{5 (EEAY)

#SCE B Development of a Method of Forest Road
Network Planning Using GIS that Discriminates and Avoi

ds Dip Slopes

(ViR OB & [hEE 2 R A A AT GIS 12X 5
RS 18 15 DB %)

K4 % 2 wm(YorvIay)



Chapter 1
Introduction

1-1 Background

The forest management is very important in terms of maintaining public function such as
conservation of national land, watershed conservation function, prevention function for global
warming, etc. in addition to taking out resources such as timber from forests and supplying
timbers stably and effectively. The forest road network is indispensable to practice forest works
such as reforestation, logging and transportation, and to realize sustainable forestry management.
Moreover, the forest road network contributes to the improvement of forestry working
conditions through making easy access to the operation sites. It is important to keep forest road
network maintenance. However, as for Japan, the forest road network density is only
approximately 17m/ha because of steep terrain and various of geological features. As for in
overseas, Germany has achieved intensive forest road network from 1960s to 1970s; thereby,
the forest road network density has reached approximately 118m/ha. Austria has also done
intensive forest road network from mid-1990s; thereby, the forest road network density has
reached approximately 90m/ha.

In the forest and forestry basic plan in 2011 (the Forestry Agency2011) in Japan stated that it
was necessary to have an integrated business or an improvement of profitability through the
establishment of forest road networks in order to achieve a sustainable forestry by an efficient
and stable forestry management. The government has defined the forest road that was a
driveway allowing for the passage of trucks, forest operation road that was used for the passage
of truck and skidding road that was used for the forestry machines.

However, a simple and durable forest operation road or skidding road must be constructed by
opening technology. The Forestry Agency drafted the guidance of opening a skidding road in
order to summarize the construction methods and techniques of such roads and
promoted their construction, and each prefecture drafted [the standard for
construction a forest operation road] based on it. Each of them has a different
awareness as to a simple and durable road. However, there have been actually different
images as to forest road network for each region or business or party who is in charge of the
maintenance of a forest road network respectively (the Forestry Agency 2010a). The forest and
forestry revitalization plan has emphasized the need for the road network maintenance for the
introduction of machinery (Tablel-1, Tablel-2).



According to the Forestry Agency (the Forestry Agency 2010Db), the total length of forest road
at the end of 2007 was 131,000 km, and the total length of forest operation road by the
classification at the time was 98,000 km. And the forest road density including public roads, etc.
was 12.9 m/ha and the density of forest operation road was 3.9 m/ha. However, the actual
density does not reach at the criterion of Table-1.1. It would be necessary to proceed
particularly construction of a forest road network. In order to realize this it would be required to
establish an opening plan of forest road network (Figurel-1). As it is first to determine a work
system and next set such standards as forest road network density that is suitable for the
machinery, width of road, etc. After then, it will be advanced to select a place that can be
opened from the topographic map and review the placement of forest road network. Lastly,
routes can be determined by on-site survey.

First, as for the determination for work system, it would be necessary to determine appropriate
forestry machinery according to the forestry management direction. So far, appropriate work
system and forestry machinery have been proposed by geographical slope, annual production,
full tree logging, forest conditions, etc. (a, the National Forestry Improvement and Diffusion
Association 2001). Next, it would be required to determine the standards as to the forest road
network density, width of road, etc. by the machinery in use or geographical conditions. As for
the forest road network density, the criterion can be determined through the forest road network
represented in Tablel-1 with work systems. As for the standard of forest road network, the
criterion is stated in the guideline of opening a forest operation road. The guideline of opening a
forest operation road contains the criterion on the minimum requirements that have to be
considered. For instance, the criteria as to the size of road width in accordance with the slope,
longitudinal slope and cutting slope surface of embankment of excavation. As for the review of
the placement of a forest road network, it the route must be selected by on-site survey after
considering the placement on the map. Forest road network must be open at a minimum cost
while preventing it from being collapsed. As for the opening place of forest road network, it
must be a point where the geographical features of the ground is stable, therefore the work for
the placement of a forest road network is important. At the same time, the forest road network
must be appropriate for the type and performance of the forestry machinery. It is difficult at
present to apply the guideline of opening a forest road network uniformly to all over the places
through detailed database. Simple and durable forest road network based on the scientific
evidences, must be practiced by determining where and which placement of forest road network
should be opened. The placement of a forest road network varies significantly for each
technician, and in some cases, there occurs a collapse of forest operation road (the Forestry
Agency 2010) due to misjudgment of selecting a planning place.



It is not clear where and which type of forest road network should be opened at the phase of
reviewing the plan. As for setting the placement of a forest road network to open, planning for
the placement of forest road network is not doable except skilled technicians. To become a
skilled technician, it would be required to have relevant knowledge based on long experience;
however, such functions are sensible so that they are transferred through vague expressions.
Thus, it would be difficult for technicians with limited experience to learn them. However, it
would be required to create a guideline even for technicians with limited experience to make a
plan for opening forest road network with high degree of work efficiency that is safe and not
easily collapsed for the promotion of a system that integrates forest road network and forestry
machinery in the future.



Table 1-1 Standard of road net maintenance level corresponding to terrain slope

( Forestry Agency2010 a) Unit(m/ha)

Maximum

Travel Distance(m)

Example of operation system

e . Operation
Classification systern
y Main Road Sub Road Fellin Yarding Branching Transoort
Network Network & Skidding Bucking P
Gentle slope Forwarder
(0~15" ) Vehicle -type 150~200 30~75 Harvester Grapple Processor Truck
) Forwarder
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(15~30° ) . ) Forwarder
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Table 1-2 One example of work system corresponding to terrain slope

( Forestry Agency2010 b)

Main Road Network Sub Road
Network
e as Operation Forest Road
Classification Forestry
System Forest ) Yarding Densty
Exclusive Total
Road Road
Road
Gentle sl .
?8 elssf)pe Vehicle -type ~ 15~20  20~30 35~50 65~200 100~250
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( ) Cable-type 0~35 25~75
Vehicle -type 45~125 60~150
S |
Beoezgscpe 15~20 0~5 15~25
( ) Cable-type 0~25 15~50
(35° ~) Cable-type 5~15 - 5~15 - 5~15
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Figure 1-1 Steps to the construction based on the road network plan



1-2 Previous study

This chapter describes the construction of infrastructure forest road network and the planning
of forest road network using GIS.

First, the numeric values, which could become the index for each step, or the support methods
have been researched in consideration with various of conditions in order to perform the
infrastructure of forest road network appropriately. The density of forest road network, which
could become an index for the amount of route openings and the evaluation in of work or
productivity have been the basis of the studies. The theoretical flow of the density of forest road
network was started by the Matthews theory (Matthews 1942) that minimizes the sum of the
opening cost and the log skidding cost, and has been studied by Kato (1967) who examined it
through applying to Japanese steep terrain. And it was developed to the density theory of
complex forest road network (Minamikata 1967) in consideration of forest road density
including walking cost and low standard forest road as advocating the limit forest road density
(Minamikata 1985). Since then, the aptitude density of forest road network for each condition,
such as the saturation density observed from timber transportation and the determination
method of forest road network density (Sakai 1987) with the output of working machinery as
parameter. Later, it became possible to determine the index of forest road network density in
consideration of employing a high-performance forestry machinery (Tasaka 2002).

These studies have mainly assumed forestland as monotype model; however, such forestland
does not actually exist and the detour of log skidding of forest road network is issued by
topography in mountain forest. In addition, the numeric value of approximately 1.5 to 2.0 in
general has been reported while the density correction coefficient (V-corr) and the detour
correction coefficient (T-corr) being examined by Segebaden (1964) since the shape of the
subject forest is an irregular shape. The opening of forest road network should be reviewed with
the objective of the density of forest road network the method to evaluate the distribution of
range in forestry by (Hori et al., 1971, 1987), the method to estimate the range by the lattice
point method by Sakai(1990) and the method to evaluate forest road network using the

geographically optimal method such as (Ishikawa et al., 1995) have been suggested as the index



to determine of forest road network. In recent years, the studies to evaluate route network as the
basis of a region rather than evaluating only an effect of the work in the forest (Yoshimura 1997,
Matumura 2000, Nakazawa 2007). As for the studies to optimize the forest road network
planning and to determine the priority of route openings, the complex forest road network
including low standard forest road (Kobayashi 1991, Sakai 1987, Sawaguchi 1996) was
examined for mountain forest, and particularly, the forest road network of tractor log skidding
(Inoue1989) including low standard spur road was also examined.

GIS generates highly valuable spatial information through a process to analyze the information
increasing the utilization of geographic information to solve the complex problems spaces.

As for the usability of DTM and GIS, B has defined the organic body of computer hardware,
software, documents and inputting in order to input, save, renew, manipulate, analyze and
output of all forms of geographically relevant information effectively as GIS. It is possible to
manage and search a large amount of documents rapidly and cost-effectively since documents
are processed in a form of numerical value, and it has the advantage of generating new
information through integrating and modeling documents with a variety of methods and
perspectives. With the development of performance of personal computer, the development of
the remote search technology, the introduction of graphic user interface and multimedia and the
technological development of computer hardware and software in the 1990s, the technologies of
GIS have become matured and its application areas have been diversified.

As for the GIS study in the field of forest, Maclean (1992) has estimated the amount of
changes of forest resources using GID, and Morgan and Hohmann (1992) were able to present a
reasonable measure as to various conditions and circumstances for forestry workers.
Hickman(1995) and Reute(1988) have evaluated the opening of forest road network depending
on the function of forest road using GIS. And Bormann and Likens(1997) suggested that GIS
has been regarded as an effective measure to predict the input and harvest of capitals for forestry
workers. In the US, the potential of forest function is being evaluated through FLESA
(Forestland Evaluation and Site Assessment) based on GIS, which is the model to predict
mountains. In particular, it has being utilized in real practices since it is developed as an
extension of GIS software (Richard, 2001). In addition, Do Song Cha and Jun Woo Lee
(1992) have researched the optimal route planning using the assessing factor depending on the

purpose of forest road opening as to design forest road route using GIS in Korea. And Gwon



Seok Jun and Ho Sub Ma (2000) have researched the establishment of D/B and route selection
of the plan of forest road network, and Joo Sang Jeong and Bung Do Lee (2005)have developed
the eco-friendly forest road route and the evaluation program. And Ock Ha Sea (2000) and the
others have developed the prediction expert system of collapse risk of forest road, and Jun Woo
Lee and Myung Jun Kim (2003) have researched the development of the vehicle prediction
model using GPS and GIS.

Thus, various GIS studies have been conducted from the view point of functional evaluation,
but prediction dangerous area for forest road network planning by GIS and Prediction of the
lack of research are.

In this study, the method is applied to determine the dip slope are presented.



1-3 Objectives of this study

It is required to create a guideline that allows for forest road planning, which satisfies safety
and highly operation efficiency, and not collapsed even for engineers with little experience in
order to implement forestry system forestry. According to the previous studies, the construction
methods are well summarized and the criteria are stated in the guideline for establishing forest
road. However, as for the placement of forest road network, a lot of experiences are still
required. Thus, there are still no clear definitions as to which location of forest road network
would be highly efficient for operation and where the terrain is safe and not collapsed in terms
of using forest road network and also where the terrain is in danger of collapse.

According to Sakai (2004), it is pointed out that it is difficult to establish forest road network
in the regions where the cutting slope surface increases particularly when the slope reaches to
more than 30 degrees. Therefore, the purpose of this study is to establish an optimal forest road
network by clarifying the location of forest road network that is highly efficient for operation
and avoiding danger areas of collapse. The working system in which the operational efficiency
is significantly changed by the placement of a forest road network is the working system of
yarding. Before establishing a high-dense forest road, the yarding becomes a pivotal by a cable
system. Therefore, the location of forest road network that increases the operation efficiency of
yarding, is to be uniformly placed with high efficiency of operation (Kamiizaka et al., 1971).

The location of forest road network with high efficiency of forestry operation is to place forest
road network in a uniform way. The extraction work is to reduce the average distance of moving
logs to the landing (average extraction distance) by forest road network. It is possible to
evaluate how uniformly target forest road networks are placed by the forest road network
location index (Hori et al., 1971); thus, utilizing this index clarifies the relationship between the
work efficiency of pre-yarding and the location of forest road network and consequently it
becomes a placement of a forest road network with high efficiency of operation (Inoue 1989).

However, it would be required to establish a future plan by determining the status of basic
maintenance for more strategic forest road network location plan. Therefore, the analysis was

conducted as follows in order to determine the selection of regions in which the maintenance of



a forest road network should be conducted as a target district of forestry management and future
in advance using GIS.

The configuration of this study is as follows.

The first chapter investigated and states the background of needs for the maintenance of
forest road network and the purpose of the study.

The forest road is in a situation to be opened from background investigation; however, it is not
clear what form and where it has to be established the study stated the need of a guideline,
which even engineers with limited experience could make a plan of forest road that was safe and
not collapsed and also highly efficient for operation by selecting appropriate places.

The second chapter developed a GIS system to open forest road network that is simple, safe
and not collapsed.

In forest road network planning, road sections on dip slopes are difficult to fill, and collapse
of the cutting slope raises the maintenance cost. It is important to distinguish dip slopes in
advance to build more stable and economical road network location that can be used for a long
time. By applying the theory of distinguishing the dip slope in advance using the combination of
slope and the apparent dip (relative dip) of stratum, it was tried to avoid dip slopes on GIS with
DEM and geological map. Prior areas larger than 1 ha plantation forests and with a gentle slope
under 35 degrees were extracted, and the forest road network planning system which connected
such areas with the shortest pass by Dijktra method avoiding dip slopes was established. The
possibility of predicting dip slopes in advance from DEM and geological map was recognized,
and it became possible to save much man-power of reconnaissance. Construction cost and
section length of each section in a planning area were also estimated simultaneously by using
GIS. These results should be useful for deciding the construction order and avoiding
unnecessary routes according to the condition of the forest resources.

The third chapter analyzed based on the technique developed in the second chapter by
applying it to Takayama-city of Gifu prefecture. First of all, a rough placement plan of a forest
road network that avoided dip slope was conducted. And there was a need to establish a future
plan by determining the status of basic maintenance for more strategic placement plan of a
forest road network; therefore, areas that had to conduct the maintenance of forest road
networks as a target district of forestry management were selected by overlapping the status of

geographical conditions and forest resources after calculating the average yarding distance using



GIS and determining the current maintenance status of forest road networks. And the range of
yarding by the work system was reviewed by reducing the average yarding distance through the
implementation of basic maintenance. In addition, as a result of overlapping the average slope,
the study analyzed by the geographical conditions the areas where a basic maintenance has to be
conducted in the future such as an area where the placement of high density forest road network
is advantageous, an area where the placement of high density forest road network above the
level of the current status is not feasible and an area where the placement of high density forest
road network is not feasible due to steep slope. And Takayama-city is the target area for
research area with the forest rate of 90 percent; thus, the study reviewed a case of converting the
annual growth rate of forest trees into forest biomass resource amount and energy by identifying
the current status of forest resources.

The fourth chapter contemplated the information based on the review of the analysis results

found from the chapter 1 to 3.



Chapter 2

Forest Road Network Planning by Using GIS Incorporative
Discrimination of the Dip Slope

1. Introduction

Efficient and reasonable layout of the forest road network based on construction and main-
tenance cost and efficient timber production is important in forest management. At the same
time, places prone to collapse must be avoided and geographical and geological stability must
be secured for long term use of the road especially when road density increases.

Japan Islands are fundamentally composed of accretionary wedges (SAKAHI, 2009). Except
for igneous rock areas and colluvial slope, terrains are classified into either dip or opposite slope
especially in accretionary wedges. A dip slope is a slope in the same direction of the inclined
stratum, which generally makes filling difficult. Indeed the dip slope on a mountain side is
generally gentle having long and smooth river systems (SUZUKI, 2000), and it is not difficult to
construct roads. However, landslides and collapse of the cutting slope frequently occur, so that
roads on a dip slope require higher construction and maintenance costs (SAKAI, 2012). Road
planning must consider not only efficiency and construction cost but also safety factors and
maintenance cost. A dip slope is often covered with thick colluvial soil, and such accumulated
soil is prone to slide after a heavy rain. On the contrary, a road planned on the opposite slope
which is steep, with a short and parallel waterfall and, winding in short sections (SUZUKI, 2000),
takes much time to construct, but is stable once constructed (SAKAI, 2012). Therefore, it is
important to distinguish a dip slope from the opposite slope to locate a stout and stable road
network in advance to road network planning.

It is impossible to distinguish a dip slope on a contour map alone, but it is possible to
distinguish a dip slope with the help of published digital geological maps. If the method of

distinguishing a dip slope from such digital data could be established, it will save much man-



power for reconnaissance and risky areas can be avoided in road construction. It was tried to
distinguish the dip slope using both contour map and digital geological map.

It was also conducted a study to develop an efficient road network design applying
geographical information system (GIS). For example, Yoshimura and Kanzaki predicted zones
with a high risk of collapsing by using the fuzzy theory and considered the influence of soil
erosion (YOSHIMURA and KANZAKI 1998). Saito used a high resolution digital terrain
model (DTM) by light detection and ranging (LiDAR) for topographical information, and
calculated the earth-volume and cost, and judged the risk of collapsing by a dynamic model of
slope stability (SAITO, 2012). He also developed an automatic method for designing a forest
road avoiding dangerous areas. However, they did not consider geological factors. It was
developed a method of route location using GIS considering the geological structure, dip or
opposite slope. GIS helps to simulate the route location, and stout roads considering the dip

slope will help decrease road maintenance cost on the long term.

2.Materials and methods
2-1 Geological structure of the Japanese Islands

The geology of Japan is located on top of the orogenic belt in which the oceanic plate and the
continental plate collide. It forms the subsidence of oceanic plate, the division of continental
plate and the complex topography and geology due to active magmatic activity.
As for the plan of forest road network, it is important to have a holistic and comprehensive
opening as well as the selection of construction method. It is necessary to respond through
examining the conditions of local nature such as topography and geology to open forest road
network. It is imperative to determine the dangerous local terrain and select a secure and
cost-effective route when selecting a route. When opening a road, it is required to research
precisely the quality of soil such for appropriate road construction. Figure 2-1 shows the

geological structure of the Japanese Islands.
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Figure 2-1 Geological structure of the Japanese Islands (In Japanese)

Data :Geological survey of Japan

2-2 Definition of Dip slope and Opposite slope

When establishing forest road network, it is recommended to distinguish the region of opposite
slope and dip slope. The dip slope and opposite slope are divided because of the relation of the
direction of the slope of the stratum and the slope. The dip slope is a direction where the slope
of the stratum and the slope are the same. On the other hand, the opposite slope is a direction
where slope of the stratum has intersected with the slope (Figure 2-2). Therefore, in the case of
heavy rain, the ground pressure of the dip slope has high risk of collapse (Figure 2-3). When
decoding with the topographic map, it is important to learn the fact that dip slope is prone to
collapse with landslides, slope failure and outflow of groundwater. When looking in the form of
a water system on dip slope, the side with more gradual slope of stratum is substantially parallel
to the direction of the tilt, and long water system is visible. And in opposite slope the water
system is parallel to the direction of an increase of slope, and narrow and often curved (Figure

2-4). The division of dip slope and opposite slope was read from the present condition of the



water system by using the topographic map. For example, to prove it by using water system, dip
slope at can be extracted. As shown in Figure 2-5, dip slope has mild slope and long curved
pattern. At the opposite slope, water flows are short and parallel, and has steep slope. However,
when reading from topographic map is impossible, for more precise finding of dip slope, the
data of stratum plane’s slope and aspect made by Institute of Advanced Industrial Science and

Technology can be used.
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Figure 2-2 Definition of Dip slope and Opposite slope

Data : Nara prefecture
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Figure 2-3 Pattern diagrams of dip slope collapse

Data :Sakai(2009)
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Figure 2- 5 Sample of dip slope and Strum of opposite slope at Atera in Sizuoka prefecture

(The original DEM : Geospatial Information Authority of Japan )



2-3 Study Site

The method was applied at The University of Tokyo Chiba Forest (UTCBF) located in the
southeastern part of the Boso Peninsula. It lies from 140° 5’ 33" to 10’ 10”"E and from 35° &'
25"to 12" 51"N. Most of the forest exists at altitudes of 50 — 370 m. The geographical structure
consists of marine deposits from the Neogene period, partly covered with nonmarine deposits
from the Quaternary period; slopes are generally very steep, about 26degrees, and the contour
lines are complicated (THE TOKYO UNIVERSITY FORESTS, 2007). The planned area was

2,226ha consisting of 1~23 compartments among 47 compartments (Figure 2-6).
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Figure 2-6 Study area and information of dip direction of stratum

by 1/10,000 geological map from UTCBF



Note : KY : Massive mudstone interbedded with tuffs and sandstones
KT : Andesitic breccias, sandstone, tuff and calcarenite
A : Mudstone with interbeds of sandstone
KU : Sandstone interbedded with tuffs and mudstones
KM : Sandstone with interbeds of mudstone
K1 : Sandstone and granule conglomerate
S : Mudstone with interbeds of tuff

M : Mudstone with interbeds of tuff and sandstone



2-4 Theory of distinguishing dip slope area

The procedure for planning the forest road network consisted mainly of three parts; 1)
identifying the dip slope area from geological data and terrain data, 2) finding in advance the
area for forest road network from forest resource data and terrain data, and 3) connecting these

areas with a forest road considering the dip slope (Figure 2-7).
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Figure 2-7 Flowchart of procedure for planning the road network

End of searching

The dip slope has been mainly studied in the field of land-slide as a risky area. Suzuki
classified the patterns of combination between slope (¢) and relative dip, that is, apparent dip (5)

explained later into six types (horizontal dip, daylighting dip, parallel dip, hangnail dip, vertical



dip, and infacing dip) and evaluated each stability (SUZUKI, 2000), although horizontal,
vertical and infacing dips were not quite dip slope, and his daylighting and hangnail dips were
problem slopes in this study (Figure 2-8). Iwahashi et al. also classified dip slope and opposite
slope of the area, and examined the number of collapse (IWAHASHI et al., 2001). In this study,
Suzuki’s classification was summarized into three patterns for the practical purpose of

distinguishing dip slope from the view point of road construction as shown in Figure 2-8.
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Figure 2-8 Classification of slope by combination between slope (6) and apparent dip (5)

First, the 10m digital elevation model (DEM) data was utilized as terrain data to calculate
slope and aspect. Geological data was analyzed using the digital geological maps of Japan
1:200,000, Kanto-Koshin’ etsu and lzu-Ogasawara Islands published by National Institute of
Advanced Industrial Science and Technology and the 1:10,000 geological map provided by the
investigated site, UTCBF. It is necerrary to obtain the data of slope (6) and apparent dip of
stratum (f) to classify the slopes, and this geological information of stratum has not yet been
digitized in the 1:200,000 digital geological map. Most of the existing studies obtained and
analyzed the data by utilizing the 1:50,000 geological map. As the 1:50,000 geological map has
not been prepared by UTCBF, the above 1:10,000 geological map was arranged to analyze at
GIS through creating the point data that had dip direction of stratum by scanning and
rasterization. The information of dip direction of each point was digitized by reading in
clockwise 360 degrees. This point data was interpolated to a 10 m grid using the IDW (Inverse
Distance Weighted) technique (Figure 2-10 and 2-11).



Here Figure 2-8 explains the relationship between steepest angle of stratum direction (o), that
is, true dip and apparent dip (8) of stratum, where Point A in Figure 2-18 is the point in
calculation whether dip or opposite slope. The apparent dip here is the same as the relative dip
which Suzuki used (SUZUKI, 2000) (Figures 2-12, 2-13 and 2-14).

The following formula can be derived,
tanf= tano cosy, Q)

where 7 is the direction from the dip direction.

Horizonta] Jjpe

Figure 2-9 Relationship between true dip and apparent dip of stratum

Note : The slope expressed the stratum. Ponit A is the investigating point whether

dip or opposite slope

Then, the slope could be distinguished as dip slope if 7 is 0—90 ", and opposite slope if 7 is
90—180 " (Figure2-15).

In order to validate the results of calculation, some sample points which were in extracted

area as dip slope were picked up, and the actual geological layer was investigated by the naked

eye at these points, and the correctness of this method was analyzed.
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Figure 2-11 IDW interpolated surface of dip direction layer with used location points [DipDir]
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Figure 2-13 Dip angle IDW
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Figure 2-15 Apparent dip angle

B = tan-{(tana) * (cos0)}




2-5 Applying GIS to forest road planning

Esri Arcinfo GIS 9.3 software was used for route planning. Inclination and direction of slopes
were analyzed by using 10 m x 10 m DEM, which was prepared from the data of UTCBF as
mentioned above.

In this study, forest areas which had priority for harvesting were picked up first. The forest
areas which had high priority were defined as covered by plantation forest larger than 1 ha on a
slope less than 35 degrees, When the slope exceeds 35 degrees, it is difficult to construct road
without walls, and the cost increases drastically, so that it is said that high density road networks
cannot be realized on such steep terrain (SAKAI, 2009). The areas with a slope less than 35
degrees were extracted using the DEM data. Indeed harvesting should be carried out in a
plantation forest, but was inappropriate in a forest smaller than 1 ha taking into consideration
the cost-benefit balance of constructing or efficient maintenance of forest road. This factor lead
the qualification; plantation forests larger than 1 ha. The area of plantation forests was selected
from the forest resource map and data of UTCBF. When some plantation forests were adjoined
with each other, the area was added up. Road network could be located at the preferential area,
which satisfied these factors.

Next, the forest road network that connected each prior area was calculated. For calculation,
the grid of DEM was used as the base unit, as reported by Kobayashi (KOBAYASHI, 1983)
and Sakurai et al. (SAKURALI et al., 2004). Furthermore, in this study, a dip slope was
considered.

The gravity center of each extracted priority area was determined as the destination of road
network, and its position was expressed by the coordinate of the DEM. When the destination
was on a dip slope, it was not considered in road planning. Then the constructing costs for each
destination and between destinations and existing roads were calculated.

The Dijkstra method (DIJKSTRA, 1959) was used to form the forest road network. When
calculating cost for each section, the DEM grids were treated as nodes in the Dijkstra method,
and edge path costs between each node were given as road construction cost per unit length.
When the dip slope was considered, the algorithm was arranged to avoid the dip slope area.

After this process of calculating every road section, the minimum network was computed by
Prim’s algorithm (PRIM, 1957). In the algorithm, the initial node was existing road. This

algorithm gave the cost-minimum forest road network from the cost table prepared in advance.



The road construction cost on slopes below 35 degrees without walls was estimated based on
standard unit price for civil engineering works (CONSTRUCTION RESEARCH INSTITUTE,
2006) assuming that the construction by 0.28m’ class excavator and 3 m in road width, and

obtained the regression line of unit price of construction as follows (Figure 2-16).
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Figure2-16 Unit price of road construction

y = 205.9 exp (0.068x), 2

Where y is unit price of road construction (JPY / m), and x is degrees of slope.

3. Results and discussion

The assumed dip slope area from the apparent dip () and surface slope (0) are shown in
Figure2-17. The extracted dip slope area was accounted for 8 percent of the total area with an
area of 201ha. The dip slope was found in a bundle on the slope in the north direction and more
than 76 percent was distributed on gentle slope areas with a slope angle of less than 35 degrees
(Figure 2-18 and Figure 2-19). To validate this assumption, 11 points in the extracted dip slopes
were investigated by the naked eye. As a result, all points were actually on the dip slop.

Figure2-20 shows the extracted priority areas for harvesting area and numbered destination and
the results of outline of forest road network not considering dip slopes. Roads were divided into
sections between destinations and existing roads. Road density reached 14.0 m/ha. This network

and result will be called ‘Not considering dip slope (ND)’, hereafter. On the other hand, a road



network covering the planning area considering dip slopes was allocated as shown in
Figure2-21. This result will be called ‘Considering dip slope (CD)’ hereafter. The total length of
the network in CD was 13,251 m which is slightly shorter than that in ND with 13,381m. The
total construction cost and average construction cost of unit length in CD was 20,242,578 JPY
and 1,528 JPY/m, which were higher than those of ND, that was 16,228,603 JPY and 1,213
JPY/m, respectively. The average degrees of mountain slope where roads were located could be
estimated as 29 degrees at CD and 26 degrees at ND from Figure 2-16. The route locations of
both situations were similar to those from the topological network because; (1) these results
depended mainly on the location of the plantation area, (2) the same unit cost for road
construction was used for dip and opposite slopes, and (3) there were some sections already
constructed on dip slopes, which eliminated the clear difference.

Roads were divided into sections between destinations and existing roads. Divided road
sections were numbered the same number as destination number farther from existing road. For
example, the section No. 3 means the section between destination No. 3 and 4, and similarly,
section No. 15 was road between destination No. 15 and existing road. At the investigated site,
there was a slight difference in road section between CD and ND as mentioned above.
Construction length and cost from each section can be shown in Figures 2-22 and 2-23 together
with CD and ND. Since destinations No. 2, 10, 13, 16, 18, 32-34, 36 and 40 were in the dip
slope area, they were not used for road network planning at CD.

In Figure 2-22, detours caused by consideration of the dip slope increased the length of road,
for example, sections No. 25, 28, and some other sections. However, the constructing cost was
not affected by considering a dip slope, because the road detouring the dip slope might pass a
mild slope area, and the construction cost would not be increased. For example, in sections No.
3,5,6,8,12, 14, 17, 31, 35, and 38, the cost was decreased after considering the dip slope.

The locations in Figure 2-21 successfully avoided dip slopes, e.g. sections No. 25 or 28.
However the difference in construction unit cost between the dip slope and opposite slope was
not clear due to lack of precise information, and the results would be improved if more precise
data for road construction and maintenance cost on the dip slope and opposite slope could be
obtained. However, when the road construction cost on the dip slope was assumed to be twice
that in formula (2), the results of road network was the same as in Figure 2-23 because the

increase of cost in the dip slope areas was avoided by making a detouring route. And useful



figures, maps, such as the bird’s eye view map shown in Figure 2-24 could be drawn easily with

a computer by this method using GIS. These resources will enable further discussion on the

harvesting system, e.g., cable logging, terrain, yarding distance, and forest road.
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Figure2-17 Extracted dip slope area and confirmation survey area



Figure 2-18 The field photo in Chiba experimental forest of
the University of Tokyo on dip slope.

Note:— Direction of stratum
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Figure 2-19 Features of the dip slope



L
Circled number - Destinatinos
Planned route
m— Existing road
22 Dip slope
Priority area for harvesting )

rJr—JIr LI 1meters
0 300 600 1,200 1,800 2,400

Figure 2-20 Results of forest road network not considering dip slope
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4. Conclusion

A new method for planning a rational forest road network by determining the dip slope areas
was developed in advance automatically to build a stable forest road that would not collapse
after construction and be cost-efficient in the long-term. The method was designed to obtain a
forest road network with the minimum cost taking into consideration the zones with a high risk
of collapsing after construction.

The study verified that the extracted dip slope was actually a dip slope, and the method
proposed in this study could be applied as basic data for planning of forest roads. One network
which took into consideration the dip slope, and other method which did not, were compared
and reviewed to verify the effectiveness of the proposed method through the simulation.
However, it must be noted that the routes are roughly located because they must have windings
to mitigate longitudinal slope of roads, and the actual road length will be longer, which is the
limitation of applying the Dijkstra method in this study and more precise investigation will be
required when making roads based on the results. Nevertheless, the results will be useful for
efficient planning. Further research on the dip slope estimation method through more precise
field investigation and application to more cases will improve the reliability and effectiveness of
the proposed method.

Not all of the routes obtained in this study may be necessary in the management term. Then it
would be useful to add the information of forest resources such as forest age and stock volume
to estimate the construction cost and decide the order of route construction.

Actually, plantation areas on dip slopes must be thinned or harvested. In such cases, cable
logging will be needed, and the forest road must be constructed with minimum earth volume in
a narrow width and drainage, or deep base excavation should be adopted.

Actually, the UTCBF once failed in construction of a forest road on a dip slope and caused
collapse of the cut slope in the marked area in Figure 2-17. The method to distinguish a dip
slope showed in this study will be available for planning a stout forest road network with less
maintenance. Repeated comparison of route selections and reviewing the plan with a rough
estimated construction cost as in Figures 2-22 and 2-23 using GIS can also lead to cost
reduction of road construction.

Although the volcanic terrain of a granite area appearing among accretionary wedges has no
distinct inclined stratum and the geological structure, the analyzed area was more complicated

than other areas such as Shimanto metamorphic belt. The distinguishing dip slope method



presented in this study could be a useful tool. Finally, before constructing a forest road,
reconnaissance is indispensable, and the prediction of dip slope area in advance will help save

time and man power.



Chapter 4

General Discussion

This study described the forest road construction and improvement, which is required for not
only harvesting the resources as lumber, etc. from forest but also retaining the public interest
functions such as conservation of national land, watershed conservation prevention for global
warming, etc. through the stable and efficient forestry management. It would be required even
for engineers with low level of experience to have a support system that allows for the
implementation of forest road network planning with high degree of security and operational
efficiency. The construction method has been more or less organized by the existing studies.
The forest road network, particularly the route selection or location of forest road network has
been relied on the experiences of engineers, and the trial and error have been repeated. Various
factors should be taken into consideration when construction forest road network; however, the
confirmation of low risk geographical features would be particularly important in terms of the
collapse of cutting slope and the construction of dip slope. Therefore, discerning in advance the
difficult dip slope in terms of construction or maintaining forest road network would enhance
the work efficiency and clarify the forest road network planning. And discerning dip slope and
developing a planning method for forest road network to avoid the area were attempted by
utilizing GIS for the purpose of clarifying the construction of optimal forest road network that
will not be easily collapsed.

The main result of from this study is brought as follows.

The first chapter described the background, the need and the overview of this study.

The second chapter developed the method to plan the stable construction of forest road
network by avoiding places with high risk of collapse. Several factors should be taken into
consideration when construction forest road network. In particular, the banking is difficult in the
dip slope section. As for cutting the ground, it increases the maintenance cost due to frequent
collapse on dip slope. Discerning dip slope in advance is useful when planning strong and stable
forest road network in the long term. Dip slope could be discerned in advance on GIS by
utilizing DEM and the geological map. The theory of classifying the inclined plane based on the
relative relationship between the slope of inclined plane of Suzuki and the slope of geological

stratum was utilized in order to discern dip slope.



It was applied to the University of Tokyo Chiba Forest (UTCBF), and the possibility of prior
estimation of dip slope was confirmed. Furthermore, it was possible to find out that dip slope of
the University of Tokyo Chiba Forest (UTCBF) was distributed northward and 76 percent of
them were distributed in the areas of less than 35 degrees. And then, the results were applied to
the forest road network. Planning by avoiding dip slope with Dijkstra method after extracting
the regions with slope of less than 35 degrees and the artificial forest of less than 1lha requiring
the thinning. As a result of comparing the case of plan that took dip slope into consideration and
the case that did not take it into consideration, the total distance and the total construction cost
of the target area for the planning that considered dip slope were found to be higher than those
of not considering dip slope. It is believed to be due to the need for detour. However, it is
believed to be a reasonable result when considering the future costs for maintenance. Utilizing
the method presented in this study allowed for the substantial reduction of labor for future field
survey, and convenient for the estimation of the distance of planned routes or the cost of
opening. Furthermore, it became possible to determine the opening order of forest road
networks from the ecology of forest resources and the unnecessary sections for opening.

The third chapter applied the planning method of forest road network that avoided dip slope
developed in the second chapter for the part of Takayama city in Gifu prefecture, which has
high potential for the use of woody biomass in the future. The Takayama city in Gifu prefecture
area is with the forest rate of 90 percent; thus, it has high expectation for the use of biomass
going forward. The forest biomass energy of the target regions and the available amount for use
were examined. The energy reserves of accumulated stock base and the annual growth base
were calculated by multiplying the caloric value by the weight estimated by calculating the
growth amount through LYCS as a continuing available amount for use. Moreover, the
available amount for use was calculated by estimating the generation amount of residues
generated from the thinning materials for beauty and the material production. It became possible
to select the regions in which the construction of forest road network has to be conducted based
on the forest biomass energy resources.

The approach to the forest land by calculating the mean skidding distance on GIS under the
assumption of the forest road network was obtained it became possible to review the area in
which the construction and improvement of forest road network should be primarily

implemented and the choices of operation systems for the skidding distance.



This study has developed the method for planning forest road network by GIS, which
leveraged the discrimination and avoidance of dip slope and attempted to the application of the
harvesting system for forest biomass it is believed that this will make it possible even for
engineers with low level of experience to plan a safe and efficient forest road network by the

utilization of GIS by unveiling the inclined planes with the risk of collapse.
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