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WOOD PRODUCTION AIMED FOREST ROAD NETWORK
PLANNING BY GEOGRAPHICAL INFORMATION SYSTEMS

It was aimed that developing of wood production forest road network plan for achi-
eving of forest multi-functions usage as in sustainability concept of forests have been ma-
naged by various objectives by this research.

A forest road network planning approach was realized for wood harvesting from fo-
rest by this aim. Geographical Information System (GIS) was used for evaluating of data
and planning process.

The new forest road network plan of Catak Forest District was prepared by adding of
16 new roads segment, total length of 59+067 km, to existing road network plan for ser-
ving of wood harvesting operations. Forest road density value was determined as
22.79 m/ha for Catak Forest District. While opening up rate of area was increased to
77.82 %, opening up rate of existing stand value was increased to 94.30 % after planning
studies. 90.24 % of roads were planned on the forest areas where occurring of minimum
negative environmental impact.

Keywords: Forest Functions, Wood Harvesting, Forest Roads, Geographical Infor-
mation System, Global Position System
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IlianyBaHHA Mepexi J0pir AJIf JicOrocnoaapcbKoi JisiibHOCTI

3a I0NOMOro10 reoingopmaniiHol cuCTEeMH

Merta nocnipKeHHs CpsSMOBaHa Ha PO3POOTIEHHS CXEeMH MEpesKi JIICOBUX JTOPIT IS
3MIMCHEHHS 0araToyHKIIOHAJIBLHOTO JIICOKOPUCTYBAHHS 3 BUKOPUCTaHHSIM TeoiHpopMa-
IAHOT CUCTEMHU.

JlicoTpancnopTHa Mepeka B JTicoeKcIutyaraiiitHoMy macuBi Karak Oymna yTBopeHa ao-
JABaHHSM JI0 HAsSIBHUX JIICOBUX JOPIT HOBUX CETMEHTIB 3arajibHOI0 JTOBXKHUHOIO 59+067 km.
B pesynbrari rycTHHa Mepexi JiCOBHX Jopir 3pocna 1o 22,79 m/ra, a koedilieHT 10cTyTI-
HOCTI IO JIICOBOTO MackuBy miaBuiuBcs 3 77,82 % mo 94, 30 %. 90,24 % HOBHUX JTiICOBUX
JOpir OyJIM CIIPOEKTOBaHI 3 MiHIMAJIEHUMHU HETATUBHUMU HACITITKAMU JITSI TOBK LIS,

Kuarouosi cioBa: ¢yHKIii Jicy, Jlico3aroTisis, jgicosi goporu, GIS, GPS.

1. Introduction

Exploitation of forest land by determined goals can only be possible by fo-
rest roads network that designed for this goal.

In Turkey, forest road network planning applications are executed only
evaluation of stand volume amount without taking into consideration of forestry
goals that could be determined according to forest functions. It would be appear
many unsuitable conditions.

Opening-up of forests would be made by good planed forest road network
plans. Forest road network parameters change according to construction, location
requirements, different terrain conditions, used technologies and management acti-
vities. These requirements and planning approaches would be related with eco-
nomy, ecology and management.
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Public awareness of environmental questions has constantly increased in
the last years. The construction of forest roads has been the main contentious issue
in the discussion between foresters and environmentalists. The main criticism is
that the construction of forest roads is destroying the environment causing soil ero-
sion, habitat loss, scenic impacts, etc. Public acceptance of construction work has
decreased significantly. In the context of sustainable development as stated by the
UNCED the use of natural, renewable resources is a key element of environmen-
tally sound development. Resource use depends on accessibility of the relevant
areas. Therefore, it is impossible to give up the construction of forest road net-
works. However, the forest community has to look for ways on how to improve en-
vironmental soundness and public acceptance of road construction activities (He-
inimann, 1996).

In this respect, a functional approach is needed in forest road designing.
Forest functions are different for each nation. This is related culture and social life.
Forest functions or planning aims can be reach up to fifteen different types. For
this reason, it must be limited according for their effect on network design. Becau-
se, forest network planning units is whole river basin, some functions may not be
enough area size.

In this study, forest road network layout aimed for main exploitation goal
(forest function) is wood production forest.

2. Material and method

2.1. Study area

Catak Forest District was selected for investigation area that is research fo-
rest of Karadeniz Technical University, Faculty of Forestry. Total area of investi-
gation area 1s 19553.76 ha. There are 26 number of forest stand type. Area of these
stands is 10241.72 ha. The rest part of the study area is agriculture and range lands.
These lands did not include for investigation.

2.2. Method

In this research, existing road network plan and redesigned road network
plan are evaluated according to a set of criteria that include forest management go-
als, economical aspect and environmental impact assessment. New network plan
was designed according to optimizing of these criteria set (Gumus, 2003).

It was started to research by design and building of database. In this context,
the boundary of investigation area, available opening-up infrastructures and their con-
ditions, road route analysis, positive and negative main points about road construction,
topographical structure, water resources, forest structure, ownerships, social-economi-
cal structure and work opportunities of local people are used for database.

Inventory of existing roads was made by GPS. By the way, existing roads
are investigated point of view qualitative and quantitative. Routes of roads were
collected with track mode by GPS.

After determining of existing roads, new road segments designed according
to management plan. In this phase, cutting areas, existing roads, and stand volumes
took into consideration. Amount of road lengths was determined by Cost Benefit
analysis (Turker, 1989).
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Cost/benefit formula is bellow;

n G, H
F _ k=%1:+1(1+i)k ¥ (1+1i)* .
M_ m I' ( )
) —
j=1(1+1i)’

In Formula: Gk — Incomes trough whole amortization; I — Annual investment cost;
H — Junk price; j — Years of cost; i — Real interest rate (% 3); m — Total investment
time; k — Economical life (years) as symbolized

Benefit that used in economical analysis by cost and benefit rate is net pre-
sent value of wood selling incomes getting from opening-up of forest by forest ro-
ads in the period of amortization time. Also, expenditures include road constructi-
on cost, maintenance and staff transportation (Erdas, 1997).

Cutting compartments which are determined in management plan were
evaluated together according to getting service by roads that will be new designed
roads for cost and benefit rate analysis. In determining of these areas, topographi-
cal structure and skidding direction were evaluated. Thus, total of 36 number of fo-
rest road cost compartment that will be used for economical analysis were constitu-
ted by combining of compartment. In determining of benefit amount, Macka Forest
Enterprise Cashier's Office records were used.

An Environmental Impact Assessment (EIA) map was constituted to esti-
mate affects of new planned roads on environment after determining of cutting are-
as and required road lengths for these areas. The routes of these roads are very im-
portant point of view impact assessment. Environmental Impact Assessment is a
general term to estimate and evaluate environmental assessment both of manage-
ment operations and development proposal (OECD, 1994).

Environmental impact assessment database was build to minimize of nega-
tive affect of road construction operations in developed planning approaches for
wood harvesting function (Table 1).

As described bellow determined and digitized possible impacts are build in
database. All different data coverages are combined by GIS software overlay opti-
on. Then, all points were multiplied and got a point for each polygon. These points
are grouped and constituted an EIA points. These groups' points are described as
positive values, negative values and zero points in total. In database, groups
symbolized as +1 for positive areas, -1 for negative areas and 0 balanced areas.
Thus, EIA coverage was prepared to analysis of road routes in designing phase.

3. Results and discussion

Potential cutting volume situation was determined by entering of volume and
increment information to database of digital stand type map of whole planning unit.

Total of 102 number compartments was planned for cutting in 10-year ma-
nagement period for investigation area. The total area is 5064.57 ha. 40930.6 m’
cutting volume were determined for this area. The total stand volume of planed
compartment is 565962.91 m’. Annual increment of this stand volume is
13275.08 m’. 20-years, forest road amortization time period, amount of this incre-
ment was determined as 265501.6 m’.
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Table 1. Environmental impact assessment indicator groups point system

E;ﬁﬁfg;feﬁe Risk Indicator Indicator groups
S <% 45
Soil loss of productive Side slope groups % 45< S <% 75
soil S>%75
Rocky areas Roads on rocky areas
Damaging water |Destruction of water| 30 m zone around of
sources source area stream bed
Seed stands
Destroyed area of | Picea sitcensis, orgin
valuable habitats test areas
Aforestation areas
North aspects
Aspect groups East and West aspect
South aspects
Socio-econo- | Change of house- Nationalization costs Private ownerships
mic conditions|hold characteristics areas
Cultural Destruction of
heritages archacological and| Resources areas
historic resources

Water

Biosphere Habitat loss

Road maintenance

Atmosphere cost

Economic value, reduced net present value for 2002, of 81861.2 m’ wood
rawmaterial that calculated for 20-years management period is 3017926.33 USD.
The economical value of wood rawmaterial, total increment occurred in this peri-
od, 1s 9788083.6 USD as net present value of 2002 year.

EIA was made as second phase in wood production aimed forest road net-
work design. At figure 1, it can be seen constituted EIA coverage graphical and
non-graphical database of planning unit (figure 1).

“ ArcView GIS 3.2a
File Edt Table Field XToolz ‘window Help

| 1 of | 27540 selected

Polygon 0 0 -3 1] 0 3 1 A 1 l,_‘,‘_l
Polygon 0 0. 3 0 0 3 0 0 0 |
Palpgon 0 1] -3 0 1] 0 -1 -4 -1 [

Prlinae n n 2 n n ) 1 1 1 —
< 1 —|

Figure 1. EIA graphical and non-graphical database
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While, dark color polygons describe the areas that have maximum negative
environmental impacts areas, white color polygons describe minimum negative en-
vironmental impacts areas. Polygons with gray tones describe second degree risk
zones. EIA approach developed by this study is first in Turkish forestry. This sub-
ject did not used up to this study. GIS is very capable for these evaluations.

Catak forest district, study area, road network length is 248+815 km. Total
forest road length is 232+209 km in planning unit. While, a part of, 43+412 km,
existing roads longitudinally slope is over than 10 percent, 15+505 km roads slope
is over 12 percent.

Total cutting area is 5064.57 ha according to management plan include
2000-2009 years. 3108.09 ha area (61.36 %) would be open-up of these areas by
existing road network. There is 388812.48 m’ stand volume in this area. In this sit-
uation, the opening-up rate of total stand volume is 68.69 %. Opening-up annual
increment rate was calculated as 9046.35 m’. 86.4 % rate of opened-up areas by
existing roads was opened-up only one road segment. 7.2 % rate of area was ope-
ned-up twice time by different roads segments. Beside this, 1.4 % of total area was
opened-up by 3 or more road segments.

It was determined that existing road network plan is not capable to activate
all management plan facilities according to made calculations. If the works 1s make
by existing road network, 68 % rate of work plan will be achieved.

Existing roads routes was accepted as 20 m wide corridor, and overlayed
with EIA coverage. Thus, environmental impacts of roads were determined. It was
determined that 32.32 % of existing roads was located on maximum negative envi-
ronmental impact areas. 21.10 % of roads located on second degree risk zones.
46.58 % of existing roads were planed on minimum environmental impact area zone.

It was determined that more than half rate of existing road that constructed accor-
ding to before network plan, are located on maximum negative environmental impact
areas. Evaluating of results of existing forest network plan findings, new road segments
were designed to achieve forestry management plan activities of 2000-2009 years.

According to new wood harvesting aimed forest road network designing
approach constituted by this study, a part of functional forest road network desig-
ning, opening-up rates of area and stand volume's were used as planning criteria.

It did not an accept road density limit value before planning. By this appro-
ach result, local information got importance and road density value determined af-
ter design of capable road network plan that can be achieve all wood harvesting
operations. New planned wood harvesting aimed forest roads total length is
59+067 km. Planning unit total road length reached to 307+882 km adding by new
designed road segments. Total forest road length is 291+276 km. Total forest roads
lengths for serving wood production area is 155+885 km. 114+706 km of these ro-
ads are exist on area. According to this amounts of roads, road density value is
22.79 m/ha. Forest roads on digital terrain model can be seen at figure 2.

Cost and Benefit rate calculation was used for economical investment eval-
uation of new roads that will be constructing. Incomes that will be getting 20 years
period by selling of wood raw material is 3017926.33 USD as reduced net present
value for 2002.

402 JlicoBa inzkenepisi: Texnika, TexHoJI0ris i JOBKiLIs



HaykoBuii BicHuk, 2004, sun. 14.3

dvw y10:M12U pPOL MIU JO1USIP 1S210f YDID)) **T dINSL]

0000SS 0008rs 00095 0005 0002%S 0000%¥S 0008es 0009€S 000¥ES
] ] | 1 1 ] I ]

| | | 1 |

‘| 000GZ L 1 3|edS S1aquInu 8poo speoy |/ |,

00090st

000805t

0000 LSt

S sweans \<

sauepunoq eale Apnig \/\

000Z LS

000F LSP—

00091518

0008 LSt

00002St

000ZeS

a M Speol 18104 2
speol so1nses abelia \\/\\
N w»m__s_._m.__._>\
? 40 \
1 1 1 - I
00005S 0008YS 00095 000++S 000245 00005 0008€S 0009€S 000+€S 0002Z€S 000085 000825

ue|d ¥JOM]ON PEOY 1S90 pauwlly UoljoNpold POOAA

000805¥

— 0000 LSV

0002 LS¥

000¥% LSY

0009 LS¥

00081L5%

0ooogsy

403

3. JlicorpaHcnopTHe OCBOEHHS Ta iHdopManiiiHi TexHoJI0Til



Wi Iep;KkaBHUI JicOTeXHIYHNI yHiBepcHuTeT

Ykpaincbku

uvjd y10mp2u pro. 3sao0f pauiin aayonpoid poom Aq dvu svaap dn-Suruuad() ‘¢ 2.an31,J

000++S 000 _N.vm 0000%S 000 w.wmm 0009€s 000 .wmm 000¢es
W L 1] | . - .
0005/:L oleds B e* A L. e ]
. = L0k . /N__ OZ1Z JppliE W LETZ LeyrREe
ste Bee, X 2\ .
- g
El M \ = Zve et /]IILJI.J/
ce iy ~gECL N h
N 0002 LS n B800¢ LS+
K b _.EmF;.a.
i vE
G4 —
siequnu juswiedwod GO (F 9ee I\ oL
=l ATA Iy OBl Y 2 8 e
salepunoq juswiiedwo) \/\ 6l 4 8f /o) JoEoNes ” -
speo. paubisep 3@22 26L) S\ % NG sol $0 ™
speo. m.c:m_wm_z e 4 Bl ~ €6
n-Bui y
N b
- P
’ O“ 9009 LS¥
ANVOd1 ,
_.. €9
9 N
& & )Aﬂu
= %
/‘/ &8 i Sy . Pk \Aq.ﬂnw \nl
0008 LS 0008 LS¥
mN / " g Leelz
N
8 ), y
W ZEBL LY ) ; S
000025¥ sy euy 2, R L L oot 000025
‘W ggsl L a
000++#5 000c¥S 0000%S 000 Wmm 0009¢€S 000%€S 000¢es

dep dn-6uiuaddp

TeXHiKa, TeXHOJIOTis i JOBKiLIsA

JlicoBa inskeHepis

404




HaXKOBI(Iﬁ BicHuK, 2004, Bun. 14.3

New road construction and 20 year period maintenance cost (0.005 % of
construction cost) are evaluated as cost of road network. According to this definiti-
on, reduced cost is calculated 692898.01 USD totally. Cost/Benefit rate is occurred
as 4.35 according to these calculations. If cost/benefit rate is over 1 in evaluation of
investment project, the project will be accepted as economic (Turker, 1989). Roads
of decided to construct determined as economical by results of planning studies.

EIA coverage was took into consideration while new road routes planning.
In this phase, it was paid attention to locate new roads on risk free zones. But, in
some limited conditions, negative environmental impact areas were used also.
While 63.54 % of new designed roads were located on minimum negative environ-
mental impacts area zones, only 9.76 % of new roads were located on maximum
negative environmental impact zones. 26 % of total designed roads were located on
second degree risk zones.

Total opening-up areas that decided to cut were increased up to 3941.4 ha by
new designed roads. So, opening-up rate also increased up to 77.82 % (figure 3).

4. Results and recommendations

New forest road network plan were constituted adding of total 59+067 km
forest roads designed as 16 additional road segments for achievement of wood pro-
duction aim. New planned forest roads network cost/benefit rate is 4.35. Roads of
decided to construct determined as economical by results of planning studies.

Catak forest district wood production aimed forest road network road den-
sity value was determined 22.79 m/ha after planning studies. Opening-up rate is
increased up to 94.30 %. While, existing road network could be open 68.69 % of
total stand value.

Increasing 25.61 percent opening-up of wood volume by new designed fo-
rest roads, while increment of 16.46 % of opening-up areas, is contribution of de-
veloped forest road network designing approach for wood production forest for
Turkish forestry. Especially, comprehensive GIS database and queries provided
this success. 90.24 percent of designed roads were planned on minimum negative
impact areas and second degree risk zones. Only 9.76 percent of designed roads
were planned on maximum risk zones.

Forest road network plans must to redesign taking into consideration
functions of forest in our country. Wood production aimed forest road network
must be formed for achieving of management plan period targets level. 20 m/ha ro-
ad density that is prudence for our country doesn't be a criterion for forest network
plans. Opening-up area and stand volume rates should be main principle in plan-
ning operations.

Geographical information system owing to geographical data storage, up-
date and many analysis must be used as a usefully tool for functional based forest
road network plans.
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A RESEARCH ON FOREST ROAD PLANNING AND PROJECTING
BY INROADS SOFTWARE IN BOLU REGION OF TURKEY

The computer software and hardware is extensively and effectively used especially in
many countries of the world for the solution of complex problems. The facilities offered by
the computer technology is used to great extent in forestry also as in numerous other areas.
With this purpose, this research includes a study of forest road construction activities in
Turkey, basic principles of planning forest roads, digital terrain models and forest road
planning which were integrated in applied sample at the Mengen district of Bolu in Tur-
key. Analysis of slope and aspects have been made by digitization of maps and InROADS
SelectCAD Version 8.0 software. The road network and the transportation planning of fo-
rest have been done by using above mentioned and general facts.

Keywords: Forest roads planning, Digital terrain models, Inroads software, Turkey.

Jp. Mypam /IEMIP, /lp. Tonza O3TYPK — Cmamoéynvcokuii
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Ili1anyBaHHA Ta NPOEKTYBAHHS JIiICOBHX 0PIl 32 J0MOMOI0I0 MPOrPaMHOI0
3a0e3neyennss InROUDS B paiioni bousr, Typeyunna

MOoIMBOCTI KOMI'FOTEPHUX TEXHOJOTIN IIMPOKO BUKOPUCTOBYIOTHCS B Oararbox
KpaiHax CBITy Il BUPIIIEHHS KOMIUIEKCHUX MPoOJeM, MOB'SI3aHUX 3 POCTOPOBUM MOJIe-
JIOBaHHSAM. Y CTaTTI HaBEJICHO MPUKIIAJ TUIAHYBAHHS JIICOBUX JOPIT 3 BUKOPUCTAHHSIM 1H-
dopManiiHuX KOMITIOTEPHUX TEXHOJOTi B paiioHi Menren ob6nacti bomo, Typeuunna.
Amnani3 nasamadty Oyj0 BUKOHaHO B mporpamHoMy cepenoBuiii InROUDS SelectCAD
Bepcii 8.0. I3 BukopucTanHsIM mUPPOBUX MOACIICH MICIIEBOCTI CTaI0 MOMJIMBUM HaKpec-
JWUTHU TIJIaH MEPEXi JIICOBUX JOPIr, MPU3HAYEHUX JJIs1 BUKOHAHHS KOMIUIEKCY JiCOTOCIO-
JapChKUX POOIT.

Kawu4oBi cjoBa: muiaHyBaHHS JICOBUX JOpIr, udpoBa MOAETs MiCIIEBOCTI, TpOT-
pamue 3a6e3nedenHs InROUDS, TypeuyunHa.

1. Introduction

It is known that exploitation of forests in rough terrain is highly impacted
by transportation facilities. Consistent exploitation and protection of forests; and
making the direct benefits of forests available to public, is primarily depended on a
well arranged road network and transportation plan for such forests [1].

The computer software and hardware is extensively and effectively used
especially in the developed world for the solutions of complex problems. The faci-
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