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The selection of timber extraction techniques is the most important in timber 
harvesting operations. In Malaysia, crawler tractor is limited to extracting timbers 
on gentle slopes ≤ 20°, while log fisher can extract timber at a steeper slope ≤ 
40°. The selection of timbers to be extracted on undulate topography is the 
primary concern in timber transportation planning (TTP), especially those related 
to selecting the extraction technique with the least cost. Combining these two 
techniques allows TTP to be linked to timber harvesting area models. The 
planning depends on the legal restrictions, fixed and variable costs, landing 
locations, as well as the existing and proposed road network. This study 
proposed a multi-objective linear programming model with Bees algorithm (BA) 
to find an optimal cost TTP for extraction, forest road, and landing locations. The 
model uses grid cell-sized 10 m x 10 m characterised with timber locations, 
volume and fixed and variable costs to represent the study area. Cells with 
timbers were assigned as -from node, and the model finds the following cells 
simultaneously on the extraction technique selection and forest road network. To 
limit the searching space from timbers to the first exit; landing, a geographically 
weighted regression (GWR) was used to select the candidate landings. The 
model finds the final destination from the landings attributed to the cumulative 
timber volume with the same steps. This model was tested and found the log 
fisher as a preferable extraction technique with 1,351 timbers than the crawler 
tractor with only 206 timbers. The extraction costs for the log fisher and the 
crawler tractor were RM 85,236.73 and RM 5,523.03, respectively. The costs to 
prepare the extraction trail were RM 1,315.00 for the log fisher and RM 4,930.00 
for the crawler tractor. The hauling cost from 14 landings to the final destination 
was RM 817.95, and the cost for preparing the feeder road was RM 60,948.00. 
The preparation cost for the feeder road calculated from the model was 25.18% 
less than the feeder road proposed by Forestry Department of Peninsular 
Malaysia (FDPM) (RM 81,454.32). Given the finding of this study, the 
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optimisation of the BA model has a better performance than the current practice 
of forest road planning in Malaysia. Although both practices have a similar 
objective to achieve sustainable timber harvesting with minimum impact on the 
environment and society, and low operational costs, the model developed in this 
study has shown better performance than the current practice. The sensitivity 
analysis conducted by changing the fixed and variable costs for crawler tractors, 
reducing the distance of log fisher trail and increasing the interval of landing 
locations shows the model capable of finding the least cost TTP solution. Overall, 
the model helps the forest engineer and the decision-makers to plan a suitable 
forest road networking for timber extraction and easily estimate the extraction 
costs, which the current practice is not able to. 
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Pemilihan teknik pengekstrakan balak adalah penting dalam operasi penuaian 
balak. Di Malaysia, crawler tractor terhad untuk mengekstrak balak di lereng 
landai ≤ 20 °, sementara log fisher boleh mengekstrak balak pada lereng yang 
lebih curam ≤ 40 °. Pemilihan balak yang akan diekstraks di kawasan topografi 
berbukit adalah masalah utama dalam perancangan pengangkutan balak (TTP), 
terutama yang berkaitan dengan pemilihan teknik pengekstrakan balak dengan 
operasi kos yang paling rendah. Gabungan kedua teknik ini memerlukan TTP 
dikaitkan dengan model kawasan penuaian balak. Perancangan perlu dibuat 
berpandukan undang-undang dan garis panduan jalan hutan, kos tetap dan kos 
berubah, matau sementara, serta rangkaian jalan raya sedia ada dan yang akan 
dicadangkan. Kajian ini bertujuan mencadangkan model pengaturcaraan linear 
multi-objektif menggunakan Bees Algorithm (BA) bagi mendapatkan kos TTP 
paling rendah untuk pengekstrakan balak ke lokasi matau sementara. Model ini 
menggunakan sel grid berukuran 10 m x 10 m yang dicirikan dengan lokasi 
balak, jumlah kayu, serta kos tetap dan kos berubah untuk mewakili kawasan 
kajian. Sel yang mempunyai ciri lokasi balak ditetapkan sebagai lokasi grid 
permulaan. Model tersebut memilih sel yang seterusnya dengan menyelesaikan 
permasalahan pemilihan teknik pengekstrakan balak dan dalam masa yang 
sama merancang jaringan jalan hutan.  Untuk menghadkan ruang pencarian dari 
lokasi balak ke matau sementara, analisa geographically weighted regression 
(GWR) digunakan untuk menentukan lokasi matau sementara. Model ini 
merancang jalan pengekstrakan dari lokasi balak hingga ke matau sementara, 
seterusnya jalan pengekstrakan bersambung dari matau sementara hingga ke 
jalan keluar utama menggunakan data kumulatif balak di matau sementara.  
Model ini mendapati log fisher adalah teknik pengekstrakan balak yang lebih 
baik dengan jumlah 1,351 balak dikeluarkan menggunakan jentera ini. 
Manakala, crawler tractor hanya dapat mengeluarkan 206 balak Kos 
pengekstrakan balak untuk log fisher dan crawler tractor masing-masing adalah 
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RM 85,236.73 dan RM 5,523.03. Kos untuk membina lorong log fisher adalah 
RM 1,315.00 bagi jentera log fisher dan  RM 4,930.00 untuk lorong penarik bagi 
jentera crawler tractor. Kos pengangkutan balak dari 14 matau sementara ke 
destinasi akhir atau jalan keluar utama adalah sebanyak RM 817.95, dan kos 
untuk membina jalan tuju adalah RM 60,948.00. Kos penyediaan keseluruhan 
jalan tuju yang dikira dari model ini adalah 25.18.% lebih rendah dibandingkan 
dengan jalan tuju yang dicadangkan oleh Jabatan Perhutanan Semenanjung 
Malaysia (FDPM) (RM 81,454.32). Hasil dari kajian ini, pengoptimuman model 
BA dapat menghasilkan perancangan jalan yang lebih baik jika dibandingkan 
dengan amalan perancangan jalan hutan sedia ada di Malaysia. Walaupun 
kedua-dua amalan ini mempunyai objektif yang sama untuk mencapai penuaian 
balak secara lestari dengan impak minima terhadap alam sekitar dan 
masyarakat, model ini juga menghasilkan perancangan balak dengan kos 
operasi yang rendah. Kajian ini telah menunjukkan prestasi yang lebih baik 
daripada amalan semasa. Analisa sensitif telah dijalankan dengan mengubah 
kos tetap dan kos berubah bagi jentera crawler tractor, mengurangkan had jarak 
minima penarikan balak oleh jentera log fisher dan meningkatkan jarak diantara 
penempatan matau sementara. Hasilnya, model ini mampu mencari 
penyelesaian TTP dengan kos yang paling rendah. Secara keseluruhan, model 
ini dapat membantu jurutera hutan dan pembuat keputusan untuk merancang 
jajaran jalan hutan yang bersesuaian bagi tujuan pengekstrakan balak serta 
dapat menganggar kos pengekstrakan, yang mana ianya tidak dapat dilakukan 
oleh amalan sedia ada. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 
1.1 Background 
 
 
Timber transportation is part of the wood supply chain (Frisk et al, 2010) and it 
is an essential component in the timber harvesting planning. Timber 
transportation planning includes a combination of road development and harvest 
equipment placement (Chung and Session, 2003; Contreras and Chung, 2007). 
Excessive forest road construction for timber harvesting in the tropics has been 
shown to cause considerable damages to the vegetation, residual tress, and 
excessive canopy opening (Razali et al, 2014; Kanazawa, 2017; Azian et al, 
2019; Wagner et al, 2011; Yamada et al, 2016), as well as adverse effects on 
soil physical properties (Norizah et al, 2011; Cleophas et al, 2017; Vijith et al, 
2018), and water quality (Ling et al, 2016; Knowler et al, 2017; Faizalhakim, 
2017). Negative impacts on the forest ecosystem and environment can be 
minimised with proper road planning and suitable engineering designs to support 
timber harvesting operation, which will also reduce the road construction costs. 
Hence, careful planning for protecting these natural resources plays a crucial 
role in sustaining the productivity of the forest. As stated by Li-Guangda, (2007), 
in exploiting the forest for providing timbers as raw materials, proper forest 
engineering and sustainable operations must be considered in decision making. 
For more than a century, forestry practitioners and decision makers have given 
significant attention to timber transportation planning because moving logs from 
felling site to final destination (i.e., temporary landing, permanent landing, and 
mills) is one of the most expensive activities in the timber harvesting operation 
(Greulich, 2003; Norizah et al. 2012; Contreras et al, 2016; Mokhirev and 
Rukomojnikov, 2019). In Peninsular Malaysia, the traditional goal of 
transportation planning is to develop road networks that minimise road density 
with crawler tractors as the main skidding machine. As described in the forest 
road guidelines (FDPM: 2010, 2013), feeder roads, the roads constructed within 
the operation area to connect skid trails with the secondary roads should be at 
a maximum density of 40 m/ha. 
 
 
The maximum skid trail density permitted to be constructed is 300 m/ha with no 
earthworks. Skid trails are constructed to facilitate skidding logs by crawler 
tractors from felling sites to temporary landing places located along the feeder 
roads. Subsequently, all logs will be transported to a permanent landing place 
via feeder and secondary roads by log trucks. All the construction works must 
meet the necessary official specifications so that a forest management unit 
(FMU) can be certified with a Sustainable Forest Management (SFM) status 
under the Multi Criteria and Indicator (MC&I) guideline (Norizah et al, 2011). 
Although good planning and proper constructions have been practised for 
building forest roads, changes to the forest landscape are sometimes 
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unavoidable. Wide canopy openings are expected as a result of feeder road and 
skid trail constructions (Wyatt-Smith, 1954; FDPM, 2001; Hrůza et al, 2018; 
Mercier and Dengler, 2019). Thus, according to Negishi et al, (2006), natural 
revegetation on the surface of logging roads will not take place until the severely 
eroded and compacted surface conditions are ameliorated, and time is needed 
for the badly affected areas to recover. Razali et al, (2014) suggested there 
would be low regeneration rates of seedlings and saplings under forest gaps 
created during the skidding operations. Since the Japanese era of 1941, timber 
harvesting activities in Malaysia have been mechanised. Common machineries 
used are truck tractors or commonly known as San Tai Wong truck and crawler 
tractors machine. A San Tai Wong or truck tractor is used to transport timbers 
from the temporary landing within a timber harvesting operation area to a 
permanent landing via secondary roads (Norizah et al, 2016). On the other hand, 
a crawler tractor is used to skid timbers from a felling site to a landing through 
skid trails, and at the same time, it is used to level forest ground to create skid 
trails. Also, this machine can be used in excavating earth for road construction 
and road maintenance (Norizah et al, 2011; Norizah et al, 2012).  Due to the 
enormous size of the physical engineering structure and heavy weight, which 
are necessary for these machineries to work in rugged forest areas (i.e., uneven 
terrains and slopes, dense tree distribution and root systems),  there will be high 
adverse impacts on the environments, as well indirect harmful effects on the 
forest ecosystem (Kamaruzaman and Nik Mohamad Shah, 1996; FDPM, 2003a: 
Norizah et al, 2011; Norizah, 2012),  including faunas (Jamhuri et al, 2018; Tee 
et al, 2018). 
 
 
The ability of crawler tractors to work at slopes ranging from 16° to 25° (FDPM, 
1999) has restricted logs at a slope higher than that to be extracted. According 
to Wan Mohd Suhaimi and Borhan (2010), insufficient annual allowable cut 
(AAC) for the second timber harvesting rotation in low dipterocarp forest forces 
timber harvesting to be implemented in hill mixed dipterocarp forest with 
elevation down to between 1000 m and 350 m. The hill dipterocarp timber 
harvesting has been going on since the early 1980 (Kasran, 1988); and Lee 
(1981) reported that hill dipterocarp timber harvesting had started since the early 
mid-1960s in the Sarawak state and was licensed in the year 1979. From the 
slope characteristics observed in the Shuttle Radar Topography Mission (SRTM) 
images of Peninsular Malaysia (http://srtm.csi.cgiar.org), most of the areas with 
elevation 350 m and above are characterised with a slope of more than 20°- 30°. 
These gradients limit the ability of crawler tractors to do skidding activities in the 
hill forest. These additional topographic characteristics and the operational 
requirements have thus restricted the proper planning of forest roads for 
attaining a high productivity of timber extraction volume in a forested area 
unreachable by a crawler tractor.  
 
 
 
Since the timber harvesting has shifted to hill areas and extraction activities are 
mechanised with reduced impact logging (RIL) practices (Kamaruzaman and Nik 
Mohamad Shah, 1994; FDPM 2003a; FDPM 2011; Norizah et al, 2011), the goal 
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of transportation planning changes to give minimum impact to the environment, 
other than minimising the road density. In impassable areas due to slope 
limitations, alternative roads or different types of machineries are necessary. 
Thus, to overcome these limitations of the crawler tractors (later known as 
conventional machines), a Reduce Impact Logging (RIL) machinery, known as 
cable winch system or popularly referred to as log fisher was introduced for hill 
timber harvesting operation in the late 2000s (FDPM, 2010). The advent of a 
long hauling skidding machine to extract logs in an area characterised with slope 
of ≥ 20° and not more than 40° in 2000 (Alastair, 2001; Norizah 2011) gives 
licensees or forest concessionaires new hope of increasing their volume 
productivity when given a timber operation area in the hill forest. A log fisher is 
an excavator-based cable winching system that can winch logs in a distance of 
up to 300 metres, regardless of slope conditions, and it requires no skid trails. A 
comparative study by Norizah et al. (2012) depicts the following log skidding 
efficiencies: the rate of log fisher is 46.39 m3/hour and that of  crawler tractor 
45.98 m3/hour, and hence the former has a higher marginal efficiency of about 
0.41 m3/hour. However, log fisher operation will incur an average higher cost of 
about 26.8% (Norizah et al, 2012) compared with crawler tractor; this cost 
disadvantage has limited the log fisher utilisation by most of the forest 
concessionaires. Approximately RM 4.38/m3 is required for skidding activities 
with crawler tractor, and RM 8.80/m3 with log fisher. Although timber extraction 
with a log fisher requires a higher operational cost, studies by Abdul Rahim et 
al. (2009); and Norizah et al. (2012); Noraishah et al. (2015) suggest that the log 
fisher could produce less impact on the forest environment, and any additional 
costs for harvesting activities can be resolved by resorting to proper forest 
transportation planning. Noraishah et al., (2015) examined the changes of 
carbon stock in timber areas extracted with the crawler tractor and log fisher 
techniques; they found that timber extraction with the log fisher method reduced 
the logging damages and improved stand conditions. Carbon loss for areas with 
the log fisher extraction examined in their study is 6.77%, while that of the 
crawler tractor is 22.45%. They also revealed the growth of the residual stands, 
especially the new seedlings, improved in areas extracted with the log fisher as 
compared with the crawler tractor. Forest degradation was also reduced in terms 
of carbon stocks, in addition to other ecological benefits.  
 
 
Because of these differences in costs, productivity, regulations, as well the 
benefits and environmental liability addressed in the previous studies, Norizah 
et al. (2012) suggested that the two logging systems, namely the crawler tractor 
and log fisher, could be complementary to each other, and applying a 
combination of the two systems might reduce the overall costs of timber 
harvesting. Determining the timber transportation planning design for a timber 
harvesting area is a difficult task because many considerations need to be taken 
into account: timber volume and timber distribution (Quintero-Méndez and 
Jerez-Rico, 2017; Yahya & Ismail, 2017; Noraida et al, 2018; Saadun et al, 2019; 
Gülci et al, 2020); terrain and environmental conditions (Kooshki et al, 2012; 
Cleophas et al, 2017; Kassim et al, 2018; Mokhirev and Rukomojnikov, 2019; 
Asad et al, 2020); costs including fixed cost and variable cost as well as 
productivity of timber extraction (Norizah and Chung, 2014; Lin et al, 2016; Han 
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et al, 2018). In addition, different timber extraction techniques require different 
road specifications and designs. Specifications of road characteristics for the 
crawler tractor and log fisher in Peninsular Malaysia forest are shown in Table 
1.1. 
 
 
Table 1.1. Road characteristics for crawler tractor and log fisher machines  
 

 Crawler Tractor Machine Log Fisher Machine 
Density ≤300 m/ha ≤50 m/ha 

Length of the lane ≤300 m new; ≤500 m old ≤50 m 

Slope 
≤ 11°-17° (San Tai Wong), ≤14°-
22° (Crawler tractor), ≤17°-24° 

(Bulldozer and truck tractor) 
≤ 40° 

Road width ≤4.0 m ≤4.0 m 
(FDPM, 2013; 2016) 
 
 
Hence, combining these two types of machineries in timber transportation 
planning could be a tricky decision and might result in a higher cost and 
expenditure if the wrong decision were made. Thus, using the trade-off analysis 
and optimisation methods between these two machines can solve the 
transportation problem and suggest the suitable machines to be used in a 
particular area. The optimisation with different heuristic approaches of selected 
algorithms has been the focus of research for decades (Zahraee et al, 2020). 
Mathew (1942) introduced the forest road planning with cost estimation for 
construction; fixed cost, and cost of transportation activity; as well as variable 
costs. A number of studies have been conducted using cost as the influencing 
factor for forest road planning in terms of distance and alignment, such as Chung 
and Session (2003), Chung et al, (2003), Aruga et al, (2005), Session (2007), 
Contreras and Chung (2011), Norizah and Chung (2014), Kizha & Han (2016), 
Akay & Süslü (2017) and Aguiar et al. (2021). All of these studies had resulted 
in construction of the least forest road network and minimum environmental 
damage. In this study, in order to design the timber transportation network with 
the least cost, appropriate timber extraction machines to be used in accordance 
with the forest road guidelines and specifications need to be identified, the costs 
of which are the variables in estimating the cost of the forest road network. 
 
 
Solving a timber transportation network problem remains a daunting optimisation 
task and is a challenge to the researchers. Heuristic approaches have been 
tested continually to find the optimality of solutions. One of the promising 
algorithms not yet applied to the timber transportation network problem is the 
Bees Algorithm (BA), an optimisation technique introduced in 2005 by Pham and 
colleague (Pham et al, 2005). To date, researchers have explored numerous 
applications of BA in an attempt to solve several different optimisation problems. 
Although previous researchers of BA focused on the road network problems in 
urban areas, the concepts of solutions they tried to elucidate are similar to the 
forest transportation problem in the Malaysian forest. For example, the 
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extraction of logs from a stump site to landing can be represented by the 
concepts of serving the communities to reach their targeted location within a 
minimum travel time and finding the shortest routes (Gomez et al, 2013; Long et 
al, 2014; Alzaqebah et al, 2018); wise use of an existing road in a timber 
harvesting area is quite similar to upgrading an existing road network to reduce 
construction costs (Szeto et al, 2015); and  the trade-off analysis between the 
two timber transport activities, namely the crawler tractor and log fisher is similar 
to the concept of trade-off analysis between traffic efficiency and vehicle passes 
with less pollution impact on the environment (Long et al, 2014). 
 
 
Hence, based on the concept of BA and the performance shown from previous 
work using BA as an algorithm to find the optimisation of transportation problem, 
this study addresses the following research questions and all the problems listed 
are solved with BA: 
 

1. Where to build the least cost road network for the crawler tractor 
and log fisher in order to extract timber efficiently? 

 
2. What is the viable cost for building a forest road network such that 

timber extraction can be carried out profitably using the crawler 
tractor and log fisher technique? 

 
3. How do we initiate a timber harvesting operation with the RIL 

practice? 
 
 
1.2 Problem Statement 
 
 
Timber transportation is one of the most expensive activities in the timber 
harvesting operation. By formulating proper transportation planning, the cost of 
the entire timber harvesting operation can be reduced (Contreras and Chung, 
2007; Mohd Hasmadi, 2009; Frisk et al, 2010; Norizah and Chung, 2014). While 
the crawler tractor needs feeder roads and skid trails to haul timber from the 
felling site, the log fisher only uses feeder roads with some modifications as trails 
to haul the timber. The log fisher trail has no infrastructure as prescribed for the 
feeder road and is permitted to be constructed at a maximum rate of 50 m/ha, if 
necessary (FDPM, 2016). The skid trail for the crawler tractor is permitted to be 
constructed at a maximum rate of 300 m/ha (FDPM, 2010) and it is mandatory 
so that the crawler tractor can reach the stump site in order to move the logs to 
the landings. Timber extraction with the crawler tractor requires additional 
canopy opening for the skid trail construction that is limited to slopes of ≤ 20°; in 
contrast, the log fisher machine can operate on steep slopes of as high as 20° 
and limited to below 40°. Since most of the timber harvesting operations have 
been carried out in hilly areas (350 m to 1000 m), the ability of the crawler tractor 
to extract timber is limited, as some areas are characterised with steep slopes. 
Due to the limitation of the crawler tractor to work on steep slopes, the cost of 
timber transportation may escalate, as the machinery takes a longer alternative 
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road to avoid steep slopes in order to reach the stump site for log extraction. 
Safari et al. (2016) stressed that high soil disturbance would occur if a crawler 
tractor were used in an area with steeper slopes, because alterations of the 
slope gradient is necessary to prepare efficient passable routes (Bergua et al. 
2019; Wong et al. 2020; Imaizumi & Sidle, 2021). Currently, the TTP practices 
in Malaysia are either by using a crawler tractor or log fisher with a manually 
plan on the topographic map. This practice require detail measurement and 
drawing by considering the environmental factor according to forest road 
guideline (FDPM, 2011, 2013, 2016). Hence, this study intends to analyse the 
optimum cost of timber transportation planning by using the heuristic approach 
of BA to combine the two timber extraction methods, namely the crawler tractor 
and log fisher. The BA capable to minimise travel time, shortest path of road 
network and optimum cost. (Szeto et al, 2015; Alzaqebah et al. 2018, Beed et 
al. 2020). The benefit of using this optimisation technique for transportation 
planning is the ability of it to ascertain a suitable access route so that the timber 
can be extracted profitably – by the crawler tractor or log fisher, or a combination 
of both; the respective transportation costs of both extraction methods are 
estimated and an optimal cost model of timber harvesting planning in the hill 
forest area is designed.       
 
 
1.3 Objectives 
 
 
This study aims to optimise the timber transportation planning and the detailed 
objectives are as below: 
 
1. To identify suitable access routes for timber extraction activity 
 
2. To estimate the transportation costs of timber extraction activities 

by using the crawler tractor and log fisher 
 
3. To model an optimal cost timber harvesting plan in the hill forest 
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1.4 Research Design 
 
 
The concept of research design is outlined to meet the aims and objectives of 
the study. This section explains the details of the overall concept, methodology 
and connection of each chapter presented in this thesis. There are several 
processes taken in complying with the algorithm to optimise the timber 
transportation planning. Figure 1.1 show a conceptual workflow of the entire 
project, from start to finish. These figures explain the general workflow and steps 
in solving the timber transportation planning problem in the hill forest of 
Peninsular Malaysia. 
 
 

 
Figure 1.1: Conceptual workflow for the research methodology 
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1.5 Scope and Limitation 
 
 
The scope of the study is design TTP in timber harvest area using the heuristic 
approach of BA to combine the two timber extraction methods, namely the 
crawler tractor and log fisher specifically in hill tropical forest. However, this study 
has limitations in acquired the latest cost data. Thus, this study using previous 
cost data from previous study. The cost studies were not covered in this thesis 
and no latest studies from the previous article were found in the literature. The 
cost data used in this study is secondary data from previous study. Additionally, 
the determination of the landing area in the model selection was not performed 
in the model selection due to complex problem formulation to meet especially on 
the regulations. Details explanation and description were covered in Chapter 3.   
 
 
1.6 Thesis Outline 
 
 
This study focuses on the timber transportation planning problem. This thesis 
includes a brief historical description of the timber harvesting machineries, the 
main types of machines used in Peninsular Malaysia. Various methods and 
techniques of timber transportation planning are discussed with their respective 
strengths and limitations in solving the timber transportation planning problem. 
Previous studies of applying the algorithm techniques in solving the timber 
transportation planning problems are also discussed. Moreover, a review of the 
algorithm techniques application is further dealt with in this thesis with the 
benefits and capabilities of each technique in solving the timber transportation 
planning problem; besides, their respective limitations are also elaborated on. 
The thesis is organised in the following manner: 
 
 
Chapter 1 presents the general background of the study, justification of the 
study, problem statement, aim and objectives, and research designs. Other 
topics discussed in this section include transportation planning with heuristic 
approach for cost and environmental damage minimisation.  
 
 
Chapter 2 reviews and discusses relevant issues about the concepts, practices, 
historical developments of timber harvesting transportation planning, methods 
and systems used, and previous studies related to algorithm applications in 
solving the timber transportation planning problems.  
 
 
Chapter 3 describes the methodology and materials used in this study. The 
explanation of problem formulation of the BA is detailed. The method is 
structured based on the study objective. 
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Chapter 4 contains the results and discussions on solving the TTP problem. The 
chapter describes these issues or items: formulation of grid cells results 
obtained; timber distribution within the timber harvesting area; the proposed 
landing selection area; and the BA model application for TTP in the 
Compartment 62A. In addition, two other matters are dealt with in this section: 
first, a comparison of timber extraction techniques between the log fisher and 
crawler tractor as generated by the BA algorithm; and second, the sensitivity 
analysis to evaluate the effects of the cost changes. The BA model results for 
TTP in the Compartment 62A are briefly described in this chapter.  
 
 
Chapter 5 states the overall conclusion on solving the TTP problem in the 
Peninsular Malaysian context. This chapter also includes the limitations of the 
study and constraints encountered in this study. Suggestions and 
recommendations of the study are also included in this chapter. However, this 
study has limitations,  using previous cost data of the previous study. The cost 
studies were not covered in this thesis and no latest studies from the previous 
article were found in the literature. The cost data used in this study is secondary 
data from previous study. Additionally, the determination of the landing area in 
the model selection was not performed in the model selection due to complex 
problem formulation to meet especially on the regulations. Details explanation 
and description were covered in Chapter 3.   
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