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EDITORS NOTE

It isimportant to develop aspecific management sy semfor productivepeat swamp forest based
on this forest’s physical and ecological characteistics. Among the significant aspects of forest
management is optimum harvesting whidh is critical in achieving sustanable management of al
forest types, including the peat swvamp forest. This book is one of the publications of the ITTO-
CITES Projett, a FRM adivity. Although, the projedt’s man acivities are conducted under the Levy
Funding Grant provided by the Ministry of Plantation Indudries and Commadities, Malay sia, a
portion of the gudy andthe publicaion of this book were funded by the ITTO-CITESProjec.

There are dght chaptes in this technical handbook starting from Projed badkground, followed by
Developmet of cuting options, Impad of redwed impad logging, Determinaion of optimum
harvesting, Financial evaluaion, Productivity and time study of reduced impact logging, Hydrologcal
respanse andendingwith Development of alocal volumetalde (LVT) for Gonystylusbancarusin Pean
Forest Resewve, Pahang. Ouputs from this optimum harvesting project could be applied to other
productive forest subtypes in the Pekan Fores Reserve itself. Moreover, they could be further
extended to other productive peat swamp foreds in Sdangor and Sarawak. It hoped tha
informaion provided in this book will be another added important reference to improving the
management and conservation of pea swampforegsin our country.

Ismal Parlan
Ismal Harun

June2011
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EXECUT IVESUMMARY

Under the Forestry Act, the South East Pahang Peat Swvamp Forest (SEPPSF) was gazetted & a
permanent reserve forest (PRF) to be managed as a production fores. This allows loggng
activities to be carried out in the area but on a sustainable bass. Thefact tha therewas still a
lack of proper management sysem for the produdion peat swamp forest (PSF) prompted the
Forest Research Institute M daysia (FRIM) to undetake a specific study to develop an
appropriate optimum harvesting sysem for the PSF. FRIM was allocated about RM 790,000 by
the M alaysian Government under the L evy Fundto detemine the harvesting regmesfor PSFin
Peninsular Maaysia. In line withthe objective of the UNDP/GEF funded prgect, the so-called
“Havestingregimestudy” has contributed to thelntegraed M anagement Plan (IM P) and Forest
M anagement Plan for Pekan Foret Resave (FR), Pahang, paticularly on the agped of forest
harvestinginthe forest resave.

In this gudy, Conmpartment 77 in Pekan FR was selected as the dudy site. The area is a
productiverich forest of Ramin-Bintangar subtype locaed northeast of the forest reserve. The
Ramin-Bintangor subtype represents about 20% (~ 10,000 ha) of the whole Pekan FR. An aea
of 100 ha in Compartment 77 was alocaed for this study to present actua harvesting practices
on the ground. The study area was divided into four blocks of 25 ha each for the testing of
different cutting options developed by the projed. Four sets of cutting regimes were developed
based on primary and secondary data cdlected. The autting regmes were prepared by taking
into account species dominance in the area, volumes of timber to be taken out and numbers of
residua trees and main species to be retained as future crops.

The cutting regimes were tested using the Rimbaka timber harvester (RTH) o sinply caled as
Rimbaka. The machine isemployed in one typeof reduced impact loggng (RIL) method. After
the harvestings, post-harvest assessments were conducted to determine the impads of each
cutting option on thefores ¢ands. In the assessments, actua damageon the residual trees from
the different cutting reg mes due to the harv esting operaions was assessed. Besides the physcal
and ecologca assessments, financial evduation was aso conducted. These assessments were
used to determine the final harv esting regime considered the maost suitabde for the PSF.

Basal on the damage assessments, there were 2,396 trees >15 an dbh in the 100 sampling plots
of 50 x 20 m. Out of this number, 2,055 trees (86%) survived and another 341 trees (14%) died.
Out of thetrees tha survived, 1,520 (63%) trees showed no damage at al while 535 (22%) had
some damage. M eenwhile, of the trees tha died, 396 trees (11%) died dueto fdling adivity and
another 67trees (3%) died because of extraction by the Rimbaka. Noneheless, focus was given

to the damage on trees with dbh > 30 cm as these aretrees considerad as residua sands. All
togeher thee were 848 trees > 30 cm dbh in thesampleplots, in which 755 (89%) survived and

the remaining 93 trees (11%) died. Out of the 755trees tha survived, 546 trees had no damage at
al while 209 trees showed some damage on their crowns, stems, rods or their combinations.
Interestingly, there were 106 trees of Callophyllum spp. (bintangor) and 87 trees of Gonystylus

bancanus (ramin melawis) that were not damaged at al. Both species are the main commerda
timber spedes of theresidual stands. Among those treesthat had some kind of damage, 91 trees

(44%) had light, 49trees (23%) mediumand 70trees (33%) serious damage respectively. Trees
in the light and medium categories of damage are expected to survive at least for a certan



number of years, while those having serious damage ae expected to die within a short time.
Basad on the assessments, in general tree survival using RIL was high a 8% and 89% for
categories of trees with dbh of >10 cm and >30 cm respectivdy. M oreover, a high number of
treesthat had no damage at all wasrecorded. In aldition, in thecase of residua stands (trees >30
cm), of trees with some kind of damage only about 33% had serious damagethat may lead to
their mortality. Apart from that, felling was found to be the main resson for mortality at 11%
compared to extradion a only 3%. Therefore, it can be concluded that the RIL causes mini mum
impact on the residua sands and timber extraction contributes only asmall portion of trees that
die during the harvesting operation.

A vyidd prgection mode caled Growth and Yied Mode for Tropicd Pest Swanp Fores
(GYMTPSF) is beingdevdoped a another output of this gudy. The GYM TPSF wasorignally
devdoped for dry inland forest. Caibration has been made on the original softwareto suit the
PSF dataand environment. Among others, the GYM TPSF can be used to project stand tables of
stoking, basa ares, volume and mean annua increments (MAIs). Based on these studies,
volume meaen M Als and optimum cuttingcy cles are projected. The volume MAI for each block
is nat far different from thenext, in therange of 1.75-1.83 msheilyr'l, while theoptimum cutting
cycle variesin the range of 35—40y ears depending on theblock.

In tems of timber production, thetotal timber produdion in thestudy aeaof 100 hawas 8,698.9
m”. Apparently, due to the lowea cutting regime, Blodk 1 had the highest timber production,
followed by Blocks 2, 3and 4 at 110.5, 106.1, 80.1 and 51.2 m'ha " repectively. Thetota cost
of timber havesting in the study site was RM 22,476.70 ha'. The cogt of felling consumed the
largest portion of 51.42% followed by administration and prefelling costs at 46.44 and 2.16%
respectively. Based on the financia evauation, the analysis gave positive net present vdue
(NPV) for timber harvesting in Blocks 1to 3 but negative value in Block 4. Therefore timber
harvesting is viable in Blocks 1, 2 and 3, but not in Block 4. Theprodudivity of the main
activities and machinery used in the harvesting operation employing RIL such as felling and
haulage was aso examinad in this study. The hydrological response to road congruction and
fores logging is also discussed and reported. Last but not least, alocal volumetable (LVT) was
produced to be used for more accurate estimation of G. bancanus logs in Pekan FR.

As oonclusion, this study has produced outputs tha can contribute to gptimum harvesting of
PSF, in particular for Pekan FR. Interms of cutting limits, thissudy suggests the cutting limits
of Block 3 to be used inthe Ramin-Bintangor subtype The cutting limits are 60 cm for G.
bancanus and dipteocarps 50 cmfor Calophyllum spp. and 45 cm for other species. For cutting
cycle, the 40-yr cycleis recommended. Encouragingly, the autting limits and cycle are bang

used in the Forest M anagement Plan for Pekan Forest Reserve prepared by theUNDP/GEF PSF
Project. It is hoped that the ouputs of this project can be used and contribute to beter

undeastanding of the PS ecogydem in Peninsular Maayda, manly for the sugainale
utilization of timber resources.

Xi



CHAPT ER ONE

PROJECT BACKGROUND
By

Ismail Parlan, Ismail Harun & Shamsudin Ibrahim

1.1INTRODUCTION

This research project was to supplement the UNDP/GEF funded project (M AL/99/G31) on
"Conservation and sustainable use of tropical peat swamp forest (PSF) and associated wetland
ecosy gems” (Anorymous 2003). In genera, the UNDP/GEF PSF Project covered aspects of
conservation of South Easst Pahang PSF. Apart from tha, there was a study conducted by
DANIDA PSF Prgect on timber assessment in Pekan Forest Reserve (FR). The study has
produced report on the forest sultype faor Pekan FR based on species compasition (Blackett &
Wollesen 2005). Heven forest subtypes have been developed by the sudy with the Ramin-
Bintangor subtyperepresenting about 20% of whole Pekan FR. Ramin (Gonysylus bancanus) is
the most vduable commeacia PS- spedes tha judifiad the sslection of the Ramin-Bintangor
subtype areafor thepresent study . This sudy placed emphasis on optimum harvestingof the PSF
in Peninsula M alaysia (Ismail et al. 2005) as indicated inTablel.1.

Table 1.1 Projed identification

Title Optimum harvesting regmes of peat snamp foreg in Peninsular Malay sia
Implementing agency Forest ResearchIngtitue Malaysia (FRIM)

Duraion four years, 2005-2008 (including extenson)

Project site Pekan FR, Pahang

Project costs RM 790000.00—received from L evy Fund

1.2PROJECT JUSTIFICATION

It isimportart to develop apecific management sysem for PS- based on its own physical and
ecologca characteistics. Among the significant aspects of fored management is ‘optimum
harvesting . Optimum harvesting is critical in achieving sustanable management of all forest
types, including the PSF and this can be achieved by assessing the gocking of residua trees.
Outputs from this optimum harvesting project could be applied to other produdive forest
subtypes inthe Pekan FR itself. Moreove, outpus from this research project could be extended



to ather produdive PSFs in Sdangor and Sarawvak. This prgect is very critical because the
outputs would contributeto the development of amanagement sy sem suitablefor the PSF.

The current management system of PS in Peninsular M aaysia is based on the selective
management system (SM 9, which was actualy developed for the hill fores. Since the stand

strudure of PSF isdifferent from that of hill fores, the management sy sem neads to be modified
to ait the gand oconditions in PSF. As reported by Shamsudn (197d), in generd the tree
popuation in PSFsin Pekan, Pahang has three digtinct categories 1) those spedes that exceed 50
cm dbh size class, 2) tree speciesthat raely exceed 50 cm dbh and 3) tree speciesthat never
exceed 30 an dbh class. The first populaion category is represented mainly by valuable timber
spedes like G. bancanus, Durio carinatus, Paaquium xanthochymum, Madhuca motleyana,
Kompassia malaccensis and Shorea spp.tha occupy mos of the growing spece. Individuals of
intermediate size dasses of these species are very limited. Howering and fruiting of these
spedes arereasonably good except for Shorea spp. tha produce fruit irregularly (Nurul Huda
2003, Ismail 2009). After each fruiting season, regeneraion is observed to be abundant but the
mortality of youngseedling is aso very high. Inthe second caegory of the population in PSF,
tree gecies like Gymnacr anthera eugeniifolia, Santiria spp. and Polyathia glauca are confined
mainly to size classbelow 50 cm dbh, while the third population category is composed mainly of
Quassia indca, Antidesma coriacaum, Knema inter media and Nephelium maingayi.

This tree gecies population strudure is assumed to be repeated in other areas in Pekan PSF
because thespecies compasition and stand structure in PSF have been found to be homogeneous
(Shamsudin 1997a). The character suggeds tha the PSF in Pekan has more harvestable timber,
though with diameter limits rarely exceeding 50 cm dbh for certain species. By promoting more
effident utilization of small-sized lesser-known species from the second and third population
struadures, through improved processing technologies and maketing strateges, more spedes
could be added to the production list of timbers from PSF (Shamsudn 1997b). Removad of
small-sized individuals is aso silviculturally dedrable as it helps to maintain the prgportion of
individuals in each population category. This will hdp to ease pressure on over-harvested
commer cially important timber species such as G. bancanus, D. carinatus and Shor ea platycarpa
by impasinghigher diameter cutting limits. It is an important festure for susainable management
and biodiversity conservation of PSF in Peninsula M alaysia

An optimum harvesting regme in PSF can be determined by taking into consideation the
population gructure and other ecolog cal characteistics where the assodation and distribution of
diffeent tree ecies are aitical factors tha need to be considered in the planning process prior
to harvesting. Apart from that, economic fessibility is dso important in determining the
optimum havestingregime.

1.3 MAIN OBJECTIVES

M ain objectives of the prgect were:

e Toexamne thestand sructure, stocking densty, size Sructure, species composition and tree
geciesdistribution in Pekan FR.

e Todeterminethe apprqriate auttinglimits and cutting cy cles for PS- in Pekan FR.



e To evduate the reponse of residua trees to and hydrologica impacts of roads from
harvesing opeation.

1.4GENERAL MAT ERIALS AND METHODS

1.4.1 Study Site

Compartment 77 in Pekan FR of South Esa Pahang Peat Svamp Forest (SEPPSF) was used as
the study site (Figure 1.1). Location of the compartment in Pekan FR is shown in Figure 1.2.
The tota area of the compartment is about 200 ha. The areais prescribed as Ramin-Bintangor
subtype by DANIDA PS project (Bladkett & Wollesen 2005) Although the tatal study aeais
about 200 ha, only 100 hawas dlocated for the study. The 100 hawas divided to four blods of
25 ha each, whereeach block was assigned with different cutting limits (Figure 1.3).
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Figure 1.1 Southeast Pehang Pest Swamp Forest (SEPPSF), Peninsular M aaysia




Zone Abbr. Forest subtype

1 RAM Ramin-Bintangor (Gonystylus-Cal ophyllum)

2 MDX2 mixed Kempas-Ramin-Durian (Koonpassi a-Gonystyl us-Durio)
3 BTG Bintangor (Cal ophyllum)

4 BTGD Bintangor (Calophyllum) and Kdat (Syzygiurm)

5 MERANTI Meranti paya (Shorea platyarpa)

6 D/N Durian-Nyatoh (Durio-Madhuca)

7 MAH Kempas-Mahang-Durian (Koompass a-Macaranga-Durio)

8 DSB Logged/open areas

9 RIV Riverine/gpen areas

Figure 1.2 Thestudy sSteat Pekan FR. T he forest subtypeswere developed by Blackett and
Wadlesen (2005) and UNDP/GEF (2006).



Layout of the Study Site (Compartment 77, Pekan Forest Reserve) N
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Figure 1.3 Block lay out for thecuttingreg mestrial
1.4.2 Cutting Limit

Based on the prefeling data and other secondary data (egpecialy to daermine the danage
fator), severa sds of auting limits were developed (Table 1.2). The deailed procedures to
develop the cutting limits are further explained in Chapter 2. The autting limits were tested on
the ground usingthe Rimbaka timber harvester (RTH). Stand damage, growth, mortaity and

other factors dueto diffaent cutting intensity within each block were monitored throughout the
study. Thecuttinglimitswere expected to produce various paameters as shown in Table 1.3.

Table 1.2 Sdected cutting limits for species group in each harvesting block

Bl ock Cutting limits (cm dbh) Description
Graup1l —-Group 2—-Group 3
1 50-45- 4 Low cutting limit
2 55-45-40 Medium cuting limit
3 60— 50— 45 Medium cuting limit
4 65— 55— 5 Hich cutting limit

Goup 1=G. bancanus and diptercarps anly
Group 2 =Callophyllum sp. only
Group 3 =cather species



Table 1.3 Cutting limits suggested for thefour blocks

BLOCK BLOCK BLOCK BLOCK
1 2 3 4
Cutting option for 50%- 45°- 40° | 55°-45"-40" | 60%-50" 45° | 65-55"- 50"
Groups 1, 2& 3
No.of trees(¢emsha™) 424 400 69.4 64.6
> 30 cm dbh left after haveting
Volume (m”ha™) >30 an doh 340 3238 83.1 753
left after haveding
% of ramin> 30 om dbh before 224 205 18.0 196
harvesting
% of ramin > 30 cm dbn left after 250 211 185 208
harvesting
Total no. oftrees havested based 536 46.0 37.2 276
on cuting gotion (fems ha')
Total volume harveted basad on 1109 102.2 114.7 82.7
cutting option (m* ha™®)
Volume of ramin, dpterocap & 206 19.7 56.1 524
bintangor >30 cm doh I€ft ater
harvesting (m* ha™)
Volume of ramin, dpterocaps & 713 63.2 50.8 378
bintangor >30 cm cbh harvested
(m3ha?)
Notes:
Species group: Cuttinglimits:

1 =Raminand dipterocarps only
2 = Bintangor spedes only
3 =other pecies

a= Ramin anddipterocarps only
b = Bintangor speciesonly
¢ = other gpecies

Blodk 1 was selected for the lowest cutting limits; the autting aption was predicted toproduce a
total volumeof 110.9 m* ha*withremoval of 53.6 stemsha™. Out of atotal vdume of 110.9 m?
ha'in Blodk 1, @out 713 m’ ha' or 64% comprised species of ramin, dipterocarps and

bintangor. The percentage of ramn befare harvesting was about 22.4% and with the cutting
limits assigned to Block 1, the expected ramin left in the area after the harvesting was about

23%.

M eanwhile, Block 2 and Block 3 were aSS|g1ed to represent mejlum cutting limits. Block 2 was

expected to produce about 102.2 m’ ha* of which 63.2 m* ha*or 62%Were ramin, dipterocaps
and bintangor. The numbe of trees to be cut was about 46 stems ha. The pecentage of ramn

before harvesting was about 20.5% and expected to be slightly increased to 211% dter
harvesting. Block 3was expectedto produce total production of timber about 114.7 m° ha* with
lesstrees cut at about 37. ZStems ha*. The volume of ramin, dipterocarps and bintangor expeded

to beharvested was 50.8 m” ha ‘or about 44% of the totd production. The percentages of ramin
before and dter harvestingwere about 18.0% and 18.5% respedively.

Blok 4 weas assigned Wlth the hi ghest cutting Ilmlts The autting option was expected to
produce about 827 m® ha' to 27.9 gems ha’ will be havested. The volume of ramin,



dipterocarps and bintangor expected to beharvested was about 37.8 m*>ha* (or about 46% out of
the 82.7 m® ha'). The pecentage of ramin before havesting was estimated a about 19.6%
increesing to 20.9% after harvesting. Generaly, the percentages of ramin before and after
harvesting remained almos the samein all blocksand the variation in teems of volumeharvesed
was contributed from the extraction of bintangor and other species. Since ramin is the most
important commerda species in the PS-, the consideration to maintain its percentage after
harvestingis highly crucidl.

1.4.3Pre-feling Inventory and 100% Inventory

A prefdling (PreF) inventory was caried out within the study area. The inventory was
conducted to obtain certain fores stand information such as stocking density, size structure,
spedes composition and satia distribution of trees. Besides the Pre-F inventory, an area of 10
ha was fully inventorized for trees > 30 cm dbh. Resuits of the 10-ha invertory wee used to
compare with the Pre-F inventoly results. Apart from tha, the inventory dso produced full
information on the oatid distribution of trees > 30 cmin the PSF (for 10-haarea) as shown in
Figue 1.4.

Basad on the Pre-F and 10-ha inventories, it was found that in terms of voume, ramin and
bintangor were the main gpecies occupying the study ste. These results confirmed the earlier
findings by the DANIDA PSF Project (Blackett & Wollesen 2005). Ssme man results of both
inventoriesfor trees> 30 an dbh ae shown in Table 1.4.

Table 1.4 Main resuits of Pre-F and 10-hainventaries (> 30 cm dbh)

Inventory Pre-F 10ha
Spedes BAha Vol.ha BAha Vol.ha
category Treeha™ | (m*ha?) (m*ha?d | Treesha'| (m*ha™) (m*ha?)
Dip. meranti 4.3 . A 7.3 15 126
Dip. non-meranti 0.1 00 0.2 0.8 01 0.9
Non-dip. LHW 254 338 31.2 329 51 344
Non-dip. MHW 21 6.0 404 38.7 6.9 405
Non-dip. HHW 1.8 0.2 2.0 2.6 04 2.6
Non-dip. misc. 1.3 01 0.8 0.6 0.1 04
Ramin 21 51 530 216 53 489
Bintangor 217 48 424 19.2 3.6 26.7
Total 114.8 209 176.7 123.7 230 167.0
Note:
LHW = lighthardwoods
MHW = medum hardwoods

HHW = heawy hardwoods
Misc = miscdlaneous/ other gpecies
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Figure 1.4 Spatid distribution of trees >30 cmin Compartment 77, Pekan FR (for 10-ha areg)



For the Pre-F inventory, the number of trees was 114.8 stemsha’, basal area about 20.9 nt ha*
and volume 123.7 m® ha® and for the 10-ha inventory, the corresponding vdues were 124 stems
ha', 23.0m* ha*and 167 m® ha'. The small differences in the results between both inventories
weaemainly dueto different sanplingsze.

1.4.4 HarvestingSystem

The RTH is a madified tractor machine with an extended arm and a powerful winching sysem
(Chong & Latifi 2003). It operaes the same way as a mobile highlead yarding system (Figure
1.5). A cable can be dragged into the forest from the skid trail, cdled “jdan taik Rimbeka’
(JTR) andis then attached tothelog asfar as 150 m away, athough its safety extradion digance
is 125 m (Elias & Khali Aziz 2008). However, in thisstudy, the extrection distancewas fixed at
a maximum of 100 m for the pupose of sysgematic JTR construdion, harvesting block division
and easier monitoringwork.

Thelog islifted and thenwinched to the track by the RTH; the longa m enables the front of the
log to be raised off the ground, thereby reducing damage caused by the passage of the log
through the forest. Logs extracted by the RTH are placed adong the JTR and pulled to a
temporary logyard at a forest road by atraxcavator. Then thelogs are transported by lorriesto a
permanent log yard for furthea processing. The application of the RTH alows harvesting
operations with little access for machinery into the fores (gpart from forest roads and JTR),
thereby reducing the environmenta impacts of harvesting. This qualifies loggingusng theRTH
as areduced impact loggng (RIL) sysem. Ddails of the RTH in the PSF aeas are described in
Elias and Khali Aziz (2008). Harvesting operaion began in October 2006 and was compléeed in
M a 2007. However, the harvesing operation was stopped temporaily from December 2006 to
February 2007 dueto flooding of the study siteduringthe monsoon season.

Figure 1.5 TheRimbakatimbe harvester redricts its movement by pulling logs using along
cable hence minimizing the extradion damage tothe forest floor
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CHAPTER TWO

DEVELOPMENT OF CUTTING OPTIONS FOR PEAT SWAMPFORESTS
By

Abd Rahman Kassim, Ismail Parlan, Shamsudn Ibrahim, Samsudin M usa, Wan M ohd Shukri
Wan Ahmad, Azmi Nordin & Grippin Akeng

21 INTRODUCTION

The introduction of mechanized harvesting to peat swamp forest (PSF) has dterad the sze
structure gpecies composition, spaid distribution and socking level, and the resulting
residua sand has become more heterogeneous. The extent of dteraion of forest conditions
depends on the method and intensity of harvesting. Proper havesting planning and execution
would avoid extensive damageto the soil and residua stand. Besidesthe extent of roads, skid-
trails and decking sites within the concession areg, the intensity of felling in terms of the
number and size of trees felled contributes to the residud stand damage. Therefore it is
critical for harvesting operation to fit into the silvicultural concept in tha it should provide a
favourable condition for growth of potentia aop trees and the esablishmernt of regeneration
(Anony mous 1992).

In principle, the productivity of managed forests can be improved through silvicultural
practices such a control of sand strudure or devdopmenta processes, control of spedes
composition, control of stand density, retodking of unproductive areas, control of rotaion
length, facilitation of havests and conservation of site produdivity (Smith et al. 1997). The
control of stand strudure, Pecies composgtion and dand density are very important

determinants of stand productivity and can be manipulated directly by foresters. Harvesing
should beregarded as thefirst dlvicultural inter'vention (A nony mous 1992). In devdopingthe

cutting option for PSF, we looked into these three key components of forest stand and used
them asthe bass to dedde theappropriate cutting option.

This chapter describes the devdopment of cutting options to be further seleded as gppropriate
cutting limits for PSF dominaed by ramin meawis (Gonystylus bancanus) and bintangor

gambut (Callophyl lum ferrugineum var. ferrugneum) takinginto acoount the key components
of the forest sand.



22 MANAGEMENT PRACTICES IN PEAT SWAMP FOREST

The management of PSF currently adopts theselective cutting approach where all trees above
a specified diameter limit within a timber species goup are felled. The method adopts the
SHective M anagement System (SMS) approach originally devdoped for inland mixed
dpterocaps forest. SVISis theapplicaion of cuttingregimesover aspecified fores area that
will yield an economicaly viable amount of timber whil e retaning adequate advanced growth
for the future havest inthe shotes passible time (T hang 1997).

As the gocking, size structure and mgor species composition diffe, thereis a need to look
into an aternative method of assessing growing stock appropriate for PSF condition. Without
appropride consideration of the key dominant species of interest, logging may cause
ireversibl e failure to the sustainability of timber production of the secies.

23 DEVELOPMENT OF CUTTING OPTIONS

A pre-felling (Pre-F) inventory of 10% sampling intensity formed the basisfor growing stock
assessment unde the SM Sprior to any presaiption of harvesting regimes. After considering
adequacy of stocking, species composition and enomic cut, an apprgriate harvesting
regime for the forest type was recommended. The analysis of tree density, basd area and
volume per hedare was based on the ertire forest area In attua inplementation, the
assessment of gowing stock should conside only the net production area, i.e. excluding
roads, skid-trails landing sites, buffer zones and sensitive aress of steep slope.

All tree volume calculations for both before and after loggingwere based on utilizable or net
volume. The number of trees per hectare before logging was the actud vaue but dter
logging the actud valuewas multiplied by adamage factor (Table 2.1).

2.3.1 Damage Factor

Damage factors adopted in the PSF harvesting regime study follow the SM S prescription
(Table 2.1):

Table 2.1 Damage factor dlomery

Dbh dass (am) Damage factor (%)
1530 50
3045 40
4560 30
60++ 20

Source: JPSM (1997)

10



2.3.2 Volume Caculation

The gross tree vaume was calaul ated based onthe followingformula
Volume (m°ha ) = [3.1419 x (cbh)?]/40000 xlog length x form factor

As thereis no specific volume tabl e for the PS-, we adopted a generdized form factor of 0.65
for dl trees (JPSM 1997). The merchantable log length of trees greater than 30 cm dbh was
assessed visualy, whilethe trees between 15 and 30 cm weae assumed to be 5 m high. The
volumeiscalculated asfollows

Treevolume = gem basal areaxlog length x form factor
where stam basd areaisequal to n* dbh?/40,000.

For exanple, if the tree dbh is 40 cm and thelog length is 10 m, the volume is cdculated as
folows:

Sem basal area = 3.142 x 40%/40,000=0.1256637 m’
Therefore the tree volume = 0.1256637 x 10 x0.65=0.816814m°

2.3.3 Spedes Grouping
The Pre-F inventory datawerecategorized to € ght species group, naney (Table 2.2).

Table 2.2 Secies goupingused inthe development of autting options
Speaes group

Dipterocaps meranti

Dipterocaps non-meranti

Light harawoods other than dipterocarps, ramin & bintangor

M edium hardwoods othe than dipterocaps, ramin & bintangor
Heavy hardwoods ather than dipterocarps, ramin & bintangor

M iscellanous othe than dipterocarps, ramin & bintangor

Ramin

Bintangor

©

ool ~| o o] B o V] H =

Ramin and bintangor wee treated as their own entities as they are the most dominant spedes
inthe area. Information on the species abundance is used in assessng the growing stock in
decidingthe appropriatecuttinglimits.



24 HARVESTING SIMULATION

A progranming code was developed using R Language to run the harvesting simulation
andysis (Appendix 2.1). The program consisted of five major subprograms:

e Subprograml:out.fad — preparingdataset for andysis
e Subprogram2:out.cut — simulatingtrees to be cut

e Subprogram 3:out.re¢ain — smulatingtreesto be reained
e Subprogram4:out.option —developing cutting option

e Subprogram5:out.sdect —selection of cutting option

Subprogam 5 amplified the output of subprogram 4 by selecting the cutting options that
fulfill ed the desired conditions. T he available conditions set were:

(8 Minimum cutinglimits:
o Group 1 (dipterocarps & ramin): 50 cm dbh
o Group 2 (bintangor): 45 cm dbh
0 Group 3(other pecies): 40 cm dbh
(b) Cutting limits of Group 2 are a lesst 5 cmlower than Group 1
(9 Cutting limits of Group 3 are a lesst 5 cmlower than Group 2
(d) Proportion of ramin after fdling shall be equal or higher than befarefeling
e M inimurln number of residual trees required acoording to the stocking standards of 32
treesha
(H M aximum havestalde number of tre& of 2 treesha’
(9 M aximum havestable volume 85 m *ha*

25 CASE STUDY: PEK AN FOREST RESERVE

We ran the simul ation harvesting based on Pre-F inventory data from a 100-ha study sitein
Compartment 77, Pekan FR. Examplesof the autput of the andy sis of the sdected parameters
are shown in Table 2.3. Nindeen cutting options fulfill the minimum socking standads
recommended. The fina decision on autting gption depends on thepreferences of the forest
manager.

From the results, the proposed cutting limits based on the maximum harvestable volume of
standing trees of 60.3 mha® ae 65 cm for ramin and dipteaocarps 60 cm for bintangor and
55 cm for other species If the harvestable number of tre&s |s lowered down to 15 trees, the
maximum volume of harvest can be attained a 443 m°ha’ a cutting limits of 70 cm for
ramin and dipterocarps, 65 cm for bintangor and 60 cm for other pecies. The find selection
of cuttinglimts is shown in Table 2.4.



Table 2.3 Sdected cutting options based on the prereguisite conditions mentioned

Post-harvest stocking Proportion of ramin (%) Expected harvest
Cutting option
(Graups: 1-223) | Number of Vdume of Number of
residual tress | residual trees | Preharvest | Postharvest trees Volumeof treeq
(stems ha™) (m*ha™) (stemsha™) (m>ha™)
65-60-55 59.3 76.5 20.4 21.3 181 60.3
70-60-55 60.4 80.2 20.4 2.6 16.6 55.2
70-65-55 61.7 83.4 20.4 2.2 149 50.8
70-65-60 64.0 88.1 20.4 21.4 117 44.3
75-60-50 59.3 82.2 20.4 24.9 187 54.3
75-60-55 61.8 86.1 20.4 23.9 151 485
75-65-55 63.0 89.3 20.4 23.5 134 44.2
75-65-60 65.3 94.0 20.4 2.6 102 37.7
75-70-60 65.6 94.8 20.4 2.6 9.9 36.6
75-70-65 67.7 100.1 20.4 21.9 6.7 28.1
80-60-50 59.9 85.2 20.4 5.6 180 50.6
80-60-55 62.3 89.1 20.4 24.6 144 44.8
80-65-55 63.6 92.3 20.4 2.1 127 40.5
80-65-60 65.9 97.0 20.4 23.3 9.5 34.0
80-70-60 66.1 97.8 20.4 23.2 9.2 329
8-65-55 63.8 93.1 20.4 24.3 125 39.5
85-65-60 66.1 97.8 20.4 23.5 9.3 329
85-70-60 66.3 98.6 20.4 2.4 9.0 319
90-70-60 66.5 99.7 20.4 23.6 88 30.5

Note: Group 1 = G. bancanus and dipterocarps only, Group 2 = Callophyllum spp. only, G-roup 3 = ather spedes

Table 2.4. Find seledion of cuttinglimits for species group

Bl ock Cutting limits (cm dbh) Descri ption
Group1l —-Group 2—-Group3
1 50-45- 40 Lowcuttinglimits
2 55-45-40 Medum cutting limits
3 60-50-45 Medum cutting limits
4 65-55-50 High cuttinglimits

Note:

Goup 1 =G. bancanus and dipterocarps anly

Goup 2 =Callophyllum $p. only
Goup 3 =other pecies




26 CONCLUSIONS

We have demonstrated the development of cutting options for PSF dominaed by ramin and
bintangor. Nindgeen cutting options ae available for sdedion by the forest manager that
fufill the minimum stocking standards for PSF dominated by ramin and bintangor. The
cutting options available depend on the conditions set for seledion. We may add new
conditions where necessary . For example:

e number of key spedes (e.g.ramin) residud treesto be reained,;
e number of lage-sized parent treesto beretained.

The cutting options will vary according to the initial stocking, size strudure and targeed
species composition of the PSF. At theend, four setsof cutting limits were selected to be used
inthis study in determining appropriatecuttinglimitsfor thePSF. Better representdion of the
key dominant species raention for future crops can be betta achieved when development of
cutting optionstakes into account the 4and conditions.
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Appendix 2.1 Programming code using R Language for simulation analy sis
i) Installation of R Language Software

#Instal R open-sourcesoftware

#Open Rprogran

#0n theFile Menu, click the change workingdirectory sub-menu
# Set your working diredory towherey ou place the source code
#Typethe source codeat the R console"

source("option2 New Cutting Reg me Genericver3 2011.r") (1
#To runanaysistype the following

out.seled() (2

#You may set condition of your output

# (@) Number of residual to be retained:nor esidua

#(b) M aimu harvestable number of trees: Harvest.tph
#(c) M inmum harvest of volume: Harvest.V.min

#(d) M aimum harv estable volume: Harvest.V.max

out.seled (noresidual=32Harvest.tph=20Harvest.V.mn=30,Harvest.V.max=100) [3

#Type of output

#Three output file will be produced,

# (@) All cuttingoption output display

#(b) Sdected cutting option output based on the set condition. See[3]

#(c) as (B) withonly sdected column

# no = Numbe

#option = Cuttingoption (Dipterocarp&RaminBintangor/Non-dipterocarp)
#post. T  =Tad number of residual trees

#post.VO  =Tata residua volume

#PRpreT30 = Percentage ramn beforefelling (>30cm dbh)
#PRpost.T30 =Percentage ramin afte felling(>30cmdbh)

#H.T =Tata number of treesharvested

#H.V =Tata volume harvested

#ratio =Ratio of volume harvested to volumebeforefeling

ii) Data preparation usng R Language Program
out psf=funcion(plot="90100" block="dl")
{

sawd(" C:/ARK/5-Research Proects/Peat Svamp Forest/HarvestingregimeData') #
Exampleof adirectory of datafile

spplig=read.table("M ader list-PSF gpecies.txt” heada=T ,sgp="\t")



if (plot=="9145") plot.da=read.table("plot pre F (blocking).txt",sep="\" ,header=T)
if (plot=="9p100") plot.dat=read.table("plot pre F (blocking 100ha).tX",sep="\t" ,header=T)

if(block=="dl") plot.dat=plot.dat

if(block=="block1.old") plot.da=subse(plot.dat plot.dat[,7]==1)
if(block=="block2.0ld") plot.da=subse(plot.dat plat.dat[,7]==2)
if(block=="block3.0ld") plot.dat=subse (plot.det plat.dat[,7]==3)
if(block=="block4.old") plot.da=subse(plot.dat plot.dat[,7]==4)

if(block=="dl") plot.dat=plot.dat

if(block=="blockl.new") plot.dat=subset (plot.da plot.dat[,8F=1)
if(block=="block2.new") plot.dat=subset(plot.da plot.dat[,8F=2)
if(block=="block3.new") plot.dat=subset(plot.da plot.dat[,8F=3)
if(block=="block4.new") plot.dat=subset(plot.da plot.dat[,8==4)
plot.da=plot.da[c(-1,-2,-3),]

if (plot=="9100")
names(plot.dat)=c("tahun"," negeri","nohs"," nokomp"," nogaris”," nopetak","bloklama’," blokb
ar',"pama’,"resam"”,"nopetakkecil”,"nopokok”,"kodsp","jenis","dbh"," bil","kIt"," subur”," dop
I","Ippj""ptk2x2")

if (plot=="90145")
names(plot.dat)=c("tahun","negeri”,"nohs","nakomp"," nogaris”," nopetak"”,"bloklama’," blokb

"pama’,"resam"," nopetakkecil","nopokok","kodsp" ,"jenis","dbh","bil" " KkIt"," subur"," dppj","|
pRj")

aa=mer gg(plot.dat,plist,by ="kodsp")

HHHHH based onlog assessment from nearby Ste ##H#H
adbil=asnumeric(as.character(as.factor(aadhil)))
agbdbh=as.numei c(as.char acte (as.factor(aa$doh)))

#oabil=if else(agbdbh>=30& abdbh<40& aa$hil==""2.2,aa%bil)
#oalbil=if else(agbdbh>=40& asbdbh<50& aa$hil==""2.7,aa%bil)
#oasbil=if el se(agbdbh>=50& asbdbh<60& aahil==""2.8,aa%bil)
Hoasbil=if el se(agbdbh>=60& asbdbh<70& aa$hil=="" 2.9,aabil)
Hoatbil=if el se(agbdbh>=708& abdbh<80& aashil=="" 2.5, aabil)
#oabil=if el se(agbdbh>=80& azbdbh<90& aa$hil==""2.2,aa%bil)
HoaSbil=if else{asbdbh>=008& agbbil==""2.6,ac$hil)

T i Teedhi Lt

petak=p et e(aaPnogar is,aabnopet ak, sep="-")
adbdbh=as.numei c(as.char acte (as.factor(aabdoh)))
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dog=as.numeriq as.character(as.factor(aadbil)))* 5
bet =aa$dbh* aa$dbh* pi/40000

volt=dlog-bat* 0.65

volt=ifelse(aabdbh>=15& aabdbh<30,5* bat* 0.65,volt)

e¢an30=1/0.10 # expansion fector for different plot size
epan15=1/0.05

epan5=1/0.01

expan=ifd se( aa$dbh>=5& aa$dbh< 15, expan5,0)
epan=ifdse( aatdbh>=15& aa$dbh<30, expanl5,expan)
expan=ifelse( aa$dbh>30, expan30,expan)

tph=expan
bah=Dbat*expan
volh=volt* expan

#damage

dampct=cut (aa$dbh,c(14.9,29.9,44.9,59.9,10000))
dampct=ifel se(agbdbh>14.9& azbdbh<30,0.19,0)

damp ct=if el se(agbdbh>29.9& agbdbh<45,0.22, dampct)
damp ct=ifelse(aebdbh>44.9& agbdbh<60,0.13,dampct)
damp ct=ifelse(aebdbh>59.9,0.056,dampct)

psf.da=data.frame(p etek=pe ak,kodsp =aa$kodsp ,kodkom2=aa$k odkom?2,dbh=aa$dbh,bil=aa
$hil,dlog=dlog, dampct=dampd tph=tph,bah=bah,volh=volh)

reurn(ps.dat)
}

#CUTTING OPTION
#HARVEST

out.cut=funaion(cut.1=50,cut.2=50,cu.3=50,aut.4=50,cut.5=50,cut.6=50,cut. 7=50,cut.8=50)

{
al=subse (psf.da,dbh>aut.1 & kodkom2==1)
aZ=subsd (psf.dd,dbh>aut.2 & kodkom2==2)

a3=subsd (psf.dd,dbh>aut.3 & kodkom2==3)
a4=subsd (psf.dd,dbh>aut.4 & kodkom2==4)

ab=subse (psf.da,dbh>aut.5 & kodkom2==5)
ab=subse (psf.da,dbh>aut.6 & kodkom2==6)
a/=subse (psf.dd,dbh>aut.7 & kodkom2==7)
a8=subsd (psf.dd,dbh>aut.8 & kodkom2==8)

sample=length(unique(psf.dat$peak))
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adat=rbind(al,a&2,a3,a4,ab,a6,a7, ad)

adat$kod=c(al=rep("al",dim(al)[1]),&2=rep("a2" ,dim(a2)[1]),a3=rep("a3" dim(a3)[1]),ad=re
p("ad",dim(ad)[1]),a5=rep("a5",dim(ad)[1]),a6=rep("&6" ,dim(a6)[1]),a7=rep("ar" ,dm(a7)[1])
.&8=rep("a8",dim(a8)[1]))

## All trees
cA=sum(psf.da$tph,narm=T)/sample;cd=round(c4,2)
c5=sum(psf.da $hah,narm=T)/samplecs=round(c5,2)
c6=sum(psf.da$volh,narm=T )/samplec6=round(c6,2)
## Cut by kodkom
bl=tgoply (a.datfph,adat$kod,sum,narm=T)/samplebl=round(bl,2)
b2=tgpply (a.dat $hah,a.dat $kod,sum,narm=T )/sampleb2=round(b2,2)
b3=tgpply (a.dat$volh,adat $kod,sum,na.rm=T)/sample;b3=round(b3,2)
## All cut
b4d=sum(a.dat$tph,na.rm=T)/sampleb4=round(b4,2)
b5=sum(a.dat$bah,na.rm=T)/sample;b5=round(b5,2)
b6=sum(a dat$volh,nam=T)/sample;b6=round(b6,2)
## Pct All cut
b7=100*b4/c4;b7=round(b7,2)
b8=100*b5/c5;b8=round(b8,2)
9=100*b6/c6;9=round(b9,2)

#Group 1+ Group 2 involumebefore and after
gp12.dat=subsd(a.dat, kodkom2==1| kodkom2==2]kodkom2==7|kockom2==8)
c6=sum(gp12.da$volhnarm=T)/sample

reurn(lig(tph.cu=b1,bah.cut=b2,volh.cut=b3,
all5abov e=c(tph=c4,bah=c5,vah=c6),
alcut=c(tph=b4,bah=b5,volh=b6),
pctcut=qtph=b7,bah=b8,volh=h9),
volgpcut=c6))

}

#CUTTING OPTION

#RETENTION

out.retain=function(cut.1=50,cu.2=50,cut.3=50,cut.4=50,cut.5=50,cut.6=50,cut. 7=50,cut.8=5
0

{

psf.da$tph.dam=psf.da$tph*psf.dat $dampa
psf.da $bah.dam=psf.dda$bah* psf.dat$dampa
psf.da$volh.dam=psf.det $vol b psf.datSdampa

al=subse (psf.dd,dbh>=30& dbh<cut.1 & kodkom2==1)
a2=subse (psf.dd,dbh>=30& dbh<cut.2 & kodkom2==2)



a3=subsd (psf.dd,dbh>=30& dbh<cut.3 & kodkom2==3)
ad=subse (psf.dd,dbh>=30& dbh<cut.4 & kodkom2==4)
ab=subsd (psf.dd,dbh>=30& dbh<cut.5 & kodkom2==5)
ab=subsd (psf.dd,dbh>=30& dbh<cut.6 & kodkom2==6)
ar=subsd (psf.dd,dbh>=30& dbh<cut.7 & kodkom2==7)
a8=subse (psf.dd,dbh>=30& dbh<cut.8 & kodkom2==8)

sample=length(unique(psf.datHp e ak))
adat=rbind(al,&,a3,a4,ab,a6,a7, ad)

adat$kod=c(al=rep("al",dim(al)[1]),&2=rep("a2" ,dim(a2)[1]),a3=regp("a3" dim(a3)[1]),ad=re
p("ad",dim(ad)[1]),ab=rep("a5",dim(ad)[1]),a6=rep("&6" , dim(@6)[1]),a7=rep("ar" ,dim(ar)[1])
.&8=rep("a8",dim(a8)[1]))

## Retain by kodkom
bl=tgoply (a.datfph,adat$kod,sum,narm=T)/samplebl=round(bl,2)
b2=tgply (a.dat$bah,adat $kod,sum,na.rm=T)/sampleb2=round(b2,2)
b3=tepply (a.dat$volh,adat$kod,sum,narm=T)/sampleb3=round(b3,2)

## Determine noresidual trees

# All trees
bd=sum(a.dat$tph,na.rm=T)/sample
b5=sum(a dat$beh,narm=T)/sample
b6=sum(a.dat$volh,na.m=T)/sample
# All damage
b7=sum(a.dat$tph.dam,narm=T)/sample # damage sum
b8=sum(a dat$bah.dam,narm=T)/sample
b9=sum(a.dat$volh.damnarm=T)/sample
# All undamage
b10=b4-b7
b11=b5-b8
b12=b6-b9

## Determine Ramin pd beforeand after cutting
ramin.dat=subse (a.dat,kodkom2==7)
#Raminall
cA=sum(ramin.dat$tph,narm=T)/sanple
c5=sum(ramin.dat$bah,na.rm=T)/sample
c6=sum(ramin.dat$volh,narm=T)/sample
#Ramin damage
c7=sum(ramin.dat$tph.dam,narm=T)/sample



c8=sum(ramin.dat $bah.dam,narm=T)/sample
c9=sum(ramin.dat$volh.dam,narm=T )/sample
# Ramin undamage
c10=c4-c7
cl1=c5-8
c12=c6-9
#% Ramin before
c13=100* c4/b4 #pct Ramin All
c14=100* c5/b5
¢15=100"* c6/b6
#% Ramin after
€16=100* c10/b10 # pct Ramin Residud
c17=100*c11/b11
c18=100* c12/b12

#Group 1+ Group 2 involumebefore and after

gp12.dat=subse(adat, kodkom2==1| kodkom2==2|kodkom2==7|kodkom2==38)
c6=sum(gp12.da$volhnarm=T)/sample
c9=sum(gp12.da$volh.dam,narm=T)/sample

c12=c6-9

b4=round(b4,2)

b5=round(b5,2)

b6=round(b6,2)

b10=round(b10,2)
b11=round(b11,.2)
b12=round(b12,2)
c13=round(c13,2)
cl4=round(cl4,2)
c15=round(cl15,2)
cl16=round(c16,2)
cl7=round(cl7,2)
cl18=round(c18,2)

return(list(tph.raain=b1,bah.reaan=b2volh.re¢ain=b3,
alpre=c(tph=b4,bah=b5,vol=b6),
alpost=atph=b10,bah=b11,volh=b12),
pctpreRamin=c(tph=c13bah=cl4,volh=c15),
pctpostRamin=dtph=c16,bah=c17,volh=c18), volgppos=c12))

#Determine the ratio of group 1+group2 cut and retain

out.cut.retain=function(c1=50,c2=50,c3=50)
{



opsy en=paste(c(cl,c2,c3),sep="-")

cut.dat=out.cut(cl,cl,c3,c3,c3,c3,c1,c2)

reain.dat=out.reain(cl,cl,c3,c3,c3,c3,cl,c2)

Parameta=c("had tebang"," bil tebang’," isipadu tebang","bil ramin tebang',"isipadu ramin
tebang’,"bil bn tebang',isipadu bn tebang',"bil tingga™,"bil ramin tinggal”,"bil bn
tingga","vol.ratio=tinggal/tebang")

Nilai=c(opsy endlcut.tph=cut.dat$allcut $tph,dlcut.tph=cut.dat $allcut$volh ramincut.tph=aut.
dat $tph.aut$a7,bncut tph=cut.dat $tph.cut $a7,ramincut.volh=aut.dat $volh.cut$a7,bncut .volh=c
ut.dat$vah.cut$ar,raminretaintph=retain.datfph.retanar,bnretaintph=retain.datgph.retan
$a8,raminr etainvolh=reain.da$volh.reain$a7,bnretan.volh=retain.dat$volh.retain$ad,vol.ra
tio=retain.dat$vagppost/cut.da$volgpcut)

out.dat=data.frame(Parameter,Nilai)
reurn(out.dat)

}

A#CUTTING OPTION

#SEL ECT OPTION

out.option=fundion()
{

out.option=c()

for (iin 172)

{

cut.a=seq(50,90,5)

al=rep(dqcut.aaut.a,cut.a,cut.a),2) #D

a2=rep(dcut.a,aut.a,cut.a.cut.a),2) #D
a3=c(cut.a-10,cut.a-15,aut.a-20,cut.a 25,cut.a-15,cut.a20,cut.a 25,cut.a-30)
ad=c(cut.a-10,cut.a15,aut.a-20,cut.a 25,cut.a-15,cut.a20,cut.a 25,cut .a-30)
ab=c(cut.a-10,cut.a15,aut.a-20,cut.a 25,cut.a-15,cut.a20,cut.a 25,cut .a-30)
ab=c(cut.a-10,cut.a-15,aut.a-20,cut.a25,cut.a-15,cut.a 20,cut.a-25,cut.a-30)
ar=rep(q(cut.a,aut.a,cut.a,cut.a),?2)
a8=rep(q(cut.a-5,cut.a-10,cut.a15,cut.a-20),2)

bl=out.retain(al[i],a2[i],a3]i], ai]&5i] ,a6[i] ,a7[i] &g i]) $al Ipre
b2=out.retain(al[i],a2[i],a3[i], a{i] ,&5[i] ,a6[i] ,a7[i] a8 i] $al Ipost
b3=out.retain(al[i],a2[i],a3[i], ai] ,&5[i] ,a6[i]a7[i] a8 i] )$pcipreRarmin
bA=out.retain(al[i] a2[i],a3[i], afi] ,a5[i] ,a6[i] ,a7[i] a8 i] )$pcipost Ramin
be=out.cut(al[i],a2[i],a3i],a4li], a5]i],8[ i]a7i], a8[i])$allcut
be=out.cut(al[i],a2[i],a3i],a4li], a5[i], &[] a7[i], a8[i] }$pcteut
br=out.retain(alli],a2[i],a3]i], a{i] ,&5[i] ,a6[i]a7[i] a8 i] )$volgopogt
b8=out.cut(al[i],a2[i],a3i],a4il, a51i],88[ i] ,a7]i] , a8[i])$vol gocut

cl=c(i,b1,b2,b3,b4,b5,06,b7,b8)
ca("Doing simulation”i,"/", 72,"\n")



rm(al,a2,a3,a4,&b,a6,ar,ad,b1,b2,b3,b4,b5,b6,b7,b8)
out.option=daaframe(rbind(out.option,cl))

cut=dataframe(out.option)

names(cut)=c("no","preT 30","pre.B30","pre.V30","pos.T30","post B30',"pos.V30","PRpre.
T30","PRore.B30","PRpre.vV30'," PRpos.T 30","Ppog.B30","PRpo<.vV30","H.T" ,"H.B" ,"H.V
“SPHT""PH.B","PH.V","postVG12.30"," cutvVG12")

aut=round(cut,1)
cut.a=seq(50,90,5)

# al=c(cut.a,cut.acut.acut.a) #Ramin& Dipterocarp

# aZ=c(cut.a-5,cut.a-10,cut.a-15,aut.a-20) # Bintangor

# a3=c(cut.a-10,cut.a-15,aut.a-20,cut.a-25)# Non-dipterocarp
al=rep(aut.a,8) #Ramin & Dipterocarp

aZ=rep(q(cut.a-5,cut.a-10,cut.a15,cut.a-20),2) # Bintangor
a3=c(cut.a-10,cut.a-15,aut.a20,cut.a25,cut.a-15,cut.a20,cut.a-25,cut.a- 30)#

Non-dipterocarp
option=paste(al,a2,a3,sep="-")

final.option=cbind(option,cut)

reurn(final.option)

}
# Sl ect option

out.seled=function(noresidual=32,Harvest.tph=100Harvest.V.min=30,Harvest.V.max=100)
{

option=out.gption()

#psf.da[1805,6]=10 # correction to more resonable figure of dlog

sdect=subset (option,PRoog. T 30>=PRore. T 30

&pog. T3>=naresidual& H.T<Harvesttph& H.V>Harvest.V.min & H.V<Havest.V.max)
sdect=option[,c(2,1,6,89,12,15,17,21,22)]

sdect$raio=seectSpostVG12.30/sel e ScutVG12

sdect$raio=round(selea$ratio,2)

sdect.pa=select[,c(1:8,11)]

;eturn(list(option:optim,select:select, select.par=select.par))

message(" HARVESTING REGIME OPTION FOR PSF")

message(" Progr am: out .select(noresidual,Harvest.tphHarvest.V.minHarves.V.max")
message(" Basad on New Sped es Group

D,ND,NDLHW NDMHW,NDHHW,ND M | SC,Ramin,BN")
message(" Group 1(D,Ramin) Group2(Bintangor) Group 3(ND)")



message(" Creste pf.dat file by outpsf")

#Graph of size distribution

out psf.gaph=function()

{

aa=psf.dat
deat=cut(aa$dbh,c(5,15,30,45,60,75,1000),ri ght=F)
plotno=length(unique(aabpetak))

al=tapply (aabtph,dcat ,sum,na.rm=T)/plotno
a2=tapply (aa$beh,dcat,sum,na.rm=T)/plotno
a3=tapply (aabvah,dcat,sum,narm=T)/plotno

win.graph()

par(mfrow=c(3,1))

par(mai=c(0.3,05,0.1,0.1))

barplot(al,beside=T RUE,axes=F,y lab="Stemsper hedare",ylim=c(0,500));box();axis(side=2)
barplot(a2,beside=T RUE,axes=F,y lab="Basd areape

hectare" y lim=c(0,15));box(); axis(side=2)
par(mai=c(0.3,05,0.1,0.1))
barplot(a3,xlab="dbh class in an",beside=T RUE,y lab="Volume per

hectare" y lim=c(0,100));box(); axis(side=2)

al=tapply (aa$tph,list(aebkodkom?2,dca),sum,na.rm=T)/platno
a2=tapply (aabbah,list(agbkodkom?2,dca),sumnarm=T)/plotno
a3=tapply (aabvdh,list(ea$kodkom?2,dcat),sumnarm=T)/plotno

Hleg=c(1,2,3,4,5,6,7,8)

leg=c("DM ","DNM ","NDLHW"',"NDMHW" "NDHHW","NDM ISC"',"RAMIN","BN")
win.graph()

par(mfrow=c(3,1))

par(mai=c(0.3,05,0.1,0.1))

barplot(al,beside=T RUE,col=1:8,axes=F,y la="Sens per

hectare" y lim=c(0,250));box(); axis(side=2)

barplot(a2,beside=T RUE,col=1:8,axes=F,ylab="Basa areapea

hectare" y lim=c(0,4));box(); axis(side=2)

par(mai=c(0.3,05,0.1,0.1))

barplot(a8,x1ab="dbh class in cm',beside=T RUE,col=1:8,ylab="Volume per
hectare" y lim=c(0,40));box(); axis(side=2)
legend(2,35,col=1:8,legend=legfill=1:8)

sewd(" C./ARK/5-Research Projects/Peat Svamp Forest/HarvestingregimeResults')
write.table(al,"tphby ddas.txt")



write.table(a2,"bahby ddas.txt")
write.table(a3,"volhby dclas.txt™)

reurn(lig(tph=round(al,1),bah=round(a2,2) ,volh=round(a3,2)))
}

psf.da <-out psf()
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CHAPTER THREE

IMPACT OF REDUCED IMPACT LOGGING SYSTEM ON RESIDUAL TREES
IN PEAT SWAMP FORESTS

By

Ismail Parlan, Abd Rahman Kassim, M ohd Nizam M ohd Said, Wan M ohd Shukri Wan
Ahmad, Samsudin M usa, Ismail Taib & Grippin Akeng

3.1INTRODUCTION

The only harvesting machine used in Pekan Forest Reserve (FR) is the Rimbaka timber
harvester (RTH), popularly caled Rimbaka The machine was developed by Syarikat
Upaygpadu Sdn. Bhd. and employs the reduced impact loggng (RIL) system as
described by Elias and Khai Aziz (2008). Snce 1999, RIL has been the only system used
for timber harvesting in Pekan FR (Foresry Depatment of Pahang 2006). Therefore, the
same RIL system using Rimbakawas used in this study. In generd, the main objective of
this study wasto determine the impacts of the RIL system on theresidua trees as gpplied
in the Pekan FR.

3.2MATERIALS AND METHODS

Compartment 77 in Pekan FR was used as the study site as described in Chapter 1. All
blocks were given similar treatments with respect to the RIL system, the only difference
beingthe cutting limits for each block.

An assessment of the damage to residud trees was caried out immediately after
completion of the harvesting in dl blocks. Assessment was done on the residua trees of
>15 cm dbh usingthe same 20 x50 m Pre-F inventory plots. Undamaged trees were also
recorded.

Damage was categorized into three categories based on damage to crowns, stems
(including bark), and roots (including buttress). The degree of the damage was
categorized into four categories: undamaged, light, medium and heavy damage. Light
damage implies that the residud tree will be able to recover and grow as a norma tree,
medium refers to damage that will possibly affect growth of theresidua tree, whil e heavy
damage will ultimately cause mortdity to the tree. The damage was based on the
classification used by Wan M ohd Shukri et al. (2000), with some modification for the
PSF environment. The criteriaused to classify damage classes for residual trees are gven
in Table 3.1. Data andysed in this pgoer are presented as ‘tatd’ (based on the 25 ha of
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each block) because there was no replication of the cutting limits, as they dready covered
alarge areaof 100 haconsidered as ared production size in the harvesting of the PSF.

Table 3.1 Degree of damage on residual trees

Type of | Undamaged Light damage Medi um damage Heavy damage
damage
Crown 0 = not broken 1 = broken < 25% 2 =broken 25 — 3 = broken > 50%
50%
Sem 0 =no scrach 1 = scrached 2= srgped<2m | 3 =broken/
fractured/split
Root 0 = not affected 1= dafeded< 2 = dfeded 25— 3 = dfeded >
25% 50% 50%

3.3RESULTS AND DISCUSSION
3.3.1 Actual Log Production

Table 3.2 shows the actua log production based on harvesting blocks in the study area
The tota log production was 8,698.9 m®> from 3,684 harvested trees. The total qu
production for Blocks 1, 2, 3 and 4 were 2,763.2, 2,653.5, 2,002.7 and 1,279.5 m°® ha

respectively. On average, about 87.0 m?> ha'* of logs of all species were harvested from the
study site.

Table 3.2 Actud log productions

Log produdion Total volume (m°®) Average (m*ha™)
(Total number of trees) (Average number of trees)
Block 1 2,7632 1105
(25 ha) (1,287) (515 demsha®)
Block 2 2,65635 106.1
(25ha (1,078) (43.1 4emsha®)
Block 3 2,002.7 80.3
(25 ha (851) (34.0 gemsha?)
Block 4 1,2795 512
(25ha (468) (18.7 gemsha’)
Total (100 ha) 8,698.9 870
(3,684) (36.8 gamsha’)

3.3.2 Damage on Residua Trees

Results of damage assessment after the completion of harvesting operations are shown in
Table 3.3. There were atotd of 547, 547, 643 and 659 trees of >15 cm dbh recorded in
Blocks 1, 2, 3 and 4 respectively. The tatal numbers of trees that survived were 467
(85.4%), 468 (85.6%), 538 (83.7%) and 582 (88.3%) for Blocks 1, 2, 3 and 4
respectively. Thus, the tata numbers of trees that died for dl species for Blocks 1, 2, 3
and 4 were 80 (14.6%), 79 (14.4%), 105 (16.3%) and 77 (11.7%) respectively.
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The tota numbers of survived trees of al species that were undamaged were 318
(58.1%), 315 (57.6%), 427 (66.4%) and 460 (69.8%) in the respective blocks. The
numbers of survived trees that suffered various degrees of damage were 149 (27.2%), 153
(28.0%), 111 (17.3%) and 122 (18.5%) for Blocks 1, 2, 3 and 4 respectively.

Table 3.3 Tree damage assessment (> 15 cm dbh)

Parameter Blodk 1 Blodk 2 Blodk 3 Blodk 4
Total number of trees

surveyed 547 547 643 659
Total number of trees

that died 80 79 105 77
Percentage (%) 146 144 16.3 117
Total number of trees

that survived 467 468 538 582
Percentage (%) 854 856 83.7 88.3

Total number of trees
that survived with

various degrees of 149 153 111 122
damage
Percentage (%) 272 280 173 185
e Total number of
treeswith heavy
damage 66 63 72 70
e Percentage (%) 121 115 11.2 106
e Total number of
treeswith
medium damage 58 43 21 22
o Percentage (%) 106 7.9 3.3 3.3
e Total number of
treeswith light
damage 25 47 18 30
e Percentage (%) 4.6 8.6 2.8 4.6
Total number of
undamaged trees 318 315 427 460
Percentage (%) 58.1 576 66.4 69.8

Table 3.4 shows the survived trees in different dbh classes. All gecies of smdler dbh
classes illustrate a high number of survived trees. The results were expected as the
smaller DBH cl asses represent the mgjor number of treesin the study area.
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Table 3.4 Tata numbers of survived trees

Dbh dass(am) Block 1 Block 2 Block 3 Block 4
>15-30 286 314 31t 385
>30- 45 146 131 152 117
>45- 60 33 20 65 70
>60- 75 2 2 5 9

> 75 0 1 1 1
Total 467 468 538 582

Results of trees that survived undamaged and with various degrees of damage to the
crowns, stems and roots in the harvesting blocks are given in Table 3.5. Obviously, for al
species, damage to crowns was the mgor damage in all blocks, generdly followed by
stems and roots, except for light damage in Blocks 2 and 3 where roots showed the
highest damage. Wan M ohd Shukri et al. (2000) aso reported that crown damage was the
main damage followed by stem and root damage inthe RIL related study a Jerangau FR,
Terengganu. For al species having various degrees of damage, although heavy damage
was the highest in Blocks 1, 3 (especidly) and 4, it was followed by light damage in
Block 3 and 4 and medium damage in Block 1. In Block 2, however, light damage was
the highest, followed by heavy damage. However, thetota number of residua trees with
damage was relatively low as compared with those treesthat were undamaged.

Table 3.5 Numbers of treesthat survived undamaged and with various degrees of damage
to the crowns, stems and roots (>15 cm dbh)

Blodk Type of Light Medium Heavy
damage* Undamaged damage damage damage
Block 1 Crown 318 25 58 66
Sem 380 28 33 26
Root 435 12 8 12
Block 2 Crown 315 47 43 63
Sem 372 45 26 25
Root 397 51 7 13
Block 3 Crown 427 18 21 72
Sem 437 22 14 65
Root 451 37 10 40
Block 4 Crown 460 30 22 70
Sem 524 21 16 21
Root 574 1 1 6

Note: *number of trees may overlg for crowns, semsand roats.

There were only two causes of damage monitored in this study: felling and extraction.
Felling damage was caused during the tree felling activity, while extraction damage was
caused when the logs were being pulled dong the ‘jdan tarik Rimbaka (JTR) by the
RTH. It was nated that the fellers had adopted directiond fellingof treesin al harvesting
blocks. Table 3.6 shows the causes of damage to the crowns, stems and roots in each
harvesting block. Generadly, extraction regstered a minor contribution to the damage
cause, except for Block 3 that gave 21.3%. In fact, extraction caused only about 1.6%
damageto theresidua treesin Block 4.
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Table 3.6 Causes of damageto crowns, stems and roots based on survived treesin
different blocks (> 15 cm dbh)

Damage Block 1 Block 2 Block 3 Block 4
type Fdling | Extraction | Fdling | Extraction | Fedling | Extraction | Fdling | Extraction
Crown 141 8 141 12 98 13 121 1
Stem 81 6 87 9 72 29 57 1
Root 29 3 61 10 66 22 7 1
Totd 251 17 289 31 236 64 185 3
(93.4%) (6.6%) (90.3%) (9.7%) (78.7%) (21.3%) (98.4%) (1.6%)

Even though directiond felling was applied during the fdling activity, damage due to
felling was unavoidable as the PSF is relatively dense compared with the dry inland
forests (Khai Aziz et al. 2009). Therefore, thefelling activity would cause some damage
or even mortaity tosome of theresidua trees. Fortunately, the PSF being on flat and soft
land, damageto theresidud trees was minimized as the fell ed trees caused damage on the
spa. It has been reported tha on geep terrain in hill forests significant damage to residua
trees was caused during the felling operation as the felled trees might slipped down the
terrain (Kamaruzaman 1996).

In the harvesting operation, Block 3, which recorded the highest damage dueto extraction
a about 21.3% was harvested firg followed by Blocks 4, 2 and 1 successively. Block 3
and half of Block 4 were harvested in late 2006, but temporarily stopped until February
2007 due to flooding during the monsoon season. The dudy area was completely
harvested by May 2007. The damage assessment survey was done during the whole of
July 2007 on dl the harvesting blocks. Block 3 being the first block to be harvested
suffered the highest damage during the extraction activity as the Rimbakaoperators were
still familiarizing their skills in the operation. This is in line with the generd finding by
Wan Razdi (1993) who reported that less experienced operators could creste more
damage. M ost of the dead trees were caused by the feling activity, recording 88.8%,
82.3%, 66.7% and 88.3% in Blocks 1, 2, 3 and 4 respectively (Table 3.7).

The damage from extraction is much related to the number of extraction lines. M ore
extraction lines will cause more damage to the residual trees. Therefore the extraction
lines have to be reduced. It could be reduced by directing severd felled trees to the pre-
determined directions. The daermination of pre-determined direction for the extraction
should be done during the preparation of harvesting plan as described by Elias and Khdi
Aziz (2008).

Table 3.7 Causes of tree mortality in different blocks (> 15 cm dbh)

Cause Block 1 Blodck 2 Block 3 Block 4
Felling 71(83.8%) 65 (82.3%) 70 (66.7%) 68 (83.3%)
Extraction 9 (11.2%) 14 (17.7%) 35(33.3%) 9 (11.7%)
Total 80 (100.0%) 79 (100.0%) 105 (100.0%) 77 (100.0%)
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3.3.4 Comparison of Log Production and Damage on Residua Trees

The produdlon of logs and number of trees felled for Block 1 were 4.4 m’® ha' and 8.4
stems ha* more than for Block 2 (Table 3.2). The only difference between both blocks
was the cutting limit of Group 1 gecies, in which Block 1 had a cutting limit less by 5
cm. Nonetheess, the percentages of dead, damaged and undamaged trees in both blocks
werefarly similar.

The average percentages of the dead and undamaged trees for dl four blocks were 14.3
and 63.5% respectively. In terms of damaged trees, the average percentage of trees that
indicated heavy damage was about 11.4% (T able 3.3). These trees were expected to die
due to their heavy damage condition. The average percentage of trees having combined
medium and light damage was 10.8% (Table 3.3). Thesetrees were expected to survive
as the residud trees since their damage was considered acceptable for the trees to grow.
Therefore, the tatd loss of trees >15 cm dbh in the areas was a combination of dead and
heavily damaged trees a 25.7%. However, it has to be naoted that four sets of cutting
limits representing low to high cutting limits were used in this study .

The log production |n Block 4 was fairly high at about 51.2 m® ha' even though only
about 18.7 stems ha’ of trees were felled. Their undamaged trees a 69.8% were the
highest and dead tre& a 11.7% were the lowest among the al four blocks. Block 3
produced 80.3 m® ha' of logs at 34.0 ¢ems ha’® of trees felled. The percentages of
undamaged, dead and damaged trees a 66.4, 16.3 and 17.3% respectively in Block 3
wererdatively not too far different from thosein Block 4, though Block 3 had moretrees
felled by 15.3 stems ha™.

Even though Block 4 had the lowest percentage of dead trees, the damaged tree
percentage was higher than for Block 3; moreover the log production of Block 4 was far
lower. The log production of 80.3 m® ha' in Block 3 m|g1t be conS|dered as
economically fessible as an economic cut of dry inland forest is set a 80 m® ha* for
primary fores (Sdleh et al. 2008). It might be the same case of economic cut for the PSF.
Lowering the cutting limit, especidly for those species in Group 3, to 40 cm dbh as in
Blocks 1 and 2 had resulted in more gap openings and damage to the residual trees.
Therefore, it can be said that the cutting limits of Block 3 had gven the most appropriate
log production and rel atively acceptable harvestingimpact on the residud trees.

3.3.5 Comparison With Another Similar Study

Only the sudy by Zulkifli (2005) is suitable for comparison of these results due to the
similarity of the RIL system and type of data collected. He aso investigated the impacts
of harvesting using Rimbaka in PSF at Pekan FR. Zulkifli (2005) recorded an average of
253.3 stems ha' of trees >15 cm dbh; about 8.8 stems ha' were felled with log
production of 43.6 m* ha’. Thetota percentage of damaged and dead residual trees was
about 17.5%. Out of al residua trees surveyed, abou 82.5% of the trees were
undamaged.

The number of stems felled in the current study at 36.9 sems ha' was about four times
that of Zulkifli (2005) at about 8.8 stems ha'. However, the average log production of the
current study at 87.0 m® ha* was only about double that of Zulkifli (2005). It has to be
noted that Blocks 1 and 2 in this current study each produced more than 100.0 m°>ha’. In
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addition, Zulkifli (2005) only harvested trees with > 60.0 cm dbh (Chong & L atifi 2003);
therefore his volume was hi gher, even though the number of trees felled was lower.

It was aso found that, generdly, results of lightly and medium damaged trees, heavily
damaged trees and dead trees in the current study were aso about double as compared
with the results of Zulkifli (2005). In totd, the percentage of damaged and dead trees in
the current study was about 36.5%, while the sudy by Zulkifli (2005) reported about
17.5%. M eanwhile, undamaged trees in this current study was lower a about 63.5%
compared with about 82.5% as reported by Zulkifli (2005). Highly selective harvesting
by adopting high cutting limits and selection of only preferred species to be harvested
(Chong & L atifi 2003) in the study of Zulkifli (2005) were the main reasons for the low
damage and hi gh undamaged residud trees.

3.4 CONCLUSIONS

Mgor damage to the fores gands harvesed using the RIL sysgem is caused by the
construction of forest roads (secondary road) and JTR (Chong & Latifi 2003, Zulkifli
2005). It is because totd clear cutting of trees had to be done in those aeas for
movement of the harvesting machinery. Nevertheless, road and JTR construdions a the
PSF under the RIL using RTH were rdativey very smal in area cleared as they
constituted only about 0.6% (tata of 0.6 ha) and 2.0% (totd of 2.0 ha) respectively of the
100 ha of harvesting area (Elias & Khai Aziz 2008, Zulkifli 2005). However, fidd
observations in the current study found that portions of JTRs exceeded their prescribed
widths of 5m (Elias & Khdi Aziz 2008), resulting in more gap openings in forest areas
and damageto theforest stands. Therefore, even with the implementation of RIL in PSF,
regular monitoring, checking and enforcement should be conducted to ensure close
compliance with the prescribed guidelines.

The RIL in this study recorded considerably low damage impacts on the residua trees,
though the damage was higher than in another study by Zulkifli (2005) using a similar
system. Based on this study, the overadl damaged and dead residud trees were about
36.5%. The dead trees due to the harvesting operation only constituted about 14.2%. In
fact, theresidua trees that received various degrees of damage or died were mainly dueto
thefdling activity, which is generally common in al harvestingoperations. It was found
that log extraction, the main part of the RIL, only contributed a small portion to the
overall damage or tree mortaity as compared with thefdling activity. It isclear that the
implementation of RIL in PSF helps to minimize damage to theresidua trees. This study
has shown that RIL had successfully produced relatively low damage and mortdity tothe
residual trees and therefore should be continued and encouraged in the harvesting of the
PSF.
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CHAPT ER FOUR

DETERMINATION OF OPTIMUM HARVESTING AND CUTTING CYCLE
FOR PEAT SWAMP FOREST

By
Ismail Harun, Hafendy Osman & Ismal Parlan
41 INTRODUCTION

Accurate estimation of populaion dy namics, growing stock, cutting cy clesand allowvable
harvest which are biologcally sustainable is important in achieving sustainabl e forest
management in produdion pest swamp foreds (PSF). Cumrently, the PSF in Peninsular
M aaysiais managed under a modified Selective M anagement Sy stem (SMS), which was
besical ly a system designed for the management of the dry inland forests.

As the PSF is a unique forest type with silvicultural cheracteristics that are rather
dfferent from those of the dry inland forests, it is hgoed tha through thisstudy, suitable
Slvicultura and management practices could be formulated so that the PSF could be

managed in a sustainalbde manner.
42 MATERIALS AND METHODS
The study was undertaken in three mgor parts as follows:

4.2.1 Part 1. Analysisof Permanent Sample P ot
In early 2008, a study was undertaken to demllate and reanayze gowth and yidd data

from a permanent sanple plat established 1998 under the Maay sian-DANCED project
(M ohd Hizamri 2006). The plot was located in Compartment 99, Pekan Forest Reserve

(FR) (Figure 4.1). M essurements of the pld were done in 1998, 1999, 2000, 2003 and
2006. The desgn of the plot was aone-haplat per treatment and was replicated twice.
Thetreegmentsgiven ae asindicated in Table 4.1. The amounts of timber removed from
the original forest are as shownin Figure 4.2.

Andy sis was undertaken to etimate damete growth or inaement, annua mortality rate
and annual ingowth for diff e@ent diameter dasses and species group [i.e Dipterocarps
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meranti (DM ), Dipterocarps non-meaanti (DNM), Non-dpterocaps light hardwoods
(NDLHW), Non-dipteocarps medium hardwoods (NDM HW), Non-dipterocarps heavy
hardwoods (NDHHW), Non-dipterocarps misc. (NDMICS), Ramin (RAMIN) and
Bintangor (BN)]. For the pumpose of the study, calculation was done for all trees equal
and greaer than 15 cmdbh.
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Figure 4.1 Location of the gudy areain Compartment 99, Pekan FR, Pahang
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Table4.1 Plat treatments in Compartment 99, Pekan FR

Treatment Abbreviation
High cutting intensity (cutting al trees 30 cm dbh and large’) — T1
6%
Medium cutting intensity (cutting dl trees 45 cm dbh and T2
larger) —20%
Low cutting intensity (cutting al trees 60 cm dbh and large) — T3
29%
Medium cutting intensity wih seledive cutting by diameter T4
dasses (30 cm dbh and lar ger) — 21%
Control (minimal cutting) — 9.5% T5
70
60
g 4513 @ Stems
5 Basal areal
s3] By
10 1 N ———
0 , , , i |
T1 T2 T3 T4 T5
Treatment

Figure 4.2 Pacentages percent of remova from theplots

4.2.2 Part 2: Devel opment of Yield Projection M odel

This part of thestudy was undertakento develop agand projection modd using growth
parameters obtaned in Part 1. The mode was developed based onM YRLIN which was
developed by Alder et al. (2002). Some madifications wae made to M YRLIN on the
diameter increment and species grouping, where species were grouped into the eight
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ecies groups of DM, DNM, NDLHW, NDMHW, NDHHW, NDM ICS RAMIN and
BN.

In 2007, the modified model called Growth and Yidd M odel for Mixed Tropical Forest
(GYMMTF) was devdoped by Ismal (2007) who later developed Growth and Yied
Mode for Tropical Pest Svamp Forest (GYMTPSF) in 2008. The modd was written
using M S Office Access with the ability to save output datainto M S Excel. The structure
of the model consisted of thre2 main modules, i.e. Database preparation, Smulation and
Outputs. The outputsthen were used in the later part of the sudy .

4.2.3 Part 3: Determination of Optima Cutting Cycles

The method used in this study was by calcuating mean and current annua increments
(MA1 & CAI). Theoptimum cutting cy cle was determined when MAI was equa to CAl
by usingdata from FRIM’s sudy siteat Conpartment 77, Pekan FR (Ismail et al. 2005,
and refa to Chapter 1). The gudy aea of 100 ha was divided to four blocks assigned

with different autting limits (Table 4.2).

Table 4.2 Cutting limits for pecies goup ineach havesting block at Compartment 77,

Pekan FR
Block Cutting limits (dbh) Description
Groupl —Group 2—-Group 3
1 50-45-40 Low cutting limits
2 55-45-40 Medium cutting limits
3 60 —50— 45 Medium cutting limits
4 65 —55— 50 High cuttinglimits

Group 1 = G. bancanus and dipterocarps only

Group 2 = Callophyllum gop. only
Group 3 = aher edes

43 RESULTS AND DISCUSSION

4.3.1 Diameter Increment

Results indicated that the ovaadl diameter gowth of treesin PSF including Gonystylus
bancanus is slower than that of other inland species Gonystylus bancanus recorded the
diameter growth of 0.28 to 051 cm yr, dependingon thetota besal area (TBA). The

average mortdity and ingrowth was recorded at aout 2% per year. The diameter
increments are shown in Table4.3.
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Table 4.3 Diameer incrementsof all species in PSF (am yr'l)

Count Minimum  Maximum Mean Standarderror of Standard

mean deviation
1 270 .000 3.500 574 .02 .518
2 366 .000 3.588 517 .04 .451
3 357 .000 6.300 .596 .08 532
4 355 .000 6.413 .626 .037 .693
5 456 .000 3.750 499 .02 470

For thepurpose of madelling, series of diameter inaement functions were developed as
shown in Table4.4. The diameter increment function for G. bancanus over totd basa

aeais shown inFigure4.3. The spedes recorded average dameter increments of 0.28 to
051 cmyr™.

Table 4.4 Diameter increment functionsfor al speciesgroup in PS-

Spedes Group Diameer increment functions
1. DipterocapsMeranti (DM) D=exp 02
i
(-U. 1Y 1135-.UL1ZLZ08" IBA)
2. Dipterocarps Non-meranti (DNM) D =exp -02
I
3. Non-Dipterocarps Light Hardwoods D :exp"”"”’”““““" 02
i
(NDLHW)
4. Non-Dipterocarps Medium Hardwoods | —exp oyt B 02
i
(NDMHW)
5. Non-Dipterocarps Heavy Hardwoods b e 0
i
(NDHHW)
(FU.WB//01-UU1LLZ4L0" IDA)
6. Non-DipterocarpsMiscl. NDMICS D =exp 0.2
I
(-U.Z003/-U.UL4/ 3L IBA)
7. G. bancanus (RAMIN) Di =exp -0.2
(-U.L000 /-U.UL4I D LI” IDR)
8. Bintangor (BN) D =exp 0.2
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Figure 4.3 Diamete increment function for G. bancanus

4.3.2 Mean Annua Vdume Growth

Mean annua volume increment for G. bancanus was recorded at an aveage of 0.215
nrhalyr?! out of thetaa MAI of 1.8 m*halyr™ for al species equal and g eater than 15

an (Table 4.5). The result aso indicate tha medium and high autting limits produce
better future gowth responses, espeadly for Block 3: 60/50/45 and Blodk 4: 65/55/50

(Table4.2).
Table 4.5Mean annua volumeina ements for al speciesand G. bancanus in PSF
Mean Annual Inaement Block 1 Blodk 2 Block 3 Block 4
. 1 -
All species (mha'yr?) 1.84 1.88 1.5 1.80
G. bancanus anly (m’na’yr™) 0.212 0.199 0.234 0.213

4.3.3 Optimum Cutting Cycle and Initial GrowingStock

Usingthe GYMTPSF,the prgected volume using all residud stands indicaes that option
4 (Block 4) produced the highest volume growth response as compared with the others

(Table 4.6 and Figure 4.4).

The projections were done for a period of 120 years.

Projections for tota tress and volumefor G. bancanus are shown in Figures 4.5 and 4.6.
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Table 4.6 Volume projections dter felling by block

Y ear Blodk 1 (m°) | Block 2 (m®) | Block 3 (m®) | Block 4 (m®)
0 7397 68.92 102.80 107.49
5 84.14 79.63 11422 11620
10 94.17 89.39 12035 124.95
15 10488 10015 13156 13829
20 11611 11117 14264 150.88
25 127.46 12226 15372 162.93
30 13858 13316 16457 174.30
35 14926 14368 17490 184.83
40 15941 15369 18453 19444
45 16893 16311 19336 20313
50 177.78 17190 20134 21091
55 18594 18007 20851 217.86
60 19341 187.61 21489 22404
65 20021 19456 22056 22953
70 20637 20093 22556 23441
75 21192 20675 22998 23874
80 21693 21206 23387 24259
85 22144 21688 23730 24601
20 22548 22125 24032 24905
95 22909 22520 24297 251.76
100 23232 22876 245.30 25416
105 23520 2319 24735 25629
110 237.75 23482 24915 25817
115 24001 237.37 250.71 259.82
120 24199 23963 25208 26128

30000
25000 —
©
< 20000 — — —Block 1
Tf’ 15000 = — Block 2
g 10000 / Block 3
Cha _~ Block 4
5000
000 L e e LI B e e e e e e e B e L a e
°S 5 83 8 5 % 3 33 8 5 £ K
Year

Figure4.4 Volume (m®) projections &ter felling
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Figure 4.6 Prgected volumes (m°ha’) of G. bancanus treesfor 120y ears

The resuts also indi cates that the optimum autting ¢y cle for the whole stand is estimated
a about 40 y ears with aprojeced volume inaement of about 1.8 nha'year as gven in
Table 4.7. Theinitia growingstock after fdling that has to be reained in the forest is

100 m’na* (dbh >15 am) for dl species. I the stand is to be managed at acutting cycle
of 40 years, themaximum gross harvestable volumefor the whole sand is projectel to be

72 m°hal, of which 8.9 m*ha’is of G. bancanus.
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Table 4.7 Mean vdume increments and ogptimum cuttingcy clesfor PSF in Pekan FR

Parameter Blok 1 Blok 2 Blok 3 Blok 4
M ean volume 184 1.88 1.75 1.80
increment (m°ha
yr)
Optimum autting 3540 395-40 35-40 3540
cycle (year)

4.4 CONCLUSIONS

Overall trees inPSF grow at dower rates (average dameter growthof 0.2t0 0.6 anyr?)
than those in inland forest. The study also indicated that medium remova (20-30%)
produced bette diameer, basal area and volume gowths In this study, a prgection
modd, GYM TPSF, was successfully developed. It is a simple accurate and user—
friendly model. The study asoindicated that the volume M Al for the whde sandin PSF
is about 1.8 m*hal'yr for all trees equal and greater than 15 cm dbh. It can be concluded
that the medium and high cutting limits produced better future growth response, In
management the optimum initia growing stock after fellingshould be at 1east 100 m°ha’
(dbh > 15 cm). The optimum cutting cycle is projected a 40 years with a gross
harvestable volume a 72 m°ha” for all species and 89 m°ha” for G. bancanus.
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CHAPTERFIVE

FINANCIAL EVALUATION OF TIMBER HARVESTING IN PEAT SWAMP
FOREST

By

SHleh M at, Ismal Parlan & Ahmad Fauzi Puasa

5.1 INTRODUCTION

Forest harvesting for timber extraction in Peninsular M daysia has been carried out
since the late nineteenth century (Wong 2001). Forest harvesting activities play a
main rol e in socio-economic and rura development. In the forest harvesting practices
in Peninsular M daysia, a forest area would be opened for harvesting as a long-term
ageement area (timber complex), short-term agreement area (sawmill scheme), on
tender or others.

Longterm forest concession contract/agreement has been preferred in order to
facilitate exploitation sustainability (Barbone & Zaduendo 2000), security or
sustainability of raw materia supply as a mgor incentive for local wood processing
(Schmithiisen 1976), while in short-term forest concession, the loggng and
sawmilling industry cannot invest in modern and environmentaly friendly equipment
due to the uncertainty of operation in the following years (Havelund & Saharuddin
1999).

The costs of forest harvesting vary as recorded in previous sudies. They dgyend on
the harvesting activities selected in the andysis, for instance, supervised harvesting
or unsupervised harvesting, and types of forest harvesting method such as ground-
based harvesting using crawler tractor and forest harvesting using skyline sy stem and
so forth. Ismail Adnan (1990, 1991) stated that the cost of log skiddingusing “winch
mounted sled” in the PSF was RM 15.48 m>. M uhammad Farid and Shamsudin
(1992) reportedthat the operating cost of skyline cable sysem was RM 8.65 m?. The
above studies recorded the costs of skidding operation only but the overdl costs of
forest harvestingwere not calculated.

There have been no study results on profit from timber harvesting in PSF in
Peninsular M day sia However, as a comparison, the profit from timber harvesting in
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hill forest can be used. The profit generated from timber harvesting in hill forest by
concessionaires varies depending on the timber species produced and log prices.
Verissimo et al. (1995) showed that the profit ganed from conventiona timber
harvesting was USD800,000.00 (RM 2.02 miIIion)l per year. Another study showed
that the annud profit of timber harvesting in sustainable forest mana?ement (SFM)
was estimated at USD217,000.00 (RM 551,180.00) or USD900.00 ha™ (RM 2,286.00
ha')? (Verissimo et al. 1992).

The viability of forest harvesting practices could be determined by the net present
vaue (NPV) of timber extraction, viz. using the benefit and cost analysis (BCA)
gpproach. 1n some studies, BCA has been used to compare the NPV or profitability
of timber harvesting in SFM with that in unsustainable forest management. For
instance, a study conducted by Barreto et al. (1998) showed that the NPV of timber
extraction in hill forest with fores management (planned logging operation) was 38
to 45% higher than that without management (unplanned loggng operation).

To date, a gecific system of fores management for PSF in Peninsular M day sia has
not been produced. Therefore, the sudy as described in previous chapters was
conducted to determine and deveop a suitable cutting reg me and the results of the
study would be used as a sysem for the management of PSF for timber production.
A financid analysis was carried out in order to determine the cutting limits/regimes
suitable for timber harvestingin terms of financia return. This would assist the forest
manager to control costs of forest management/logging and to compare the viability
of timber harvesting with SFM (certified timber produced) and without SFM
(uncertified timber produced).

5.20BJECTIVE

Generdly the objective of thefinancid study was to deaermine the viability of timber
harvestingin PSF with SFM , ecifically:

e toestimatethe cods and benefits and viability of timber harvestingin PSF;
e toconduct asensitivity anaysis of timber harvestingin PSF.
5.3MATERIALS AND METHODS

5.3.1 Study Site

The study was carried out in Compartment 77, Pekan Forest Reserve (FR), Pahang as
described in Chapter 1.

11 uUsSD=RM 253
21 USD=RM 254
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5.3.2 Framework of the Finandal Evaluation

The framework of the financid evauation is shown in Figure 5.1. The benefits and
costs derived with SFM from the long-term forest concession were caculated. Then
theincrementa net benefit was obtained.

The ten percent (10%) discount rae was selected and used in the cash flow with
SFM. The discount rate (interes rate) was based on basic loan rate (BLR) or
existinginterest ratein the market as provided by Bank Negara.

Thenorma cutting cycle of timber harvestingis 30 to 60 years. In this sudy, the 35-
yr cutting cy cle was selected and the cash flow was developed for 35 yr only.

Timber havegingin Blocks 1,2, 3and 4 in
Compatment 77, Pekan FR

| dentifying all relevant items (revenues and
costs)to be included

4
Quantifying all items (revenues and costs)
in physical units.

>
Valuating al relevant items (revenues and
costs) into mongay units.

'
Multiplying revenuesand costs by market price.
Total revenues and cods would be entered into
the cash flow.

v
Slecting an gppropriae discount rae.

Discounting future benefits and costs
relative to present benefits and cods in
order to oltain presant values.

v
Adding up the presat value of benefits (B).
Adding up the present value of cods (C).
Calculating benefit-cog raio (B/C) and internal
rate of reum.

v

Carrying out senstivity analyss of NPV with
regped to changesin price cog and yield.
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Recommending the value of NPV with SM
either lower or higherthan without M.

Figure 5.1 Framework of thefinancid evauation

5.3.3 Identifying Costs and Benefits

Dataon the primary timber harvesting costs and log production from study areawere
directly collected ether from thelogging contractor (Upay gadu Sdn. Bhd.) or a the
study site and summarized into a standard form survey. Standard forms for the
survey to record dl data of timber harvesting activities are gven in Appendices 5.1
and 5.2. A constraint of this study was in obtaining data on the hire rates for the
logging operations such as for operating chain-saw, Rimbaka timber harvester
(RTH), traxcavator (localy called itik), lorry and others, the time consumed and
budget. All costs for each of the timber harvesting activities were summarized and
calculated on per hectare (RM ha'') and per cubic meter (RM m®) basis.

5.3.4 Quantifying and Valuing Costs and Benefits
The actud log production from each block was used in the analysis. Table 5.1 shows

the basic information on the study area

Table 5.1 Basic information on the study area

ltem Total volume Volume per ha
(m?) (m*ha™)

Log production in Blodk 1 (25 ha) 2,7163.18 110.53

L og production in Blodk 2 (25 ha) 2,65352 106.14

Log production in Blodk 3 (25 ha) 2,12542 85.02

Log production in Blok 4 (25 ha) 1,279.46 5118

Total logproduction (100 ha) 8,821.58 88.22

In the cash flow, timber harvesting was assumed to be carried out one hectare per
year. Log price was multiplied by thetimber produdion in each year to get thetatd
benefit, while the cost of timber harvesting per hectare according to activity was
multiplied by the annua aress in each year to get thetotd cost.

i) Logprices

The ex-betau log prices used in this financid anaysis were provided by Amanah
Saham Pahang (ASPA). An average of 12 months log prices in 2006 was calculated.

i) Investment criteria

In this gudy, the viability of timber harvesting in PSF from reduced i mpact loggng
(RIL) system was evaluated using the BCA as eaborated by World Bank (2001).
Theinvestment criteriaused in the anaysis were:

44




e net preset vaue (NPV);
e internd rateof return (IRR);
e benefit and cost ratio (B/C).

The decision rule is that dl of the project is feasible when the value of NPV is
geater than 0, IRR vaue geater than the cost of capitd (i.e. discount rate used) and
B/Cratio geater than 1. Theformulasto calculatethe vaues of NPV, IRR and B/C
areasfollows:

a) Formulaof NPV

35
_ Bi- G

NPV= ), TN

t=1
Where,
B = tata vaue of benefits for aperiod of years, t
C = tatd value of costs for aperiod of years, t
r = discount rate
1/(1+r)" = discount factor
t =year 1toyear 35

b) Formulaof IRR

35

— Bt_Ct —

IRR= Y. T =0
t=1

¢) Formulaof B/C

35
B/C ratio = B
@+
t=1
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i) Sensitivity anaysis

Sensitivity analysis was carried out in this gudy in order to obtain the NPV and
benefit-cost ratio dueto changesin cost, priceand yidd.

35
L . C,
Theformulaof sensitivity anadysis= T
t=1

iv) Criteriaused in the cash flow
Thecriteriaused in financid cash flow are as presented in Table 5.2.

Table 5.2 Criteriaused in cd culating financia cash flow

No. | Item Finandal cash flow

1. | Area 1 hape year

2. Production of logs L og production was based on actual production in
each bloc.
Yieldfactor: 1

Conveasonfacor: 1

3. Log price Log price & maau was used.
Pricefador: 0.80

Conveson fador: 1

4. | Cog of timber Actual/primary cogt.
harvesting Cod fador: 1
Convesonfador: 1
L abour Killed labour
Discount rae Used 10%
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54 RESULTS AND DISCUSSION
5.4.1 Costs of Timber Harvesting

Table 5.3 presents the costs of timber harvesting in the PSF. The costs were divided
into two main categories, namely administration costs and loggng operation costs.
Administration costs con5|sted of premlum only. The totd cost of administration
was RM 10,518.84 ha* (RM 119.24 m' ) or 46.44% of the overadl cost.

Logging operation costs were divided into sub-costs, namely cost of Pre-F and cost
of fdling The cost of pre-fdling comprised those of Pre-F inventory, compartment
boundary demarcation and tree marklng The highest cost componert in pre-feling
was Pre-F mventory (RM 175. OO ha' or RM3.97 m ) followed by tree marklng
(RM 104. 31 ha' or RM1.14 m®). The taa cost of Pre-F was RM 313.06 ha' or
RM 5.54 m™ or 2.16% of the overal cost. The main road, f eeder roads and skid trails
were constructed using an excavator. The excavator was used to reduce damage to
standing trees. The cost of felling consisted of those of fdling and bucking, log
haulage, log skidding, log transportation, base camp, matau construdion, road
construction and ahers. The hlghest cost component in fdling was other costs
(RM 6,358.18 ha or RM72.08 m~), followed by log sklddlng (RmM2 425 93 ha*
or RM27.50 m ) and road construction (RM 1 036.36 ha or RM11.75 m ) The
totd cost of feling was RM 11,644.80 ha' (RM132.01 m ) or 51.42% of the overall
cost.

It was found that the total cost of timber harvesting in PSF was RM 22 476.70 ha*
(RM 256.79 m'3). The highest cog was from felling (51.42%), while the lowest cos
was from Pre-F (2.16%).

Table 5.3 Cods of timber harvesting per tonne (RM t'l), per cubic meter
(RM m®) and per hectare (RM ha')

No. Items % RMt™ RMm™® | RMha"
(A) Adminigtration cog:
Premium 46.44 216.79 11924 10,518.84
Subtotal 4644 216.79 11924 10,518.84
(B) | Logging operation cod:
Pre-felling
2 Prefelling invetory 155 721 397 175.00
3 Boundary demarcaion 017 0.78 043 37.75
4 Treemarking 044 207 114 10031
Subtotal 2.16 10.06 554 313.06
Felling
5 Felling and bucking 150 700 385 339.63
6 L og haulage (Rimbaka) 343 16.00 8.80 776.33
7 L og skidding (traxcavaor /itik) 10.71 50.00 27.50 242593
8 L og trangortation (lorry) 1.07 500 275 24259
9 Base camp/kongs condrudion 1.03 4.80 264 232.89
10 Matau condrucion 1.03 4380 264 232.89
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11 Road condruction 458 21.36 11.75 1,036.36
12 Other cost 28.07 131.04 72.08 6,358.18
Subtotal 5142 240.00 132.01 11,644.80
Totd 100.00 466.85 256.79 22.476.70

The costs of timber harvestingin PS- increased owingto time consumed, increasing
prices of petrol and other goods in the goba market, the number of foresters
involved in supervision and monitoring and complyingwith new harvestingregmes.

5.4.2 Benefit of Timber Harvesting

The results of the BCA are presented in Table 5.4. The andysis considered the
timber cycle of 35 years. The produdion vaues of timber extraction in Block 1 to
Block 4 are 110.53 m> ha', 106.14 m® ha', 85.02 m® ha' and 51.18 m® ha*
respectively. The results show that timber harvesting for the blocks generated net
revenues (before discounting) of RM41,363.14 ha* (RM1,181.80 ha' yr?) to
RM 1,024,935.93 ha' (RM29,283.88 ha' yr'). The average log prices used were
RM 639.38 m® (Block 1), RM 639.38 m™ (Block 2), RV 649.16 m™ (Block 3) and
RM 652.86 m® (Block 4).

Table 5.4 Net benefits of timber harvestingin four blocks

Blodk Cutting IRR Discounting NPV at 10% NPV at 10%

cyde (%) B/C** (RM ha™) (RM ha'yr?)
(yr)

Block 1 35 7262 2.06 230,095.9C 6,574.17

Block 2 35 68.13 1.98 212,351.64 6,067.19

Block 3 35 46.16 1.61 132,157.2C 3,775.92

Block 4 35 -2.75 0.97 -5,622.43 -160.64

Note: ** denotes discounting C and B atr =10%

The viability of timber harvesting of al blocks is evauated from outcomes in the
IRR, B/C and the NPV. From Table5.4, the NPV and IRR of the blocks respectively
fal between -RM 160.64 ha'y™ and RM 6 574.17 ha'y™, and between -2.75% and
72.62% respectively. Based on NPV, IRR and B/C criteria, the best performance is
shown by Block 1.

The sensitivity analysis was carried out and the results are shown in Table 5.5. If
costs and log production are constant, the lowest yric& for timber harvesting to be
viable are RM 319.69 m® (Block 1), RM 332.48 m® (Block 2), RM 408.97 m® (Block
3) and RM 678.97 m* (Block 4). If cost and price are constant, the lowest production
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was in the range of 53.23 to 55.26 m® hal. If price and log production are constant,
th% highest costs of timber harvesting are in the range of RM 246.50 to RM 796.00
m?-.

Table 5.5 Results of sensitivity anaysis

Scenario Block1 | Block2 | Block 3 | Block 4
If cod ard log production are
condant:
Lowest price (RM m?) 319.69 332.48 408.97 678.97
If cost and price ae condant:
Lowest production (m® ha) 55.26 55.19 5356 53.23
If price and log production are
condant:
Highest cost (RM m?®) 796.00 744.65 408.27 246.50

5.5 CONCLUSIONS

The results of timber harvesting in dl blocks are influenced by the ratation age, the
volume extracted, cost and price of logs. The financid anaysis gave positive NPV
for timber harvesting in Blocks 1 to 3 but negative vaue in Block 4. Therefore
timber harvesting is viable in Blocks 1, 2 and 3, but nat in Block 4. As comparison
of NPV vaues, NPVgiocia > NPVgioee > NPVgioaiz > NPVgigcia.  Timber harvestlng
shows the best performance in Block 1 which complies with the harvesting reg me.
Nonetheless, sdection of the cutting limits dso depends on results from other
important agoects such as impact anaysis on residua trees and optimum harvest.
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Appendix 5.1

COSTSOF FOREST MANAGEMENT BY FORESTRY DEPARTMENT

Stae Pahang Reporter
Project Peat Swamp Project Dae
Location Pahang Forestry Department Forest Type |Peat swamp
District Pekan
Compartment Compartment
boundary Prefdling boundary Prefdling
messured / inventory | Tree marking| Closing | Post-F measured / inventory | Treemarking |Closing repor] Post-F
Compartment/ Block na. | deaning (m) (ha) (ha) report (ha) | (ha) deaning (RM) (RM) (RM) (RM) (RM)
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Appendix 5.2

HARVESTING COSTSBY CONTRACTORS

Stae Pahang Reporter

Project Pest Swamp Project Date

Location Pahang Forestry Depatment Forest Type Peat swamp
District Pekan Area (ha)

Compartment/ block no.

Administration costs

RM

Fdling costs

RM

Premium

Fdle/ chan-saw operaor

Road construction

Chan-saw assistant

Base camp construction

Long haulage operator/ RTH

Matau construction

Long haulage assi stant

Harvesting plan preparaion

Log skidding operator/ traxcavator (itik)

Hammer registration

Log transportation/ Lorry

Worker registration

Crew leader/ “ kepdd’

Vehide machinery registration

Cook

Logs transportation to mill

Betau/ camp derk

Mai ntenance Loader operaor a inside maau
Royaty Driver (Hi-lux, pgero)
Cess Manager
Other costs Camp supervisor
Fud
Loader operator & outside matau
Officedek
Sub totd Sub tota
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CHAPTER SIX

PRODUCTIVITY AND TIMESTUDY OF REDUCED IMPACT LOGGING IN
PEAT SWAMP FOREST

By
Sdleh M at, lamail Palan & Ismail Tdib
6. 1INTRODUCTION

A productivity and time study was caried out in M ach 2007 in Compartment 77, Pekan
Forest Reserve (FR), Pahang The gsudy site is as dexribed in Chagter 1. The
oonventional method of timbea harvesting formerly in PSF was a combinaion of felling,
skiddingby boa through a man-made canal and log transportationto atemporary metav.

In the current method of reduced impad loggng (RIL), timber havesting is a
combinaion of felling log extraction from stump using the Rimbaka timber havester
(RTH), logtransportation by trangporter machine (traxcavator) to atemporary matau and
log transportaion by lorry to a pemanent matau. This time study was intended to
measurethe productivity and time of RIL usingthe RTH in PSF.

6.2 HISTORY OF FOREST HARVESTING IN PEAT SWAMP FOREST AND
COSTSINCURRED

Sudies on the costs of forest harvesing, egpecialy from PSF in Pahang are lacking.
Previous studies only focused on thetime and productivity of felling and skidding. In

Sbah, log extraction in PSF used extensive manpower, known as kuda-kuda. The cogs
of this gperation as recorded by M artyn (1966) were calcul aed through the rate of price
per cubic metreaccording to species (belian, RM 4.24 m'; selangan, RM 424 m'>; lighter
gecies, RM 1.06 m®). Thetata haulage or production recorded was 623.04 m® month™.
The cog of ralway construdion was RM 563.26 m?>. Thetota distance recorded was

243.84 m. Thecosts of felling crossautting, haulingand debarkingwere pad on contract
besis tha varied between the pecies.
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Tramways or pahway s (congructed with poles) were used to trangort the logs from the
end of the kuda-kuda line to ariver and the logs were then rafted to the shipping centre.
Howeve, according to Yap (1966), the cod of log extraction was high for PSF when
ocompared with low hill forest if the extraction site was degp in the fores with tramlines
over 16 km (16,093 m) long. Hethen introduced awinch machine for hauling logs. By
using this machine, theaverageproduction of logs pa gang was i mproved by about twice
when compared with the average production per gang by manpowe. However, no cogs
were recorded. The study was conduded in Selangor, Peninsular Maay sia

Time studies conducted by Ismail Adnan (1990, 1991) in Sarawek used a mechanized
gystem of log skidding in the PSF, recognized as “winch mounted sled”. This sysem
was an dternative to the traditional sysem of log skidding using menpower (kuda-kuda).
The production cost by the mechanized sy stem was RM 1548 m™ The produdion cost
was lower than that of the kuda-kuda system (average of RM 50. (1) m ) However the
gudies only recorded the cost of skidding operation and the overdl ocost of forest
harvestingwas not calaulated.

Log extraction in PSF of Sarawak using a skyline system was introduced in 1967 (Wood
1967). The costs of felling and yarding operation were paid on contract basis at
RM 4.50/Happus ton (RM 2.50 m3)! and RM 5.00/Hoppus ton (RM 2.78 m™) respectively.
These costs did not include overheads on the yarder, depreciation, fuel and so on. The
estimated tata costs of the operation were nd staed. However, it was admitted that the
total cog of theoperation was higher than therate for manual extraction with an average
of RM 15.00/Happus ton (RM8.33 m™) at therail side

M uhammad Farid and Shamsudin (1992) reported that the qperatingcost of skylinecable
gystem in dry inland forest was RM 88.48 h' and log produdion was 71.60 m> day'
This gudy assumed tha opeating tlme was 7 hr per day. Thus, thetotd logging
operation cost caculated was RM 8.65 m’>. Thistotd cost was only for logging operation
and not indicated as anoverdl cost offorest harvesting.

Chong and L atifi (2001) cited the cost of forest harvesting in PSF usingRTH at about
RM 3,450.00 ha'. The harvesting activities were based on RIL complying with the
Malaysian Criteria and Indicaors (M C&Il). The cos caculation was based on adivities
uch as planning of compartments, tree identification and marking tree mepping, road
marking and construction, drainage, permanent sanple plat (PSP) estalishment, skid
trall making and construction, operating the RTH, tree feling, tree bucking and
winching, trangoort to the log yard, sorting end grading inthe logyard, loadingof log
trucks, road mantenance, management support, selling logs and compartment close-out.
Additional costs for licence gplication, licence fees and roydties were not included.
These costs were expected to increase in the following years dueto price incresses of
fuels and others.

! 1 Hoppuston = 1.8 m’
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6.3 MAT ERIALS AND METHODS

Data cdlection was divided into twoparts. Part 1 was to record thetimeinto formatted
forms usng stop-wach for each activity in loggng (felling, log haulage, logskidding and
log transportaion), while in Part 2, formatted questionnaire forms were used in
interviewing the logging contractor to get information on costs and other items. Other
information such as forest stodking datawas dso col lected.

In felling activity, the chain-saw was used for felling and aoss-cutting. Before feling,
the opegator of the dhain-sav (feller) would clear the vegetation around the tree,

providing a space for movement and determining the direction of fall for thetree The
mechine operator would then fell thetree by applying certain directional felling. After
that, the crown was cut off and the sem at the merchantable points; the logs were then

ready tobe hauled by the RTH to theskid tral. All fellingactivities weredone done by
achan-saw opeator.

In log haulage ectivity, the RTH wasused to haul logs from stumpsto theskid tral. The
RTH operator was asssed by two assigants. The assigants would pull the cable and
chokeitto thelog Thelogthen would be puled by the RTH onto the skid trail.

On the skid trail, a log trangporter (traxcavator), or locdly cdled itik, was ready to
trangoort the logs to atemporary maau. Log transportation from stump to temporary
matau was done by a qoerator of theitik. Before the logs were trangoorted, the qoerator
would tie up four or fivelogs together at theback of the machine ready to be trangported
to thetemporay matau. At thetemporary metau, thelogs would bereleased, and sorted.
Long logs would be cross-cut into a gecific lengths before being transported by lorry to
apermanent maaw.

A powe-modified lorry was used totrangpart the logs from the temporary matauto the
permanent matau. Only one-gperator lorry was involved in this activity. The itik was
used to load logs ontothe lorry. A lorry could be loaded with about 12 to 15 logs. The
loaded lorry then carried the logs to the permanent matau. When the lorry arrived at the
permanent matau, the logs were released fromthe lorry for further sorting and werer eady
for saleor to betransported to mills.

6.4 RESULTS AND DISCUSSION

6.4.1 Fdling and Cutting (Chain-Saw)

The chan-saw operaor wernt to the felling site with the itik. From Appendix 6.1, the
average time recorded to walk from tree to tree was 144 s with adistance of 19.90 m.
Then the area aound the tree was cleared with the time recorded at 72.79 s. Fellingwas
doneusng STIHL 070 power chain-saw with9.14 an guidebars. An avaage of 178.82
swas raquired to fell, 122.45 s to decrown and trim an unbutressed tree befor e the log
was ready to behauled out. Thetota delay timewas1,194.00 s which included machine
srvices smoking, res and athers. The length of log was measured at the temporary
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matau. The average diamete and length of a log weae 58.15 cm and 1819 m
respectively. The average volume was5.12 nt per log.

The dements involved in the productivity of fellingwere walking from treato tree(TT),
dearingaround the tree before felling (SC), feling (FL), autting/decrowning (CC) and
delay (DE). Based on the informetion in Appendices 6.1 and 6.2, the cogs and
productivity of felling activity were cdculated as follows (Box 6.1):

Box 6.1 Productivity and costs of felling

Productive timébasic time (PT): TT +SC +FL + CC
144.00 + 72.79+ 178.82 + 122.45
=518.06s

Totd time (TT): PT + DE
518.06 + 1,194.00
=1,71206 s

Averagesize of tree (valume): 512m°

Averagewaking distance

(from treeto treg): 19.90 m

Productivity (basic time): 101.18 sm’

Productivity (tctal time): 34.39sm*

Cost of machine RM 2.67 hr'

Cost of machine RM 0.5 m® (without goerator)

Cost of operator: RM 3.86m>

Total cost of fdlingand cutting ~ RM 4.10 m™

Based on the above caculations, the productivity of felling and cuttingwas 10.77 m hr't,
while the cost was RM4.10 m”>.

6.4.2 Log Haulage

The RTH was handled by an gperator and helped by assigants. The machine operator
would check theengineoil and hy draulic oil before the machine was ready to pull out the
logs. Generdly, the RTH would only pull out onelogat atime.

Two machine assistants wouldpull acable from theRTH and choked ontothelog From
Appendx 1, thetime recorded for thisactivity was 255.60 s Thenthelogwas pulled by
the RTH to theskid tral. Thetime recordedfor pullinglogfrom sump to skid trail was
90.70 s. The average distancefor pulingalogwas81.33m. At the skid trail, the log
would be released from the cable with thetime taken of 0.37 s. Then al the logs would
be sorted at the roadside of the skid trail. The logs were sorted in 89.17 s. The average
length of log was 18.44 m with log volume of 5.27 m®. The average delay time was
2,916 swhich include machinebreak-down and logs stuck betweentrees.

The elements involved in the productivity of log haulage were pulling/attaching thecable
and tying up the log (AC), pulling out the log from the sump (PL), loosing the cable
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from the log (LC), sorting the log (SL) and delay (DE). Based on the informaion in
Appendces 6.1 and 6.2, the costs andprodudivity of log haul age adivity were calaulated

as follows (Box6.2):

Box 6.2 Produdivity and costsof loghaulage

Productivetimebasic time (PT): AC +PL +LC +&
255.60 +90.70 +0.37 +89.17
= 43584s

Total time(TT): PT +DE
435.84 +2,916.00
=3,351& s

Averagesize of log (volume): 5.27 m’

Averagedistancefor pulling of log

(from gumpto Kidtrail): 81.33m

Productivity (basctime): 82.70 sm*

Productivity (total time): 636.02 sm®

Cost of machine: RM 2533 hr?

Cogt of machine: RM 0.96m™ (without operator)

Cost of operaor: RM 8.80m™

Total cog of loghaulage RM 9.76m™

Based on the above cacul ations, the produdivity of log haulage by RTH machine was
26.40 n? hr'!, while thecost was RM 9.76 m*,

6.4.3 Log Skidding

The itik was handled by an operator. When the machine operator arrived at the
temporay matau, the machine would be warmed up prior to the skiddingof logs The
mechine moved to the felling area through a skid trail. From Appendix 6.1, the time

recorded for the machine to move from the temporary metau to the fdling area was
480.50 swith adistance of 320.00 m. The logs at the road sde of the skidtrail would be

sorted by the machine operator who attached/loaded four to five logs a the back of the
itik. Theloadingtimerecorded for this activity was444.83s. Thenthe machine skidded
aut the logs fromthe felling areato the temporary metau. Thetravd time of the machine

with the load of logs was 980.00 s with a digance of 320.00 m. When the machine
arived & the temporay matau, the logs woud be rel eased from the cable There ease

time of log was 149.00 s. Most of the activity of this machine was sorting logs at the
temporay matau. Thedelay time recorded was 3 271.00 s, including sorting thelogs at
the temporary metau and reconstructing the skid trail.

The elements involved in the productivity of log skidding were travel time(empty) (TE),
loading time (LT), trave time (loaded) (TL), loosing cable from log (LG), and delay
(DE). Based ontheinformation in Appendices 6.1 and 6.2, the cogts and productivity of
log haulage activity were calculated asfollows (Box6.3):
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Box 6.3 Productivity and costs of log skidding

Productivetime/basictime (PT): TE +LT +TL +LG
480.50 +444.83 +980.00 +149.00
= 205433 s

Total time(TT): PT +DE
2,064.33+ 3,271.00
=5,32538 s

Averagesize of log (volume) 5.27 m

Averagedistanceof log Kidding

(from skidtrail totemporary maau): 320.00 m

Productivity (badctime): 395.06 sm?®

Productivity (totd time): 102410sm™

Cost of machine: RM 2467 hrt

Cogt of machine: RM 7.01m™ (withou operator)

Cost of operator: RM 2750 m™

Total cog of logskidding RM 3451 m?

Based on the above calcul ations, the productivity of log skidding by the itik machine was
352 m*hr*, whilethecost was RM 34.51 m®.

6.4.4 Log Transportation

The lorry was aso handled by an gperator. This lorry waspowered by arecondtioned
sx-cylinder engne. Inthe study areg the lorry was used for trangortinglogs from the

temporay matau to the permanent metau, and trangporting sand and wood residues for
maintenance of the main road. The enpty lorry moved from the pamanent matau to the

temporay matau in the early morning. The logging aew (machine operator and
assistants) rodethis lorry to goto thefelingaea. From Appendix 6.1, thetime recorded
for empty travdling (enpty lorry) was4,125.00 s.

The distance for empty travelling was 18,000 m. At thetemporary matau, the lorry was
loaded with logs. Itik was used to load logs onto the lorry. After the loading, the logs
were tied up with a winch cable. Theloading time was 825.00 s. Then the loaded lorry
moved to the permanent matau. Thetime recorded for loaded travelling was 6,435.00 s

with a distance of 18,000 m. When the lorry arrived at the permanent matau, the logs
were released from thelorry. The rdease time was 157.50 s. Thetota delay time was

900.00 s

The elements involved in the produdivity of log trangportaion weaetravd time (empty)
(TE), loading time (LT), travel time (loaded) (TL), unloading (UL), ad delay (DE).
Based on the information in Appendices 6.1 and 6.2, the cogts and productivity of log
trangportaion activity were caculated as follows (Box 6.4):
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Box 6.4 Productivity and costs of log trangportaion

Productivetimebasic time (PT): TE + LT +TL + UL
4,125.00+ 825.00 + 6,435.00 + 157.50
= 11,54250s

Total time(TT): PT +DE
11,542.50 +90000
=1244250 s

Averagesizeof log (volume): 1.68 m*

Averagedistanceof log trangortation
(from temporary maauto permanent maau):  18,000.00 m

Productivity (badctime): 6,870.24sm™

Productivity (total time): 7,406.25sm™

Cost of machine: RM 33.03 hr*

Cogt of machine: RM 67.41 m (without operaor)
Cost of operator: RM 2.75m™

Total cog of logtransportation: RM 70.16 m®

Based o the above cdculations, the product|V|ty of log trangportdion by lorry was 0.49
m° hr'*, while the cost was RM 70.16 m™>.

Other costs were not cdculated in thisanayds. Thecalculaed cogs wereonly from the
loggingoperation (Table6.1). Logtransportatlon shows thehigher cost at RM 70.16 m

followed by sklddlng of Iogsat RM 34.51 mi®. Thetotal st of timber extraction was
RM 11853 m>(RM 215,51 t ™).

Table 6.1 Tata oosts of timber edraction in PS

No. Item RM m™ RMt™
1. | Cos of fellingand cuting 4.10 7.45
2. | Cos of log hauage 9.7/0 1/7./5
3. | Cost of log skidding 3451 62.75
4. | Codt of log transportaion 7016 12756

Total 118,53 21551

Note: 1tonne =1.8 m’

6.4.5 Outputs Model

Multiplelinear regression was used to develop alinear modd for fdling, log haulage, log
skidding and log trangportation. All dependent variables were significant at 95%. The
models for each activity are asfollows

i) Fdling (chain-saw)

Felling=16.287+ 0.027TT + 0.649CC + 1.539D

Note TT = trave timelwalkingtime fromtreeto tree
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CC = auitting and decrowning
D= diameter of tree(dbh)

The model shows that travel time/walking from treeto tree and cutting were important in
the fdling activity. The chain-saw operator took 0.027 sto travel from treetotreein 1
m. Fellingtimeincreased withincrease in travel time cutting time and diameter of tree.

i) Loghaulage(RTH)
Log haulage = 93.975 + 0.52AC + 2390LC

Note AC= atachingcableto logand tyingup
LC=  loosingcablefromlog

The model shows that ataching cableto logand locsing the cable from the log dfected
the timeof loghaulage Thestudy showedthat digance of haulage and volume of log
dd not influence the time of log haul age by the RTH.

i) Logskidding usingitik
Log skidding=1338.914 + 0.151LC + 2.007VOL

Note: LC=  loosing cablefrom log
VOL=  volumeof log

From the mode, it wasfoundthat LC and VOL influenced the timeof logskidding. Log
skidding time increasad with the inaeases in LC and VOL (number of logs skidded).
The data colleded for log skidding were less than thirty trips (samples) due to time
oonstraint for this study. Inthis areg, log skiddingtook fivetrips (five timecyclesof log
kidding per day or thirty trips in six days. If the data collected were more than thirty
trips, it is expeded tha more independent variables could be added to the above maodel.

Iv) Logtranspotationusinglorry
Logtransportation = 2497.602 + 2.138LT + 12.998UL + 74.629VOL

Note: LT=  loadingtime
UL=  unloading
VOL= volumeof log

Data cdlected for log transpaortation were also for less than thirty samples On average,

this took five trips (five time cycles of log transpartation) per day. Basad on the data
ollected, the above model was developed. It was found tha LT, UL and VOL

influenced the log transportdion time. It is a0 expected that more independent
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variabl es could be added to the above modd if the data oollected were for more than
thirty trips (thity timecy cles).

6.5 CONCLUSIONS

The results of the productivity and time study are summarized in Table 6.2. From the
table, thetotal cost of timber harvesting in the PSF of Pekan FR isRM 11853 m. This
oost is low because some of the other costs such as premium, Pre-F, road construction
and tree marking were not included. Felling and log haulage were vay produdive
oompared with other activities. The produdivities of itk and lorry were very low

because most of the time with itik was consumed in congructing and maintenance of the
skid trail, whilethe lorry was often used for carryingsand for road maintenance.

Table 6.2 Summary of theprodudivity and costswith esch machine

Actinvity Productivity Cost
Felling (chain-saw) 10.77 m*hr* RM4.10 m™ RV 20.99tree™
Log hadage (RTH) 2640 m*hr RM 9.76 m* RM51.44 log™
L og skidding (itik) 3.52m’hr™ RM3451 m™ RM181.87 log™
L og trangortation (lorry) 0.49 m’hr~ RM70.16 m™ RM117.87 log™
Total - RM11I853 m~ -
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Appendx 6.1

i) Felling
T TR SC A CcC NL DIA SP DE LL Vol
(s) (m) (s) ©) (s) (cm (s) (m) ()
Total
4,320.00 59700 | 2,18357 536474 | 3,67355 | 30.00 | 1,74450 | - 35,80.00 54580 | 15352
Avg.
144.00 19.90 72.79 178.82 12245 | 1.00 5815 - 1,194.00 18.19 5.12
Description
T - Travel fomtreetotree DIA - Diamete oflogs
TR - Travel digance * - Species
S - Clearingaroundthe sump of tree before felling DE - Delay
C - Cutting LL - Length of logs
NL - No.oflogs Vol - Log volume
i) Rimbaka timber harvester (RTH)
AC PL TD 2 LC SL DE DIA LL NL vol ()
(s) ©) (m) (s) (s) (s) (cm (m)
Total 7,668.00 2,721..00 2,440.00 11.23 2,675.00 | 87,480.00 | 1,756.50 55320 30 15814
Avergge 25560 90.70 81.33 0.37 89.17 2,916.00 58.% 18.44 1 5.27
Description
AC - Attacing cabletolog and tying DIA - Diamete of logs
PL - Pullinglog fromstump LL - Length of logs
D2 - Pulling distance NL - No.oflogs
LC - Loosing cable fromlog Vol - Log volume
9 - Sorting log
DE - Delay time
i) Traxcavator (Itik)
TE TD1 LT NL DIA LL TL TD2 LG DE Vvad
(s) (m €] (am) (m) (s) (m (s) (s) ()
Totd 2,883.00 | 1,920.00 | 2,669.00 [ 30 | 1,742.50 | 552.40 5,880.00 | 1,920.00 | 894.00 | 19,626.00| 156.09
Average 480.50 320.00 444.83 1 58.08 18.41 980.00 320.00 149.00 | 3,271.00 5.2
Description
TE - Travel time (empty) T - Travel time (load)
D1 - Travel disance (enpty) D2 - Travel digance (oad)
LT - Loadingtime (sorting and atach log) LG - Loosing cablefromlogs
NL - No.oflogs DE - Delay time
DIA - Diamete of logs Vol - Log volume
LL - Length of logs
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iv) Lorry

TE TD1 LT NL DIA LL TL TD2 UL DE Vol (M)
(s) (m) (s) (cm (m) (s) (M (s) (s)
Total 16,500.00 | 72,000 | 3,30000 | 65 | 3,68300 | 42860 | 25740.00 | 72000 | 63000 | 3,600 10925
Avergge 4,125.00 [ 18,000 82500 1 56.66 659 | 64350 | 18000 | 15750 900 1.68

Description
TE - Travel time (empty) T - Travel time (load)
D1 - Travel digance (enpty) D2 - Travel digance (oad)
LT - Loadingtime UL - Unload
NL - No.oflogs DE - Delay tine
DIA - Diamete oflogs Vol - Log volume
LL - Length of logs
Append x 6.2 Cost information
ltem Felling RTH Transporter /itik Lorry
Machine operaor 7.0 16.00 50.00 5.00
(RM t?)
Petrol/diesel 10.00 120.00 120.00 151.00
consumption
(litres day™)
Price of perol/diesel 1.2 2.00 2.00 2.00
(RM litre")
Total working days 25 25 25 25
month™
Total working hours 10 10 10 10
chy™
Cylinder oil 0.® 0.80 0.72 3.79
consumpgtion
(litres day™)
Price of cylinder oil 5.0 5.00 5.00 5.00
(RM litre?)
Bought price (RM) 2,400 190,000 90,000 80,000
Sle price (RM) 2000 150,000 80,000 30,000
Deprecidgion (RM) 400 40,000 10,000 50,000
Life span (yr) 5 20 15 15
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CHAPT ER SEVEN

HYDROLOGICAL RESPONSE TO ROAD CONSTRUCTION AND FOREST
LOGGING IN A PEAT SWAMP FOREST

By
M arryannaLion, Sti Aisah Shamsuddin & Saiful Iskandar Khalit
7.1INTRODUCTION

Peat swamp fored (PSF) is usudly located immediately behind the coagtline and
extends inland along the lower reaches of the main river sysems. It is a waerlogged
forest growing on a layer of dead leaves and plant materia up to 20 m thick. Peat
swamp fores provides a variety of benefits such as forestry and fishery products,
energy as biomass, carbon gore, flood mitigation, water supply and groundweter
rechar ge.

As far as peatland is concerned, its hydrologca characteristics are among the
important agpects that regulate the ecosysem in the PSF. According to the DANIDA
Technica Report (2004), waer fluctuation is a very important factor in the colony
development of the flora and fauna Hence, a study was carried out to examine the
hydrologcal response to the esablishment of aroad due to forest loggng activities.
It was reported by DANIDA that the genera impact from the road sygem in PSF is
generdly low. The main impact of the road sysgem is the diversion of surface water
which creates congestion of water in the impacted log extraction corridors and
probably dries up places in between the corridors. However, the impact varies with
the method of road construction. This study in Compartment 77, Pekan PSF, was
focused on the impact of the construction of a 2,000-m long forest road on the
hydrology conditions in the PSF. This road was congructed using a few foundation
lay ers such as redger wood and sand to compact the road.

Sincethe hydrological components areimportant factors that influence the ecosy stem
of the PSF, four interrdlated hydrologcal components were monitored in the study.
These were groundwater leve (GWL), infiltration, soil compaction and soil moisture.

Groundwater can be defined as any water that is stored below the surface of the
gound. M eanwhile, soil moisture measures the percentage of water available in the
soil. Watertable is a surface of the saturaed zone, below which al soil pores or rock
fractures arefilled with water. Lowering watertables and opening up the forest canopy
promote the risk of fire in peat soils (Sshabat Alam M alaysia 2008). Fire that takes
hold in dry surface biomass spreads rgpidly (Frandsen 1997). Fire produces large gaps
in theforest leadingto increased wind circulation which, when combined with greater
penetration of sunlight to the forest floor, encourages rapid growth of secondary
understorey vegetation. As a result, temperature and humidity increase while sail
moisture decreases adding greetly to the susceptibility of the landscapeto subsequent
fires. In thisway, initid fire damages the remaining forest severely and increases the
risk of recurrent fires significantly (Segert et al. 2001). This destrudive sequence of
events can be sopped only by rewetting the peatland and reinstating the hydrologcal
integrity of the ecosystem (Wosten & Ritzema 2001).
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The study by Wogen et al. (2008) shows that proper water management is a key
element in thewise use of peatlands. In dry years, groundwater levels drop below the
critical threshold of 40 cm. Deep groundwater | evels mean an increased subsidence of
thepeat by oxidation as wdl as an increase in fire susceptibility. Bath oxidation and
fire transform peat lands from carbon sinks under pristine conditions into carbon
sources with important local, regiond and doba consequences under drained
conditions (Wosten et al. 2008). In wet years, flooding depth and flooding duration
have adverse consequences for the restoration potertia of peat lands. Wosten et al.
(2008) aso added that idedly, groundwater levels should vary between 40 cm below
and 100 cm abovetheland surface.

Besides, other factors such as topographic features are dso important in affecting the
watertable in PSF areas. Normally the dome-shaped surface of the peat swamps
causes ranwater to drain off to different sides. In fact, this situaion divides a pesat
swamp intoseverd catchments (Ritzema & Wosten 2004).

Infiltration is a process by which water on the ground surface enters the soil. The
infiltration rate can be simply defined as how fag water enters the soil. In this Sudy,
an infiltrometer was used to determine the infiltration rate of the soil. Infiltration is
influenced by soil compaction because of the decrease in size of the soil pores. When
the infiltration rate is slow, it will gimulate more overland flow or surface runoff.
Whatever reduces the rate of water movement through the soil produces slower soil
profile drainage by subsurface (tile) drains. Soil compaction is the mass of soil
particles divided by the volumethey occupy (Space between particles).

The soil bulk density was aso determined with construction of the forest road. Bulk
density istypicdly expresseding cm® usud ly gven on an oven-dry (110 °C) basis. It
is caculated as the dry weight of soil divided by its value. This volume includes the
volume of soil particles and the volume of pores among soil particles. Bulk density is
dependent on soil texture and the densities of soil minerd (sand, silt and clay) and
organic matter particles, as well as their packing arrangement. Bulk density typicaly
increases with soil depth since subsurface layers have reduced organic matter,
aggregation, and root penetration compared with surface lay ers and therefore, contain
less pore gpace. Subsurface layers are dso subject to the compacting weight of the
soil above them. Thewettingand drying cycles that occur in soils naturadly, generdly
do very little to dter soil bulk density. Variation in bulk density is attributable to the
relative proportion and specific gravity of solid organic and inorganic particles and to
thegorosity of the soil. M ost minerd soils have bulk densities between 1.0 and 2.0 g
cm”.

Bulk density is an indicator of soil compaction. High bulk density is an indicator of
low soil porosity and soil compaction. It may cause restrictions to root growth, and
poor movement of air and water through the soil. Compaction can result in shalow
plant rooting and poor plant growth, influencing crop yidd and reducing vegetative
cover avallable to protect soil from erosion. By reducing water infiltration into the
soil, compaction can lead to increased runoff and erosion from sloping land or
waterlogged soils in flatter areas. In genera, some soil compaction to restrict water
movement through the soil profile is beneficid under arid conditions, but under
humid conditions compaction decreases yidds.
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7.2MATERIALS AND METHODS

7.2.1 Study site

The study was conducted in Compartment 77 (experimenta plot) and Compartment
78 (control plot) a Pekan Forest Reserve (FR), Pahang. Compartment 77 was divided
into Plots 77A and 77B (Figure 7.1) through which a road had been constructed.
Compartment 78 was a virgn PSF or intact forest where no harvesting had been
conducted.

Layout of the Study Site (Compartment 77, Pekan Forest Reserve) W
= 18000 /
— ———
190im 1COm_ 2a0m _ 200m  300m Wam ioom
111111 1 11
| |
Control | !
./ COMPT 78 |

LEGEMND
AN ForestRaoad () Point Sampling
Skid Trailf Jalan Tark Rimbaka {JTR)
| 10ha Imeantory {200 20m)
| I 100ha Pre-F Inventony (20%50m)

Figure 7.1 Experimentd hydrologc study inplots 77A and 77B, Pekan FR

The forest road was construded in 2005 with 8-m width and 2,000-m length.
Uncommercid tree species with diameter of 20 cm and above were used as
foundation in its construction before the redger wood was placed as a second layer
and it was finaly covered with sand as the upper road surface layer (Figure 7.2).
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Figure 7.2 Redger wood used as the middle lay er and sand cover asthetaop layer
in theforest road construction

7.2.2 Measurements of parameters
i) Groundwater level (GWL)

Groundwater level was measured using piezometers made of PVC pipe with 2.5-m
length and 8.0-cm diameter inserted under the ground surface as a casing of a well
(Figure 7.3). Duringnormd daysthewater level was detected a 1.0-1.5 m below the
surface. Thewater level increased nearer to the surface during heavy rainfdls. So the
PVC casing was dug into the ground until the water level was found. The height of
the remaining PVC from the ground surface (B) was measured (Figure 7.3). A
messuring tape was used to measure the water leve (A) from the top of the PVC

(refer to Figures 7.3 and 7.4).

Thewater-leve at the depth below the surface (DBS) is calcul ated as:
Depth below surface (DBS), C=B - A

Where,

A =taad length of cable (PVC heght to water-level)
B = height of PVC casingfrom thetop to ground level
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Figure 7.3 Experimenta design of a conventional method to measure
the groundwater level
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Figure 7.4 Measuringtape and PVC pipe to measure the groundwater level.
To monitor the groundwater level, measurements were made a 12 wells established
in the experimenta (Plot 77A &77B) and control plots (Plat 78) . The wells were s
up perpendicular to the road with the nearest well to the roadside being40 m from the
edge of the road. Out of the 12 wells in the experimentd plots, six were designed a
intervals of 200 x 100 m in Plot 77A whilein Plot 77B two transects with three
wells were established at 100-m distance apart (refer to Figure 7.1).
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i) Infiltration rate determined on the surface of the forest road

A number of 5—8 units of infiltrometer were set up over the road depending on the
surface condition and road width. The digance from one transect to another was 200
m and from one unit to anather 50 m (Figure 7.5). Each PVC infiltrometer of 8.5-cm
diameter and 13 cm height from the surface was inserted intothe soil (Figure 7.6). A
stopwach was used to measure the infiltration rate after a volume of water was
poured into the infiltrometer ring and the water level was recorded after 30 min. A
number of 31 samples were collected from the road site and another samples from
Plot 78. Theinfiltration rate was caculated as below:

Infiltration rate, Q (am®s?) = velocity (am s?) x area (am?)
Q=VA

where,

= infiltraion rate

= velocity
= area

> <O

Velocity, v = infiltraion (am)

time (seconds,9)

U
@) © 9 @)
N @) O - D Qe— infiltrometer
©

o @) @ g A O

@) g 3 Q
O 5 @)

@) g u O 50 cm
O o) O O O } interval
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Figure 7.5 Schematic diagram of infiltration measurements in thefield
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Figure 7.6 M easurements of infiltrations (Ieft) and sorage of peat soil in soil core
tube for soil moisture sampling (ri ght)

iii) Sdl bulk density

The soil sampling was conducted using soil core tube of 5.0-cm diameter and 5.0-cm
hei ght (volume of 98.2 cm3). The soil corewas inserted carefully into the soil surface
until the soil sample completely filled the tube. The soil sampling was done & the
same area where an infiltrometer was set Up on the surface of the road. Only four
transects were selected and two soil samples were taken from each transect. There
were e ght samples which were sealed and brought back to the laboratory for andysis.
The bulk density value was obtained using the following equation:

Bulk density (Bd,) = mass of soil sample (m)/volume of soil sample (v)

Bd, = miv

where,

m = mass of soil (unit = g)

v = volume of soil sample (unit = cm3)

iv) Sal maisture

The measurement of ex-situ soil moisture was conducted using the gravimetric
method. Figure 7.6 shows a sample obtained from the fidd from a site where a
monitoringwell was set up. Altogether 13 samples were coll ected.

Each sample was anadysed in the laboratory by determining the difference between

the moist weight and oven-dry weight which is the mass of water contained by the
soil a the time the sample was collected.
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7.2.3 Data collection

Monthly field visits and data collections were conducted before loggng (August—
September 2006), during loggng (October 2006 — M ay 2007), however the loggng
operation $gpped in December—February 2007 and resumed in M arch 2007 until M ay
2007, and after loggng (June-August 2007). There was no measurement and forest
activity inthe gudy area from December 2006 to February 2007 dueto the monsoon
season.

7.3 RESULTS

7.3.1 Groundwater level (GWL)

GWL in Plots 77A and 77B
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]
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Figure 7.7 Groundwater level before, during and after loggingin Plots 77A
and 77B a Pekan FR in 2006 — 2007

The monthly rainfal data were obtained from the Department of Irrigation and
Drainage (DID) of Runchang Sation. Even though the station is located outside the
forest reserve and the amounts of rainfal observed could be slightly different from
thoseinsidetheforest reserve, they were used as reference to the GWL data obtained.
Figure 7.7 shows that in bath aress, the waer level followed the rainfdl pattern
except during the heavy rainy season from December 2006 to January 2007 which
data were not available and during the dry season from April to July 2007. Thusthe
GWL was strongdly influenced by the rainfal events. There was not much difference
in vaues between Plots 77A and 77B where during M ay to September the water leve
was dway's beow the ground surface and the area was flooded during November to
M arch.
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Figure 7.8 Monthly rainfals and water-level in 2006 — 2007 observed in

the Plot 78

Figure 7.8 shows tha the water-level in Plot 78 was always a higher level than
ground surface. Hence, the ground surface of this areawas covered with water dl the
year round. The water-level also followed therainfa | pattern withthe water-level was
as high as 100 cm and as low as 10 cm abov e the ground surface. In Plot 77A and 77B
by comparison, the GWL was as low as 30 cm below the ground surface. Therewere
severd factors that affect the fluctuation in water-level. Among the reasons are
vegetation density, topography and evapotrangpiration.

Figures 7.9 and 7.10 shows that the GWL obtained from wells located 40, 100 and
200 m from the roadside in Plots 77A and 77B. During the dry season, from April to
July 2007, the GWL a 100 m distance from the roadside was higher than that a
200-m distance. But from June to July 2007, the GWL increased as it got farther the
roadside. During the wet season, even though the pattern was not consigent as
water-level was very close to the ground surface, at +/- 10 cm but it decreased with
distance from the roadside.
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Figure 7.9 GWL obtained from thewells a three distances from the
roadside (Plot 77A) in 2006-2007

In plot 77B fromMay to July, GWL a 100 m distance increased to become
the highest whilethe GWL a 200 m distance increased faster than that a 40 m
distance. Thepattern for February 2007 (just after the wet season) in Plot 77B

was different from that in Plot 77A.
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Figure 7.10 GWL obtained from the wdls at three distances from the roadside (Plot
77B) in 2006-2007

7.3.2 Infiltration rate

Table 7.1 Infiltration rates (cms™) a Pekan FR

Average Average

(August — September 2006) (February -August 2007)
Road site 0.0955 0.0548
Plot 78 n.a 1.1715

n.a = not available
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Table 7.1 shows tha the infiltration rates observed at the road surface changed with
the logging operation. Before loggng (August — September 2006), the average of
infiltration rate was higher compared with the rate after loggng. In the undisturbed
forest (Plot 78), an average of infiltration rate was accumulated and higher compared
with the values obtained from the road site. The average absorption rate of the PSF
road was found to be very low a 0.25 mm min™* compared with the residual forest

(127 mm min™") and skid trail (6.1 mm min™®). The more compacted soil of the road
surface resulted in smaller pore volume and lower water absorption.

7.3.3 Sal bulk densty

Table 7.2 Bulk density (g/cm’®) at Pekan FR

Average Max Min Sandard deviation
(D)
T1 1.30 2.402 0.029 0.951
T2 1.17 2.273 0.028 0.969
T3 1.1 2.161 0.002 0.863
T4 1.18 2.297 0.019 0.958

Periods of measurements. (August — November 2006) and (February - August 2007)

Table 7.2 shows that the bulk density near the forest road at the four locations had
vaues that did not much differ from one location to another. The bulk density
obtained from these locations ranged from 0.019 to 2.4 g’cm'3. The bulk density was
only measured in Plot 77A and B. Therewas no bulk density measurement conducted
a control plat.

7.3.4 Sal moisture content

Table 7.3 Soil moisture (%) a Pekan FR

Average Max Min Sancard
deviation (D)
Plot 77A 78.6 82.7 75.0 2.2
Plot 77B 79.2 83.7 716 4.2
Plot 78 80.8 859 777 3.2

Periods of measurements: (Aug 06 — Nov 06) and (Feb 07-Aug 07)

The soil moisture vaues obtained for the three locations (T able 7.3) were considered
high reachingup to 80%. Even though there was not much diff erencein soil moisture
content between the logged forest and undisturbed forest, the values for the former
were a little bit lower than for the latter. The soil moisture contents were about 71.6—
83.7% (logged forest) and 77.7 — 85.9% (undisturbed forest).
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7.4 DISCUSSION

Peat lands receive water from ther surrounding areas, as in the Pekan FR, Pahang,
where the peat deposit, due to its flatness, acts as a buffer and delays or slows the
discharge of water during dry seasons. In opposite, waer leve is recharged by
precipitaion. The high water -level after the monsoon (November-M arch) was dueto
water infiltrated into the soil and water table as well. In the dry season (April-July),
the water table will be a a greater depth compared to the wet season, and this varies
seasonally.

Damageto the soil dueto theroad construction was evauated by comparing the mean
soil bulk densities between the experimental and the control plats. High bulk density
means more compaction, hence less infiltration. Soil compaction reduces the
movement of water through the soil (saturated hydraulic conductivity), with increases
in runoff. Rain is normaly absorbed into the soil fager than it can fal, and overland
flow occurs only on areas where water infiltration is impaired by heavy compaction
and exposed soil. Heavy equipment during road construction and road use during log
trangport can squeeze soil pores, reducing the spacefor water and air.

Results showed tha the road construction affects the waer level which duringthe wet
season near the roadside was higher than inside the forest. The compaction by the
road establishment and the road being higher than the ground level of the forest
resulted in surface flow into the drainage system and increased water level near the
roadside duringthe wet season.

The study being more focused on the hydrologca characteristics of the PSF as a
result of a road condruction for loggng activities, the question of how the road
affected the growth of smdl trees in the area was not easy to ddermine. Had the
water level been measured before the road construction together with the rainfal in
the same areait could have used to comparethe water level measures duringand after
the road construction to gve some idea of how the changes in water leve had
influenced the survival of the smal trees in that plot. The tree measurements could
have been conducted prior to and after the road construction. N&urally, the standing
tree species have adapted themselves to the waer-logged condition of the PSF area.

7.5 CONCLUSIONS

A more detailed study of the road impact on the hydrologcd characteristics in PS-
needs to be carried out asthis gudy provided only generd information on the water-
level, sail infiltration, soil bulk density and soil moisture condition in the area where
there was dready an establishment of forest road. From theresults, the water-leve of
the undisturbed forest ranged from 10 to 70 cm above the surface while in the areas
involved with loggng it was 10 cm above and 30 cm bdow the surface. The
infiltration rate of the undisturbed forest was much higher than that of the road surface
with average values of 1.1715 and 0.0548 cm’s ' respectively. The average soil bulk
density of theforest road was 1.19 gr:m3 and higher soil moisture was observed in the
undisturbed forest with vaue of up to 80%. Soil bulk density does not determined in
control plot.
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CHAPT ER EIGHT

DEVELOPMENT OF A LOCAL VOLUMETABLE (LVT) FOR GONYSTYLUS
BANCANUS IN PEKAN FOREST RESERVE

By

Ismail Parlan, Abd Rahman Kassim, Wan M ohd Shukri Wan Ahmad, Samsudin M usa &
Harfendy Osman

81INTRODUCTION

Gonystylus bancanus locally known as ramin melawis is not only the main ecies of
Gonystylus (Soerianegara & Lemmens 1994), but dso the main timber of peat swvamp
forests (PSF). The goecies is dso amongst the main commaercia timbers produced from
the forests of Malaysiaand Indonesia (Soerianegara & L emmens 1994, Abdullah et al.
2004, MTIB 2004).

Gonystylus spp. was officidly liged under Appendix Il of the Convention on
Internationa Trade in Endangered Species of Wild Fauna and Flora (CITES) effective
from 12 Januay 2005. This requires that traded Gonystylus spp. timbers meet the
requirements of sustainable production. Gonystylus bancanus represents the maor source
of ramin timber compaed with other Gonystylus spp. fromdry inland forests. Theefore,
aufficient information on G. bancanus is important in preparing the non-detrimental
findings (NDF) that should beconduded by the scientific authority (SA) toset theannud
quota for the trade. This study was ameal to develop a local volume table (LVT)
gecificdly for G. bancanus in Pekan FR, Pahang.

82 MATERIALS AND METHODS
8.2.1 Study Site
Data were collected from Compartment 77, Pekan Fores Resave (FR), Pahang as

described in Chapter 1. This area is categorized as Ramin-Bintangor subtype,
representing an area of about 10 000 ha of Pekan FR.
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8.2.2 Sdection and Measurements of Sample Trees

All measurements were carried out on standing trees. In preparing the volume table,
preferay trees with >15 cm in dbh as discussed by Nurhgar et al. (2010) should be
slected. Nevertheless, in this study, the smdlest G. bancanus recorded was of 28.2 cm
dbh, while the biggest sampletree was of 83.4 cm dbh. A tota of 68trees of G. bancanus
were sampled in this sudy (Figure 8.1 and Table 8.1). The calculated volume of each
sampletree ranged between 0.61 and 8.36 nv’. The number of sanples is sufficient to be
used for developing the LVT based on the prescription given by Awang Noor and M ohd
Radhi Chu (2002).

Figure 81 Boxplots of dbh and volume of sanple tress of G. bancanus in
Compatment 77, Pekan FR

Table 8.1 Summary datigicsof sampled G. bancanustreesin Pekan FR

Statisti cal parameter Dbh (cm) Volume (m~)
Minimum 28.20 0.6171
14 quartile 44.65 2.0846
Mean 53.50 3.2335
Sandard deviation 13.78 1.5753
Median 55.16 3.6832
3rd quartile 67.10 5.3114
Maximum 8340 8.3611

The messurements of parameters were done using a Handheld Laser Criterion 400 and
recorded in a gandard form devised for this study. The parameaers measured in this
sudy were:

e basediameter in cm (stump height);

e dbhincm (13 m above ground levd);
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e tota height in m (measured from the predetermined he ght of ground till the crown
point);

e merchantable heignt in m (stump height up to firg main branch);

e stemdiameter (over bark) in cm (measured for every 2-mintervd, fromthe stump
hei cht up tolast complete2-m sedion); ad

e stemdiameter (over bark) in cm (measured for fina section fromthe last complete 2-
m section up tothefirst man branch).

Data cdlected were analysed in two stages The first stage involved computing the
volume for each section and then summing up for the whole tree.  The second stage
involved regression anaysis, i.e. to fit the daato the selected equaions in order to seek
the best volumeequation (best-fitted model).

82.3Individua TreeVolume Cd cul ations

The treevolumeof each 4-m section was calaul ated using Newton’ sformula:

V. =0.0000524* (DI* + 4Dm’ + Ds?)
where,

\% =volume

DI =diamder at lage end

Dm =diamder at the middle

Ds = diamder at small end

For thefina sedtion, Smalian’sformulawas used:

V= (B+h)/2] *L

where,

\% = volume

B = cross-sectiond areaa thelarge end of thelog
b = cross-sectiond areaa the small end of thelog
L =loglength

For each individual tree, the volumes of sedions were then added to give a tota tree
volume,

8.2.4 Construading Vdume Equations
The method of least squares was used for the construction of volume equations. Nine

equations using both unwel ghted and weighted models [to stabilize the variance of the
residuals— Wan Razdli et al. (1989)] were developed (T able8.2).
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Table 8.2 Developed equations of models

Model no. Equation Weight
1 V=a,+a,dbh -
2 V=a,+a,dh+ a,dbh’ -
3 V= a, ., a,dbh* -
4 Ln(V)= ap+a,Ln(dbh) -
5 V=a, * dbh™ -
6 V= a,+a,dbh+ a,dth 1/dbh
7 V= ay+a,dbh’ 1/dbh*
o V= ag+a,doh’ 1/dbn
9 V=a,+a,dth+ a,doh’ 1/dbh

*ag a1, a,= constants

The individual tree vdumes derived from the sampled trees were regressed with the
equations using R staigica software (R Development Core Team 2010). With the
inclusion of transformaions of the dgopendent variable and weighted regressions into the
analysis, thereis aregession bias in compaing these equations. Furnival’s index (FI)
was used to overcome the regession bias [Furnival (1961) as cited in Wan Razdi et al.
(1989)]. T he equation with thesmallest FI indicates the best-fitted model.

Furnival’ s indexis expressed &s follows:

Fl=[f'V]’s

where,

H = Furnival’ s index

[f'(V)] . =the geometric mean of the deivativeof thedependent varicbl e with
resped to volume

S =theresdua standard error from thefitted regression

8.2.5 Comparing Tota Volumes of Trees Using Vdume Equations and Forest
Checking Station Data

Forest Checking Sation (FCS data for G. bancanus trees harvested from Compatment
77, Pekan FR, were used to deerminethe totd volume of each volume equaion. As FCS
data produce net volumes, logcally the equaion developed in this sudy should produce
higher volume estimation as it estimates gross volume.
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83 RESULTS & DISCUSSION

8.3.1 Sd ected Model

Nine equationsweretested. Results of the regession analy s are summarized as in T able
8.3. Thelog-logmodd [Ln(V)= -7.2213+2.1057Ln(dbh)] was seleded as it exhibited the

amallest FI.
Table 8.3 Summary of results of theregresson andysis
Model 3, a, a, R-squared Resdual Geometric | Furnival's
no. standard mean index
error (RSE) (GM) (F

1 -32905 [ 0.1264 - 0.8642 0.7255 1.0000 0.72%
2 -09756 | 0.0369 | 0.0008 0.8616 0.7124 1.0000 0.7124
3 -0005 [ 0.001 - 0.8604 0.7102 1.0000 0.71@
*4 -72213 | 2.1057 - 0.8990 0.1883 0.3157 0.5966
5 0.0013 | 1.9766 - - 0.7099 1.0000 0.709
6 -1.1459 | 0.0437 | 0.0007 0.8922 0.0116 0.0004 329172
7 -0026 | 0.0012 - 0.8899 0.0116 0.0004 33.0311
8 -0045 [ 0.0012 - 0.8766 0.0002 0.0187 4.8149
9 -1080s | 0.0412 | 0.000s 0.0785 0.0905 0.01s/ 4.6l

*M odd no. 4 = bes-fitted modd

8.3.2 Development of Local Volume Table (LVT)

Based on the FI, the find volume equation (volume over bark) of G. bancanus for Pekan
FR is asfollows

Ln(V)= -7.2213+ 2.1057 Ln(cbh)

where,

V = merchantabl e volume (m°)

dbh = diameter a breast hei ght (cm)

Based on the equation, an example of LVT constructed for G. bancanus in Pekan FR is as

gven in Table 8.4. The scater plots of adua vdume and dbh with overlay of the
predicted volume are shown in Figure8.2.
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Table 8.4 Exanpleof LVT for G. bancanusin Pekan FR

dbh Vol. Dbh| Vol. Dbh Vol. Dbh Vol.
em| M) |em| @3 {em)| m% [m| m®
3001 0.%4923 |330| 11518 | 36.0| 13834 |39.0| 1.6373
301 0.490 33.1) 11591 |36.1] 1.3915 |(391]| 1.6462
302 0.5 |[33.2] 1.1665 [36.2] 1399 |392| 1.6551
303 0.9923 [333| 11739 | 36.3] 14077 |393]| 1.6640
304 0.%590 334| 11814 | 364 14159 |(394| 1.6729
305 0.9/57 335] 1.1888 | 365] 14241 |395| 1.6818
306 0.8 |[336] 11963 [366] 14324 |396| 1.6908
307 0.892 33.7] 1.2038 | 36.7] 14406 |39.7| 1.6998
308 0.960 338| 1.2113 | 36.8] 14489 |398| 1.7088
309 1.0028 339| 1.2189 | 369 14572 |399| 1.7179
310 1.0097 340| 1.2265 | 370] 14655 |400]| 1.7270
311 1.0166 3A1| 12341 | 371 14739 (450 2.2131
312 1.235 342| 12417 | 37.2] 14823 |500| 2.7628
313 1.0304 |343] 12494 | 37.3| 14907 |[550| 3.3768
314 1.0873 344 12571 |374] 14991 |[60.0]| 4.0559
315 1.0443 35| 1.2648 | 375 15075 |650| 4.8004
316 1.0613 346| 12725 |376] 15160 |700]| 5.6112
317 1.0683 34.7] 12803 | 37.7] 15245 |75.0| 6.4885
318 1.0653 | 348 12880 | 378 15330 [800| 7.4330
319 1.0/24 | 349] 1295 | 379 15416 [850| 8.4451
320 1.0/95 35.0] 1.3037 |38.0] 15502 |[90.0| 9.5253
321 1.0866 351| 13115 |38.1] 1.5588

322 1.0938 352| 1314 | 382 15674

323 1.1009 353| 1.3273 | 38.3] 15761

324 1.1081 354| 13353 | 384 1.5847

325 1.1153 |355] 1.3432 | 385 1.5934

326 1.1226 |356] 13512 |38.6| 1.6022

327 1.1298 35.7] 1.3592 |38.7] 1.6109

328 1.1371 358| 1.3672 | 388| 1.6197

329 1.1444 359| 13753 | 389 1.6285
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Figure 8.2 Scatter plotsof actud (red in colour) and predicted (blue in colour)
treevdume of G. bancanus in Pekan FR

8.3.3 Comparison with Foreg Checking Station Data

Using the volume equédions, we estimated and compared timber vaumes of Pekan FCS
of G. bancanus harvested from Compartment 77, Pekan FR (Tale 8.5). Data of the
Pekan FCS act as vaidation of the formula developed. Ground verification could not be
done on the fidd due to nonravailadl e suitable site as no logging activity was being
oonducted (end of 2010to early 2011).

A tatd of 366 trees (minimum 50 cm dbh) of G. bancanus with complete dataset
recorded in the Pekan FCS produced a volume of 1,499.6 m’. Theselected LVT for G.

bancanus in Pekan FR (M odel No. 4) produced an reasonable estimated volume of 17.5%
higher than the volume produced by the FCS. Based on disaussion with forestry

department officids, FCS data is normally about 20% lower from the actual volume
becausesmaller end of diamete is usad for itsvolume calculation.
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Table 8.5 Comparison results by using dataof Pekan FCSfor 366 trees of G. bancanus

Model no. Equation Esti mated3vd ume Difference
(m) (%)
1 \E-3.2905 + 0.1264(dbh)
17777 185
2 \E-0.9756 + 0.0869(dbh) +
0.0008(dbh?) 1751.3 168
3 V= -0.0005 + QO001(dbh)
15471 3.2
4 [n(V)= -7.2213+ 2.1057
Ln(dbh) 17615 175
5 \= 0.0013* dbh*1.9766 18236 216
6 \E -1.1459 + 0.0437(dmh) +
0.0007(dbh?) 1694.7 130
7 \& -0.0926 + 0.0012 (dbh) 18229 216
8 \= -0.0455 + 0.0012 (dbh?) 1840.1 227
9 \=-1.0863 + 0.0412dbh+
0.0008 (dbh?) 18122 20.8

84 CONCLUSIONS

The loc volume table (LVT) developed for G. bancanus in Pekan FR was developed.
The equation Ln(V)= -7.2213 + 2.1057 Ln(dbh), was selected as the beg-fitted mode

based onthe FI. The equation produced about 17.5% more timber volume compared with
that of the FCS and is logcaly acoeptable to be used to the esimate volume of G.
bancanus treesin Pekan FR.
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TECHNICAL INFORMATION ON

OPTIMUM HARVESTING REGI MES OF PEAT SWAMP FORESTS IN
PENINSULAR MALAYSIA

Thisbook isone of the publications of the ITTO-CITESProjec of FRIM adivity. Although the main
activities were conducted under the Levy Funding Grant provided by the M inigry of Plantation
Industries and Commodities, M alaysia, a portion of the sudy and publication of this book was
funded by thel TT O-CITESProjed. There are eight chaptersin thistechnical handbook darting from
Project background, followed by Development of cutting options, Impad analyses of reduced impact
logging (RIL), Deeminaion of optimum harvesting, Financial evaluaion, Productivity and time
study of RIL, Hydrological response and ending with Development of alocal volumetable (LVT) for
Gonystylus bancanus in Pekan Forest Reserve, Pahang. It ishoped tha information provided in this
book will be another important reference to improving the management and consavaion of pea

svamp foredsin our country.



