, 2004) (Figure 2).
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Seselio resinosii, Centaureo vyaltirikii, Bublero falc&metum
sylvestris,
Eleocharietum quinqueflorae

Figure 1. Study area

Habitats:
1 1and 2;Seselio resinosii;
1 3,4,5,6,9 and 1@ublero falcatePinetum sylvestris
1 7 and 8;Centaureo yaltirikii
1 11 and 12;Eleocharietum quinqueflorae
Figure 2. Habitat images used in the questionnaire
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In the questionnaires, the determined questions were asked to the subjects for visual
evaluation of the habitatse s i des to deter mine participant6
2003). These questions were selected in a way to show the relations habitats and visual
perceptions. They were indicatedIfyomwantaob | e 1.
visitt he habi ttaunderstand their tusth@ tendency of the natural or protected areas
(Table 1).

Table 1. Using questions in survey for visual values of the habitats

Scores (from

Questions / Commends . "
negative to positive)

This image includeshaturahesseffects From 1to 5
The elements in the image grerceptible From 1to 5
The elements in the image (mountain, plants, roads, water From1to5
have continuityamong themselves

This image has differentattractiveelement From 1to 5
This image include anysteryand | wonder From1to 5
This image includes a lot of elements so it hasraplexityeffect. From 1to 5
There are different elements reflectdiversityin the image From 1to 5
The elements amompatiblewith each other irthis image From 1to 5
| like the views in the image From 1to 5
| want tovisit to the landscape in this image From 1to 5

In the statistical analysis, SPSS 22 was used to analyze the visual perceptions of the habitats.
So this subject, correlation algsis was used in the evaluation of the adjectives and in the
determination of the socieconomic differentiation. In addition to this descriptive statistics
were done to determine demographic and using values of the road according to habitat photos.

3.RESULTS
3.1. Habitat Features

In this study,Bublero falcatePinetum sylvestrijsCentaureo yaltirikij Seselio resinosiand
Eleocharietum quinquefloraeabitats were observed as phonological during the 2015 (Figure
3). In this term, some floristic andorphological features were determined in Table 2.

3.2. Visual Potentials of the Habitats

In Table 3, the evaluation codes of the data gathered were shown. According to this, 67,6% of
the participants were male, 32.4% female, were the ages <20 2.738, 2B.2% 3410

24.3%, 4050 29.7% and +50 0.1%. In addition, their education levels; Elementary school is
2.7%, High school is 10.8% and College or faculty graduate is 86.5%. Their work situation
are also Officer (24.3 %), Academicians (70.3%) and Stute#%o).
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Eleocharis quinqueflora

Figure 3. Some photos of the characteristic plants of the habitats

Table 2. Some floristic and morphological features of the habitats

Floristic Features

Habitat Characteristic Regionin  pnt Features (Indicator speciesand
plant species Dé¢zce their distribution)
Seselio acinac;  Hasanlar - White fowers  Cover class4-5
resinosii Seseli resinosi Dam and and greyblue Coverratio:% 5175
El ma c ¢ leaves (Figure Sociability: patch, ball,
Mountain  3) track and small colonies
Centaureo E|l ma c ¢ Dark green Coverclass4
yaltirikii )(/:aﬁtr;:iilijirea Mountain  leaves and Coverratio:% 5570
yelow fiowers  Sociability: bal, track and
(Figure 3) small colonies
Bublero Cephalaria The South White fowers  Cover class4-5
falcato duzece+n Sdeof and greygreen Coverratio:% 5565
Pinetum El ma c ¢ leaves (Figure Sociability: bal, track and
sylvestris Mountain  3) small colonies
Eleocharietum Eleocharis The South Caligraphic Coverclassb
quinqueflora quinqueflora Side light green Coverratio:% 75100
Plateaus in leaves (Figure Sociability: patd, part,
Duzce 3) large belts and a small

colony
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Table 3. Descriptive statistics for demographic structures of participants

Gender (%)

Male 67.6
Female 32.4
Age

<20 2.7
20-30 43.2
30-40 24.3
40-50 29.7
50> 0.1
Education

Elementary school 2.7
High school 10.8
Colege or faculty 86.5
graduate

Work

Officer 24.3
Academician 70.3
Student 5.4

As shown the Table 4, there are the high and low scores of the habitat images. In this
direction, image number 11 was found the most effective aspectwélimess, perceptible,
continuity, attractive, mystery and compatible. In addition this image is to be the most like
and visit. On the other hand image 4 was found the most complexity and has the lowest
scores of the visual parameters. The most diversffgct was found image 3 by the
participant.

Table 4. Arithmetic means of the visual scores of the habitats
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According to corelation analysis (p<0.01 and p<0.05) between demographic structure and
visual parameters of the habitats in Table 5, education level and working are negatively
related to visual parameters. Gender and age also are related to the parameters. As shown the
Table 5, males find the habitats less complex and compatible than females (p<0.01). As
education levels of the participant increase, visual values of the habitats decrease. The
admiration of the visiting the habitats decrease as well. Participants areeydwasghigher

scores of visual values of the habitats than older.

Table 5. Correlation between demographic situation and visual parameters

7))
$8 = 2 2 » £ 2 3
s § £ 38 8 = § & & &
E O e 25 2 £ 2 £ 3 >
g & 8 b2 § & 8
P.Corre. .032 .090 .016 - 073 - 014 141 089 .124"
Gender _ 2417 159"
Sig. 501 .058 .742 003 125 .001 .770 .003 .062 .009
N 443 443 444 440 444 443 442 441 442 444
P.Corre. - - - 003 -087 -.041 - 21897 -144 -1
106 .208: .108 .127:
Age
Sig. .025 .000 .023 948 067 .392 .008 .000 .002 .010
N 443 443 444 440 444 443 442 441 442 444
P.Corre. - - - .026 - - -074 -183° -227 -213
156 126 .203 148" 1477
Education N ) )
Sig. .001 .008 .000 589 .002 .003 .121  .000 .000 .000
N 443 443 444 440 444 443 442 441 442 444
P.Corre. -035 -008 -056 .075 - 103 -073 -222° -174 -185
138"
Work Sig. 462 862 236 .115 .003 .031 .126 .000 .000 .000
N 443 443 444 440 444 443 442 441 442 444

** Correlation is significat at the 0.01 level (2ailed).* Correlation is significant at the 0.05
level (2tailed).

In Table 6, according to correlation analysis, liking the habitats of the participant is related to
naturalness, perceptible, continuity, attractiveness, mystergrsity and compatible but not
complexity. In addition, the admirations to visit the habitats are positively related to visual
parameters except complexity. It is clear both Table 5 and Table 6 that visual features of the
habitats under protection are tneld to participant features, habitat features and visual
components.
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Table 6. Correlation between visual parameters and admirations for the habitats
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P.Corre. .626° .493" .647 .144" 495 -.075 .373  .748

Like Sig. .000 .000 .000 .003 .000 .115 .000 .000

N 441 441 442 438 442 441 440 439

P.Corre. .548" 452" 576 .183 560 -.020 .413" .666

Visit Sig. .000 .000 .000 .000 .000 .672 .000 .000

N 443 443 444 440 444 443 442 441

** Correlation is significant at the 0.01 level-{@iled).* Correlation is significant at the 0.05
level (2tailed).

4. CONCLUSIONS

When considered that this study is aimed to identify the visualtedfethe habitats under
protection in roadside in the forests is the based on the work to be realized in this context.
Folowing results obtained from the study;

1 Demographic structure is an important determining element in the visual perception of
habitatsunder protection in forest road.

1 To understand and determine visual preferences and qualities of the habitats under
protection in forest road, visual properties of plant species and their environment can
be used as effective components of the visualstake.

1 Naturalness, perceptible, continuity, attractiveness, mystery and diversity are the main
visual elements to identify what is the visual values of the habitat under protection in
forest landscapes.

9 Bublero falcatePinetum sylvestrjs Centaureo vyaltikii, Seselio resinosiiand
Eleocharietum quinqueflorababitats have different visual characteristic to use them
in landscape such as fower and leave features (texture, size, colour and form).

1 The habitats under protection in forest landscape in Duirgenave different visual
values respectiveliEleocharietum quinqueflorae, Bublero falceRmetum sylvestris,
Seselio resinosiand Centaureo yaltirikii.

1 According to visual values of the habitats under protection, the most visual effective
and admirablego visit habitat isEleocharietum quinquefloraeonstructed coniferous

trees and |l arge grasses in the south part
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ABSTRACT

Impervious land covers which are known as impervious surface express every surface where
water cannot enter. Impervious surfaces are surfaces which increase the surface flow by
meas of decreasing or preventing the permeability of surface. All kinds of roads (forest and
village roads, highways etc.), buildings in settlement areas, impervious concrete surfaces are
examples of such surfaces. Impervious and indirectly impervious ssidaaceage the quality

of water and in some settlement areas it can turn into flood depending on the level of
precipitation, which resuls in loss of lives and property. With stewrh high precipitation,

stream and river surfaces are other surfaces timtaase and increase in the flow rate of
stream waters. In an area where floods and landslides are witnessed, impervious surfaces are
ignored for some reason. In this paper the aim is to examine floods, overflows and landslides
which led to loss of livesand property in and around Artvidopa on 24.08.2015 in
ecological terms. In the study the focus was on impervious surfaces which are effective in
transformation of rain waters to floods and overflows. For this purpose, the watersheds where
Hopa central, 8g°ren and Yoldere villages are locat
overflow to the highest extent, were evaluated separately. Forest management plan belonging
to Hopa Forest Management Office, meteorological measurements, satellite and radar images
were used to perform this study. At the end of the study it was observed that especially
impervious surfaces (forest road, village road, highway etc.) and stream surfaces were
effective in leading to flood and overfiow.

Keywords: Flood, impervious surfa&s, ArtvinHopa, precipitation
1. INTRODUCTION

Impervious/impermeable surfaces correspond to anything that water cannot infiltrate. Ranging
from house roofs, patios and village roads, commercial buildings and parking lots, impervious
cover prevents raiall from absorbing into the ground, turning it into stormwater runoff.
Impervious surface changes the quantity of runoff, eroding and changing the physical
structure of streams. Because water runs more quickly from an impervious area, flooding
becomes botimore common and more intense downstream. Meanwhile, because less water is
soaking into the ground, water tables can drop and streams and wells fed by groundwater
begin to dry up (Flinker and Miller, 2010). Under natural forested circumstances, only
approxmately 10% of precipitation runs off the surface of the site, 50% soaks into the
ground, and an amazing 40% is taken up by vegetation cover and sent back into the
atmosphere through the process of evapotranspiration (Figure 1).
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Figure 1.Changes in & hydrology with increasing impervious cover (EPA, 1994)

As roads and structures are built, this ratio begins to change, with runoff increasing as the
amount of impervious cover increases. For instance, the total runoff volume foraxrene

parking lot 8 approximately 16 times that produced by an undevelopeehcreepasture
(Schuel er, 2000) . Ther ef orsateméent @dred seftlendeatr st ar
communities have more severe flooding than undeveloped areas. Because the water is
spending less timon site, infiltration declines dramatically. This is a particular concern in

many settlement and suettlement regions, where groundwater has been decreased because
there is not enough precipitation absorbing into the ground. The increase in runoff that
becomes during this process, combined with the loss of recharge to groundwater, has effective
impacts on streams (Flinker and Miler, 2010).

In the study, the aim is to examine floods, overflows and landslides which led to loss of lives

and property irand around ArtviFHopa on 24 August 2015 in ecological terms. In the study

the focus was on impervious surfaces which are effective in transformation of rain waters to
floods and overfl ows. For this purpose, t he
Yoldere villages are located, which experienced the flood and overflow to the highest extent,
were evaluated separately.

2. MATERIAL AND METHODS

Forest management plan belonging to Hopa Forest Management Office, meteorological
measurements, satellite armblar images were used to perform this study. Especially, effects
of impervious surfaces (forest road, village road, highway etc.) and stream surfaces were
investigated on food and overflow.

2.1. Study Area

Hopa, Sug®ren and Yo | moeeretiectivealbod and lamdslide om2d e r e ¢
August 2015 were determined as study af€@gure 2) This watersheds are located between
41e2401'e26 N | atitduldee3s3' ared | dhgkBudes.
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Figure 2. Location of study area

Some climate data for &y area are showed in Table 1. Precipitation amount of Hopa on
August (535.2 mm) and October (626.3 mm) is very high. According to Hopa meteorological
station data, precipitation amount during 24 hours- (28 August 2015) is 287.2 mm (k).

These areheavy rainfalls being extraordinary. Furthermore, meteorological satellite imagery
of Turkey (24 August 2015) shows that exposed to heavy rainfall paldod its environment
(Figure 3, Figure ¥

Table 1. Some climate data of Hopa meteorologicatiost (2015)

Months
Z 5 6 7 8 9 [ 10 | 11 | 12 | Annual
Average 84| 93| 90| 109| 165| 206| 22.7| 24.8| 232| 170| 142| 78| 154
Temp.°’C
Min. 48| 59| 63| 69| 127| 183| 197 223| 202| 144| 107| 49| 123
Temp.°C
Max.
Temp . C 12.3| 13.1| 125| 15.9| 20.0| 236| 26.1| 29.1| 27.4| 209| 17.8| 11.8| 192
Average
. 131.3| 130.1| 110| 190 85.3| 121.8| 49.5| 535.2| 29.9| 626.3| 402.8| 239.6| 2651.8
Precip., mm
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Figure 3 Meteorological satelite imagery of Turkey (24 August 2015)

4 Runoff on impervious vilage roadter

e

Figure

precipitation

In the Hopa watershed outcrops mostly volcanic rocks, sedimentary rocks, crumbs and
carbonates. Aquifers are geological medias including gaps related to each other and
impermeable floor. In generally, volcanic rocks have notaquifdtrar aet ek, ( $¥982) .

According to forest management data, almost all of forest areas in Hopa Creek watershed
occur from broadeaved forests. About 60% of forest areas is in Alder dominance. Also,
Beech, Chestnut and Hornbeam species are distributed in Hop& @edershed (GDF,
2010) . Sug®ren and Yoldere watersheds are
species distribution.
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2.2. Methods

In the study, Hopa Creek, streams, dry streams, forest roads, village roads and highways that
are line layers in ArGis program as impervious surfaces. In field measurement of impervious
surfaces was used widths and lengths of this line layers. Accepted widths of impervious
surfaces were showed in Table 2.

Table 2. Platiorm widths of impervious surfaces

Hopa Dry Forest Vilage .
Creek Stream Stream Road Road Highway
Platform Width (m) 25.0 5.0 2.0 6.0 7.0 10.0

Total precipitation amount falling on impervious surfaces was found multiplying fields of
impervious surfaces and during 24 hours rainfall amount measa®veen 23 Aug (Hour:
21.37)- 24 Aug (Hour: 21.37) 2015 by meteorological station.

3. RESULTS

Impervious surfaces play important role in transformation from precipitation to floods.
According to calculating, fields of impervious surfaces were showdable 3. Precipitation
amounts falling to impervious surfaces in watersheds between 23 24idug 2015 (during

24 hours) were given in Table 4. This precipitation amount (287.2 mm) was determined as
maximum precipitation by meteorological bulletin ).

Table 3. Calculation of impervious surface areas

Hopa Dry Forest | Vilage .

Creek Stream Stream Road Road Highway Total
Platform
Width (m) 25.0 5.0 2.0 6.0 7.0 10.0
Length (m) 7534.0] 209514.5 98917.1] 104706.6 24306.4] 25356.9 470335.5
Area (nt) | 188350.0 1047572.5 197834.2 628239.6 170144.8| 253569.0 2485710.1

Table 4rﬁ The amount of water falling on impervious surfaces in the watersheds during 24
hours (m).

Impervious surfaces
Dry . Vilage Forest Total
Watershedg Stream Stream Highway Road Road
Hopa 354956.9 | 56818.0 | 72825.0 | 48865.5 | 180430.4| 713895.8
Yoldere 37491.5 11590.4 - 21254.1 50485.4 | 120821.4
Sug®°r 67062.1 1149.1 979.7 31844.0 | 25562.8 | 126597.7

* Hopacreek was added to stream.

Land use/cover status of watersheds wasrgTable 5. Runoff amount in agriculture, urban

and pasture lands is more from forest lands. Percent of agriculture, urban and pasture lands is
about 40. 1% 1in Hopa watershed, 43.5% in St
watershed Kigure §.
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Figure5. Land wuse/ cover map of Hopa, Yol der

Table 5. Land use/cover of watersheds

Land Use/Cover (ha.)
Watersheds Forest Pasture Agriculture Settlement | Total Area
Hopa 5947.3 51.5 1230.8 2700.6 9930.2
Sug®°ren 852.2 10.4 165.9 480.0 1508.5
Yoldere 1102.8 0.0 192.4 455.6 1750.8

Note: Thefield of impervious surfaces is deducted from account.

Also in the study was taken into account other land uses/covers that are indirect effective in
transformation from precipitation to floods.hd precipitation amount falling on this land
uses/covers was accounted during 24 hours between 2322gAgu 2015 (Table 6).

Table 6. Indirect effective land use/cover in transformation from precipitation to floods

Land Use/Cover (milion m) Total of

Watersheds Forest Pasture Agriculture Settlement | Precipitation

Hopa 17.02 0.15 3.41 7.63 28.21

Sug®°r g 2.39 0.03 0.45 1.26 4.13

Yoldere 3.12 0.00 0.54 1.23 4.89

About 40% (11.19 milyon B of water falling on Hopa watershed (28.21 milliorl) mane

on indirect effective |l and uses/covers (agr
Yoldere watersheds are smaller than Hopa Creek watershed. About 42% (1.74 nijllimin m
water falling on Sug?®° r)eand 36¢a (i é7rnsllloet) of vater 1 3  mi

falling on Yoldere watershed (4.89 million®yrtame on indirect effective land uses/covers
(agriculture, urban and pasture land).
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Considering forests in coastal areas where precipitation is more effective - leavad

species having lower iatception capacity than coniferous (288%) are dominant in this

areas. This situation increases the risk of flooding. According to the interception
measurements, annual interception amount varies betweed&8 in coniferous forests and

between 14.4%18% in broadl eaved forests (Balcé and ¥zyuve:

4. CONCLUSION

Floods caused great damage in Hopa Creek, Y
and indirect impervious surfaces have important share in damage. The precipitation amount
falling Hopa Creek watershed is approximately 29 millioh (during 24 hours). The
precipitation amount falling impervious and indirect impervious surfaces is 11.9 milfion m

This amount corresponds to 1.9 million m3 wa
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ABSTRACT

Helicopter logging provides important advantagesngdle menting environmentally friendly
harvesting techniques especially in protected areas. However, the cost of helicopter logging
can be much higher than that of grotmaked logging due to high equipment costs,
maintenance costs, the cost of flight creand fuel costsThus, the helicopter logging
operation should be carefully planned to implement cost effective and environmentally
friendly logging operations. In this study, the stages of helicopter logging and operational
factors were first describednd then the operation cost, environmental concerns, and safety
practices in helicopter logging were discussed. It can be concluded that the helicopter logging
can be effectively used for harvesting high quality logs and for extraction of timbers from
environmentally sensitive areas where road construction and logging operations are usually
restricted.

Keywords: Forest harvesting, Helicopter logging, Protected areas
1. INTRODUCTION

Helicopter logging is an aerial harvesting method in which forestystsdare removed
vertically from the stands and flown to the roadside landing areas (Chua, 2001). Helicopter
logging can be considered as a common method in the Pacific Northwest of the USA and in
western Canada in timber production (Akay et al., 2008)o/&mh of timber harvested by
helicopter logging is about eight million cubic meters per year in British Columbia in Canada
(Dunham, 2006). They are preferred by logging managers for harvesting timbers from
difficult steep sites and sensitive forest landsg dor accessing unreachable areas due to
terrain conditions or remoteness from the road network.

Hel icopter l ogging, also called as helilogg
reduced impact logging method. Even though logging with helicaotsts more than other
logging systems, the use of this alternative method continues to expand in forestry. Helicopter
logging provides logging managers with following advantages (Aust and Lea, 1992; Akay et
al., 2008):
1 Requires less road constructionsguees soil disturbance, and minimize logging
related sediment production
1 Provides access to remote and difficult terrain that cannot be reached through
ground transportation
1 Minimizes damages on residual stand and other forest vegetation
1 Increases prodtiity by producing large amount of logs quickly
1 Makes it possible to extract longer with high qualty and sale price
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1 Provides better working conditions in terms of worker health and safety

1 Minimizes visual impacts from harvesting operations
On the othe hand, helicopter logging has following potential constraints that should be
considered by logging managers (Bruce, 2003; Akay et al., 2008; Dunham, 2006):

1 Requires high investment and operating cost

1 Affected by difficult weather conditions

1 Requires largdanding areas

9 Demands for trained and experienced personnel

In order to overcome downside of helicopter logging, the operation should bplamied.
Besides, equipment should be carefully selected to minimize cost and reduce environmental
impact. Thereare various types and sizes of helicopters which have been employed during
logging operations (Figure 1). Specifications for the most common logging helicopters are
isted in Table 1.

e .

ey ; - I '.\“., WY LSS
Figure 1. Some of the helicopters used in logging operations

Table 1. Specifications for some logging helicopters (Dunham, 2006)

Make/Model Rated payload Enaines Engine Power
capacity (ton) 9 (kw)
Bell 204B 1.8 1 820
Bel 204A 2.3 1 1044
Bel 212 2.3 2 671
Bel 214B 3.6 1 2185
Boeing V107 1l 4.8 2 932
Boeing CH-234LR 12.7 2 3039
Sikorsky S64E 9.1 2 3356
Sikorsky S64F 11.3 2 3579
Eurocopter AStar B2 1.2 1 732
Eurocopter SA315B Lama 1.2 1 640
Kaman k1200 2.7 1 1342
Kamov KA-32A 5.0 2 1645
Sikorsky S58T 2.3 2 700
Sikorsky S61N 3.6 2 1044
Sikorsky S-61N Shortski 4.1 2 1044
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2. HELICOPTER LOGGING STAGES

Extraction of forest products by helicopter logging system starts with felling and bucking

operation. Then, operation continues with yarding cycle that includes outhaul, hooking,
inhaul, and unhookip stages. Helicopter logging also requires service cycle which involves

flying to service area for fuel, the process of refueling and any maintenance activities at
landing area. In helicopter logging, there are usually two pilots; one for flying the gtelico

and controlling the lifting cable and other for the monitoring instruments of the helicopter

(Chua, 2001).

2.1. Felling and Bucking

The felling operations should be well planned ahead of time, coordinated by the timber
operators, and pper felling techniques should be implemented during the operation. Felling
of trees is usually done couple weeks prior to scheduled arrival move in time of the helicopter
because the felling by chainsaw has lower production rate comparing with capdcggiog
helicopters (Stampfer et al., 2002). Due to difficult terrain conditions, average of five trees
can be cut by felling crew of two people per day (Hui, 2001). There is another system, called
fly-in felle-buncher, in which a custebuilt felle-burcher is delivered to the woods by
aerial transport in pieces and rebuilt at stump. This system is used in British Columbia for
harvesting second and third growth timber (Dunham, 2006).

After felling operation, trees are generally bucked into suitabdeslaes according to the
payload capability of the helicopter. Besides, log lengths and grades desired by the market
should be considered during bucking operation. For each cycle, designated logs should be
marked to make them easily visible by the pilotaftdough et al., 1986). To ensure safe
liiting operation, any obstacles around 4qménched logs should be cleared (Chua, 2001).

2.2. Yarding Cycle

A typical yarding cycle of the helicopter logging operation includes flying outhaul to the
harvest area, doking the logs in woods, flying inhaul loaded to the landing area, and
unhooking logs at the drop zone. At the beginning of the yarding cycle, helicopter moves in to
the woods where trees are fallen and drops the lifting cable which is located under the
helicopter (Figure 2).

Figure 2. Alogging helicopter flying inhaul from landing to harvest area
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There are three types of rigging systems including grapple;Hoa#l, and standing stem
(Dunham, 2006). The logs are commonly carried by a grapple @thibak positioned at the

end of a lifting cable (Akay et al., 2008). The length of lifting cables ranges from 75 m to 100
m (Hui, 2001). There are various grapple control systems such as electrical, hydraulic, or
mechanical. During hooking stage, a grappieload hook should be dropped at the point
where logs are located, which requires experienced and well trained pilots (Sloan et al., 1994).
Generally, logs are prehoked on the ground by choker setters. A logger, called hooker, grabs
lifting cable and kdes the chokers into the hook suspended below the helicopter (Figure 3).
In some applications, lifting cable attached with double-badks that allow pilots to release

part of the load when it exceeds the payload capacity (Krag and Clark, 1996).

The standing stem is another rigging system that can be employed to carry high value timber
from the woods or to extract mature trees from environmentally sensitive areas. In this
system, full length trees are extracted from the standing position (Dunhan), 708€s are

first delimbed, topped by chainsaw, and cut at the bottom (cut up), then carried by using a
horizontally oriented grapple (Figure 3). After picking up the logs, the helicopter moves up
vertically to lift the logs off of the ground and over theest canopy (Stampfer et al., 2002).
Logging crew should always stay clear when helicopter is climbing up after loading for safety

purposes.

Figure 3. The hooker attaching chokers to the liftingleegh), helicopter grapple (b), cut up
standing stem (c)

In the inhaul stage, helicopter caries the logs from the hooking point to the landing area. For
each trip, logging helicopter should carry optimum payload which is slightly less than
maximum load apacity (Akay et al., 2008). Payload capacity is mainly adjusted based on
temperature and altitude. Christian and Brackley (2007) reported that the optimum payload
for Sikorsky 61N helicopter is about 3400 kg when flying at elevation up to about 900.meters

It is more convenient to carry heavy logs when the air temperature is coolest and air is dense.
It is also suggested that heavy logs should be extracted near the refueling cycle since total
weight of the helicogr will be lower (Chua, 2001 At the find stage of yarding cycle, the

pilot flies back to landing area and gently places the logs on the ground in the drop zone
(Figure 4). Then, chaser releases the chokers from the hook at the landing. For operation take
place in coastal regions, logs can beoatlropped water drop zones located in salt water
adjacent to harvest area (Figure 5). Water drop zones should be away from the main water
traffic route. Minimum water depths in drop zone and log storage are 30 m and 20 m,
respectively (BCTS, 2009).
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i elipter logging

Figure 5. Water drop zone
After releasing the logs, the pilot maneuvers the hook, clears the landing area, and returns
back to the woods for the next turn. The yarding cycle usually continues for 60 to 90 minutes
til refueling of helicopter (URLL).

3. OPERATIONAL FACTORS
3.1. Yarding Distance

To perform productive and cost effective helicopter logging operationsjnpgganagers
should carefully determine the optimum flying (yarding) distance which is usually kept within
two kilometers from the drop zone (Akay et al., 2008). Yarding distance can be defined as the
flight path of the helicopter from the landing aredhe harvesting unit. The main factors that
affect yarding distance are elevation differences between landing and log pick up location,
wind direction, and natural or manmade obstacles (i.e. hills, power lines, etc.) in the region
(URL-1).

The flight disaince increases as elevation between landing and log pick up point increases.
Wind direction negatively affects operation, especially unhooking stage over landing area.
The obstacles in the region prevents pilot to fly stralgiet flight path. In order toninimize
adverse effects of these factor, location of the landing area has to be properly determined prior
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to operation (Hui, 2001). Besides, enough space should be provided for piling logs, servicing
helicopter, etc. at the landing area (Akay et al.,800

3.2. Weather

Helicopter logging is susceptible to poor weather conditions such as strong wind and fog. It
becomes very difficult to operate logging helicopters during windy weather (more than 55
km/hr) conditions (URLL). Foggy weathers cause sesoproblems when they affect
visibility of pilots. Deep snow and heavy rain makes it impossible for ground team to work in
woods. In order to minimize weather effects, helicopter logging operations should be carried
out in late spring, summer, and fall seas (Dunham, 2006). Besides, local weather broadcast
should be regularly obtained to determine appropriate time for helicopter logging.

3.3. Crown Closure

The cycle time of helicopter logging is negatively affected by high crown closure becsaise le
wood is being removed from unit area (UR) In stands with high crown closure, longer
chokers are used to collect logs from a greater lateral distances, which results in slower lifting
operation. Pilots often spend longer time to find the hooker ergtbund. Besides, pilots

slow down the liting operation to prevent residual stand damages.

3.4. Wood Availability

The helicopter logging is very productive extraction method; however, it is an expensive
operation which requires proper planning, caoation, and monitoring activities (Hui, 2001).

It is crucial to make optimum payload ready for each cycle to ensure high volume per turn and
fast cycle times. First of all, felling crew has to select appropriate trees to be cut and buck
them into log lenths considering payload capacity of helicopter. Then, choker settesetpre
chokers on available logs to be extracted. Finally, the hooker has to make sure that the
helicopter is loaded by a full payload capacity for each cycle. Therefore, providinguaptim
payload for each cycle highly depends on wood availability in harvest area. It was reported
that a wood availability of less than 80% is considered as low helicopter productivity (URL
1).

4. PRODUCTION RATES AND COSTS

Helicopter logging provides vg high daily production rate comparing with other logging
methods. Wang et al. (2005) reported that the production rate of helicopter logging was 1.5 to
2.8 times more than growimhsed harvesting methods. The critical parameters that affect the
productivty of helicopter logging include timber volume per unit area, stem volume, and
optimum payload capacity (Heinimann and Caminada, 1996). A minimum amount of timber
volume required for a helicopter logging is estimated as 1009)Gansidering the cost of
planning, reconnaissance, cruising and layout work (BCTS, 2009). The rated payload capacity
of various helicopter types ranges from 1.2 ton (e.g. Eurocopt®taAB2) to 12.7 ton (e.q.
Boeing CH234LR) per turn (Dunham, 2006). The actual weight of treeigpeshould be
considered since a’mf coniferous tree weight less than that of a deciduous tree.
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The production rate increases by an experienced ground crew and pilot (Hartsough et al,,
1986). An experienced helicopter pilot potentially increased ymrtivity by 63% (Stampfer et

al., 2002). Besides, the productivity of the helicopter logging is affected by yarding distance
which directly reflects cycle time. Average yarding distance is usually under two kilometers,
but it may slightly vary based on llmpter types. For example, optimal yarding distance is
600-800 m for Skycrane helicopters while it is about 1000 m for Bell 214B helicopters
(BCTS, 2009). The production of helicopter logging is also affected by rigging systems. It
was reported that prodtivity of loadhook system is 2@B0% more than a grapple system,

and 515% less than standing stem system (Dunham, 2006).

The helicopter logging is generally more expensive than grtvasdd harvesting systems due

to high ownership cost, operating cgsand higher labor costs of feling crew (Akay et al.,
2008). The ownership and operation costs of logging helicopter comprise half of the total
harvesting cost (Dunham, 2006). Hui (2001) reported that helicopter logging cost is twice the
tractor harvegtig cost under similar difficult terrain conditions.

The cost of helicopter logging is mostly affected by the loading operation, flying distance, and
pilot experiences (Sloan et al., 1994). In another study, Sloan and Sherar (1997) reported that
the man factor affecting the operation cost was estimation of suitable payload sizes. To
overcome the high costs, the amount of material removed per turn should be maximized and
the time per turn has to be minimized (UR)L

5. ENVIRONMENTAL CONCERNS AND WORK S AFETY ISSUES

Helicopter logging provides logging managers with advantages of environmentally friendly
harvesting practices and safer work conditions for the loggers. Besides, it enables access to
unreachable areas due to extreme terrain conditions orte@eess from the road network
(Bruce, 2003). Helicopter logging can be only option to extract mature trees in
environmentally sensitive areas where road construction and logging operations are restricted
(Akay et al., 2016).

Table 2 indicates comparisorf some harvesting methods with respect to environmental
concerns and work safety issues. Using helicopter logging reduces soil disturbance, minimizes
sediment yield to streams, and protects water resources by reducing forest road, skid trails,
and cable coidors (URL:-1).

Table 2. Comparisons of various harvesting systems (adaptecdAkaynet al., 2016)

Helicopter Skidding Cable system TJ Harvester1270
Mi-8 MTV  CAT -4t ML-43 TJ Forwarder 111C

Forest roads, check - a a a

Undergrowth damage, 9 0 80 75 60
Soil deterioration, % 0 100 80 100
Noise affect, % 100 100 50 100
Safety of work, % 0 50 80 50
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Compared with grounttased harvesting methods, helicopter logging increases the woody
biomass regrowth and minimizes undergrowth damages (Austead1992). Besides, it
reduces damage to residual trees and forest vegetation, especially during selection cutting
systems. Thus, helicopter logging can be implemented as reduced impact logging system
especially in environmentally sensitive areas suchhighuse recreational areas, special
widlife areas, archeological sites, and sensitive landscapes.

In terms of work safety and occupational health issues, helicopter logging cause potential
noise effects on loggers. Logging crew should be provideth néicessary ear protection
equipment during operations. The ground team always needs to stay clear of flight paths. The
landing areas are the most risky area during helicopter logging; thus, it should be properly
organized and should have enough spacensure an efficient and safe logging operation
(Akay et al., 2008). According to OSHA requirements, drop zones should be at least twice the
length of logs and located at least 40 meters from the loading and decking area. Besides,
number of loggers on thending area should be kept to a minimum during dropping logs
(Hui, 2001).

If there is powerlines around harvesting unit, landing areas and logipipkints should be

at least 60 meters away from the power lines (URRLPoor weather conditions increase

risk of accidents due to mechanical failure or inexperienced pilots (Figure 5). The helicopter
should be regularly maintained to prevent mechanical faiures during fights.

Figure 5. Alogging helicopter crashed in Oregon at a logging site
6. CONCLUSION AND SUGGESTIONS

It is highly anticipated that helicopter logging operations have great potential to improve
forest operations and protect forest ecosystems especially in environmentally sensitive areas
in Turkey. Besides, helicopter logging mag the only option to solve timber extraction
problems in protected areas and difficult terrains with steep slope. Helicopter logging
provides important advantages over grotmadged harvesting methods regarding with reduced
impact logging procedures. Thetal forested area affected during logging operations is
reduced by helicopter logging. Helicopter logging results in minimal damages on residual
stand and other forest vegetation. Helicopter logging requires less road constructions which
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reduce damagesnoforest soil and minimize sediment yield to water bodies. Besides, visual
impacts from harvesting operations can be minimized by helicopter logging.

By implementing helicopter logging, it is possible to extract longer and larger logs with high
guality and sale price, while it is not possible to extract those logs using ghased
harvesting methods or to transport them through-dtamdard forest roads in Turkey.
Forested areas located in remote and difficult terrain cannot be reached through ground
transportation while these areas can be accessed by helicopter logging. Also, helicopter
logging operations provide better working conditons and ensure worker health and safety.

The disadvantages of helicopter logging include lack of-waihed and lslled loggers in

forest industry in Turkey and potentially high initial purchase price and operation costs of
helicopters. Although there are several helicopter companies that produce special helicopters
for logging operations there is still need for afiive types of helicopters to improve
productivity and reduce total cost of helicopter logging operations.

Helicopter logging operations are highly susceptible to windy and rainy weather conditions.
Besides, helicopter logging requires relatively lataeding areas that should include well
organized drop zone, enough storage area for piling logs. Thus, helicopter logging demands
for very strong and professional operation coordination in order to implement cost effective
and environmentally friendly l@ing operations.
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ABSTRACT

The initial phase of forest operations, timber extraction (logging), involves felling of timber

and removing them out of the stands. This phase of forestry, if not planned and supervised
properly, is the reason for various adversib@e never expects happening in forested areas,

such as erosion, sedimentation, soil compaction and displacement, etc. Human intervention
introducing the abovenentioned undesired effects starts with furnishing the forests with

forest roads for administrag purposes. Other things set aside, forest roads originated erosion

is related to fAphysical factorso i. e . soil
Aroad | ocationo and Aroad standardso. Studi
following road building subsides and the figures come to normal levels due to the facts that
good road building practices were employed and exposed slope cuts and embankments got
stabilized. Logging on the other hand, is a never ending process which vpérhépre and

there as the forests continue to exist. That
demands operational planning in micro level because especially edaphic and topographic
factors differ tremendously in close distances. Although ewety taught in schools,

logging is contracted and practiced relatively unprofessionally in Turkey and creates far more
serious circumstances to soil and the environment. In the scope of this study devised
following a logging operation which occurred inshngazi Forest Directorate in the spring of

2015 after an unexpected windstorm had swept a 100+ years old Scots pine forest in
February, 2015, what an unplanned logging operation would do to forest soil in an
environmentally sensitive area.

Keywords: Operational Planning, Skidding Route Planning, Soil Compaction

1. INTRODUCTION

Forest soils will be much more extensively utilized as the demand for forest product continues
to increase, and the amenities (aesthetic, ecologi@lsetd.) forests provide, are enjoyed by
people. Forest management practices such as shortened rotation cycles, the introduction and
adoption of fast growing hybrid species, mechanical and chemical site preparation techniques,
abruptly executed logging epations might have dire effects on soil and water quality (Young

and Giese, 1990). Site preparation generally refers soil displacement techniques formulated to
disseminate or eliminate the logging residue or any other type of organic/inorganic debris,
cortrol weed or fast growing unwanted plant competition, prepare a mineral bed for seeds to
take hold, reduce compaction and improve better drainage, create more preferable
microhabitats for planting tree, and keep the diseases at bay.
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Improper and hastily aterialized road building techniques, whether haul or skid roads, have
often been cited as a primary cause of sediment movement toward lower elevations where a
stream drains most of the time in mountainous areas (Eroglu, 2012). Accelerated surface
erosionon severely disturbed soils i.e., forest road construction or a logging site is the highest
immediately after disturbance (Gorcelioglu, 2004). Logging most certainly contribute to
increased accumulations of sedimentation in perennial streams, lakes angbirgesby
disturbing the forest floor, especially during timber skidding. Skidding of timber with tractors,
which is the predominant method of transporting logs off the forest tracks in Turkey and any
type of rubber tired vehicles causes soil erosionsatiment movement and extensive solil
displacement compared to other types of logging methods in which the logs are hoisted off
the ground i.e., cable cranes. Logging on wet or saturated soil creates situations that must be
avoided at all cost if proper timer harvesting techniques could not be employed. Although
there are simple measures like deflating some of the air form rubber tired skidding tractors or
hauling trucks/trailers so the enlarged tire footprint better disperses the dragged or carried
heavy bad to the already weak soil or not so high quality forest road so the degree of
deterioration can be kept to a minimum (Altunel and deHoop, 1998), there is no hauling truck
or logging machinery in Turkey equipped with a system like Central Tire Inflatubich

could do such changes in minutes. On the other hand, soil strength and bulk density which are
the common variables when checking for soil compaction, were reported to remarkably
increase on untreated skidding lanes even after a couple of trips tubdetractors make
between the felled tree and road side landing. Especially, in the first 10cm of the mineral soll,
soil strength increase ranged from 43 to 139% depending upon the number of trips (Akay, et
al., 2007). However, under extraordinary atians where an unpreventable insect infestation

or an unexpected wind storm causes extensive damage, and an immediate salvage attempt
needs to be performed, then some harvest planning, although not expected to address all
concerns, might still ease up tlie effects of a hastily executed logging operation. The
utilization of specialized logging systems or implementation of-aegjanized planning can

result in lower costs and acceptable/quickly remedied environmental impacts when compared
to one sizdits-all kind of approach (Bayoglu, 1996).

Organizing logging which will minimize or to some degree eliminate the ill effects of it can
only be achieved if all conditions considered such as size of the track to be harvested,
accessibility to and from the tl, type of logging machinery to be used, the number of
machinery to be used at one time, the volume to be harvested, tonnage of a single load to be
skidded, minimum and maximum skidding distances, landing locations, slope, elevation, the
length of the haresting season, etc. are known and orchestrated through an operational
planning. Thus, while the output is optimized to the highest achievable level, many
environmental constraints would have been taken into account (Eker, 2004).

Unfortunately, caringdr the environment is not an issue taken very seriously in Turkey.
Being the educated professionals, even forest engineers and foresters are not concerned about
the aftereffects of their routine practices. Natural disasters like wind and snow are figquentl
and unexpectedly affecting forests in unprecedented ways. In average, fourrailltimber

are lost to heavy snows in Europe annually (Nykanen et al., 1997). Two separate wind storms
ravaged 7 mill. rhof timber in Finland in 2001. In 2010 again, foawnsecutive summer

storms devastated a total of 8 mill® mf timber (Gerendiain et al., 2012). In March"&f

2013, a severe wind storm hit Kastamonu Regional Forest Directorate and caused 1.5 mill. m
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of damage in six enterprises. When the natures,cttiere is not much that can be done to
prevent whatoés going to happen. However, w h €
any additional problems that will affect the environment we live in. This study outlined the
aftereffects of a logging opermarti practiced, following a wind storm in a critical location.

2. MATERIAL AND METHODS

2.1. Study Area

The study was conducted within the administrative boundary of the lhsangazi Forest
Directorate, which is a part of the Ihsangazi Forest Enterprisermitastamonu Regional
Forest Directorate. An unexpected wind storm with gusts reaching up-5%6 &@vh on the
evening of February thé'8 2015 swept through in and around central Kastamonu township.
Consequently, the same storm affected and did modezatd dlamage on the forests of
Ihsangazi Forest Directorate. The data were collected from a picnic site situated along
KastamontKarabuk provincial highway housing an old,-202 years, Scots Pine stand. The
geographical location of the directorate andltimations of the fallen trees through which this
study was conducted are given in Figure 1.

(d) (c)

Figure 1. Kastamonu Regional Directorate (b), Insangazi Forest Directorate (c),
Falen trees (d)
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2.2. Methods

Occasional wind and snow damage, degree of which vangesndéng on the time of a year,

cause losses on the forests of Kastamonu Regional Forest Directorate. In 2013, a serious late
winter storm caused extensive damage, ravaging 1.6 mil.ofmtimber in six forest
enterprises of the directorate. The damage ehbs the localized storm of February th& 8

2015 affected predominantly the compartments of lhsangazi Forest Directorate within
Ihsangazi Forest Enterprise. When the news reached our faculty, a team of scholars mobilized
and visited the compartments thext day. It was seen that the damage got concentrated along
highways and forest roads where road orientation related to wind direction is known to
exacerbate the effects of wind speed, turbulence formation, relative humidity and soil drying
tendencies (6rman, Sperling et al., 2003).

When the compartments along Kastamdtarabuk provincial highway checked, it became
obvious that the fallen trees were in close proximity to one another and the ground was
waterlogged. When we traced from the edge of théeseegged area, we noticed there an
excessive amount of ground water surfacing within the area (Figure 1).

Figure 1. Waterlogged ground and fallen trees

The data pertaining to the fallen trees such as dbh, length of tree, green stem height, fall
direction, crown dimensions, etc. were recorded in order to established a significance between
the stand dynamics and the sylvicultural treatment being applied in the area. Also, a Global
Positioning System (GPS) coordinate from each root hole and stem loutteinto establish

the distribution pattern of the fallen trees was taken and a point cloud was generated. When
we intersected the point with waterlogged area, we saw that >80% of the fallen trees were
inside this area. When collecting the data (Figurew®) figured the authorities would have
difficulty because the forest soil was beyond any acceptable condition to perform any ground
based logging. After checking with the responsible engineer we learned the fact that no cable
crane was available anywhereKastamonu Regional Forest Directorate, nor was there any in
the neighboring directories. We thought it would be a real test for foresters to salvage the
wood because the common application
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Figure 2. The concentration of the fallen tree in wateridggeea (in blue),
compartment borders (in red)

in Turkey if some unexpected natural or unnatural situation causes damage to forests, it would
be best for the sake of the timber to be salvaged or the residual stands, to do the wood
extraction in the earliest possible time available (Ozcan, 2009).

When the timber extraction and the salvage operation were over two months later, we
revisited the site and saw the logging operation created an environmental disaster because the
impossiblities forced the responsible engineer to go with the ground operation, which
devastated the forest floor beyond recognition (Figure 3). After seeing the aftermath of one of
the worst logging jobs, the skidding routes that were used during the extrap&oation

were traced, using a GPS and were superimposed over Google Earth to calculate the length of
the disturbed forest soil (Figure 4).

Figure 3. Heavy soil damage after timber extraction
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Figure 4. The extend of skidding roads used during tings&action
3. RESULTS AND DISCUSSION
3.1. Results

GPS tracking showed there was heavy soil damage along 7.3 km of skid trails which were
recklessly laid out inside the area during logging operations. The width of the trails was
approximately 1750 mmsince same type of farming tractors were used to drag and skid the
logs to the landing. We calculated that 1.2775 ha of forest soil were severely damaged from
an area of 50 ha in which the salvage operation had taken place. It was reported that ground
basel harvesting created definitive skid trails on the forest soil during timber extraction, and
the area adversely affected in this process amounted to 18 to 36 percent after a single
harvesting attempt. Repeated entries could most certainly increase tp &veg0 percent of

the entire harvested track (Froehlich, et al, 1981). Data showed heavy soil damage
concentrated along skid trails amounted on 2.55 percent of the entire harvest track. Whereas,
inside waterlogged area, skidding trails were concewtratthin a tighter 16.2 ha area, and

GPS tracking showed 5.302 km of skid trails were present. Concentration of soil damage
inside waterlogged area amounted to 32.7 percent. Whereas, the alternative skid trails that
could be devised through Google Eartbwhd that no more than 3 km of would have been
needed to keep the degree of inevitable soil damage at bay (Figure 5). The situation also
created heavy soil displacement and compaction problems inside the stand. Compaction is
known to create problems rangirirom insufficient aeration of the roots to bad drainage so

the transmission of the air, water and nutrients to the plant itself is hindered, and plant
devel opment in the long run is adversely aff
degree dthe compaction, we created a 20x20m grid oriented to North and intersected it with
the laid out skid trails (Gorman et al, 2001) (Figure 6), and a group of grad students were
taking penetrometer measurements from the first 20 cm of the mineral soil5watin
intervals. To increase the amount of sampling, we selected the grid cells diagonally
intersected with the skid trails, and random undisturbed soil samples were also being taken
throughout the area. Unfortunately, the results of the penetrometeursn@asts could not be

made ready to for this study.
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Figure 5. Google Earth devised skidding roads

Figure 6. 20x20m grid intersected with skidding roads used during timber extration
3.2. Discussion

When routine timber cruising or the ones perfednafter such unexpected situations is done,

the responsible forest engineer announces the operation. The interested parties i.e., forest
cooperatives, villagers, etc. accept the invitation, and the job is scheduled. Whenever the job
begins, the track toebharvested and the operation to be carried out are handed over to the
loggers supervised be the forester the operation in conjunction with the loggers. Turkish
forests are administered, regarding the principles of ecosystem based forest management, so
mutltiple usage is intended. Besides production, ecological and sociocultural functions of
forests which guarantee the wellbeing of all living creatures are also strictly defined (Teblig
#299). However, the practices on the field are overwhelmingly timberuptioeh oriented,

which knowingly or unknowingly undermines any other function. In such cases, easily
avoidable problems become major issues that need whole new approaches to be remedied.
Designated skid trails, which could have easily been planned anegdympi tracks to be
harvested, can limit the degree of soil damage. Strategically placed bedding also can also limit
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the damage and allow the site to ameliorate itself quickly (Aust, et al., 1997). Careful
directional felling will as well ease up the sitidg and limit the damage to logs since they

will be oriented to the laid out skid trails (Hendrison, J., 1989). Logging is the final and
maybe the most important part of forest management because the long awaited timber and the
site nourishing it are atake. It needs constant supervision and guidance to get the job done
properly. The achieved knowledge and expertise in forest management today are well defined
and practical for anyone to easily follow,
entre Turkish Forest Service, the forest engineers need to be as sharp and aware as possible
while performing their duties because solely timber production should not be the only agenda
on their mind.
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ABSTRACT

There are roughly 7 to 8 million people, called forest villagers, living in or around state
forests in Turkey today. Their means of making a living for themselves and their immediate
families are totally depended upon the possibilities and opportugeiesrated by the forest
service and its subordinate enterprises, directorates, etc. The forest service is bound by
Turkish constitution to offer such opportunities to these people. They form forest
cooperatives, not very specialized logging companies,atoycout the forest operations
starting from tending the stands in every stage of management practices to hauling the timber
to log yards or mills. This is how they make a living, besides they are the first inline
benefiting from nonevood forest productavailable to general public. After the completion

of such an operation, the villagers are paid as per cubic meter of volume they process and
deliver. The stages of such an operation involve felling the timber, debranching, debarking
and bucking it on sitehen skidding to roadside landing, finally loading to transport vehicles.
Since the timber to be harvested is already stamped and taken a dbh reading during timber
cruising, the responsible engineer already knows the approximate cubic meter of volume,
which would be delivered to log yard. What he/she does not know is the exact location of
particular trees so he/she relies upon the operation sheets delivered to him/her by the loggers
after the completion of the operation. A simple GPS reading for eacldinmaeg timber
cruising, which will be incorporated with certain criterias such as type of species, coniferous
vs broadleafed, slope gradient, average length of skidding distance, etc. affecting the final
payment at the end of the operation will help hiem/lalmost finalize the cost of such
operation even before the first logger sets foot on the stand. This particular study will
compare the skidding cost of removing a windtrown stand in Ihsangazi forest directorate to a
hypothetical operation in which thechtions of each tree to be harvested is known.

Keywords: Operational Planning, Global Positoning System, Google Earth, Timber Cruising
1. INTRODUCTION

Logging, when thought conceptually, include all regulations and rastrécformulated while
accessing a forest, transporting the mechanization means to it and extracting the timber out of
it, by minimizing or eliminating the mishaps which might likely occur over the soil, within

the stands and on the environment. Thus,stsrevill properly be managed, and economical

and social gain will sustainably be supplied over the long run. The facilities that exploit
forests are classified in two groups: 1) Primary forest transport facilities involving skidding
roads and lanes, and mfe cable cranes and 2) Secondary forest transport facilities involving
haul roads and sled type cable cranes
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The progression especially in Turkey has brought the current forest road network to a point
that as of today; roughly 160000 km forest road bhesn laid out within 22343000 ha forest
area. Through this road network, accessibility to any forest track, stand, area, etc. are
becoming rather easier from the foresterso
planned ones to be constructed the future are the indispensable parts of any forest
management and related activities, they are considered as the most costly and dire
undertakings within the forests economically and environmentally. Studies have shown that
maintenance to existing roadetwork is a much better approach to accomplishing the
objectives of the secondary forest transportation without putting additional constraints into the
environment (Lugo and Gucinski, 2000). Besides, forest roads are the proven culprits of
sediment transptation to waterways (Binkley and Brown, 1993)

Timber production in forestry has long been plagued with high operational costs. Logger
wages, higher investment and uncontrollable operational costs, longer primary transport
means, etc. all contribute tbetse. Thus, a planning regime dictating how, where, when and in
what way workforce and machinery will be utilized, how much wood will be harvested, what
type of logging means (animal, human, machinery) will be employed, where timber will be
hauled, if topgraphy will be an issue to overcome, must be organized individually per
operation (Eker, 2004).

Planning in forestry can be conceptualized in three approaches; long (strategic), intermediary
(tactical) and short (operational). Operational planragthis point might help timber
production reach the intended targets. Timber production, aka logging, in Turkey is
traditionally conducted, employing brute human, animal and partially machine power.
Mechanization is still not fully embraced throughout¢he unt r y, t hat 6s why t
percentage of it was given at 13% in 2010 (Demir, 2010), and it is still possible to encounter
logging operations running primarily on human and animal power. It is a widespread
phenomenon both in Turkish timber pration and Worldwide that there are unaccounted

and undermined losses and degradation on produced timber quality, forest soil, wildlife
habitat, water resources and within residual stand.

During manually oriented timber productions that the overwhelmiagpmy of Turkish

logging operations are, noticeable residual stand disturbances to the amount of 50% up and
along the skid trails were reported in Northern Belize (Whitman et al.,, 1997) and even more
up to 70% in Southwestern Nigeria (Adekunle and Olagd010). When skid trails were
repeatedly used, the resulted soil compaction has long been known to decrease the likelihood
of new seedling germination. Logging and forest road building also contribute to habitat loss
for wildlife and fragmentation. Carvores especially are reported to be hard hit. Studies
showed disturbed rainforest tracks became rather dislked grounds for mongoose to live in
(Gerber, et al.,, 2012). Although there is no study documenting the effects of such forest
management activitiesn wildlife in Turkey, forest transportation and logging practices as
they are performed today, made us think why the situation would be any different. Last, but
not the least, logging is considered as a nonpoint source of pollution creating sediment
movere nt causing dire influences in water ways?o
and the amounts of suspended material (Binkley and Brown, 1993). Except a few, since the
main agenda in Turkish forest management is predominantly timber producticabhdie
mentioned negative impacts are mostly underestimated.
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Forestry and its derivatives are considered as a lesser category under the broader agriculture
sector in Turkey. Their contribution to Annual Gross Domestic Product (GDP) is around
0.7%, and opet@nal expenses are rather high. Annual average operational expenses in
producing a cubic m of timber in Turkey cost more than 25% of the general management
expenses of the Forest Service. At this point, an orchestrated planning regime might help ease
up he difficult and high logging costs.

Although the forests have long been owned and professionally managed by the State Forest
Service, the same level of professionalism is nowhere to be seen in timber harvesting.
Logging is the primary source of incomergeration for almost 8 to 9 million people, called
forest villagers, living in or around forests or forest land. Forest service is bound by the
national constitution to create possibilities for this people to make a living. Since the majority
of Turkish faests are standing on unfavorable, mountains grounds, there is pretty much no
other way i.e., husbandry, raising livestock, etc. for these people to raise income, but grasp
any forestry and its derivatives related opportunity offered by the Forest Service.

The level of expertise and professional knowledge to carry out an arduous task like logging
which is considered as one of the most dangerous jobs one can handle (Enez, et al., 2014), is
fairly low, so the above mentioned ill effects cannot even be ocememded by them.
However, through the raising awareness towards certification for both the operations
undertaken and the products offered to the domestic markets, some degree -dbkndsy

finally available for Forest Sector to grasp. Forest Stewardshuimel (FSC) is the common

norm of certification in Turkey. Practical applications in any phase of the forest management,
just l'i ke the US6s Best Manage ment Practice
Since its inception in 2009, Bolu Aladag Est Directorate has been the first state forest
administration earning the FSC certification in 2010. The feedback from the actors in every
aspect of forest management, concerning the certification and its derivatives were reported
positive T ¢ r ko] | u and Siheelthe degrge,of pfeskidnalism being brought by
various initiatives like certification is rather limited, the wide extend of Turkish forest
management practices still needs stiff guidance which will be instructed byréstefs, aka

state forest engineers who is responsible for an administrative unit, forest directorate.

In the scope of this study, it was shown that simple level of operational planning that would
easily be achieved through the effective use of some canteehnological advancements

like Google Earth and Global Positioning System (GPS) would change our understanding
from forestry.

2. MATERIAL AND METHODS
2.1. Study Area

The study was conducted within the administrative boundary of the lhsangaest For
Directorate, which is a part of the Ihsangazi Forest Enterprise within Kastamonu Regional
Forest Directorate. An unexpected strong wind storm with gusts reaching ubokKs’h on

the evening of February the82015 swept through in and around caht<astamonu
township. Apparently, the same storm affected and did some to moderate level damage on the
forests standing inside the various compartments of Ihsangazi Forest Directorate. The data
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were collected from 4 neighboring compartments housing dn9®112 years, Scots Pine
stand. The geographical location of the directorate and the compartments in which this study
was conducted are given in Figure 1.

(d) ©)

Figure 1. The geographical location of Kastamonu Regional Directorate, Ihsangazi Forest
Enterprisce ath | t sé6 directorates (b), | hsangazi F
compartments within Ihsangazi Forest Directorate (d)

2.2. Methods

As mentioned previously, a localized storm swept through the region on the evening of
February the '8, 2015. Infomation stating that moderate to extensive level of viimdwn

stands were scattered especially within Ihsangazi Forest Directorate reached our faculty the
next day. In such extraordinary situations in which trees are uprooted, leaned to a side beyond
recovery or broken, etc, the accepted course of action as the case in many other countries is to
remove and salvage the damaged trees as early as the seasonal conditions allow. These need
to be completed before any insect infestation might occur, jeopardizingemaining and
surrounding forests (Ozcan, 2009). Since the season was still winter and the ground was
saturated, it was heard from the forest director that the salvage operation would still wait for
another month so this gave us time to collect tha dedperly (Figure 2).
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Figure 2. Fallen trees in Ihsangazi Forest Directorate

Along with the individual tree measurements like dbh, length of tree, green stem height, fall
direction, crown dimensions, etc, in order to establish the disivib pattern of the fallen

trees, we took a Global Positioning System (GPS) coordinate from each and every fallen tree
root hole and stem butt in case the tree got leaned over or broken. Although the GPS device
that we used was a hand held and had armremberror margin of 3 m on any direction, we
undermined this fact with the validation of the reasoning that the same error would affect the
entire point cloud at the very end and would not make any adverse effect on the distribution
pattern. We wanted teee the distribution pattern of the fallen trees because we knew the
stand we took the data was subdivided into various compartments through which the
transportation <calculations wer e individual
vectorized compament map along with other administrative data was obtained from the
Kastamonu Regional Forestry Directorate. It was intersected with our fallen tree point cloud
and superimposed over Google Earth to question our scenario.

3. RESULTS AND DISCUSSION
3.1. Results

Logging in Turkey is not as professionalized as i is in many other countries including the US,
Canada, and many of the European countries. It was performed by the forest cooperatives
established by the members of the neighboring forest villagelsjority of these
cooperatives, although there are a few big and better equipped ones, are inferior both
expertisewise and mechanizatiewise. Loggers have no formal education as to how the task

has to be performed. T h ahigld @€nezavédt g1, 201d)e acci dent

When the management plan dictates any cubic m of annual cut from a compartment and the
seasonal conditions permits, the responsible forest engineer goes to that particular
compartment and does the timber cruising. During timbreiising, all the responsible

engineer does is to wander around the stand and pick the likely candidates for removal
without harming the stand dynamics and crowr
the selected tree and a cut is made to the butheotree, on which a number is written or
stamped. The numbers are tallied along with
sheet.
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Atfter the timber cruising is done, the responsible forest engineer announces the upcoming
operation. The priority ofindertaking the job is given to the adjoining forest village, villagers

or cooperative, if there is any by default, because these people or cooperative with its
members are first in line for living around the job advertised by the state forest ad mimstrati

If the neighboring villagers do not want to perform the logging job, then outsiders might be
invited.

Cutting, delimbing, debarking and bucking the timber into merchantable dimensions which is
priced through another calculation is categorized undetyfpes of products. They are as
follows:

Product Type Pricing
Debarked Pulp Wood TUm?
Timber > 5m TUm®
Utiity pole (7-8 m) TUm®
Utiity pole (9-11 m) TUm?
Utiity pole (>11m) TUm®
Mine pole (818 cm diameter) TU/mM®
Large diameterndustrial TUm?
Small diameter industrial TU/metric cord (aka STER¥)
Pulp wood with bark TL/metric cord (aka STER)
Wood for particle board TL/metric cord (aka STER)
Stake or sapling TU/metric cord (aka STER)
Firewood TL/metric cord (aka STER)

* STER is 1.10 cm high stacked wood which was previously cut into a meter in length
segments

Unit pricing per cubic meter of timber, which would be paid to loggers for skidding the
processed logs from the harvested track to the roadside landing, iwhiwd focus of this
study is calculated, using the formula below (1);

Unit Price = HBM/60 * HCZ + IBM/60 * ICZ 1)

where HBM: Cost of Pack animal or Machinery (issued by the State every year)
HCZ: Pack animal or Machinery worlgntime (overall work time of the logging
operation from start to end in minutes)
IBM: Cost of a logger (issued by the State every year)
ICZ: Logger working time (overall work time of the logging operation from start to
end in minutes)

Two other independent variables entering the above calculation are the slope and skidding
distance. Slope is categorized in four interval3006, 3160%, 61100% and >100%.
Skidding distance is chosen as half of the longest dimension of the harvested compartme
perpendicular to the roadside landing.

Under normal circumstances where timber cruising is done homogenously throughout the
compartment skidding distance is objectively calculated most of the time. However, in
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extraordinary situations for which thistusly was formulated, skidding distance varies
tremendously so simply fixing the figure to some average creates disadvantages for the
loggers.

To test our hypot hesis of i f Aoperational p
Global Positioning Sstem (gps) coordinate from each and every fallen tree root hole. We
wanted to see the distribution pattern of the fallen trees because we knew the stand we took
the data was subdivided into various compartments through which the skidding calculations
werei ndi vidually made. The | hsangazi Forest Di
obtained from the Kastamonu Regional Directorate. It was intersected with our fallen tree
point cloud and superimposed over Google Earth to question our scenario.

Positon coordinates from 156 out of 214 damaged trees were distributed on the vectorized
compartment map, then groups of fallen trees were clustered, a skidding road route was laid
on Google Earth (2.15 km), tree clusters were tied to this route and new gkdtgiiances

were calculated for each cluster as shown on Figure 3.

Figure 3. Point cloud of the fallen tree locations (yellow), distribution over four
compartments (red), grouped trees (blue), skidding road route (greef@ndng

The calculations were made, using the algorithm (1) Forest Service is mandating in each
administrative unit, and the following results were acquired in Table 1. State calculations
based upon a single skidding distance, whereas we used mukigéing distances as
measured on the Google Earth, starting from the middle of the clustered trees (blue areas on
Figure 3) to the landing through the laid out skidding route. There appeared to be a 22.5%
missing allocation in the amount paid to the logger
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Table 1. The difference in the earnings as a result of skidding

Unit price (TL) per cubic m of wood skidded (based on timber >5m)
State unit price| Total Volume [State unit price| Total Volume |State unit price| Total Volume |State unit price| Total Volume
paid Comp#82 | Skidded #32 | paid Comp#83 | Skidded #83 | paid Comp#84 | Skidded #84 | paid Comp#85 | Skidded #35 | Total Earnings
14,23 9,478 35,58 99,712 28,46 77,448 18,98 55,815
Total Earnings
per
Compartment 134,87194 3547,75296 2204,17008 1059,3687 6946,16368
New scenario unit price (TL) per cubic m of wood skidded (based on timber >5m)
62,81 3,599 84,15 11,313 20,02 7,238 26,09 8,85
55,69 5,879 68,78 4,608 38,9 11,639 28,65 12,181
56,55 7,105 66,89 8,596 14,8 10,87
26 27,892 66,41 5,181 16,51 8,333
26,09 19,825 11,39 5,483 20,02 13,869
30,83 8,082 12,71 20,048 16,51 1,712
37,76 9,744 30,83 4,261
44,12 0,387 45,54 6,619
34,72 5,311 52,37 4,122
42,69 4,658 75,14 4,261
44,12 0,787
9,478 99,712 77,448 55,815
Total Earnings
per
Compartment 553,4547 3965,28751 2802,81653 1184,25848 8505,81722

3.2. Discussion

It was our belief that we could have saved from various stages of logging, one of which is
skidding because logging especially the manual one with its inherksthéds always been
considered as one of the unavoidable stages of forest management increasing the overall
costs. This study did not look into the cost contribution of logging inside the overall
spendings of a management plan, but focused on if a sauvinigecabtained when skidding

can be better organized through micro level operational planning. It instead showed that the
implementation of a simple coordinate recording through a GPS and seeing the result of
timber cruising on Google Earth which can easipply the critical inputs such as, elevation,
slope, aspect, distance measuring, point marking, polygon circling, i.e., simple Geographic
Information System (GIS) capabilities without any licensing requirement might further
increase the skidding cost logging. But the data used in this study were from an unexpected
timber cruising. A further study looking into a routine timber cruising can easily produce an
unbiased result.

Forest engineers in Turkey are trained and equipped with all kinds of tegiwadlo
advancements by their administrative body, Forest Service. Their software handling
capabilities especially are rather advanced. There is no directorate without a GPS in its
inventory in Turkey today. However, handing over a gadget to somebody wgiing the

proper training to the person is just a waste of resources. The only practical use of a GPS in a
directorate today is to help the users, engineers, foresters, etc. not to stray away from the
administrative boundaries of his/her directorate sdsire will not interfere with the
management practices of his/her neighboring directorate. The same deficiency or ignorance is
also the case in the consideration/ applica
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very apparent through this study theombining GPS with Google Earth during timber
cruising or any other type of forest management practices might help open up new horizons or

planning strategies for forest management because the feedback they will provide is
invaluable.
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ABSTRACT

Forest roads are indispensable conswustiof managed forest lands for many forestry
objectives such as timber harvesting, fire management among others. However, forest roads
mainly responsible for instabilities of slopes (e.g. occurrence of landslides) where they are
located, depending on imctions with different geomorphological, hydrological and
ecological processes. In addition, occurrence of landslides renders roads unusable because the
displaced material of a landslide can block the roads as well as destroy the road platform,
resultingin serious maintenance costs. In present study, ab@$8d overlay analysis was

made using the forest road network (in total 322 km) and the landslide inventory map
(it ncluding 109 | andslides) in two fBD)anst di s
D¢zce Forest Directorate (Turkey). Whil e 69
network are | ocated in Odayer. FD, remains
landslides (i.e. 77%) are located over 109.9 km road routes anan3®f koads remains

directly in landslide areas. The outputs of analysis are real and general landslide frequency
and real and general rodahdslide index values. These values were calculated by using an
algorithm developed in GIS platform and evaluated both whole study area and two

districts separately. Real and general landslide frequencies were calculated respectively as
0.76 and 0.26 in whole area, 0.74 and 0.27 |
Real and general road index values weadculated respectively as 0.28 and 0.09 in whole

ar ea, 0.29 and O0.11 in Odayer. FD, and 0. 22
general landslide frequency values in whole study area, one landslide inevery 1.3 km and 3.9
km is observed, respaely.

Keywords: Forest Roads, GIS, Landslide Frequency, Rioadtslde Index
1. INTRODUCTION

Forest roads are indispensable infrastructures of managed forest lands, because they are
constructed for mainly timber harvesting and fire management as asetither many
objectives (Wemple et al. 2001). However, forest roads are also exotic structures that interact
with geomorphic, hydraulic, and ecological processes. Even though forest roads commonly
occupy a small portion of the landscape, they have adugk length per unit area, because

they are widely distributed networks. Thatos
with neighboring patches (Jones et al. 2000). One of the negative effects of roads is the loss of
forest area (Sorkhietal 01 2) . Ar éecak et a-11.ha df brest rga, st a't

corresponding to 400 3500 trees (depending on forest age), must be -clgtafor the
construction of each kilometer of forest road. In addition, forest roads which are mostly
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unpaved, aréocated commonly over across steep slopes because natural forests are located in
mountainous regions (e.g. in Turkey). As a consequence, abandoned and unmaintained forest
roads have potential effects that range from the local site to broad watershedScatean

and Alexander, 1998). These effects are (Wemple et al., 1996): i) increased rates of surface
erosion, ii) occurrences of landslide/mass wasting iii) changes in peak flbow magnitude, and
V) attendant impacts on stream sedimentation and channgholagy.

It is inevitable that road construction on any hill slope will render the slope unstable. Road
networks in mountainous forest lands have the potential to increase susceptibility to shallow
landsliding by altering subsurface flow paths (Borgaakt2004). Several studies have
guantified relative rates of roadnd norroad related landslide erosion rates in forested areas
(Sessions et al., 1987). Allison et al. (2004) stated that roads increase landslide occurrence in
steep and unstable terraig B5 - 350 times compared to undisturbed forested land. Forest
roads increase the sediment yield in many catchments due to mass movements on steep
embankments or the direct impact of raindrops and the turbulence of runoff (Swanson and
Dyrness, 1975, Ziegleet al., 2000). Coker and Fahey (1993) stated that a total of 263 slope
failures of all types, including rotational slide, topple, earth flow, etc., were recorded over 142
km of roads during a survey in Golden Downs and Motueka ForEsis.is equivalento a
sediment yield of 142000 3mIt was also stated in their study that the total volume of
displaced material over a 209n road network amounted to 193000° mf granite,
corresponding to 80 years of sediment yield from surface erosion.

Besides, occuemnce of landslides renders roads unusable because the displaced material of a
landslide can block the roads as well as destroy the road platform, resulting in serious
maintenance costéleam et al. (2007) stated that in Lao PDR, the cost of emergency repai
works due to landslides and their related effects was between US$ 1000 and 1500 per
kilometer of road per year. Forest roads decrease slope stability in four ways: i) overloading
the slope in the embankment fill; ii) increasing slope gradient in the caténd fill, iii)
removing material from the toe of the slope; and ivyaeting and concentrating drainage
water (Sidle et al., 1985; Megahan, 1987, Allison et al., 2004; Borga et al., 2004). Thus, it is
crucial that better road location, harvest ar@sign, and engineered road construction, as well

as timely and appropriate maintenance (Duncan et al. 1987). Otherwise, careless or improper
excavation of marginally stable slopes, poor construction and fill placement on steep slopes,
and improper drainagdesign lead to increase frequency of rosdted landslides (Swanston

and Swanson, 1976).

Decisions about road alignment, building, maintenance, or decommissioning are complex
because of the many tradeoff involved (Lugo and Gucinski, 2000). Many &ngseers still

use traditional methods that are entirely manual for determining road locations (Hosseini et
al, 2012). Traditionally, the planning of forest road network is based on economic and social
considerations. For instance, in the traditionahping of road networks, road locations have
been determined without taking into account landslides. However, landslides and their
impacts on forest road networks should be taken into account. In the present study, landslides
forest road interactions wemvaluated via a GIS based overlaying analysis. For this aim,
landslide inventory and forest road network data were used. Landslide frequencies and road
landslide index values were calculated.
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2. MATERIAL AND METHOD
2.1. Study Area and Data Description

Odayeri and ¢i-ekI:i Forest Districts (FD) in
as study area (Figure 1). The top, left, right, and bottom coordinates of the study area are

4516653, 339563, 352655, and 4500064 in ED50 UTM Zone 36N, respgciioed| aea of
the FDs is 12135.43ah. Ci-ekli F D die Odayesi FCBcowrd 812194Ha , w

L Landslides p
f :I Forest District Borders =

Forest Roads
|£’ ey X

Figure 1. Lobatn map of study area
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Forest road network data was obtained from Bedgional Directorate of Forestry (OBM) in

vector format andin total, 322.0 km forest roads are located in the selected two forest district
(Figure 1). ¢i-ekli forest district have 10
have 218.4 km forest roads.

An inventory of 109 landsldes (Figure 1) was gemed through fieldwork as well as
inventory data obtained from the Mineral Research and Exploration General Directorate

( MTA) . According t o l andsl i de i nventory I n
landslides, while Odayeri forest district have @ dslides. Areal size of landslide varies
between 0.025 ha and 92.52 h

2.2. Overlaying forest road network and the landslide inventory

An overlay analysis was made using the forest road network and the landslide inventory for
GIS-based evaluation of halslide forest roads interactions. In addition, landslide frequency

and roadlandslide index values were calculated. For this aim, similar approach used by Eker
and Aydeén (2014) was applied. Al'l analysis v
usirg Python language which works under ArcGIS software.

In the study, landslide frequency defined as the number of landslides located over a road route
per kilometer of road, was calculated (Wemple et al., 2001). Furthermore, landslide frequency
was categoried and formulized as general landslide frequency and real landslide frequency.
General and real landslide frequency values were calculated using the following equations:

3 NL

RLF = a NE (2)
3 RRL

whereGLF is the general landslide frequen®LF is the real landslide frequency,NL is
the sum of the nuber of landslides located over road roul2®L is the sum of lengths of all
road routes in the area (regardless whether of landslide occurréndd),is the sum of
road route lengths where landsldes have occurred (only routesamdblidle occurrences).

Besides, in the study, roddndslide index term was defined and categorized as general road
landslide and realroada nds | i de i ndex (Eker and Aydeén, 2
index values was to determine how many roadsewdirectly affected by landslides. While

the general roadhndslide index can be defined as the ratio of length of road routes where

falls in landslide area to total length of road routes (regardless whether of landslide
occurrences), the real rodahddide index value can be defined as the ratio of length of road

routes where falls in landslide area to the sum of road route lengths where landslides have
occurred (only routes with landslide occurrences). Reaadslide index values were
calculated usinghe following equations (Eker and Aydin 2014):

_&RL

RLI, =5
4 RL

(3)
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a Ry
F =& 4)
a RRL
whereRLI_ is the general roathndslide indexRLL, is the real roadandslide indexX RL; is
the total length of road routes where falls in landslide area.

RLI

3. RESULTS AND DISCUSSION

In present study, a GiBaseddverlay analysis was simply made using the forest road network

and the landslide inventory map (including 1
D¢zce Forest Directorate (Turkey). While 69
network ard ocated in Odayer:i FD, remains are | oca

Overlay analysis allows to determine road segments directly located in landslide areas (Figure
2). According to overlay analysis, in total, 30 km of roads remains directly in landslide areas.
This information was used to calculate rdaddslide index values. This information can also

help the forest managers (or engineers) to decide which forest roads primarily can be taken
into account in maintenance planning. Because it provides the locatitime ofxpected
landslide damage along the transportation network. Of course, field checks should be done
because there are many factors affecting the requirement of maintenance in any road route
such as state of activity of landslide, whether the road haaietenance before, and logging

and harvesting activity.

ODAYER _~ /

£’

2~ CICEKL}

Road segments in landslide area
Road segments out of landslide area
Landslides

I: Forest District Borders

1 1
0 2.150 4.300 m

Road segments in landslide area
Road segments out of landslide area
Landslides

D Forest District Borders

e )

0 625 1250 m

Figure 2. Road segments directly located in landslide areas
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In addition, overlay analysis provide road routelsere landslides have occurred (i.e. only
routes with landslide occurrences). Accioigl to this, 84 of all landslides (i.e. 77%) are
located over 109.9 km road routes. Figure 3 shows the road routes where landslides have
occurred. This information was used to calculifeF andRLI, values.

ODAYERI
— A

e
7

bl

~

1

Road routes with landslide occurrence
Road routes without landslide occurrence

Landslides

e [ T |
D Forest District Borders 0 2150 4.300 m

Figure 3. Road routes whelndslides have occurred

Moreover,GLF RLF RLI  andRLI, values were calculated using an algorithm developed in

GIS platform and evaluated for both whole study area and two districts sepdiéfend

GLF were calculated respectively as 0.76 and 0.26 in whole area, 0.74 and 0.27 in Odayeri
FD, and 0. 82 andRELIDan®RI, valees Were-caldulhted reBpBctively as

0.28 and 0.09 in whole area, 0.29 and 0.11 in Od&yéi, and 0.22 and 0.07
According toRLF andGLF values in whole study area, one landslide in every 1.3 km and 3.9

km is observed, respectively. According®bl,. and RLI; values, 3% of road routes were

located in the whole area directly affected by at least 1 landslide, while 1% of all roads in the
whole area were directly affected by landslides. Due to differences in total length of roads in
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networks and number of landslides, the percentage of roadsedfiey at least one landslide
for each FD has different values.

4. CONCLUSION

GIS-based overlay analysis and calculations of landslide frequency andarasdide index
values can be used to evaluate road landslide interactiondhaSésl overlay angdis allow

to identify road segments where landslides intersect. In addition, the landslide inventory
provides useful information on the frequency of landslides over the road network, a valuable
information for assessing rodandslide interactions. This nalysis is also useful for
determining the landslide risk along the transportation network, and for planning remedial and
maintenance policies (Reichenbach et al., 2002). Also,-laoadslide index values describe
how many roads were directly affected agdslides.
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ABSTRACT

Landslide susceptibility maps (LSM), used for different aims such as reducing the effects of
landslides, decision making, and planning, have become common tools and relevant studies
have increasingly made during the last few decades. One of the further usage of LSM is to
overlapping analysis with forest roads in order to get information about how planned road
routes are located in terms of landsliding potential. Because unsuitable locadedcause

slope instabilities such as landslides as well as landslide occurrence can result in serious
maintenance costs destroying and/or causing deformations of road platforms. Statistical
approaches such as logistic regression (LR) are well adopt€ddlS based evaluation of
landslide probability of slopes in larger regions. In present study, LSM of two forest districts
(G°lyaka and Kardg¢z) i n G°lyaka Forest Dire
LR method based on an inventory of 52 landsdidand eight conditioning parameters:
elevation, slope, landse, lithology, aspect, distance to faults, distance to streams, and
distance to roads. Landslide susceptibilities in study area obtained between 0 and 0.57 with
0.85 AUC (Area Under the Curvephlie. According to results, all parameters selected here
has positive effect on landslide occurrences. Following normalization of generated
susceptibility values between O and 1, obtained map was classified as very0ay, (dw
(0.2-0.4), moderate (0-8.6), high (0.60.8), and very high (0-8) and then overlapped with
forest roads in total 380.8 km. According to classified susceptibility map, more than 95% of
total area is located in very low and low susceptibility classes. While 3% of the area has
moderate landslide susceptibility, remains have high and very high susceptibilities. According
to overlapping analysis, 1.3 km of roads is located in very high susceptibility, 5.1 km of roads
is located in high susceptibility classes. Remains (more thand&@broads) are located in

other susceptibility classes.

Keywords: Forest roads, Landslde susceptibility, Logistic Regression
1. INTRODUCTION

Landslide susceptibility maps (LSM), used for different aims such as reducing the effects of
landslides, deision making, and planning, have become common tools and relevant studies

have increasingly made during the last few decades. Particularly in the last 2 decades, it has
become an important subject for earth scientists, engineers, planners, and dedigion ma
(Ercanojlu and G°k-eojl u, 2002) . Since the
produce susceptibility maps, often applying Geographical Information System-K&s8dl

techniques (Vahidnia et al., 2010). Logistic regression (LR) has beetyvasied by many
researchers for mapping |l andslide susceptibi
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al ., 2008; Kéncal et al ., 20009; Erener and L
2011; S¢zen and Kaya, 2 0 1used tolkalyze tha relationshypd € n ,
between the categorical or binary response variable and one or more categorical or binary
explanatory variables (Bai et al., 2008).

One of the further usage of LSM is to overlapping analysis with forest roads in ordet to
information about how planned road routes are located in terms of landsliding potential (Eker
and Aydén, 2014) . Because as a result of S
impacts on the natural environment emerge in conjunction with therrecce of technical

and economic pr obl e mBnsuital®® locatedl road$ Icause si@pé 0 4 ) .
instabilities such as landslides as well as landslide occurrence can result in serious
maintenance costs destroying and/or causing deformations of rdfdpé& The occurrence

of landslides can make roads unusable because the resuling displaced material can block
roads as well as destroy roadbeds, creating serious maintenance costs. The impact of
landslides on a road network depends on the type of ldadghe location of the roads, and

the geomorphology of the area (Reichenbach et al., 2002). Thus, determining the road

l ocation is the most difficult stage of roac
be taken into account in forest road pleugn Particularly in mountainous regions, road
construction causes increased slope stability problems and higher road maintenance costs.
These costs are directly related to stability problems like landslides. However many forest
engineers still use tradsthal methods that are entirely manual for determining road locations
(Hosseini et al., 2012).

I n present study, LSM of t wo forest di stri
Directorate (D¢zce, Turkey) was genyefrbated u
landslides and eight conditioning parameters: elevation, slope;umdlithology, aspect,

distance to faults, distance to streams, and distance to roads. Then, an overlapping analysis
was made using the forest road network and the landsligbeptibility map to determine the
distribution of roads in susceptibility classes and to evaluate them in terms of landslides.

2. MATERIAL AND METHODS
2.1. Study Area and Data Description

Gl yaka and Kardg¢z forest dnetctrocatse (Dgatec
were selected as study area (Figure 1). These forest districts are located in Black Sea Region

of Turkey, where landslides incidents mostly occur. The top, left, right, and bottom
coordinates of the study area are 4521007, 3203&8020, and 4503527 in ED 1950 UTM

Zone 36, respectively. G°lyaka and Kardg¢gz
Ha, respectively. Forest road network data was obtained fromMBadional Directorate of

Forestry (OBM) as vector data. Accorditggthis, in total, 380.8 km forest roads are located

in the selected two forest district (Figure
roads, whil e Kardg¢gz forest district have 138

An inventory of 52 landslides (Figure 1)aw generated through fieldwork as well as
inventory data obtained from the Mineral Research and Exploration General Directorate

( MTA) . According to |l andslide l nventory i n
|l andsl ides, whi |l eve Blandstlgsz f or est district h a
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Figure 1. Location map of G°lyaka and

(right)

Also, lithology and fault data was obtained from MTA, as vector data. Digital Elevation
Model (DEM), used to derivate elevatiom, and aspect data, was generated from 1/25000
topographical maps. In addition, streams were digitized over the topographic maps. Landuse
data was derived from forest stand data obtained from Bolu OBM.

2.2. Landslide Suscenptibility Mapping with Logistc Regression (LR)

The goal of LR in mapping landslide susceptibility is to find the-figtg model using the
relationship between the presence or absence of landslides and a set of explanatory variables
(Ayalew and Yamagashi, 2005). Based on the oladiems in the field studies, 8 landslide
conditioning parameters (i.e. set of explanatory variables) were selected for the landslide
susceptibility mapping: elevation, slope, lamsk, lithology, aspect, distance to faults,
distance to streams, and distarto roads (Figure 2). The LR method was applied with the
LOGISTIREC module of Idrisi Selva 17.0, which uses a maximum likelihood estimation
procedure to find the befiting set of explanatory parameters.
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c) d)

Figure 2. Landslide coridining parameters used in LR: a) elevation, b) aspect, c) lanc
d) ithology (Qa: aluvion, PTRs: marble, Ka: metasandstme¢aclaystonametapelitic,
Kall: serpantinite, Kal3: gabbro, Tc: sandstom&stone, Ty:. pyroclastic rocksdesite

basaltic

91



