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LAY SUMMARY OF THESIS 

 

CLIMATE CHANGE MITIGATION THROUGH 

REDUCED-IMPACT LOGGING: A FRAMEWORK APPROACH 

 

 

The forest sector is the second largest contributor to anthropogenic 

greenhouse gas emissions into the atmosphere. In tropical forests, conventional 

harvest practices, involving unplanned felling and extraction of trees, are a main 

contributor to environmental degradation, and the release of carbon into the 

atmosphere. However, alternative harvest practices exist that can minimise the 

impact of harvest activities, and reduce carbon entering the atmosphere. Referred 

as reduced-impact logging, the practice involves the pre-planning of roads and 

tree extraction pathways, and the use of low-impact harvest techniques, such as 

directional felling and long cable winching, to reduce the environmental impact 

of timber harvest activities, and carbon releases. With the completion of the 

Paris Agreement in 2015, Parties to the Climate Convention agreed to targets to 

reduce carbon from entering the atmosphere, however due to its infancy, project-

specific modalities to include reduced-impact logging activities have yet to be 

developed. 

As the only State in Malaysia to mandate reduced-impact logging in all 

commercial production forests, the case study of Sabah is used to improve our 

understanding the application and applicability of reduced-impact logging, as a 

project-based activity under the Climate Convention. This was done by 

investigating the modalities of reduced-impact logging in Sabah, relative to the 

institutional frameworks in Malaysia, and the architecture of the Climate 

Convention. This Thesis aims to broaden our understanding of reduced-impact 

logging, the Climate Convention, and the reduction of anthropogenic disturbance 

in commercial production forests in Malaysia. 
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ABSTRACT 

 

CLIMATE CHANGE MITIGATION THROUGH 

REDUCED-IMPACT LOGGING: A FRAMEWORK APPROACH 

 

 

The implementation of reduced-impact logging (RIL) in Sabah is recognised 

in the literature as an activity to reduce the environmental impact of timber 

harvest activities, thus reducing carbon entering the atmosphere. With the 

adoption of the Paris Agreement in 2015, modalities for its application as a 

project-based activity under the Climate Convention have yet to be developed. 

Investigations on both, its potential to reduce carbon from being released into the 

atmosphere in Sabah, specifically, and its modalities as a project-based activity 

under the Climate Convention in Malaysia, broadly, are warranted. This Thesis 

addresses a set of research questions related to the implementation of RIL in 

logged-over commercial production forests of Sabah. The questions are related 

to modalities for its inclusion under the Climate Convention, temporal and 

spatial responses of the forest after its implementation, to the investigation of 

activity-specific modalities, and their effectiveness, in terms of the potential 

carbon reduced from entering the atmosphere, and its associated finance under 

the Climate Convention in Malaysia. 

The improvement of the forest activities under the Climate Convention are 

conceptualised through the Hierarchy of Production Forest Management 

(HoPFM), i.e., a modular framework defining the progression of the forest 

industry through demonstrable benefits. The conceptual framework begins from 

the basic legal and regulatory frameworks that govern forest management 

activities, towards sustainable forest management as the ideology of the 

Framework, designed to recognise both local, and global, approaches to forest 

management, while highlighting the need for balanced considerations of 

environmental, social and economic values. Through the Framework, the 
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components of RIL in Sabah are discussed, relative to the modalities of the 

Climate Convention. 

Since the inception of the GIZ programme to improve forest management 

systems in the Deramakot forest reserve, there has been limited research on its 

recovery after RIL activities. Data on aboveground alive tree biomass and 

deadwood necromass was collected, and tested against ‘harvest intensity’, and 

‘time since harvest’, to assess the temporal and spatial variability of forest 

responses, both within diameter classes, and major functional species classes of 

‘dipterocarp’ and ‘non-dipterocarp’. It was identified that ‘harvest intensity’ was 

found to be affecting forest recovery, relative to ‘time since harvest’, which was 

similarly identified for ‘dipterocarp’ species, relative to ‘non-dipterocarp’, 

respectively. The few significant changes detected indicate that long-term 

periods of analysis are required to identify consistent trends over-time. 

Since the mandate of the RIL policy in Sabah, conventional harvest activities 

are no longer eligible to be practiced in commercial production reserves. 

Therefore, to measure changes in carbon between the practices under the 

Climate Convention, a baseline needs to be developed, where conventional 

harvest activities were historically, the only form of harvest practice. An analysis 

of the literature was undertaken to estimate the difference between the practices, 

whereby broad impact classes of ‘infrastructure created’, and ‘harvest damage’, 

were identified. In its application, the ‘crediting’ approach is applied, whereby a 

benchmark is set, counterfactually, to estimate carbon that would be released 

without RIL activities. A number of carbon reductions are withheld from 

issuance into the market, to create a buffer between actual and potential 

issuance. The approach is conservative, to account for changes in policy and 

project-based circumstances, which may impact the number of carbon reductions 

issued in a project timeframe. 

RIL is currently implemented in the commercial production reserves, 

however it its effectiveness to reduce carbon from entering the atmosphere under 

the Climate Convention in Malaysia is unclear. Representing extremes along a 

range of anthropogenic disturbance through RIL activities, data from RIL 

activities was collected in a lower montaine forest harvested once, and a lowland 

forest, harvested multiple times. Both areas were tested against the carbon 

baseline, to represent conventional harvest practices in Sabah. The estimates 



 

 
x 
 

were comparable to literature values, with RIL activities found to reduce carbon 

from entering the atmosphere. The variability in the accumulation of carbon 

stocks of aboveground alive tree biomass was identified as an important 

consideration in the trends observed. The condition of the forest at the time of 

harvest, i.e., primary or severely degraded logged-over forest, was found to 

impact carbon stocks immediately after harvest and the rate of carbon 

accumulation over time. The variability of the result supports the concept of 

conservativeness, as advocated for project-based activities, under the Climate 

Convention. 

As a signatory Party, Malaysia is developing the necessary institutional 

infrastructure to facilitate project-based activities under the Climate Convention. 

Investigating RIL as a nationally appropriate mitigation action is undertaken, 

where distinctions are made between its integration at the national level, and its 

implementation at the sub-national level. Drawing on experiences from Sabah, 

implementing RIL as a project-based activity under the Climate Convention is 

broadly applicable to all States in Malaysia, whereby monitoring, reporting and 

verification at the sub-national level may be implemented through the existing 

domestic forest certification standard in Malaysia. At the current price of carbon 

over a 35-year harvest cycle, RIL is estimated to be approximately at the break-

even price for its implementation in Sabah. Relative to the cost of restoring 

severely degraded forests harvested through conventional practices in Sabah, 

implementing RIL is financially viable. The knowledge gained by investigating 

RIL as a sub-national approach may be useful to assist Malaysia to meet their 

intended national emission reduction targets under the Climate Convention. 

This Thesis is aimed to improve our knowledge of the application of RIL in 

logged-over forest of Sabah, and its applicability as a project-based activity 

under the Climate Convention in Malaysia. Several research questions were 

raised, to contextualise the modalities of RIL in Sabah and the institutional 

framework in Malaysia, relative to the architecture of the Climate Convention. It 

highlights the need for a systematic approach to gather observations on forest 

carbon dynamics and their integration into larger carbon accounting frameworks, 

to improve our understanding of the potential of RIL to contribute to reduce 

carbon emissions into the atmosphere from the forest sector. 
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CHAPTER 1 

 

RATIONALE OF THE FRAMEWORK APPROACH 

 

 

To understand the rationale to undertake this research, the political and the 

technical context surrounding the present work are described in the sub-sections 

of this introduction. Within, the reader becomes aware of the major political and 

technical elements involving the implementation of conventional harvest 

activities, and the multidisciplinary challenges to the implementation of 

responsible approaches to timber harvesting in commercial timber concessions, 

relative to the modalities and procedures of the Climate Convention in Malaysia. 

The issues are discussed in each Section respectively, as follows: 1.1) The 

history of international climate mechanisms and the forest sector; 1.2) An 

overview of conventional harvest activities in Southeast Asia; 1.3) An overview 

of approaches to commercial harvest activities in Malaysia; 1.4) The attributes of 

RIL in Sabah. With the issues and activities contextualising the research 

described, the rationale and scope of the Thesis is outlined in Section 1.5, 

followed by an overview of each Chapter in Section 1.6. 

 

1.1. A BRIEF HISTORY OF INTERNATIONAL CLIMATE 

MECHANISMS AND ACTIVITIES INVOLVING THE FOREST 

SECTOR 

Since the first United Nations Science Congress, termed the ‘first Earth 

Summit’, convened in Stockholm, Sweden in 1972, modern research into the 

anthropogenic impacts of human activity on the natural environment began, with 

a focus on the preservation and enhancement of the human environment. Within 

the Congress, the Governing Council of the United Nations Environment 

Programme (UNEP) was established, along with the long-term monitoring of 

atmospheric constituents, which are believed to be linked to meteorological 

changes in the environment (United Nations, 2007). Termed ‘climate change’, 
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the programme was coordinated by the World Meteorological Organisation 

(WMO), which then formed a new division in 1988, the Intergovernmental Panel 

on Climate Change (IPCC), tasked with the monitoring and the collection of 

information related to climate change, with a mandate to develop suitable 

response strategies (IPCC, 2016). With the understanding that anthropogenic 

activities cause harm to the environment, these actions led to an increase in the 

scale of work, with the second World Climate Conference held in 1990, whereby 

the Ministerial Declaration urged for a rapid response to a ‘global problem of 

unique character’. In 1992, the United Nations Conference on Environment and 

Development (UNCED) was held in Rio de Janeiro, Brazil, where the Parties 

adopted the Rio Declaration and Agenda 21, aimed to foster cooperation, and 

address issues related to the environment, energy consumption, and sustainable 

development of human welfare. Within, the United Nations Framework 

Convention on Climate Change (UNFCCC) was established to aid in the 

stabilisation of atmospheric concentrations of greenhouse gases (GHG), at levels 

to prevent anthropogenic interference with the climate system (United Nations, 

2007). 

Under the UNFCCC, 160 Parties reached agreement to reduce GHG 

emissions by developed countries by at least 5% below levels of the base year 

1990. These commitments were to be met during the first commitment period, 

between 2008-2012. This legally binding agreement was adopted in Kyoto, 

Japan in 1997, termed ‘the Kyoto Protocol’, which came into force on 16 

February 2005 (UNFCCC, 1997; United Nations, 2007). Carbon emissions from 

the forestry sector are estimated to contribute 15-20% of global greenhouse gas 

emissions (IPCC, 2014). Within the Kyoto Protocol, in decision 16/CMP.1, 

activities involving forestry included ‘afforestation’, i.e., the planting of trees on 

lands that have not been forested for a minimum of 50 years, and ‘reforestation’, 

i.e., the planting of trees on land that did not contain a forest on 31 December 

1989 (UNFCCC, 2005, 2013). However, despite these commitments under the 

Kyoto Protocol, the majority of national targets were not achieved over the first 

commitment period (Michaelowa et al., 2007; IPCC, 2014; Matthews and van 

Noordwijk, 2014). 
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As such, Parties to the Climate Convention set out to increase the number of 

activities in the forest sector, and under the Bali Road Map in 2007, through 

decision 1/CP.16, paragraph 70, eligible activities under the Climate Convention 

were expanded to include the ‘conservation of carbon stocks’, the ‘reduction of 

emissions from forest degradation’, and ‘the sustainable management of forests’. 

Collectively these five activities, including the role of conservation, sustainable 

management of forests and enhancement of forest carbon stocks in developing 

countries, are known as Reducing Emissions from Deforestation and Forest 

Degradation, or ‘REDD-plus’ (Meridian Institute, 2009; Zhu et al., 2010). 

Currently under the Climate Convention, there are no REDD-plus modalities for 

project-based activities involving the ‘conservation of carbon stocks’, the 

‘reduction of emissions from forest degradation’, and ‘the sustainable 

management of forests’. Negotiations between the Parties continued over time, 

and on 12 December 2015, 195 Parties agreed in Paris, France, to a subsequent 

agreement, termed the ‘Paris Agreement’, whereby the Parties pledged domestic 

emission reduction targets and accelerate cooperative climate action, with a 

long-term goal of keeping the increase in the global temperatures in this century 

below two degrees Celsius, relative to pre-industrial levels (UNFCCC, 2016b). 

 

1.2. AN OVERVIEW OF CONVENTIONAL HARVEST PRACTICES 

IN SOUTHEAST ASIA 

Timber is a tradable commodity, whether sourced from sustainable or 

unsustainable sources, and only in extenuating circumstances, will concessions 

choose long-term environmental benefits, over short-term financial revenues 

(Bach and Gram, 1996; Southgate, 1998). Concessions in Southeast Asia harvest 

higher volumes, than other regions in the World, i.e., 50-120 cubic metres per 

hectare (m3 ha-1). Due to the highly selective nature of ‘mining’ commercial 

timber species, production areas in Southeast Asia need to be larger in size to 

cover the large number of environmental, social and economic circumstances 

within (Dykstra and Heinrich, 1996; Pinard and Putz, 1996; Fearnside, 1997; 

Rice et al., 1997). 
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Typically driven by a top-down approach from Federal or State-level 

institutions, concessions receive annual production targets from the government, 

and failure to meet these targets may result in the lowering of future harvest 

quotas, or the suspension of the harvest license itself (Bekerman, 1992; Lim, 

2010). Production targets, coupled with short-term license restrictions, can have 

devastating affects on the residual standing forest (Putz et al., 2000; Pearce et 

al., 2003). As recent as 2006 in Sabah, Malaysia, there was no specific 

requirement to become registered as a forest contractor, rather it was simply a 

matter of legal registration, financial capital, and political associates (Sapulut, 

2010). On the ground, concession holders undertake field reconnaissance to 

identify the location of merchantable timber, which may or may not use an 

identified system of recording. In many instances, timber production supervisors 

rely on verbal communication from senior field rangers for descriptions of areas 

and tree locations, which in many cases define the road and infrastructure 

network. Often compartments are rudimentarily mapped, and do not identify 

topographic contours (Wilkie et al., 1992; Klassen, 2001; Sist et al., 2003c). 

Contractors form the fundamental component of harvest practices in the 

tropics, as it is common for licensed concessionaires to sub-contract work to 

smaller, specialised bodies, i.e., road construction, felling, hauling (Cannon et 

al., 1994). Sub-contractors are engaged to distribute the high equipment and 

capital costs evenly across the operations, however the trade off results in the 

surrender of the ability to control and supervise operations, including the flow 

and accuracy of information received by the concession holder (Timberwell, 

2010). Soil disturbance from conventional logging is high, specifically relating 

to slope, skidding distance, soil type, texture and moisture, as well as the type of 

equipment and its usage (Dyrness, 1965; Burger et al., 1989; Pinard et al., 

2000a). Harvest activities can extensively damage the residual stand, and when 

compounded with heavy rain, can result in heavy erosion, the blockage of 

localised streams, and the disruption of hydrologic cycles (Dyrness, 1965; 

Jusoff, 1992; Boltz et al., 2003). In doing so, forest infrastructure, i.e., road and 

timber storage areas, are created with high-impact construction methods that do 

not take into consideration the required environmental criteria, resulting in a 

labyrinth of roads, connecting the point of harvest to the storage areas 
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(Kammesheidt et al., 2001; Wells, 2002). The creation of forest infrastructure 

may cover as much as 30-80% of a compartment area, and the tree mortality by 

uncontrolled skidding, i.e., the pulling of trees from the place of harvest to the 

storage locations, have been estimated to reach up to 80% in a compartment 

area, demonstrating the unplanned and unsupervised nature of conventional 

harvest activities (Chai, 1975; Sist et al., 2003a). Financially, road networks are 

a major investment for the concession holder and are developed specifically for 

timber extraction operations (TFF, 2006). Primary, secondary, feeder roads, and 

skid trails, make up the forest road network, and in most cases are established 

after felling is complete (CIFOR, 2002; Boltz et al., 2003). 

The crawler tractor bulldozer is commonly used in the tropics. It is a high-

powered, track-based machine typically fitted with a single blade on the front, 

with an operational winch mounted on the back. Although automated winches 

are becoming more common, winches are typically extended manually. Due to 

the gauge and weight of the cables, 2-3 personnel are needed to extend the cable 

to the maximum length of 30 metres. In many cases however, cables are shorter, 

requiring the tractor to make its way to the precise felling location (Cannon et 

al., 1994). In many instances, logs are pulled onto skid trails and feeder roads, 

and left until log production has exceeded operational efficiency of the road, 

before being skidded to the main log storage area (Wells, 2002). Research has 

shown that during the early 1970s, 13% of a harvest area is converted into 

landings, which increased to 40% during the 1980s (Kammesheidt et al., 2001). 

Timber fellers normally do not possess any formal training qualifications 

(Forshed et al., 2006). In Southeast Asia, 8-15 trees per hectare are felled, 

representing approximately 50-120 m3 ha-1 (SFD, 1989; Pinard and Putz, 1996), 

resulting in 40-70% damage to trees in the residual stand (Nicholson, 1958; Fox, 

1968). Fellers often communicate to the tractor driver directly to instruct where 

the harvested trees are located, however poor communication can result in high 

volumes being left in the forest (CIFOR, 2002; Boltz et al., 2003). Moreover, 

logging has a compound effect on forest wildlife with loss of habitat, 

composition of original cover, as well as changes in plant community and forest 

structure (Woods, 1989; Johns et al., 1996).  
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1.3. A BRIEF HISTORY OF COMMERCIAL HARVEST 

ACTIVITIES IN MALAYSIA AND THE INTRODUCTION OF 

REDUCED-IMPACT LOGGING IN SABAH 

Silviculture treatments in Peninsular Malaysia and Sabah began with the 

formation of the forestry service in 1883, with selective approaches to logging 

occurring on access-specific locations, with harvest activities limited to 7 m3 ha-1 

(Barnard, 1954). Industrialisation led to an increase in demand and exploitation, 

promoting more intensive harvest activities. At the time, interest was focused 

only on the growth and extraction of specific commercial species, which resulted 

in the development of the Departmental Improvement Felling System (DIFS), 

whereby the crowns of trees that interfered with valuable species were removed. 

Ultimately this led to the rapid decline in diversity in the upper canopy levels, 

however, this had no impact on the number of trees in the lower canopy, and 

therefore in the early 1930s, the system of Regeneration Improvement Felling 

(RIF) was established (Appanah, 1998). Under the RIF, inferior species were 

removed over a series of logging treatments, and if the regeneration of valuable 

species were successful, the final felling was carried out on the valuable species 

(Fox, 1968). 

Over the course of the Second World War, and specifically during the 

Japanese occupation from 1942-1945, forests were clear-felled to support the 

war effort. Thereafter, forest mensuration activities took place, when it was 

realised that fast growing dipterocarp species were found in abundance, contrary 

to the expectations of leading practitioners at the time, indicating that clear-

felling could result in a greater stocking of uniform species. This knowledge 

became the basis of the Malaysian Uniform System (MUS), introduced in 1948 

for the management of lowland dipterocarp forests (Wyatt-Smith, 1963). Within 

the modified MUS in Sabah, trees ≥60 cm at Diameter at Breast Height (DBH) 

were felled, and the poison girdling of over-story competitors was introduced at 

fixed time intervals after harvesting was complete. Eventually however, this was 

abandoned as previously undesirable species were then becoming marketable, 

marking the introduction of the Malaysian Selective Management System (SMS) 

in the late 1970s, in both Malaysia, and Sabah (Chai and Udarbe, 1977; Kleine, 

1987; Appanah, 1998) (Figure 1.1). 
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Figure 1.1: Location map of the State of Sabah highlighted in light green, 
relative to its geographical position in Malaysia, and the 
Southeast Asia region (Ong et al., 2013). 

 

The SMS system is based on pre-felling inventories, whereby dipterocarps 

and non-dipterocarps tree species ≥50, and ≥45 cm DBH, respectively, are felled 

provided there is an adequate number of residual trees for regeneration over 30-

year harvest cycles (Thang, 1987). Under the system, seedlings are assumed to 

be present, or replenished without human assistance over the regeneration 

timeframe. However this was not substantiated, as harvest areas were found to 

be still affected by past harvest activities within the estimated re-entry timeframe 

(Wan Rizali, 1989). This laid the foundation for silvicultural management to 

focus on logged-over degraded forest, and not primary forests, which 

historically, was the basis of forest management prescriptions from the inception 

of the forest industry in Malaysia, and Sabah (Kleine, 1997). 

These activities continued in Sabah throughout the 1980s until 1989, when 

the Sabah Forestry Department (SFD) and the German Agency for Technical 

2 R.C. Ong et al.

 A key initiative towards improving forest management began with the develop-
ment of a model forest management plan for one Forest Management Unit (FMU), 
the Deramakot Forest Reserve. Sabah’s entire Forest Reserve (Fig.  1.2 ) is divided 
into 23 FMUs. A Forest Management Unit (FMU) is the basic entity for manage-
ment planning. The main idea was to adopt this model management planning 
approach for the other FMUs. In 1995, a model management plan for the Deramakot 
Forest Reserve was completed under the auspices of the Malaysian German 
Sustainable Forest Management Project.  

 The 23 FMUs are sequentially numbered. The mean area of the 23 FMUs is 
approximately 100,000 ha each. The Deramakot Forest Reserve corresponds to 
FMU 19A and has been managed directly by the Sabah Forestry Department since 
1989. The Tangkulap Forest Reserve, corresponding to FMU 17A, was managed by 
a private logging company before 2002 and transferred to the direct management of 
the Sabah Forestry Department after 2002. Twelve FMUs have been licensed out to 
various private companies under a 100-year concession agreement as of 2010; the 
remaining FMUs still remain to be licensed for concession agreement or are directly 
managed by the Sabah Forestry Department. 

 This chapter mainly describes the management of Deramakot over the past 
15 years in comparison to Tangkulap. The two FMUs are located side by side, but 
they have contrasting logging histories. The Deramakot Forest Reserve has been 

  Fig. 1.1    Location of Sabah, Malaysia       
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Cooperation (GIZ), known previously as the GTZ, collaborated in the 

development of a new forest management approach, termed the Forest 

Management Unit (FMU) programme. This approach involved the development 

of a systematic, low-impact framework for harvest activities, informed by the 

regenerative capability of the forest over 40-year harvest cycles (Kleine, and 

Heuveldop, 1993). The demarcation of the FMUs was based on the broader 

Sabah Land Tenure Code, separating commercial forest reserves (FMUs) from 

State land, alienated land, and government reserves. These other land tenure 

classes were then further identified for economic development activities, such as 

agriculture, aviation, industrial, and military classifications (MacMorrow and 

Abdul Talip, 2001). This is in contrast to previous practices, where historically, 

forest areas with good stocking are allocated for economic development, and 

likewise, areas with poor stocking were demarcated for commercial forest 

activities (Mannan and Awang, 2005). 

The FMU programme began in the logged-over forest of the Deramakot 

forest reserve, which was identified through restrictions of the programme of the 

GIZ, whereby forestry programmes could not be established in primary forest 

(Kleine, 1997). Within this reserve, a management policy was developed for the 

reserve to “manage all forest resources on a sustained-yield basis for economic, 

social, and environmental purposes” (Kleine, 1997, pp. 92). In 1997, the FMU 

achieved certification against the Forest Stewardship Council (FSC) Standard, to 

become the first tropical forest concession in Southeast Asia to achieve FSC 

status (Lagan et al., 2007). Later that year, the government of Sabah established 

26 privately operated FMUs, each consisting of approximately 100,000 ha, 

mandate with the premise of implementing responsible forest management, 

through a legally binding 99-year Sustainable Forest Management License 

Agreement (SFMLA). Within the agreement, FMU lease owners are required to 

undertake forest harvesting, restoration, plantation, community and conservation 

activities against an approved Forest Management Plan (FMP) every 10-years. 

The plans are subject to mid-term reviews every 5-years, and all activities are 

approved by the SFD and documented in annual compliance reports, prior to 

implementation. 
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Around the same time in the early 1990s in Sabah, reduced-impact logging 

(RIL) was trialed in the Malua forest reserve, a commercial production area 

nearby to the Deramakot forest reserve, in an attempt to limit damage to the 

forest from timber harvest activities, relative to conventional harvest practices 

(Putz and Pinard, 1993). The technique involves the development of 

comprehensive harvest plans and forest stock maps to identify and locate trees 

that are deemed for harvest. Once identified, forest infrastructure is strategically 

located to reduce construction impacts, and optimise log extraction. Moreover, 

the technique incorporates low-impact harvest and extraction techniques, such as 

felling trees in areas devoid of trees, i.e., on skid trails, and the long-distance 

winching of trees out of the forest, in efforts to reduce damage to the residual 

forest (Pinard, 1995; Dykstra, 2002; FAO, 2004). As a result, these approaches 

to the silviculture treatment of logged-over commercial production forests were 

included in the SFMLA of all FMUs across the State of Sabah. 

However, although RIL was mandated, its implementation was not consistent 

(Mannan and Awang, 1997). Therefore between 2006-2008, the government of 

Sabah began large-scale efforts to reinforce RIL practices to improve the quality 

of forest practices in the State. After its completion, the government enacted a 

RIL policy in 2010, mandating all commercial production forests to implement 

the practice, i.e., banning conventional harvest practices in the FMUs. Sabah is 

the only State in Malaysia to mandate the application of RIL in all commercial 

production forests (SFD, 2010a; The Star, 2010). The policy is aimed to 

reinforce the implementation of RIL, and to relieve the cumulative, long-term 

effects of conventional harvest practices (SFD, 2007; DeFreitas and Pinard, 

2008; SFD, 2010; Zimmerman and Kormos, 2012). To capture any potential 

benefits arising from the global carbon market, the government revised the 

Sabah Forest Enactment in 2012 to include carbon as taxable forest commodity 

(Kossoy, 2012; Sario, 2013). 
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1.4. THE ATTRIBUTES OF REDUCED-IMPACT LOGGING IN 

SABAH 

In Sabah, the components of RIL involve a series of training, and pre- and 

post-harvest measures, designed to protect regeneration, and avoid or minimise 

damage, while ensuring the forest continues to provide ecosystem services (van 

der Hout, 1999; Enters et al., 2001; Putz and Nasi, 2009; Putz et al., 2012). In 

2002, the Food and Agriculture Organisation of the United Nations (FAO) 

commissioned a literature review to produce an annotated bibliography on the 

literature of RIL, which critically reviewed the body of knowledge, to define the 

prescription and its processes. Research on the practise is typically derived from 

controlled research experiments in primary forests, to contrast the impact of 

conventional vs. RIL activities (FAO, 2004). In doing so, RIL is defined as, and 

contains, the following characteristics (Table 1.1): 

 

“Intensively planned and carefully controlled implementation of harvest 
operations to minimise the impact on forest stands and soils, usually in 

individual tree selection cutting” (FAO, 2004, pp. 2). 

 

Table 1.1: Characteristics of reduced-impact logging. Adapted from FAO 
(2004). Text in bold indicates key words of each activity for ease 
of reference to the reader. 

 
# Characteristic 

1 Pre-harvest inventory and mapping of eligible crop trees. 
2 Pre-harvest planning of forest infrastructure to provide access to the 

harvest area, and to the individual trees for harvest, while minimising soil 
disturbance, and protecting waterways with appropriate crossings. 

3 Pre-harvest climber cutting where climbers inter-connect with tree crowns. 
4 The use of appropriate felling and bucking techniques, including 

controlled and directional felling. 
5 Construction of forest infrastructure that adheres to engineering and 

environmental design guidelines. 
6 The long-distance winching of logs to planned forest infrastructure while 

ensuring machinery remains on designated paths and platforms. 
7 Post-harvest assessments involving monitoring, reporting and 

verification to evaluate the implementation of the harvest guideline. 
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In Sabah, RIL activities are mandated through the SFMLA in all FMUs in the 

State, governed through the Sabah RIL operational guidebook (SFD, 2009a). 

Timber inventories are implemented in each compartment intended for harvest, 

where 100% of all eligible merchantable trees, i.e., trees ≥60 cm DBH are 

tagged, identified to the species level, and recorded. All trees must be 

commercial for harvest activities to commence, and each compartment must 

contain a minimum of 16 trees ≥60 cm DBH per hectare, with a collective 

volume exceeding 25 m3 ha-1 (Ong, 2006; SFD, 2009a). In doing so, the 

inventory defines the basis of the comprehensive harvest plan, which further 

outlines the history of the area, the soil type, its road access, and other physical 

characteristics of the compartment being prepared for harvest activities. The 

harvest plan identifies the areas to be harvested, their respective yields, and the 

schedule of operations, and outlines the equipment to be used, i.e., number of 

tractors, and the tractor and skidder type. Tree stock maps are created at the scale 

of 1:5,000, where the topography, road infrastructure, riparian and prohibited 

areas, are accurately represented using advanced Geographic Information 

System (GIS) and mapping software (ESRI, 1996; SFD, 2009a). Prior to harvest 

activities, compartments undergo silvicultural treatments, whereby climbing 

vines are cut from trees to be harvested. As vines grow where light penetrates 

the canopy, the resulting inter-connection of the trees can cause undue damage if 

they are not cut prior to harvest activities (Putz, 1985; Putz and Mooney, 1991; 

Pinard et al., 2000b). 

In Sabah, constructing forest infrastructure under RIL involves considerations 

such as topography, conservation areas, and other natural features that can affect 

environmental attributes both during, and after, harvest activities are completed. 

The incline of roads and skid trails must be <25º in slope, and the total 

infrastructure is <6% of the area, or 120 m ha-1. To avoid the creation of 

extensive forest infrastructure, Sabah utilises long-distance winching of logs. 

Specialised machinery is used to extract logs up to 100 m in distance, from 

where the physical machines are positioned. The machinery is required to stay 

on designated roads, skid trails and platforms, where platforms must not exceed 

0.7% of the area (SFD, 2009a). 
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Timber harvest activities involve directional felling techniques to fell trees to 

into areas where they cause the least amount of damage to the residual stand, 

thereby maximising merchantable timber (Enters et al., 2001; SFD, 2009a). The 

techniques are aimed to avoid damage to immature trees and conservation areas, 

easing the skidding of logs to storage areas, and increase feller safety (SFD, 

2009a). Following harvest activities, water bumps and cross drains are created 

on roads and skid trails to reduce environmental degradation such as soil 

erosion, and the siltation of watercourses (Ilstedt et al., 2004; Ampoorter et al, 

2010). To ensure the natural flow of water, which can assist the natural forest 

regeneration area, temporary stream crossing structures, such as bridges and 

culverts, are removed (SFD, 2009a). 

Finally, third-party monitoring of operational and environmental compliance 

to the harvest guideline is implemented at the planning and operational stages, 

i.e., the development of the harvest plan, and its implementation, to ensure 

intentions match operational outputs (The Star, 2010). In comparison to 

conventional harvesting activities in primary commercial production forests, RIL 

has been found to reduce damage to soils by up to 50%, and ground disturbance 

per tree harvested may be reduced by up to 41% (Pinard et al., 2000a; Priyadi 

and Gunarso, 2006; Putz and Nasi, 2009). Moreover, the area of forest 

infrastructure has been estimated to be reduced by as much as 40%, as a direct 

result of pre-harvest planning of forest infrastructure and skidding operations 

(Klassen, 2001). Along with the reduction of canopy loss, RIL can increase 

wood recovery from directional felling, resulting from more timber per tree 

harvested (Winkler, 1997). The characteristics of conventional harvest activities, 

and RIL practices in Sabah, are contrasted in Table 1.2. 

  



 

Chapter 1: Rationale of the Framework Approach  

 

 

 
13 

 

Table 1.2: The contrasted characteristics of conventional and reduced-impact 
logging in Sabah. Adapted from Sist et al. (2003c) and SFD 
(2005a). 

Activity Conventional harvesting  Reduced-impact logging 

Training None.  Training including inventory, 
planning, harvesting, extraction 
and bucking. 

Forest 
survey 

Commercial trees are 
mapped and diameter 
estimated, no topographic 
assessment. 

 100% pre-harvest inventory 
including topographic assessment, 
and stock mapping of eligible 
harvestable trees. 

Mapping Basic, no topographic 
contour lines. 

 Topographic and tree location 
(including tree number), road 
infrastructure (including skid 
trails), streams and rivers, culverts 
and bridges, boundaries and buffer 
zones, 5 m contour lines, 1/5,000 
scale, key and legend, authorised 
signature. 

Vine cutting None.  Cutting of all vines >2 cm in 
diameter growing on, near to, or 
attached to, trees marked for 
harvest. 

Skid trail 
planning 

None.  Planned according to topography, 
marked on the ground and 
indicated on the map, including 
position of trees to be felled. 

Road 
construction 

Road planning is based on 
a rapid field survey. No 
topographic maps are 
produced. 

 Planning and implementation 
based on a systematic topographic 
assessment, including mapping 
and verification assessments. 

Skid trail 
opening 

Opened during extraction 
without planning, or 
occasionally, prior/during 
operations. 

 Opened prior to felling to assist 
directional felling, width must not 
exceed 4-5 m, tractors prohibited 
from exiting skid trails, blading 
held to a minimum. 

Directional 
felling 

None.  Only marked trees can be felled, 
trees felled at best angle to reduce 
damage to residual stand and 
facilitate ease of extraction, felling 
on skid trails is encouraged. 

Supervision None.  Engagement of independent third-
party auditors for monitoring and 
reporting. 
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1.5. SCOPE OF THESIS 

Research into RIL is primarily implemented in primary forests under 

relatively controlled circumstances, under the guidance and surveillance of 

research bodies. Its implementation in large-scale, logged-over commercial 

concessions is relatively understudied. Moreover, with the recent adoption of the 

Paris Agreement under the Climate Convention, modalities for the inclusion of 

RIL as a project-based activity to reduce carbon entering the atmosphere have 

yet to be developed. Investigations on both the applicability of RIL in logged-

over forests, broadly, and its potential as a project-based activity under the 

Climate Convention, specifically, are warranted. The aim of this Thesis is to 

investigate the implementation of RIL in logged-over commercial production 

forests in Sabah, to better understand its potential, and applicability, to reduce 

carbon entering the atmosphere under the Climate Convention in Malaysia. This 

is done by investigating key issues including: a) Understanding how 

implementing RIL in Sabah may be integrated into the Climate Convention in 

Malaysia; b) Investigating forest dynamics and responses from RIL activities in 

commercial logged-over production forests in Sabah; c) Investigating activity-

specific modalities for the implementation of RIL in Sabah for its potential 

inclusion under the Climate Convention in Malaysia; d) Investigating the 

effectiveness of RIL in Sabah, in terms of the potential carbon reduced from 

entering the atmosphere, and its associated carbon finance, under the Climate 

Convention in Malaysia. 

Under the Climate Convention, national institutions are developed 

specifically by signatory Parties to facilitate approaches to meet their emission 

reduction targets. Although RIL is implemented in various forms in many of the 

States in Malaysia, Sabah is the only State to mandate the practice into policy 

(The Star, 2010) (Section 1.3). In doing so, Sabah has institutionalised RIL as a 

sub-national initiative to reduce the environmental impact of harvest activities in 

logged-over degraded forests, which if interpreted under the Climate Convention 

at the national level, institutionalises the ‘reduction of emissions from forest 

degradation’ in Malaysia (Section 1.1). 
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The objective of this Thesis is to improve our understanding of the 

application of RIL in tropical degraded, logged-over forest of Sabah, relative to 

its applicability as a project-based activity under the Climate Convention in 

Malaysia. Specifically, this Thesis aims to improve our understanding by 

investigating the following: 

1) Can the implementation of RIL in Sabah be integrated into REDD-plus 

under the Climate Convention in Malaysia? 

2) What are the spatial and temporal responses of commercial logged-over 

production forests after the implementation RIL in Sabah? 

3) How can carbon stocks be accounted for within the modalities of RIL in 

Sabah, and can a simple model be created to better understand its 

potential to reduce the amount of carbon entering the atmosphere? 

4) What is the effectiveness of implementing RIL in Sabah, in terms of 

reductions in the potential carbon entering the atmosphere, and its 

associated finance, relative to the commitments of Malaysia to the 

Climate Convention? 

 

1.6. OVERVIEW OF THESIS CHAPTERS 

This Thesis is structured as a series of Chapters, each contributing a 

component to the investigation, where some of the Chapters have been 

published, are in progress, or are intended, for publication. There are also four 

Appendices, which include supplementary information to the various Chapters 

in the Thesis, and the raw data summary tables for all sample plots used for the 

collection of empirical data. The methods used to collect the raw data are 

presented in the form of a standard operational procedure, to offer practical 

insights into approach of the collection of data to the reader. Finally, a collection 

of photos is included in the final Appendix to contextualise to the reader, the 

conditions of commercial logged-over production forests in Sabah, relative to 

the implementation of RIL activities. 
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CHAPTER 1 

This Chapter outlines the objectives and rationale for this research, the 

political and technical context of the work, to better understand the 

multidisciplinary challenges involving the implementation of responsible 

approaches to timber harvesting in commercial timber concessions under the 

Climate Convention in Malaysia. The major political and technical issues are 

discussed in the following Sections: 1.1) The history of international climate 

mechanisms and the forest sector; 1.2) An overview of conventional harvest 

activities in Southeast Asia; 1.3) An overview of approaches to commercial 

harvest activities in Malaysia; 1.4) The attributes of RIL in Sabah; 1.5) Scope of 

Thesis; and 1.6) Overview of Thesis Chapters. 

 

CHAPTER 2 

The objective of this Chapter was to frame the concepts of the Climate 

Convention, relative to the sector-specific requirements for project-based 

activities in the forest sector. The improvement of the forest activities under the 

Climate Convention are conceptualised through the Hierarchy of Production 

Forest Management (HoPFM), i.e., a modular framework defining the 

progression of the forest industry through demonstrable benefits. The conceptual 

framework begins from the basic legal and regulatory frameworks that govern 

forest management activities, towards sustainable forest management, as the 

ideology of the Framework, designed to recognise both local, and global, forest 

management, while highlighting the need for balanced considerations of 

environmental, social and economic values. Through this Framework, the 

components of RIL and forest certification in Sabah, relative to the modalities of 

the Climate Convention are discussed. 
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CHAPTER 3 

The objectives of this Chapter were to investigate the variability in post-

harvest recovery of variables related broadly to ‘harvest intensity’ and ‘time 

since harvest’ after the implementation of RIL in the Deramakot forest reserve. 

Specifically, forest attributes such as the number of trees, basal area, volume and 

carbon were examined. This commercial logged-over production forest 

represents the oldest, concession-wide implementation of RIL in Sabah. To 

assess temporal and spatial distributions, all tree diameter classes were 

investigated, and broken down into major functional species classes of 

‘dipterocarp’ and ‘non-dipterocarp’, to understand where the changes are 

occurring within the forest structure, to what rate they are occurring, and to what 

extent ‘harvest intensity’ and ‘time’, are affecting regeneration of the forest. It 

was identified that ‘harvest intensity’ was found to be affecting forest recovery, 

relative to ‘time since harvest’, which was similarly identified for ‘dipterocarp’ 

species, relative to ‘non-dipterocarp’, respectively. The few significant changes 

detected indicated that long-term periods of analysis are required to identify 

consistent trends over-time. 

 

CHAPTER 4 

The objective of this Chapter was to propose a carbon baseline for the 

commercial production forests of Sabah, where conventional harvest activities 

are historically, the only form of harvest practice. The application of a carbon 

baseline is aimed to assist the quantification of improved harvest activities 

through RIL activities in Sabah, under the Climate Convention in Malaysia. The 

literature, contrasting RIL and conventional practices, was reviewed to establish 

the difference between the practices, and develop a recovery trajectory of 

carbon. In its application, a benchmark is set, counterfactually, to estimate 

carbon that would be released without RIL activities, and a number of carbon 

reductions are withheld to create a buffer between actual and potential issuance. 

The approach is useful, to account for changes in policy and project-based 

circumstances, which may impact the number of carbon reductions issued in a 

project timeframe. 
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CHAPTER 5 

The objective of this Chapter was to investigate the changes in carbon stocks 

resulting from the application of RIL activities, relative to conventional harvest 

practices, in contrasting commercial forest reserves in Sabah. Representing 

extremes along a gradient of anthropogenic disturbance intensity, an old growth 

lower montaine forest was investigated to represent the lower end of disturbance, 

and a lowland severely logged-over dipterocarp forest, was investigated to 

represent the upper end of disturbance. The estimated change in carbon stocks 

from RIL activities in both areas, were compared against carbon baselines 

derived from conventional harvest practices, proposed in Chapter 4. The 

estimates were comparable to literature values, with RIL activities found to 

reduce carbon entering the atmosphere. The variability in the accumulation of 

carbon stocks of aboveground alive tree biomass was identified as an important 

consideration in the trends observed, and the variability of the result supports the 

concept of conservativeness, as advocated for project-based activities, under the 

Climate Convention. The approach to accounting for carbon stocks through RIL 

activities in Sabah is useful to better understand its broader application as an 

activity aimed at reducing carbon entering the atmosphere under the Climate 

Convention in Malaysia. 

 

CHAPTER 6 

The objective of this Chapter was to investigate the potential of RIL to be 

integrated in the national institutional framework of Malaysia, with the aim of 

reducing the amount of carbon entering the atmosphere, through its registration 

as a nationally appropriate mitigation action under the Climate Convention. 

Drawing on experiences from Sabah, implementing RIL as a project-based 

activity under the Climate Convention is broadly applicable to all States in 

Malaysia, whereby monitoring, reporting and verification at the sub-national 

level may be implemented through the existing domestic forest certification 

standard in Malaysia. At the current price of carbon over a 35-year harvest cycle, 

RIL is estimated to be approximately at the break-even price for its 

implementation in Sabah. Relative to the cost of restoring severely degraded 
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forests harvested through conventional practices in Sabah, implementing RIL is 

financially viable. The knowledge gained by investigating RIL as a sub-national 

approach may be useful to assist Malaysia to meet their intended national 

emission reduction targets under the Climate Convention. 

 

CHAPTER 7 

This Chapter outlines the main conclusions, and discusses the implications of 

each Chapter, while suggesting areas of further research, relevant to the 

implementation of RIL in degraded, logged-over forest of Sabah, and its 

applicability as a project-based activity under the Climate Convention in 

Malaysia. 
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CHAPTER 2 

 

THE HIERARCHY OF PRODUCTION FOREST 

MANAGEMENT 

 

 

 

2.1. INTRODUCTION TO THE COMPLIANCE CARBON 

MARKET 

Forest management in the context of global challenges such as population, 

infrastructure, economic and climate dynamics, has become a key area of 

interest since at least the late 1970s, whereby a substantial amount of research 

has taken place (Brundtland, 1987; IPCC, 2006; Stern, 2006). Specifically 

established to investigate anthropogenic effects of increased atmospheric carbon 

dioxide (CO2) concentrations, the Intergovernmental Panel on Climate Change 

(IPCC) spearheaded global research on atmospheric change. Their work, as well 

as the growing movement on environmental sustainability of the worlds 

resources, reached the pinnacle of international negotiations at the United 

Nations Conference on Environment and Development (UNCED), held in Rio 

de Janeiro, Brazil, in June 1992, where three main environmental conventions 

entered into force: The United Nations Framework Convention on Climate 

Change (UNFCCC), The United Nations Convention on Biological Diversity 

(UNCBD), and The United Nations Convention to Combat Desertification 

(UNCCD) (IISD, 1995). 

The majority of the Parties to the Climate Convention signed up to the Kyoto 

Protocol (KP), a sub-agreement in force between 2008-2012, termed the first 

commitment period. According to Article 3, paragraph 1., developed countries 

and the European Community, known as Annex-I Countries, agreed to reduce 

greenhouse gas (GHG) emissions by an average of 5% over the period, relative 

to levels estimated in 1990. Non-developed nations, known as Non-Annex-I 

countries, were exempted from this reduction, because it was recognised by the 
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Parties, that their continued use of natural resources was essential to their 

economic development activities (UNFCCC, 2005; Stern, 2006). GHG emission 

levels determined for the year 1990 are known as the ‘baseline target’, and 

modalities and procedures were developed to estimate project-based GHG 

emission reductions. Signatories agreed the baseline target should be met 

through sector-specific, project-based activities, whereby in Article 3, paragraph 

3, two project types were identified for the forestry sector: a) the planting of 

lands known to be degraded ≥ 50-years, i.e., ‘afforestation’, and b) 

anthropogenic conversion of non-forested land to forested land through planting 

or seeding activities, i.e., ‘reforestation’ (UNFCCC, 1997). Such activities could 

be carried out in Annex-I and Non-Annex-I countries, through three 

mechanisms: a) Emission Trading (ET), whereby industrialised countries could 

buy and sell emission credits; b) Joint Implementation (JI), a mechanism 

whereby industrialised countries would earn credits if they collaborated on 

projects that reduce emissions in other developed nations; and c) The Clean 

Development Mechanism (CDM), whereby developed countries could earn 

credits for implementing projects in non-developed countries, as stated in Article 

3, 4 and 12 of the KP, respectively (UNFCCC, 1997). However in the absence of 

emission trading, governments would be required to meet their targets 

domestically (Michaelowa et al., 2007; Neeff et al, 2013). 

Specifically focusing on project activities in developing countries, the 

certified nature of the reductions under the CDM leads to the issuance of 

Certified Emission Reduction Certificates (CERs), a global commodity issued 

by accredited validation agencies to the CDM, to incentivise international 

development activities in the newly formed carbon market, with one CER 

equivalent to one tonne of CO2 (UNFCCC, 2015a). Monitoring, reporting and 

verification (MRV) activities by validation agencies are critical to the credibility 

of the carbon market, and only accredited agencies, agreed by the overarching 

Executive Board, entrusted to monitor CDM processes, methodologies and 

activities, can approve their issuance. However, project-based activities over the 

first commitment period did not achieve the aspirations of the international 

community, with the majority of targets not achieved by signatory countries 

(Victor, 2004). In the first commitment period, the compliance market was 
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estimated at 1.6 billion tonnes of CO2 (tCO2), with activities related to 

afforestation and reforestation limited to <1 % (UNEP, 2015). A new approach 

was needed to increase activities in the forest sector. Initiated through decision 1 

and 2/CP.13, programmes of work on methodological issues related to a range of 

policy approaches and incentives were initiated in Bali, Indonesia in 2007 

(UNFCCC, 2007). Thereafter in 2010, the Parties agreed to expand forest 

activities in Cancun, Mexico, to include ‘forest conservation’, the ‘reduction of 

emissions from forest degradation’, and the ‘sustainable management of forests’, 

under 1/CP.16 paragraph 70 (UNFCCC, 2011). Collectively, the existing and 

newly expanded activities outline efforts to ‘Reduce Emissions from 

Deforestation and Forest Degradation’ (REDD), which includes the role of 

conservation, sustainable management of forests and enhancement of forest 

carbon stocks in developing countries. These activities are known as REDD-plus 

(Meridian Institute, 2009; Zhu et al., 2010). 

In the appendix of decision 1/CP.16, REDD-plus safeguards are agreed by 

the Parties to assist with the equitable distribution of benefits and costs between 

the project developers, governments, and financiers, and reduce the risk of 

project failure, such that activities take into account broader socio-economic 

issues intertwined with environmental concerns (Peskett, and Todd, 2013). In 

doing so, two key legislative components were introduced for Non-Annex I 

Parties: 1) The development of a National Forest Monitoring System (NFMS), to 

measure, report and verify REDD-plus activities, and 2) The creation of a forest 

reference level, a benchmark to estimate emission reductions from REDD 

projects (Angelson, 2008). The global rulebook for REDD-plus activities was 

completed with the adoption of decisions 9-15/CP.19, in December 2013 at the 

climate negotiations in Warsaw, Poland, whereby issues relating to finance, 

coordination, and monitoring, along with further guidance on safeguards, were 

agreed at the June 2015 technical discussions in Bonn, adopted in December 

2015 in Paris, France (UNFCCC, 2016b). 

Compared to the limited opportunities to develop forestry projects through 

the CDM, REDD-plus offers a suite of project opportunities for forest activities 

in the compliance market. However, with forestry projects slow to gain 

momentum over the course of the UNFCCC negotiations, a parallel carbon 
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market developed, driven by the voluntary reduction of carbon emissions in the 

private sector, by organisations primarily interested to increase social 

responsibility and reduce long-term operating business costs (Porter, 2006). 

Within the voluntary sector, the Standard with the widest recognition is the 

Verified Carbon Standard (VCS), with projects developed through approved 

methodologies, and accredited third-party entities issuing Verified Emission 

Reductions (VERs), with one VER equivalent to one tonne of CO2 (VCS, 2009). 

Within the Standard, forestry projects are classified within the ‘Agriculture, 

Forestry and Other Land Use (AFOLU)’ sector, which encompasses the 

following project-based activities: a) Afforestation, reforestation and re-

vegetation, b) Agriculture land management, c) Improved forest management, d) 

Reduced emissions from deforestation and forest degradation, e) Avoided 

conversion of grasslands and shrublands, and f) Wetlands restoration and 

conservation (VCS, 2013). Other notable voluntary carbon standards are ‘The 

Chicago Climate Exchange’, and ‘The Climate, Community, and Biodiversity 

Standard’, which adopt similar project classifications for the forest sector. Over 

the period of 2008-2012, the voluntary carbon market was estimated at 95 

million tCO2, with forestry activities contributing 22 million tCO2 (Peters-

Stanley and Hamilton, 2012). 

Following the agreement of the modalities for REDD-plus under the Climate 

Convention, examining the components needed to develop a carbon project may 

be a starting point to better understand how RIL, may assist to reduce GHG from 

entering the atmosphere. To do so, this Chapter aims to address the following 

questions: a) If reduced-impact logging were to be eligible under the compliance 

market, what issues would need to be addressed to register the project activity?, 

b) What legislative frameworks are needed to facilitate such activities under the 

compliance market in Sabah?. 

Legislative frameworks refer to policy mechanisms executed through the 

Sabah Forestry Department, and authorised under the legal provisions by the 

Sabah State Government. Issues regarding project eligibility refer to those 

requirements agreed by the Parties to the REDD-plus Framework in the 

compliance market. To discuss the eligibility and potential integration of RIL 

through the REDD-plus Framework in Sabah, a conceptual framework is 
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introduced to better contextualise how improving operational practice may assist 

to advance the forest industry in Sabah, with carbon as a key instrument for its 

progression and development. 

 

2.2. THE HIERARCHY OF PRODUCTION FOREST 

MANAGEMENT 

Termed ‘The Hierarchy of Production Forest Management’ (HoPFM), the 

Framework is a modular approach, whereby each tier is a direct function of the 

previous tier(s), involving progression through demonstrable benefits. There are 

four tiers that define progress through the hierarchy: 1) Conventional harvest 

practices; 2) Reduced-impact logging; 3) Forest certification, and 4) Sustainable 

forest management.  

The hierarchy stems from the first tier, consisting of basic legal and 

regulatory frameworks that govern forest management, which includes 

prevailing harvest and monitoring practices. Under the climate change paradigm, 

activities that are prevailing, or presently practiced, are known as conventional 

harvest practices (Section 1.4), or otherwise known as ‘business-as-usual’. While 

this does not imply these practices are illegal, it indicates there is a potential to 

improve on existing operational practices. 

The second tier is a more efficient and systematic approach to harvest 

activities utilising RIL techniques (Section 1.6). The tier represents practical 

steps to improve operational efficiency to reduce the associated environmental 

impacts on the forest. Avoiding excessive impacts can be idealised as an 

opportunity benefit, whereby such benefits may be associated with 

environmental, social, and legislative gains (Putz et al., 2008a; Putz and Nasi, 

2009; West et al, 2014). 

The third tier goes beyond RIL, to encompass a broader view of forest 

management, to incorporate third-party certification schemes. Forest 

certification itself, involves the implementation of pre-defined actions that 

explicitly confer environmental protection and social benefits (Cubbage et al, 

2010; Fernholtz et al., 2010). The premise behind forest certification operates 

through peer-reviewed, local and/or international principles and criteria, enacted 



 

Climate Change Mitigation Through Reduced-Impact Logging: A Framework Approach  

 

 

 
26 
 

through indicators, which are used as verifiers by third party accredited agencies 

to conduct compliance audits against the certification standard. 

Representing the ideology of the conceptual framework, the fourth tier in the 

Framework is sustainable forest management, designed to recognise both local, 

and global forest management, and highlight the need for balanced 

considerations of environmental, social and economic values. This tier is reached 

through partnerships involving both the public and private sector, as well as 

through the support of legislative policies at the national and sub-national level 

in forestry-related education, training and technical assistance. 

While forests managed in perpetuity for future generations can be observed in 

many developed countries, it is not utopia. There are many impeding factors to 

forest management, which may include the following: a) Competition: Legal 

forestry operations compete with illegal activities regionally, but also globally. 

On state forests and unprotected lands, legal landowners shy away from high 

investment into sustainable practices; b) Ownership: In many cases, land rights 

are allocated to production forests actors for a limited period only, and therefore, 

a leaseholder is incentivised to over-exploit the resource during the allocated 

timeframe; c) Capital availability: Closely linked to competition and ownership, 

there are tendencies for banks not to approve loan facilities. In general terms, 

capital costs are higher in developing countries, thus creating an unsustainable 

environment for businesses that mature over long periods of time; d) Skills: In 

most developing countries, the rural workforce has low-levels of general 

education, and lacks training for specialised labour. 

The hierarchy proposes to address these challenges by registering forest 

management projects through the carbon market, whereby the benefits of 

improving operational practice, can offset the cost of operational improvements, 

such as the price of timber, which is beyond the control of forest concession. 

Tiers two and three represent the ‘Additionality Zone’, namely where forest 

management extends beyond prevailing practice, such as the use of advanced 

production techniques, i.e., RIL, and the adoption of international principles and 

criteria to forestry practices to ensure social and environmental compliance to 

third party standards, i.e., forest certification. Tier four is excluded from the 
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additionality zone as it represents the ideology of sustainable forest 

management, which would require forest concessions, at the sub-national and 

national level, to cumulatively work in tandem with all sectors reliant on the 

forest, and to contribute to the equilibrium of sustainable forest extraction, 

regeneration, social and ecosystem benefits. As the ideological extension of 

advanced harvest practices and forest certification, sustainable forest 

management can only be achieved once commercial forest concessions, en-mass, 

are well managed. Difficulties in achieving each tier are demonstrated by their 

uneven heights (Figure 2.1). Tiers two and three, and the legislative frameworks 

surrounding their development, are discussed, relative to their implementation in 

Sabah, while Tier four representing the ideology of the conceptual framework, 

and forest management in general is considered too broad for concrete 

discussions. Tier one and conventional harvest practices are discussed in Section 

1.4, and are not repeated. 

 

 
Figure 2.1: The Hierarchy of Production Forest Management. 
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2.3. TIER TWO: REDUCED-IMPACT LOGGING 

Carbon projects are proposed and implemented against approved 

methodologies (Michaelowa et al., 2007). Key concepts integrating RIL into the 

Climate Convention are discussed, with specific attention to five fundamental 

components for carbon forest project activities: a) Additionality: The project 

must result in the removal of GHGs from project activities, whereby additional 

efforts were made for project implementation; b) Baseline: The project must 

result in changes in carbon stocks within the project boundary, which go beyond 

what would have occurred in the absence of carbon project-based activities; c) 

Leakage: The displacement of carbon emissions, or loss of carbon outside of the 

project boundary, which occurs as a direct result of the project activity, and must 

be explicitly accounted for; d) Permanence: The project must consider the 

longevity of a carbon pool and the stability of its stocks, given the management 

and disturbance environment in which it occurs; and e) Monitoring: The project 

must develop and apply robust approaches to estimate GHGs in project activities 

to support the functions of MRV activities (Watson et al., 2000; Dutschke, 2002; 

Gan and McCarl, 2007; Streck, 2010; UNFCCC, 2013). 

 

2.3.1. ADDITIONALITY 

Carbon projects are required to demonstrate ‘additionality’, namely that the 

benefits, in terms of GHG reductions, are demonstrably supplemental to 

prevailing practice, and would not have occurred in the absence of a project 

(Heller, 1997; Watson, 2009; Streck, 2010). To evaluate the additionality and the 

carbon benefits of RIL, projects need to demonstrate how GHG emissions 

resulting from harvest activities are reduced, relative to the conventional harvest 

activities (van de Hout, 1999; Muhdi, 2005; Lincoln, 2008). Guidance from 

GOFC-GOLD (2013) identifies six carbon pools in the forest sector to estimate 

GHG emissions, i.e., aboveground biomass, belowground biomass, deadwood 

necromass, litter, soil organic carbon, and harvest wood products. Aboveground 

biomass, and deadwood necromass are amongst the most widely used to 

estimate GHG emission in the forestry sector (IPCC, 2006). While there are over 

a dozen interpretations, tests and criteria to evaluate additionality for GHG 
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emission reductions in all sectors (Valatin, 2009), those types highlighted in bold 

in Table 2.1, are considered to be applicable to RIL activities. 

Greenhouse gas and unit additionality may be determined by contrasting 

emission reductions from RIL vs. conventional harvest practices. Previous 

research in controlled experiments in Sabah, estimate 4-24 tC ha-1 may be 

avoided from entering the atmosphere by applying RIL practices. This quantify 

can be referred to as unit additionality, and it may be used to argue the eligibility 

of RIL project activities (Pinard and Putz, 1996; Pinard and Cropper, 2000; 

Lincoln, 2008; Putz et al., 2008a). This is supported by existing research on RIL, 

which determined that the level of harvesting, i.e., the numbers of trees felled, is 

similar under RIL and conventional practices (Enters et al., 2001; Feldpausch et 

al., 2005). The inability to detect changes in production supports the unit 

additionality test (Heller, 1998). 

Additionality may also be demonstrated through the financial non-viability of 

project activities, i.e., without the addition of carbon revenue. Such investment 

additionality requires project developers to demonstrate the project is less 

financially viable than legal alternatives. In the case of RIL, high levels of 

upfront capital are required for successful RIL implementation, i.e., training, 

planning, verification, and monitoring activities, which entail long periods 

between initial investment and return, which could demonstrate financial barriers 

to applying the practice (Healey et al., 2000). The financial argument of not 

implementing RIL has been topical amongst researchers, with total operational 

cost estimated to be 46% higher, compared to conventional harvest practices, 

and increasing the price of timber by as much as 57% per cubic metre (Tay, 

2000; Boltz et al., 2001; Killman et al., 2001; Abdul Rahim et al., 2009). 

However if the operational cost includes forest restoration activities after 

conventional harvest practices, i.e., the raising, planting and monitoring the 

initial stages of seedling growth after harvest activities, than RIL is more cost-

effective, as USD $210 per hectare is required to restore areas harvested by 

conventional practices in Sabah (Putz et al., 2000; SFD, 2005a). Cost 

considerations for project development under the Climate Convention are 

specifically discussed in Chapter 6.   
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Table 2.1: Carbon additionality tests. Adapted from Streck, (2010). Tests 
highlighted in bold face indicate the tests are particularly 
applicable to reduced-impact logging activities. 

 
Category Additionality type Test 

Environmental 

Greenhouse gas 
additionality 

Activities resulting in 
greenhouse gas emission 
reductions or removals, 
compared to the baseline 
scenario. 

Unit additionality 

Activities reducing greenhouse 
gas emissions below levels of 
technologies normally used to 
produce the same product. 

Project additionality Activities happen because of 
carbon finance. 

Financial and 
investment 

Investment 
additionality 

Activities needs to be 
economically viable, or an 
attractive investment 
proposition, only when taking 
carbon finance into account. 

Sales or capital 
additionality 

Activities would not have been 
undertaken without revenues 
from the sale of carbon. 

Legal, regulatory, and 
institutional, applying 

to non-state actors 

Reporting additionality 

Accounting at national level 
avoids the double crediting of 
emission reductions or 
removals. 

Compliance 
additionality 

Activities need to be additional 
to statutory requirements. 

Incentive additionality 
Activities need to go beyond 
existing incentives, i.e., 
subsidies. 

Technological 
additionality 

Activities need to apply a 
particular technology. 

Barrier additionality Activities overcome particular 
implementation barriers. 

Common-practice 
additionality 

Activities employ technologies 
or practices that are not in 
common use. 

Institutional 
additionality 

Activities undertaken outside of 
statutory emission reduction 
targets. 

Date additionality Activity starts after a particular 
date. 

Jurisdiction 
additionality 

Activities implemented in a 
particular area, or by a 
particular group. 
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Institutional additionality is claimed where activities are undertaken in 

addition to statutory emission reduction targets (Valatin, 2009), as is the case in 

Non-Annex I countries where there are no binding national commitments to 

emission reductions under the REDD-plus framework (Dutschke, 2002). 

Regarding additionality through common practice, a project developer may 

demonstrate in the relevant geographical and socio-economic context, that the 

forest sector resists the implementation of more environmentally acceptable 

practices. Some of the most stringent forestry acts, laws and articles in the world 

are found in countries with tropical forests, however malpractice and/or 

negligent monitoring of such requirements are commonplace (Callister, 1999; 

Gibbs et al., 2007; McDermott et al., 2015). There are several theories regarding 

the reluctance to improve harvest practices (Johns, 1997; Putz et al., 2000), 

however as financial incentives are thought to be a contributing factor, the 

unwillingness to change practices could categorise RIL as additional. 

In the case of Sabah, it could be argued that the application of RIL has been 

in practice since the introduction of the SFMLA agreement, and the requirement 

to implement RIL in 1997 (Section 1.5). This could be understood as prevailing 

practice, and therefore non-compliant with the additionality argument. However, 

institutional additionality, whereby Non-Annex-I Parties are not required to have 

emission reduction targets yet voluntarily undergo activities that may reduce 

GHG emissions (Dutschke, 2002), could be used as a counter-argument to 

justify the activity as additional. Therefore, testing additionality requires 

defining whether additionality is applied at the project or legislative level 

(Valatin, 2009). While project-based additionality is always considered for 

carbon projects (Streck, 2010), the implementation of RIL into policy in Sabah 

implies additionality should be tested at the sub-national level. Therefore, 

instead of implementing a project-by-project comparison to determine whether 

project-based activities are additional, additionality for RIL in Sabah could be 

examined at the State level, whereby legislative policies in Sabah are measured 

against other States in Malaysia. It is important to note that all forestry matters in 

Malaysia are controlled by each State, and the Federal government has no 

influence on State forestry matters. This is because administration in Malaysia, 

as a country within the Commonwealth of Nations, i.e., an association of 52 
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sovereign nations to support each other and work towards common international 

goals (The Commonwealth, 2015), adopts the ‘Torrens system’, i.e., a system 

introduced by the British government during their control of Malaysia as a 

Crown Colony (Peluso and Vandergeest, 2001). In recognition of this, the 

Federal government has the power to ensure ‘uniformity’ of law and policy, 

across the States, as facilitated through the National Land Code of 1965 (NRE, 

2015a). Therefore in Malaysia, REDD-plus actions are coordinated at the 

national level, and implemented at the sub-national level (Sabah State 

Government, 1968; UN-REDD, 2012; Philip, 2015). 

The environmental contribution of RIL in Sabah is widely recognised (Enters, 

2001), however its introduction was partly economic (Mannan and Awang, 

1997). Since the mechanisation of the timber industry in the 1950s, timber 

exports have been a major part of the Sabah economy (SFD, 2008). In 1984, the 

unseasonal drought and fires in the region, believed to be a result of cumulative 

exploitive forest practices, led to a coordinated industry response, resulting in 

the dramatic decline of timber prices (Repetto and Gillis, 1988). Over the next 

30-years, timber exports and government royalties declined 80%, from MYR 

665 million in 1984 (USD $208 million), to MYR 186 million per year in 2014 

(USD $44 million), equivalent to a reduction of approximately 2.4% per year. 

More recently between 2006-2014, round log exports decreased 77%, round log 

royalties reduced 64%, and the area of production forests decreased 24%, while 

overhead expenditures of the Sabah Forestry Department increased 33%. Over 

the period, the price of timber remained relatively constant, fluctuating by about 

8%, which contributed to the reduction of profits over time (SFD, 2006:2014). In 

part, investment additionality could be a contributing factor to the introduction 

of RIL practices, as well as unit additionality, however not from the perspective 

of the reduction of GHG emissions, rather from the depleting timber resource-

base in the State (Table 2.2, Figure 2.2). However it could be argued that unit 

additionality is applicable to Sabah, as the reduced impact of harvesting has a 

direct impact on GHG emission reductions (Lincoln, 2008; West et al, 2014). 

Moreover at the state level and relative to the other states in Malaysia, the 

application of RIL into policy in Sabah could be an indicator of common-
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practice additionality, as it is not common-practice for RIL to be mandated by 

legislation in other states of the country. 

 

Table 2.2: Trends of the timber industry in Sabah between 2006-2014 
(SFD, 2006: 2014). C.I. = 95% confidence interval. 

 

Year 

Class II 
production 
forest (ha) 
(million) 

Commercial 
forest 

issued into 
production  

(ha yr-1) 
(thousand) 

Sawn 
timber 

production 
(m3 ha-1) 
(million) 

Round 
log 

export 
volume 
(m3 yr-1) 
(million) 

Round log 
royalty 

(MYR yr-1) 
(million) 

Round log 
export 

revenues 
(MYR yr-1) 

(million) 

Export 
price 

(MYR m3) 

Sabah 
Forestry 

Department 
budget 

(MYR yr-1) 
(million) 

2006 2.68 60 1.76 1.03 389 520 506   73 
2007 2.67 33 2.05 0.84 462 398 473   75 
2008 2.67 41 1.80 0.51 341 299 585   91 
2009 2.67 78 1.56 0.40 257 230 573   95 
2010 2.55 57 1.10 0.41 225 205 503   94 
2011 2.55 59 0.74 0.31 150 165 533   92 
2012 2.24 66 0.73 0.17 134 112 654   87 
2013 2.18 29 0.61 0.21 144 116 549 102 
2014 2.03 60 0.61 0.24 140 125 528 109 
Av 2.46 54 1.22 0.46 249 241 545   91 
C.I. 0.20 24 0.45 0.23   97 111 42     9 

 

 

 
Figure 2.2: Trends in round log royalty, sawn timber production, and 

total export volume revenue from Class II commercial 
production forests in Sabah between 2006-2014, including 
total operational budget of the Sabah Forestry Department 
(SFD, 2006:2014).  
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2.3.2. CARBON BASELINES 

The second fundamental component for carbon forest activities is the 

baseline activity. Climate change mitigation benefits are estimated against the 

‘business-as-usual scenario’, which refers to the quantity of carbon emissions 

that would be released into the atmosphere in the absence of the carbon project. 

This is known as the carbon baseline (Brown et al., 1997; Streck, 2010). The 

baseline can be at the project level, or derived at the sub-national, national, 

regional or sector-based level, and estimates business-as-usual practices into the 

future, over the timeframe of the carbon project (Michaelowa et al., 2007; 

Watson, 2009). The creation of a baseline requires extensive knowledge of 

historical land-use, forestry, and political considerations, at the level to which 

the baseline is estimated. The drivers of deforestation (Section 1.3) are broadly 

categorised into five underlying forces, i.e., demographic, economic, 

technological, institutional and cultural, and socio-political factors (Bond et al., 

2009). While there are triggers that influence the rate of deforestation in a 

particular area or region, the baseline must consider complex inter-linked causes 

between individual project- and policy-based scenarios. As a result, there are 

multiple considerations to establish a feasible baseline scenario, which can affect 

the level of participation in the carbon market, i.e., countries or projects with a 

high rate of deforestation will have larger compensation when alternative 

activities are implemented, relative to countries or projects where impacts and 

emissions are demonstrably more responsible, resulting in fewer emission 

reductions (Watson, 2009). Critically this process is trying to answer the 

question “When and how to begin crediting GHG emission reductions, and over 

what timeframe is the baseline applied?” (Angelson, 2008). 

Theoretically, there are three types of baselines: 1) Historical, whereby a 

reference period set to the average deforestation rate of the past 10-years; 2) 

Business-as-usual, whereby a reference period estimates, counterfactually, the 

emissions would be released without the REDD-plus activity; and 3) Crediting, 

whereby a benchmark is set to reward the credit or project activity (Chomitz, 

2002; Angelson, 2008; Greenglass et al, 2010) (Figure 2.3). Each baseline type 

is discussed relative to conventional and RIL practices in the FMUs of Sabah. 
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In tropical countries with high levels of deforestation, historical baselines 

may be considered to maximise emission reductions from REDD-plus activities, 

as reporting on harvest activities is inconsistent, resulting in low levels of 

confidence in the data (Brookfield and Byron, 1990; Blazer, 2011). However 

decision 1/CP.13 stipulates ‘common but differentiated responsibilities of the 

Parties’ (UNFCCC, 2007). Predicting the rate at which deforestation occurs is 

challenging, as deforestation is multicausal, and developing countries are in a 

constant state of development, as resource extraction is an ongoing process to 

achieve developed status (Pearce et al., 1999; Ramakrishnan et al, 2000; Scieciu, 

2007). In light of the uncertainties surrounding historical baseline development, 

Chomitz (2002) recommends the use of spatial models to map areas at risk of 

deforestation, whereas Brown, et al. (2000) recommends the sampling of 

adjacent areas to measure the ‘without project’ scenario. These approaches 

represent two approaches to establishing a historical baseline. 

In the case of Malaysia and Sabah, difficulties in obtaining reliable historical 

information are documented (SFD, 1989; Brookfield and Byron, 1990; Ong, 

2006). However, even if more data were available, they can only be partially 

acceptable, as timber inventories only measure merchantable trees ≥60 cm DBH, 

and therefore the lower diameter classes will need to be estimated using 

localised stand tables from adjacent or similar areas, or through existing forest 

research (Timberwell, 2010; RBJ, 2011). Secondly it is not known to what 

extent forest infrastructure, i.e., forest roads and log storage points (SFD, 

2009a), were established during conventional harvest practices, which poses an 

unusual challenge to quantify, as under conventional practices, forest 

infrastructure is unplanned prior to execution with little or no maps of where 

they were established (CIFOR, 2002; Wells, 2002; Boltz et al., 2003). Finally at 

the sub-national policy level in Sabah, the introduction of RIL in 1997 appears 

to be established for a longer period of time than the 10-year timeframe needed 

to estimate a historical baseline. In light of these arguments, it may be possible 

to use a regional baseline, to estimate deforestation rates in Malaysia or Sabah, 

however increasing the baseline spatially will take into account a wider variety 

of deforestation scenarios, which will lower its accuracy, and may result in an 

‘inflated baseline’, damaging the usefulness of what the Climate Convention is 
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attempting to achieve (Angelsen, 2008). A regional baseline for Southeast Asia 

proposed by TeraCarbon (2015) is under review by the VCS Standard, for the 

estimation of project-based GHG emissions from RIL activities in Berau, 

Indonesia. However, this approach has been under consideration since 2013. 

Alternative Sabah-centric approaches to baseline development for the FMUs in 

Sabah require further investigation. 

Supplementary methods to baseline estimation, i.e., business-as-usual and 

crediting baseline, are reasonably comparable, such that Parties to the UNFCCC 

often do not distinguish between them, with the difference being that a crediting 

baseline effectively reduces the number of credits issued into the market, leaving 

a buffer within the system in-case of unforeseen releases (Angelsen, 2008). 

Distinguishing between them however can be beneficial, as the counterfactual 

arguments of a business-as-usual baseline can be ‘safeguarded’ against over-

estimation by applying a crediting baseline. A crediting baseline can assist in 

two ways: 1) It provides a ‘conservative’ estimate of emission reduction credits 

issued i.e., decision 11/CP.7, which takes into account policy and/or project-

based circumstances that may change over the course of project timeframe, thus 

adding assurance to the carbon market that credits in the marketplace are not 

excessive; and 2) It accounts for emission reductions from non-market 

processes, i.e., project activities funded by overseas development and 

multilateral assistance (Angelsen, 2008). Considering the history of conventional 

harvest activities and the inconsistency of historical records in Malaysia and 

Sabah broadly, and the unlikely use of the historical baseline approach 

specifically, it may be possible to develop a crediting baseline by examining the 

literature on the impacts of conventional logging in Sabah. This approach is 

discussed in Chapter 4. 
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Figure 2.3: Business-as-usual and crediting carbon baselines. Adapted from 

Angelsen, (2008). 

 

2.3.3. LEAKAGE 

The third component to address for the development of carbon forestry 

activities under the Climate Convention is leakage. Leakage refers to the 

displacement of carbon emissions outside of the project boundary, which occurs 

as a direct result of the implementation of the project or the policy mandating its 

implementation (Brown et al., 1997; Chomitz, 2002; Gan and McCarl, 2007). 

Under the Climate Convention, unintended carbon emissions that occur outside 

of project, or national-based accounting frameworks, are required to be 

registered in another project or national carbon accounting system, such that all 

GHG emissions are accounted for. Applying such protocols will account for 

fluctuations in national accounting systems, while the global carbon accounting 

system remains unaffected (Gan and McCarl, 2007). However, herein lies the 

difficulty of carbon accounting, as the ‘off-site effects’ are difficult to track, as 

carbon accounting is relatively new, with limited global coordination (Schwarze 

et al., 2002; Aukland et al., 2003). 

54

Moving Ahead with REDD  Issues, Options and Implications

The debate is also obfuscated by terminology, as the terms ‘baseline’ and 
‘reference line/level’ refer to at least three different things. These are illustrated 
in Figure 6.1. First, baseline can refer to the historical baseline, that is, the 
rate of deforestation and degradation (DD) and the resulting CO2e emissions 
over the past x years. Second, baseline can refer to the projected business as 
usual (BAU) scenario: how would emissions from DD evolve without the 
REDD activity? Third, baseline can refer to the crediting baseline (i.e. like an 
emissions quota). A BAU baseline is the benchmark for judging the impact 
of the REDD measures implemented (and ensuring additionality), while the 
crediting baseline is the benchmark for rewarding the country (or project) if 
emissions are below that level or not giving any reward or possibly invoking 
debits if emissions are higher (see Chapter 8 on liability). 
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Figure 6.1.  BAU and crediting baselines

This chapter therefore makes a distinction between historical baseline, BAU 
baseline, and crediting baseline. Although a distinction between BAU and 
crediting baselines is not made explicitly in submissions, it is useful to assess 
the arguments from two different angles: (i) Are they good predictors of future 
deforestation and degradation (BAU)? This could, in principle, be answered 
by scientists based on current knowledge on causes of DD; and (ii) Are these 
acceptable reasons for setting the crediting baseline? The latter is largely a 
political question, going well beyond the technical issues.
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Leakage can occur when the spatial scale of the intervention is less than the 

full scale of the problem, and its magnitude is dependent on how the project or 

policy is integrated with the broader physical and economic system, which may 

occur at various levels, i.e., project, national, regional, or international (Murray, 

2004, 2008; Wunder, 2008). Therefore leakage is not directly observable, but is 

reflected in economic and market trends at the various levels. To estimate 

leakage, models must use the same scale (Murray, 2008). 

The complexity of tracking leakage is dependent on the project and/or policy 

type, and can be expressed as either ‘positive’ or ‘negative’, which refers to an 

increase or decrease in emission reductions, respectively (Schwarze et al., 2002). 

Leakage arguments are predominantly negative, with emissions occurring in one 

area due to reductions in another (GOFC-GOLD, 2013). However leakage can 

be positive, whereby technology transfer may result in the improvement of 

operational practices, which avoids emissions from being released into the 

atmosphere, i.e., RIL practices (Brown et al., 1997; Schwarze et al., 2002). In 

forestry literature, leakage from ‘avoided deforestation’ projects and policies are 

widely discussed, whereby a landowner or government voluntarily conserve 

forests to avoid the release of carbon into the atmosphere (Brown et al., 2000; 

Murray, 2004; Gan and McCarl, 2007). The activity is believed to have a direct 

knock-on effect in the forest sector with increases in the number of areas 

harvested outside the intended boundary, and correspondingly, the release of 

carbon into the atmosphere. Conversely, these projects or policies can lead to the 

establishment of timber plantations, which may result in positive leakage. Due to 

the accounting of carbon sequestration, leakage is more straightforward to 

address in project types that ‘avoid’ the release of carbon, i.e., ‘conservation’, 

whereby anthropogenic disturbances halt, compared to projects that only 

‘reduce’ GHG releases into the atmosphere, i.e., RIL activities, whereby 

anthropogenic disturbance from harvest activities continue, but are reduced 

(Brown et al., 1997; Schwarze et al., 2002). 

Fundamentally, leakage is addressed through the understanding of the carbon 

baseline. If the components of the baseline are identified in the planning of a 

project and/or policy, leakage may be minimised. Four approaches to quantify 

leakage are proposed in the literature: 1) The tracking of harvest activities 
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surrounding the project, whereby increasing the area will monitor if activities 

occur outside the immediate area; 2) The use of a ‘control’ area, whereby an 

independent area acts as the baseline, to which project activities are measured 

against; 3) The use of spatial approaches to estimate forest loss, i.e., the use of 

satellite imagery; and 4) The use of regional baselines, to assess changes in 

countries most-likely to be affected by the project and/or policy within a 

geopolitical region, i.e., in countries importing timber for downstream 

manufacturing (Watson et al., 2000; Aukland et al., 2003). 

In the case of RIL activities in Sabah, the practice is defined by the RIL 

policy, and assessed against the RIL guideline (SFD, 2009a). Project-based 

activities are limited to compartments within the FMUs that meet the threshold 

for harvest activities. As such, using approaches 1 and 2 may not be entirely 

feasible, as: a) Harvest activities are only eligible in pre-identified compartments 

that must apply RIL practices, which are implemented via the Compartment 

Harvest Plan (CHP), and monitored by the Sabah Forestry Department; and b) 

Commercial forest production in the State is restricted to the FMUs, and it 

would not be possible to identify a ‘control’ area consisting of conventional 

harvest activities to estimate the rate of change in carbon stocks, relative to RIL 

practices within an FMU. However, the third approach utilising spatial 

monitoring may be feasible for leakage estimation, as the technology is currently 

applied for various uses by the Sabah Forestry Department, i.e., forest cover for 

biodiversity assessments (Kitayama, 2008). The final option may also be 

feasible to estimate leakage, by taking into account activities in neighbouring 

countries, however doing so raises key issues. In the first instance, export 

volume from Sabah has been decreasing over the 2006-2012 period (Table 2.2), 

indicating the repercussion of RIL activities may not affect the import of timber 

into surrounding countries. Secondly, it is well documented that Malaysian 

forest companies have been operating in more than one country in the region for 

decades, particularly since the timber boom in the 1970s (Brookfield and Byron, 

1990), which raises the question: Is the introduction of RIL in Sabah 

contributing to the implementation of forest activities outside the FMUs in 

Sabah, or in other parts of the region? Potentially yes, it is certainly viable, 

however it is also possible that timber companies are operating in other countries 
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in the region due to the decreasing size of commercial forest areas in Sabah 

(Table 2.2), which, according to the literature, has been occurring for sometimes 

(Brookfield and Byron, 1990; McMorrow and Abdul Talip, 2001). Leakage 

could be concession-specific, as timber stocks and stand quality are known to 

fluctuate considerable in logged-over concessions (Kleine, 1997; Steege, 1999), 

yet have similar rates of extraction for both RIL and conventional approaches 

(Enters, 2001), indicating larger areas may be disturbed. Therefore, an in-depth 

analysis at the FMU level would be required. 

Alternatively, approaches to address leakage could be as follows: 1) At the 

FMU level: Whereby contractors and subsidiary companies are registered, and 

their output monitored against pre-determined levels of extraction, as outlined in 

the CHP for each compartment; 2) At the national level: Expand the use of the 

sub-national register in approach one, to the national level, whereby all states 

participate in contractor registration and monitoring; 3) At the regional level: 

Encourage countries in the region to adopt a policies that promote RIL, such that 

trends in timber extraction are more uniform, to represent a form of ‘benign 

leakage’, whereby the RIL policy in Sabah will have a knock-on effect in other 

countries in the region to carry out RIL practices, thus expanding the impact of 

the Sabah RIL policy (Chomitz, 2002). 

 

2.3.4. PERMANENCE 

The fourth component to address for the development of carbon forestry 

activities under the Climate Convention is permanence. Outlined in Article 12 

(5b) of the Kyoto Protocol, GHG emission reductions shall be certified on the 

basis of real, measurable, and long-term benefits for the mitigation of climate 

change (UNFCCC, 2005). On this basis, projects and policies reducing carbon 

emissions shall ensure the emission reductions, regardless of the GHG type, are 

treated equally. However, with varying decay times of the GHGs identified by 

the IPCC, i.e., the amount of time the GHG remains in the atmosphere, ranging 

from one to hundreds of decades, how can the forestry sector, with a dynamic 

ecological system of death and regeneration, ensure carbon is permanently 

removed from the atmosphere?, and what duration of time is required to 
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represent a permanent reduction? (Chomitz, 1998; Schlamadinger and Marland, 

2000; Dutschke, 2002). 

The issue of permanence evolved from the concept of liability between 

buyers and sellers of credits under the Kyoto Protocol (Veronesi et al., 2012). 

Under the mechanism, the ideology of purchasing carbon credits was to 

eliminate the liability of GHG emissions into the atmosphere from 

predominantly Annex-I Parties. While the system of ‘like-for-like’ could be used 

for the energy sector, due to the cycle of mortality and regeneration, it could not 

be used in the forestry sector without modification (Dutschke and Angelsen, 

2008). Therefore, permanence is an issue unique to biological sequestration to 

remove GHGs from the atmosphere, and contrary to the energy sector, whereby 

projects can be turned ‘on’ and ‘off’, project activities in the forestry sector span 

decades (Sedjo and Marland, 2003). 

To address the issue of carbon permanence in the forest sector, the ‘tonne-

year approach’ was first proposed in 2000, whereby a fraction of the credits are 

awarded for the year-to-year distribution of changes over the project duration 

(Moura Costa and Wilson, 2000). Alternative approaches to permanence have 

been proposed, whereby the ‘rented’ or ‘leasing’ approach considers the credit 

and debts are symmetric and instantaneous, whereby carbon is leased for a finite 

term, and the ‘renter’ incurs a carbon debt unless the carbon remains sequestered 

(Marland et al., 2001; Dutschke, 2002). Patterns of deforestation are seen as a 

way to achieve developed status, and Non-Annex-I countries were not pleased 

with the notion that climate change activities could impede their development 

(Pearce et al., 1999; Ramakrishnan et al, 2000; McMorrow and Abdul Talip, 

2001). As political considerations also needed respect, and considering that 

projects developed to reduce GHG emissions are a sovereign issue, permanence 

timeframes are thus considered to represent 55 years (Dutschke, 2002). 

Later that year at the climate negotiations in The Hague, Netherlands, the 

Colombian delegation proposed the concept of temporary credits (tCERs), 

whereby credits expire at the end of the commitment period following the one in 

which it was issued, thereby limiting the life of the credits to the duration of the 

contract between the buyer and seller. Liability then returns to the buyer to offset 
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their emissions. The European Union further proposed the application of 5-year 

intervals for tCERs, differentiating credits from those originating from the 

energy sector, whereby reductions are considered permanent (Dutschke, 2002). 

However Canada insisted on a longer duration, which expire at the end of the 

crediting period to which it is issued, which created long-term credits (lCERs). 

The Parties agreed to the two credit types, in decision 19/CP.9, in Milan, Italy, in 

December 2003 (UNFCCC, 2003; Fry, 2007). 

A fundamental question however, remains unanswered. If credits are issued 

when carbon is sequestered, will the seller or the buyer assume liability when 

sequestered carbon is lost? Ensuring carbon permanence in the forestry sector is 

complex, both at the project and policy level. It could be the project owner or 

purchasing party, or perhaps a third party. Liability becomes a question of risk. 

Four risks to carbon permanence are proposed in the literature: 1) Natural, 

caused by natural events such as drought or fire; 2) Climate change-related, 

whereby new threats beyond those ecological and natural risk may occur; 3) 

Failure of project partners, related to non-performance of project-related entities 

and partners; and 4) Political, whereby a change in government can affect prior 

approvals and/or commitments (Wong and Dutschke, 2003; Dutschke and 

Angelsen, 2008). Proposals to deal with risk and liability have focused on the 

following: a) Project credit buffers, whereby credits are temporarily held by a 

third-party against project failure; b) The spreading of risk by pooling project 

credit buffers of several projects together; c) Insurance programmes, whereby a 

risk premium is paid in emissions reductions; d) Liability sharing through forest 

compliance partnerships of Annex-I and Non-Annex-I countries. The risks and 

proposals outlined are not exclusive to ‘afforestation’ or ‘reforestation’, but may 

be applied to many projects and policies in forestry (Dutschke and Angelsen, 

2008). 

In the specific case of RIL in Sabah, the activities are mandated by the RIL 

policy, outlined by the harvest code of conduct, and legally required through the 

SFMLA agreements signed by each FMU leaseholder. Compartment-based 

harvest activities are monitored after harvest activities are complete (SFD, 

2009a). Regarding the timeframe of the permanence argument, under RIL 

activities and the FMU programmed developed by the GIZ, 40-year re-entry 
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periods are proposed, shorter than the 55-year timeframe suggested for 

permanence under the UNFCCC, and shorter than hundreds of years for 

complex GHGs (Kleine and Heuveldop, 1993; Watson et al., 2000; Dutschke, 

2002). Herein lies a paradox of climate change mitigation regarding RIL. 

Reducing damage to the forest effectively avoids mortality and the release of 

carbon, yet commercial production forests will ultimately be harvested again in 

the future. Therefore, the issue of permanence of RIL activities originates from 

the initial avoidance of damage, which would have occurred through 

conventional practices, with the understanding that re-entry into the same 

harvest area will not occur until the next harvest timeframe, i.e., 40-years. The 

ideology of avoiding damage is the improvement of harvest practices, such that 

damage is avoided in current, and in future harvest routines. The permanence of 

RIL activities is effectively the transfer of knowledge of improved harvest 

practices, and the repeated use of RIL in perpetuity. In theory, carbon avoided 

from entering the atmosphere today will still be avoided upon re-entry in 40-

years time. 

These activities however, are not without risk. The permanence of carbon 

reductions through RIL, and in Sabah specifically, is threatened under the 

following circumstances: a) As a result of harvest activities, the forest is 

susceptible to drought, fire, pest, and disease to the forest; b) The change of 

FMU license-owners and the re-designation of activities within compartments, 

i.e., the development of plantation activities; c) Harvest activities are not carried 

out in-line with the harvest code of practice; d) Harvest plans are poorly 

prepared and/or implemented; and e) Low levels or negligent monitoring, 

leading to the inability to analyse operational conduct. 

As the mandate of RIL into policy in Sabah infers the long-term nature of the 

activity, the argument of whether the buyer or seller assumes liability of the 

credit, could be seen as redundant, as the lack of alternatives may be 

encouraging to both practitioners promoting more responsible forest activities in 

general, and practitioners working on climate change, specifically. However, if 

the liability and risk arguments were to be considered, econometric studies 

estimating the shadow-price, i.e., the price of a good to which no market exists 

(Gujarati, 2006), could be considered regarding the activities surrounding the 
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impact of the RIL policy and the output of timber, relative to its application as a 

climate change mitigation tool, and the amendment of the forestry enactment for 

carbon royalty payments (Sario, 2012). Investigating the policy using such 

techniques may offer insight into the effectiveness of the policy in terms of 

reducing degradation, GHG reductions, and the permanence of such activities. 

Alternatively for RIL activities in the FMUs, risks related to permanence may be 

reduced through the amendment of the SFMLA, to incorporate a return of 

financial gains received by the government for REDD-plus activities, as verified 

by third-party monitoring entities. 

 

2.3.5. MONITORING 

The final component to the conceptual framework of the HoPFM relates to 

the monitoring of programmes to demonstrate activities and policies were 

implemented against pre-planned actions to rise in the hierarchy (Figure 2.1). 

Outlined in decision 1/CP.16, paragraph 71, adopted in Bali, Indonesia in 2010, 

Non-Annex-I Parties are required to monitor and report, as an interim measure, 

and in accordance with national circumstances, relevant to decision 4/CP.15, 

adopted in Copenhagen, Denmark in 2009 regarding methodological guidance 

for activities related to REDD-plus (UNFCCC, 2009, 2011, 2016b). Doing so 

provides an estimate of the reductions achieved, relative to the baseline and 

leakage arguments, and provides a better understanding of the issues related to 

additionality and carbon permanence. Under the Climate Convention, these 

activities are termed ‘measurement, reporting and verification’ (MRV). 

Since the inception of the Climate Convention, a significant body of 

knowledge has been amassed on carbon accounting in forestry projects, and it is 

not repeated here (Brown et al., 1989; Brown et al., 1997; Brown, 2002; GOFC-

GOLD, 2013). RIL project activities in Sabah are mandated by the RIL policy, 

and are implemented in the FMU, against pre-approved CHPs (SFD, 2009a, 

2010a; The Star, 2010). The aim of this section is to explore the underlying 

approaches to MRV, and its applicability to the RIL project activities in Sabah, 

Malaysia. 
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Monitoring is referred to as the ‘collection of necessary data for the 

estimation of GHG removals by sinks’, reporting refers to a ‘report prepared 

outlining the GHG emission reductions of a registered project for a particular 

monitoring period’, while verification refers to the ‘periodic evaluation by an 

entity designated by the project to verify GHG removals by sinks’ (UNFCCC, 

2011, 2013). In forestry, due to the time required to reach the forest, the vast 

space in which to sample, and the variable stand conditions (Manokaran and 

Swaine, 1994; Ong, 2005), there is a compromise to achieve accurate 

measurements within a financial budget (Pearson et al., 2006; Wertz-

Kanounnikoff and Verchot, 2008). Due to this trade-off, the search for cost-

effective solutions is often a focal point of the MRV debate, whereby REDD-

plus requires a balanced approach of methods, often starting from a wide 

perspective, and increasing with precision, i.e., using techniques such as satellite 

imagery for the identification of land-use change, followed-up by location-

specific ground assessments. Effectively, remote sensing and ground 

assessments are the two methods advocated for MRV activities under the 

Climate Convention (Wertz-Kanounnikoff and Verchot, 2008; GOFC-GOLD, 

2013), however the requirements will depend on the project-type, and at which 

scale it operates, i.e., national, or project level (Sathaye et al., 1997). 

Understanding the level of operation is the starting point for MRV activities. 

As signatory Parties to the Climate Convention, National Communications 

(NC) are required, as outlined in decision 12/CP.4, whereby Non-Annex-I 

countries provide information on GHG inventories, and measures to mitigate 

climate change. NCs are submitted within three years of entering the 

Convention, and every four years thereafter (UNFCCC, 1999). As such, national 

forest and GHG inventories have been completed, however few developing 

countries have comprehensive national inventories usable for GHG reporting, as 

the data only refers to commercial timber stocks, which do not represent trees in 

the lower diameter classes, i.e., ≤50 cm DBH, or other carbon pools found in 

forest ecosystems, i.e., belowground, deadwood necromass, and soil organic 

carbon (DeFries et al., 2007). 
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The IPCC (2013) have defined three tiers for carbon accounting and 

monitoring activities; Tier 1: Generic values to forest inventory data; Tier 2: 

Country specific values and activity data; and Tier 3: Specific modalities and 

measurements at a very fine scale, typically at the sub-national or project-level 

scale. While Tier 1 and Tier 2 can use data from the NCs, it is not be possible to 

monitor project-based activities with this data set because of the difference in 

scale, i.e., national vs. project level. Therefore two approaches for monitoring 

changes are proposed in the literature for monitoring Tier 3 activities: The 

‘stock-difference’ and the ‘gain-loss’ approaches (Wertz-Kanounnikoff and 

Verchot, 2008; GOFC-GOLD, 2013). 

The ‘stock-difference’ estimates carbon pools at the beginning and end of the 

accounting period, or at intervals specified in the project accounting 

methodology, and the difference is recorded, whereas the ‘gain-loss’ approach 

estimates gains in biomass, expressed as a ‘mean annual increment’ (MAI), 

minus estimated losses from activities such as logging, fuel wood collection and 

fire (Murdiyarso et al., 2008) (Figure 2.4). In essence, the ‘stock-difference’ 

approach represents the traditional approach to forest inventory and is well 

understood by forest practitioners, whereas the ‘gain-loss’ requires annual 

inventories to determine annual growth rates and transfers of carbon to other 

pools, i.e., deadwood necromass to soil organic carbon pool, which is considered 

a more complex approach (Wertz-Kanounnikoff and Verchot, 2008). 
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Figure 2.4: The ‘Stock-difference’ vs. ‘Gain-loss’ approaches to estimating 

carbon emissions in the forest sector. Adapted from Wertz-
Kanounnikoff and Verchot, (2008). 

 

Relevant to RIL practices in Sabah, RIL activities are mandated by the sub-

national policy on RIL, which are restricted to the FMUs. All activities are based 

on a pre-approved CHP, which is monitored immediately following harvest 

activities by a third-party entity for compliance against the harvest code of 

practice (SFD, 2009a; The Star, 2010). In Sabah, monitoring only occurs before 

and immediately following harvest activities. In-between harvest activities, the 

FMP is updated every 10-years, whereby permanent sample plots are 

periodically measured to estimate the change in forest biomass over the period, 

termed the ‘periodic annual increment’ (PAI). However this is not completed on 

a compartment-by-compartment basis, as estimates are prepared by sampling 

across the concession. With this understanding of monitoring forestry process in 

Sabah, the ‘stock-difference’ approach seems closely aligned to reflect current 

practice. However ultimately the choice of method is largely dependent on what 94

Moving Ahead with REDD  Issues, Options and Implications

9.4.1 Inventory approaches
The updated IPCC greenhouse gas (GHG) accounting method (IPCC 2006) 
includes two approaches to estimating carbon stock changes (Brown and Braatz 
2008; Figure 9.1): (i) the stock-based or stock-difference approach; and (ii) the 
process-based or gain-loss approach. 

Figure 9.1.  Estimating carbon stock changes (Wertz-Kanounnikof 2008, adapted from 
Eggleston 2008, and Brown and Braatz 2008)

1) Stock-difference approach 2) Gain-loss approach

∆ C = (Ct2 - Ct1) / (t2 - t1) ∆ C =  ∆ Cgain - ∆ Closs

∆ C    = Anual carbon stock change in 
               pool (tC/yr)

∆ Ct1 = Carbon stock in pool at time  t1 (tC)  

∆ Ct2 = Carbon stock in pool at time  t2 (tC) 

∆ C         = Anual carbon stock change in 
                    pool (tC/yr)
∆ Cgain = Anual gain in carbon (tC/yr)

∆ Closs  = Anual loss in carbon (tC/yr)
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Stock-difference approach: This method estimates the difference in carbon 
stocks in a particular pool at two moments in time. It can be used when 
carbon stocks in relevant pools have been measured and estimated over 
time, such as in national forest inventories. This approach is suitable for 
estimating emissions caused by both deforestation and degradation, and it 
can be applied to all carbon pools. 
Gain-loss approach: This approach estimates the net balance of additions 
to and removals from a carbon pool. In the REDD context, depending 
on how ecosystem rehabilitation is treated, gains result from growth and 
carbon transfer between pools (e.g. biomass pool to a dead organic matter 
pool due to disturbance). Hence, losses result from carbon transfer to 
another pool and emissions due to harvesting, decomposition or burning.4 

4   When trees are cut down, there are three destinations for the stored carbon: dead wood, wood products 
and the atmosphere (Pearson et al. 2008).
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data are available, and what resources are needed for additional data collection 

and analysis (GOFC-GOLD, 2013). 

Sabah may want to consider MRV methods proposed by TeraCarbon, termed 

‘RIL-C’, whereby a ‘performance method’ monitors GHG fluxes on intervals ≥ 

1-year (TeraCarbon, 2015). This approach works on the premise of the stock-

difference approach, monitoring changes in aboveground alive tree biomass, 

relative to a regional baseline (Section 2.3.2), however issues regarding over-

estimation need consideration. Comparative to the 5-year frequencies advocated 

in the literature (GOFC-GOLD, 2013), and the learning by doing nature of GHG 

monitoring in Sabah, a higher frequency may be better at the early stages of 

estimation to ensure measurement accuracy, and to facilitate the training of staff 

and departments (Table 2.3). International buyers of carbon may also support 

this monitoring frequency, as high levels of accuracy are needed to assure actual 

GHG reductions have been made (Wertz-Kanounnikoff and Verchot, 2008). 

 

Table 2.3: Potential reduced-impact logging carbon monitoring schedule. 

Post-harvest monitoring type Timeframe 

RIL code of practice Immediately following harvest completion 

Carbon monitoring Year 1, 2, 3, 5, and every 5-years thereafter 

 

2.4. TIER THREE: FOREST CERTIFICATION ACTIVITIES 

The next tier in the hierarchy is forest certification. While the UNCED was 

successful in the adoption of three environmental conventions in 1992, i.e., 

UNFCCC, UNCBD, and UNCCD (IISD, 1995), it was not successful to achieve 

a legally binding agreement on forests, aspired by leading environmental non-

governmental organisations (NGOs) (Cashore, et al., 2003). Led by the World 

Wide Fund for Nature (WWF), global campaigns in the 1980s advocated more 

responsible management of global forest resources, as deforestation was 

estimated to average 13 million hectares per year over the decade (FAO, 2007). 

Failure to gain consensus at the UNCED resulted in NGOs working together to 

apply a market-based approach to reduce deforestation, albeit from the 

application of positive or negative pressure from consumers or corporations, i.e., 
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advocacy of best practice or through financial incentives via commodity 

premiums, or through boycotts or threats against companies and operations (Van 

Kooten et al., 2005). The theory behind this method is to create a system of trust 

amongst the parties in the supply of timber to consumers, i.e., from upstream 

harvest activities, to downstream processing, making commodities from the 

timber industry more reputable, trustworthy, and transparent, which takes into 

consideration stakeholder and indigenous rights of those living in and around 

production forest areas (McDermott et al., 2015; Miteva et al., 2015). These 

actions are developed by organisations and governments, against industry best 

practice, and are framed as a ‘standard’ of practice, which are periodically 

examined through the monitoring of standard criteria and indicators, typically by 

third parties. Collectively, these actions are referred to as ‘forest certification’. 

The voluntary nature of applying an activity is at the very centre of the 

argument advocating ‘additionality’, and the progression of organisations, and 

governments, through the HoPFM (Section 2.2). In doing so, forest concessions 

are going beyond the basic legal regulatory frameworks to implement best 

practice, and progress towards sustainable forest management, at the concession-

level, and collectively, at the sub-national, national, and international levels. In 

doing so at the concession level, operational improvements are made in many 

aspects of the operations, from planned, periodic inventories and the calculation 

of sustainable harvest yields, to the application of responsible harvest practices 

that take environmental considerations into account when making operational 

decisions, to reduce environmental impacts on the harvested stand (Putz and 

Nasi, 2009). Forest certification also includes social components to ensure land-

use rights are understood and respected, while fostering community relations and 

worker rights that are managed by people living within and surrounding forest 

areas (Guariguata et al., 2008; Miteva et al., 2015). A critical component to 

certification activities relates to objective, third party monitoring of criteria to 

assess operational compliance against a certification standard (Cashore et al., 

2003). The certification process itself, acts as a method to assure best practice, 

transparency in the supply-chain, and the maintenance of forests with high 

conservation values (ITTO, 2004). In doing so, labels are used by standards and 

organisations on products and services, to demonstrate to the market, that the 
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practitioners within the supply chain are stewarding forest resources responsibly 

(Ros-Tonen et al., 2008). 

The inability to reach agreement on the legally binding treaty on forests at the 

UNCED led to the global certification movement, beginning with establishment 

of the Forest Stewardship Council (FSC) in Toronto, Canada, in 1993 (Cashore 

et al., 2003). Soon after, national and sub-national standards were being 

established in Canada, i.e., Canadian Standards Association for Forest 

Certification (CSA), and the United States of America, i.e., the American Forest 

and Paper Association Sustainable Forestry Initiative (ASFI). However, due to 

the highly decentralised land-use system, landowners in Europe did not feel the 

standards established were particularly applicable to their circumstance, thus 

they created their own system, termed the Pan-European Forest Certification 

(PEFC), which is now termed, the Programme for the Endorsement of Forest 

Certification (Cashore et al., 2003; Van Kooten et al., 2005). Since this time, the 

PEFC have become an umbrella group for national standard systems 

(McDermott et al., 2015). FSC and PEFC represent the major forest certification 

schemes globally, with the certified area under the FSC and PEFC schemes 

totalling 185 and 268 million hectares, respectively, representing 11% of the 4 

billion hectares of the world’s forests (Eden, 2011; BIP, 2015; FSC, 2015; 

PEFC, 2015). 

The voluntary nature of certification is similar to the Climate Convention, 

whereby a series of decisions are governed by international modalities and 

procedures, surrounded by central components relating to additionality, leakage, 

permanence and MRV. In the case of certification, Standards, i.e., FSC and 

PEFC, oversee the market place based on the principles and the criteria for each 

indicator of compliance, and monitored by third party auditors, typically on an 

annual basis (Klenk et al., 2015; Miteva et al., 2015; Tuppura et al., 2015). 

However, achieving forest certification is much more than pre-planning, 

mapping, and carrying out harvest activities against pre-approved harvest plans, 

as required for RIL activities (Dykstra, 2002). Instead, a broader approach to 

forest management is undertaken, taking into account the communities, and the 

environment, directly affected by operations, hence it is considered a tier above 

RIL activities in the HoPFM. Lewis and Davis (2015) outline in their meta-
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analysis of certification in Peninsular Malaysia, that concessions repeatedly 

require substantively more effort to meet the requirements for environmental 

impact assessments and RIL activities, than any other criterion of the Malaysian 

Timber Certification Standard (MTCS), a voluntary national certification 

scheme, consisting of 9 principles, 47 criterion, 97 indicators and 307 verifiers, 

representing 4.66 million hectares of certificated forest in Malaysia, and 

accredited to the PEFC (Yong, 2015). The study represents research spanning 

from 2006-2011, i.e., 5-years, covering 4.6 million hectares of certified forest. 

The research indicates that operational improvements are at the core to achieving 

certification in Peninsular Malaysia. This is supported by research on RIL in 

other tropical regions and countries, i.e., South America, whereby Ros-Tonen et 

al., (2008) argue that concessions in Brazil need to advance beyond RIL to 

achieve more responsible management. As such, these findings support the 

ideology that RIL is: a) Achievable; b) Is a step towards achieving forest 

certification; c) Is a measure of progression in the development of forest 

management systems; and d) A measure of developing partnerships with 

multiple actors to foster cooperation between the government and stakeholders. 

These views are supported by various research conducted in the region (Van der 

Hout, P., 1999; DeGroot et al., 2002; West et al., 2014; McDermott et al., 2015). 

Relative to the forest sector in Sabah, forest certification was an unintended 

outcome of the GIZ programme on forest management in Deramakot, which is 

now a symbol of what can be achieved with government support and 

international development programmes (Kleine, 1997; Lagan et al., 2007). 

Deramakot is the first concession in Southeast Asia to achieve certification 

against the FSC Standard in 1997, where operations have become financially 

sustainable after 20 years (Kollert and Lagan, 2006; SFD, 2010b). Recently in 

2010, Sabah mandated all FMUs to achieve certification against a recognised 

standard, i.e., FSC or PEFC, and failure to achieve the target will result in an 

increase in timber royalty rates (SFD, 2015a). While it may be premature to 

understand the impact of the RIL policy on the achievement of forest 

certification in Sabah, certification initiatives in the forest sector in Sabah are 

progressing, as 441,264 hectares are currently certified against the FSC standard 

in the State (WWF, 2015). Moreover, while it is recognised that certified forest 
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products may achieve a price premium of 2-5%, relative to non-certified 

products, in Deramakot, the premium is dependent on the species type, i.e., 

hardwoods achieve a higher price compared to low quality timbers (ITTO, 2004; 

Perera and Vlosky, 2006). While cost considerations of forest certification are 

specifically discussed in Chapter 6, the non-monetary impacts of certification on 

the forest industry in Sabah have assisted with the development of essential 

frameworks relevant for the forest industry, i.e., the standardisation of principles 

and criteria for performance benchmarking, and the introduction of third party 

monitoring in Sabah (The Star, 2010). While the decision to undertake 

certification is linked to the decline of timber resources, and the need to improve 

operational practices in Sabah (Mannan and Awang, 1997) (Figure 2.2), Sabah is 

nevertheless the only state in Malaysia to mandate all commercial forest reserves 

achieve certification (SFD, 2015a). 

Such experiences in certification in Sabah may be transferable to efforts that 

reduce GHG emissions into the atmosphere. Institutionally, governance 

mechanisms are established, i.e., policies requiring the FMUs achieve 

certification, and the standard to which concessions need to achieve certification 

are known. Thirdly, monitoring certification activities are underway, with a 

portion of the FMUs already under certification. Another way to better 

understand the overlap of forest certification and RIL in activities in Sabah, is to 

contrast these two activities relative to the components under the Climate 

Convention. Doing so may help to clarify and formulate arguments surrounding 

the inclusion of RIL under the Climate Convention in Sabah (Table 2.4). 
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Table 2.4: Forest certification and RIL activities in Sabah relative to 
components of the Climate Convention. 

Component of 
the Climate 
Convention  

Certification Reduced-impact logging 

Additionality 

-Voluntary at national level 
-Legally required at State level 

-Voluntary at national level 
-Legally required at State level 
-Only State in Malaysia to 

mandate RIL activities 

Baseline 

-FSC, PEFC and MTCS 
standards are recognised 

-Established presence of FSC 
since 1997 

-Baseline is conventional 
practice 

-Limited availability of 
historical conventional harvest 
data 

-Carbon baseline yet to be 
established for Sabah or 
Malaysia 

Leakage 

-FMUs are registered with the 
certification standard 

-Certification confined to the 
FMUs and conservation areas 

-Potential leakage of harvest 
activities outside of FMUs due 
to certification activities, i.e., 
State land 

-State land not required to 
achieve certification 

-Harvest activities confined to 
pre-approved CHPs 

-RIL contractors are registered 
with the government 

-History of companies from 
Sabah harvesting timber in 
other States, countries and 
regions 

-Harvest activities occur outside 
the FMU regardless of RIL 
policy, i.e., for national 
development on state land 

Permanence 

-Certification is voluntary at the 
national level 

-Certification is legally required 
at State level 

-Long-term initiative with 
political support 

-Financial incentive to maintain 
certificate, i.e., increased 
royalty payments for the 
concession 

-RIL is voluntary at the national 
level 

-RIL is legally required at State 
level 

-Re-entry for harvest at end of 
the harvest cycle, i.e., 40-
years using RIL activities 

-Carbon recognised as a forest 
commodity under the revised 
Sabah Forestry Enactment 

-Risk of compartment 
reclassification, i.e., plantation 

Monitoring, 
reporting, and 

verification 

-Third party surveillance of 
certification certificate holders 

-History of certification training 
by local and international 
NGOs 

-Financial incentive to maintain 
certificate, i.e., increased 
royalty payments for the 
concession 

-Internal closing inspection 
report of harvest activities 

-On-going training within the 
State for contractors 

-State-engaged third party 
monitoring of harvest 
activities 

-Absence of national and 
international monitoring 
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2.5. CONCLUSIONS 

This Chapter investigates the conceptual framework of the Hierarchy of 

Production Forest Management, aimed at improving forest harvest activities 

towards the sustainable management of forest resources, whereby carbon is seen 

as a potential mechanism for progression and development through the 

hierarchy. The basis of progression stems from prevailing operational practices 

involving the conventional harvest of timber, and while such practices are legal, 

they contribute to degrade the residual forest stand, beyond levels that are 

potentially avoidable by alternative techniques. As such, the application of RIL 

activities is considered as a progression in the hierarchy, which can reduce the 

impact and damage of harvest activities on the residual stand, and potentially 

avoid GHGs from entering the atmosphere. 

The application of RIL practices is considered to be a component to the 

broader improvement of forest management, through the endeavour of 

concessions and governments to achieve forest certification against recognised 

standards of compliance to environmental, social, and economic criteria. 

Continuing with the use of carbon as a measure to estimate progression in the 

hierarchy, such practices can improve environmental stewardship, while 

considering parallel views and concerns of stakeholders directly and indirectly 

impacted by activities in the forest. To ensure harvest activities are not restricted 

to considering economic criteria alone, advanced environmental and social 

principles are considered to indicate compliance, which are strictly monitored 

and reported by third parties. 

Within the RIL framework in Sabah, there are numerous considerations to be 

understood by both the FMUs and the government, to best reflect their methods 

of operations, i.e., the RIL code of harvest practice, the legal and regulatory 

frameworks to which they are applied, and the monitoring and reporting 

frameworks specific to Sabah. In doing so, considerations surround the 

fundamental components to the Climate Convention, whereby additionality, 

baselines, leakage, permanence, and MRV need to be considered in the sub-

national and project-level circumstances, for RIL practices to be measured as a 

GHG reduction activity under the Climate Convention. With the mandate for all 
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FMUs in Sabah to achieve forest certification, lessons can be learnt from these 

experiences, such that the knowledge gained may be transferred to operational 

entities to expedite the implementation of RIL activities for GHG reductions 

under the Climate Convention. 

However, experience can also be gained through the understanding of past 

experiences of RIL activities in Sabah. Beginning with experiences from the GIZ 

project in Deramakot, in 1989, efforts to establish such a programme of work 

have begun. Within the project, the development of new forest harvest systems 

revolutionised commercial production activities in Sabah, and in doing so, 

Deramakot has continued to implement RIL practices, which offers the potential 

to estimate forest and carbon dynamics since it was first harvested through RIL 

techniques in 1997. In the next Chapter, investigations in Deramakot are made to 

better understand the cumulative environmental impact of RIL over a 15-year 

time period, i.e., 1997-2012. In doing so, the investigations are aimed to provide 

insight into the potential of applying RIL practices as a GHG reduction 

technique under the Climate Convention. 
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CHAPTER 3 

 

FOREST STAND AND CARBON DYNAMICS AFTER  

REDUCED-IMPACT LOGGING IN THE  

DERAMAKOT FOREST RESERVE 

 

 

Preliminary results were presented at the International Union of Forest 

Research Organizations (IUFRO) Conference on Forest Change, 2 to 4 April 

2014, Freising, Germany. http://bit.ly/171KFXp. 

 

3.1. INTRODUCTION 

Tropical forests in Southeast Asia designated for commercial timber 

extraction have been scarred by conventional harvest practices, which are known 

for poor planning, mapping and training, yielding vast amounts of damage to 

forest stand, large quantities of woody debris, and poor residual forest conditions 

(Lagan et al., 2007; Zimmerman and Kormos, 2012). Concessions with a history 

of conventional harvesting have become areas of interest for international 

forestry research and development programmes, with an aim to improve forest 

management through an introduction of alternatives to conventional harvest 

practices (Kleine and Heuveldop, 1993; Putz and Pinard, 1993). International 

assistance programmes, such as the German Agency for Technical Cooperation 

(GIZ), formally known as GTZ, have assisted in the development of improved 

operational approaches to forest management in Sabah, Malaysia (Mannan et al., 

2002; Ong, 2006). 

Between 1989-2000, The Sabah Forestry Department (SFD) and the GIZ 

instigated the Forest Management Unit (FMU) pilot programme, involving the 

development of a systematic, low-impact, harvest-planning framework informed 

by the regenerative capability of the Deramakot forest reserve. The aim of the 

programme was to develop a sustainable harvest system over a 40-year harvest 

cycle, to support selective harvesting in logged-over forests, with an underlying 
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objective of minimising the impact of harvest activities on the residual stand 

(Kleine and Heuveldop, 1993). The demarcation of the FMUs are based on the 

broader Sabah Land Tenure Code, separating commercial forest reserves from 

State land, alienated land, and government reserves, which are then further 

identified for economic development activities, such as agriculture, aviation, 

industrial, and military classifications (MacMorrow and Abdul Talip, 2001). 

Historically, forest areas with good stocking are allocated for economic 

development, and areas with poor stocking are demarcated for commercial forest 

activities (Mannan and Awang, 2005). 

The GIZ programme fostered the development of a forest management 

planning framework for Deramakot, involving a detailed overview of the 

operations, compartments identified for harvest activities, silviculture 

prescriptions, as well as financial requirements, for sub-periods of 10-years 

(Kleine and Heuveldop, 1993). Termed the ‘harvest threshold’, the programme 

was designed to safeguard forest managers from implementing harvest activities 

that exceed the regeneration capacity of the residual forest, and acted as a 

foundation to the development of the Sabah reduced-impact logging (RIL) 

operational guidebook, and code of harvest practice (Kleine, 1997, SFD, 2009a). 

Relative to the GIZ programme and its focus on balancing responsible 

harvest activities with the regeneration capacity of the residual forest, 

understanding the variability of forest responses during post-harvest recovery 

may be a starting point to better understand the environmental impact of 

applying RIL techniques in Sabah. This Chapter aims to investigate the 

variability of aboveground alive tree biomass, and deadwood necromass after the 

implementation of RIL in the Deramakot forest reserve. This work presents a 

chronosequence study measuring forest conditions since RIL was introduced in 

Deramakot in 1997, under the assumption that its implementation has been 

carried out consistently against the harvest code of practice, over time. This 

work is carried out at the stand level, i.e., examining the forest as a whole, as 

well as broken down into the major functional species classes of dipterocarp and 

non-dipterocarp. The Chapter aims to address the following questions: a) How 

has aboveground alive tree biomass and deadwood necromass changed over-
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time since the implementation of RIL in Deramakot in 1997?; and b) What 

changes are happening within the forest structure? 

Aboveground alive tree biomass is estimated in terms of number of trees, 

basal area, volume, carbon stocks and canopy density, as well as deadwood 

necromass volume and carbon stocks. These variables are tested against: a) 

‘harvest intensity’, i.e., the volume of timber extracted in a compartment within 

a given timeframe, to determine the impact of logging activities on the 

regeneration of the residual stand; and b) ‘time’ post-harvest, i.e., the number of 

years after harvest activities are completed, to determine the impact of time on 

the regeneration of the residual stand. While the forest is expected to accumulate 

aboveground alive tree biomass and deadwood necromass over time, it is yet 

unclear where these changes are occurring within the forest structure, to what 

rate they are occurring, and to what extent ‘harvest intensity’ and ‘time’, are 

affecting regeneration of the residual stand. 

The related hypotheses are that: a) Aboveground alive tree biomass and 

deadwood necromass increase over time, and to disprove this hypothesis, I 

would expect no change in aboveground alive tree biomass and deadwood 

necromass over time; b) The changes in aboveground alive tree biomass and 

deadwood necromass are affected by the intensity of the harvest at the beginning 

of the cycle, i.e., ‘harvest intensity’, and to disprove this, I expect ‘harvest 

intensity’ will not have an impact on the changes over time; and c) These 

process are variable, relative to the level to which they are examined, i.e., at the 

stand level, examining the forest as a whole, or at the species level, i.e., within 

major species classes of dipterocarp and non-dipterocarp, and to disprove this, I 

would expect similar responses amongst the processes at the various levels. 

In 2012, data were collected on aboveground alive tree biomass, deadwood 

necromass and canopy density (Pinard et al., 2000a; Schedlbaur and Kavanagh, 

2008; Mora et al., 2015), in selected plots harvested in years 2007, 2002 and 

1997, respectively, to represent 5, 10, and 15-years post-harvest, since the 

inception of the GIZ project in 1997. Changes are examined in the response 

variables to draw conclusions regarding how the forest has changed, relative to 

the pre-harvest condition, at the inception of the GIZ project in 1997. 



 

Climate Change Mitigation Through Reduced-Impact Logging: A Framework Approach  

 

 

 
60 
 

Compartments were included in the study if harvest operations began and were 

completed in a single calendar year. Representing a follow-up forest census from 

the GIZ programme (Kleine, 1997), data from this mensuration makes an 

important addition to the ongoing research carried out in Deramakot. 

 

3.2. METHODS 

3.2.1. THE DERAMAKOT FOREST RESERVE 

The Deramakot forest reserve (50 15’ 28’’N, 1170 20’ 38’’E) consists of 

55,083 ha of mixed dipterocarp forest in Sabah, Malaysia (Figure 3.1). The 

average temperature is 270 Celsius (C), with minimum and maximum 

temperatures reaching 230 and 310 C, respectively. The forest reserve receives on 

average 3,566 mm per year in rainfall, with annual pronounced dry period, 

typically between the months of March and April. Geologically, the reserve is 

dominated by tertiary sedimentary formations, with the most prominent rock 

type of red, and purple sandstone, with smaller patches of ultra basic rock 

reported. Soils from these rocks are relatively infertile, with limited stocks of 

plant-available nutrients. Approximately 91% of the reserve is made up of 

Acricols, with approximately 7% of the remaining soils made up of Leptosols, 

which are typically found on steep slopes >300. The reserve contains an 

undulating topography, ranging from 200-1,100 m above sea level (asl), with 

approximately 75% of the reserve found in lower lands, ranging from 200-700 m 

asl, with slopes ranging from 6-240 (Kleine, 1997; SFD, 1995, 2005a, 2015b). 

The forest reserve is dominated by logged-over lowland mixed dipterocarp 

forest, i.e., 93%, with the prominent dipterocarp species accounting for 

approximately 15-60% of tree density, which are also the majority of trees 

encompassing the forest canopy in all canopy layers, i.e., upper, middle, and 

under-story canopy. Dominant non-dipterocarp species such as Lauraceae, 

Alvaceae, Euphorbiaceae, and Anacardiaceae, make up the other important 

commercial species in the reserve (SFD, 1995, 2015b). 

Historically, timber exploitation using conventional harvest techniques 

commenced from 1956-1987, with the reserve logged numerous times, and 

production levels reported between 60 and 111 m3 ha-1, resulting in 
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heterogeneous stand conditions (Kleine, 1997; Lagan et al., 2007; SFD, 2015b). 

Between 1961 and 1975, production totalled 3,161,348 m3, and in its peak year 

of production in 1973, approximately 460,000 m3 were harvested (SFD, 2005a). 

Prior to the GIZ programme, Deramakot was last logged between 1975-1987, 

while the size, location of the compartments and harvest areas, and the 

corresponding volume of extracted timber, could not be determined through 

existing records (Ong, 2006). 

 
Figure 3.1: Location map of the Deramakot forest reserve in Sabah. 

Areas in green highlight the location of commercial 
production forest reserves, with the names of major towns 
highlighted (Ong et al., 2013). 

As part of the GIZ programme, a comprehensive forest inventory was 

completed in 1995, to establish thresholds of commercial timber stocking, aimed 

to assist managers track a forests’ regeneration over-time, and assist in the 

identification of compartments eligible for harvest activities. The rationale 

behind the stratification relates to the number of eligible, commercial, trees ≥60 

cm per hectare at diameter at breast height (DBH), to realise 40-year re-entry 

periods (Kleine and Heuveldop, 1993). In Sabah, stocking levels determine the 

eligibility for harvest activities, forming the basis of the Forest Management 
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Plan (FMP), i.e., the 10-year management plan requiring approval by the SFD 

for activities within the concession. Within the FMP, compartments eligible for 

harvest activities are identified, and individual Comprehensive Harvest Plans 

(CHPs), outlining the harvest strategy, are developed (Lagan et al., 2007; SFD, 

2009a). The GIZ conceptualised and wrote the initial FMP for Deramakot in 

1995 (SFD, 1995). 

In Sabah, two criteria act as guidelines to determine the eligibility of a 

compartment for harvest activities: a) The compartment must yield an average of 

eight commercial trees per hectare; b) The compartment must contain ≥16 

eligible harvest trees per hectare, to ensure the regeneration of the residual stand 

is stocked with commercial species (SFD, 1995; Ong, 2006). Commercial trees 

refer to those tree species that are openly traded, and not prohibited from 

harvesting, and eligible harvest trees refer to commercial trees that are not 

mother trees i.e., trees that provide seeds for natural regeneration of the forest, 

are ≥60cm DBH, and are not located within prohibited areas within the 

compartment, i.e., conservation areas (SFD, 2009a). Conceptualised by the GIZ, 

Stratum 1 to 4 are associated with the number of commercial eligible trees ≥60 

cm DBH per hectare (ha-1) as follows: Stratum 1: 0-4 trees, Stratum 2: 5-9 trees, 

Stratum 3: 10-15 trees, Stratum 4: ≥16 trees (SFD, 1995). The GIZ inventory 

distinguishes commercial from non-commercial stems, whereby over 280 

commercial trees are identified. In areas with good stocking conditions, i.e., 

Stratum 4, approximately 80-90% of the commercial trees are dipterocarp (SFD, 

1995; Kleine, 1997). Therefore for this research, commercial and non-

commercial species as referred to as dipterocarp and non-dipterocarp, 

respectively. Due to the lack of records prior to 1995, the inventory completed 

by the GIZ programme is considered the earliest complete inventory of 

Deramakot (SFD, 1995; Kleine, 1997) (Table 3.1). 

A by-product of the GIZ programme was the development of a forest growth 

simulation model, termed ‘DIPSIM’, developed to aid yield regulation in 

Deramakot (Ong and Kleine, 1995). Utilising the assumption of an annual 

allowable cut of 20,000 m3 yr-1, undisturbed growth and no silvicultural 

treatments, the programme enabled the GIZ to model the Periodic Annual 
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Increment (PAI) at 5-year intervals, over 40-year regeneration periods, taking 

into consideration growth rates, tree recruitment and mortality (Table 3.2). 

Table 3.1: Average stocking conditions of the Deramakot forest reserve at 
the inception of the GIZ programme in 1995 (Kleine, 1997). 

Stand parameter Good stocking 
(Stratum 4) 

Average stocking 
(Stratum 3) 

Poor stocking 
(Stratum 1) 

Number of trees (# trees ha-1) 
   Total ≥10 cm DBH 510 457 392 

Commercial ≥10 cm DBH 328 295 215 
Commerical ≥60 cm DBH 21 11 0 
Standing volume (m3 ha-1) 

   Total ≥10 cm DBH 294 150 90 
Commercial ≥10 cm DBH 260 131 68 
Commerical ≥60 cm DBH 172 73 0 
Total basal area (m2 ha-1) 28.3 18.2 13.9 

 

Table 3.2: 40-year growth projection under undisturbed growing conditions 
for the Deramakot forest reserve (SFD, 1995). 

Years  
since harvest 

Growing stock Periodic annual increment (PAI) 
Number of 

commercial trees 
≥10 cm DBH  
(# trees ha-1) 

Volume of 
commercial 
trees ≥10 cm 

DBH (m3 ha-1) 

Trees ≥10 cm 
DBH (m3 ha-1) 

Trees ≥60 cm 
DBH (m3 ha-1) 

  0 10 153      -      - 
  5 10 156 3.30 1.53 
10 10 166 3.43 1.48 
15 11 177 3.64 1.52 
20 12 187 3.73 1.52 
25 12 200 3.87 1.53 
30 13 214 3.95 1.54 
35 14 231 4.18 1.77 
40 15 239 4.16 1.73 

 

Over time, subsequent FMPs were written, with the 2nd and 3rd FMP spanning 

2005-2014, and 2015-2024, respectively. The annual allowable cut in the 1st 

FMP is 20,000 m3 yr-1, which was reduced to 17,600 m3 yr-1 for the 2nd and 3rd 

FMP, respectively, each with an upper harvest limit of 40 m3 ha-1 yr-1 (SFD, 

1995, 2005a, 2015b). During the 2nd FMP period, permanent sample plots were 

established, and between the 2002-2007 period, the volume of trees ≥10 cm 

DBH is estimated at 327.64 m3 ha-1, increasing at the rate of 4.17 m3 ha-1 yr-1 

(SFD, 2015b). 
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3.2.2. SAMPLING DESIGN 

To better understand the environmental and atmospheric interactions of 

applying RIL in Deramakot, three sources of variability are examined to 

understand forest responses over post-harvest recovery periods. These sources 

are: a) Time since previous harvest activities; b) Area impacted by harvest 

activities; c) The commercial harvest criteria in Sabah, which are described in 

the following sub-sections, respectively. 

3.2.3. TIME SINCE PREVIOUS HARVEST ACTIVITIES 

After logging is complete, large amounts of woody debris remain in the forest 

(Clark and Clark, 2000; Feldpausch et al., 2005). In Sabah, debris has been 

shown to decay over short periods of time, ranging from 5-7 years (Olson, 1963; 

Pinard and Cropper, 2000). To avoid this influence, a time interval of 5-years 

since harvest activities is introduced spanning from the year of data collection in 

2012, back to the inception of the GIZ harvest activities in 1997. Sampling was 

undertaken at 5-year time intervals from the year 2012, i.e., 15-years post-

harvest to represent the year 1997, at 10-years post-harvest to represent the year 

2002, and at 5-years post-harvest to represent the year 2007. To reflect the 

timeframe in the sampling design, compartments will have begun and completed 

harvest activities within a single calendar year. Eight compartments were 

identified to have begun and completed harvest activities within a single year for 

the identified years post-harvest, i.e., 1997, 2002 and 2007 (Table 3.3). With the 

exception of topography and rainfall data, additional compartment-specific 

information on the characteristics of the forest within each compartment is not 

available. The description of the forest reserve outlined in Section 3.2.1 is used 

to describe the characteristics of the forest within the compartments. 

3.2.4. AREA IMPACTED AND HARVEST INTENSITY 

To capture the change in forest composition following harvest activities in 

the identified compartments, a common denominator, termed the ‘Net 

Production Area’ (NPA), is calculated to estimate the area in each compartment 

directly affected by harvest activities. The NPA is defined as the ‘Gross 

Production Area’ (GPA), i.e., the total compartment area, minus forest 

infrastructure, i.e., forest roads, and areas where harvest activities are prohibited, 
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i.e., conservation areas. The rationale for calculating the NPA originates from 

the basis that solely using the GPA inaccurately represents the area directly 

impacted by harvest activities. An example may be when only a small portion of 

a compartment is actually harvested, and under this scenario, using the entire 

compartment area to report the impact of harvesting understates the actual 

impact of harvest activities. Hence by calculating the NPA, forest managers can 

more accurately represent the areas impacted by harvest activities. 

To do so, in the first instance, areas prohibited from harvest activities are 

omitted, i.e., conservation areas and steep areas, i.e., ≥250 slope, as mandated by 

the harvest code of practice (SFD, 2009a). Secondly, research into soil 

disturbance from heavy machinery used in harvest activities indicates soil and 

carbon accumulation requires longer than a harvest cycle to regenerate to pre-

harvest levels (Pinard and Cropper, 2000; Buckley et al., 2003; Ilstedt et al., 

2004). As this research is within the post-harvest timeframe of the latest harvest 

cycle, i.e., < 40-years post-harvest (Kleine, 1997), for the purpose of this 

research, carbon losses from forest infrastructure are considered to be 

permanent, and excluded from the NPA calculation. The rationale behind 

excluding infrastructure from the NPA is further supported. Firstly, in the 

absence of RIL practices, forest infrastructure would be developed as part of 

conventional harvest practices, and would be created, regardless of the type of 

harvest practice, i.e., RIL or conventional practices. Secondly, in studies 

contrasting RIL vs. conventional practices, fewer infrastructures are created 

under RIL (Pinard, 1995; van der Hout, 1999; Klassen, 2001). However due to 

the logged-over nature of the forest and the amount of existing forest 

infrastructure from past harvest activities, it is not feasible to determine the 

number of skid trails re-used vs. the number of new skid trails created under 

RIL. Therefore for this research, forest infrastructure is not considered to 

contribute carbon savings. Prior to harvest activities in 1997, a comprehensive 

aboveground tree inventory of Deramakot was carried out by the GIZ in 1995 

(Table 3.1). The NPA for each identified compartment (Section 3.2.3) is 

estimated (Table 3.3), and the harvest intensity of each compartment is 

recalculated to reflect the NPA (Table 3.4). 
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Table 3.3: Net production area compartment register. Figures are 
represented in hectares (ha). 

 

Item 

Years since harvest 
5-years 10-years 15-years 

Compartment label 
61 25 37 33 49 55 60 68 

Gross production area 340 732 410 701 592 315 780 506 
Unlogged area 94 441 209 529 227 113 166 218 
Feeder roads 2 1 3 2 3 3 11 2 
Skid trails 7 9 6 7 9 6 17 5 
Landings 1 1 1 1 1 1 3 1 
Net production area 236 280 191 162 352 192 583 280 

 

Table 3.4: Recalculated harvest intensity based on the net production 
area rationale for compartments that meet the criterion of 
‘time since previous harvest activities’, outlined in Section 
3.2.3. 

Years  
since harvest 

Compartment 
label 

Net production area 
Average number 
of trees harvested  

(# trees ha-1) 

Average volume 
harvested  
(m3 ha-1) 

5 61 6 6 36.08 36.08 

10 
25 

4 
3 

35.54 
32.24 

37 3 34.73 
33 6 39.65 

15 

49 

5 

5 

19.43 

18.79 
55 5 24.44 
60 6 23.47 
68 3 11.02 

Average - 5 5 30.35 27.55 
 

As outlined in Table 3.4, the average volume harvested per hectare varied as 

a function of the years passed since harvest, and also spatially across 

compartments. As these changes will affect the current stocking levels of the 

compartments, ‘harvest intensity’ is considered in the statistical analyses by 

employing it as a covariate alongside ‘time since harvest’. 

 

3.2.5. COMMERCIAL HARVEST CRITERIA IN SABAH 

Referring to forest stocking classes for inventory purposes developed by the 

GIZ (Section 3.2.1), the classes in each compartment were identified based on 

the 2001 Sabah forestry aerial compartment digitisation exercise, using existing 
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Geographic Information System (GIS) data. However compartments harvested 

in the year 1997 were originally mapped by hand and excluded from this 

exercise. Therefore this data was encoded and the maps were digitised by the 

SFD, using ArcGIS version 20 software (ESRI, 1996). 

3.2.6. SAMPLE PLOTS 

The application of conventional harvest techniques in the past resulted in a 

heterogeneous forest composition, and a wide distribution of the strata classes 

throughout Deramakot (Kleine, 1997). To account for size dependent variation 

in stocking density, 20-metre nested circular sample plots (0.1256 ha) were 

identified for their ease of implementation, and ability to be placed in small areas 

representing the various strata (Pearson et al., 2006). Using existing research 

data from Deramakot (Dyi and Titin, 2011), the defined NPA, and the Sabah 

commercial harvest criteria, the number of sample plots per strata was 

determined to reflect the variability across the compartments, and NPA, over the 

5, 10 and 15-year post-harvest periods, at the 95% confidence interval. Due to 

financial constraints, the typical 10% error to the average carbon density per 

hectare was increased to 13%. The numbers of sample plots are estimated for the 

number of strata, as described by Pearson et al., (2006) (Eq.1). 

 

𝑛 = ( !!∗ !! ! !!∗ !!  ! !!∗ !!  ! !!∗ !! )!
!!∗ !!

!!
! !!∗ !!!! !!∗ !!!! !!∗ !! ! !! ! !!!

   (Eq.1) 

 

Where E is the allowable error, t is the sample statistic from the t-distribution 

for the 95% confidence interval, Nh is the number of sampling units for Stratum 

h, n is equal to the number of sampling units in the population, and Sh is the 

standard deviation of stratum h. To ensure the research met the desired level of 

precision, 24 additional plots were added to the original estimate of 76 plots, to 

those compartments originally with ≤ 9 plots, i.e., compartment 25, 49, and 68. 

The additional plots were divided evenly across the identified compartments, 

and randomly allocated across the strata (Table 3.5). 
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The sample plots were randomly placed along a vertical transect placed in the 

middle of each strata. The unit of replication is the plot, and the compartments 

and strata were used to estimate a representative sample since time post-harvest. 

The location of each sample plot was determined through ArcGIS software 

(ESRI, 1996), and a correction (cosine), accounting for undulating forest terrain, 

is applied for plots with a slope of ≥100 (Pearson et al., 2006) (Figure 3.3). 

Diameter class groupings of trees with diameters of 10-29 cm, 30-59 cm, and 

≥60 cm DBH, are assigned to 5, 10, and 20-m radius classes of the nested 

sample plot, respectively (Figure 3.3). 

 Table 3.5: Number of sample plots by year, compartment and strata. 

Years  
since harvest 

Net 
production 
area (ha) 

Compartment 
label 

Number of 
sample plots per 

strata 
Sum number of 

sample plots 
1 2 3 4 

5 236 61 2 4 3 3   12 

10 
280 25 2 4 5 3   14 
191 37 5 4 2 0   11 
162 33 0 3 7 2   12 

15 

352 49 0 6 4 2   12 
192 55 3 3 6 2   14 
583 60 3 2 8 0   13 
280 68 3 4 5 0   12 

Sum 2,276 - 18 30 40 12 100 
 

 



 

Chapter 3: Forest Stand and Carbon Dynamics: A Chronosequence Approach  

 

 

 
69 

 

 
 

Figure 3.2: Location of sample plots across the identified compartments 
that meet the criterion of ‘time since previous harvest 
activities’, outlined in Section 3.2.3. 

 

 
 

Figure 3.3: Nested sample plot diagram, where 5, 10 and 20-m radius 
plots are assigned to represent tree diameters of 10-29, 30-
59 and ≥ 60 cm DBH, respectively. 

Sample Plot 
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3.2.7. MEASURED VARIABLES 

Two biomass pools are measured, i.e., aboveground alive tree biomass, and 

deadwood necromass. Aboveground alive tree biomass sampling consisted of 

measuring trees ≥10 cm DBH at 1.3 m above the forest floor. For trees with 

large buttresses >1.3 m, a ladder was used to measure the diameter 50 cm above 

the highest point of the buttress (RAINFOR, 2009). All trees were tagged, 

identified to the species level, and their location recorded. The canopy cover was 

estimated at the centre of each plot, using a spherical densitometer (Lemmon, 

1958). 

Deadwood necromass is measured in the 20-meter radius plot, and sampling 

consisted of measuring and recording all standing dead trees and lying dead 

wood ≥2 cm diameter, and tree stumps. Deadwood necromass was identified to 

the species level if possible, tagged and the diameter, height/length, and cavity 

(if present) recorded (Pearson et al., 2006; Metcalfe et al., 2009). To determine 

the stage of decay, as sound, intermediate, or rotten, the ‘knife test’ was 

performed, as described in Pearson, et al., (2006), whereby the recorder strikes 

the deadwood with a forest knife. If the blade does not enter, the deadwood is 

classified as ‘sound’, if it partially enters, it is classified as ‘intermediate’, and if 

the blade sinks considerably into the deadwood, it is classified as ‘rotten’. 

3.2.8. VOLUME AND CARBON STOCK ESTIMATION 

Multiple linear regression (Y = a + b1X1 + b2X2 + b3X3 + E) was used to 

examine the change in aboveground alive tree biomass, and deadwood 

necromass (Y), as a function of the independent variables ‘stratum’, ‘harvest 

intensity’ and ‘time’ since logging (X), with (E) being the error to the average 

carbon density. To meet the assumptions of the statistical inference that is 

applied, the square root function (Sqrt) was used to transform the number of 

trees, the logarithm base 10 function (Log10), used to transform basal area, 

volume and carbon, and the arcsine function (ArcSin) used to transform the 

canopy density. The reported values are the back-transformed estimates of the 

fixed effects variables, along with the upper and lower 95% confidence interval. 

All variables are represented as means per hectare at 5, 10 and 15-years post-

harvest, as follows: number of trees (# of Trees, # ha-1), basal area (Basal Area, 



 

Chapter 3: Forest Stand and Carbon Dynamics: A Chronosequence Approach  

 

 

 
71 

 

m2 ha-1), volume (Volume, m3 ha-1), carbon stock (Carbon, tC ha-1), and canopy 

density (%), whereas the effect of ‘harvest intensity’ and ‘stratum’, are examined 

by looking at the significance of the slope coefficient. 

For the Tables where results are given as means for each time since harvest, 

the values were considered significant if the 95% confidence intervals did not 

overlap among times since harvest, strata or functional species groups. The 

application of a General Linear Model (GLM) was also considered, with time 

treated as a categorical, instead of continuous, variable. For clarity, the results of 

the GLM analysis are summarised in Appendix A1-2, A1-4, A1-6, A1-8, A1-10. 

All statistical analyses were carried out using SPSS software version 20 (IBM 

Corp, 2011). 

The confidence interval of the 5-years post-harvest time period is calculated 

across the plots in the single eligible compartment (N=1). Confidence intervals 

of the 10 and 15-years post-harvest were calculated over the number of 

compartments in each year, where N=3, and N=4, respectively (Table 3.5). 

Aboveground volume was calculated using 12 functional group-specific tree 

allometric equations developed for the local Lahad Datu district of Sabah, 

Malaysia (Forestal International Limited, 1973) (Appendix I). Tonnes of total 

aboveground dry biomass were estimated from the calculated volumes by 

attributing a species-specific wood density (World Agroforestry Centre, 2014), 

and for unidentified species, a conservative mean wood density of 0.50 g cm3 

was applied. The generic biomass expansion factor for good hill forest in 

Malaysia (1.895), defined by Brown et al., (1989) as a sub-unit of moist-tropical 

forest, was used because of its representative basal area, i.e., 28.5 m2 ha-1 for 

trees >15cm DBH, which closely matched the values of the pre-harvest basal 

area of Deramakot, i.e., 28.3 m2 ha-1 for trees ≥10cm DBH (Kleine, 1997) (Table 

3.1). Volume is multiplied by the wood density estimate and the biomass 

expansion factor; the ratio of total aboveground biomass to commercial stem 

biomass (Levy et al., 2004). A regression equation developed by Reyes et al., 

(1992), is applied to convert wood densities determined at 12% moisture content 

to oven-dry weight, as wood densities are typically represented as oven-dry 

weight (GOFC-GOLD, 2013). A carbon factor of 0.50 is used to convert 
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biomass into tonnes of carbon (Brown, 1997). Carbon densities of deadwood 

necromass, categorised as sound, intermediate and rotten, are multiplied by 1, 

0.5 and 0.25, respectively, to represent reductions in carbon of 0, 50 and 75%, 

respectively (Chambers et al., 2000). 

 
3.3. RESULTS 

3.3.1. ABOVEGROUND ALIVE TREE BIOMASS 

Across the plots, the total tree count, representing 5, 10 and 15-year post-

harvest time period, is estimated at 398, 603 and 723 trees ha-1, respectively, 

with no significant change detected over the period (p>0.05). Significant 

increases of 28 trees ha-1 yr-1 were detected in the lower diameter class, i.e., trees 

10-29 cm DBH, estimated at 301, 504 and 585 trees ha-1, respectively (variable 

‘year’, F(3,94)=3.84, p<0.05, adj r2=0.081, slope=0.634). Across the plots, the 

number of trees in the middle and upper diameter classes, i.e., trees 30-59, and 

≥60 cm DBH, is estimated at 69, 108, 102, and 27, 26, 29 trees ha-1, respectively, 

with no significant change detected over the period (p>0.05) (Figure 3.4). 

 
Figure 3.4: Mean value of back-transformed aboveground alive tree 

count summaries, at 95% confidence interval, across the 
plots, for each diameter class distribution, with error bars to 
demonstrate the variability of the estimates. 

In the dipterocarp species across the plots, the total tree count, representing 5, 

10 and 15-year post-harvest time period, is estimated at 144, 282, and 322 trees 

ha-1, respectively, while significant changes were not detected in any diameter 
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group over the period (p>0.05). In the non-dipterocarp species across the plots, 

the total tree count, representing 5, 10 and 15-year post-harvest time period, is 

estimated at 240, 279, and 360 trees ha-1, respectively, with significant increases 

of 12 trees ha-1 yr-1 detected over the chronosequence (variable ‘year’, 

F(3,94)=2.05, p<0.05, adj r2=0.031, slope=0.635). In the lower diameter class, a 

significant increase of 8 trees ha-1 yr-1 is detected over the chronosequence, 

estimated at 224, 286, and 307 trees ha-1, at 5, 10 and 15-years post-harvest, 

respectively (variable ‘year’ F(3,87)=2.05, p<0.05, adj r2=0.017, slope=0.565). 

In the middle diameter class, significant increases of 2 trees ha-1 yr-1 were 

detected over the chronosequence, estimated at 43, 71 and 61 trees ha-1, at 5, 10 

and 15-years post-harvest, respectively (variable ‘year’, F(3,67)=2.33, p<0.05, 

adj r2=0.054, slope=0.306). A significant effect of the variable ‘harvest intensity’ 

was also detected in this diameter class, indicating for every additional cubic 

metre harvested per hectare, the number of trees increases 0.1 trees ha-1 (variable 

‘harvest intensity’, F(3,67)=2.33, p<0.05, adj r2=0.054, slope=0.120). In the 

upper diameter class, across the plots, the number of trees representing the 5, 10 

and 15-year post-harvest time period, is estimated at 12, 12 and 16 trees ha-1, 

respectively, with no significant changes detected over the period (p>0.05) 

(Figure 3.5, Table 3.6-3.8, Table 3.10-3.12, Appendix I: A1-13). 
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Figure 3.5: Mean value of back-transformed aboveground alive tree 

count summaries, across the plots, at 95% confidence 
interval, for each diameter class distribution, within the 
dipterocarp and non-dipterocarp species, with error bars to 
demonstrate the variability of the estimates. 
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cubic metre harvested per hectare, basal area decreases 0.01 m2 ha-1 (variable 

‘harvest intensity’, F(3,96)=4.17, p<0.05, adj r2=0.088, slope=-0.008). For no 

diameter class across the plots, were significant changes in basal area detected 

over the period (p>0.05) (Figure 3.6). 

 
Figure 3.6: Mean value of back-transformed basal area summaries, at 

95% confidence interval, across the plots, for each diameter 
class distribution, with error bars to demonstrate the 
variability of the estimates. 

Basal area of the dipterocarp species across the plots, at 5, 10 and 15-year 

post-harvest time period, is estimated at 19.05, 21.78 and 23.33 m2 ha-1, 

respectively. A significant effect on the total basal area was detected over the 

period for the variable ‘harvest intensity’, indicating for every cubic metre 

harvested per hectare, basal area decreases 0.01 m2 ha-1 (variable ‘harvest 

intensity’, F(3,96)=4.25, p<0.05, adj r2=0.090, slope=-0.012). Significant 

changes were also detected on the total basal area for the variable ‘stratum’, 

indicating that for every unit transition towards a higher stratum category, the 

basal area declined by 0.05 m2 ha-1 (variable ‘stratum’, F(3,96)=4.25, p<0.05, adj 

r2=0.090, slope=-0.055). 

In none of the diameter classes of the dipterocarp species, were significant 

changes detected across the plots over the chronosequence period (p>0.05). 

However, in both middle and upper diameter classes, significance was detected 

for the variable ‘stratum’, indicating for every transition towards a higher 

stratum category, the basal area declined (variable ‘stratum’ for the middle 

diameter class, F(3,68)=2.13, p<0.05, adj r2=0.046, slope=-0.075), (variable 
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‘stratum’ for the upper diameter class, F(3,90)=2.58, p<0.05, adj r2=0.054, 

slope=-0.078). 

Regarding basal area in the non-dipterocarp species, no significant changes 

were detected in the total, lower and upper diameter classes (p>0.05). Significant 

changes were detected in the middle diameter class from the variable ‘year’, 

increasing at the rate of 0.18 m2 ha-1 yr-1, estimated at 5.91, 8.78 and 7.70 m2 ha-

1, at 5, 10 and 15-years post-harvest, respectively (variable ‘year’, F(3,67)=2.05, 

p<0.05, adj r2=0.043, slope=0.035). A significant effect of ‘harvest intensity’ 

was also detected in this diameter class, indicating for every cubic metre 

harvested per hectare, basal area increases 0.02 m2 ha-1 (variable ‘harvest 

intensity’, F(3,67)=2.05, p<0.05, adj r2=0.043, slope=0.015) (Figure 3.7, Table 

3.6-3.8, Table 3.10-3.12, Appendix I: A1-13). 
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Figure 3.7: Mean value of back-transformed basal area summaries 
across the plots, at 95% confidence interval, for each 
diameter class distribution, within the dipterocarp and non-
dipterocarp species, with error bars to demonstrate the 
variability of the estimates. 

 

 

0	

2	

4	

6	

8	

10	

12	

14	

Ba
sa
l	a
re
a	
(m

2 		
ha

-1
)	

Dipterocarp	vs.	non-dipterocarp	basal	area	
10-29cm	DBH	

Dipterocarp	

Non-dipterocarp	

0	

2	

4	

6	

8	

10	

12	

14	

Ba
sa
l	a
re
a	
(m

2 		
ha

-1
)	

30-59cm	DBH	

0	

5	

10	

15	

20	

5	 10	 15	

Ba
sa
l	a
re
a	
(m

2 		
ha

-1
)	

Years	since	harvest	

≥60cm	DBH	



 

Climate Change Mitigation Through Reduced-Impact Logging: A Framework Approach  

 

 

 
78 
 

The total volume across the plots, at 5, 10 and 15-year post-harvest time 

period, is estimated at 441.57, 427.56 and 489.78 m3 ha-1, respectively, with 

significant changes detected as a function of ‘harvest intensity’, indicating for 

every cubic metre harvested per hectare, volume decreases 0.01 m3 ha-1 (variable 

‘harvest intensity’, F(3,96)=3.90, p<0.05, adj r2=0.081, slope=-0.010). For each 

diameter class across the plots, no significant changes were detected (p>0.05) 

(Figure 3.8). 

 
Figure 3.8: Mean value of back-transformed volume summaries, at 95% 

confidence interval, across the plots, for each diameter class 
distribution, with error bars to demonstrate the variability of 
the estimates. 

Total volume in the dipterocarp species, across the plots, at 5, 10 and 15-year 

post-harvest, is estimated at 271.64, 309.03 and 323.59 m3 ha-1, respectively. 

Significant changes were detected over the period as a function of ‘harvest 

intensity’, indicating for every cubic metre harvested per hectare, volume 

decreases 0.01 m3 ha-1 (variable ‘harvest intensity’, F(3,96)=3.90, p<0.05, adj 

r2=0.081, slope=-0.011). Significant changes were also detected as a function of 

‘stratum’, indicating for every unit transition towards a higher stratum category, 

total volume per hectare declined (variable ‘stratum’, F(3,96)=3.90, p<0.05, adj 

r2=0.081, slope=-0.063). 

In the lower diameter classes, a significant increase of 7.80 m3 ha-1 yr-1 is 

detected over the chronosequence, from 21.68, 77.62, and 99.72 m3 ha-1, at 5, 10 

and 15-years post-harvest (variable ‘year’ F(3,72)=6.16, p<0.05, adj r2=0.171, 

slope=0.059). In the middle and upper diameter classes, significant changes were 
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detected as a function of ‘stratum’, indicating for every unit transition towards a 

higher stratum category, volume per hectare declined (variable ‘stratum’ for the 

middle diameter class, F(3,68)=2.30, p<0.05, adj r2=0.052, slope=-0.079), 

(variable ‘stratum’ for the upper diameter class, F(3,90)=2.64, p<0.05, adj 

r2=0.050, slope=-0.080). 

Volume in the non-dipterocarp species, across the plots, at 5, 10 and 15-year 

post-harvest, is estimated at 96.38, 79.25 and 123.31 m3 ha-1, respectively, with 

no significant changes detected over the chronosequence (p>0.05). No 

significant changes were detected in the lower diameter class over the period 

(p>0.05). However significant changes were detected in the middle and upper 

diameter classes, as a function of ‘harvest intensity’, indicating for every cubic 

metre harvested per hectare, volume increased and decreased, at the rate of 0.01 

and 0.02 m3 ha-1, respectively (variable ‘harvest intensity’ for the middle 

diameter class, F(3,67)=1.55, p<0.05, adj r2=0.023, slope=0.014), (variable 

‘harvest intensity’ for the upper diameter class, F(3,48)=1.77, p<0.05, adj 

r2=0.043, slope=-0.016) (Figure 3.9, Table 3.6-3.8, Table 3.10-3.12, Appendix I: 

A1-13). 
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Figure 3.9: Mean value of back-transformed volume summaries across 
the plots, at 95% confidence interval, for each diameter 
class distribution, within the dipterocarp and non-
dipterocarp species, with error bars to demonstrate the 
variability of the estimates. 
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Total carbon stocks across the plots, at 5, 10 and 15-year post-harvest, is 

estimated at 244.34, 223.87 and 273.52 tC ha-1, respectively, with no significant 

change over time, but with significant change detected as a function of ‘harvest 

intensity’, indicating for every cubic metre harvested per hectare, carbon 

decreases 0.01 tC ha-1 (variable ‘harvest intensity’, F(3,96)=4.30, p<0.05, adj 

r2=0.091, slope=-0.010). For no diameter class across the plots, were significant 

changes for carbon detected over the period (p>0.05) (Figure 3.10). 

 
Figure 3.10: Mean value of back-transformed carbon summaries, at 

95% confidence interval, across the plots, for each 
diameter class distribution, with error bars to demonstrate 
the variability of the estimates. 

Total carbon in the dipterocarp species across the plots, at 5, 10 and 15-year 

post-harvest, is estimated at 155.96, 167.49 and 180.72 tC ha-1, respectively, 

with no significant change over time. Significant effects were detected in total 

carbon as a function of ‘harvest intensity’, indicating for every cubic metre 

harvested per hectare, carbon decreases 0.01 tC ha-1 (variable ‘harvest intensity’, 

F(3,96)=3.63, p<0.05, adj r2=0.074, slope=-0.011). Significant trends were also 

detected in total carbon from the response variable ‘stratum’, indicating for 

every unit transition towards a higher stratum category, the carbon content 

declined (variable ‘stratum’, F(3,96)=3.63, p<0.05, adj r2=0.074, slope=-0.062). 

In the lower diameter classes of the dipterocarp species, no significant 

changes were detected (p>0.05). In the middle and upper diameter classes, 

significant changes were detected as a function of ‘stratum’, indicating for every 

unit transition towards a higher stratum category, the carbon content declined 
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(variable ‘stratum’ for middle diameter class, F(3,68)=2.53, p<0.05, adj 

r2=0.061, slope=-0.091), (variable ‘stratum’ for upper diameter class, 

F(3,90)=1.91, p<0.05, adj r2=0.029, slope=-0.075). 

Total carbon in the non-dipterocarp species, across the plots, at 5, 10 and 15-

year post-harvest, is estimated at 52.00, 41.30 and 69.18 tC ha-1, respectively, 

with no significant changes detected (p>0.05). No significant change is detected 

in the lower and middle diameter class over the period (p>0.05). However 

significant changes in total carbon were detected in the upper diameter class, as a 

function of ‘harvest intensity’, indicating for every cubic metre harvested per 

hectare, carbon decreases 0.01 tC ha-1 (variable ‘harvest intensity’ for upper 

diameter class, F(3,48)=1.44, p<0.05, adj r2=0.025, slope=-0.017) (Figure 3.11, 

Table 3.6-3.8, Table 3.10-3.12, Appendix I: A1-13). 

The probability density function of the transformed variables, the back-

transformed summaries across the plots, to represent the total stand, and species 

level, for all aboveground alive tree biomass are located in Appendix I: Figure 

A1-1. The full outputs of the multiple linear regressions are tabulated in 

Appendix I: Table A1-1, Table A1-3, and Table A1-5. Summaries of the level of 

significance of the GLM are tabulated in Appendix I: Table A1-2, Table A1-4, 

Table A1-6, Table A1-8, Table A1-10. The raw plot data is summarised in 

Appendix I: A1-13. 
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Figure 3.11: Mean value of back-transformed carbon summaries across 

the plots, at 95% confidence interval, for each diameter 
class distribution, within the dipterocarp and non-
dipterocarp species, with error bars to demonstrate the 
variability of the estimates. 
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Table 3.6: Level of significance (P-values) at the 95% confidence interval at the 
overall forest level, with ‘stratum’, ‘harvest intensity’, and ‘year since 
harvest’ as independent variables. Bold represents significance was 
detected, and the symbol (s+) and (s-) indicates a positive or negative 
slope, respectively. 

 
Transformed dependent 

variable 
Independent variable 

Stratum Harvest intensity Year 
SQRT Trees 10-29cm DBH 0.979 0.834 0.026(s+) 
SQRT Trees 30-59cm DBH 0.439 0.682 0.706 
SQRT Trees ≥60cm DBH 0.451 0.349 0.685 
SQRT Trees sum 0.999 0.611 0.073 
    
Log10 BA 10-29cm DBH 0.967 0.211 0.574 
Log10 BA 30-59cm DBH 0.145 0.996 0.600 
Log10 BA ≥60cm DBH 0.116 0.264 0.272 
Log10 BA sum 0.267 0.012(s-) 0.380 
    
Log10 Volume 10-29cm DBH 0.871 0.180 0.601 
Log10 Volume 30-59cm DBH 0.115 0.921 0.688 
Log10 Volume ≥60cm DBH 0.085 0.177 0.178 
Log10 Volume sum 0.118 0.010(s-) 0.149 
    
Log10 Carbon 10-29cm DBH 0.894 0.123 0.859 
Log10 Carbon 30-59cm DBH 0.107 0.814 0.622 
Log10 Carbon ≥60cm DBH 0.137 0.221 0.241 
Log10 Carbon sum 0.107 0.008(s-) 0.182 
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Table 3.7: Level of significance (P-values) at the 95% confidence interval for 
the dipterocarp species, with ‘stratum’, ‘harvest intensity’, and ‘year 
since harvest’ as independent variables. Bold represents significance 
was detected, and the symbol (s+) and (s-) indicates a positive or 
negative slope, respectively. 

 
Transformed dependent 

variable 
Independent variable 

Stratum Harvest intensity Year 
SQRT Trees 10-29cm DBH 0.248 0.653 0.079 
SQRT Trees 30-59cm DBH 0.220 0.203 0.571 
SQRT Trees ≥60cm DBH 0.279 0.149 0.263 
SQRT Trees sum 0.952 0.076 0.957 
    
Log10 BA 10-29cm DBH 0.062 0.784 0.109 
Log10 BA 30-59cm DBH 0.032(s-) 0.436 0.601 
Log10 BA ≥60cm DBH 0.023 (s-) 0.144 0.133 
Log10 BA sum 0.050(s-) 0.011(s-) 0.130 
    
Log10 Volume 10-29cm DBH 0.144 0.580 0.009(s+) 
Log10 Volume 30-59cm DBH 0.032(s-) 0.341 0.490 
Log10 Volume ≥60cm DBH 0.023(s-) 0.161 0.171 
Log10 Volume sum 0.031(s-) 0.025(s-) 0.177 
    
Log10 Carbon 10-29cm DBH 0.051 0.853 0.053 
Log10 Carbon 30-59cm DBH 0.019(s-) 0.439 0.518 
Log10 Carbon ≥60cm DBH 0.048(s-) 0.272 0.245 
Log10 Carbon sum 0.036(s-) 0.030(s-) 0.182 
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Table 3.8: Level of significance (P-values) at the 95% confidence interval for 
the non-dipterocarp species, with ‘stratum’, ‘harvest intensity’, and 
‘year since harvest’ as independent variables. Bold represents 
significance was detected, and the symbol (s+) and (s-) indicates a 
positive or negative slope, respectively. 

 
Transformed dependent 

variable 
Independent variable 

Stratum Harvest intensity Year 
SQRT Trees 10-29cm DBH 0.864 0.110 0.037(s+) 
SQRT Trees 30-59cm DBH 0.897 0.016(s+) 0.013(s+) 
SQRT Trees ≥60cm DBH 0.155 0.357 0.555 
SQRT Trees sum 0.926 0.279 0.030(s+) 
    
Log10 BA 10-29cm DBH 0.929 0.816 0.829 
Log10 BA 30-59cm DBH 0.848 0.021(s+) 0.024(s+) 
Log10 BA ≥60cm DBH 0.191 0.079 0.455 
Log10 BA sum 0.448 0.753 0.335 
    
Log10 Volume 10-29cm DBH 0.756 0.996 0.933 
Log10 Volume 30-59cm DBH 0.762 0.043(s+) 0.057 
Log10 Volume ≥60cm DBH 0.308 0.034(s-) 0.105 
Log10 Volume sum 0.401 0.437 0.719 
    
Log10 Carbon 10-29cm DBH 0.749 0.927 0.925 
Log10 Carbon 30-59cm DBH 0.784 0.171 0.054 
Log10 Carbon ≥60cm DBH 0.484 0.049(s-) 0.171 
Log10 Carbon sum 0.422 0.294 0.721 
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3.3.2. DEADWOOD NECROMASS & CANOPY DENSITY 

Volume of deadwood necromass across the plots, at 5, 10 and 15-year post-

harvest, is estimated at 15.45, 15.36 and 22.54 m3 ha-1, respectively, with no 

significant changes over time, but with significant effect detected for the variable 

‘harvest intensity’, indicating for every cubic metre harvested per hectare, 

deadwood necromass volume decreases 0.01 m3 ha-1 (variable ‘harvest 

intensity’, F(3,96)=7.22, p<0.05, adj r2=0.159, slope=-0.011). Significant effects 

were also detected for the variable ‘stratum’, indicating for every unit transition 

towards a higher stratum category, the deadwood necromass volume declined 

(variable ‘stratum’, F(3,96)=7.22, p<0.05, adj r2=0.159, slope=-0.067). 

Carbon stocks of deadwood necromass across the plots, at 5, 10 and 15-year 

post-harvest, is estimated at 5.45, 4.61 and 6.53 tC ha-1, respectively, with no 

significant change over time, but with significant changes effects detected for the 

variable ‘harvest intensity, indicating for every cubic metre harvested per 

hectare, deadwood necromass carbon decreases 0.01 tC ha-1 (variable ‘harvest 

intensity’, F(3,96)=6.16, p<0.05, adj r2=0.135, slope=-0.011). Significant effects 

were detected for the variable ‘stratum’, indicating for every unit transition 

towards a higher stratum category, carbon declined (variable ‘stratum’, 

F(3,96)=6.16, p<0.05, adj r2=0.135, slope=-0.050). 

The deadwood to aboveground carbon ratio, averaged across the timeframe, 

was 2.2%, i.e., 5.53/247.24, with the 5, 10 and 15-years post-harvest carbon 

stock equalling 2.4, 2.0, and 2.4%, respectively. Canopy density across the plots, 

at 5, 10 and 15-year post-harvest, is estimated at 77, 75 and 83%, respectively, 

with no significant changes detected over the chronosequence period (p>0.05) 

(Figure 3.12, Table 3.9, Table 3.13-3.14, Appendix I: A1-13). 

The probability density function of the transformed variables and the back-

transformed summaries for all deadwood necromass are located in Appendix I: 

Figure A1-1. The full outputs of the multiple linear regressions are tabulated in 

Appendix I: Table A1-7, Table A1-9. Summaries of the level of significance of 

the GLM are tabulated in Appendix I: Table A1-8, Table A1-10. 
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Figure 3.12: Mean value of back-transformed deadwood volume and 
carbon summaries, along with the canopy cover summary, 
at 95% confidence interval, across the plots, with error bars 
to demonstrate the variability of the estimates. 
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Table 3.9: Level of significance (P-values) at the 95% confidence interval of the 
dependent variable of deadwood necromass and canopy density, with 
‘stratum’, ‘harvest intensity’, and ‘year’ as independent variables. 
Bold represents significance was detected, and the symbol (s+) and 
(s-) indicates a positive or negative slope, respectively. 

 
Transformed Dependent 

Variable 
Independent Variable 

Stratum Harvest Intensity Year 
Log10 Deadwood Volume 0.013(s-) 0.023(s-) 0.876 
Log10 Deadwood Carbon 0.034(s-) 0.008(s-) 0.384 
ArcSin Canopy Density 0.802 0.221 0.198 

 

 

 



  

Climate Change Mitigation Through Reduced-Impact Logging: A Framework Approach  

 

 

 

 

90 

Table 3.10: Aboveground back-transformed summary. Parenthesis denotes the 95% confidence interval. Numbers highlighted in bold face 
indicate that significant changes were detected over time at 95% level. 

  
Trees (# trees ha-1) Basal area (m2 ha-1) 

 

Diameter 
class (cm) 10-29 30-59 ≥60 Sum 10-29 30-59 ≥60 Sum 

Y
ea

rs
 si

nc
e 

ha
rv

es
t 

5 301  
(215-402) 

69  
(46-96) 

27  
(21-34) 

398  
(301-508) 

8.05  
(4.93-13.15) 

9.23  
(5.75-14.79) 

15.92  
(10.96-23.12) 

36.90  
(30.62-44.46) 

10 504  
(412-606) 

108  
(84-133) 

26  
(21-30) 

603  
(500-716) 

10.57  
(7.87-14.19) 

14.03  
(10.76-18.28) 

10.00  
(8.18-12.21) 

36.30  
(30.90-42.67) 

15 585  
(508-668) 

102  
(87-117) 

29  
(24-34) 

723  
(645-804) 

14.13  
(11.83-16.87) 

13.15  
(11.12-15.56) 

12.39  
(9.82-15.63) 

43.65  
(39.81-47.86) 

 

  
Volume (m3 ha-1) Carbon (tC ha-1) 

 

Diameter 
class (cm) 10-29 30-59 ≥60 Sum 10-29 30-59 ≥60 Sum 

Y
ea

rs
 si

nc
e 

ha
rv

es
t 

5 49.55  
(25.12-97.23) 

94.63  
(52.84-169.43) 

252.35  
(174.58-364.75) 

441.57  
(345.14-564.94) 

31.55  
(16.63-59.84) 

43.65  
(23.38-81.47) 

144.54  
(102.33-208.92) 

244.34  
(189.67-314.77) 

10 77.45  
(53.58-111.94) 

159.59  
(118.58-214.78) 

155.60  
(124.45-194.53) 

427.56  
(360.58-506.99) 

43.85  
(30.62-62.81) 

77.09  
(55.34-107.40) 

80.91  
(62.81-104.23) 

223.87  
(187.93-266.69) 

15 108.39  
(85.31-137.72) 

140.93  
(117.49-169.04) 

190.99  
(151.36-240.99) 

489.78  
(433.52-553.35) 

63.39  
(50.12-80.17) 

72.44  
(58.88-89.13) 

106.17  
(83.95-134.28) 

273.52  
(239.88-311.89) 
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Table 3.11: Aboveground back-transformed dipterocarp summary. Parenthesis denotes the 95% confidence interval. Numbers highlighted in 
bold face indicate significant changes were detected over time at 95% level. 

  
Trees (# trees ha-1) Basal area (m2 ha-1) 

 

Diameter 
class (cm) 10-29 30-59 ≥60 Sum 10-29 30-59 ≥60 Sum 

Y
ea

rs
 si

nc
e 

ha
rv

es
t 

5 153  
(121-187) 

50  
(30-75) 

20  
(13-27) 

144  
(96-201) 

3.56  
(1.79-7.10) 

7.68  
(5.08-11.62) 

11.04  
(6.81-17.91) 

19.05  
(13.18-27.54) 

10 331  
(264-406) 

72  
(55-92) 

21  
(17-25) 

282  
(208-367) 

7.31  
(5.43-9.84) 

10.01  
(7.57-13.23) 

8.39  
(6.68-1054) 

21.78  
(17.74-26.73) 

15 337  
(278-401) 

67  
(57-79) 

21  
(17-25) 

322  
(257-395) 

9.91  
(7.55-13.00) 

8.65  
(7.24-10.33) 

9.08  
(7.24-11.38) 

23.33  
(19.50-27.93) 

 

  Volume (m3 ha-1) Carbon (tC ha-1) 

 
Diameter 
class (cm) 10-29 30-59 ≥60 Sum 10-29 30-59 ≥60 Sum 

Y
ea

rs
 si

nc
e 

ha
rv

es
t 

5 21.68  
(5.42-86.70) 

103.51  
(61.66-173.78) 

184.08  
(114.02-297.17) 

271.64  
(169.82-434.51) 

17.30  
(5.65-52.98) 

56.23  
(41.50-76.21) 

106.66  
(66.83-170.22) 

155.96  
(100.00-243.22) 

10 77.62  
(56.23-107.15) 

134.90  
(100.00-181.97) 

138.04  
(109.14-174.58) 

309.03  
(251.19-380.19) 

43.65  
(32.14-59.29) 

70.31  
(51.40-96.16) 

72.78  
(55.72-95.06) 

167.49  
(137.09-204.64) 

15 99.72  
(81.83-121.52) 

114.82  
(95.50-138.04) 

153.82  
(122.18-193.64) 

323.59  
(272.90-383.71) 

55.59  
(44.26-69.82) 

58.88  
(47.86-72.44) 

83.18  
(65.92-104.95) 

180.72  
(150.31-217.27) 
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Table 3.12: Aboveground back-transformed non-dipterocarp summary. Parenthesis denotes the 95% confidence interval. Numbers highlighted 
in bold face indicate that significant changes were detected over time at 95% level. 

  Trees (# trees ha-1) Basal area (m2 ha-1) 

 
Diameter 
class (cm) 10-29 30-59 ≥60 Sum 10-29 30-59 ≥60 Sum 

Y
ea

rs
 si

nc
e 

ha
rv

es
t 

5 224  
(160-298) 

43  
(34-53) 

12  
(8-16) 

240  
(159-337) 

6.00  
(3.72-9.68) 

5.91  
(3.96-8.81) 

6.21  
(3.56-10.82) 

12.39  
(6.62-23.18) 

10 286  
(221-360) 

71  
(55-89) 

12  
(9-15) 

279  
(208-361) 

5.57  
(4.05-7.67) 

8.78  
(6.65-11.58) 

3.88  
(3.26-4.61) 

11.19  
(8.31-15.08) 

15 307  
(255-365) 

61  
(50-72) 

16  
(12-20) 

360  
(303-422) 

5.86  
(4.60-7.46) 

7.70  
(6.28-9.45) 

6.13  
(4.62-8.12) 

16.60  
(14.13-19.50) 

 

  Volume (m3 ha-1) Carbon (tC ha-1) 

 
Diameter 
Class (cm) 10-29 30-59 ≥60 Sum 10-29 30-59 ≥60 Sum 

Y
ea

rs
 si

nc
e 

ha
rv

es
t 

5 30.20  
(15.85-57.54) 

50.00  
(31.48-79.43) 

84.33  
(47.21-150.66) 

96.38  
(42.66-217.77) 

18.84  
(10.50-33.81) 

19.54  
(11.48-33.27) 

44.67  
(25.53-78.16) 

52.00  
(25.06-107.89) 

10 26.30  
(18.20-38.02) 

75.86  
(56.23-102.33) 

43.25  
(35.40-52.84) 

79.25  
(55.59-112.98) 

15.85  
(11.30-22.23) 

34.51  
(24.95-47.75) 

20.94  
(16.48-26.61) 

41.30  
(29.79-57.28) 

15 27.48  
(20.61-36.64) 

63.10  
(51.29-77.62) 

64.42  
(47.75-86.90) 

123.31  
(101.39-149.97) 

17.22  
(13.18-22.49) 

32.81  
(25.70-41.88) 

34.83  
(24.55-49.43) 

69.18  
(56.62-84.53) 
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Table 3.13: Deadwood necromass back-transformed summary. Parenthesis denotes the 95% confidence interval. 

Years 
since harvest 

Volume 
(m3 ha-1) 

Carbon 
(tC ha-1) 

5 15.45  
(12.86-18.57) 

5.45  
(4.43-6.71) 

10 15.36  
(12.01-19.66) 

4.61  
(3.76-5.67) 

15 22.54  
(19.54-26.00) 

6.53  
(5.76-7.41) 

 

Table 3.14: Canopy cover back-transformed density summary. Parenthesis denotes the 95% confidence interval. 

Years 
since harvest Density (%) 

5 77.28  
(71.26-82.79) 

10 74.97  
(71.94-77.89) 

15 83.39  
(81.32-85.36) 
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3.4. DISCUSSION 

The focus of this Chapter is to better understand the variability of forest 

responses during post-harvest recovery after the implementation of RIL in the 

Deramakot forest reserve. In doing so, hypotheses related to the impact of 

‘harvest intensity’, ‘time since harvest’, and within major species of 

‘dipterocarp’ and ‘non-dipterocarp’ are investigated, by assessing the response 

of the number of trees, basal area, volume and carbon stocks. Corresponding 

with the hypotheses, aboveground alive tree biomass and deadwood necromass 

overall, did not increase but stayed stable over time, with the variable ‘harvest 

intensity’ observed to have played a significant role in affecting forest recovery, 

a consideration which also extends to the dipterocarp species, relative to the non-

dipterocarp species. Overall, significant changes were restricted to the number of 

trees in the smallest diameter class over the 10-year chronosequence period, and 

within the species groups, significant changes are generally restricted to the 

lower diameter class, which is consistent with the premise of the Chapter, that 

long periods of analysis are required to identify consistent trends over time. The 

variability in ‘harvest intensity’ across the compartments and over time is very 

important for the trends observed in basal area, volume and carbon, and its effect 

is in the expected direction, i.e., the reduction in stock of the identified variables 

in response to higher harvest intensities. Moreover, the variable ‘harvest 

intensity’ clarified the impact of harvest activities in the species groups, whereby 

a negative effect is observed in the dipterocarp species, i.e., an overall decrease 

in basal area, volume and carbon per unit harvested per hectare; and the opposite 

effect is observed in the non-dipterocarp species in the middle diameter class, 

i.e., an increase in the number of trees, basal area, and volume per cubic metre 

harvested per hectare. However some exceptions were observed regarding the 

impact of ‘harvest intensity’, whereby a decrease in volume and carbon per 

cubic metre harvested per hectare was detected in the upper diameter classes of 

the non-dipterocarp species, respectively. 
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3.4.1. ABOVEGROUND ALIVE TREE BIOMASS 

The total tree count has changed over the chronosequence period, with 

significant increases detected in the lower diameter classes (p<0.05). The 

inability to detect change over time overall across the plots is indicative of the 

slow succession of trees into the upper diameter classes, known to be associated 

with the recovery of logged-over tropical forests in Sabah (Bischoff et al., 2005; 

Pinard and Putz, 1996). However, tree sums are significant at the 90th percentile 

(p<0.10) in the ‘year since harvest’ variable, reinforcing the influence of time in 

this diameter class, and follows known patterns of growth of trees into the upper 

diameter classes (Manokaran and Swaine, 1994; Appanah, 1998). The variability 

in the total number of trees across the plots is emphasised by the scatter plot of 

the variable, and the uneven transformed probability function (Figure 3.13; 

Appendix I, Figure A1-1). 

 

Figure 3.13: Variability of the total number of trees, across the plots, at 5, 10 
and 15-years since harvest, relative to average harvest intensity 
for the years 2007, 2002, and 1997, respectively, at 95% 
confidence interval. 
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Significant changes in tree count were not detected in the dipterocarp species, 

despite large changes in the mean values (Table 3.10-3.12). In the lower 

diameter classes, ‘time since harvest’ influenced the number of trees, rather than 

‘harvest intensity’, however significance was detected from ‘harvest intensity’ at 

the 90th percentile (p<0.10), indicating harvesting has impacted the total tree 

count in the dipterocarp species (Table 3.7). No significant change in the number 

of dipterocarp trees, is indicative of the preference of trees harvested by the 

fellers, confirming the data from FMP 2, whereby 90% of all trees felled were 

dipterocarp species (SFD, 2015b). The low number of trees detected in the upper 

stratum, i.e., where harvesting takes place, identifies there are less dipterocarp 

species (Figure 3.14). However, earlier research in Deramakot identified the 

forest containing a strong presence of climbing bamboo (Dinochloa trichogona), 

which has been documented as heavily infesting, and negatively affecting, the 

establishment and regeneration of the residual stand (Kleine, 1997). The 

infestation of the climbing bamboo may be a contributing factor. 

 
Figure 3.14: Variability of the number of trees in the dipterocarp species 

across the strata, at 95% confidence interval, over the 
chronosequence period. 
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Increases were detected in the tree count in the non-dipterocarp species as a 

function of ‘time since harvest’, with significant changes detected in the lower, 

middle and overall number of trees (p<0.05) (Table 3.8). Increased detected in 

the lower and middle diameter class emphasise known post-harvest regeneration 

dynamics in dipterocarp forests, whereby tree gaps increase light in the lower 

structural layer of the forest, prompting an increase in growth of surrounding 

trees and vegetation (Manokaran and Swine, 1994, Ashton, 1998). The 

significant effect of ‘harvest intensity’ in the middle diameter classes indicates 

the number of non-dipterocarp trees increases per cubic metre harvested per 

hectare, reinforcing the effect of increased tree gaps and light in the lower 

structural layer of the forest. No significant change was detected over time in the 

upper diameter classes, indicating change could not be captured over the 

chronosequence period. The generally large whiskers of the stratums in the 

boxplot indicate tree diameters are highly variability within the stratums across 

the forest dynamic (Figure 3.15). 

 
Figure 3.15: Variability of the number of trees in the non-dipterocarp species 

across the strata, at 95% confidence interval, over the 
chronosequence period. 
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Overall, in none of the diameter classes across the plots, at the stand and the 

species group level, were significant changes detected in the independent 

variable ‘stratum’, indicating stratifying the stands by the number of harvestable 

trees per hectare does not affect directly tree density distributions, overall and by 

diameter class. Considerable overlap is detected in the number of trees across the 

strata over the chronosequence, demonstrating statistically that changes are not 

significant (Figure 3.15). This is supported by non-significant changes in canopy 

cover over the chronosequence period (Table 3.9, Figure 3.12), estimated within 

the 70-95% band of recovery identified for tropical forest canopies (Uhl et al., 

1991; Whitman et al., 1997). However plots classified at the highest stratum 

classification and eligible for harvest exclusively, i.e., stratum 4, have less 

number of dipterocarp trees, compared to non-dipterocarp, after accounting for 

‘harvest intensity’ and ‘time since harvest’. While Deramakot is known as a 

heterogeneous forest (Ong and Kleine, 1995; SFD, 1995; Kleine, 1997), the 

detection of this discrepancy between the species specifically in stratum 4, 

further emphasises the impact of past harvest activities on the future condition of 

the forest and its variable forest dynamic. 

The number of commercial trees eligible to harvest at 15-years post-harvest, 

i.e., trees with diameter ≥60 cm DBH per hectare, satisfy the Sabah criterion for 

commercial re-entry (Section 3.2.1) (Ong, 2006; SFD, 2005a, 2009a). As 

defined in this research, commercial and non-commercial species are identified 

as dipterocarp and non-dipterocarp, respectively. After 15-years post-harvest, 

stocking conditions exceeded pre-harvest conditions in 1995, i.e., 21 commercial 

trees ha-1 (Table 3.1), and surpassing the projected number of trees per hectare 

under undisturbed growing conditions after 40-years by the DIPSIM model 

developed by the GIZ in 1997, i.e., 14 commercial trees ha-1 (SFD, 1995; Kleine, 

1997). The high rate of regeneration could be partially explained by the periodic 

climber cutting treatments that take place as part of the post-harvest silvicultural 

activities, as prescribed in the FMP 2 to encourage regeneration of the residual 

stand (SFD, 2005a). Studies in Kalimantan, Indonesia, suggest areas harvesting 

<8 trees ha-1 will recover to pre-harvest levels in 40-60 years, however 

speculation of the re-entry time for harvesting is beyond the scope of this work 

(Sist et al., 2003b, c). 
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Regarding the total basal area across the plots, no significant increase is 

detected over the chronosequence period (p>0.05). While overall basal area is 

not increasing over the period, a negative slope, i.e., -0.008, from the 

independent variable ‘harvest intensity’ is identified (p<0.05), indicating for 

every cubic metre harvested, the basal area of the forest decreases by 

approximately 0.01 m2 ha-1. This indicates the impact of harvest activities is still 

affecting the regeneration of the forest over the chronosequence period. The 

variability in the total basal area across the plots is emphasised by the scatter plot 

of the variable, and the uneven transformed probability function (Figure 3.16; 

Appendix I, Figure A1-1). 

 
Figure 3.16: Variability of total basal area, across the plots, at 5, 10 and 15-

years since harvest, relative to average harvest intensity for the 
years 2007, 2002, and 1997, respectively, at 95% confidence 
interval. 

For the dipterocarp species, no significant change in basal area is detected 

over the chronosequence (p>0.05). However, both ‘stratum’ and ‘harvest 

intensity’ had significant effects on basal area. The effect of ‘harvest intensity’ 

on the sums of the dipterocarp species indicates for every cubic metre removed, 
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basal area decreases approximately 0.01 m2 ha-1 over the chronosequence period, 

signifying the impact of RIL harvest activities are still affecting the overall 

regeneration of the forest. In relation to the ‘stratum’ variable, in the overall 

sum, and the middle and upper diameter classes of the dipterocarp species, for 

every unit transition towards a higher stratum category, the basal area declined 

(p<0.05) (Table 3.7). However, in this species grouping, the lower diameter 

class is significant at the 90th percentile range (p<0.10), indicating the effect of 

‘stratum’ can also be observed in the lower diameter classes, albeit at higher 

variability. Specifically for dipterocarp seedlings and trees in the lower diameter 

classes, growth responses to light gaps and drought tolerance can vary amongst 

shade-tolerant and light-demanding dipterocarp species (Ashston, 1995, 1998; 

Appanah, 1998), which may help to explain the changes. Moreover, increases in 

tree counts in Deramakot are known to be slow following harvest activities 

(Ong, 2006), which may help explain the transition of the strata. In the upper 

diameter classes, a significant decline in basal area as a function of ‘stratum’ 

indicates dipterocarps are experiencing mortality over the chronosequence. 

Furthermore, the low basal area estimated in the upper stratum is likely 

reflective of the low number of trees in this stratum (Figure 3.14), and the strong 

presence of climbing bamboo (Dinochloa trichogona), which may also be a 

contributing factor (Kleine, 1997) (Figure 3.17). It has been argued that the 

regeneration of dipterocarps is dependent on the pre-harvest condition (Sist et 

al., 2003a), and mortality is attributable to non-dipterocarp species growth 

(Bischoff et al., 2005). These observations correspond with the results here, with 

the heterogeneous conditions at the pre-harvest timeframe, and the significant 

increases (p<0.05) detected in number of trees in the lower, and middle diameter 

classes in the non-dipterocarp species (Table 3.8, Table 3.11-3.12). 
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Figure 3.17: Variability of basal area in the dipterocarp species across the 

strata, at 95% confidence interval, over the chronosequence 
period. 

Regarding basal area of the non-dipterocarp species, significant changes from 

the variable ‘time since harvest’ were restricted to the middle diameter class, 

with increases of 0.18 m2 ha-1 over the period (p<0.05) (Table 3.12). Significant 

change is also detected from the response variable ‘harvest intensity’ (p<0.05), 

indicating the removal of dipterocarp trees, and time since harvest, are having a 

positive effect on the growth of non-dipterocarp trees in this diameter class. 

Changes in the basal area of the upper diameter classes as a function of harvest 

intensity were significant at the 90th percentile range (p<0.10), with reductions 

likely caused by mortality detected at the rate of 0.01 m2 ha-1, over the 

chronosequence period. It is difficult to capture changes in growth by examining 

the basal area variable alone, as trees can increase in girth without affecting the 

size of the canopy (Hall et al., 2003; Ong, 2006) (Table 3.8, Table 3.12, Figure 

3.18). 
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Figure 3.18: Variability of basal area in the non-dipterocarp species across 

the strata, at 95% confidence interval, over the chronosequence 
period. 

Across the plots, overall total volume remained stable with no significant 

change detected over the chronosequence period (p>0.05) (Figure 3.19). While 

the number of trees harvested remained relatively constant over the period, the 

‘harvest intensity’ increased on average from 19.43 m3 ha-1 in 1997, to 35.54 m3 

ha-1 in 2002, and 36.08 m3 ha-1 in 2007, i.e., an increase of 1.67 m3 ha-1 yr-1, over 

the chronosequence period (Table 3.4). This infers the increase in extracted 

volume is due to the harvest of trees with larger diameters, as opposed to the 

harvest of more trees per hectare. However while overall volume remained 

stable over the chronosequence period, a negative slope is detected for the 

variable ‘harvest intensity’, indicating for every cubic metre harvested, the 

volume of the forest decreases 0.01 m3 ha-1, inferring the impact of ‘harvest 

intensity’ is still affecting the overall accumulation in volume over the 

chronosequence period (Table 3.6). 
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Figure 3.19: Variability of total volume across the plots, at 5, 10 and 15-

years since harvest, relative to average harvest intensity for the 
years 2007, 2002, and 1997, respectively, at 95% confidence 
interval. 

The 1st FMP of Deramakot estimated the pre-harvest stand volume at 294 m3 

ha-1 for trees ≥10cm DBH (Table 3.1). Through the DIPSIM simulation model 

under undisturbed growing conditions, volume is estimated to increase to 177 m3 

ha-1 after 15-years post-harvest, rising at the rate of 3.64 m3 ha-1 yr-1 (Table 3.2) 

(SFD, 1995). Data from permanent sample plots established during the 2nd FMP 

(SFD, 2005a) were published in the 3rd FMP, estimating the total volume of 

Deramakot at 327.64 m3 ha-1 in 2007, accumulating volume at the rate of 4.17 

m3 ha-1 yr-1 over the 5-year PAI period, i.e., 2007-2012 (SFD, 2015a). In this 

research, total volume is estimated at 489.78 m3 ha-1 in 2012, 15-years since 

harvest. Comparing our figure with the pre-harvest estimates obtained during the 

1st FMP suggests a mean rate of change of 4.82 m3 ha-1 yr-1 over chronosequence 

period. However, we were unable to detect a significant change over time based 

on our sampling (p>0.05) (Figure 3.20). It would seem the DIPSIM model is too 

conservative in its estimate of volume accumulation, indicating there is a 
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knowledge gap in the performance of logged-over mixed dipterocarp forest 

dynamics. However the value published in the 3rd FMP period was based on 27 

nested circular plots of 15 m radius, i.e., 1.89 ha, measured within three 

compartments over the 2002-2007 period, and the estimate may not be 

representative of the 55,082 ha (SFD 2015a). However conservative estimates 

are encouraged for forest management planning (Pinard and Cropper, 2000). 

 
Figure 3.20: Variability of total volume over time, at 5, 10 and 15-years 

since harvest, at 95% confidence interval. 

Within the dipterocarp species, no significant changes in volume were 

detected (p>0.05), excluding the lower diameter class where trees were detected 

to increase over the chronosequence period (p<0.05) (Table 3.11). The growth 

exhibited in the lower diameter classes emphasises known post-harvest 

regeneration dynamics, whereby dipterocarp seedlings laying dormant on the 

forest floor rapidly increase in height and girth due to the opening of the canopy, 

and the increase in light (Manokaran and Swine, 1994). The variable ‘harvest 

intensity’ was detected to significantly affect the total volume of the dipterocarp 

species (p<0.05), indicating for every cubic metre harvested per hectare, total 
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volume decreases 0.01 m3 ha-1 (Table 3.7, Appendix I, Table A1-3), and the 

effect of ‘harvest intensity’ could not be detected within the individual diameter 

classes of the dipterocarp species over the chronosequence period. While it is 

known that 90% of all trees harvested were dipterocarp species (SFD, 2015b), 

the inability to detect changes in the individual diameter classes is peculiar. 

Hypotheses to explain such behaviour may be that: a) The logging was too 

intense on the species group, thus severely reducing their ability to regenerate; b) 

The 10-year chronosequence is too short to detect regeneration; c) The influence 

of climbing bamboo (Dinochloa trichogona), which has been documented as 

heavily infesting, is restricting the regeneration of the residual stand (Kleine, 

1997). The decreased volume in the upper diameter classes could be considered 

an indicator of the lingering influence of ‘harvest intensity’. The prolonged 

effect on the regeneration of the dipterocarp species over the chronosequence 

period follows known patterns of regeneration in dipterocarp forests (Appanah, 

1998; Ong, 2006). 

In the middle and upper diameter classes, including the sum of the 

dipterocarp species, a negative slope of the regression is detected in the variable 

‘stratum’, indicating for every transition towards a higher stratum category, the 

volume declined. This indicates that higher strata, i.e., Stratum 4, contain less 

volume of dipterocarp species per hectare, than those at the lower end, i.e., 

Stratum 1, when ‘time since harvest’ and ‘harvest intensity’ are accounted for 

(Table 3.7, Figure 3.21). This highlights the strata where harvest activities take 

place, confirms the species choice of the contractor, and the preference of timber 

traders purchasing timber from Deramakot. The highly variable distribution of 

volume of the dipterocarp species across the strata is indicative of the 

heterogeneous composition of the forest, and the current state of regeneration of 

the residual stand (Kleine, 1997; SFD, 2015b). 
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Figure 3.21: Variability of the total volume of the dipterocarp species, across 

the strata, at 95% confidence interval, over the chronosequence 
period. 

In the non-dipterocarp species, no significant change in volume were detected 

over time, even though change, as a function of ‘time since harvest’, in the 

middle diameter classes were significant at the 90th percentile range (p<0.10), 

with volume increasing at the rate of 1.31 m3 ha-1 yr-1 (Table 3.8, 3.12). 

Recalling that a significant positive change was detected in the lower diameter 

class of the dipterocarp species, i.e., 0.06 m3 ha-1 yr-1, over the chronosequence 

period (Table 3.11), a substantially higher rate of growth is detected in the 

middle diameter class of the non-dipterocarp species, indicating the harvest of 

predominantly dipterocarp species encourages an increase in volume of non-

dipterocarp trees in this diameter class. However, the upper diameter class is 

nearly significant at the 90th percentile range, i.e., (p=0.105) (Table 3.8), 

indicating that volume in this diameter class of the non-dipterocarp species is 

likely decreasing at the rate of 2 m3 ha-1 yr-1, albeit at higher variability (Table 

3.8, 3.12). It is hypothesised the mortality is a result of harvesting, and the 
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influence of climbing bamboo, known to be present in the concession (Kleine, 

1997; Ong, 2006).  

A significant effect of ‘harvest intensity’ was detected in the middle and 

upper diameter classes (p<0.05), with a positive slope detected in the middle 

diameter class, i.e., for every cubic metre harvested per hectare, volume 

increased 0.01 m3 ha-1 in this diameter class; and a negative slope detected in the 

upper diameter class, i.e., for every cubic metre harvested per hectare, volume 

decreased 0.02 m3 ha-1, over the chronosequence period. Increases in volume in 

the middle diameter class, as a result of increased ‘harvest intensity’ is consistent 

with the known post-harvest recovery dynamics in dipterocarp forests (Howlett 

and Davidson, 2003; Bischoff et al., 2005). The negative slope detected in the 

upper diameter class is consistent to the effect detected in the ‘time since 

harvest’ at the 90th percentile range, again likely a result of harvesting, and the 

influence of climbing bamboo (Kleine, 1997; Ong, 2006). No significant effect 

is detected in the ‘stratum’ variable of the non-dipterocarp species (p>0.05), yet 

it was found to be significant in the middle, upper and sum of the dipterocarp 

species (p<0.05), indicating the distribution of volume of the non-dipterocarp 

species did not change across the forest over the chronosequence period (Table 

3.8, Figure 3.22). Again, this confirms the species choice of the contractor, and 

the preference of timber traders purchasing timber from Deramakot. 
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Figure 3.22: Variability of the total volume of the non-dipterocarp species, 

across the strata, at 95% confidence interval, over the 
chronosequence period. 

Total carbon remained stable across the plots, over the chronosequence 

period (p>0.05). Significant decreases were detected in the overall sum from the 

variable ‘harvest intensity’ (p<0.05), whereby it was detected that for every 

cubic metre harvested per hectare, carbon decreased 0.01 tC ha-1 yr-1, over the 

chronosequence period. This trend follows those detected in the sum of both the 

volume and basal area variable (Table 3.6). In the absence of estimates of carbon 

stocks in the pre-harvest data, carbon stocks were calculated in areas eligible for 

harvest activities, i.e., Stratum 4 (Table 3.1). The average wood density at the 

plot level, and for the dipterocarp (commercial) species group, is estimated to be 

equal to 710, and 730 kg m3, respectively. Applying the procedure outlined in 

Section 3.2.8, the carbon stocks per hectare at the pre-harvest condition for the 

total net production area (NPA), is estimated at 158.23 tC ha-1. Comparing our 

figure with the pre-harvest estimate, suggests a mean rate of change of 11.53 tC 

ha-1 yr-1 over the chronosequence period. However we were unable to detect a 
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significant change over time based on our sampling (p>0.05) (Section 3.2.2) 

(Figure 3.23). 

 
Figure 3.23: Variability of total carbon across the plots, at 5, 10 and 15-years 

since harvest, relative to average harvest intensity for the years 
2007, 2002, and 1997, respectively, at 95% confidence interval. 

In a study by Imai, et al. (2009), Deramakot is divided into four distinct 

carbon stocking categories, with the percentage of area it constitutes in 

parenthesis, i.e., high (13.5%), medium-high (13.5%), medium-low (54%), and 

low (19%), with estimates of carbon stocks of 214±6, 163±23, 135±28, and 

78±18 tC ha-1, respectively. The medium-low band represents the majority of the 

concession, and compartments eligible for harvest activities are classified in the 

‘high’ category, with a total overall average carbon estimate of 89±8 tC ha-1. 

However in a subsequent study in the same area, Imai, et al., (2012) estimates a 

higher average carbon stocking of 171±26 tC ha-1. Carbon stocks in the ‘high’ 

category in the 2009 publication, and the overall average in the 2012 publication, 

overlap with the results here, indicating the estimates here are similar to the 

literature. The estimate of carbon stocks in Deramakot are also similar to the 

adjacent concession of Ulu Segama albeit at the lower end, where 161 tC ha-1 
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were estimated at 12-years after RIL practices, as this concession is reported to 

be harvested more intensively than other concessions in Sabah (Pinard and Putz, 

1996; Lincoln, 2008). Regarding the time since harvest, he result here is similar 

to a study monitoring RIL in Pará, Brazil, whereby aboveground biomass 

recovered to pre-harvest levels after 16-years (West et al., 2014), however we 

were unable to detect a significant change over time based on our sampling 

(p>0.05). Continuing with the trends detected in the other variables at the stand 

level, no significant change was detected in the ‘stratum’ variable, over the 

chronosequence period (p>0.05). 

While increases in volume were detected in the lower diameter class of the 

dipterocarp species over the chronosequence period (p<0.05), increases in 

carbon were also detected in the lower diameter class of the dipterocarp species, 

albeit at the 90th percentile range (p<0.10) (Table 3.7, Table 3.11). Significant 

effects were detected in the overall total from the variable ‘harvest intensity’ 

(p<0.05), whereby for every cubic metre harvested per hectare, carbon decreased 

0.01 tC ha-1 yr-1, over the chronosequence period, thus again, confirming the 

species choice of the contractor, and the preference of timber traders purchasing 

timber from Deramakot. Similar to the volume variable of the dipterocarp 

species, decreases were detected in the middle, upper, and sum category 

(p<0.05), as well as at the 90th percentile range in the lower diameter class 

(p<0.10), originating from the response variable ‘stratum’, indicating that for 

every transition towards a higher stratum category, carbon declines. This trend 

demonstrates the areas of focus for harvest activities, and the low rate of carbon 

accumulation following harvest in areas with high number of commercial 

eligible trees per hectare, i.e., Stratum 4 (Figure 3.24). 
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Figure 3.24: Variability of total carbon stocks in the dipterocarp species, 

across the strata, at 95% confidence interval, over the 
chronosequence period. 

In the non-dipterocarp species, no significant change in carbon was detected 

over the chronosequence period (p>0.05), however change was detected in the 

middle diameter classes at the 90th percentile range (p<0.10), increasing at the 

rate of 1.33 tC ha-1 yr-1 (Table 3.8, 3.12). In this diameter class, the increase in 

carbon in the non-dipterocarp species is in contrast to the dipterocarp species, 

and it indicates that harvest activities, whereby dipterocarp species are 

predominantly felled, encourages an increase in carbon in the non-dipterocarp 

species. This follows known trends in logged-over mixed dipterocarp forests in 

Malaysia, whereby the increase in light encourages growth in the residual forest 

(Appanah, 1998), and in some instances, the growth of commercial non-

dipterocarp species (Sist et al., 2003a). 

A significant effect in the carbon stocks in the upper diameter class of the 

non-dipterocarp species was detected from the variable ‘harvest intensity’, 

whereby for every cubic metre harvested per hectare, carbon stocks decrease 
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0.02 tC ha-1 yr-1, over the chronosequence period (p<0.05). This effect was also 

detected in the volume variable of the same diameter class, indicating that 

harvest activities are affecting non-dipterocarp trees in the upper diameter class, 

which does not seem to be the case in the other diameter classes. Moreover, 

significant effects were not detected in the middle diameter class for carbon, 

although it was detected for volume, i.e., an increase in volume for every cubic 

metre harvested per hectare (Table 3.8), which may indicate carbon accumulates 

at a slower rate relative to volume in this diameter class. Carbon in the non-

dipterocarp species is variable, yet the median across the strata of the boxplots 

indicates carbon is more evenly distributed, relative to the dipterocarp species, 

supporting the results that trees in the dipterocarp species were more intensively 

harvested. This further explains, for the dipterocarp species, that higher stratums 

generally have lower carbon content, when ‘time since harvest’ and ‘harvest 

intensity’ are accounted for (Figure 3.24, Figure 3.25). 

 
Figure 3.25: Variability of total carbon stocks in the non-dipterocarp species, 

across the strata, at 95% confidence interval, over the 

chronosequence period. 
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3.4.2. DEADWOOD NECROMASS 

No significant change in deadwood necromass volume were detected over 

time (p>0.05), however significant change occurred as a function of ‘harvest 

intensity’, indicating for every cubic metre harvested, the volume of deadwood 

necromass decrease 0.01 m3 ha-1 yr-1, over the chronosequence period. The lack 

of change over time in deadwood necromass contrasts with forest dynamics in 

logged-over tropical forests, where deadwood necromass volume generally 

increases as a logged-over forest matures over-time (Harmon and Hua, 1991; 

Gale, 2000; Clark et al., 2004; Keller et al., 2004). Deadwood necromass 

volume is estimated at 15.45, 15.36, and 22.54 m3 ha-1, at 5, 10 and 15-years 

since harvest, respectively (Table 3.13). Comparing our result with the literature 

indicates its higher than the 20.60 m3 ha-1, estimated in the adjacent logged-over 

forest of Ulu Segama reserve at 22-years after conventional practices (Saner, 

2009), however we were unable to detect a significant change over time based 

on our sampling (p>0.05). The deadwood to aboveground volume ratio, a 

common metric used to understand the composition of the forest (Angelsen and 

Brockhaus, 2009), is estimated at 17.78/452.97 or 0.04, equal to values reported 

for moist tropical forests, i.e., 0.04 (Edwards and Grubb, 1977), and slightly 

lower than estimates in adjacent Ulu Segama reserve, i.e., 0.05, 12-years after 

RIL activities (Lincoln, 2008). 

Fundamentally two reasons are postulated for the low estimate of deadwood 

necromass volume in Deramakot: a) The number of trees harvested over the 

chronosequence period was modest, resulting in minimal logging debris (Table 

3.4); b) The impact of the residue timber royalty in Sabah, formally introduced 

in 2003, of MYR 20 m3 (USD $6 m3), is paid for the sale of ‘timber residue’, 

i.e., butt ends, short and hollow stems, large branches and de-crowned tops 

(SFD, 2012). Since the inception of the GIZ programme, sub-contractors in 

Deramakot were compensated on a simple performance-based framework, i.e., 

the more volume extracted per tree, the more money received. In contrast to 

conventional practices where ‘timber residue’ is not extracted from the forest 

(Sist and Bertault, 1998; Putz, and Romero, 2015), contractors practicing RIL in 

Sabah extract large branches, and longer timber boles, whereby fellers place the 
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chainsaw closer to the ground, resulting in more timber. It is hypothesised the 

collection of residue timber which was instigated in Deramakot, was the 

precursor to the ‘residue timber’ royalty scheme in Sabah. In 2012, 822 m3 of 

residue timber were extracted from Deramakot, contributing MYR 65,848.00 

(USD $ 17,065) in revenue to the State (SFD, 2012). The removal of ‘residue 

timber’ may be a contributing factor the inability to detect significant change in 

deadwood necromass volume over the chronosequence period (p>0.05) (Figure 

3.26). 

 
Figure 3.26: Variability of volume in deadwood necromass, across the plots, 

at 95% confidence interval, over the chronosequence period. 

Significant changes in deadwood necromass volume were detected from the 

variable ‘stratum’, indicating for every transition towards a higher stratum 

category, volume declined. While deadwood necromass does not influence the 

identification of the stratum categories (Section 3.2.1), trends have emerged 

regarding the amount of volume of deadwood necromass in each stratum, 

whereby higher strata, i.e., Stratum 4, contain less deadwood necromass volume, 

compared to lower strata, i.e., Stratum 1. This indicates deadwood necromass 
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volume is accumulating in areas of the forest where harvest activities did not 

take place. This is consistent to where harvest activities are eligible to be 

practiced, and where residue timber is extracted, i.e., Stratum 4 (SFD, 2009a) 

(Figure 3.27). However, the extraction of residue timber is not without impact, 

as logged-over production forests containing low levels of residue timber have 

been found to contain lower numbers of small mammals, due to their use of 

residue timber as nesting areas (Yamada et al., 2016). Further research is 

warranted on the extraction of residue timber, and its influence on biodiversity in 

logged-over production forests. 

 
Figure 3.27: Variability of volume in deadwood necromass, across the strata, 

at 95% confidence interval, over the chronosequence period. 

No significant change in deadwood necromass carbon were detected over 

time (p>0.05), however significant effects were detected as a function of 

‘harvest intensity’, indicating for every cubic metre harvested, the carbon stocks 

of deadwood necromass decrease 0.01 tC ha-1 yr-1, over the chronosequence 

period. This finding is aligned to the volume of deadwood necromass, whereby 
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no changes were detected over time (p>0.05), and a significant effect was 

detected from the variable ‘harvest intensity’, whereby the volume of deadwood 

necromass decrease 0.01 m3 ha-1 yr-1, over the chronosequence period for each 

cubic metre harvested (p<0.05). It is hypothesised that the decrease in deadwood 

necromass carbon is due to the extraction of the ‘residue timber’ (SFD, 2015b). 

Total carbon stocks of deadwood necromass are estimated 5.45, 4.61, and 

6.53 tC ha-1, at 5, 10 and 15-years post-harvest, respectively, however we were 

unable to detect significant changes over the chronosequence period (p>0.05). 

The deadwood to aboveground carbon ratio, i.e., 5.53/247.24, or 0.02, is lower 

than 0.08 (Lincoln, 2008), and 0.05 (Saner et al., 2012), estimated in the 

adjacent area of the Malua forest reserve, and well below the range of 0.1-0.2 for 

tropical forests (Delaney et al., 1998; Gibbs et al., 2007), where the decrease in 

carbon stocks is likely due to the extraction of the ‘residue timber’. While the 

carbon stocks of deadwood necromass are variable across the plots, they seem to 

be within a band of carbon across the plots, ranging from 3-8 tC ha-1, illustrated 

in Figure 3.28, which helps to visualise the variability of carbon. The variability 

of the average carbon stocks of deadwood necromass across the plots is 

emphasised by the uneven transformed probability function of the variable 

(Appendix I, Figure A1-1). 
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Figure 3.28: Carbon stocks in deadwood necromass, across the plots, at 5, 10 

and 15-years since harvest, relative to average harvest intensity 
for the years 2007, 2002, and 1997, respectively, at 95% 
confidence interval. 

While no significant changes were detected in carbon stocks of deadwood 

necromass carbon over the chronsequence period (p>0.05), significant effects 

were detected in the variable ‘stratum’, indicating for every transition towards a 

higher stratum category, carbon stocks of the deadwood necromass declined 

(p<0.05) (Table 3.9). The generally small whiskers of ‘Stratum 4’ in the boxplot 

of Figure 3.29 indicate a lower variability of the stratum, relative to remaining 

strata across the forest dynamic. The pronounced reduction in carbon stocks in 

this stratum is indicative of the location of harvest activities, i.e., Stratum 4, and 

the impact of the ‘residue timber’ policy, applied in Deramakot (SFD, 2015b). 
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Figure 3.29: Variability of carbon stocks in deadwood necromass, across the 

strata, at 95% confidence interval, over the chronosequence 
period. 

Although the value of deadwood necromass carbon does not significantly 

impact the carbon balance across the plots over the chronosequence period, its 

inclusion into the accounting framework helps to understand the broader carbon 

dynamic of the forest (Gale, 2000). The compound effect of the low number of 

trees harvested per hectare, and the extraction of timber residue, reduces carbon 

stocks in the deadwood necromass in Deramakot. Interestingly in this work, 

deadwood necromass ≥2 cm diameter was measured, with results similar to 

deadwood studies measuring ≥10 cm in diameter, further emphasising the low 

level of carbon stocks. Despite the identified reductions, the identified variability 

highlights the heterogeneous state of the forest in Deramakot, and the spatial and 

temporal variability in logged-over forest dynamics (Figure 3.28). Although a 

proportion of carbon forest research focuses solely on the measurement of 

aboveground alive tree biomass (Mazzei et al., 2010; Griscom et al., 2014; 

Pearson et al., 2014), the investigation indicates the inclusion of deadwood 
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necromass can increase the understanding of the forest stand and carbon 

dynamic after selective harvest activities (Gale, 2000; Clark et al., 2002). 

 

3.4.3. METHODOLOGICAL CONSIDERATIONS 

The premise to estimate the variables within the NPA, were to safeguard the 

estimates were not influenced by elements occurring outside of the harvest area, 

i.e., forest areas not impacted by harvest activities such as conservation areas. In 

doing so, the comparisons across the compartments are aimed to be more 

comprehensive when investigating areas of various age, sizes and topographical 

features. While various forest inventory techniques exist specifically to measure 

carbon stocks (Ravindranath and Ostwald, 2008; RAINFOR, 2009), stratifying 

the forest by the NPA eliminated the subjectivity in quantifying and reporting on 

the variables outside the area impacted by harvest activities (Laufer et al., 2013). 

Due to the quantity and quality of the GIS data that is now widely used, 

calculating the NPA in Deramakot was relatively straightforward, however its 

calculation was constrained in the older compartments that were mapped by 

hand, and therefore maps were required to be digitised. Replicating the 

experimental design in older concessions, States or tropical countries may 

encounter such difficulties. 

To examine time-based sampling, elements regarding pseudo-replication 

were considered. In essence, the fundamental problem was the constraint to a 

single forest reserve, and the limited number of compartments to measure 

recovery from RIL practises, and as such, there was a constraint on what was 

available. To address this concern, randomly distributing the sample plots within 

the compartments representing the various time periods, i.e., 5, 10, and 15-years 

since harvest, was considered an adequate approach (Pearson et al., 2006) (Table 

3.3). Yet fundamentally the design is limited to only one forest reserve, and the 

variability of harvest activities over-time. A further constraint of the research 

design is the size of the operation within the spatial structure of the harvest 

activities, as there are large variations within, which is typical of forestry 

research in general (Laufer et al., 2013). However, the constraint of working in 

only one forest reserve facilitated by one organisation is likely to be an 
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advantage, as the data are more likely to be consistent across space, and over-

time. 

A subsequent limitation to the methodological design was the estimation of 

the 5-year since harvest timeframe from only 1 compartment. To address this 

concern, 25% more plots were added to ensure the research met the desired level 

of precision (Section 3.2.6). An improved approach would have measured more 

than one compartment to represent the time period, however this was a limitation 

of the timing of the PhD research. A subsequent method to avoid this in future 

research may be to widen the eligibility timeframe for data collection, i.e., 

collecting data in compartments where harvest activities began and completed 

within a 2-year calendar period. However the constraint of such an approach 

would be the need to account for the potential increase in variability in the data 

from ‘harvest intensity’, ‘year since harvest’, ‘stratum’, and potentially, other 

influences such as precipitation, drought, and wind. 

A subsequent consideration relates to the varying harvest intensity over the 

chronosequence period, yet the average numbers of trees harvested were similar. 

The inability to detect changes in the total number of trees from the response 

variable ‘stratum’, is indicative of the heterogeneous condition of the forest, over 

the chronosequence period (Table 3.6, Figure 3.13). The inability to detect 

changes within the ‘stratum’ variable across the plots indicates the 

heterogeneous structure was likely apparent at the inception of the GIZ 

programme, due to past exploitive harvest activities (Kleine, 1997). This 

corresponds to the reduced harvest intensity in 1997, which was likely due to the 

low forest quality at the time (Table 3.1). 

In Sabah, including Deramakot, existing forest infrastructure in concessions 

harvested through conventional means are rarely >70 m from adjacent 

infrastructure, creating a fragmented forest conditions (Fox, 1968; Chai, 1975). 

The random stratified design within the NPA allows sampling to avoid the 

influence of forest infrastructure, thus assist the data are representative of the 

areas impacted by harvest activities. The use of nested circular sample plots may 

be an alternative to the traditional strip line or rectangular shaped plots currently 

applied in Sabah (Ong, 2006). The nested sample plot design was easily 
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replicable in the field as measurement times averaged 30 minutes per sample 

plot. However, a constraint of the design is the time required to physically reach 

the plots from the main or secondary roads. Since sampling in this research 

involved the entry of compartments that were not active, forest infrastructure 

was not maintained and therefore, the team travelled along various topographical 

gradients, resulting in excessive travel times between plots, i.e., >2 hours. 

However, as modern forestry techniques are applied and harvest plans 

incorporate more advanced GIS systems, existing forest infrastructures should 

become easier to locate, which may decrease field time considerably. 

The decision not to include forest infrastructure from the NPA calculation 

originates from the rationale that the forest would be harvested in the future, 

regardless of the harvest technique applied. Although stand characteristics are 

measured, the loss of carbon from the creation of forest infrastructure extends 

beyond the expected forest recovery period of 40-years, and therefore the losses 

are considered permanent (Kleine and Heuveldop, 1993; SFD, 1995). While 

forest infrastructure may be less under the RIL scenario, relative to conventional 

harvest activities, there is a great deal of variability in the construction of new 

versus the re-use of existing forest infrastructure, which is largely dependent on 

site-specific considerations, such as topography, rainfall, and the number of 

eligible commercial trees (Klassen, 2001; Sist and Nguyen-The, 2002). For 

simplification and conservativeness of the estimates, infrastructure was omitted. 

A further limitation of the methodological design relates to the technique 

used to measure the cavities of deadwood necromass. Unless the deadwood is 

cross-sectioned whereby the full cavity can be measured (Gale, 2000), this 

approach may underestimate volume and carbon stocks. To overcome this, 

deadwood necromass was estimated to the species level. While this may not 

have been the most efficient use of time in the field, the procedure was sufficient 

without implementing a full cross-sectional measurement, which would have 

definitely taken longer, thus increasing the financial requirements. 
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3.5. CONCLUSIONS 

This Chapter investigates the variability of forest responses during post-

harvest recovery after the implementation of RIL in the Deramakot forest 

reserve. Hypotheses related to the impact of ‘harvest intensity’, ‘time since 

harvest’, and within major species groups of ‘dipterocarp’ and ‘non-dipterocarp’ 

are investigated, by assessing the response of the number of trees, basal area, 

volume and carbon stocks. Corresponding with the hypotheses, no change was 

detected in the overall aboveground alive tree biomass and deadwood necromass 

over the chronosequence period, while ‘harvest intensity’ often affected several 

variables, and especially the dipterocarp species, relative to the non-dipterocarp 

species. The variability of ‘harvest intensity’ across the compartments and over 

time was very important for the trends observed, and in most cases, the effect of 

‘harvest intensity’ was in the direction expected, i.e., for every cubic metre 

harvested, the variable decreased. Overall, the few significant changes over time 

were restricted to the lower diameter class, which is consistent with the premise 

of the Chapter, that long-term periods of analysis are required to identify 

consistent trends over time. Moreover, the effect of selective harvest activities 

were captured in the ‘stratum’ variable, whereby it was identified for every 

transition towards a higher stratum category, specifically for the dipterocarp 

species, there is a decline in the variable, i.e., less volume in Stratum 4, 

compared to Stratum 1, after accounting for ‘harvest intensity’ and ‘time since 

harvest’. This information provides great insight into the status and patterns of 

recovery across the plots over the chronosequence period. 

The implementation of forest management planning, RIL, and post-harvest 

silviculture and monitoring in Deramakot provides a rich opportunity to assess 

forest recovery over-time. As Deramakot was host to the earliest concession-

wide implementation of RIL in Sabah, the concession may be considered as the 

research ‘control’, to which other concessions in the State can be measured 

against. Differences amongst the variables across the plots exist, and specifically 

when contrasting between the species groups, whereby ‘harvest intensity’ was 

detected to have a strong effect in the regeneration of the non-dipterocarps, 

which is in agreement with the third hypothesis, whereby the response to harvest 

activities are highly variable, relative to regeneration at the stand level, or at the 



 

Chapter 3: Forest Stand and Carbon Dynamics: A Chronosequence Approach  

 

 

 
123 

 

species level, which follows known patterns of regeneration in logged-over 

dipterocarp forests (Manokaran and Swaine, 1994; Bischoff et al., 2005). 

The findings extend the body of knowledge to better understand the recovery 

patterns of logged-over forests, with the dynamics of the dipterocarp and non-

dipterocarp species group assisting to understand where these changes are taking 

place within the forest dynamic. Further research into dipterocarp and non-

dipterocarp dynamics can assist to better understand regeneration of the forest. 

Doing so may assist to better estimate re-entry timeframes for harvest activities, 

which can influence larger, time-based forest management planning exercises, 

such as the writing of forest management plans, including harvest plans. The 

changes estimated in deadwood necromass underscore the importance of 

measuring this variable, as the findings clarify the forest dynamic over-time, and 

demonstrate the novel concepts imbedded in the RIL framework in Sabah, 

impacting the downstream timber processing industry, i.e., the collection of 

residue timber, and the residue timber policy. 

While the duration of the chronosequence was too short to observe the 

changes in the forest dynamic over a harvest cycle, future research on RIL can 

build chronosequence techniques into the approach to harvest timber, such that 

forest planning incorporates statistically defendable number of sample plots to 

represent the NPA, to yield results with high levels of confidence, such that the 

changes in the dynamic can be reported more frequently. Such results can assist 

future forest management planning, harvest forecasting, and scheduling and 

silviculture prescriptions. The chronosequence approach is outlined in Appendix 

3, whereby it has been written in the form of a ‘field data collection procedure’, 

aimed to assist practitioners better understand its implementation in practice. For 

non-practitioners, the approach is contextualised in Appendix 4, through a 

collection of photographs, representing the various forest attributes encountered 

during the field data collection exercise. The inclusion of both Appendices is 

intended to assist the reader better understand approaches to estimate forest 

responses to harvesting in the Deramakot forest reserve. 
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3.6. PROGRESSING THE FRAMEWORK APPROACH 

The techniques and approaches used to understand the forest dynamics over 

the chronosequence period are applied to understand the broad impact of RIL on 

the carbon balance in logged-over production forests in Sabah. However as this 

work is restricted to a single concession, it is important to investigate the impact 

of RIL in the remaining FMUs across the State, each with a different history of 

harvest activities, approaches to forest management, and forest dynamic. As 

such, to account for such differences, the carbon framework should be 

standardised, such that the difference between RIL and conventional practices 

can be compared across the FMUs. In the next Chapter, a framework to estimate 

the impact of RIL on the carbon balance in the FMUs in Sabah, relative to 

conventional harvest practices, is proposed. 
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CHAPTER 4 

 

ESTIMATING THE CARBON BASELINE FOR 

REDUCED-IMPACT LOGGING ACTIVITIES IN SABAH 

UNDER THE CLIMATE CONVENTION IN MALAYSIA 

 

 

Non-peer reviewed results were presented at the Food and Agriculture 

Organisation of the United Nations Conference on the Economics of Climate 

Change Mitigation Options in the Forest Sector, 6 to 27 February 2015, Online 

Conference, Rome, Italy. http://bit.ly/1B6nEQ7. 

 

4.1. INTRODUCTION 

According to decision 1/CP.13 of the Climate Convention, signatory Parties 

are understood to have ‘common but differentiated responsibilities’ in the 

reduction of GHG emissions released into the atmosphere (UNFCCC, 2007). 

Equally, the point of reference to which those reductions are estimated against 

may also vary from country to country (Griscom et al., 2009). The paradox of 

this decision relates to the range of interpretations by the Parties to the Climate 

Convention, regarding how emission reductions targets will be met, and the 

timeline within which those commitments will be achieved (Greenglass et al., 

2010). Such interpretations of the decisions and the various approaches by the 

Parties contribute to the complexity of reducing GHGs emitted into the 

atmosphere under the Climate Convention. Specific to land-use management, 

Non-Annex I countries are challenged to advance their economies towards 

achieving developed status while coping with global pressures to maintain high 

levels of forest cover, and avoid unnecessary GHG releases into the atmosphere 

(Pearce et al., 1999; Scieciu, 2007). Therefore, setting a baseline that is 

technically achievable and politically acceptable is often a compromise between 

the availability, type and accuracy of existing data, and the strategy of the Parties 

and their national circumstances, i.e., countries with low gross domestic 
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products may opt for a generous baseline to increase the number of credits 

generated, which can assist the wider economy (Angelsen, 2008; Greenglass et 

al., 2010). However this strategy can affect the quality of the credits entering the 

market, and potentially reduce the confidence in the overall goal of the Climate 

Convention. 

When setting the baseline, there are ways to incorporate risk, such that 

unforeseen circumstances do not affect the amount, and quality of credits 

entering the market, i.e., the use of a buffer or crediting baseline (Section 2.3.2) 

(Wong and Dutschke, 2003; Dutschke and Angelsen, 2008). Alternatively 

countries, governments and developers of individual carbon projects may choose 

to apply a historical baseline, whereby a reference period is set to the average 

rate of deforestation over the past 10-years at the level to which it is applied, i.e., 

regional, national, sub-national or project-level (Chomitz, 2002). Therefore the 

baseline accounting framework should be pragmatic and realistic in its 

construction, whereby developers and in particular governments, should apply 

clear rationale while considering regional- and national-specific circumstances 

that can be objectively monitored, reported and verified (MRV) at the level to 

which it is applied (Angelsen, 2008; Iversen et al., 2014). 

This Chapter proposes a carbon baseline for commercial production forests in 

Sabah, while addressing the highlighted concerns. Specifically, the proposed 

baseline aims to address compartment-specific implementation of harvest 

activities alternative to those mandated by the RIL policy in Sabah (SFD, 

2009a). These activities are referred to as conventional harvest activities 

(Section 1.4, Section 2.2). Relative to the body of knowledge in the development 

of a baseline argument, this Chapter aims to address the following questions: 1) 

Of the approaches to baseline development, i.e., historical or crediting, which 

type is best suited for Sabah?; 2) What are the physical boundaries for the 

establishment of the baseline?; 3) At which scale, i.e., regional, national, sub-

national or project, should the baseline be established for the FMUs of Sabah?; 

4) Which carbon pools should be included?. 

In the proposed baseline scenario for the FMUs, the following conditions 

surrounding the implementation of RIL activities are expected: a) RIL activities 
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are considered to be ‘additional’ at the sub-national level, based on the common-

practice and institutional additionality arguments under the Climate Convention, 

whereby RIL is not common, relative to other States in Malaysia, and whereby 

activities to reduce GHGs are voluntary (Section 2.3.1, Table 2.1); b) RIL 

activities do not contribute to ‘leakage’, based on the understanding that timber 

companies originating from Sabah have a long standing history of operating 

throughout the region, and because RIL practices are limited to the FMUs, 

representing that conventional practices would occur outside the FMUs in 

Sabah, regardless of the RIL policy (Section 2.3.3); c) RIL activities are 

considered to be ‘permanent’, whereby RIL activities in the FMUs in Sabah will 

be implemented in perpetuity (Section 2.3.4); d) RIL activities are implemented 

against the Sabah harvest code of practice, whereby MRV activities take place at 

regular intervals using the ‘stock-difference approach’, whereby pre- and post-

harvest carbon inventories are completed, against recognised standards of 

practice, in-line with the agreed decisions of the Climate Convention (Section 

2.3.5, Figure 2.4). 

 

4.2. HISTORICAL VS. CREDITING BASELINE 

In December 2014, Malaysia submitted their national reference level to the 

UNFCCC for results-based payments under the Climate Convention, whereby a 

historical, stock-change approach to the estimate of carbon is applied over the 

time series of 1990-2011. The baseline only considers activities related to the 

reduction of emission from forest degradation, i.e., timber production in FMUs, 

which includes inland/hill, peat swamp and mangrove forest types. None of the 

other forest activities recognised in the Climate Convention, i.e., conservation, 

afforestation, reforestation, and the sustainable management of forests (Section 

2.1), are included in the submission. The submission estimates carbon 

sequestration from aboveground alive tree biomass, belowground biomass and 

litter, whereby deadwood and soil carbon pools are omitted. Historic emissions 

are based on the 10-year periodic national forest inventories from 1990-2005, 

recalculated at 5-year intervals for the 2006-2011 period, and validated through 

satellite images for the years 1990, 2000 and 2010. National level emission 
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reductions from forestry in Malaysia are estimated at 50 and 54 million tC yr-1 

for the 2005-2010, and 2011-2015 periods, respectively (NRE, 2015a). 

The use of national forest inventories to estimate changes in forest cover 

within the FMUs over three different forest types is an indication of the breadth 

of information needed to construct a national baseline. However estimating a 

baseline for just one forest type may increase the accuracy of the national 

reference level submission, and such is the case in Sabah. While conventional 

harvest activities are known to take place in all forest types in Sabah (Nicholson, 

1958; SFD, 1989), the physical boundary of the baseline is restricted to areas 

where RIL activities take place, i.e., inland/hill forests (SFD, 2009a). Therefore 

for the proposed baseline, the estimation of conventional practices is restricted to 

production areas within the FMUs that contain this forest type, i.e., inland/hill. 

Hereinafter, this is known as the baseline boundary for RIL activities in Sabah. 

The GIZ programme on forest management in Sabah was established on the 

basis that Sabah has a history of conventional harvest practices and poor record 

keeping (Kleine and Heuveldop, 1993). Despite the longstanding history of 

timber harvesting in the FMU, the inventory completed by the GIZ in 

Deramakot is considered to be the first on record (Kleine, 1997; Ong, 2006). The 

other FMUs in the State have a similar history of poor management and limited 

records (Mannan and Awang, 1997). In Sabah, the establishment of the FMU 

system and the signing of the SFMLA agreement in 1997, mandate RIL 

activities are practiced (Kleine, 1997; Lagan et al., 2007). Therefore the legal 

mandate of RIL in 1997 indicates these procedures have been in place longer 

than the recommended 10-year threshold for the quantification of historical 

baseline activities (Angelsen, 2008). Compounded by the fundamental lack of 

historical inventory and harvest records, developing a historical carbon baseline 

is not considered to be feasible at this time, and alternative approaches are 

needed. 

Outlined in Section 2.3.2, the use of a crediting baseline may be a more 

suitable approach to estimate the baseline for RIL activities in Sabah, as it 

provides a conservative estimate of emission reduction credits that takes into 

account policy and/or project-based circumstances that may change over the 
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course of a project timeframe, i.e., the introduction of third party monitoring of 

timber certification practices, and its potential to increase the accuracy of RIL 

implementation and reporting. Hence, as reflected in project-based activities, a 

crediting baseline can adjust for changes made at the policy level. Thus 

adjustments, either up or down, may be required over the project timeframe. 

Therefore as project activities are a result of Sabah-centric policy actions, i.e., 

the RIL policy, the crediting baseline can be reflected at the sub-national level. 

 

4.3. THE LITERATURE METHOD TO BASELINE ESTIMATION 

The literature approach involves the review of existing literature to estimate 

the impact of conventional practices, relative to RIL activities. Since the 

mechanisation of the timber industry in Sabah, research on the impacts of 

harvest activities on the environment, and the improvement of such activities to 

reduce damage, has been undertaken (Nicholson, 1958; Fox, 1968; Hepburn, 

1970; Chai, 1975; Tay, 2000; Pinard et al., 2000a; Lincoln, 2008). As such, a 

meta-analysis of published literature was undertaken. To better understand the 

difference between conventional and RIL practices, references that solely 

measured the impact of either conventional or RIL without offering a 

comparison, were excluded from further analysis. For papers that focus solely on 

Sabah, eight references were identified. To better understand the impact of RIL 

activities in Sabah relative to RIL activities outside of Sabah, additional papers 

investigating harvest areas outside the State were also reviewed, where eleven 

papers were identified using the same criteria. To use the data from the various 

papers such that they can be compared, the results need to be standardised. This 

is done through the identification of carbon pools estimated in each reference. 

Aboveground alive tree biomass, deadwood necromass, forest litter, 

belowground carbon, and soil organic carbon, make up the five carbon pools that 

aggregate forest carbon stocks under the Climate Convention (GOFC-GOLD, 

2013). Estimates of aboveground alive tree biomass were reported in all papers, 

however the other carbon pools were inconsistently reported. The aboveground 

alive tree biomass carbon pool is applied as the common denominator. 
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4.3.1. ABOVEGROUND ALIVE TREE BIOMASS AND 

DEADWOOD NECROMASS ESTIMATION 

Within the papers, two broad categories of impacts were identified as 

commonly occurring in this carbon pool: ‘infrastructure created’ and ‘harvest 

damage’, whereby four sub-categories are attributed to ‘infrastructure created’, 

i.e., ‘skid trails’, ‘feeder roads’, ‘landings’, and ‘net production area’, and three 

sub-categories are attributed to ‘harvest damage’, i.e., tree damage’, ‘damage 

resulting in mortality’, and ‘total stand damage’. While it is known that carbon 

stocks in soils are a large component of terrestrial carbon in tropical forests 

(Djomo et al., 2011), ‘infrastructure created’ is not considered in the category of 

soil organic carbon, as the carbon content in this pool as a whole does not 

change from harvest activities, rather only its distribution, whereby the changes 

in distribution are difficult to determine, relative to their variability over a 

harvest cycle (Johnson et al., 1991; Nussbaum et al., 1995; Pinard, 1995; 

Lincoln, 2008; Clarke and Walsh, 2006). 

Due to the varying metrics in the references, a standardised approach is 

needed to estimate the percentage difference of the impacts between 

conventional and RIL activities. Therefore for each paper and within each sub-

category, the impact value from RIL activities are deducted from the impact 

value from conventional activities, and the result is then divided by the impact 

value of conventional activities and multiplied by 100, to estimate the average 

percentage difference between the practices. With this formulation, when impact 

values from RIL are identical to impact values from conventional practices, the 

percentage difference between the two is 0%. Conversely, when the impact 

value from RIL is zero relative to the impact value from conventional activities, 

the percentage difference between the two is 100%. For estimates already in 

percentage format, values for RIL are subtracted from the values for 

conventional practices. In the reviewed literature, it was common to report 

‘infrastructure created’ as a singular numerical value, for many, or all of the four 

sub-categories, without being broken down into sub-categories. Instead of 

placing the same value several times in each sub-category, to avoid artificially 

altering the average percentage difference, the singular numerical value is 

treated as one value across all sub-categories. Similarly for ‘harvest damage’, it 
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was common for a single paper to report values in more than one sub-category. 

Since the approach results in a net deduction of carbon, i.e., mortality, it is 

appropriate to only select a single value from each paper. This resulted in the 

definition of a hierarchical structure to reporting ‘harvest damage’ from the three 

sub-categories. In the first instance, studies reporting ‘damage resulting in 

mortality’ were always used. Secondly for studies that reported ‘total stand 

damage’ and ‘tree damage’ in the same paper, the value of ‘total stand damage’ 

is used over the ‘tree damage’. This is because it cannot be confirmed that ‘tree 

damage’ directly results in tree mortality, whereas the ‘total stand damage’ 

incorporates considerable elements of mortality. Thirdly for those studies that 

did not specifically report ‘damage resulting in mortality’, or ‘total stand 

damage’, the sub-category ‘tree damage’ is used to represent mortality. The 

resulting percentage difference for the two categories of ‘infrastructure created’ 

and ‘harvest damage’ is represented in Table 4.1, and the values used to derive 

the estimates are represented in Table 4.2. 

As outlined in Section 4.1, the forest inventory practices in Malaysia and 

Sabah are similar to the ‘stock-difference approach’ for carbon estimation, i.e., 

the periodic measurement of trees over time. Therefore to apply the literature 

method to estimate carbon stocks after the application of conventional harvest 

practices in Sabah, the percentage difference for the categories ‘infrastructure 

created’ and ‘harvest damage’ are multiplied by the post-harvest carbon 

inventory estimate of RIL activities. As the difference between conventional 

practices and RIL is represented as the percentage difference of the two 

identified categories, i.e., ‘infrastructure created’ and ‘harvest damage’, the 

baseline can be applied to the RIL estimate of both the volume (m3 ha-1), and 

carbon (tC ha-1) variable of aboveground alive tree biomass (Eq.1). 
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AGC = x * 0.83 * 0.64  (Eq.1) 

 

Where: 

AGC = Post-harvest estimate of aboveground carbon stocks from conventional 

harvest practices. 

x =  Post-RIL estimate of carbon stocks. 

 

The values 0.83 and 0.64 represent the estimated proportional reductions, i.e., 

percentage reductions between conventional activities and RIL divided by 100, 

of the categories ‘infrastructure created’ and ‘harvest damage’, respectively.  

 

The confidence interval (CI) for ‘infrastructure created’ and ‘harvest damage’ 

is calculated by estimating the standard error of each category at the 95% 

confidence interval. The percentage difference for each category is multiplied by 

the respective CI, which are then summed, and divided by the summed 

percentage difference (Gujarati, 2006) (Eq.2). 

 

 𝐶 = !∗! !(!∗!)
!!!

  (Eq.2) 

 
C =  Confidence interval of the percentage difference. 

x =  Percentage difference ‘infrastructure created’. 

y =  Percentage difference ‘harvest damage’. 

a =  Standard error of ‘infrastructure created’. 

b =  Standard error of ‘harvest damage’ 

 

To estimate both volume and carbon of deadwood necromass for the carbon 

baseline, i.e., at the post-harvest scenario of the conventional practices, a 

deadwood necromass function of aboveground alive tree biomass of 33% is 

applied, with a decay rate of 50% in biomass annually, to simulate the decay of 

the harvest debris over the recovery period (Pinard and Cropper, 2000; Lincoln, 

2008) (Eq.3). 
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DWC =AGC * a * b  (Eq.3) 

 

Where: 

DWC = Post-harvest estimate of deadwood necromass carbon stocks from 
conventional harvest practices. 

AGC =  Post-harvest estimate of aboveground carbon from conventional 
practices. 

a =  Deadwood necromass function of aboveground alive tree biomass of 
0.67 (33%). 

b =   Deadwood necromass decay rate of 0.50 in biomass (50%). 
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Table 4.1: Summary of analysis of the relative impacts on ecosystem carbon pools caused by conventional vs. RIL practices. Results are 
grouped in the categories of ‘infrastructure created’, and ‘harvest damage’. All values are represented as the percentage difference in 
the damage caused by conventional vs. RIL practices. A number of 0% means that there is no difference in impact between RIL and 
conventional practices. A number of 100% means that the impact of RIL is zero relative to the impact of conventional practices. 

A) Research within Sabah 
          

# Research study Forest area 
Time of  

post-harvest 
measurement 

‘Infrastructure created’ (%) ‘Harvest damage’ (%) 
Skid 
trails 

Feeder 
roads 

Landings 
Net production 

area 
Tree 

damage 
Damage resulting in 

mortality 
Total stand 

damage 
1 Putz and Pinard, 1993 Ulu Segama Simulation       27.00       
2 Pinard, 1995 Ulu Segama 1-year   9.80 

 
    43.00 

3 Pinard and Putz, 1996 Ulu Segama 1-year       
  

44.00 
 4 Pinard and Cropper, 2000 Ulu Segama Simulation 20.00 

  
20.00 

 5 Pinard et al., 2000 Ulu Segama 7-years   9.80       
 6 Lohuji and Martin, 2001 Deramakot < 5-years             50.00 

7 Huth and Ditzer, 2001 Deramakot Simulation           30.00   
8 Lincoln, 2008 Ulu Segama 12-years         

 
30.00   

   
Average 16.65 ± 8.97 36.17 ± 8.95 

B) Research outside Sabah 
         1 Johns, 1996 Paragonomas, BR < 1-year 33.00 25.00 34.80 

  
  31.60 

2 Bertault and Sist, 1997 Kalimantan, ID 5-years         
 

9.00 
 3 Elias, 1997 Kalimantan, ID < 1-year       3.50 

 
  52.70 

4 Barreto et al., 1998 Paragonomas, BR < 1-year   17.00 70.00       
 5 Sist and Bertault, 1998 Kalimantan, ID < 1-year             21.60 

6 van der Hout, 1999 Pibiri, GY ~ 2-years       58.00     11.00 
7 Boltz et al., 2001 Paragonomas, BR ~ 1-year             25.00 
8 Holmes et al., 2000 Paragonomas, BR ~ 1-year 49.00 56.00 45.45 

 
30.00   

 9 Periera Jr. et al., 2002 Paragonomas, BR < 5-years 53.90 50.00   
 

    
 10 Macpherson et al., 2010 Paragonomas, BR 17-years           25.00    

11 West et al., 2014 Paragonomas, BR 16-years             23.00 

   
Average 41.33 ± 9.83 25.43 ± 7.79 
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Table 4.2: Data derived form the original publications of the percentage difference between conventional and RIL practices (SDNA = standard 
deviation not available). Units of Measurement (in bold parenthesis): 1 = tC ha-1, 2 = trees ha-1, 3 = tonnes of biomass ha-1, 4 = m2 
per tree, 5 = trees damaged, 6 = m ha-1, 7 = m2 m3, 8 = trees harvested, 9 = m3 ha-1, 10 = %. Columns ‘Forest area’ and ‘Time of 
post-harvest measurement’ from Table 4.1 are inferred, but not repeated. 

 
Research within Sabah 

       
# Research study 

‘Infrastructure created’ ‘Harvest damage’ 

Skid trails Feeder roads Landings Net production area Tree damage Damage resulting in 
mortality 

Total stand damage 

1 Putz and Pinard, 1993 
   

(128)(93)(SDNA)(1) 
 

  
 

2 Pinard, 1995 (16.6±2.3)(6.8±2.6)(10) 
  

  (192±43)(108.5±22.5)(1) 
3 Pinard and Putz, 1996 

     
(7.2±6.9)(4±5)(3) 

 4 Pinard and Cropper, 2000 paper assumptions based on published data   paper assumption  
5 Pinard et al., 2000 (16.6±2.3)(6.8±2.6)(10) 

  
 

 6 Lohuji and Martin, 2001 
  

  
   

paper assumption 
7 Huth and Ditzer, 2001 

  
  

  
paper assumption 

 8 Lincoln, 2008 
  

  
  

(4.2±4.4)(2.9±3.0)(2) 
          Research outside Sabah 

       1 Johns, 1996 (243)(162)(SDNA)(4) (60)(45)(SDNA)(4) (23)(15)(SDNA)(4) 
   

(50.9)(34.8)(SDNA)(5) 
2 Bertault and Sist, 1997 

     
(23)(14)(10) 

 3 Elias, 1997 
   

(11.1)(7.7)(10) 
  

(40.4)(19)(10) 
4 Barreto et al., 1998 

 
(27.3)(22.6)(SDNA)(6) (5.15)(1.57)(SDNA)(7) 

    5 Sist and Bertault, 1998 
      

(48.5)(26.9)(10) 
6 van der Hout, 1999 

   
(129±13)(54±21)(8) 

  
(163±13)(145±6)(2) 

7 Boltz et al., 2001 
    

  
 

(68.4)(93)(10) 
8 Holmes et al., 2000 (7.7)(3.9)(SDNA)(4) (1.35)(0.65)(SDNA)(4) (1.97)(0.6)(SDNA)(4) 

 
(425)(328)(SDNA)(8) 

  9 Periera Jr. et al., 2002 (14.1)(6.5)(SDNA)(10) (3.2)(1.6)(SDNA)(10) 
 

   
  10 Macpherson et al., 2010 

    
  (24.5)(18.5)(SDNA)(9) 

 11 West et al., 2014 
    

  
 

(100)(77)(10) 
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4.4. DISCOUNTING FOR THE CREDITING BASELINE 

Outlined in Section 2.3.2, the use of a crediting approach can assist to reduce 

the number of credits issued into the marketplace, and buffer the market in the 

case of unforeseen releases (Figure 2.3). To create the crediting trajectory, the 

principle of net present value (NPV) is modified for the forward-looking carbon 

baseline, to conservatively estimate the accumulation of carbon storage over time. 

The primary principle behind NPV, under a typical ‘financial application’, i.e., to 

adjust for the rate of inflation over a period of time, is to adjust the price of goods 

and services, such that its future estimated worth can be established in its present 

value (Gujarati, 2006). In most situations to estimate project costs and benefits, the 

discount rate is constant throughout the lifetime of the forest (Tee et al., 2014), 

however in some cases for long-term scenarios, it is adjusted downward to account 

for changes in project-specific circumstances, i.e., higher discount rates to adjust 

for the very long term forest projections (Reilly et al., 2001). In keeping with the 

principles of NPV, carbon recovery from the carbon baseline, i.e., from 

conventional harvest practices, is estimated through the application of a discount 

value. In essence, carbon is treated the same as money. In doing so, the method 

can adjust for unforeseen circumstances, i.e., risk, which can affect the quantity of 

carbon entering the marketplace. NPV is a known technique to forecast benefits in 

situations where variability is subject to external influences (Pearce et al., 1999), 

however its use on the accumulation of carbon is limited (Boscolo et al., 1997, 

1998; Richards, 1997; Van Kooten et al., 2004; Kim et al., 2008). For RIL project-

based activities under the Climate Convention, two types of risk can occur: a) 

Carbon stocks decreases over time instead of increasing towards pre-harvest value; 

or b) The recovery of the carbon stocks from post-harvest conventional practices is 

faster than anticipated. Since carbon stocks under the Climate Convention are 

periodically monitored under MRV requirements (Section 2.3.5), risk (a) is not 

dealt with here. Risk (b) on the other hand, is addressed through the use of the 

crediting approach, whereby carbon storage is discounted to adjust for the 

variability in its accumulation over time. 
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To determine the rate of growth after a forest is harvested through conventional 

activities, a review of the literature was undertaken similar to what was done in 

Section 4.3. Although limited work was uncovered that estimates carbon recovery 

from conventional activities over time, seven publications were identified, with the 

average rate of carbon accumulation across the papers of 1.02 tC ha-1 yr-1, 

representing timeframes ranging from 16-60-years (Kira, 1987; Pinard, 1995; 

Pinard and Putz, 1997; Tay, 2000; Lincoln, 2008; Lasco et al., 2006; West et al., 

2014). Applying this value creates a linear forward projection of carbon recovery, 

to represent the average growth over time that averages over the uneven annual 

increments of accumulation. Applying the literature approach to post-harvest RIL 

inventory data distinguishes between post-harvest carbon stocks from RIL and 

conventional activities. These estimates are represented graphically in Figure 4.1, 

where point (a) and (b) represent the difference between post-harvest estimates of 

carbon stocks under conventional and RIL practises, respectively. The differences 

in carbon stocks between the practices are known as carbon storage (MacDicken, 

1997; Pinard and Cropper, 2000). 

However there are limitations to the amount of carbon storage that can 

accumulate over time under the Climate Convention. Relevant to decision 1/CP.13 

of the Bali Action Plan, Parties agreed a programme of work to advance existing 

climate change mitigation efforts towards the development of long-term 

programmes, known as ‘adaptation programmes’ (UNFCCC, 2007). In doing so, 

the adaptation committee of the UNFCCC was established to oversee the 

progression of Parties in the adjustment of ecological, social or economic systems, 

in which to advance domestic efforts, moderate potential damage to national 

interests, and to capitalise on opportunities associated with climate change. These 

actions are referred to as ‘adaptation responses to climate change’, adopted at the 

climate negotiations in Cancun, Mexico, in 2010 (UNFCCC, 2011). Unbeknownst 

to the Sabah Forestry Department, the mandate of the RIL policy in 2010 can be 

interpreted as an adaptation directive under the Climate Convention, whereby 

traditional harvest practices are no longer eligible to be practiced in the FMUs, 

thereby assisting the State to advance domestic efforts to reduce carbon emissions, 

and capitalise on opportunities associated with the Climate Convention. However 

this was not the reason for the introduction of the RIL policy (Section 2.3.1, 
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Figure 2.2). Regardless, as the foundation of the Climate Convention is based on 

the premise of balancing carbon emissions with reductions (IPCC, 2014), Non-

Annex-I countries are only eligible to benefit from mitigation actions until they 

become adaptation activities (UNFCCC, 2011). Therefore for RIL activities in 

Sabah, carbon storage benefits can only accrue to current practice, i.e., RIL 

activities. This threshold is termed the ‘carbon threshold of reduced-impact 

logging’. Under the non-crediting scenario, this is represented between points (a), 

(b), and (d), in Figure 4.1, where the intersection at time ‘non-crediting’, ‘tNC’, 

represents the point in time in the future that carbon storage accumulation reaches 

the ‘carbon threshold of reduced-impact logging’. Under this scenario, carbon 

storage is estimated, by calculating the difference in carbon stocks, between RIL 

practices, i.e., ‘the carbon threshold of reduced-impact logging’, and the estimate 

from the conventional logging scenario, which is multiplied by the rate of 

accumulation on an annual basis (Eq.4). 

 

Figure 4.1: Carbon storage and the ‘crediting’ and ‘non-crediting’ trajectory 
of recovery from the carbon baseline, consisting of conventional 
harvest practices in Sabah. 
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NCs = x – (CHcarbon * rca)  (Eq.4) 

 

Where: 

NCs =  Non-crediting storage. 

x = Post-RIL estimate of carbon stocks (total of aboveground alive 

tree carbon and deadwood necromass carbon). 

CHcarbon = Post-harvest estimate of carbon stocks from conventional harvest 
practices, i.e., sum of Eq.1 (AGC) and Eq.3 (DWC). 

rca =  Rate of carbon accumulation, i.e., 1.02 tC ha-1 yr-1. 

 

In the modification of the NPV principle to create the ‘crediting trajectory’, the 

estimation of future carbon reductions is aimed to compensate for future 

variability of accumulation, while ensuring the ‘conservativeness’ of the estimate. 

In this work, the value of recovery is treated the same as the discount value, such 

that the principles of NPV can be applied (Eq.5). Therefore the discount factor is 

considered to be equal to the rate of annual carbon accumulation after 

conventional harvesting, to estimate the crediting trajectory of carbon recovery 

from conventional harvest practices in Sabah. Under this scenario, carbon storage 

is estimated on an annual basis, by calculating the difference in carbon stocks, 

between RIL practices, i.e., ‘the carbon threshold of reduced-impact logging’, and 

the estimate from the conventional logging scenario, where the non-crediting 

estimate is multiplied by the discount rate, and subtracted from the ‘the carbon 

threshold of reduced-impact logging’ (Eq.6). The ‘non-crediting’ scenario is then 

subtracted by the difference between the ‘non-crediting’ and ‘crediting’ scenario, 

to estimate the amount of ‘crediting’ carbon (Eq.7). The ‘crediting’ scenario is 

represented between points (a), (b), and (c), in Figure 4.1, where it intersects at 

time ‘crediting’, ‘tC’, to represent the point in time in the future that carbon storage 

accumulates to the ‘carbon threshold of reduced-impact logging’. The values used 

in the ‘crediting’ baseline approach for Sabah are summarised in Table 4.3. 
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𝐷 = 1/(1 + 𝑟)!   (Eq.5) 

 

D =   Discount factor. 

r =   Rate of carbon accumulation after conventional harvesting. 

t =   Number of years post-harvest. 

 

DCs = x – (NCs * D)   (Eq.6) 

 

Where: 

DCs =  Discounted carbon storage 

x =  Post-RIL estimate of carbon stocks (aboveground and deadwood). 

NCs =  Non-crediting storage. 

D =  Discount factor. 

 

CRs = NCs – (DCs – NCs)  (Eq.7) 

 

Where: 

CRs =  Crediting carbon storage. 

NCs =  Non-crediting storage. 

DCs =  Discounted carbon storage 

 
Table 4.3: Values of the crediting baseline values to estimate carbon stock 

recovery from conventional harvest practices in Sabah. 
 

Item Unit Value 
Deductions from RIL carbon estimates for ‘infrastructure created’ % 16.65 
Deductions from RIL carbon estimates for ‘harvest damage’ % 36.17 
Annual growth of carbon stocks after conventional practices tC ha-1 yr-1 1.02 
Discount value used to estimate carbon storage - 1.02 
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4.5. CONSIDERATIONS ON THE CREDITING BASELINE 

Estimating the harvest baseline to represent conventional practices highlights 

the intricacy of defining a robust carbon baseline for Sabah. The inability to 

acquire historical records or primary data highlights the difficulties in setting a 

carbon baseline in Sabah. In the use of the crediting approach, two major classes 

of impacts are identified in the literature to distinguish between conventional and 

RIL practices, i.e., ‘infrastructure created’, and ‘harvest damage’. The review of 

published work highlights the limited number of studies and their results, 

underscoring the limitation of achieving more comprehensive results at this time. 

Although the limitation may be interpreted as an obstacle to achieving more 

accurate results, it may also be seen to justify the ‘conservativeness’ of the 

estimate, which is recommended for the estimation of carbon under the Climate 

Convention to ensure carbon is avoided from entering the atmosphere, relative to 

the variability in its estimation (GOFC-GOLD, 2013). However the 

conservativeness of the baseline approach should be understood as a broad 

endeavour to achieve robust industry-acceptable results for Sabah (Grassi et al., 

2008). Compared with studies outside the State, the estimated levels of confidence 

in the data are relatively consistent, indicating the published values are 

comparable, thus increasing the ability for comparative analysis amongst the 

studies (Laufer et al, 2013). Fundamentally the variability of the impacts 

‘infrastructure created’ and ‘harvest damage’ is highly dependent on the felling 

contractor, which is based on concession-specific forest stand dynamics, 

topographical features, and the history of harvest activities in the area (Manokaran 

and Swaine, 1994; Kleine, 1997). 

Numerous studies identify the impact of infrastructure, felling, extraction and 

hauling damage from conventional practices. Relative to the results presented 

here, some estimates are higher, and some are lower (Nicholson, 1958; Uhl and 

Vieira, 1989; Johns et al., 1996; Pinard and Putz, 1996). However in theory, the 

baseline can be re-calculated periodically in the future to incorporate an increased 

number of studies. Doing so may change the percentage difference between 

studies to more accurately estimate the carbon baseline. An alternative solution 

would be to identify ‘pockets’ of forest that have been harvested through 

conventional activities, and that have not been harvested again using RIL 
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prescriptions. If such areas could be identified, in theory, they could be used to 

directly estimate forest recovery from conventional harvest practices. However the 

‘pockets’ would need to satisfy spatial and temporal conditions for the sampling of 

forest and carbon dynamics (Laufer et al., 2013). Such work could be an 

interesting area for future research. Nonetheless, the identification of impact 

classes ‘infrastructure created’, and ‘harvest damage’ as the two major differences 

between the two practices, underscores the importance of developing a systematic 

framework to estimate the impact of RIL activities. 

Applying the discount rate for the crediting baseline is an approach to adjust 

for the variability in the carbon recovery after harvesting, while ensuring a buffer 

is created in the marketplace in the case of unforeseen releases. Previous studies 

have discounted carbon based on the yield of ‘carbon credits’ over time, which are 

strongly linked to their future price (Boscolo et al., 1997, 1998; Stavins and 

Richards, 2005). While the approach is acceptable for price considerations, 

applying the NPV technique and discounting for variable cost is not being done 

here, rather the discount rate is applied to adjust for uncertainty in the rate of 

carbon recovery (Dempsey et al., 2010). The calculation of the rate itself, i.e., 

based on the analysis of published papers, is rather rudimentary, yet its simplicity 

communicates its application. More intricate approaches to estimate carbon 

recovery using complex techniques have been published (Pinard and Cropper, 

2000; Putz et al., 2008a; Lintunen and Uusivuori, 2014; Rutishauser et al., 2015). 

Applying the crediting approach and discounting carbon storage itself has two 

main functions: a) To act as a safeguard when accounting for accruing carbon 

storage; b) To provide a ‘best estimate’ of the carbon storage potential. While RIL 

practices in Sabah have been introduced relatively recently, i.e., less than 20-years, 

uncertainty may exist when using a rate of recovery based on data that do not 

represent a complete harvest cycle in Sabah, i.e., 40 years (Kleine and Heuveldop, 

1993; Kleine, 1997). While the choice of the discount rate is highly dependent on 

the specific nature of the data analysis (Richards and Stokes, 2004), in the context 

of the Climate Convention, the difference in applying a 2% or 10% discount rate 

can significantly affect the number of emission reductions released into the 

marketplace. However a higher discount rate in the early phases of accounting 

may be a logical approach to account for the early ‘learning by doing’ phases of 
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carbon accounting for RIL activities in Sabah, and safeguard against some of the 

project risks outlined in Section 2.3.2 (Wong and Dutschke, 2003; Dutschke and 

Angelsen, 2008). Kim et al., (2008) has applied discounting as a means to 

differentiate between a ‘perfect offset’, and ‘imperfect offsets’, whereby the cost 

of an offset does not change over time, compared to one that does. The authors 

argue that discounting should be a function of future needs to replace offsets over 

time, and since the permanence of carbon have been questioned in the past 

(Dutschke, 2002), offsets should be discounted to reflect their variability over a 

harvest cycle. This approach is similar to the ‘crediting’ approach argued here, 

whereby a reduced amount of carbon is eligible to enter the marketplace, relative 

to the ‘non-crediting’ approach, through the integration of the NPV concept. This 

approach is also reaffirmed by Van Kooten et al., (2004), whereby the authors 

argue the cost of carbon is sensitive to the length of the planning horizon, and 

therefore carbon is more important in the early stages of a project, than the later, 

thereby increasing the importance of conservative approaches to carbon 

accounting. 

Richards (1997) argues that discounting carbon is appropriate if the amount of 

carbon avoided is consistent over time. While temporal and spatial variability is 

well documented in the recovery of commercial tropical forests (Iskandar et al., 

2006; Lincoln, 2008), the activity of RIL is intended to be constant over time, with 

the exception of silviculture interventions, i.e., climber cutting to encourage 

growth, forest recovery is otherwise undisturbed, as stipulated in the Sustainable 

Forest Management License Agreement (SFMLA) for each commercial forest 

reserve, i.e., the FMUs (Sabah State Government, 1996; Kleine, 1997). This is 

because under the RIL policy in Sabah, harvest activities are only eligible to occur 

once over a harvest cycle (SFD, 2010a; The Star, 2010), whereas under 

conventional harvesting, there is a documented history of re-entry over short 

periods of time, or alternatively, forests are converted to other land-use under the 

economic argument that forests harvested conventionally are degraded beyond 

natural regeneration, and require subsequent time and investment to regenerate to 

conditions required for re-entry (Mannan and Awang, 1997; McMorrow and 

Abdul Talip, 2001). Importantly, discounting carbon storage is in accordance to 

the sliding scale of decision 1/CP.13 of the Bali Action Plan, whereby developing 



 

Climate Change Mitigation Through Reduced-Impact Logging: A Framework Approach  

 

 

 
146 
 

countries are in transition from mitigation to adaptive practices (UNFCCC, 2007). 

Although conventional harvesting is no longer permitted in the FMUs, the 

estimate may be used as a conservative guideline to quantify the carbon storage in 

the interim, until the MRV programme is embarked upon to specifically address 

this issue (Section 2.3.5). Notwithstanding the temporal and spatial variability of 

harvest activities, the estimate may support the on-going climate policy work at 

the national level in Malaysia. It is envisioned the discount rate can be adjusted 

periodically when reviewing the carbon baseline, such that changes can be made 

in-line with the adjustments to the Malaysian national reference level submission 

(NRE, 2015a). Van Kooten et al., (2004) argues the changing rate of forest 

regeneration is rooted in natural resource economics literature (Ciriacy-Wantrup, 

1971), whereby tropical forests exhibit high temporal and spatial variability 

(Brown and Pearce, 1994; Manokaran and Swaine, 1994). As such, not 

discounting carbon assumes that damages from rising levels of carbon dioxide 

increase at the same rate as the social discount rate, i.e., the rate used to estimate 

the cost of public expenditure on climate change mitigation, or more broadly, the 

cost to the economy to keep the increase in global temperatures in this century 

below two degrees Celsius, relative to pre-industrial levels (Richards, 1997; 

Harrison, 2010, UNFCCC, 2016b). The principle behind the discounted crediting 

baseline is closely aligned to practice of conservatively reporting of GHG 

emissions under the Climate Convention, as periodically adjusting the rate of 

accumulation, is undertaken to keep reference levels relevant in Malaysia (NRE, 

2015a). Furthermore, the discounted crediting approach may be a more 

appropriate approach to regulate the number of carbon credits entering the 

marketplace, relative to withholding carbon on a carbon accounting balance sheet, 

as it recommended by standards in the voluntary carbon market, i.e., the Voluntary 

Carbon Standard (VCS, 2013). This is because the discounted approach buffers 

the number of credits entering the marketplace based on the actual regeneration of 

the forest, and not based on perceived risk, as deemed by the standard. 
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4.6. CONCLUSIONS 

This Chapter investigates the development of a carbon baseline aimed to 

reconstruct the impact of implementing conventional harvest activities in 

commercial production forest reserves in Sabah, Malaysia. In doing so, its 

application is aimed to assist the quantification of activities considered to be 

‘additional’ under the Climate Convention. In the FMUs of Sabah, these activities 

have been defined as RIL, and as such, activities for both RIL and the carbon 

baseline use this physical area where harvest activities take place as the project 

boundary. Due to the lack of historical harvest records in Sabah, alternative 

approaches to account for conventional activities are needed to develop the 

baseline argument, and therefore the crediting approach is proposed. 

Within, a meta-analysis of the scientific literature specific to Sabah is 

undertaken to establish the counterfactual argument of harvest practices that would 

have taken place in the absence of RIL activities in Sabah, Malaysia. The 

approach to developing the carbon baseline manifests the percentage difference in 

impacts between the harvest practices, whereby two broad impact categories were 

identified, i.e., ‘infrastructure created’ and ‘harvest damage’, and seven-sub-

categories therein. In doing so, the percentage difference of carbon is estimated, 

and when deducted from the post-harvest estimate of RIL activities, estimates the 

carbon storage potential of RIL in Sabah. Notwithstanding spatial and temporal 

attributes of carbon dynamics of tropical forests, the literature is reviewed to 

estimate a generic trajectory of carbon stock recovery from conventional activities, 

which was further applied as the discounted value, based on the principles of 

NPV, to establish the crediting carbon trajectory of the baseline. The 

‘conservativeness’ of estimating carbon reductions is incorporated into the 

calculation, to avoid over estimation, which is aimed to contribute to uphold the 

credibility of carbon credits entering the marketplace. While this approach to 

estimate the carbon baseline is new, the theory behind discounting carbon is richly 

intertwined with economic theory of environmental valuation and techniques 

(Richards, 1997; Van Kooten et al., 2004). The approaches applied in this Chapter 

attempt to use existing literature to estimate a carbon baseline, however without 

testing the baseline approach, this work can only be theoretical. In the next 

Chapter, efforts are made to estimate carbon stocks from both pre- and post-
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harvest activities from current RIL practise in Sabah, and the crediting baseline is 

applied to investigate the carbon storage potential. The approach is intended to 

offer insight into the broad impact of RIL within the FMUs, relative to 

conventional practices that would have occurred in its absence. Doing so may 

assist to better understand the benefits and limitations of the baseline approach, 

and the applicability of the crediting framework. 
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CHAPTER 5 

 

ESTIMATING CARBON STORAGE FROM 

REDUCED-IMPACT LOGGING PRACTICES IN SABAH 

 

 
Non-peer reviewed results were presented at the Food and Agriculture 

Organisation of the United Nations Conference on the Economics of Climate 

Change Mitigation Options in the Forest Sector, 6 to 27 February 2015, Online 

Conference, Rome, Italy. http://bit.ly/1B6nEQ7. 

 

5.1. INTRODUCTION 

Relevant to decision 2/CP.13 and 1/CP.16 of the Climate Convention, 

signatory Parties agreed to reduce carbon entering the atmosphere from project- 

and policy-based activities in the forestry sector (UNFCCC, 2007, 2011). In doing 

so, activities that ‘reduce emissions from forest degradation’ are eligible to 

generate units of carbon, i.e., carbon credits, which are applied for by Parties to 

meet agreed emission reduction level targets, and which are also treated as a 

commodity in the carbon market for purchase and trade (UNFCCC, 2014). Carbon 

credits are created relative to a pre-defined reference level, whereby in its 

estimation under the Climate Convention, governments must consider various 

concerns regarding their national sovereignty, fiscal economy, and socioeconomic 

status (Angelsen, 2008). Such is the case for project-based activities in the forestry 

sector. 

As mentioned in Section 2.3.2, the crediting baseline, i.e., voluntary reducing 

the number of credits issued into the market, thereby leaving a buffer within the 

system in-case of unforeseen releases, is a recommended approach to ‘safeguard’ 

against over-estimation (Angelsen, 2008). Specifically for forestry project-based 

activities in the FMUs of Sabah, this research proposes a stock-difference 

crediting baseline to estimate the difference between RIL and conventional 

activities (Chapter 4). The difference in post-harvest carbon stocks between the 
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practices, known as carbon storage, are estimated immediately after harvest using 

the stock-difference method, as well as into the future by applying the crediting 

rate of carbon recovery. In doing so, the baseline approach may assist to better 

quantify the contribution of RIL to mitigate anthropogenic climate change. The 

reporting of project-level reductions of carbon is incorporated into the monitoring, 

reporting, and verification (MRV) for results-based payments under the Climate 

Convention, i.e., decision 11 and 14 of CP.19 of the Warsaw Framework for 

REDD-plus (UNFCCC, 2014). 

However the estimation of such carbon reductions is not without limitation, as 

elements regarding the accuracy, precision and finance are integral components to 

measuring reductions at high levels of confidence (Angelsen, 2008; Pearson et al., 

2012). Therefore it is fundamentally important to localise and contextualise the 

estimate as much as possible to reduce such limitations, and provide greater 

precision of the estimate (Brown, 2002; Laufer et al., 2013). Relative to the 

development of the carbon baseline for Sabah, understanding the potential 

reductions of carbon from on-going RIL activities in the State may be a starting 

point to better understand the potential to reduce carbon entering the atmosphere 

in production forests involving timber harvest activities. 

This Chapter aims to investigate the changes in the forest structure and carbon 

stocks after the application of RIL activities in selected FMUs in Sabah. To do so, 

the stock-difference method is applied in two FMUs, representing opposite ends of 

a range of anthropogenic disturbances from harvest activities, to estimate post-

harvest carbon stocks, relative to pre-harvest levels. In doing so, the carbon 

crediting baseline proposed in Chapter 4, is applied to estimate the difference in 

carbon stocks between RIL and conventional practices. Carbon stock estimates 

from conventional activities are then modelled into the future, to the ‘carbon 

threshold of reduced-impact logging’, to estimate the carbon storage potential of 

RIL activities in the select FMUs. This Chapter aims to address the following 

questions: a) How are the participating FMUs selected?; b) What carbon pools are 

needed for the estimation, and how are the data collected?; c) How does the 

carbon storage potential of RIL in the selected FMUs vary over time? 
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Similar to the methods applied to estimate carbon recovery after RIL practices 

in the Deramakot forest reserve (Chapter 3), aboveground alive tree biomass is 

estimated, in terms of the number of trees, basal area, volume, carbon stocks and 

canopy density, while deadwood necromass is estimated in terms of volume and 

carbon stocks. While the FMU representing the lower end of disturbance is 

expected to contain more carbon than the FMU representing the higher end of 

disturbance, it is not yet clear what challenges exist in applying the baseline in the 

selected FMUs, the limitations in its application, and the conditions to take into 

account that influence forest recovery. 

The related objectives are: a) To verify whether the procedure for forest carbon 

inventories can be applied in various forest types to achieve robust results in-line 

with the body of knowledge on forest harvesting from RIL practices in the 

selected FMUs, or whether amendments are required to achieve results in-line 

with the body of knowledge; b) To determine whether the rate of accumulation for 

the recovery of carbon to the ‘carbon threshold of reduced-impact logging’ is in-

line with the body of knowledge on forest recovery from conventional practices, 

or whether the results are not comparable to the body of knowledge. 

Data representing aboveground alive tree biomass, deadwood necromass, and 

canopy density were collected in 2012. The data are applied to the baseline to 

estimate the carbon storage potential to support the discussion on how the forests 

harvested with conventional activities are expected to recover over time. Results 

from this mensuration makes an important addition to the on-going research on 

forest and carbon dynamics in forests harvested through RIL, including the 

application of the baseline methodology, the estimation of carbon storage, and the 

overall potential of REDD-plus activities in select FMUs of Sabah under the 

Climate Convention. 

  



 

Climate Change Mitigation Through Reduced-Impact Logging: A Framework Approach  

 

 

 
154 
 

5.2. METHODS 

5.2.1. STUDY AREAS 

Due to past management and conventional harvest activities, the historical rate 

of harvest in each FMU is varied, leading to unique implementation barriers in 

their management (Fox, 1968; Kleine and Heuveldop, 1993; Mannan and Awang, 

1997). To better understand the range of carbon storage from RIL activities in 

such concessions, two FMUs located at opposite ends of a gradient of 

anthropogenic forest disturbance are investigated, where their status is defined in 

relation to anthropogenic disturbance from harvest activities since the 

mechanisation of the timber industry in Sabah (Chapter 1). At one end of the 

gradient, the last remaining old growth forest in Sabah designated for harvest 

activities with no previous history of harvest activities, represented by a lower 

montane forest. At the opposite gradient, a severely degraded logged-over forest 

with an extraordinary history of repeated harvest by conventional practices, 

represented by lowland mixed dipterocarp forest. The aim of selecting the 

contrasting areas is to explore the extreme gradient of the impacts of RIL activities 

on carbon stocks, whereby the variability of average forest composition within the 

selected areas can provide a robust range of scenarios in Sabah. FMU # 7 - Sabah 

Forest Industries, representing the old growth end of this gradient, i.e., lower 

montane forest, and FMU # 14 - Sapulut Forest Development, representing the 

severely degraded, logged-over forest end of this gradient, i.e., lowland mixed 

dipterocarp forest. 

 

5.2.2. LOWER MONTANE FOREST 

The last remaining undisturbed forest designated for commercial timber 

production activities in Sabah is located in FMU # 7, which totals 289,000 ha, and 

is situated on the south-western tip of the State (4º-5º 20’N, 115º-116º 30’E) 

(Figure 5.1). The FMU itself was established in 1983 for the development of 

commercial plantation operations from old growth forest, and over time 

compartments were allocated for Natural Forest Management (NFM) activities 

(104,822 ha), whereby only RIL is eligible to be practiced (Sabah State 

Government, 1996). The area is dominated predominantly by dipterocarp forest, 
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ranging between 400-1,800 m above sea level (asl). Due to the high elevation, the 

area receives some of the highest amount of rainfall in Sabah, with over 300 mm 

recorded per month (SFI, 2011). As such, the high rainfall increases the risk of 

erosion even when harvesting is carried out in accordance with the RIL guidelines 

(SFD, 2009a), and special care needs to be taken. Geologically, the NFM area is 

composed of sandstone and shale, with all soils tending to be acidic and low in 

nutritional status, with very shallow A-horizons. As the NFM area is situated 

between the Crocker and Meligan Ranges, the soils are affected by sharp 

geographic features, as characterised by areas of steep dipping sandstone. Due to 

the elevations, the temperatures are less than those occurring elsewhere, ranging 

between 25-300 C, and dropping to as low as 180 C in the evenings (SFI, 2011.). 

Three main forest types are found in the area: a) Mixed dipterocarp forest, 

located between 0-900 m asl; b) Lower montane forest, located between 900-1,800 

m asl; and c) Upper montane forest, located >1,800 m asl, with the majority of the 

NFM comprising of lower montane forest, dominated by dipterocarp species at 

lower levels, and by conifers such as Agathis species, at higher levels (SFI, 2011.). 

While conversion activities dominate the plantation area of the FMU, a significant 

portion of the NFM area is yet to be harvested. This work represents the first entry 

in selected compartments of the NFM area, whereby two compartments are 

investigated; one not harvested, and the other harvested using RIL practices, to 

represent the pre- and post-harvest condition of the forest. For this research, the 

concessionaire intended to harvest a new compartment to estimate the pre- and 

post-harvest conditions in a single compartment, however for various reasons the 

plan was abandoned. Therefore Compartment 56C was identified as the 

compartment harvested closest to the introduction of the RIL policy. The 

compartment consists of 1,518 ha of undisturbed lower montane forest, located 

between 833-1,660 m asl. Harvest activities were completed in 2009 against the 

RIL guideline (SFD, 2009a), where 71 m3 ha-1 were extracted. The compartment 

underwent post-harvest silvicultural treatment, i.e., climber cutting in 2010, and 

the post-harvest data was collected in 2012, i.e., 3 years post-harvest. 

To identify the compartment not harvested, considerations related to 

homogeneity of the harvested compartment relative to the remaining areas of 

undisturbed forest needed to be addressed. As this data were not stated in the 2nd 
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FMP, compartment data relative to the concession-wide inventory carried out for 

1st FMP in the year 2000 were analysed (SFI, 2000, 2009, 2011, 2012). The 

adjacent compartment 56D comprising of 333 ha, was identified to be within the 

variability range to the average stocking and volume of the undisturbed forest. The 

compartment is similar to the harvested compartment in terms of geographical and 

topographical components, soil type, and species composition (Table 5.1). The 

timeline of events in the compartment harvested through RIL techniques is 

outlined in Figure 5.3. 

 
Figure 5.1: Location map of the lower montane forest area, highlighted in 

purple. 

5.2.3. LOWLAND MIXED DIPTEROCARP FOREST 

To identify an area to represent the opposite end of the gradient of disturbance, 

i.e., the severely logged-over forest, the histories of the FMUs in Sabah were 

examined. While several concessions were identified as degraded and harvested 

several times over the past 40 years, FMU # 14 was identified as the most severely 

degraded. The main difference separating this FMU from the others was the 

seizure and issuance of 29 short-term licenses by the government for conventional 
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harvest activities recently between 1999-2001 (SPT, 2010a, b, c). After its return 

to the license holder in 2002, the FMU was barred from future harvest activities by 

the Sabah Forestry Department until the stocking density reached the thresholds 

for harvest activities (Section 3.2.1) (SFD, 2009a). This resulted in the ‘special 

allocation’ of forests with poor stocking to be reclassified as areas for plantation 

establishment (27,736 ha), where the management is eligible to convert the forest 

using clear felling techniques. This concession is considered as the most recent 

FMU to be influenced by excessive unregulated harvest activities, and is thought 

to be representative of severely degraded logged-over forest conditions in the 

State. 

Despite the option to convert, the concessionaire applied a variation of RIL, 

whereby trees ≥35 cm DBH are harvested using aspects of RIL techniques, i.e. 

selective harvesting, directional felling, and long cable winching, and thereafter 

undertaking line planting with native dipterocarp species to support the 

regeneration of the residual stand. In the strict sense, RIL cannot be implemented 

in a plantation context as the area and the commercial trees within do not meet the 

stocking and diameter requirements of the Sabah code of practice (SFD, 2009a). 

Due to the harvest of diameter classes well below the code of practice, i.e., ≥35 cm 

DBH, this ‘variation of RIL’ may be representative of the higher end of impact 

from harvest activities, which does not involve clearing for planting, as is typically 

done in the State under conventional practice (McMorrow and Abdul Talip, 2001). 

The concession was established in 1997 as part of the FMU programme, and is 

located in south-central Sabah covering 95,300 ha (116º 30-117ºN, 4º 40-55’E). 

The minimum and maximum temperature are 220 and 310 C, respectively. The 

forest reserve receives on average 214 mm per month, with annual pronounced dry 

period, typically between the months of March and April. Geologically the reserve 

is comprised of mudstone, sandstone, siltstone, minor limestone and ignite. Soils 

in this area are relatively infertile, comprised mainly of orthic acrisol, which are 

sandy with limited plant-available nutrients. Thus there is heavy leaching of 

nutrients due to the low cation binding ability. The FMU contains an upper 

elevation of 750m asl, with limited slopes >300, and generally the reserve is 

characterised by lowland mixed dipterocarp forest, accounting for between 30 and 

90% of the tree density. The most prominent species types belong to the 
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dipterocarp genera of Shorea, Parashorea, Dryobalanops, and Dipterocarpus, with 

the red, white and yellow seraya groups being the most important commercial 

groups present. However due to the history of extensive harvest activities, the 

stand volume and species composition are highly variable across sites. 

Similar to the lower montane forest, a compartment for harvesting was initially 

identified for the research, however the plan was abandoned by the FMU, and 

again, the most recent compartment harvested from the inception of the RIL policy 

is considered. Compartment 197 (A&B) is identified consisting of 361 ha, where 

188 m3 ha-1 were harvested in 2010. Regenerative line planting with native 

dipterocarp species was completed 12-months after harvest activities in early 

2011. The post-harvest data were collected in 2012, i.e., 2 years post-harvest. 

For reasons of homogeneity of the non-harvested compartment relative to the 

severely degraded logged-over forest, the compartment data were analysed relative 

to the concession-wide inventory carried out for the development of the 1st FMP 

completed in 1999 (SPT, 2010a, b, c, 2004). It must be noted that the data used in 

the FMP was derived prior to the seizure and issuance of 29 short-term licenses by 

the government for conventional harvest activities between 1999-2001 (SPT, 

2004). The lack of a recent inventory indicates there may be systematic 

differences relative to the data from the FMP. The adjacent compartment of 209A, 

consisting of 535 ha was within the variability range of the average stocking and 

volume of the remaining severely degraded logged-over forest, whereby it is 

similar to the harvested compartment in terms of geographical and topographical 

conditions, soil type, and species composition (Table 5.1). In both the lower 

montane and lowland dipterocarp forest, it is standard procedure to express the 

condition of the forest using diameter classes ≥20 cm DBH, relative to reporting 

≥10 cm DBH as was done in Chapter 3. Therefore, for consistency to the data 

represented in the FMPs, all data in this Chapter is expressed by trees ≥20 cm 

DBH. The timeline of events in the compartment harvested through RIL 

techniques is outlined in Figure 5.3. 
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Table 5.1: Comparison of forest stocking information for the two forests 
at the extreme ends of the harvesting disturbance gradient in 
Sabah. Data are presented based on information from the forest 
management plan and the pre-harvest inventory carried out in 
each forest (SPT, 2004; SFI, 2000). 

 

Forest type 

Number of Trees (# ha-1) Volume (m3 ha-1) 
Forest 

management 
plan 

Pre-harvest 
inventory 

Forest 
management 

plan 

Pre-harvest 
inventory 

Lower montane 
(≥20 cm DBH) 169 237 

(205-271) 264.22 325.25 
(279.25-378.44) 

     
Lowland mixed  
(≥20 cm DBH) 223 215 

(188-243) 89.03 167.69 
(127.52-220.53) 

 

 

 
Figure 5.2: Location map of the lowland mixed dipterocarp forest 

research area, highlighted in purple. 
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Figure 5.3: Timeline of events in the compartments harvested through 

reduced-impact logging practices. 

 

5.2.4. NET PRODUCTION AREA 

The physical location of harvest activities is largely dependent on the physical 

topography, the location of riparian areas, and access to an area (Enters et al., 

2001). Therefore it was necessary to standardise the production areas to ensure 

only the areas impacted by harvest activities were compared. In doing so, the ‘Net 

Production Area’ (NPA) was calculated for each compartment by subtracting areas 

prohibited from harvest activities (SFD, 2009a), along with the planned or existing 

forest infrastructure (skid trails, feeder roads, landings), from the total 

compartment area, known as the Gross Production Area (GPA) (Section 3.2.4, 

Table 5.2). Existing harvest maps were revised using ArcGIS software, version 20 

(ESRI, 1996; SFI, 2009, 2012; SPT, 2010a, b, c). 
 

Table 5.2: Net production area compartment register. 
 

Item 

Forest area 
Lower montane 

forest (ha) 
Lowland mixed 

forest (ha) 
Compartment 

label 
56D 56C 209A 197A&B 

Representative 
timeframe 

Pre-
harvest 

Post-
harvest 

Pre-
harvest 

Post-
harvest 

Gross production area 332.82 1,184.83 535.00 360.50 
Unlogged area 99.07 618.53 171.40 0.00 
*Main roads (10 m width) 0.00 0.00 0.00 0.00 
*Feeder roads (8 m width) 3.10 4.83 4.08 3.56 
*Skid trails (5 m width) 5.66 4.96 19.31 12.11 
*Landings (0.18 ha each) 0.06 0.36 0.54 0.72 
Net production area 233.75 556.14 339.68 344.10 

*At the time of data collection, the pre-harvest forest infrastructure was not implemented 
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5.2.5. SAMPLE PLOTS & DATA ANALYSIS 

For the collection of pre-harvest data, six rectangular nested sample plots were 

established, with the largest plot size of 0.5 ha (50m x 100m), containing two 

randomly located nested plots, consisting of 0.05 ha each (50m x 10m). Existing 

forestry inventory data were applied from the FMP to determine the required 

number of sample plots per compartment (unpublished data from Sabah Forest 

Industries and Sapulut). Three hectares were measured for the pre-harvest 

inventory to obtain an average 10% error at 95% confidence interval to the 

average carbon density per hectare (SPT, 2004; SFI, 2011). 

For the collection of post-harvest data, the lack of immediate harvest activities 

altered the initial approach to measure post-harvest damage. Therefore, the post-

harvest data collection was completed using circular nested sample plots described 

in Section 3.2.6, whereby 30 plots totalling 3.78 ha were measured, to obtain an 

average 10% error at 95% confidence interval to the average carbon density per 

hectare (SPT, 2004; SFI, 2011). The plot of both the pre- and post-harvest data 

collection were randomly distributed along four evenly spaced transects within the 

NPA of each compartment. The coordinates of each sample plot location were 

determined through ArcGIS software (ESRI, 1996). 

Similarly to the procedure employed for estimating variables in Chapter 3, 

outlined in Section 3.2.8, the aboveground alive tree biomass and deadwood 

necromass were estimated, whereby the variables were transformed to meet the 

assumptions of the statistical, whereby the square root function (Sqrt) was used to 

transform the number of trees, the logarithm base 10 function (Log10), used to 

transform basal area, volume and carbon, and the arcsine function (ArcSin) used to 

transform canopy density. The variables reported are the back-transformed 

estimates of the fixed effects variables, along with the upper and lower 95% 

confidence interval. All variables are represented as the means per hectare as 

follows: Number of trees (# of Trees, # ha-1), basal area (BA, m2 ha-1), volume 

(Vol, m3 ha-1) and carbon (tC, tC ha-1). General linear model (Y = a + β1X1 + E) is 

applied, where (Y) is a vector of measurements to examine the change in the 

dependent variables, i.e., aboveground alive tree biomass, and deadwood 

necromass, with the independent variable being the categorical variable 

compartments (X), and (E) being the error to the average carbon density per 
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hectare (theoretically 10%). All statistical analyses were carried out using SPSS 

software version 20 (IBM Corp, 2011), where the results were considered 

significant if the 95% confidence intervals did not overlap. 

Aboveground volume was calculated using 12 functional group-specific tree 

allometric equations developed for the local Lahad Datu district of Sabah, 

Malaysia (Forestal International Limited, 1973) (Appendix I, Table A1-11-12). 

Tonnes of total aboveground dry biomass were estimated from the calculated 

volumes by attributing a species-specific wood density (World Agroforestry 

Centre, 2014), and for unidentified species, a conservative mean wood density of 

0.50 g cm3 was applied. The generic biomass expansion factor for superior hill 

forest in Malaysia (1.833), defined by Brown et al., (1989) as a sub-unit of moist-

tropical forest, was used for both the lower montane and the lowland mixed 

dipterocarp forest, because of its representative basal area, i.e., 32.40 m2 ha-1 for 

trees >15 cm DBH, closely matched those of the non-transformed pre-harvest 

basal area of both areas, i.e., 31.52 and 31.72 m2 ha-1 for trees ≥20 cm DBH, 

respectively. The biomass expansion factor is defined as the ratio of total 

aboveground biomass to commercial stem biomass (Levy et al., 2004). Volume is 

multiplied by the wood density estimate and the biomass expansion factor. A 

regression equation developed by Reyes et al., (1992), is applied to convert wood 

densities determined at 12% moisture content to oven-dry weight, as wood 

densities are typically represented as oven-dry weight (GOFC-GOLD, 2013). A 

carbon factor of 0.50 is used to convert biomass into tonnes of carbon (Brown, 

1997). Carbon densities of deadwood necromass, categorised as sound, 

intermediate and rotten, are multiplied by 1, 0.5 and 0.25, respectively, to 

represent reductions in carbon of 0, 50 and 75%, respectively (Chambers et al., 

2000). 

The total post-harvest estimate of aboveground alive tree biomass and 

deadwood necromass were employed in Equation 2 of Chapter 4 (Eq. 2, Section 

4.3), to determine the post-harvest estimate of carbon stocks that would have 

occurred had the forest area been harvested using conventional practices. In the 

lowland mixed dipterocarp forest under the RIL plantation scenario, a further 65% 

was deducted to account for clearing that would have occurred under the 

conventional scenario, as Sabah has a history of harvesting under the pretence of 
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plantation development, and alienating lands (SFD, 1989; Mannan and Awang, 

1997; McMorrow and Talip, 2001). To calculate the crediting trajectory of carbon 

recovery and the corresponding carbon storage, the average carbon storage growth 

of 1.02 tC ha-1 yr-1 was applied from the literature to simulate regeneration in both 

forest areas to the ‘carbon threshold of reduced-impact logging’, respectively 

(Section 4.4). To account for decaying deadwood necromass, a deadwood 

necromass function of aboveground alive tree biomass of 33% was applied, with a 

decay rate of 50% in biomass annually, to simulate the decay of the harvest debris 

over the recovery period (Pinard and Cropper, 2000; Lincoln, 2008). 

 

5.3. RESULTS 

5.3.1. LOWER MONTANE FOREST 

Across the compartments, the total number of trees ≥20 cm DBH, over the pre-

harvest and post-harvest time period, i.e., 3 years, is estimated at 237 and 74 trees 

ha-1, respectively, with a significant change detected (F(1,35)=88.968, p<0.000, 

r2=0.724). Across the plots in the number of trees in the 20-39, and 40-59 DBH 

diameter classes, significant changes were detected over the pre-harvest and post-

harvest time period, estimated from 159 to 29, and from 49 to 20 trees ha-1, 

respectively (variable ‘trees 20-39’, F(1,35)=60.66, p<0.000, r2=0.641), (variable 

‘trees 40-59’, F(1,35)=17.74, p<0.000, r2=0.343). Across the plots, the number of 

trees in the upper diameter class, i.e., trees ≥60 cm DBH, over the pre- and post-

harvest time period, is estimated at 27 and 17 trees ha-1, with no significant change 

detected (p>0.05). 

Total basal area across the compartments, at the pre- and post-harvest period, is 

estimated at 31.41 and 17.46 m2 ha-1, with a significance change detected over the 

period (F(1,35)=9.609, p<0.004, r2=0.220). Similar to the tree count, significant 

changes were detected in the basal area of the 20-39 and 40-59 cm DBH diameter 

class, whereby estimates changed from the pre- to post-harvest time period, from 

9.75 to 2.16, and from 8.55 to 3.72 m2 ha-1, respectively, (variable ‘basal area 20-

39’, F(1,33)=30.410, p<0.000, r2=0.487), (variable ‘basal area 40-59’, 

F(1,34)=12.837, p<0.001, r2=0.280). Across the plots, the basal area in the upper 

diameter class, i.e., trees ≥60 cm DBH, over the pre- and post-harvest time period, 
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is estimated at 12.13 and 9.57 m2 ha-1, with no significant change detected 

(p>0.05). 

The estimated total volume across the compartments, at the pre- and post-

harvest time period, is estimated at 325.25 and 204.17 m3 ha-1, respectively, with a 

significance change detected (F(1,35)=6.083, p<0.019, r2=0.152). Regarding 

volume in trees in the 20-39 and 40-59 cm DBH diameter classes, estimates from 

pre- to post-harvest changed from 71.61 to 16.44, and from 86.10 to 40.09 m3 ha-1, 

respectively, with a significant change detected (variable ‘volume 20-39’, 

F(1,33)=27.354, p<0.000, r2=0.461), (variable ‘volume 40-59’, F(1,34)=11.085, 

p<0.002, r2=0.251). Across the plots, volume in the upper diameter class, i.e., trees 

≥60 cm DBH, over the pre- and post-harvest time period, is estimated at 154.17 

and 125.89 m3 ha-1, respectively, with no significant change detected (p>0.05). 

The estimated total carbon across the compartments, at the pre- and post-

harvest time period, is estimated at 173.38 and 104.23 tC ha-1, respectively, with a 

significance change detected (F(1,35)=6.775, p<0.014, r2=0.166). Regarding 

carbon in trees in the 20-39 and 40-59 cm DBH diameter classes, significant 

changes were detected, whereby estimates from pre- to post-harvest changed from 

40.64 to 9.10, and from 48.31 to 21.98 tC ha-1, respectively, (variable ‘carbon 20-

39’, F(1,33)=27.556, p<0.000, r2=0.463), (variable ‘carbon 40-59’, 

F(1,34)=12.441, p<0.001, r2=0.274). Across the plots, carbon in the upper 

diameter class, i.e., trees ≥60 cm DBH, over the pre- and post-harvest time period, 

is estimated at 76.91 and 61.66 tC ha-1, respectively, with no significant change 

detected (p>0.05). 

Deadwood necromass volume, at the pre- and post-harvest time period, is 

estimated at 24.60 and 21.09 m3 ha-1, respectively, with no significance change 

detected (p>0.05). The aboveground to deadwood volume ratio is a common 

metric used to understand the composition of the forest (Angelsen and Brockhaus, 

2009). In the pre-harvest condition, the ratio is estimated at 24.60/325.25, or 

0.076, compared to the post-harvest condition, whereby the ratio is estimated at 

21.09/204.17, or 0.103. Deadwood necromass carbon, at the pre- and post-harvest 

time period, is estimated at 5.09 and 8.73 ha-1, respectively, with a significance 

change detected (F(1,35)=5.578, p<0.024, r2=0.141). The aboveground to 

deadwood carbon ratio in the pre-harvest condition, is estimated at 5.09/173.38, or 



 

Chapter 5: Estimating Carbon Storage from Reduced-Impact Logging in Sabah 

 

 

 
165 

 

0.029, compared to the post-harvest condition, whereby the ratio is estimated at 

8.73/104.23, or 0.084. Canopy density across the plots, at the pre- and post-harvest 

timeframe, is estimated at 69 and 54%, respectively, with a significant change 

detected (F(1,35)=6.145, p<0.018, r2=0.153). 

Through the application of the carbon baseline (Section 4.3), total aboveground 

and deadwood necromass volume is estimated at 119.85 and 19.78 m3 ha-1, 

respectively, with total volume of the forest after conventional harvest activities 

estimated at 139.63 m3 ha-1. Similarly the application of the baseline estimates the 

total aboveground and deadwood necromass carbon at 60.10 and 9.92 tC ha-1, 

respectively, with total carbon of the forest after conventional harvest activities 

estimated at 70.02 tC ha-1. The crediting carbon trajectory in the lower montane 

forest is estimated to reach the ‘carbon threshold of reduced-impact logging’, i.e., 

112.96 tC ha-1, after 14 years, accumulating at the rate of 1.25 tC ha-1 yr-1 over the 

period, whereas non-crediting carbon is estimated to reach the ‘carbon threshold of 

reduced-impact logging’ after 19 years, accumulating at the rate of 0.99 tC ha-1 yr-

1 over the period. The difference in the rate of accumulation, between the crediting 

and non-crediting baseline, is 0.29 tC ha-1 yr-1, and the difference in time to reach 

the ‘carbon threshold of reduced-impact logging’, is estimated at 5 years. 

Variables are graphically represented in Figure 5.4 and Figure 5.5. The level of 

significance of all the estimated variables of the lower montane forest, and the 

back-transformed summaries, are tabulated in Table 5.3 and Table 5.5, 

respectively, and the crediting and non-crediting storage potential of reduced-

impact logging is summarised in Table 5.7, and presented graphically in Figure 

5.8. The probability density functions of the transformed variables are found in 

Appendix II, Figure A2-1. 
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Figure 5.4: Mean value of back-transformed aboveground alive tree 

summaries across the plots in the lower montane forest, at 
95% confidence interval, for each diameter class distribution, 
with error bars to demonstrate the variability of the estimates. 
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Figure 5.5: Mean value of back-transformed deadwood necromass 
volume and carbon, and canopy density summaries across the 
plots in the lower montane forest, at 95% confidence interval, 
for each diameter class distribution, with error bars to 
demonstrate the variability of the estimates. 
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Table 5.3: Level of significance (P-values) at the 95% confidence interval for the 
lower montane forest. Bold represents a significant difference detected 
among compartments, and the symbol (s+) and (s-) indicates a positive 
or negative change, from the pre- to the post-harvest timeframe, 
respectively. 

 
Transformed dependent variable Level of significance 

SQRT Trees 20-39cm DBH 0.000(s-) 
SQRT Trees 40-59cm DBH 0.000(s-) 
SQRT Trees ≥60cm DBH 0.223 
SQRT Trees sum 0.000(s-) 
  
Log10 BA 20-39cm DBH 0.000(s-) 
Log10 BA 40-59cm DBH 0.001(s-) 
Log10 BA ≥60cm DBH 0.417 
Log10 BA sum 0.004(s-) 
  
Log10 Volume 20-39cm DBH 0.000(s-) 
Log10 Volume 40-59cm DBH 0.002(s-) 
Log10 Volume ≥60cm DBH 0.468 
Log10 Volume sum 0.019(s-) 
  
Log10 Carbon 20-39cm DBH 0.000(s-) 
Log10 Carbon 40-59cm DBH 0.001(s-) 
Log10 Carbon ≥60cm DBH 0.449 
Log10 Carbon sum 0.014(s-) 
  
Log10 Deadwood volume 0.232 
Log10 Deadwood carbon 0.024(s+) 
ArcSin Canopy density 0.018(s-) 

 

5.3.2. LOWLAND MIXED DIPTEROCARP FOREST 

Across the compartments, the total number of trees ≥20 cm DBH, over the pre-

harvest and post-harvest time period, i.e., 2 years, is estimated at 215 and 39 trees 

ha-1, respectively, with a significant change detected (F(1,35)=195.562, p<0.000, 

r2=0.852). Across the compartments significant changes were detected over the 

pre-harvest and post-harvest time period in the number of trees in the 20-39, 40-

59, and ≥ 60 cm DBH diameter classes, estimated from 149 to 20, 50 to 7, and 

from 14 to 5 trees ha-1, respectively (variable ‘trees 20-39’, F(1,35)=184.122, 

p<0.000, r2=0.844), (variable ‘trees 40-59’, F(1,35)=38.025, p<0.000, r2=0.528), 

(variable ‘trees ≥60’, F(1,35)=5.453, p<0.000, r2=0.138). 

Total basal area across the compartments, at the pre- and post-harvest period, is 

estimated at 25.64 and 10.33 m2 ha-1, with a significant change detected over the 
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period (F(1,35)=24.939, p<0.000, r2=0.423). Significant changes were detected in 

the basal area of the 20-39 and 40-59 cm DBH diameter class, whereby estimates 

from the pre- to post-harvest time period, are estimated to have changed from 9.62 

to 1.48, and 8.75 to 2.31 m2 ha-1, respectively, (variable ‘basal area 20-39’, 

F(1,34)=64.297, p<0.000, r2=0.661), (variable ‘basal area 40-59’, F(1,27)=37.294, 

p<0.000, r2=0.589). Across the compartments, the basal area in the upper diameter 

class, i.e., trees ≥60 cm DBH, is estimated to have changed from 6.01 and 5.46 m2 

ha-1, over the pre- and post-harvest time period, with no significant change 

detected (p>0.05). 

The estimated total volume across the compartments, at the pre- and post-

harvest time period, is estimated to have changed from 261.22 and 115.35 m3 ha-1, 

respectively, with a significance change detected (F(1,35)=18.556, p<0.000, 

r2=0.353). For the volume in trees in the 20-39 and 40-59 cm DBH diameter 

classes, significant changes were detected, whereby estimates were estimated to 

have changed from 75.86 to 13.24, and 91.83 to 24.49 m3 ha-1, respectively, from 

pre- to post-harvest (variable ‘volume 20-39’, F(1,34)=46.443, p<0.000, 

r2=0.585), (variable ‘volume 40-59’, F(1,27)=40.752, p<0.000, r2=0.610). Across 

the compartments, volume in the upper diameter class, i.e., trees ≥60 cm DBH, is 

estimated to have changed from 78.70 to 66.53 m3 ha-1, respectively, with no 

significant change detected over the pre- and post-harvest time period (p>0.05). 

The estimated total carbon across the compartments, at the pre- and post-

harvest time period, is estimated at 130.92 and 53.33 tC ha-1, respectively, with a 

significant change detected (F(1,35)=17.412, p<0.000, r2=0.339). Regarding 

carbon in trees in the 20-39 and 40-59 cm DBH diameter classes, significant 

changes were detected, whereby estimates from pre- to post-harvest were 

estimated to have changed from 38.73 to 6.76, and 45.60 to 10.52 tC ha-1, 

respectively, (variable ‘carbon 20-39’, F(1,34)=40.419, p<0.000, r2=0.551), 

(variable ‘carbon 40-59’, F(1,27)=32.344, p<0.000, r2=0.554). Across the 

compartments, carbon in the upper diameter class, i.e., trees ≥60 cm DBH, over 

the pre- and post-harvest time period, is estimated at 39.99 and 29.85 tC ha-1, 

respectively, with no significant change detected (p>0.05). 

Deadwood necromass volume, at the pre- and post-harvest time period, is 

estimated at 30.97 and 126.77 m3 ha-1, respectively, with a significant change 
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detected (F(1,35)=18.018, p<0.000, r2=0.346). In the pre-harvest condition, the 

aboveground to deadwood volume ratio is estimated at 30.97/261.22, or 0.12, 

compared to the post-harvest condition, whereby the ratio is estimated at 

126.77/115.35, or 1.10. Deadwood necromass carbon, at the pre- and post-harvest 

time period, is estimated at 9.89 and 26.92 ha-1, respectively, with a significance 

change detected (F(1,35)=9.229, p<0.005, r2=0.213). The aboveground to 

deadwood carbon ratio in the pre-harvest condition, is estimated at 9.89/130.92, or 

0.08, compared to the post-harvest condition, whereby the ratio is estimated at 

26.92/53.33, or 0.50. Canopy density across the compartments, at the pre- and 

post-harvest time period, is estimated at 62 and 37%, respectively, with a 

significant change detected (F(1,35)=6.404, p<0.016, r2=0.159). 

Through the application of the carbon baseline (Section 4.3), total aboveground 

and deadwood necromass volume is estimated at 44.54 and 7.35 m3 ha-1, 

respectively, with total volume of the forest after conventional harvest activities 

estimated at 51.89 m3 ha-1. Similarly, the application of the baseline estimates the 

total aboveground and deadwood necromass carbon at 14.76 to 2.44 tC ha-1, 

respectively, with total carbon of the forest after conventional harvest activities 

estimated at 17.20 tC ha-1. For the accumulation of aboveground and deadwood 

carbon, the crediting carbon trajectory in the lowland mixed dipterocarp forest is 

estimated to reach the ‘carbon threshold of reduced-impact logging’, i.e., 80.25 tC 

ha-1, after 55 years, accumulating at the rate of 0.68 tC ha-1 yr-1 over the period, 

whereas non-crediting carbon is estimated to reach the ‘carbon threshold of 

reduced-impact logging’ after 73 years, accumulating at the rate of 0.51 tC ha-1 yr-

1 over the period. The difference in the rate of accumulation of the crediting and 

non-crediting baseline, is 0.17 tC ha-1 yr-1, and the difference in time to reach the 

‘carbon threshold of reduced-impact logging’, is estimated at 18 years. Variables 

are graphically represented in Figure 5.6 and Figure 5.7. The level of significance 

of the all estimated variables, and the back-transformed summaries, are tabulated 

in Table 5.4 and Table 5.6, respectively. The crediting and non-crediting storage 

potential of RIL is summarised in Table 5.7, and presented graphically in Figure 

5.9. The probability density functions of the transformed variables are found in 

Appendix II, Figure A2-1. 
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Figure 5.6: Mean value of back-transformed summaries across the plots 

in the lowland mixed dipterocarp forest, at 95% confidence 
interval, for each diameter class distribution, with error bars to 
demonstrate the variability of the estimates. 
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Figure 5.7: Mean value of back-transformed deadwood necromass 

volume and carbon, and canopy density summaries across the 
plots in the lowland mixed dipterocarp forest, at 95% 
confidence interval, for each diameter class distribution, with 
error bars to demonstrate the variability of the estimates. 
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Table 5.4: Level of significance (P-values) at the 95% confidence interval for the 
lowland mixed dipterocarp forest. Bold represents significance was 
detected, and the symbol (s+) and (s-) indicates a positive or negative 
change, respectively. 

 

Transformed dependent variable Level of significance 

SQRT Trees 20-39cm DBH 0.000(s-) 
SQRT Trees 40-59cm DBH 0.000(s-) 
SQRT Trees ≥60cm DBH 0.026(s-) 
SQRT Trees sum 0.000(s-) 
  
Log10 BA 20-39cm DBH 0.000(s-) 
Log10 BA 40-59cm DBH 0.000(s-) 
Log10 BA ≥60cm DBH 0.524 
Log10 BA sum 0.000(s-) 
  
Log10 Volume 20-39cm DBH 0.000(s-) 
Log10 Volume 40-59cm DBH 0.000(s-) 
Log10 Volume ≥60cm DBH 0.423 
Log10 Volume sum 0.000(s-) 
  
Log10 Carbon 20-39cm DBH 0.000(s-) 
Log10 Carbon 40-59cm DBH 0.000(s-) 
Log10 Carbon ≥60cm DBH 0.463 
Log10 Carbon sum 0.000(s-) 
  
Log10 Deadwood volume 0.000(s+) 
Log10 Deadwood carbon 0.005(s+) 
ArcSin Canopy density 0.016(s-) 
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Table 5.5: Lower montane forest: Back transformed summary. Parenthesis denotes the 95% confidence interval. Numbers highlighted in bold 
face indicate that significant changes were detected over the pre- and post-harvest period at 95% level. 

 
Aboveground alive tree biomass 

 
Trees (# trees ha-1) Basal area (m2 ha-1) 

Diameter class  
(cm DBH) 20-39cm 40-59cm ≥60cm Sum 20-39cm 40-59cm ≥60cm Sum 

Pre-harvest 159  
(125-197) 

49  
(41-58) 

27  
(19-38) 

237  
(205-271) 

9.75  
(6.81-13.96) 

8.55  
(7.08-10.33) 

12.13  
(8.02-18.37) 

31.41  
(28.44-34.67) 

3-years post-harvest 29  
(21-39) 

20  
(15-25) 

17  
(11-25) 

74  
(63-86) 

2.16  
(1.66-2.81) 

3.72  
(2.88-4.80) 

9.57  
(6.89-13.30) 

17.46  
(14.49-21.04) 

                  

 
Volume (m3 ha-1) Carbon (tC ha-1) 

Diameter class  
(cm DBH) 20-39cm 40-59cm ≥60cm Sum 20-39cm 40-59cm ≥60cm Sum 

Pre-harvest 72.61  
(56.23-93.76) 

86.10  
(69.66-106.41) 

154.17  
(96.83-245.47) 

325.25  
(279.25-378.44) 

40.64  
(31.26-52.84) 

48.31  
(39.72-58.75) 

76.91  
(45.60-129.72) 

173.38  
(164.82-182.39) 

3-years post-harvest 16.44  
(12.47-21.68) 

40.09  
(30.97-51.88) 

125.89  
(90.78-174.58) 

204.17  
(166.72-250.03) 

9.10  
(6.90-11.99) 

21.98  
(17.10-28.25) 

61.66  
(44.16-86.10) 

104.23  
(84.92-127.94) 

Conventional harvest baseline estimation  
119.85  

(109.11-130.59)    
60.10 

(54.71-65.49) 
      Deadwood necromass    

Total volume and carbon 

  Volume  
(m3 ha-1) 

Carbon  
(tC ha-1) 

Canopy cover 
(%) 

 

Volume (m3 ha-1) Carbon (tC ha-1) 

Pre-harvest 24.60  
(15.07-40.18) 

5.09  
(3.85-6.73) 

69  
(62-75) 

 

349.85  
(294.32-418.62) 

178.47  
(168.67-189.12) 

3-years post-harvest 21.09  
(15.96-27.86) 

8.73  
(7.13-10.69) 

54  
(43-63) 

 

225.26  
(182.68-277.89) 

112.96  
(92.05-138.63) 

Conventional harvest baseline estimation 19.78 
(18.01-21.56) 

9.92 
(9.03-10.81)   

 

139.63 
(127.12-152.14) 

70.02 
(63.74-76.29) 
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Table 5.6: Lowland mixed dipterocarp forest: Back transformed summary. Parenthesis denotes the 95% confidence interval. Numbers 
highlighted in bold face indicate that significant changes were detected over the pre- and post-harvest period at 95% level. 

 
Aboveground alive tree biomass 

 
Trees (# trees ha-1) Basal area (m2 ha-1) 

Diameter class  
(cm DBH) 20-39cm 40-59cm ≥60cm Sum 20-39cm 40-59cm ≥60cm Sum 

Pre-harvest 149  
(120-180) 

50  
(38-64) 

14  
(8-23) 

215  
(188-243) 

9.62  
(7.38-12.53) 

8.75  
(6.35-12.05) 

6.01  
(95.46-6.62) 

25.64  
(21.04-31.26) 

2-years post-harvest 20  
(15-25) 

7  
(4-12) 

5  
(2-8) 

39  
(32-47) 

1.48  
(1.05-2.07) 

2.31  
(1.61-3.32) 

5.46  
(3.65-8.17) 

10.33  
(8.15-13.09) 

                  

 
Volume (m3 ha-1) Carbon (tC ha-1) 

Diameter class  
(cm DBH) 20-39cm 40-59cm ≥60cm Sum 20-39cm 40-59cm ≥60cm Sum 

Pre-harvest 75.86  
(58.34-98.63) 

91.83  
(69.18-121.90) 

78.70  
(40.93-151.36) 

261.22  
(214.78-317.69) 

38.73  
(30.20-49.66) 

45.60  
(32.58-63.83) 

39.99  
(21.33-74.99) 

130.92  
(101.16-169.43) 

2-years post-harvest 13.24  
(9.04-19.41) 

24.49  
(17.10-35.08) 

66.53  
(45.92-96.38) 

115.35  
(92.68-143.55) 

6.76  
(4.47-10.23) 

10.52  
(6.70-16.52) 

29.85  
(18.75-47.53) 

53.33  
(38.90-73.11) 

Conventional harvest baseline estimation  
44.54 

(40.55-48.53)    
14.76 

(13.44-16.08) 

      Deadwood necromass     
Total volume and carbon 

  Volume  
(m3 ha-1) 

Carbon  
(tC ha-1) 

Canopy cover 
(%) 

 

Volume (m3 ha-1) Carbon (tC ha-1) 

Pre-harvest 30.97  
(17.02-56.36) 

9.89  
(4.60-21.23) 

62  
(53-71) 

 

292.19  
(231.80-374.05) 

140.81  
(105.76-190.66) 

2-years post-harvest 126.77  
(99.31-161.81) 

26.92  
(20.94-34.59) 

37  
(28-46) 

 

242.12  
(191.99-305.36) 

80.25  
(59.84-107.70) 

Conventional harvest baseline estimation 7.35 
(6.69-8.01) 

2.44 
(2.22-2.66)  

 

51.89 
(47.24-56.54) 

17.20 
(15.66-18.74) 
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Table 5.7: The crediting and non-crediting carbon storage potential of 
reduced-impact logging in the lower montane and lowland 
mixed dipterocarp forest in Sabah. C.I. = 95% confidence 
interval. 

 

 

Recovery 
time 

(years) 
CI 

Total 
storage 
(tC ha-1) 

CI 
Average 
storage  
(tC ha-1) 

Average rate 
of storage 

accumulation 
Lower montane forest     
Crediting carbon 14 2 245.16 7.83 17.51 1.25 

Non-crediting carbon 19 3 348.30 5.81 18.33 0.96 
Difference   5 - 103.14 - - 0.29 
       
Lowland mixed dipterocarp forest     
Crediting carbon 55 4 1,972.24 4.32 37.21 0.68 

Non-crediting carbon 73 5 2,692.67 4.18 36.89 0.51 

Difference 18 -    720.43 - - 0.17 
 

 
Figure 5.8: The accumulation of carbon storage, consisting of the 

difference between the total carbon of the reconstructed 
baseline estimation, i.e., conventional harvest activities, and 
the total post-harvest estimate of carbon after RIL activities, 
in lower montane forest. 
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Figure 5.9: The accumulation of carbon storage, consisting of the 

difference between the total carbon of the reconstructed 
baseline estimation, i.e., conventional harvest activities, and 
the total post-harvest estimate of carbon after RIL activities, 
in lowland mixed dipterocarp forest. 
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The focus of this Chapter is to investigate the changes in the forest and carbon 

stocks after the implementation of RIL in select FMUs in Sabah, and the 

application of the crediting carbon baseline to estimate carbon storage potential of 

RIL. To do so, two forest areas representing opposite ends of a range of 

anthropogenic disturbance from harvest activities were identified: a) A lower 

montane forest, with no history of harvest activities; b) A lowland mixed 

dipterocarp forest with an extended history of conventional harvest activities. 

Within, carbon inventories were undertaken to estimate pre- and post-harvest 

carbon stocks across the plots, where the estimates were applied to the carbon 

baseline (Chapter 4), to estimate the carbon storage potential from conventional 

activities. Overall in the lower montane forest, significant changes were detected 

in the number of trees in all diameter classes, except the upper diameter class, 

whereas in the lowland mixed dipterocarp forest, significant changes were 
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detected in all diameter classes between the pre- and post-harvest period. In both 

areas, significant change was detected in both the lower and middle diameter 

classes, of the basal area, volume and carbon variables, which is consistent with 

the premise of the Chapter, that logging has an immediate impact on the forest 

structure. In the lower montane forest, significant changes were detected in the 

carbon of deadwood necromass, but not for volume, whereas in the lowland mixed 

dipterocarp forest, significant changes were detected in both deadwood necromass 

volume and carbon. Through the application of the carbon baseline, the total 

estimate of carbon after conventional harvest practices were obtained, and its 

trajectory of recovery, modelled against the ‘crediting’ and ‘non-crediting’ 

approach. The difference in recovery time between the ‘crediting’ and ‘non-

crediting’ is very important for the trends observed in the accumulation of carbon, 

and its effect is in the expected direction, i.e., an increased rate of recovery in the 

‘crediting’ approach, thereby reducing the amount of carbon entering the 

marketplace. 

 

5.4.1. THE PRE- AND POST-HARVEST COMPOSITION OF THE 

LOWER MONTANE FOREST 

Between the pre- and post-harvest period, the number of trees has declined, 

with significant changes detected in the total tree count, as well as in the lower and 

middle diameter classes (p<0.05). These trends follow known patterns 

immediately after the first harvest in old growth forests, whereby mortality is high 

within the first 5-years after harvest, especially within the lower diameter classes 

(Cannon et al., 1994; Sist et al., 1998; 2002; 2003c). It is also known in old 

growth forests, that the tree count of trees in the 20-50 cm DBH diameter classes 

is high (Sist et al., 1998; Bischoff et al., 2005). As this was the first record of 

harvest in this forest, avoiding damage to trees in these diameter classes is likely 

extremely difficult. The pronounced change in the lower and middle diameter 

class is also likely a reflection of the steep topography of the area, emphasising the 

challenges of low intensity harvest activities in lower montane forest (Zimmerman 

and Kormos, 2012). No significant changes were detected in the number of trees 

in the upper diameter class between the pre- and post-harvest period, i.e., trees ≥60 

cm DBH (Table 5.5), indicating trees in this diameter class were harvested at a 



 

Chapter 5: Estimating Carbon Storage from Reduced-Impact Logging in Sabah 

 

 

 
179 

 

low intensity, or alternatively, that logging disturbance in this diameter class 

varied widely across the compartment. While the upper diameter classes 

comprises of the majority of the upper layers of the canopy structure (Uhl and 

Vieira, 1989), significant change was detected in the canopy cover, decreasing 

from 69 to 54% over the pre- and post-harvest period, indicating all diameter 

classes were impacted by logging (p<0.05). Harvesting on steep topographic 

gradients is likely influencing the amount of damage to trees in the lower diameter 

classes (Chazdon, 2003). Moreover, the undulating topography suggests the 

creation of the forest infrastructure such as feeder roads and skid trails is 

challenging, and when combined with high damage to the lower and middle 

diameter classes. 

Similar to the tree count variable, a significant decline was detected in the total 

basal area, as well as in the lower and middle diameter classes (p<0.05). While 

there were differences in the lower and middle diameter classes, there is relatively 

even levels of variability, thought to be a direct result of the intensity of logging in 

steep terrain, and the increase in light associated with harvest activities (Carey et 

al., 1994; Zimmerman and Kormos, 2012). The inability to detect change in the 

upper diameter class may be an indicator of the selective nature of RIL activities, 

the steep topography of the area, and/or the abundance of larger trees, in a forest 

that has no prior history of harvest activities (Carey et al., 1994). 

Regarding volume, across the plots the total volume over the pre- and post-

harvest period significantly declined (p<0.05). With the steep undulating 

topography in this area, it is believed the implementation of directional felling is 

challenging, compromising the fundamental premise of the technique, i.e., to 

position logs to ease their extraction (Sist et al., 1998). Similar to the tree count 

and basal area variables, no significant change in volume is detected in the upper 

diameter class (p>0.05). 

Total carbon stocks across the plots in the lower montane forest decreased over 

the pre- to post-harvest period, with a significant change detected (p<0.05). While 

the change was significant, the pre-harvest levels of carbon stocks are similar to 

estimates in an adjacent area of the concession using airborne LiDAR technology, 

i.e., 191±89 tC ha-1 (Loki et al, 2014), indicating the representativeness of the pre-

harvest estimate. The result is also similar to other montane areas in Sabah, where 
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140 tC ha-1 were identified at Mount Kinabalu (Aiba and Kitayama, 1999). The 

carbon stock ratio of alive tree aboveground biomass from post- to pre-harvest is 

lower than 0.67 reported for the lowland logged-over forest of Ulu Segama 

(Pinard, 1995), which may be attributable to the unspoiled state of the old growth 

forest prior to harvest activities, and the elevation of the forest type, which is 

known to contain lower total tree volumes than forest located at lower elevations 

(Manokaran and Swaine, 1994; Appanah, 1998). The trends identified in the other 

variables in the lower and middle diameter classes were detected in the carbon 

variable, with significant changes detected in the lower and middle diameter 

classes. The decrease in canopy cover from 69 to 54% is outside the known band 

of recovery for tropical forest canopies, i.e., 70-95% (Uhl et al., 1991; Whitman et 

al., 1997), which may be indicative of the elevation of the area, or the impact of 

the harvesting on steep terrain, whereby damage may be more pronounced, 

relative to harvesting in areas with less steep terrain (Bertault and Sist, 1997). The 

results indicate harvesting in areas with steep undulating topographic gradients 

contributes to the decrease in canopy cover. The light gaps created can stimulate 

the growth of invasive pioneer species, and the growth of lianas, which may 

inhibit post-harvest regeneration (Pinard and Putz, 1994; Nussbaum et al., 1995; 

Sist et al., 2003c). 

Total deadwood necromass volume across the plots in the lower montane forest 

changed from 24.60 to 21.09 m3 ha-1 over the pre- to post-harvest period, with no 

significant change detected (p>0.05). The pre-harvest ratio of deadwood volume to 

aboveground volume is 24.60/325.25, or 0.08, is higher than those reported for the 

moist tropical forests, i.e., 0.04 (Edwards and Grubb, 1977), indicating large 

amounts of necromass volume were present in the lower montane forest prior to 

harvest activities, which is consistent with research in mature forests (Yoneda et 

al., 1990; Delaney et al., 1998; Gale, 2000; Chambers et al., 2001). The post-

harvest ratio of deadwood volume to aboveground volume is 21.09/204.17, or 

0.10. While old growth forests typically contain more deadwood necromass 

volume than logged-over forests (Saner et al., 2012), the inability to detect change 

in volume over the pre- to post-harvest period (p>0.05) is contrary to the literature 

in the adjacent area, i.e., there is an increase in deadwood volume after logging 

(Pinard, 1995). The inability to detect change may be explained by the timber 
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residue royalty in Sabah, whereby a reduced royalty is paid for the sale of timber 

residue, i.e., butt ends, short and hollow stems, large branches and de-crowned 

tops (Section 3.4.2) (SFD, 2012). 

Regarding deadwood necromass carbon, total carbon across the plots in the 

lower montane forest changed from 5.09 to 8.73 tC ha-1 over the pre- to post-

harvest period, with a significant change detected (p<0.05). The pre-harvest ratio 

of deadwood carbon to aboveground carbon is 5.09/173.38, or 0.03, and is lower 

than those reported in the Malua forest reserve in Sabah, where 0.08 (Lincoln, 

2008), and 0.05 (Saner et al., 2012) were estimated, well below the range of 0.1-

0.2 for tropical forests (Delaney et al., 1998; Gibbs et al., 2007). The post-harvest 

ratio of deadwood carbon to aboveground carbon is 8.73/104.23, or 0.08, just 

below the low-end of the range for tropical forests. Another metric to better 

understand the significant change in the deadwood necomass carbon is the pre- to 

post-harvest ratio of deadwood carbon to deadwood volume. In the pre-harvest 

condition, the ratio is 5.09/24.60, or 0.21, relative to the post-harvest condition of 

8.73/21.09, or 0.41, indicating the ratio increased over the period. It is believed the 

increased deadwood carbon to deadwood volume ratio is a result of the collection 

of timber residue, whereby coarse necromass is extracted (SFD, 2012), thus 

reducing the total deadwood volume, and increasing the value of the ratio (Table 

5.5). Another possible explanation for the significant change detected in deadwood 

necromass carbon relates decomposition rates of deadwood necromass vary 

considerably amongst forest type, whereby time is not necessarily a good predictor 

of decomposition, relative to variables such as temperature and humidity (Harmon 

and Hua, 1991; Clark et al., 2002). This is also consistent with findings from other 

studies, indicating changes in deadwood necromass carbon do not necessarily 

follow the same patterns as deadwood volume (Yoneda et al., 1990; Delaney et 

al., 1998; Chambers et al., 2000), reaffirming the measurement of deadwood 

necromass can increase the understanding of the composition of the forest (GOFC-

GOLD, 2013). 
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5.4.2. THE PRE- AND POST-HARVEST COMPOSITION OF THE 

LOWLAND MIXED DIPTEROCARP FOREST 

At the opposite end of the range of anthropogenic disturbance from harvest 

activities in the lowland mixed dipterocarp forest, representing the severely 

degraded logged-over forest type, the total number of trees has changed from the 

pre- to post-harvest period, with significant change detected in all diameter classes 

(p<0.05). It must be recalled that the concessionaire was granted approval by the 

Sabah Forestry Department to harvest trees ≥35 cm DBH, to be followed by line-

planting with dipterocarp seedlings, as an alternative to clear felling and planting 

for plantation establishment (SPT, 2010a, 2010b). As can be expected when 

diameter limits are lowered below the level of the code of practice for RIL, i.e., 

trees ≥60 cm DBH (SFD, 2009a), the structure of the forest has been seriously 

altered, with severe changes in composition over the period, with reductions of 87, 

86 and 64% estimated for the 20-39, 40-59, and ≥60 cm DBH diameter classes, 

respectively, and an overall 81% reduction in the number of trees per hectare 

(Table 5.6). In the upper diameter class, the residual stand is estimated to consist 

of 5 trees ha-1, which are believed to be conserved on account of their ability to 

provide seeds, and encourage tree regeneration by providing partial shade to 

seedlings (Appanah, 1998). While it is known that setting aside areas for 

protection is an approach to preserve ecological processes in neotropical moist- 

and wet-forests (Guariguata and Pinard, 1998), it is not known to what extent 

ecological knowledge was used to make decisions in this operation regarding 

which trees to not to harvest. While we do know that the seeds of many 

dipterocarp species are winged, and their dispersal is ‘wind-based’ (Appanah, 

1998), it is not known to what extent seed dispersal can be obtained through forest 

primates and birds in this forest type (Guariguata and Pinard, 1998). The 

fragmented composition of the post-harvest forest canopy, i.e., 37% canopy cover, 

likely does not assist seed dispersal by canopy dwellers (Johns, 1986). Therefore, 

it is not known what effects harvesting trees ≥35 cm DBH may have on the ability 

of the forest to regenerate. 

Regarding the remaining estimated variables, a significant change is detected in 

the total basal area, volume and carbon, as well as the lower and middle diameter 

classes (p<0.05), with changes of 60, 56, and 59%, respectively. No significant 



 

Chapter 5: Estimating Carbon Storage from Reduced-Impact Logging in Sabah 

 

 

 
183 

 

changes were detected in the basal area, volume and carbon in the upper diameter 

class (p>0.05). The short timeframe between the pre- and post-harvest period, i.e., 

2-years, may be a contributing factor to the inability to detect change in this 

diameter class. The carbon stock ratio of the alive tree aboveground biomass from 

the post- to pre-harvest period is 53.33/130.92, or 0.41, is significantly lower than 

0.60 estimated in the lower montane forest, and lower than 0.67 reported in the 

logged-over forest of Malua (Pinard, 1995). It is believed the reduced diameter 

limit and the severity of harvest seriously reduces our ability to contrast the 

estimates with the literature. The estimate of canopy cover is well below the 

known band of recovery for tropical forest canopies, i.e., 70-95% (Uhl et al., 

1991; Whitman et al., 1997). The canopy cover at the pre-harvest timeframe 

indicates the condition was well below the lower end of the band prior to 

harvesting, emphasising the history of the concession. 

Total deadwood necromass volume across the plots in the lowland mixed 

dipterocarp forest changed from 30.97 to 126.77 m3 ha-1 over the pre- to post-

harvest period, with a significant change detected (p<0.05). The pre-harvest ratio 

of deadwood volume to aboveground volume is 30.97/261.22, or 0.12, is 

exceptionally higher compared to those reported for the moist tropical forests, i.e., 

0.04 (Edwards and Grubb, 1977), indicating large amounts of necromass volume 

were present prior to logging. The post-harvest ratio of deadwood volume to 

aboveground volume is 126.77/115.35, or 1.10, indicating by volume, there was 

more deadwood necromass than alive tree biomass in the residual stand. Several 

possible explanations relative to the timber residue policy in Sabah may assist to 

understand this finding: a) The reduced diameter limit has generated more timber 

residue than the contractor can sell, and therefore, large amounts of timber residue 

are not extracted; b) The size and quality of the timber residue is low, thereby 

inhibiting its extraction and subsequent sale; c) The contractor has deliberately not 

extracted the deadwood necromass, such that it can be used to enrich the soil, and 

assist the regeneration of the forest, which includes the planting of dipterocarp 

seedlings (Nussbalm et al., 1995; SPT, 2010a, b). In any case, this result may 

represent the upper extreme of anthropogenic disturbance from timber harvesting 

in Sabah. 
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Regarding deadwood necromass carbon, total carbon across the plots in the 

lowland mixed dipterocarp forest changed from 9.89 to 26.92 tC ha-1 over the pre- 

to post-harvest period, with a significant change detected (p<0.05). The pre-

harvest ratio of deadwood carbon to aboveground carbon is 9.89/130.92, or 0.08, 

and is the same as reported by Lincoln (2008) in the Ulu Segama forest reserve in 

Sabah, and slightly higher than 0.05, reported by Saner et al., (2012) in the same 

forest reserve, which is close to the lower end of the range of 0.1-0.2 for tropical 

forests (Delaney et al., 1998; Gibbs et al., 2007). The post-harvest ratio of 

deadwood carbon to aboveground carbon is 26.92/53.33, or 0.50, well above the 

range for tropical forests. Another metric to better understand the significant 

change in the deadwood necomass carbon is the post- to pre-harvest ratio of 

deadwood carbon to deadwood volume. In the pre-harvest condition, the ratio is 

9.89/30.97, or 0.32, relative to the post-harvest condition of 26.92/126.77, or 0.21, 

indicating the ratio decreased over the period (Table 5.6). However, the significant 

change detected over the 2-year period indicates this forest has been severely 

impacted by harvest activities, and the variation of RIL applied by the contractor, 

seems to be having a dramatic influence on the post-harvest composition of the 

forest. 

 

5.4.3. THE CARBON BASELINE AND CARBON STORAGE 

In the lower montane forest, the application of the baseline decreased the 

aboveground alive tree carbon from 104.23 to 60.10 tC ha-1, over the pre- and 

post-harvest period. Deadwood necromass carbon remained stable at 9.92 tC ha-1, 

relative to the variability of the RIL estimate, i.e., 8.73 (7.13-10.69) tC ha-1, with 

the total carbon sum, decreasing from 112.96 to 70.02 tC ha-1 (Table 5.5). The 

ratio of carbon stocks from post- to pre-harvest through conventional practice is 

70.02/178.47, i.e., 0.39, lower than the 0.44 estimated by Pinard (1995), in the 

lowland mixed dipterocarp forest in Ulu Segama. The comparable estimate in 

different forest types may be an indication that: a) The pre-harvest estimate of 

carbon stocks in the two areas were similar at the pre-harvest timeframe, i.e., 

Pinard (1995) estimated 197 tC ha-1, relative to 173 tC ha-1 in the lower montane 

forest (Table 5.5); b) The generic application of the baseline equation will yield 

comparable results in areas with similar stocking conditions, regardless of the 
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forest type or composition of the forest. Likewise in the lowland mixed 

dipterocarp forest, applying the baseline decreases the post-harvest estimate of 

total carbon stocks, from RIL to conventional activities, from 80.25 to 17.20 tC ha-

1. In the lowland forest, the post- to pre-harvest ratio of carbon stocks through 

conventional practise is 17.20/140.81, i.e., 0.12, which is dramatically lower than 

the results in the lower montane forest, i.e., 0.39, and lower than other lowland 

mixed dipterocarp forest, i.e., 0.44 (Pinard, 1995; Lincoln, 2008). The reduced 

diameter limit of harvest activities, i.e., ≥35 cm DBH, and the further reduction of 

the forest for plantation activities, i.e., 65%, differentiates between RIL and 

conventional harvest activities in this forest type, making this practice not 

comparable to conventional practices operating under known diameter limitations 

prior to the introduction of RIL, i.e., ≥50 cm DBH (SFD, 1989). Nonetheless, the 

scenario is plausible, as Sabah has a history of harvesting under the pretence of 

plantation development, and alienating lands (SFD, 1989; Mannan and Awang, 

1997; McMorrow and Talip, 2001). 

The crediting baseline is applied to estimate carbon storage over the recovery 

period with total carbon storage in the lower montane forest, lower than the 

lowland mixed dipterocarp forest (Table 5.7, Figure 5.8, Figure 5.9). It is 

noteworthy to recall that harvest activities in the lowland mixed dipterocarp forest 

were a variation of RIL, with trees ≥35 cm DBH felled, relative to activities in the 

lower montane forest that applied the Sabah code of practice, felling eligible trees 

with a minimum diameter limit of trees ≥60 cm DBH (SFD, 2009a; SPT, 2010a, b, 

c). The application of the variation to RIL has resulted in a large number of trees 

felled, resulting in low levels of carbon after harvest, thus increasing the time for 

carbon to accumulate to the ‘carbon threshold of reduced-impact logging’. 

Subsequently, total carbon storage is higher in the severely degraded forest, 

relative to the lower montane forest. Recalling Article 3.3 of the Kyoto Protocol 

and the limitation of ‘reforestation’ and ‘afforestation’ activities to lands not 

considered a forest against national definitions, since 1 January 1990 (UNFCCC, 

1999). In doing so, carbon accumulated on lands cleared for plantation activities 

after the date is not eligible to against commitments under the Kyoto Protocol. The 

premise of this rule avoids the conversion of forests into plantations for carbon 

activities. This is consistent with the application of the Sabah code of practice, 
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whereby areas generating carbon storage must meet the minimum diameter 

requirements of RIL in Sabah, thus safeguarding the composition and integrity of 

the forest intended for harvest activities under RIL, and the quality of the carbon 

storage entering the marketplace. Examining opposite ends of a gradient of 

anthropogenic disturbance from harvest activities highlights the range in the rate 

of accumulation of carbon storage, which may help to better understand forest 

recovery from conventional harvest practises, which is known to be high-impact, 

and may result in extensive damage to the residual stand (Section 1.2) (Pinard et 

al., 2000a; Boltz et al., 2003; Putz and Romero, 2015). 

In this work, in the lower montane forest, crediting carbon storage is estimated 

to accumulate at the rate of 1.25 tC ha-1 yr-1, over a recovery period of 14 years, 

relative to non-crediting accumulation, estimated to accumulate at the rate of 0.96 

tC ha-1 yr-1, over a recovery period of 19 years. Conversely at the other end of the 

range of disturbance in the lowland mixed dipterocarp forest, crediting carbon 

storage is estimated to accumulate at the rate of 0.68 tC ha-1 yr-1, over a recovery 

period of 55 years, relative to non-crediting accumulation, accumulating at the rate 

of 0.51 tC ha-1 yr-1, over a 73 year recovery period (Table 5.7). All literature used 

to compare results with our findings is tabulated in Table 5.8. 

 
Table 5.8: Estimates of carbon storage from the literature, mainly from 

RIL activities in Southeast Asia. 
 

Reference 
Rate of 

accumulation 
(tC ha-1) 

Recovery 
(years) Forest type Forest reserve 

This research 0.68-1.25 14-55 Logged-over SFI/Sapulut, MY 
Boscolo et al., 1997 0.64 70 Logged-over Pasoh, MY 
Pinard and Cropper, 2000 0.30 60 Logged-over Ulu Segama, MY 
Tay, 2000 2.30 10 Logged-over Ulu Segama, MY 
Tay, 2000 0.60 60 Logged-over Ulu Segama, MY 
Houghton et al., 2000 0.75-2.80 25-50 Agri to forest Brazillian Amazon 
Lasco et al., 2006 0.70 35 Logged-over SUDECOR, PH 
Lincoln, 2008 3.30 12 Logged-over Ulu Segama, MY 
Lincoln, 2008 2.00 30 Logged-over Ulu Segama, MY 
Imai et al., 2009 4.30 12 Logged-over Deramakot, MY 
Rutishauser et al, 2015 0.70 43 Logged-over Brazillian Amazon 
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Examining the range of the rate of accumulation of carbon storage in both 

areas, the estimates are low relative to the modelled estimates of other studies in 

the adjacent forest reserve of Ulu Segama, where carbon storage is estimated to 

accumulate at the rate of 3.3 tC ha-1 yr-1 over a 12 year period, and at the rate of 2 

tC ha-1 yr-1 over a 30 year period (Lincoln, 2008). The estimate is higher than 

modelled recovery by Pinard and Cropper (2000), where carbon storage is 

estimate to accumulate at the rate of 0.30 tC ha-1 yr-1 over a 60 year period. In the 

same forest reserve, estimates are higher than Pinard and Cropper (2000), where 

carbon storage is estimated at 18 tC ha-1, i.e., 0.30 tC ha-1 yr-1 over a 60-year 

period in the same forest reserve. The estimate is lower than the first 10-year 

estimate of Tay (2000) in the Ulu Segama reserve, where 2.3 tC ha-1 yr-1 is 

estimated in the first 10-years of recovery, which decreases to 0.60 tC ha-1 yr-1 

over a 60 year period. In many cases, the literature estimates time of recovery 

from the post-harvest levels of carbon to the pre-harvest condition (Pinard, 1995; 

Tay, 2000; Lincoln, 2008), and not to the ‘carbon threshold of reduced-impact 

logging’, as is being done here. This is because under the modalities of the 

Climate Convention, Non-Annex I countries, i.e., developing countries, are only 

eligible to benefit from mitigation actions until they become adaptation activities 

(UNFCCC, 2011). Nevertheless, comparisons can be made between the results 

here and the literature. The estimates of accumulation here are lower than studies 

in Deramakot (Imai et al., 2009), and comparable to studies further afield in 

Peninsular Malaysia, i.e., 0.64 tC ha-1 yr-1 (Boscolo et al., 1997), as well as the 

dipterocarp forests in Mindanao, Philippines, i.e., 4.3 tC ha-1 yr-1 (Lasco et al., 

2006). The difference between figures in the literature and those presented here 

may be explained by the difference in carbon collection and quantification 

techniques used, the duration of time of the study, or spatial and temporal 

differences of the forest type. Further afield, the results in the lowland mixed 

dipterocarp forest are within the estimated range in the Brazilian Amazon, i.e., 

0.75-2.8 tC ha-1 yr-1 (Houghton et al., 2000), and slightly lower than an estimate of 

carbon storage in the Amazon, i.e., 0.70 tC ha-1 yr-1 over 43 years (Rutishauser et 

al., 2015). While the conservative results presented here are intentional to 

demonstrate a faster recovery rate under the crediting baseline, relative to the non-
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crediting baseline scenario, the range of accumulation seems to be similar to peer-

reviewed results, suggesting the approach to the crediting baseline is robust. 

Discounting carbon storage has two main functions: a) To act as a safeguard 

when accounting for accruing carbon storage benefits; b) To provide a ‘best 

estimate’ of the carbon storage potential at its present value. It is believed that 

uncertainty exists when estimates are based on data collected over periods of time 

that are shorter than the recommended harvest cycle, i.e., 40 years (Kleine, 1997). 

A flat deduction of the accumulation of carbon was considered in the model, but it 

was understood this would not accurately reflect the regenerative capacity of the 

forest, as measured over time by the concessionaires (SFI, 2000; SPT, 2013). 

Fixing the discount rate for the crediting trajectory averages over the variability 

in the accumulation of carbon stocks, affecting the rate of carbon recovery. 

Previous studies discounted carbon based on the yield of ‘carbon credits’ over 

time, which is linked to the future price of carbon (Boscolo et al., 1997; Boscolo et 

al., 1998; Stavins and Richards, 2005). While this is acceptable for price 

considerations (Dempsey et al., 2010), discounting for cost analysis is not being 

applied here. The crediting approach aims to account for uncertainty in the time 

needed to accumulate, and the amount of carbon storage entering the marketplace, 

such that it corresponds to the premise of the crediting baseline approach to 

‘safeguard’ carbon from entering the marketplace under the Climate Convention 

(Section 4.4) (Angelsen, 2008). The adjustable rate can also correspond to the 

results of the 10 year National Communications submitted by the Parties to the 

Climate Convention (Section 2.3.5), and in doing so, the rate of recovery can 

better reflect the estimated regeneration of the forest, and carbon storage 

(UNFCCC, 2011). While the approach does not use the ‘buffer’ approach, 

whereby credits are voluntarily withheld from entering the marketplace as 

advocated under the Voluntary Carbon Standard (VCS, 2009), the crediting 

approach of the compliance market increases the accumulation of carbon storage, 

effectively reducing the recovery timeline to account for variability in the recovery 

of forest areas harvested through conventional practices. 

Crediting carbon storage is in accordance to the sliding scale of Climate 

Convention, whereby developing countries are in transition from mitigation to 

adaptive practices over time, i.e., decision 1/CP.13 of the Bali Action Plan, 
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whereby an increase in carbon projects are developed over time, until such 

activities become prevailing practice (UNFCCC, 2007). Doing so prevents over-

estimating carbon storage over the recovery period, as well as providing a robust 

estimate of the future financial requirements for programme and project 

maintenance under the Climate Convention (UNFCCC, 2012). Particularly this 

could be useful to organisations funding programmes and project-based activities, 

whereby the cost of such programmes could be estimated in the same manner, 

inherently linked to the discount rate, and the subsequent rate of carbon storage 

accumulation. Until a more accurate programme is embarked upon to specifically 

address issues surrounding how results-based payments under the Climate 

Convention are addressed, conservative estimates are encouraged (NRE, 2011; 

GOFC-GOLD, 2013). 

To develop the ‘best estimate’ of the conventional harvest practices in Sabah, 

estimates from the literature were gathered. Notwithstanding the temporal and 

spatial variability of harvest activities, the estimate may be applicable to support 

on-going climate policy work in Sabah specifically, and in Malaysia generally. 

The identification of the classes of ‘infrastructure created’, and ‘harvest damage’, 

as the broad differences between the practices, and the seven categories therein, 

underscore the importance of establishing a systematic framework to quantify the 

impact of conventional practices, and fundamentally, the carbon baseline (Section 

4.4). While the specific quantification of the various categories is outside the 

scope of this Chapter, instigating a ‘systematic’ approach to implement and 

monitor the various factors applied to the development of the baseline approach, 

may contribute to increase the accuracy of estimating carbon storage from RIL 

activities over time. Moreover it may be possible to improve the overall accuracy 

of the carbon recovery estimate through the use of localised volume and allometric 

equations for site and species specific estimation (Chave et al., 2001). Developing 

concession specific volume equations may increase the confidence of the results 

without the need for extensive research and development time and costs. Doing so 

may increase the accuracy of the annual growth estimate, and the subsequent 

accumulation of carbon over time. 
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5.5. CONCLUSIONS 

This Chapter investigates aboveground alive tree biomass in terms of number 

of trees, basal area, volume and carbon stocks, as well as deadwood necomass 

volume and carbon stocks. The study examines the post-harvest response to 

harvest activities in contrasting forest areas along a gradient of anthropogenic 

disturbance, implemented in a lower montane forest, identified to represent the 

lower end of disturbance, and a lowland mixed dipterocarp forest, identified to 

represent the upper end of disturbance. To estimate post-harvest carbon stocks in 

the selected forest areas under the conventional harvest scenario, used to represent 

the baseline for ‘business-as-usual’ activities (Section 2.3.2), the crediting baseline 

for RIL activities in Sabah (Chapter 4) is applied. Carbon stocks of both areas 

were modelled immediately after harvest, as well as into the future, to the ‘carbon 

threshold of reduced-impact logging’, to estimate a potential range of carbon 

storage from RIL activities in Sabah. Overall the post-harvest estimate of 

aboveground and deadwood components are comparable to the literature estimates 

in the lower montane and lowland mixed dipterocarp forest, yet challenges remain 

to fully contrast the post-harvest estimate of ‘RIL plantation’, to RIL activities 

operating against the code of harvest practice (SFD, 2009a).  

The estimates here are not definitive and more observations from FMUs across 

the State may be generated to develop a more accurate representation of carbon 

storage from RIL activities in Sabah. However continuous implementation of the 

framework may assist to streamline data collection and evaluation, such that 

governments, non-governmental and private organisations can apply the approach, 

to broadly estimate carbon storage. Inter-governmental and government 

collaboration can support such work to increase the accuracy of the results, on the 

basis that such work may be mobilised through the readiness programmes initiated 

through various inter-governmental agencies such as the UN-REDD, of which 

Malaysia is a signatory country (UN-REDD, 2012). In doing so, seed financing 

and overhead costs may be integrated into larger national level readiness 

frameworks to integrate State-wide programmes. While a main limitation is the 

inability to measure conventional harvest activities in Sabah, a balance of 

understanding is required for the development of the ‘best estimate’ using existing 

data and the literature. The proposed approach to develop a robust sample design 
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and accounting framework may assist to understand the carbon storage potential of 

RIL activities in Sabah. 

 

5.6. THE FRAMEWORK APPROACH AND THE BROADER 

CLIMATE CONVENTION 

Previous views on the broader implementation of RIL perceived the technique 

as an ideology within a scientific framework (Enters et al., 2001), yet the results 

presented here suggest RIL is applied in various forms in Sabah. The ability of this 

research project to enter active concessions and estimate carbon confirms that 

institutional changes have been made since the revision to the strategy to manage 

commercial production forests in Sabah (Kliene and Heuveldop, 1993; Pinard, 

1995). As no other State has formally adopted RIL practices in Malaysia, Sabah is 

the exception, however such an initiative is encouraging to both forest and carbon 

practitioners. As such, understanding of the broader impacts of RIL relative to its 

integration into the larger framework of the Climate Convention can be explored 

in-line with the requirements of the Climate Convention (GOFC-GOLD, 2013; 

NAMA Facility, 2014). In the next Chapter, key attributes of RIL are discussed to 

incorporate such programmes of work into the Climate Convention, which include 

the financial potential of RIL practices in Sabah. The work is rationalised to 

address the needs of long-term sustainability in the global context for low-carbon 

development in the forest sector, through the Climate Convention. 
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CHAPTER 6 

 

IMPLEMENTING REDUCED-IMPACT LOGGING AS A  

NATIONALLY APPROPRIATE MITIGATION ACTION 

UNDER THE CLIMATE CONVENTION IN MALAYSIA 

 

 

 

6.1. INTRODUCTION 

Outlined in decision 1/CP.16, paragraph 48, of the Climate Convention, 

Parties from developing countries agree to take on responsibilities through 

Nationally Appropriate Mitigation Action (NAMAs) in the context of 

sustainable development, with an aim to achieve domestic emission reduction 

targets through actions supported by technology, financing and capacity-building 

(UNFCCC, 2011). Such activities aim to assist countries meet such targets, by 

addressing social, economic and environmental concerns, typically under the 

umbrella of a national government initiative (Hinostroza et al., 2014; Olsson et 

al., 2016). The aim of developing NAMA activities is to cut through climate 

policies, and enact more substantive implementation on the ground (Climate 

Focus, 2009), with an aim to increase the transparency, and confidence amongst 

the Parties (Lütken et al., 2013). Although original, the development and 

implementation of NAMAs has recently begun, and therefore, there are limited 

experiences and lessons learned by the Parties described in the literature. 

Relative to the implementation of conventional harvest activities, reduced-

impact logging (RIL) incorporates more responsible techniques for the harvest 

of timber, resulting in reduced damage to the residual stand, and avoiding the 

release of carbon into the atmosphere (West et al., 2014). Under the Climate 

Convention, such activities can be categorised in decision 1/CP.16, paragraph 

70, as the ‘reduction of emission from forest degradation’. Together with the 

remaining activities in the decision, i.e., ‘reducing emission from deforestation’, 

‘conservation of forest carbon stocks’, ‘sustainable management of forests’, and 
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‘enhancement of forest carbon stocks’, they encompass efforts to ‘Reduce 

Emission from Deforestation and Forest Degradation (REDD), which include 

the role of conservation, sustainable management of forests and enhancement of 

forest carbon stocks in developing countries. Collectively, these activities are 

known as REDD-plus (Meridian Institute, 2009; Zhu et al., 2010). 

However, despite decades of knowledge concerning the positive 

environmental and atmospheric impacts of RIL, its implementation lags behind 

conventional harvest practices, putting at risk its use as a tool to combat 

anthropogenic climate change (Putz et al., 2000; Blaser, 2011). Investigating the 

potential of RIL to be developed as a REDD-plus NAMA activity may assist to 

align responsible harvest practices to the endeavours of the Climate Convention. 

As such, there may be a window of opportunity to: a) Increase both the 

awareness, and implementation of RIL practices globally; b) Improve domestic 

forest practices in Malaysia; and c) Assist Parties to the Climate Convention 

achieve their Intended Nationally Determined Contribution (INDC), i.e., a post-

2020 domestic action plan on how countries intend to meet their emission 

reduction commitments, with the understanding that countries have ‘common 

but differentiated responsibilities’ (Ji and Sha, 2015). Relative to the global 

NAMA registry hosted by the climate secretariat of the UNFCCC, there are 

currently no NAMA activities that focus on the ‘reduction of emissions from 

forest degradation’, or the ‘sustainable management of forests’ (Matthews and 

van Noordwijk, 2014; Olsson et al., 2016; UNFCCC, 2016a). 

However, the alignment of RIL as a REDD-plus NAMA activity is not 

straightforward, as decisions adopted under the Climate Convention require 

consideration, which may affect approaches to its implementation, such as: a) 

Decisions related to the long-term cooperative action in the Cancun Agreement, 

i.e., decision 1/CP.16, 1/CP. 16 Appendix I; b) Decisions on the Bali Action 

Plan, i.e., decision 1/CP.18; c) Decisions that form the Warsaw Framework for 

REDD-plus, which includes modalities for monitoring, reporting, and 

verification (MRV), i.e., decisions 9-15/CP.19; and d) Conclusions for the 

development of Safeguard Information Systems (SIS) Framework, adopted at 

the Conference of the Parties 21, in Paris, France, in December 2015, i.e., 

decision 17/CP.21 (UNFCCC, 2016b). 
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Relative to the implementation of RIL practices and the potential to reduce 

carbon entering the atmosphere, understanding its potential to be developed as a 

REDD-plus NAMA activity may be a starting point to better understand broadly, 

its applicability under the Climate Convention. This Chapter aims to investigate 

the rationale for its application, such that distinctions are made between its 

application at the national level in Malaysia, relative to their commitments under 

the Climate Convention, and its implementation at the sub-national level in 

Sabah, where considerable efforts have been made to integrate RIL as the 

medium of practice (Kleine, 1997; SFD, 2009a). Moreover, efforts to implement 

RIL in Sabah are broadly quantified, in terms of the potential amount of carbon 

reduced from entering the atmosphere, and its potential financial value, relative 

to current conditions of the carbon market. This Chapter aims to address the 

following questions: a) How is RIL framed within the REDD-plus Framework 

under the Climate Convention?; b) What lessons can be learned from the 

implementation of RIL in Sabah, relative to its development as a REDD-plus 

NAMA activity in Malaysia?; and c) Are there benefits from implementing RIL 

activities, in terms of the potential carbon avoided entering the atmosphere, and 

its associated carbon finance in Sabah, specifically, and Malaysia, generally? 

While RIL activities are expected to be applied as a REDD-plus NAMA 

activity, it is yet unclear how the activity can be integrated in the Malaysian 

context, to what extent the activity can reduce carbon entering the atmosphere at 

the sub-national level in Sabah, and to what extent carbon finance can contribute 

to its implementation under the Climate Convention in Malaysia. To achieve 

this, the following is investigated: a) The potential of RIL activities for low-

carbon development in the forest sector, relative to the international 

development aspirations of the Climate Convention, i.e., investigating how RIL 

can support the implementation of long-term responsible forest management 

programmes; b) The application of lessons learned from the State of Sabah, 

relative to the country-wide implementation of RIL as part of the national 

REDD-plus NAMA strategy for Malaysia. 
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The related objectives are: a) To verify whether RIL can be recognised as a 

REDD-plus NAMA activity in Malaysia under the context of the Climate 

Convention, or whether it is not possible to recognise RIL as a REDD-plus 

NAMA activity in Malaysia; b) To determine if lessons learned from the 

implementation of RIL in Sabah are generally applicable to all States in 

Malaysia, or whether the lessons learned cannot be applied generally, to other 

States in Malaysia; c) To investigate whether the implementing RIL in Sabah, 

i.e., the amount of carbon reduced from entering the atmosphere, and its 

financial value under current conditions of the carbon market, positively 

contribute to the efforts of Malaysia to meet their commitments under the 

Climate Convention, or whether efforts involving RIL activities in Sabah do not 

contribute to the efforts of Malaysia to meet their agreed commitments under the 

Climate Convention. Lessons learned from Chapter 3, Chapter 4, and Chapter 5 

are discussed in the context as a REDD-plus NAMA activity at the national 

level, relative to the implementation of RIL in the commercial forest reserves of 

Sabah (Figure 6.1). 
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Figure 6.1: Map of forest reserves and other forest lands in Sabah (SFD, 2013). 

Scale: 1:500,000 
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6.2. REDUCED-IMPACT LOGGING AND THE PHASES OF REDD-

PLUS UNDER THE CLIMATE CONVENTION IN MALAYSIA 

Under the Climate Convention, three phases of implementation define the 

progression of Parties in the implementation of the REDD-plus Framework, 

creating a top-down, accounting and financial framework, to institutionalise 

readiness and MRV frameworks, for result-based actions and payments. Upon 

verification that such safeguards are in-place, results-based programmes are 

eligible for financial compensation for such actions (Minang et al, 2014; Voigt 

and Ferreira, 2015). The first phase of the REDD-plus Framework, i.e., Phase 1, 

consists of developing the necessary national institutional infrastructure, needed 

for national implementation, i.e., policy, legal and regulatory frameworks. In 

doing so, national ‘systems’ are established to aid in the reporting of carbon 

fluxes, which incorporates robust, industry-accepted carbon accounting 

techniques under the Climate Convention (GOFC-GOLD, 2013). This phase is 

supported by international efforts, i.e., multilateral programmes such as the UN-

REDD programme, which are incorporated within the termed, ‘readiness phase 

1’, with an aim to support the development of the necessary institutional 

structures (UN-REDD, 2013). The second phase of the REDD-plus Framework, 

i.e., Phase 2, incorporates the development of institutions at the sub-national 

level for GHG monitoring, whereby sub-national-specific accounting modalities 

are applied to estimate carbon fluxes. The aim of accounting for carbon at this 

level is to increase the level of precision, relative to national carbon inventories 

(GOFC-GOLD, 2013). In doing so, approaches to sub-national-specific GHG 

flux accounting are reflected in the indicators for MRV and safeguard activities. 

Such programmes of work are complemented by international support 

programmes, termed ‘readiness phase 2’, whereby sub-national-specific 

institutional and financial support is offered by the multilateral and international 

organisations, to aid in the development of institutional structures, and the 

broader implementation of the agreed decisions of the Climate Convention. 

The intention of implementing Phase 1 and 2 aims to mobilise efforts at the 

national and sub-national level to reduce carbon ‘en-masse’, entering the 

atmosphere, through the implementation of project-specific programmes of work 



 

Chapter 6: Options for Reduced-Impact Logging under the Climate Convention  

 

 

 
199 

 

(UN-REDD, 2015). Once these institutional structures are established, Malaysia 

will enter the results-based phase of the REDD-plus Framework, i.e., Phase 3, 

whereby carbon accounting is undertaken at the project level, and project-

specific spatial and temporal modalities are applied to increase the level of 

confidence of the evaluation (IPCC, 2006; RAINFOR, 2009; GOFC-GOLD, 

2013). In doing so, project-specific MRV protocols of the Climate Convention 

are applied, i.e., originating from decision 1/CP. 16, Appendix 1, such that 

results-based actions and payments, are made in-line with reductions of carbon 

entering the atmosphere (Bodin et al., 2015; Chapman et al., 2015a). 

International organisations and climate funds are invited to participate in this 

Phase through direct financial compensation, i.e., through results-based 

payments for reductions in carbon emitted into the atmosphere (Watson et al., 

2014). RIL is considered as a project-based, Phase 3 activity. 

To better understand how RIL is integrated into the broader framework of the 

Climate Convention, the phases of the REDD-plus Framework are illustrated in 

the country-specific context of Malaysia (Figure 6.2). As the Climate 

Convention is an international agreement that signatories use as a vehicle to 

mitigate anthropogenic climate change (UNFCCC, 1992), the Climate 

Convention is situated at the top of Figure 6.2, acting as the ‘umbrella’ to the 

actions beneath, which collectively, encompass global efforts to reduce 

anthropogenic climate change. Two work streams categorise actions under the 

REDD-plus Framework: a) Carbon accounting, whereby national carbon fluxes 

are consolidated to estimate global carbon fluxes; and b) Finance, whereby 

monies are mobilised to support efforts to reduce carbon entering the atmosphere 

as a result of implementing REDD-plus activities under the Climate Convention 

(Cheney et al., 2015). At the national level, three categories of institutional 

structures are attributed to the three Phases of REDD-plus: a) The Federal 

government, representing actions completed under ‘readiness Phase 1’; b) The 

State government, representing actions completed under ‘readiness Phase 2’; and 

c) The forest concession, representing actions completed under ‘readiness Phase 

3’. All activities are coordinated by the National Carbon Agency, representing 

the focal point of all activities implemented under the Climate Convention 

(NRE, 2011). 
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The first stream, carbon accounting, focuses on the methods and procedures 

to account for the MRV of carbon emissions and removals within the forest 

sector (GOFC-GOLD, 2013). Accounting for carbon fluxes follows the 

sequential approach to implementing the Phases of REDD-plus, i.e., 1, 2 and 3, 

transitioning from the Federal level, to the State, and finally to the project-level, 

each with increasing levels of accuracy of carbon accounting methodologies and 

protocols (Chave et al., 2005; GOFC-GOLD, 2013; UN-REDD, 2013). RIL 

activities are project-based, and carbon accounting flows from the project to the 

State and Federal levels, as represented by the arrow pointing in the same 

direction, in the carbon accounting box (Figure 6.2). 

The second stream, carbon financing, mobilises funding from multilateral 

climate funds to support efforts to reduce emission from REDD-plus activities, 

with such institutions such as the World Bank’s Forest Carbon Partnership 

Facility Carbon and Readiness Funds (FCPF-CF/RF), the Forest Investment 

Programme (FIP), and the UN-REDD Programme. As of December 2015, 

collectively they have approved USD $661 million dollars for project-related 

activities between the 2008-2015 period. This is in addition to ‘country specific’ 

funds, whereby the Amazon Fund, and the Congo Basin Forest Fund have 

collectively pledged USD $635 million dollars. The funds are capitalised by 

monies from Norway, the United Kingdom, Germany, the United States and 

Australia, representing the top five donors, respectively (Climate Funds Update, 

2015; Norman et al., 2015). As the Climate Convention is an international 

initiative, finance enters the system at the national-level, and flows sequentially 

through the Phases of REDD-plus, i.e., 1, 2 and 3, transitioning from Federal, to 

the State, and finally to project-level (Figure 6.2). 
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Figure 6.2: Project-based activities involving reduced-impact logging 
under the Climate Convention in Malaysia, with the arrows 
representing data flows (accounting), and results-based 
outcomes (finance). 

 

6.3. IMPLEMENTING REDUCED-IMPACT LOGGING AS A 

NATIONALLY APPROPRIATE MITIGATION ACTION: 

INSIGHTS FROM LOGGED-OVER FORESTS IN SABAH 

The international community widely regards RIL as part of a broader 

development programme to ensure the sustainable use of production forests for 

the maintenance of the timber industry, however its implementation ‘en-masse’ 

remains transient (Putz et al., 2000). The prospect of developing RIL as a 

REDD-plus NAMA activity may increase awareness by the international 

community of the associated long-term ecological and financial benefits of low-

impact timber harvest practices (Van der Hout, 1999; Von Gadow and Pukkala, 

2012; Pearson et al., 2014; West et al., 2014). In doing so, the reduction of 

carbon emissions from such activities may assist Parties to the Climate 

Convention address their emission targets, while aiding the forest industry 

towards low-carbon development. In the broader context of national mitigation 
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activities, the forest industry has a limited capacity to act. Unlike the energy 

sector where technological advances can reduce carbon emissions by turning a 

project ‘on’, the forest sector is restricted to the growth and management of 

biological resources, where carbon reductions are attributed to utilisation 

approaches to forest management, over long periods of time (Sist et al., 2003; 

UNFCCC, 2011). 

REDD-plus NAMA activities involving RIL may assist to overcome systemic 

barriers influenced by conventional business practices, which are driving the 

timber harvest industry (Putz et al., 2000). This top-down approach may present 

a challenge to prevailing approaches in the industry, such that technology 

transfer, financial incentives and MRV activities, can be used as tools to 

advocate for improvements in the timber industry, towards low-emission 

strategies. The top-down approach of the REDD-plus Framework impacts all 

aspects of the timber industry, i.e., Phase 1 institutional frameworks at the 

national level; Phase 2 institutional frameworks at the sub-national level; and 

Phase 3 programme and methodological frameworks at the project level 

(Hinostroza et al., 2014). If viewed in this manner, RIL activities fits into a 

broad context of mitigation activities, to improve operational practice, such that 

it may contribute to bring the forestry sector onto a development trajectory 

consistent with reducing anthropogenic climate change (Putz et al., 2008b). 

Implementing RIL as a REDD-plus NAMA activity can promote best 

practice to maximise the efficiency of forest management practices, including 

periodic mensuration, which is not carried out consistently in commercial 

circumstances (Enters et al., 2001). Lessons learned from the FMU programme 

instigated by the GIZ in Deramakot indicate that institutional change is possible, 

when planning procedures are developed in-line with broader ambitions for 

sustained yield management of tropical production forests (Section 1.5) (Kleine 

and Keuveldop, 1993; Kleine, 1997). The FMU programme was developed 

exclusively for commercial production forests in Sabah, i.e., the Forest 

Management Units (FMUs). In doing so, institutional management frameworks 

and forest policies were updated to accommodate the revised approach to forest 

management, which is still maintained after it was first introduced in 1993 

(Mannan and Awang, 1997; Mannan et al., 2002; SFD, 2015b). If a systematic 
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procedure to establish RIL is mandated at the national level, the institutional 

environment for the States within may be improved to further develop their 

pathway towards low-carbon development in the forest sector. In the case of 

implementing RIL activities in Sabah, this was achieved through the elimination 

of choice, where FMU concessions were required by law, to implement the 

activity through the Sustainable Forest Management License Agreement 

(SFMLA), a standard agreement signed by all concession holders (Mannan and 

Awang, 1997). Rather than the traditional attraction of capital or the removal of 

market barriers, the top-down approach aims to apply the practice consistently 

throughout the commercial forestry sector. Appling RIL as a REDD-plus 

NAMA activity may provide the necessary legal leverage for governments to 

confront poor harvest practices. 

As the literature shows, in forest areas with good stocking conditions and 

flow of finance, there is a low willingness to carry out low-impact strategies. 

Therefore, financial incentives alone will not shift harvesting from conventional 

to more responsible practices (Brookfield and Byron, 1990; Cropper, 1994; Palo, 

1994; Rudel and Roper, 1996; Whitmore, 1997; Torras and Boyce, 1998). While 

the crediting difficulties encountered under the Clean Development Mechanism 

(CDM) are well documented (Angelsen and Brockhaus, 2009), NAMAs focus 

on institutional transformation, which is unlikely to support stand-alone projects 

(Olsson et al., 2016). The ability to receive readiness finance under Phase 1 and 

2 of the REDD-plus Framework does seem appealing, specifically if 

international support can assist to finance the establishment of national 

programmes, as was done in the case of Sabah (Kleine, 1997). In-kind support 

has the potential to rank high amongst Parties in the application for assistance 

from international development programmes (NAMA Facility, 2014). To do so, 

Parties are required to provide clear indications of commitment to transition 

towards low-carbon development, which is reflected in their capacity needs, 

scope, and scale of their approach to improve overall forest governance and 

policy to meet their commitments under the Climate Convention. 

Furthermore, since the inception of the Climate Convention, carbon 

permanence in the forest sector has been an outstanding issue of debate, whereby 
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the timeframe of GHG reductions from the forestry sector has been questioned 

(Section 2.3.4) (Dutschke, 2002; Michaelowa et al., 2007; Engel et al., 2008; 

Meridian Institute, 2009). The debate surrounds the benefits of ‘delaying’ carbon 

entering the atmosphere, where time, carbon decay, and costs, have been 

identified as the main issues (Chomitz, 1998). While these issues are present in 

the case of plantation forests, in which a cyclic framework of growth and harvest 

occurs (Tee et al., 2014), implementing RIL practices in ‘natural’ forests with 

adequate stocking conditions can reduce the impact of selective logging 

practices, thereby leaving the residual forest dynamic substantially more intact, 

thereby increasing the regenerative capacity (Lincoln, 2008; Putz and Romero, 

2015). Provided that growth and yield cycles are observed, whereby re-entry 

does not occur before stocks regenerate to acceptable levels (Manokaran and 

Swaine, 1994; Kleine, 1997), the impacts of responsible practices can be 

demonstrated over a harvest cycle, which can range from 30 to 60-years, 

depending on the geographical region in the tropics (Sist and Nguyen-The, 2002; 

Pearson et al., 2014). The benefits of such durations may address key issues 

surrounding the issue of permanence within international carbon frameworks, to 

contribute to the goals of the Climate Convention (Dutschke, 2002). 

 

6.4. COMMITMENTS OF MALAYSIA FOR LOW-CARBON 

DEVELOPMENT UNDER THE CLIMATE CONVENTION 

Relevant to decision 12/CP.17, paragraph 9 of the Climate Convention, 

whereby Parties are invited to submit information regarding their forest 

reference emission levels (FREL), Malaysia submitted their first FREL to the 

secretariat of the Climate Convention on 8 December 2014 (NRE, 2015a). 

Within, Malaysia outlines the performance benchmark to which emission 

reductions in the forest sector will be measured against. Relative to the activities 

outlined in decision 1/CP.17 that collectively define REDD-plus (Section 6.1), 

activities in the FREL of Malaysia are restricted to the ‘sustainable management 

of forests’, whereby selective harvesting systems in commercial forest reserves, 

i.e., Forest Management Units (FMUs), are specifically and exclusively, 

identified for results-based actions and payments (NRE, 2015a). Moreover for 
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the monitoring of such activities, Malaysia proposes to use the principles and 

criteria for forest certification under the Malaysian Timber Certification Scheme 

(MTCS), as the vehicle to implement MRV activities. While Malaysia classifies 

under the category of the ‘sustainable management of forests’ under decision 

1/CP. 17, such activities also include ‘the extended rotations cycle of existing 

plantations’, ‘the conservation of forest resources’, and the sustainable harvest of 

timber (RIL), i.e., ‘reducing emissions from deforestation’ (UNFCCC, 2011; 

NRE, 2015a). In line with these activities, Malaysia has proposed the following 

FREL: a) The average net removals from 1990 to 2005 will be used as a 

reference level for the period 2006-2010, i.e., 50,013,624 tC yr-1; b) The average 

removals from 1990-2010 will be used as reference level for the period of 2011-

2015, i.e., 53,904,632 tC yr-1 (NRE, 2011, 2015a) (Table 6.1). 

In accordance with decision 1/CP.19, and 1/CP.20, the submission of the 

Malaysian FREL is complemented by the submission of the INDC (UNFCCC, 

2014, 2015c). Using the year 2005 as the base year, Malaysia intends to reduce 

its GHG emissions intensity of the Gross Domestic Product (GDP) of the forest 

sector, by 45% by the year 2030. Emissions in Malaysia in the year 2005 totalled 

79 million tC, whereby 7 million tC is attributed to emissions from land use, 

land use change and forestry (LULUCF), and for the same year, the GDP is 

estimated at MYR 544 billion (USD $125 billion). The emissions intensity of the 

GDP in the base year of 2005 is 0.14 tC per MYR 1,000 (USD $232). Within the 

target, Malaysia mandates 78% of the target, i.e., 35 of the 45% reduction, as 

unconditional, i.e., they are required by law to meet this obligation. The 

remaining 22%, i.e., 10 of the 45% reduction, is conditional to the receipt of 

carbon finance, technology transfer and capacity building from developed 

countries. Malaysia has no intention to use international market mechanisms to 

achieve their INDC contribution, i.e., they have no intention to purchase carbon 

from other countries to meet their domestic obligations. The timeframe for 

implementation is 10-years, i.e., 2021-2030 (NRE, 2015) (Table 6.1). 
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Table 6.1: The forest reference emission level and intended nationally 
determined contribution of Malaysia under the Climate 
Convention (NRE, 2015a, b). 

 
Forest reference emission level of Malaysia* 

Period (years) Average net removals over the period (tC yr-1) 
2005-2010 50,013,624 
2011-2015 53,904,632 

     
Intended nationally determined contribution of Malaysia, which has been adjusted 
relative to the base year 2005* 

 
GHG 

emission 
level in 2005 

(tC) 

Total annual 
reduction target 
(45%) of 2005 
GHG emission 
levels (tC yr-1) 

Unconditional 
reduction target, 
relative to 2005 
GHG emission 
levels (tC yr-1) 

Conditional 
reduction target, 
relative to 2005 
GHG emission 
levels (tC yr-1) 

All sectors 78,654,768 -35,394,646 -27,529,169 -7,865,477 
LULUCF only   6,993,733  -3,147,180   -2,447,807    -699,373 
     
Gross domestic product of Malaysia in 2005, which has been adjusted relative to 
future INDC commitments** 

 
GDP of 

Malaysia, in 
MYR (USD) 

(billions) 

Total reductions 
of GDP, relative 
to 2005 level, in 

MYR (USD) 
(billions) 

Unconditional 
reduction target, 
relative to GDP 

in 2005, in 
MYR (USD) 

(billions) 

Conditional 
reduction target, 
relative to GDP 

in 2005, in MYR 
(USD) (billions) 

GDP attributes 544 (125) -245 (-56) -190 (-44) -54 (-13) 
 
*  Malaysia reports their FREL and INDC in tonnes of carbon dioxide 

equivalent (tCO2e). The value is converted to tonnes of carbon (tC) for 
consistency of units applied in this Thesis, where 1 tC = 3.67 tCO2e 
(Watson et al., 2000). 

**  1 Malaysian Ringgit (MYR) = USD $ 0.23 United States Dollars (USD) 
(May 2016). 
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6.5. SAFEGUARDS TO MONITOR, REPORT AND VERIFY 

FOREST ACTIVITIES UNDER THE CLIMATE CONVENTION 

IN MALAYSIA 

Specifically related to activities under the REDD-plus Framework, as 

outlined in decision 1/CP.16, paragraphs 70-77, including Appendix I and 

Appendix II, Parties to the Climate Convention are requested to develop: a) A 

national strategy for implementation; b) A national forest reference emission 

level (FREL); c) A system to monitor performance; and d) A system to report 

performance (UNFCCC, 2011, Chapman et al., 2015). As such, Malaysia has 

developed a national strategy for implementing REDD-plus activities, which 

shall be implemented in permanent reserve forests (FMUs) in the years 2021-

2030 of the Climate Convention (NRE, 2015a). The strategy is complemented 

by the FREL, using the base year of 2005 (Section 6.4). While progress is 

documented, challenges remain relative to the development of a system for 

monitoring and reporting on performance indicators (MRV), as required to 

achieve results-based actions and payments (UNFCCC, 2011). This framework 

is framed around a ‘safeguard information system’ (SIS); Country-specific 

architecture, anchored to the national development strategy and integrated into 

the broader institutional system for forest governance, with a focus to synthesise 

the complexities of implementing a transparent, comprehensive and flexible 

system, to allow for improvements over time (Lütken et al., 2013; UN-REDD, 

2015a, 2015b). 

While the Climate Convention recognises “common but differentiated 

responsibilities and respective capabilities” to reducing GHG emissions, i.e. 

Article 3.1 of the Climate Convention (UNFCCC, 1992), there is no definitive 

outline of the SIS framework. However it is recognised by the Parties, that the 

national SIS framework should be a communicative process linking national 

development strategies, which are built on existing institutional structures, i.e., 

existing forest policies and national forestry inventory and enforcement 

mechanisms, to strengthen the robustness of existing domestic forestry 

frameworks, for the inclusion of REDD-plus processes (UN-REDD, 2015b; 

Wilder et al., 2015). Therefore Parties need to decide what information is needed 
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in the SIS to demonstrate compliance to the Climate Convention, i.e., 1/CP. 16, 

Appendix I (UNFCCC, 2011). 

Malaysia, a country within the Commonwealth of Nations, i.e., an association 

of 52 sovereign nations to support each other and work towards common 

international goals (The Commonwealth, 2015), adopts the ‘Torrens system’, a 

system introduced by the British government during their control of Malaysia as 

a Crown Colony (Peluso and Vandergeest, 2001). Under this system, the legal 

entity of a forest is through the State, and therefore all States in Malaysia have 

full autonomy over their forest resources. In recognition of this, the Federal 

government, through its constitution (Article 76), demonstrates it has the power 

to ensure ‘uniformity’ of law and policy, across the States, as facilitated through 

the National Land Code of 1965 (NRE, 2015a). With this understanding, States 

formulate their regulations to support federal laws and policies. Therefore under 

the Climate Convention, Malaysia divides their SIS into three broad categories: 

a) Governance, with national and sub-national responsibilities; b) Social, with 

sub-national obligations with national monitoring efforts; and c) Environmental, 

where both the national and sub-national levels have responsibilities of oversight 

(UN-REDD, 2015c). To broadly encompass both Federal and State laws, 

Malaysia has indicated the use of the existing framework of the Malaysian 

Timber Certification Standard (MTCS), the domestic forest certification scheme 

recognised under the umbrella of the Programme of Endorsement of Forest 

Certification (PEFC), to assist in the monitoring and reporting of compliance, 

i.e., safeguards, to decisions of the Climate Convention (Section 2.4) (UN-

REDD, 2015b, c; Yong, 2015). In doing so, actions are intended to avoid the 

duplication of efforts to monitor compliance to domestic forest certification 

criteria and indicators, and programmes that integrate into the broader Climate 

Convention. 

Of the nine principles of the MTCS, five are recognised as directly related to 

the SIS requirements under decision 1/CP.16 of the Climate Convention: 

Principle 1: Compliance with laws and principles: Forest management shall 

comply with all applicable laws of Malaysia and respected international treaties 

and agreements to which Malaysia is a signatory, and comply with all principles 

and criteria of the standard; 2) Principle 2: Tenure and use rights: Long-term 
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tenure and use rights to the land and forest resources shall be clearly defined, 

documented and legally established; 3) Principle 3: Indigenous people’s rights: 

The legal and customary rights of indigenous peoples to own, use and manage 

their lands, territories and resources, shall be recognised and respected; 4) 

Principle 4: Community relations and worker’s rights: Forest management 

operations shall maintain or enhance the long-term social and economic well-

being of local communities and forest workers; 5) Principle 5: Benefits from the 

forest: Forest management operations shall encourage the efficient use of the 

forest’s multiple products and services to ensure economic viability and a wide 

range of environmental and social benefits (MTCS, 2012). 

Relevant to the implementation of RIL activities under the SIS framework in 

Malaysia, Principle 5 is particularly noteworthy for its encouragement of 

efficient use of forest resources, which fundamentally, is attributed to the 

premise of RIL activities, i.e., a series of training and pre- and post-harvest 

measures, designed to protect regeneration, avoid or minimise damage, while 

ensuring the forest continues to provide ecosystem services (Section 1.6) (van 

der Hout, 1999; Enters et al., 2001; Putz and Nasi, 2009; Putz et al., 2012). 

While fundamentally RIL activities are also implemented in-line with all 

principles of the MTCS, i.e., forest legality, land tenure and community relations 

and worker rights, the premise behind Principle 5 of the MTCS is aligned 

directly with the focus of Malaysia’s FREL, which is implemented in permanent 

commercial forest estates (FMUs), for the management of forest resources in 

perpetuity (NRE, 2015a). As such, applying the framework of forest certification 

as the basis of the SIS framework is both logical, and aligned with the 

development goals of the forestry sector in Malaysia, which builds on existing 

institutional structures, and is complementary to the aspirations of Malaysia 

under the Climate Convention. The lessons learned from the implementation of 

RIL in Sabah may assist to develop the SIS framework (Section 2.4), such that 

MRV actions can be delivered in timely fashion, for results-based actions, 

outcomes and payments, under the REDD-plus Framework of the Climate 

Convention in Malaysia. 
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6.6. CONSIDERATIONS FOR MONITORING, REPORTING AND 

VERIFYING REDUCED-IMPACT LOGGING IN SABAH 

UNDER THE CLIMATE CONVENTION IN MALAYSIA 

Accounting for carbon requires detailed modalities, whereby various field 

data collection techniques are available, and are not repeated here (Sheil, 1995; 

Keller et al., 2001; AGO, 2002; Chao and Phillips, 2005; Pearson et al., 2006; 

Metcalfe et al., 2009). However the design of sampling for carbon accounting, 

the collection of data, and reporting of carbon stocks, is an important discussion 

point for the development of RIL as a REDD-plus NAMA activity under the 

Climate Convention (Tangki and Chappell, 2008; Laufer et al., 2013). 

Accounting for carbon in forests relates to its dynamic, and the changes to its 

composition over time, i.e., changes in the number of trees, basal and volume 

(Von Gadow and Pukkala, 2012). While the heterogeneity of stand structure is 

well documented, i.e., the variability of distribution of biomass, the impact of 

harvest activities, including the creation of forest infrastructure, such as roads, 

skid trails and landings, increases the complexity of forest mensuration activities 

in logged-over forests, relative to undisturbed forest areas (Uhl and Vieira, 1989; 

Brown et al., 1997; Van der Hout, 1999; Forshed et al., 2008; Von Gadow and 

Pukkala, 2012). As such, spatial and temporal considerations are central to 

sampling while attempting to achieve statistically representative data that 

capture the dynamic of the forest. Identifying the sample area to be measured is 

essential to obtaining robust industry-acceptable results, central for reporting 

activities under the Climate Convention (Kenkel and Podani, 1991; Pearson et 

al., 2006; Von Gadow and Pukkala, 2012; Laufer et al., 2013). 

The stratification of the forest aims to assist forest managers identify 

characteristics of the forest that have functional significance for management, 

such as conservation, riparian, and production areas (Von Gadow and Pukkala, 

2012). While these classifications are common in commercial forests (Kenkel et 

al., 1989; Tangki and Chappell, 2008; Hector et al., 2011), the use of specific 

categories in production forests, such as those established in Sabah (Section 

3.2.1), are divided into functional stocking classes, termed strata, to assist with 

harvest planning, and determine the number of commercial trees per hectare 

(Ong, 2006). While they are beneficial for management to understand the 
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progression of recovery in the forest, their division does not impact the 

accounting of carbon stocks (Section 3.4.3). 

The mensuration of carbon stocks under RIL is in contrast to the mensuration 

of carbon for national carbon reporting purposes, whereby carbon stocks are 

measured in all forest strata, including conservation and prohibited areas, 

whereas RIL activities are only implemented in the production area of the 

compartment (Brown, 2002; Pearson et al., 2006; Gibbs et al., 2007). Moreover, 

the representation of carbon accounting differs, such that measuring for carbon 

in areas unaffected by harvest activities will represent carbon stocks, whereas 

accounting carbon stocks after RIL activities represents carbon avoided from 

entering the atmosphere, relative to conventional harvest activities. Therefore, 

for the measurement of carbon stocks after RIL activities, sampling should be 

restricted to areas directly impacted by harvesting, termed the ‘Net Production 

Area’ (NPA) (Section 3.2.4). Investigating lessons learned from the sampling of 

RIL activities in Sabah may assist to better understand approaches for MRV 

under the SIS framework. 

 

6.6.1. LESSONS LEARNED FROM SAMPLING ACTIVITIES 

FOR FOREST AND CARBON ACCOUNTING IN SABAH 

Aboveground biomass, deadwood necromass, forest litter, belowground 

carbon, and soil, make up the five carbon pools that aggregate forest carbon 

stocks, and in Sabah are estimated at approximately 55, 19, 1, 1 and 24%, 

respectively (Saner et al., 2012; GOFC-GOLD, 2013). Due to its large 

contribution to the total carbon balance, aboveground carbon is always measured 

(Brown et al., 1989; Pinard, 1995; Brown et al., 2000; Sist and Nguyen-The, 

2002; Lincoln, 2008). Deadwood accumulation in the residual stand changes 

dramatically during and after harvest activities, where such changes may 

influence forest regeneration and mortality, resulting in an increase in the 

variability of biomass distribution within the residual stand, affecting the carbon 

dynamic of the residual stand (Clark and Clark, 2000; Pinard et al., 2000b; 

Lincoln, 2008; Ong, 2006; Miller et al., 2011; Pelletier et al., 2012). As 

discussed in Section 3.2.4, and Section 3.4, recovery of losses in soil carbon 
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from harvest activities extend beyond the timeframe of a harvest cycle, and are 

considered a permanent loss under RIL prescriptions, and thus, are excluded 

from measurement. Lastly, the proportion of forest litter and belowground 

carbon is extremely low, i.e., 1%, and may be disregarded for the accounting of 

carbon through RIL activities. It is recommended that carbon accounting in 

forestry include both aboveground biomass and deadwood necromass. 

Numerous carbon forestry mensuration studies have examined in detail what, 

how, and when, to measure forest carbon stocks, with forest type, and variability 

within stand structure influencing the approach for carbon accounting 

(MacDicken, 1997; Brown, 2002; Chomitz, 2002; Lincoln, 2008; Ravindranath 

and Ostwald, 2008; GOFC-GOLD, 2013; Pearson et al., 2014). Prior to the 

implementation of RIL activities in Sabah, it is commonplace for the pre-harvest 

inventory to measure all merchantable commercial timber ≥60 cm DBH in a 

compartment, to produce a 100% tree stock map to aid in the identification of 

optimal forest infrastructure and extraction routes (Smartt, 1978; Kenkel et al., 

1989; Kleine, 1997; Klassen, 2001; Sist et al., 2003). However, for forest carbon 

practitioners, the carbon inventory will measure all trees ≥10 cm DBH in the 

compartment, inherently creating an accounting discord (Brown, 1997; Muhdi, 

2005). Therefore, unless forest managers are willing to reduce the minimum 

diameter measurements from ≥60 to ≥10 cm DBH, multiple inventories are 

required for both forest management and carbon activities. Therefore, it is 

pertinent to investigate the issue of overlapping inventories for RIL harvest and 

carbon activities. 

Experiences in the demarcation of the NPA in Sabah may have streamlined 

this inventory discrepancy. With the creation of the 100% tree harvest map for 

harvest activities, the boundaries for RIL activities are defined, thus representing 

the boundary for carbon sampling. Implementing inventories in this sequence 

can avoid sampling carbon for RIL in areas not impacted by harvest activities, 

thereby streamlining carbon accounting, and reducing field time and associated 

costs. Alternatively, it may be possible to reduce the tree diameter limits for pre-

harvest inventories, i.e., from >60 to >10 cm DBH, thus avoiding the need for 

multiple mensuration. Time and cost considerations may impact this decision 

(Section 6.7). 
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A subsequent problem of accounting for carbon under RIL activities relates to 

the need for post-harvest mensuration to understand the changes in carbon over 

time. Experiences in Sabah inform that only the pre-harvest timber inventory is 

mandatory (SFD, 2009a), with post-harvest inventories related to forest research 

activities (Hepburn, 1970; Ong, 2006; Lincoln, 2008). Therefore Sabah, and all 

States in Malaysia, needs to include post-harvest carbon inventories in-order to 

comply with the MRV activities of the SIS framework, and their related 

decisions under the Climate Convention. To do so, strategic approaches to 

carbon accounting need to be integrated within the management structure of 

commercial harvest activities, such that forest management and operations are 

better aligned with the requirements of the Climate Convention for periodic, 

MRV activities under the SIS framework (Section 2.3.5, Table 2.3). 

When designing approaches to sampling, it is important to establish the level 

of precision needed for the study. Frequently in carbon forestry research, this is 

reported at the 95% confidence interval to the average carbon density per 

hectare, with approximately 10% error, however current modalities under Tier 1 

accounting under the Climate Convention request for estimates to be within 20% 

error (Chave et al., 2001; Brown, 2002; Chave et al., 2005; GOFC-GOLD 

2013). The design itself should be strategic to achieve the accuracy and precision 

required by both the research community, and the Climate Convention. A vast 

body of knowledge exists on sampling designs and is not repeated here 

(Batcheler and Craib, 1983; Hurlbert, 1984; Kenkel et al., 1989; Kenkel and 

Podani, 1991; Von Gadow and Pukkala, 2012), rather the aim of this section is 

to investigate how the lessons learned from the implementation of the 

chronosequence in Deramakot (Chapter 3), and the pre- and post-harvest 

investigation in selected forest concessions representing opposite ends of a 

gradient of anthropogenic disturbance from harvest activities (Chapter 5), may 

assist to improve approaches to sampling commercial forest concessions for 

carbon accounting under the Climate Convention. 

Logged-over forests have a history of conventional harvest activities, 

whereby a labyrinth of infrastructure was created (Fox, 1968), and in doing so, 

forest infrastructure, i.e., roads, skid trails and landings, are scattered throughout 



 

Climate Change Mitigation Through Reduced-Impact Logging: A Framework Approach  

 

 

 
214 
 

the harvest area. As described in Section 3.2.4, sample plots should be placed in 

areas affected by harvest activities, i.e., the NPA. Moreover, losses of carbon 

from the creation of forest infrastructure is considered to be permanent over a 

harvest cycle, and estimating the number of skid trails and landings re-used 

versus the number of new skid trails and landings created under RIL activities, is 

not feasible (Pinard, 1995; Kleine, 1997; van der Hout, 1999; Klassen, 2001). 

As in many tropical countries, forest mensuration in Sabah is conducted using 

strip lines and block designs, such as rectangles or squares, to prepare stock 

maps at broad scales, i.e., 1:50,000 (Van der Hout, 1999; Ong, 2006; Forshed et 

al., 2008). However due to the heterogeneous composition of logged-over forest 

areas, strip lines and large block designs can overlap with forest infrastructure. 

To avoid this, uneven strip line lengths and block designs are required, which 

may affect the outcome of the data (Ong, 2006; Hector et al., 2011; Laufer et al., 

2013). While it is plausible to adjust the length and size of strip lines and blocks 

to fit in-between forest infrastructure, there is a chance the variability in the data 

will increase due to the inconsistency of the plot sizes, which increases the 

potential for the introduction of error (Laufer et al., 2013). Therefore, the 

approach to sampling for carbon from RIL activities should suit the forest type 

and reflect the data required, taking into account the historical and spatial 

conditions of the forest, including access to the area (Brown et al., 1989; 

Pearson et al., 2006). In Chapter 3 and Chapter 5, 20 m radius circular nested 

plots were used to capture the impact of the harvest activities over time, whereby 

5, 10 and 20 m radius represents trees within a range of diameter classes, i.e., 10-

29, 30-59 and ≥60 cm DBH, respectively. Deadwood necromass ≥ 2 cm in 

diameter was measured in the 20 m radius plot only (Pearson et al., 2006) 

(Section 3.2.6, Figure 3.3). The assignment of nested components to specific 

ranges of diameter class is intended to help understand the forest dynamic and 

spatial distribution of the forest (Hurlbert, 1984; Brown et al., 1989; Sheil, 1995; 

Pearson et al., 2006). The findings indicate the use of small plots were able to 

identify significant changes, however this was restricted to only a few variables 

in the chronosequence in Chapter 3, indicating that either changes were unable 

to be detected due to the short amount of time since harvest activities were 

completed, or that changes using the sampling approach involving the use of 
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nested circular plots was not effective. However, the approach was capable of 

providing 95% confidence intervals of the average carbon density per hectare 

with 10% error in both pre- and post- harvest inventories, well below the 20% 

error threshold for Tier 1 estimates under the Climate Convention, thus 

increasing the confidence that ‘time since harvest’ was a key factor in the 

outcome (GOFC-GOLD, 2013). 

While the shape, size and the level of statistical accuracy determine the total 

area needed to capture the forest dynamic (Anderson and Spencer, 1991; 

Oldeman and Van Dijk, 1991), from a forest management perspective, smaller 

plots are easier to handle then larger plots. Specifically, nested circular plots 

offer the flexibility to be placed in-between infrastructure. This is appropriate 

when sampling logged-over forest areas, such that the data will represent the 

regeneration of the forests, and not the attributes of the specific location of the 

sample plot (Hurlbert, 1984). Moreover, periodic sampling will aid to capture 

damage and mortality over time. Circular nested plots are also an advantage in 

steep terrain. The plots were able to capture changes to both the aboveground 

biomass and deadwood necromass carbon pools, at post-harvest time periods 

consisting of 2, 3, 5, 10, and 15-years since harvest, yielding results that are 

comparable to the body of knowledge. Forest managers should be aware of the 

technical requirements of the Climate Convention, relative to forest mensuration 

techniques for periodic carbon inventories. These considerations may be 

incorporated into broader frameworks at the forest management planning level, 

such that the requirements are aligned to on-going management considerations 

and activities, such as periodic monitoring and mensuration exercises, harvest 

planning and execution, and approaches to silviculture, including annual 

budgetary requirements and the allocation of finance for such activities. To 

better understand the potential of implementing such activities under the Climate 

Convention, financial components of RIL in Sabah are investigated to provide a 

better understanding of the potential economic impacts of implementing RIL 

under the Climate Convention in Malaysia. 
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6.7. POTENTIAL FINANCIAL BENEFITS AND COSTS OF 

REDUCED-IMPACT LOGGING IN SABAH UNDER THE 

CLIMATE CONVENTION IN MALAYSIA 

Under the Climate Convention, the Clean Development Mechanism 

encourages financial incentives to reduce emissions to the atmosphere, through 

the payment of carbon by Annex I countries, i.e., developed countries, 

originating from carbon reduction projects in Non-Annex I countries, i.e., 

developing countries (UNFCCC, 2005). Under the REDD-plus Framework 

under the Climate Convention, the approach is a more inclusive approach, 

whereby Annex I countries are eligible for international finance to support 

domestic climate change programme development (Jack et al., 2008; Neeff et 

al., 2013). The theory of incentive-based systems delivering the same 

environmental benefits as direct regulation has been observed to be inefficient, 

as circumstances of abatements are known to be highly variable, leading to site-

specific interventions (Jack et al., 2008). These experiences however, have 

driven change, as a deteriorating willingness-to-pay for carbon and ecosystem 

services by Annex I countries, coupled with the lack of in-country regulatory 

instrumentation for large-scale private investments in Non-Annex I countries, 

has deterred incentive-based mechanisms from growing (Kossoy and Guigon, 

2012). As the recognition of international bilateral, and unilateral actions has 

begun, approaches have shifted to ‘top-down’ policies to ensure projects are 

developed and implemented according to the modalities of the Climate 

Convention (Engel et al., 2008; Meridian Institute, 2009). The top-down 

approach of international finance now supports the development of domestic 

mitigation activities to embrace the objectives of the Climate Convention, and 

the resulting landscape is potentially very positive for the forest industry. 

Programmes financed under the REDD-plus Framework are based primarily 

on multilateral or bilateral initiatives, funded through inter-governmental 

organisations focusing on national level readiness assistance (Schalatek et al., 

2012). Between the 2010-2012 period, USD $2.5 billion was delivered under the 

forestry REDD fast-start finance framework, accounting for 10% of all monies 

contributed by the various international organisations, with Norway, Germany, 

United Kingdom, United States, and Japan as the main contributors, respectively 
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(Watson et al., 2014). In contrast however, between 1998-2010, the Organisation 

for Economic Cooperation and Development (OECD) delivered approximately 

USD $3 billion to forestry projects around the world, accounting for 

approximately 7% of their contribution from overseas development assistance, 

and demonstrating the recent acceleration of finance into the forestry sector. By 

2020 under the Paris Agreement, the international community aims to contribute 

USD $100 billion annually into climate change mitigation and adaptation 

strategies, which includes activities in the forestry sector (UNFCCC, 2009; 

2016b). 

As outlined in Section 6.3, REDD-plus NAMA activities in the forest sector 

are country level mitigation responses developed in-line with the decisions of the 

Climate Convention, with country submissions facilitated through the designated 

national focal point (UNFCCC, 2014). Although NAMAs may be developed and 

proposed by non-government entities, governments ultimately determine if their 

environmental and financial benefits outweigh the cost of its development 

(Costenbader et al., 2013; van Tilburg et al., 2013). Techniques involving RIL 

have been known to reduce carbon entering the atmosphere, stemming from the 

planning and execution of low-impact harvest techniques (Pinard and Cropper, 

2000; Putz et al., 2012; Griscom et al., 2014; Pearson et al., 2014). Although 

there have been mixed results on its financial performance (Tay, 2000; 

Applegate, 2001), it is regarded by the international community as a credible 

activity to reduce carbon emissions entering the atmosphere from forest 

production activities (Putz and Romero, 2015). However as of yet, there are no 

national level polices from governments in Southeast Asia to aid in the review of 

the financial potential of RIL under the Climate Convention. Therefore, to better 

understand the potential financial impact of the practice, the potential financial 

attributes of RIL is investigated at the sub-national level in the State of Sabah, 

Malaysia. 

As outlined in Section 2.3.1, the timber industry in Sabah has been in decline 

since the peak of its mass exploitation in the 1970s (Repeto and Gillis, 1988). 

Since 1984, government royalties declined 80%, from MYR 665 million in 1984 

(USD $208 million), to MYR 186 million per year in 2014 (USD $44 million), 
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equivalent to an average 2.4% per year (Figure 6.3). As such, the declining 

revenue from harvest activities in Sabah is an indicator of the reduction of 

timber resources in the State, and the need for more sustainable harvest practices 

(Mannan and Awang, 1997). The financial potential of implementing RIL in 

Sabah has been investigated in past research, whereby Tay (2000) identified the 

costs of implementing RIL were higher compared to conventional harvest 

activities, due to: a) Higher extraction costs, i.e., due to harvest planning and the 

training of workers; and b) Lower yield, i.e., the extraction of less timber. 

Financially RIL was found to cost 11% more per hectare harvested, relative to 

conventional activities in the Malua forest reserve. Relative to the potential 

revenue of harvest activities, conventional activities generated 26% more 

revenue as a result of lower costs and extracting more timber. Neighbouring 

Sabah in the State of Sarawak, Malaysia, research results showed similar trends, 

whereby costs of implementing RIL activities need to be reduced by 30% in 

order to be more profitable than conventional activities (Dagang et al., 2001). 

However further afield in Kalimantan, Indonesia, research results by 

Natadiwirya and Matikainen (2001) estimate that RIL can reduce costs by 33%, 

relative to conventional harvest activities, albeit in primary forests, where less 

forest infrastructure was created under RIL prescriptions. Lessons learned 

indicate there are difficulties in determining the costs of harvest activities by 

component, and activity, to reflect the reality of commercial operations on the 

ground, which includes the scale of the operation and the difficulties to obtain 

such data (Applegate, 2001). Such difficulties may also be attributable to how 

benefits and costs are calculated, especially when opportunity costs are not taken 

into account (Van Kooten et al, 2004). 
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Figure 6.3: Trends in round log royalty from Class II commercial 
production forests in Sabah, between 1984-2014 (SFD, 
2006:2014). 

 

6.7.1. POTENTIAL FINANCIAL BENEFITS OF REDUCED-

IMPACT LOGGING IN SABAH UNDER THE CLIMATE 

CONVENTION IN MALAYSIA 

To estimate the carbon storage potential of implementing RIL in Sabah in the 

commercial production reserves, i.e., the FMUs, the carbon storage benefits of 

RIL are conservatively compared to the literature, relative to implementation of 

conventional harvest practices. A potential range of average carbon storage 

benefits is identified, whereby implementing RIL may avoid 24-49 tC ha-1 

entering the atmosphere, over potential periods ranging from 7-70-years 

(Boscolo et al., 1997; Pinard and Cropper, 2000; Tay, 2000; Imai et al., 2009). 

As there is variability in the range of estimates, for conservativeness of the 

financial estimate, the average crediting carbon storage of the two compartments 

estimated in Chapter 5 is applied (Table 5.6), estimated at 27 tC ha-1 over a 35-

year recovery period and multiplied by the average area issued into production 

per year in the Class II commercial production reserves (FMUs) in Sabah, i.e., 

53,604 ha yr-1 (Table 2.2). Prohibited areas and forest infrastructure are deducted 

using the average estimate from Chapter 5, i.e., 28.5% of the total area issued 
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into production, to total the average annual NPA of Sabah of 38,327 ha yr-1. This 

gives an estimated average annual carbon storage of 1,034,829 tC yr-1, or 

approximately 36 million tC over a 35-year harvest cycle. To apply a financial 

value to the estimated carbon storage potential in Sabah, the average price of 

carbon for the year 2014 is applied, i.e., USD $1.10 tC (Hamrick and Goldstein, 

2015), where the financial value of carbon storage through RIL in Sabah is 

estimated at USD $1,153,553 in year 1. To estimate the future value of carbon 

storage, its net present value (NPV) needs to be calculated. Previously in this 

work, the concept of NPV was modified for the forward-looking carbon 

baseline, to estimate the accumulation of carbon storage over time (Section 4.4). 

However, for financial considerations of RIL, no modifications of the NPV are 

needed (Gujarati, 2006). This is because the crediting approach reduces the 

amount of carbon from entering the marketplace (Angelsen, 2008), and not their 

financial value. However, identifying a financial discount rate is required. 

To identify a discount rate to understand the future financial benefits and 

costs of RIL practices in Sabah, lessons are learned from Nautiyl (1988), whom 

proposed that fixed deposit interest rates of commercial banks can be used to 

represent the private and social rate of discount. This is supported by Tay 

(2000), indicating this may be an adequate financial valuation method for 

entities working in the forest industry. Between the years 2004-2015, the 

overnight policy rate in Malaysia, i.e., interest rates, as reported by the central 

bank, i.e., Bank Negara Malaysia, averaged 2.96% over the period (Trading 

Economics, 2016). This value is similar to the 2% historical estimate made by 

Zakaria (1993) of the fixed-deposit rate of Malaysia between the years 1975-

1990. Therefore over the 35-year harvest cycle, the NPV of carbon storage from 

RIL activities in Sabah under the REDD-plus Framework of the Climate 

Convention in Malaysia is estimated at USD $14,547,631 (Table 6.3). The non-

discounted financial value of carbon storage over the harvest cycle is estimated 

at USD $39,797,582. All data used in the calculation of carbon storage benefits 

from RIL activities are found in Table 6.4. 

 



 

Chapter 6: Options for Reduced-Impact Logging under the Climate Convention  

 

 

 
221 

 

6.7.2. POTENTIAL FINANCIAL COSTS OF REDUCED-IMPACT 

LOGGING IN SABAH UNDER THE CLIMATE 

CONVENTION IN MALAYSIA 

Since the year 2010, RIL activities in the commercial production forests of 

Sabah have been mandated through policy (The Star, 2010). To ensure its 

implementation the government has engaged a third party verifier to monitor the 

implementation of RIL activities (The Star, 2010). The cost of monitoring is 

estimated at USD $22 ha-1, and USD $843,194 yr-1, with a discounted financial 

value of USD $10,633,574 over the 35-year harvest cycle. The non-discounted 

cost of monitoring RIL activities over the harvest cycle is estimated at USD 

$29,089,996, which raises concerns about the long-term capital requirements of 

monitoring the implementation of RIL activities in Sabah (Table 6.3). 

To better understand the cost of implementing RIL, the cost of not carrying 

out the practice is calculated, i.e., the implementation of conventional harvest 

practices and the need for rehabilitation planting to assist the forest regenerate to 

adequate stocking conditions, that would not have occurred if RIL had been 

practiced. In Sabah these efforts include the planting of fast growing indigenous 

tree species in areas devoid of forest cover, which includes natural occurrences 

such as fire (SFD, 2015b). Estimates from the Sabah forestry department 

indicate USD $920 ha-1 is required for rehabilitation planting (SFD, 2015b). 

Using Deramakot as the FMU to represent logged-over forest concessions in the 

State of Sabah (Section 3.5), restoration planting is only required for a small 

proportion of the NPA harvested annually, where in FMP 1, 2 and 3, 

representing the years 1995-2024, i.e., 30-years, total 47, 18, and 5% of the 

annual NPA, respectively (SFD, 1995; 2005a; 2015b). The average is applied for 

restoration planting over the remaining 5-years of the 35-year harvest cycle. 

Therefore, the average of 23% of the NPA in Sabah is deemed necessary to be 

restored on an annual basis over a harvest cycle, i.e., 8,815 ha yr-1, where costs 

total USD $8,109,800 yr-1, with a discounted financial value of USD 

$102,273,901 over the 35-year harvest cycle. The non-discounted cost of 

restoration planting over the harvest cycle is estimated at USD $279,788,100. 

Moreover, these costs likely do not cover compound mitigation costs that may 
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be incurred, such as drought, fire, earth and mudslide, water contamination, etc. 

as a result of inaction in the face of climate change (Stern, 2006). 

 

6.7.3. THE COST OF MONITORING CARBON IN THE 

COMMERCIAL PRODUCTION FORESTS OF SABAH 

UNDER THE CLIMATE CONVENTION IN MALAYSIA 

In the literature, comparisons between RIL and conventional practices are 

made, relative to the cost of planning and execution (Boscolo et al., 1997; Tay, 

2000; Healey et al., 2000; Tay et al., 2001; Dagang et al., 2001; Abdul Rahim et 

al., 2009). As such, forest inventory costs are generally included in the 

preparation of the forest harvest plan, making it challenging to identify the cost 

of mensuration activities exclusively. Pre-harvest inventories are similar to 

carbon inventories (Section 2.3.5, Section 3.2.2), where difficulties to identify 

itemised costs of inventory activities occur (Van der Hout, 1999; Killmann et al., 

2001). Therefore for this discussion, pre-harvest inventories are considered 

broadly, to be similar to the cost of carbon inventory activities. 

After the review of 266 studies, the cost of pre-harvest inventory could not be 

determined due to the lack of recording by the management (Killmann et al., 

2001). Some research studies however, are the exception, with the cost of forest 

inventory under RIL conditions in Sabah estimated at USD $1.50 ha-1, covering 

46,000 ha (Ong, 2006). In Peninsular Malaysia, research costs of pre-harvest 

inventory total USD $30 ha-1, however only 88 ha were completed, where the 

high value is likely due to the relatively small size of the area (Abdul Rahim et 

al., 2009). In Brazil, the cost of inventory totals USD $3 ha-1 in areas <1000 ha, 

averaging USD 1.87 ha-1, which includes planning and inventory (Barreto et al., 

1998), and further afield in Guyana, inventory activities are estimated at USD 

$7.66 ha-1, however only a small area of 100 ha was sampled (Van der Hout, 

1999). 

To better understand the intricacies of carbon mensuration activities, carbon 

studies along chronosequences were performed in Chapter 3, and Chapter 5. In 

this experience, two factors were identified to influence the cost of carbon 

mensuration activities: 1) The number of times the inventory team enters the 
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forest, i.e., the study type; and 2) The stocking density and composition of the 

forest prior to the inventory, i.e., forest type. The cost of the chronosequence 

study in Chapter 3, totalled USD $1.88 ha-1, where 25 days were required to 

sample 2,278 ha. In contrast, the pre- and post-harvest study in Chapter 5, 

totalled an average cost of USD $7.45 ha-1, and 23 days, were needed to sample 

1,474 ha. Applying the average of the two studies, the cost of carbon 

mensuration activities totalled USD $4.67 ha-1 (Table 6.2). Extrapolated over the 

annual NPA, Sabah requires USD $178,795 yr-1. Provided the proposed MRV 

schedule in Section 2.3 is observed (Table 2.3), i.e., carbon mensuration in year 

1, 2, 3, 5 and every 5-years thereafter, i.e., forest carbon mensuration is 

completed 10 times over the 35-years, Sabah will require USD $654,260 

(discounted) over the 35-year harvest cycle for the monitoring of carbon through 

RIL activities. The non-discounted cost of carbon monitoring over the harvest 

cycle is estimated at USD $1,789,859 (Table 6.3). Within, the calculation of 

cost, local salary, transportation, food, tools, log tags, and miscellaneous 

equipment, is included. Relative to the chronosequence inventory, costs are 

higher for carbon mensuration activities in the pre- and post-harvest analysis. 

 

Table 6.2: Cost summary of carbon inventory for reduced-impact 
logging activities in the State of Sabah, Malaysia. 

Study type Forest 
type 

Net 
production 
area (ha) 

Total 
sample 

area (ha) 

Data collection 
duration (days) 

Cost of 
carbon 

sampling 
(USD $ ha-1) 

Chronosequence 
(1 visit) 

Logged-
over 2,278 12.60 25 1.88 

Pre- and post-
harvest analysis 

(2 visits) 

Severely 
logged-

over 
684   6.77 

9   Pre-harvest 
  8 Post-harvest 

17 Total 
5.73 

Old 
growth 790   6.77 

17  Pre-harvest 
12 Post-harvest 

29 Total 
9.17 

 

Although variables such as weather and accessibility influence the cost of 

data collection (Healey et al., 2000; Peña-Claros et al., 2008), the average 

number of days to complete the pre- and post-harvest analysis is higher than the 

chronosequence study, indicating there is a significant increase in cost to enter in 

the forest more than once. The forest type of the pre- and post-harvest analysis is 
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also identified an indicator of the costs of carbon mensuration activities (Pinard, 

1995; Sist et al., 1998; Huth and Ditzer, 2001; Lincoln, 2008; Griscom et al., 

2014). Comparing the NPA of the two compartments in the pre- and post-harvest 

analysis, the sample area is comparable, yet the cost of sampling the old growth 

forest is almost double that of the severely degraded logged-over forest, 

suggesting the composition of the forest influences the cost of carbon 

mensuration. Relative to the lowland mixed dipterocarp forest, approximately 

70% more field time was required to measure the lower montane forest, which is 

likely due to its remote location, and low level of accessibility. 

 

6.7.4. THE COST OF CERTIFICATION IN THE COMMERCIAL 

PRODUCTION FORESTS OF SABAH UNDER THE 

CLIMATE CONVENTION IN MALAYSIA 

Outlined in Section 2.4, the Sabah government mandated all commercial 

forest concessions to achieve forest certification by the year 2015, and failure to 

do so will result in an increase in royalty payments until certification is achieved 

(SFD, 2015a). While the decision to undertake certification in Sabah is linked to 

the decline of timber resource, and the need to improve operational governance 

(Mannan and Awang, 1997), Sabah is nevertheless the only State in Malaysia to 

mandate that all commercial forests achieve certification (SFD, 2015a). Within, 

the concessions need to achieve accreditation to an internationally recognised 

certification Standard, i.e., the Forest Stewardship Council (FSC), or the 

Programme for the Endorsement of Forest Certification (PEFC). Institutionally, 

this is a large undertaking, as all sectors of the forest industry, i.e., the 

government, private, and communities, need to collaborate to achieve the goal 

(McDermott et al., 2015). The directive is not in conjunction with initiatives of 

Malaysia to meet the agreed decisions of the Climate Convention. However, 

relevant to the accreditation of the Malaysian Timber Certification Standard 

(MTCS) to the PEFC (Section 6.5), and the intention of the Federal government 

of Malaysia to implement their Intended Nationally Determined Contribution 

(INDC) under the Climate Convention, through the MTCS (NRE, 2015b), the 

mandate from the government of Sabah is both rationale, and timely. As such, 
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the cost of timber certification activities, i.e., pre-assessment, main audit, and 

annual surveillance by an accredited third-party, are included with the costs of 

implementing RIL under the Climate Convention. 

Sabah has a rich history of concessions achieving certification, most notable 

the Deramakot forest reserve, recognised as the first commercial tropical forest 

concession in Southeast Asia to achieve certification against the FSC Standard in 

1997 (Mannan et al., 2002). The cost of achieving and maintaining forest 

certification in Southeast Asia is documented in literature, with specific 

reference to those activities accredited to the MTCS and the FSC in Malaysia 

(Tay, 2000; Mannan et al., 2002; ITTO, 2004; SFD, 2015b), and the FSC in 

Indonesia (Ruslandi et al., 2013). Within, the cost of achieving and maintaining 

forest certification is estimated at USD $0.70, 1.45, 0.26, 2.76, and 4.76 ha-1, 

respectively, averaging USD $2 ha-1 (Table 6.4). The study in Indonesia was 

included to aid in the costing for concessions that are not yet under any form of 

recognised certification in Malaysia, where the costs tend to be higher in the 

early stages of the certification process (Kollert and Lagen, 2006). As the entire 

forest concession is attributed under a forest certificate, the cost of certification 

is calculated on the gross production area (FSC, 2002; MTCS, 2012; PEFC, 

2015). The average cost of USD $2 ha-1 is estimated with total costs of USD 

$107,208 yr-1, with a discounted cost of USD $1,352,012 over the 35-year 

harvest cycle. The non-discounted cost of forest certification over the 35-year 

harvest cycle is estimated at USD $3,698,664 (Table 6.3). Approximately 4.66 

million ha in Malaysia are accredited under the MTCS, and another 658,285 ha 

under the FSC, representing 5,318,285 ha under certification, or 43% of the 

12.36 million ha of permanent reserve forest in Malaysia (Yong, 2015; FSC, 

2016). These estimates are significantly higher than the total global estimate of 

the proportion of forest areas under certification, i.e., 11% (Eden, 2011; BIP, 

2015; FSC, 2015; PEFC, 2015), indicative of the efforts to achieve certification 

in Malaysia. 
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Table 6.3: Financial estimates of the costs of implementing reduced-
impact logging in the annual net production area (NPA) of 
Sabah in the year 2016, over a 35-year harvest cycle as a 
REDD-plus NAMA activity under the Climate Convention, 
relative to the cost of forest restoration of areas harvested 
through conventional harvest practices. 

Item 

Financial Value (USD $) 

Year 1 
(ha-1) 

Year 1 
(million) 

35-Year 
discounted 

NPV 
(million)! 

35-Year  
non-discounted 

NPV 
(million) 

Financial benefits from carbon under RIL 30.10 1.15   14.55 39.80 
Cost of RIL harvest monitoring* 22.00 0.84   10.63 29.09 
Cost of RIL carbon inventories 4.67 0.18     0.65 1.79 
Cost of forest certification* 2.00 0.11     1.35 3.70 
Conventional harvest restoration cost 920.00 8.11 102.27 279.79 

! Discounted estimate applies a discount rate of 2.96%. 
* RIL harvest and certification costs are calculated using the gross production 

area. 

 

 

Table 6.4: Values employed to estimate the carbon storage costs and 
benefits of implementing reduced-impact logging in the State 
of Sabah, under the Climate Convention in Malaysia. 

Item Unit Value Reference 
Gross production area  ha yr-1 53,604 SFD, 2006: 2014 
Prohibited area and forest infrastructure % 28.50 This research 
Net production area ha yr-1 38,327  This research 
Average carbon storage in Sabah tC ha-1 yr-1 27 This research 
Average carbon recovery duration years 35 This research 
Price of carbon USD $ tC 1.10 Hamrick and Goldstein, 2015 
Carbon inventory and monitoring cost USD $ ha-1 4.67 This research 
Forest harvest monitoring cost USD $ ha-1 22 Unpublished 
Forest restoration area (23% of NPA) ha yr-1 8,815 This research 
Forest restoration cost (MYR 4,000 ha-1) USD $ ha-1 920 SFD, 2015b 
Discount value over a harvest cycle % 2.96 Trading Economics, 2016 
Forest certification cost USD $ ha-1 2.00 Tay, 2000; Mannan et al., 

2002; ITTO, 2004; Ruslandi et 
al., 2013; SFD, 2015b 
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6.8. FINANCIAL CONSIDERATIONS OF REDUCED-IMPACT 

LOGGING IN SABAH UNDER THE CLIMATE CONVENTION 

IN MALAYSIA 

Based on the values applied to estimate the financial benefits and costs of 

implementing RIL as a REDD-plus activity in Sabah under the Climate 

Convention (Table 6.4), over the course of a 35-year harvest cycle, the net 

benefit may accrue to USD $1.91 million, or USD $55,298 yr-1. While this value 

is considerably lower then the monies pledged for REDD-plus activities under 

the Climate Convention, i.e., USD $100 billion yr-1 by 2020 (UNFCCC, 2009; 

2016b), three lessons are learned that are pertinent to the implementation of RIL 

‘en-masse”, at the national level in Malaysia: a) The current price of carbon, i.e., 

USD $1.10 tC, may be considered as the break-even point for the 

implementation of RIL in Sabah as a technique to reduce carbon entering the 

atmosphere; b) The opportunity cost, i.e., the loss of alternatives when one 

alternative is chosen (Gujarati, 2006), of not carrying out RIL in Sabah is equal 

to USD $30 ha-1; and c) Implementing RIL avoids the (discounted) cost of USD 

$102 million over a 35-year time period, to restore severely degraded forests in 

Sabah. 

Based on this investigation, the finance benefits from carbon storage from 

RIL activities in Sabah, are marginally sufficient to cover the costs of its 

implementation under the Climate Convention, which can be viewed as the 

‘break-even’ point, i.e., the equal estimate of the costs and benefits of a project 

(Figure 6.4). While this is not to say the financial benefits will repay the decades 

of work input by the various institutions to develop RIL in Sabah, i.e., the GIZ 

and the Sabah Forestry Department, it demonstrates that implementing RIL in 

Sabah is feasible under current market conditions, i.e., the cost of implementing 

RIL in Sabah, specifically, and in Malaysia, generally. As such, efforts by the 

GIZ and Sabah Forestry Department demonstrate this activity is aligned with the 

premise of implementing forestry activities under the Climate Convention, i.e., 

the long-term reduction of carbon entering the atmosphere to mitigate 

anthropogenic climate change, and develop long-term adaptation frameworks 

(IPCC, 2014). In doing so, the potential benefits and costs of RIL in Sabah is 
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communicated to international donors to the Climate Convention, i.e., the FCPF-

CF/RF, FIP, and the UN-REDD (Section 6.2), which may increase awareness of 

the potential of developing RIL carbon programmes under national REDD-plus 

Frameworks, generally, and the immediate applicability of developing RIL as a 

REDD-plus NAMA activity in Malaysia, specifically. Moreover, providing the 

cost of carrying out RIL carbon programmes in other States of Malaysia is 

similar to those in Sabah, the estimated price of carbon highlights the monetary 

requirements needed by international donors to the Climate Convention, to 

replicate such a programme of work across the country. 

 

Figure 6.4: Estimated (discounted) financial value of reduced-impact 
logging in the year 2016, of a 35-year harvest cycle in the 
State of Sabah, under the REDD-plus Framework of the 
Climate Convention in Malaysia. 

 

Secondly, with the understanding that the implementation of RIL in Sabah, is 

on average, similar in cost to its implementation in other States of Malaysia, its 

financial benefit, i.e., USD $30 ha-1 yr-1 may be viewed as the opportunity cost of 

not carrying out RIL practices in Malaysia. In Sabah, the FMUs are under 

licence by the government to implement management activities, against 

sustainable forest management criteria, under the Sustainable Forest 

Management License Agreement (SFMLA) (Section 1.5). As such, the 
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alternative to responsible forest harvesting, i.e., RIL activities, is the 

implementation of conventional activities, whereby not only is the benefit of 

receiving USD $30 ha-1 yr-1 foregone, but also is the opportunity to reduce the 

amount of carbon entering the atmosphere, against the Intended Nationally 

Determined Contribution (INDC) of Malaysia under the Climate Convention. 

Malaysia intends to reduce GHG emissions from the forest sector over the 2021-

2030 period, by a minimum of 2,447,807 tC yr-1, and an additional 699,373 tC 

yr-1, on the condition of climate finance, technology transfer and capacity 

building from developed countries, (Table 6.1) (NRE, 2015b). As such, 

providing the SIS framework of Malaysia is established, both institutionally and 

at the project level, at both the Federal and State level in Sabah, the opportunity 

cost, in terms of the foregone reduction of carbon entering the atmosphere from 

RIL activities in Sabah, may equal 1,034,829 tC yr-1, or 42% of the mandatory 

annual INDC target (Section 6.4). The opportunity cost of not implementing RIL 

in Malaysia may be observed as foregone investment into the country from 

international programmes and initiatives investing in efforts to reduce carbon 

entering the atmosphere by the forest industry, i.e., the World Bank’s Forest 

Carbon Partnership Facility Carbon and Readiness Funds (FCPF-CF/RF), the 

Forest Investment Program (FIP), and the UN-REDD Programme. Extrapolating 

the opportunity cost of USD $30 ha-1 yr-1, to the total area of permanent reserve 

forest in Malaysia, i.e., 12.36 million ha (NRE, 2015a), an investment of USD 

$371 million yr-1 may be foregone to assist the institutionalisation and 

implementation of programmes involving RIL under the Climate Convention in 

Malaysia. 

Finally, implementing RIL in Sabah avoids the need to carry out conventional 

harvest practices, and a (discounted) cost of USD $102 million over a 35-year 

time period, to restore severely degraded areas of forests, i.e., the planting of fast 

growing indigenous tree species in areas devoid of forest cover. Representing 

28% of the round log export revenue of the State in the year 2014, financing the 

additional cost of silviculture treatments may prove challenging for the 

government of Sabah (Table 2.2). As such, whether tropical production forests 

are managed responsibly, or continue to be exploited, will continue to be 

influenced by the economic potential of that forest and its governance 



 

Climate Change Mitigation Through Reduced-Impact Logging: A Framework Approach  

 

 

 
230 
 

framework (Putz and Romero, 2015). Recognising that such costs are avoidable 

may assist companies and governments to better understand the long-term costs 

of applying conventional harvest activities, relevant to advanced techniques that 

have measurably lower environmental impacts, and compound economic costs. 

 

6.9. CONCLUSIONS 

This Chapter investigates the implementation of RIL practices, and its 

potential to reduce carbon entering the atmosphere, relative to its registration as 

a REDD-plus NAMA activity under the Climate Convention in Malaysia. In 

doing so, the rationale for its application is investigated, where lessons are 

learned from its implantation at the sub-national level in Sabah. In doing so, 

three hypothesis are investigated: a) Whether RIL can be recognised as a REDD-

plus NAMA activity under the Climate Convention; b) Whether lessons learned 

from the implantation of RIL in Sabah are generally applicable to all States in 

Malaysia; and c) Whether the potential of implementing RIL in Sabah can 

positively contribute to the efforts to meet their commitments under the Climate 

Convention in Malaysia. 

The positioning of RIL within the national institutional framework of 

Malaysia is discussed, where it is considered a REDD-plus Phase 3 activity, i.e., 

project-based, under the Climate Convention. Its placement in this tier represents 

the rationale for project-based programmes under the Climate Convention, 

whereby monitoring, reporting and verification (MRV) is undertaken, to 

constitute a proportion of the safeguard information system (SIS), i.e., country 

specific architecture, anchored to the national development strategy, which is 

integrated into the broader institutional system for forest governance (Lütken et 

al, 2013; UNFCCC, 2011; UN-REDD, 2015a, b). To do so, Malaysia intends to 

apply the domestic forest certification standard, i.e., the Malaysian Timber 

Certification Standard (MTCS), as the vehicle to monitor emission reductions in 

the forestry sector under the Climate Convention. As such, these modalities 

integrate into the broader national development strategy for implementing 

REDD-plus activities in Malaysia, whereby progress is estimated against the 

national Forest Reference Emission Level (FREL), to document change over 
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time, against national GHG emission targets under the Climate Convention in 

Malaysia. 

To monitor such actions at the project-level, experiences from the State of 

Sabah are described, where considerable work has been carried out to implement 

RIL as the standard of practice, resulting in a large body of knowledge on post-

harvest dynamics, with such experiences generally applicable to all States in 

Malaysia (Kleine, 1997; SFD, 2014; NRE, 2015a). Differences between pre- and 

post-forest inventories are explored for harvest and carbon activities 

respectively, with findings indicating that post-harvest inventories for both 

activities are limited in both their implementation, and within legal and 

regulatory frameworks, thereby creating a gap between the requirements under 

the Climate Convention, and current frameworks. Strategies for pre- and post-

harvest mensuration for carbon accounting are explored to account for temporal 

and spatial considerations at the project level, relative to approaches to forest 

mensuration techniques needed for periodic carbon inventories over time under 

the Climate Convention. 

Potential reductions in carbon entering the atmosphere, and its consequent 

financial considerations are investigated, drawing on experiences from the State 

of Sabah, to represent the implementation of RIL in Malaysia at the sub-national 

level under the Climate Convention. Drawing on findings from the literature, 

and this work, i.e., Chapter 3 and Chapter 5, the results indicate implementing 

RIL activities may reduce carbon entering into the atmosphere, relative to 

conventional harvest activities, which may be representative of results-based 

actions under the Climate Convention. Financially, the net present value of the 

potential contributions are investigated against the current conditions of the 

carbon market, whereby the costs of monitoring harvest operations, periodic 

carbon inventories, and certification components, are included in the MRV 

framework under the Climate Convention in Malaysia. Overall, the financial 

value in its application in Sabah, specifically, and in Malaysia, is generally 

positive, with distinctions discussed relative to: a) The break-even point for the 

implementation of RIL in Sabah under the Climate Convention; b) The 
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opportunity cost of not carrying out RIL in Sabah; and c) The avoided costs of 

RIL, relative to the restoration of severely degraded forests in Sabah. 

The recent settlement of the Paris Agreement by 196 Parties is a positive 

indication that activities to reduce carbon entering the atmosphere from the 

‘reduction of emission from forest degradation’, are supported broadly by the 

Parties (UNFCCC, 2016b). The work undertaken here is aimed to advance 

existing knowledge about the potential to avoid carbon entering the atmosphere 

from the implementation of RIL in commercial production forests in Malaysia. 

While sector and project-specific modalities are yet to be developed, this 

investigation is an attempt to advance such developments under the Climate 

Convention. As such, its application may assist efforts in the forest industry, 

with an aim to achieve domestic emission reduction targets in Malaysia, while 

promoting responsible approaches to the management of commercial forest 

resources. 
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CHAPTER 7 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

 

7.1. THESIS OVERVIEW 

The aim of this Thesis was to improve our understanding of the application of 

RIL in logged-over forests of Sabah, and its applicability as a project-based 

activity under the Climate Convention in Malaysia. This was done by 

investigating the modalities of RIL in Sabah, and the architecture of the Climate 

Convention, relative to the institutional frameworks in Malaysia, where the 

proposed approaches were tested in commercial logged-over production reserves 

in Sabah. Specifically, the Thesis investigated the following: 

1) Can the implementation of RIL in Sabah be integrated into REDD-plus 

under the Climate Convention in Malaysia? 

2) What are the spatial and temporal responses of commercial logged-over 

production forests after the implementation of RIL in Sabah? 

3) How can carbon stocks be accounted for within the modalities of RIL in 

Sabah, and can a simple model be created to better understand its 

potential to reduce the amount of carbon entering the atmosphere? 

4) What is the effectiveness of implementing RIL in Sabah, in terms of 

potential carbon prevented from entering the atmosphere, and its 

associated finance, relative to the commitments of Malaysia to the 

Climate Convention? 

 
While the investigation of the research questions are discussed at length in 

the corresponding Chapters, for brevity, the answers to the above questions are 

as follows, respectively: 

a) The conceptual framework of the Hierarchy of Production Forest 

Management describes the transition from basic, legal and regulatory 
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compliance to improve harvest practices, towards the ideological goal 

of sustainable forest management. Within, the implementation of forest 

activities under the Climate Convention are discussed, to contextualise 

the modalities to establish RIL as a REDD-plus activity. While RIL was 

found to be broadly eligible, modalities need to be observed, whereby a 

structured approach is required to implement RIL under the Climate 

Convention. 

b) The intensity of harvest activities, and the time since when such 

activities were implemented, were found to influence the response of 

commercial logged-over production forest after the implementation of 

RIL activities. The variability of the forest structure was found to be 

high, relative to regeneration at the stand level and at the species group 

level, i.e., dipterocarps versus non- dipterocarps, indicating that long 

periods of analysis are required to identify consistent trends over time. 

c) The implementation of RIL in the commercial production forests of 

Sabah was found to lead to larger carbon stocks, compared to forest 

areas harvested through conventional practices. The resulting estimates 

of carbon stocks are comparable to those available in the literature, on 

the benefits of RIL to reduce carbon emissions into the atmosphere. A 

model, developed from data from peer-reviewed literature, was 

parameterised to ensure that RIL practices are based upon a concept of 

‘conservativeness’, as advocated for project-based activities under the 

Climate Convention. 

d) Lessons learned from the implementation of RIL in Sabah under the 

Climate Convention were identified to be generally applicable to all 

States in Malaysia. The potential reductions of carbon emissions into 

the atmosphere, and its affiliated financial attributes, were identified to 

substantiate financially, the implementation of RIL activities in Sabah. 

The knowledge gained from the implementation of RIL in Sabah can 

assist Malaysia to meet their intended national emission reduction 

targets under the Climate Convention, and promote responsible 

approaches to the management of commercial forest reserves. 
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This Chapter highlights the key conclusions of this Thesis, relative to the 

questions outlined above, in the context of adopting a Framework for the 

development of climate change mitigation strategies involving RIL activities in 

Malaysia. Additional considerations are highlighted arising from the outcomes 

of each Chapter, whereby further research and investigations may be warranted, 

to advance work beyond the boundaries of this Thesis. 

 

7.2. THE HIERARCHY OF PRODUCTION FOREST 

MANAGEMENT 

The objective of this Chapter was to frame the concepts of the Climate 

Convention, relative to the sector-specific requirements for project-based 

activities in the forest sector. The improvement of forest activities under the 

Climate Convention was conceptualised through the Hierarchy of Production 

Forest Management (HoPFM), i.e., a modular framework defining the 

progression of the forest industry through demonstrable benefits. Through the 

HoPFM, the components of RIL in Sabah, relative to the modalities of the 

Climate Convention were discussed, with forest certification activities included 

as a component to monitor implementation. The key conclusions from the 

Chapter are as follows: 

1) Conventional harvest activities are considered as the basis of legal and 

regulatory frameworks that govern forest management activities, 

indicating there is a potential to improve on existing operational 

practices. Under the Climate Convention, activities against which 

operational improvements are measured are considered as the ‘carbon 

baseline’. The development of a carbon baseline involves the review of 

historical forest practices, the policies upon which they are based, and 

modalities of their implementation, to rationalise improvements under 

the Climate Convention. 

2) RIL activities represent practical steps to improve operational 

efficiency and reduce the associated environmental impacts on the 

forest. Avoiding excessive impacts can be idealised as an opportunity 

benefit that may be associated with environmental, social, and 
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legislative gains. Under the Climate Convention, such activities involve 

project-specific considerations to demonstrate that the reduction of 

GHGs is supplemental to prevailing practice, i.e., conventional 

practices. The ‘additionality’ of the argument, and issues regarding the 

effectiveness and permanence of the activities, need to be addressed to 

justify RIL as an activity to reduce the amount of carbon entering the 

atmosphere. 

3) Forest certification is considered to be an advancement of RIL activities 

under the HoPFM, which encompasses a broader view of forest 

management, involving third-party monitoring and reporting. Under the 

Climate Convention, the voluntary nature of certification is at the very 

centre of ‘additionality’ arguments, whereby such certification actions 

can be used to monitor activities under the Climate Convention, as well 

as compliance against responsible forest management standards of 

practice. 

4) Representing the highest tier in the HoPFM, sustainable forest 

management represents the ideology of the conceptual framework, 

designed to recognise both local and global forest management 

strategies to highlight the need for balanced considerations of 

environmental, social and economic values. This tier is reached through 

partnerships involving both the public and private sector, as well as 

through the support of legislative policies at the national and sub-

national level in forestry-related education, training, and technical 

assistance. Under the Climate Convention, such actions represent the 

transition from mitigation activities, towards long-term adaptation 

responses, to reduce carbon emissions into the atmosphere. 

 

While a significant amount of research on RIL relates to its environmental 

impact, and its potential to reduce carbon emissions into the atmosphere (Pinard, 

1995; Lincoln, 2008; Putz and Romero, 2015), gaps in the literature have 

emerged, relative to how project-based activities may be integrated under the 

Climate Convention. The conclusions of this Chapter contribute towards a better 

understanding of the framework of forest activities under the Climate 
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Convention and the eligibility to integrate RIL within the REDD-plus 

Framework in Sabah and Malaysia. The conceptual framework of the HoPFM is 

aimed to foster and support the understanding that RIL activities are part of a 

larger advancement of the forest industry, towards the ideology of sustainable 

forest management. 

Further research is warranted on the modalities of RIL, relative to its 

inclusion under Climate Convention. Specifically, while the concept of 

‘additionality’ was investigated in relation to RIL in Sabah, it does not guarantee 

that its implementation in other States of Malaysia, or in other tropical countries, 

will reach the same result regarding additionality. Under the broader paradigm of 

integrating RIL to meet the emission reduction target of Malaysia, the legal, 

regulatory, institutional, financial and investment attributes of each State, require 

due consideration. 

Further research is also warranted on the tracking of ‘leakage’ from harvest 

activities, at the policy and regional level, whereby increasingly trends in timber 

extraction from RIL activities represent ‘benign leakage’ and the instigation of 

RIL policies in one country may lead to its implementation in another (Chomitz, 

2002). Increasing the understanding of the influence of RIL activities in one 

country onto other countries, can assist to better formulate approaches to address 

leakage concerns, and increase the accuracy of carbon accounting under the 

Climate Convention, at the national and regional levels (Schwarze et al., 2002; 

Aukland et al., 2003). 

Finally, forest certification is aimed to support the impartial monitoring of 

compliance following a series of principles and criteria to confer environmental 

protection and social benefits (Cubbage et al., 2010; Fernholtz et al., 2010). 

Investigating domestic and international certification frameworks relative to 

their application under the Climate Convention may assist to better understand 

the processes and criteria of implementing forest certification activities, and in 

doing so, may offer practical insights to streamline legal, institutional and 

regulatory requirements at the project and national level. 
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7.3. FOREST STAND AND CARBON DYNAMICS AFTER 

REDUCED-IMPACT LOGGING IN THE DERAMAKOT 

FOREST RESERVE 

The objective of this Chapter was to understand the variability of forest 

responses during post-harvest recovery, relative to the implementation of RIL, in 

the Deramakot forest reserve. The forest reserve was chosen because of the 

history of support provided by the German Agency for Technical Cooperation 

(GIZ), whereby the forest management unit (FMU) programme was first 

conceptualised, with a management strategy to “manage all forest resources on 

a sustained-yield basis for economic, social, and environmental purposes” 

(Kleine, 1997, pp.92). Under the assumption that RIL was carried out 

consistently against the RIL code of practice over time, a chronosequence study 

was conducted. Alive tree biomass and deadwood necromass, in terms of the 

number of trees, basal area, volume and carbon per hectare, were determined for 

the two major functional classes of dipterocarp and non-dipterocarp species, as a 

function of time since RIL was first carried out. The key conclusions to the 

Chapter are as follows: 

1) Aboveground alive tree biomass and deadwood necromass overall did 

not increase but stayed stable over time, with the variable ‘harvest 

‘intensity’ observed to have placed a significant role in affecting forest 

recovery. Significant changes were restricted to the number of trees in 

the smallest diameter class over the chronosequence period, and within 

species groups, significant changes are generally restricted to the lower 

diameter class. 

2) Variability in ‘harvest intensity’ across the compartments was found to 

be very important for the trends observed in basal area, volume and 

carbon. Its effects were in the expected direction, i.e., the reduction in 

the response variables in response to higher intensities. The impact of 

harvest activities was different for the two species groups, whereby a 

negative effect was observed in the ‘dipterocarp’ sub-group, i.e., an 

overall decrease in basal area, volume and carbon per unit harvested per 

hectare; and the opposite effect was observed in the ‘non-dipterocarp’ 
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sub-group in the middle diameter class, i.e., an increase in the number of 

trees, basal area, and volume per unit harvested per hectare. 

3) Stratifying the forest at the compartment level, based on time since 

harvest, and excluding of forest infrastructure and areas with stocking of 

eligible commercial tree species, assisted to identify the effective 

logging area, and standardise the approach to estimate changes in forest 

dynamics over time in the forest reserve. 

 

Research in logged-over commercial production forests identifies extensive 

spatial and temporal variability. While the work here obtained similar results, it 

is the first chronosequence-based research, since the introduction of the FMU 

programme in Sabah in 1997, to provide concession-wide insights into forest 

and carbon dynamics after RIL activities in Deramakot, specifically, and in 

Sabah, broadly. With the intention to re-enter compartments at the end of the 

harvest cycle and re-use existing infrastructure, carbon losses from the creation 

of forest infrastructure were considered to be permanent, and excluded from the 

Net Production Area. Through the use of circular sample plots, randomly 

distributed along evenly placed transects, the sampling design aimed to address 

concerns of spatial and temporal variability. The unit of replication was the plot, 

and the compartments and strata were used to estimate a representative sample. 

The design, coupled with modern Geographic Information Systems (GIS), also 

means it may be possible to replicate the design to estimate aboveground alive 

tree biomass and deadwood necromass, in commercial production forest areas 

harvested with varying intensities. 

To increase our understanding of forest and carbon dynamics in logged-over 

forests, it was important to measure both aboveground alive tree biomass, and 

deadwood necromass. Identifying what carbon pools to measure was directly 

related to the depth and focus of the research, which was influenced by the 

availability of finance, the extent of existing data, and the assumed degree of 

change of the carbon pool over time (GOFC-GOLD, 2013). Specifically, the 

research demonstrates that measuring deadwood necromass indeed helps to 

understand the change in forest and carbon dynamic over time. The research 
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brought to light the inception of the Sabah residual timber forest policy, which 

without the measurement of deadwood necromass, may have gone unobserved.  

The estimates of the stocks of deadwood necromass ≥2 cm in diameter were 

similar to studies that measured pieces ≥10 cm in diameter, and it is likely more 

efficient to measure the latter exclusively. 

The results obtained using the chronosequence approach may be influenced 

by the rate of decay of deadwood necromass debris created from harvest 

activities. This effectively implied using 5 year timeframes, where the forest and 

carbon dynamic was quantified at 5, 10 and 15-years since harvest. Taking into 

account the complexity of measuring logged-over forests, the time estimate was 

found to be comparable to methods advocated under the Climate Convention, 

and applied in research in adjacent areas (Tay, 2000; Pearson et al., 2006; 

Lincoln, 2008; GOFC-GOLD, 2013). However, conducting a chronsequence in a 

single forest reserve prevents from making conclusions about forest recovery in 

wider regions. Other concessions in the State will reach the 5-year mark from the 

implementation of the RIL policy in 2010, and new compartments and 

concessions can be incorporated into the sampling design structure over time, 

thereby creating new opportunities to research the impact of the RIL policy 

across the State. 
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7.4. ESTIMATING THE CARBON BASELINE FOR REDUCED-

IMPACT LOGGING ACTIVITIES IN SABAH UNDER THE 

CLIMATE CONVENTION IN MALAYSIA 

The objective of this Chapter was to propose a carbon baseline for the 

commercial production forests in Sabah, where conventional harvest activities 

were historically, the only form of harvest practice. The development of a carbon 

baseline was aimed to assist the quantification of improved harvest activities 

through RIL in Sabah under the Climate Convention in Malaysia. The key 

conclusions to the Chapter are as follows: 

1) The absence of historical harvest records and the introduction of the 

RIL policy to exclude conventional harvest practices in the FMUs in 

Sabah implies data cannot be collected on conventional harvest 

activities. The alternative ‘crediting’ approach is applied, whereby a 

benchmark is set, counterfactually, to estimate carbon that would be 

released without RIL activities. A number of carbon reductions are 

withheld from issuance into the market, to create a buffer between 

actual and potential issuance. The approach is conservative, to account 

for changes in policy and project-based circumstances, which may 

impact the number of carbon reductions issued in a project timeframe. 

2) The crediting approach is aligned with Malaysia’s approach to estimate 

their national forest emission level, whereby the changes in carbon 

stock are estimated at periodic time intervals. This approach 

corresponds to the traditional approach based upon forest mensuration 

exercises in Malaysia, whereby repeated inventories over time inform 

over changes in forest dynamic. 

3) In the absence of historical harvest records, a model was developed 

based on data from peer-reviewed literature, to estimate the impact of 

conventional practices, relative to RIL activities in Sabah. Within the 

model, the broad impact classes of ‘infrastructure created’, and ‘harvest 

damage’ were identified, to estimate the percentage difference between 

the practices at the time of harvest. 
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4) The principle of net present value was applied to buffer the forward-

looking carbon baseline and compensate for the uncertainty in the 

accumulation of carbon over time. A conservative discount value equal 

to the rate of growth of the forest was applied, to estimate the trajectory 

of recovery from conventional practices and estimate the amount of 

carbon prevented from entering the atmosphere from RIL practices. 

Previous work on conventional and RIL activities in Sabah were largely 

based on controlled research trials in primary forest conditions, whereby 

conventional and RIL activities were implemented in parallel compartments, to 

estimate the differences between the practices. The introduction of the RIL 

policy in Sabah raised a fundamental limitation in the development of the carbon 

baseline. This limitation led to an in-depth review of the literature, where the use 

of such values to investigate the impact of conventional activities across multiple 

periods of time, likely provides a robust estimate of conventional harvest 

practices in Sabah. 

The principle of net present value was modified to estimate the accumulation 

of carbon over time. The introduction of the RIL in the license agreement of 

commercial forest reserves in 1997, and the reinforcement of the activity through 

the RIL policy, infers it would be a challenge to identify areas harvested through 

conventional practise that have yet to be impacted by RIL activities (Kleine, 

1997; The Star, 2010). This could be an area for future research, with extensive 

fieldwork and mapping required. The limitation in finance, and time, inhibited 

such investigations in this project, where instead the literature was reviewed, 

however, future research is likely warranted on the carbon baseline, exclusively. 
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7.5. ESTIMATING CARBON STORAGE FROM REDUCED-

IMPACT LOGGING PRACTICES IN SABAH 

The objective of this Chapter was to investigate the changes in carbon stocks 

from the application of RIL, relative to conventional harvest activities, in 

selected commercial forest reserves in Sabah. Two commercial forest reserves, 

i.e., a primary lower montane, and a severely degraded logged-over lowland 

forest, representing opposite ends of a range of anthropogenic disturbance from 

harvest activities, were investigated. The carbon stocks of both areas was 

estimated immediately following harvest activities, and with the application of 

the carbon baseline developed in Chapter 4, the recovery of carbon stocks was 

modelled into the future. Aboveground alive tree biomass and deadwood 

necromass, in terms of the number of trees, basal area, volume and carbon stock 

per hectare, were investigated. The key conclusions to the Chapter are as 

follows: 

 

1) In both areas after harvest, significant changes were detected in all 

estimated aboveground variables, and significant changes were detected 

in deadwood carbon in both areas, with a significant change in deadwood 

volume detected in the lowland mixed dipterocarp forest. Total volume 

and carbon stocks in both areas were found to be higher after the 

implementation of RIL activities, relative to conventional harvest 

practices. 

2) The rate of recovery of carbon stocks was estimated to be higher in the 

lower montane forest, relative to the lowland mixed dipterocarp forest. 

The variability in the accumulation of carbon stocks of aboveground 

alive tree biomass was identified as an important consideration in the 

trends observed. The condition of the forest at the time of harvest, i.e., 

primary or severely degraded logged-over forest, was found to impact 

carbon stocks immediately after harvest and the rate of carbon 

accumulation over time. 

3) The estimate of carbon stocks after conventional harvest practices and the 

accumulation of carbon over time were found to be comparable to 
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literature values. The approach supports the concept of 

‘conservativeness’, as advocated for project-based activities, under the 

Climate Convention. 

 

Previous research investigating RIL activities and its potential to reduce 

carbon emissions to the atmosphere, focussed primarily on the immediate impact 

of the activity in primary forests. In many cases, such findings were followed-up 

in subsequent research by applying new approaches to model the recovery 

trajectory of carbon into the future. Examining opposite ends of a gradient of 

anthropogenic disturbance may be a focus for future research initiatives, to better 

understand the variability in carbon recovery of specific forest types, i.e., 

lowland, hill, lower montane. Such programmes may involve the establishment 

of permanent sample plots at the same time as the implementation of sub-

national forest inventories, which may assist the monitoring of forest stand and 

carbon dynamics over time. Such activities could also be aligned with the 

financial strategies of international and intergovernmental donors to the Climate 

Convention, whereby the release of periodic results on forest and carbon 

inventories could coincide with scheduled meetings and initiatives, to increase 

transparency, and the coordination of project-based activities with national and 

international initiatives, including the allocation of finance. 

The introduction of RIL in Sabah in 1997, and its reinforcement through the 

RIL policy, prohibits the instigation of ground-based conventional harvest 

activities in commercial production reserves. While every attempt has been 

made to develop robust, objective arguments for the development of the carbon 

baseline, without being able to physically estimate its impact on the forest, 

programmes involving RIL and carbon in Sabah will contain a level of 

uncertainty. Further research is warranted on the development of the carbon 

baseline, where the application of time-based approaches may assist to better 

evaluate trends in forest stand and carbon dynamics, and better understand the 

impact of RIL on the carbon balance of commercial production forest reserves in 

Sabah. 
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The limitations of the model employed in this Chapter to estimate the impacts 

of conventional harvest practices are acknowledged. Discounting to develop the 

crediting approach offers a unique approach to address future uncertainty, while 

safeguarding accruing carbon storage entering the marketplace. Further research 

on the identification of a more accurate rate of recovery may be used to support 

decisions regarding the allocation of finance to develop and/or implement RIL 

programmes and supporting practices. This is especially significant to 

international and inter-governmental financial donors to the Climate Convention, 

where finance is allocated over short periods of time. Although the results are 

justified against the literature, the variability in the work here, and indeed in the 

literature, indicates future work is warranted (Pinard and Cropper, 2000; Tay, 

2000; Lincoln, 2008). Such research may be well positioned to assist future 

project-based activities involving RIL activities under the Climate Convention in 

Malaysia, specifically, and in the tropics, generally. 

 

7.6. IMPLEMENTING REDUCED-IMPACT LOGGING AS A 

NATIONALLY APPROPRIATE MITIGATION ACTION 

UNDER THE CLIMATE CONVENTION IN MALAYSIA 

The objective of this Chapter was to investigate the potential of RIL to be 

integrated in the national institutional framework of Malaysia, with an aim to 

reduce carbon emissions into the atmosphere. The Chapter investigates the 

rationale for the application of RIL, through its registration as a Nationally 

Appropriate Mitigation Action (NAMA) under the Climate Convention, where 

distinctions are made between its integration as a mitigation activity at the 

national level in Malaysia, relative to its implementation at the sub-national level 

in Sabah. Drawing on experiences from Sabah where considerable efforts have 

been made to integrate RIL as the medium of practice (Kleine, 1997; SFD, 

2009a), the potential reductions in carbon emissions, and its affiliated financial 

considerations of RIL activities were investigated, to represent potential sub-

national level contributions, under the Climate Convention in Malaysia. The key 

conclusions to the Chapter are as follows: 
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1) Implementing RIL as a project-based activity under the Climate 

Convention is broadly applicable to all States in Malaysia, whereby 

monitoring, reporting and verification (MRV) at the sub-national level 

may be implemented through the existing domestic forest certification 

standard in Malaysia, which may assist to integrate RIL into the 

broader institutional system of forest governance under the Climate 

Convention in Malaysia. 

2) To monitor such actions at the project-level, experiences from Sabah 

are described, with differences between pre- and post-forest inventories 

discussed for both harvest and carbon activities. Pre- and post-harvest 

inventory strategies are required to meet the objectives of both 

responsible forest management and emission reductions. 

3) The monitoring, reporting and verification requirements of RIL under 

the Climate Convention in Malaysia may be integrated into existing 

national institutional programmes such as forest certification, to meet 

the requirements for a safeguard information system in Malaysia. RIL 

activities in Sabah may assist Malaysia meet their emission reduction 

target, relative to their forest reference emission level. 

4) At the current price of carbon over a 35-year harvest cycle, RIL is 

estimated to be approximately at the break-even price for its 

implementation in Sabah. Relative to the cost of restoring severely 

degraded forests harvested through conventional practices in Sabah, 

implementing RIL is financially viable. 

 

Within the Chapter, RIL activities are rationalised in the national context, for 

its development as a NAMA. However, the originality of NAMAs demonstrates 

there is limited experience in their development. Further research may be 

warranted into the modification of existing institutional frameworks at the sub-

national level, for their broad integration at the national level, for all States in 

Malaysia. The coordination and development of such programmes across the 

country may lead towards the further integration of RIL activities under the 

Climate Convention in Malaysia. 
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The sampling approach applied in Chapter 3 and Chapter 5, forms the basis 

for the estimate of the financial value of implementing RIL in Sabah, relative to 

the Climate Convention. Further research is warranted on the development of 

forest inventory strategies, to optimise time and efforts to obtain results that are 

within acceptable levels of uncertainty, for both forest and carbon programmes. 

Such strategies may include the development of localised volume equations to 

increase the accuracy of the estimates, at both the concession and district level, 

where support from the national government can assist to secure the necessary 

finance from international and inter-governmental donors under the Climate 

Convention. 

While the institutionalisation of REDD-plus is in its early stages of 

development, governments are becoming aware of the importance of 

coordinating institutions involved in its development. In doing so, efforts to 

integrate MRV requirements are critical for the development of national REDD-

plus programmes under the Climate Convention. While Malaysia identifies the 

Malaysian Timber Certification Standard (MTCS) as the vehicle to monitor 

project-based activities under the Climate Convention, its application is 

inconsistent across the country, and further work is needed to increase its 

implementation throughout Malaysia. Further research is warranted on the 

integration of the MTCS at the sub-national level, and its application at the 

national level under the Climate Convention. Specifically, research may 

investigate the implementation of other voluntary certification standards, such as 

the Forest Stewardship Council (FSC), to better understand how existing 

voluntary commitments of various concessions certified under the FSC 

Standard, can be integrated into a national MRV Framework under the Climate 

Convention in Malaysia. 

Future research may further investigate on-going RIL activities across Sabah 

to better understand its contribution. The standardisation of accounting practices 

may contribute to these efforts, where future research can develop such 

protocols. Computer programmes may be developed for use at the sub-national 

level, whereby information provided by concessions, and forestry departments, 

can automate carbon accounting modalities. Research into the financial aspects 
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of RIL may assist to better understand its financial relationship within national 

forestry programmes, and its integration under Climate Convention in Malaysia. 

Specifically, if the costs of implementing RIL in all States can be identified, i.e., 

inventories, mapping, training and monitoring, this may assist to better 

understand how such costs will be met under existing, and future forestry 

programmes. 

 

7.7. CONCLUDING REMARKS 

This Thesis is aimed to improve our knowledge of the application of RIL in 

logged-over forest of Sabah, and its applicability as a project-based activity 

under the Climate Convention in Malaysia. Several research questions were 

raised, to contextualise the modalities of RIL in Sabah and the institutional 

framework in Malaysia, relative to the architecture of the Climate Convention. It 

highlights the need for a systematic approach to gather observations on forest 

carbon dynamics and their integration into larger carbon accounting frameworks, 

to improve our understanding of the potential of RIL to contribute to reduce 

carbon emissions into the atmosphere from the forest sector.  
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APPENDIX I 

 

SUPPLEMENTARY TABLES AND DATA: 

CHAPTER 3: FOREST STAND AND CARBON DYNAMICS  

AFTER REDUCED-IMPACT LOGGING IN DERAMAKOT 

 

 

Figure A1-1: Transformed variable probability density functions. Variables are 
total number of trees, basal area, volume and carbon, deadwood 
volume, deadwood carbon, and canopy density. 
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Table A1-1: Aboveground multiple linear regression summary. Regression is considered significant at the 95% confidence and highlighted in bold. 
F=F-value, df=Degrees of freedom, adj r2=Adjusted r-squared, y=Dependent variable, x=Explanatory variable, t=T-value, P=Predictor 
value. 

Dependent 
variable 

Diamter class 
(cm) 

Multiple linear regression 
output 

Regression output for independent variables 
Stratum Harvest intensity Year 

SQRT 
Trees 

10-29cm DBH F=3.84, df=3,94, adj r2=0.081 y=0.017x+14.449, t=0.03, P=0.979 y=0.024x+14.449, t=0.21, P=0.834 y=0.634x+14.449, t=2.18, P=0.032 

30-59cm DBH F=0.81, df=3,88, adj r2=-0.006 y=-0.251x+10.56, t=-0.78, P=0.439 y=-0.023x+10.56, t=-0.44, P=0.692 y=0.055x+10.56, t=0.38, P=0.706 

≥60cm DBH F=0.65, df=3,92, adj r2=-0.011 y=-0.125x+6.675, t=-0.76, P=451 y=-0.028+6.675, t=-0.92, P=0.349 y=-0.030x+6.675, t=-0.41, P=0.685 

Sum F=4.79, df=3,96, adj r2=0.130 y=0.000x+20.63, t=-0.00, P=0.999 y=-0.055x+20.63, t=-0.06, P=0.611 y=0.509x+20.63, t=1.86, P=0.073 

Log10 
Basal area 

10-29cm DBH F=2.89, df=3,94, adj r2=0.055 y=0.001x+1.178, t=0.04, P=0.967 y=-0.008x+1.178, t=-1.26, P=0.211 y=0.009x+1.178, t=0.56, P=0.574 

30-59cm DBH F=1.09, df=3,88, adj r2=0.003 y=-0.048x+1.144, t=-1.47, P=0.145 y=0.000x+1.144, t=-0.043, P=0.966 y=0.008x+1.144, t=0.526, P=0.600 

≥60cm DBH F=1.38, df=3,92, adj r2=0.012 y=-0.054x+1.597, t=-1.59, P=0.116 y=-0.007x+1.597, t=-1.12, P=0.264 y=-0.017x+1.597, t=-1.11, P=0.272 

Sum F=4.167, df=3,96, adj r2=0.088 y=-0.021x+1.979, t=-1.12, P=0.267 y=-0.008x+1.979, t=-2.56, P=0.012 y=-0.008x+1.979, t=-0.88, P0.380 

Log10 
Volume 

10-29cm DBH F=3.046, df=3,94, adj r2=0.060 y=0.007x+2.089, t=0.16, P=0.871 y=-0.011x+2.089, t=-1.35, P=0.180 y=0.011x+2.089, t=0.517, P=0.607 

30-59cm DBH F=1.146, df=3,88, adj r2=0.005 y=-0.058x+2.231, t=-1.59, P=0.115 y=-0.001x+2.231, t=-0.00, P=0.921 y=0.007x+2.231, t=0.40, P=0.688 

≥60cm DBH F=1.796, df=3,92, adj r2=0.025 y=-0.060x+2.891, t=-1.74, P=0.085 y=-0.008x+2.891, t=-1.36, P=0.177 y=-0.021x+2.891, t=-1.58, P=0.178 

Sum F=3.897, df=3,96, adj r2=0.081 y=-0.033x+3.169, t=-1.58, P=0.118 y=-0.010x+3.169, t=-2.69, P=0.010 y=-0.014x+3.169, t=-1.45, P=0.149 

Log10 
Carbon 

10-29cm DBH F=3.153, df=3,94, adj r2=0.062 y=-0.006x+1.976, t=-0.13, P=0.894 y=-0.012x+1.976, t=-1.54, P=0.123 y=0.006x+1.976, t=-1.55, P=0.859 

30-59cm DBH F=1.463, df=3,88, adj r2=0.015 y=-0.066x+1.946, t=-1.63, P=0.107 y=-0.002x+1.946, t=-0.24, P=0.814 y=0.009x+1.946, t=0.50, P=0.622 

≥60cm DBH F=1.373, df=3,92, adj r2=0.012 y=-0.055x+2.589, t=-1.50, P=0.137 y=-0.088x+2.589, t=-1.23, P=0.221 y=-0.020x+2.589, t=-1.18, P=0.241 

Sum F=4.302, df=3,96, adj r2=0.091 y=-0.036x+2.927, t=-1.63, P=0.107 y=-0.010x+2.927, t=-2.70, P=0.008 y=-0.013x+2.927, t=-1.34, P=0.182 
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Table A1-2: Aboveground level of significance (P-values) of the general linear model, with harvest intensity as the covariate, at the 95% confidence 
interval, and highlighted in bold. 

 General linear model 

Variable 
With interaction Without Interaction 

Stratum*Year Harvest intensity*Stratum Harvest intensity*Year Stratum Harvest intensity Year 
SQRT Trees 10-29cm DBH 0.601 0.689 0.456 0.284 0.518 0.047 
SQRT Trees 30-59cm DBH 0.505 0.319 0.084 0.582 0.061 0.042 
SQRT Trees ≥60cm DBH 0.824 0.700 0.900 0.425 0.452 0.877 
SQRT Trees Sum 0.415 0.431 0.883 0.557 0.189 0.083 
       
Log10 BA 10-29cm DBH 0.113 0.592 0.658 0.542 0.136 0.605 
Log10 BA 30-59cm DBH 0.125 0.868 0.388 0.218 0.239 0.150 
Log10 BA ≥60cm DBH 0.537 0.891 0.568 0.304 0.892 0.121 
Log10 BA Sum 0.221 0.402 0.174 0.594 0.019 0.512 
       
Log10 Volume 10-29cm DBH 0.132 0.113 0.956 0.289 0.062 0.358 
Log10 Volume 30-59cm DBH 0.494 0.093 0.195 0.262 0.133 0.068 
Log10 Volume ≥60cm DBH 0.764 0.474 0.675 0.239 0.904 0.108 
Log10 Volume Sum 0.294 0.317 0.509 0.329 0.008 0.179 
       
Log10 Carbon 10-29cm DBH 0.113 0.094 0.938 0.334 0.066 0.547 
Log10 Carbon 30-59cm DBH 0.425 0.079 0.335 0.295 0.140 0.105 
Log10 Carbon ≥60cm DBH 0.775 0.665 0.729 0.342 0.753 0.051 
Log10 Carbon Sum 0.233 0.583 0.172 0.287 0.018 0.305 
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Table A1-3: Dipterocarp multiple linear regression summary table. Regression is considered significant at the 95% confidence and highlighted in bold. 
F=F-value, df=Degrees of freedom, adj r2=Adjusted r-squared, y=Dependent variable, x=Explanatory variable, t=T-value, P=Predictor 
value. 

 
Dependent 

variable 
Diamter class 

(cm) 
Multiple linear regression 

output 
Regression output for independent variables 

Stratum Harvest Intensity Year 

SQRT 
Trees 

10-29cm DBH F=2.865, df=3,72, adj r2=0.063 y=-0.721x+12.298, t=-1.16, P=0.248 y=0.045x+12.298, t=0.45, P=0.653 y=0.489x+12.298, t=1.78, P=0.079 
30-59cm DBH F=1.451, df=3,68, adj r2=0.019 y=-0.383x+11.921, t=-1.24, P=0.220 y=-0.065x+11.921, t=-1.29, P=0.203 y=-0.081x+11.921, t=-0.57, P=0.571 
≥60cm DBH F=1.188, df=3,90, adj r2=0.006 y=-0.163x+6.901, t=-1.09, P=0.279 y=-0.039x+6.901, t=-1.46, P=0.149 y=-0.076x+6.901, t=-1.13, P=0.263 

Sum F=3.240, df=3,96, adj r2=0.064 y=-0.043x+22.852, t=-0.06, P=0.952 y=-0.022x+22.852, t=-0.30, P=0.076 y=0.018x+22.852, t=0.01, P=0.957 

Log10 
Basal Area 

10-29cm DBH F=2.89, df=3,94, adj r2=0.055 y=-0.075x+0.774, t=-1.90, P=0.062 y=-0.002x+0.774, t=-0.27, P=0.784 y=0.028x+0.774, t=1.62, P=0.109 
30-59cm DBH F=2.129, df=3,68, adj r2=0.046 y=-0.075x+1.362, t=-2.19, P=0.032 y=-0.004x+1.362, t=-0.78, P=0.436 y=-0.008x+1.362, t=-0.53, P=0.601 
≥60cm DBH F=2.575, df=3,90, adj r2=0.054 y=-0.078x+1.670, t=-2.32, P=0.023 y=-0.009x+1.670, t=-1.47, P=0.144 y=-0.023+1.670, t=-1.51, P=0.133 

Sum F=4.254, df=3,96, adj r2=0.090 y=-0.055x+2.048, t=-1.98, P=0.050 y=-0.012x+2.048, t=-2.60, P=0.011 y=-0.019x+2.048, t=-1.53, P=0.130 

Log10 
Volume 

10-29cm DBH F=6.155, df=3,72, adj r2=0.171 y=-0.073x+1.240, t=-1.48, P=0.144 y=0.004x+1.240, t=0.56, P=0.580 y=0.059x+1.240, t=2.69, P=0.009 
30-59cm DBH F=2.295, df=3,68, adj r2=0.052 y=-0.079x+2.577, t=-2.19, P=0.032 y=-0.006x+2.577, t=-0.96, P=0.341 y=-0.012x+2.577, t=-0.69, P=0.490 
≥60cm DBH F=2.643, df=3,90, adj r2=0.050 y=-0.080x+2.878, t=-2.31, P=0.023 y=-0.009x+2.878, t=-1.41, P=0.161 y=-0.022x+2.878, t=-1.38, P=0.171 

Sum F=3.896, df=3,96, adj r2=0.081 y=-0.063x+3.168, t=-2.19, P=0.031 y=-0.011x+3.168, t=-2.28, P=0.025 y=-0.017x+3.178, t=-1.36, P-0.177 

Log10 
Carbon 

10-29cm DBH F=4.941, df=3,72, adj r2=0.136 y=-0.094x+1.347, t=-1.98, P=0.051 y=0.002x+1.347, t=0.21, P=0.853 y=0.041x+1.347, t=1.97, P=0.053 
30-59cm DBH F=2.527, df=3,68, adj r2=0.061 y=-0.091x+2.293, t=-2.40, P=0.019 y=-0.005x+2.293, t=-0.78, P=0.439 y=-0.011x+2.293, t=-0.65, P=0.518 
≥60cm DBH F=1.912, df=3,90, adj r2=0.029 y=-0.075x+2.538, t=-2.01, P=0.048 y=-0.007x+2.538, t=-1.11, P=0.272 y=-0.020+2.538, t=-1.17, P=0.245 

Sum F=3.625, df=3,96, adj r2=0.074 y=-0.062x+2.901, t=-2.12, P=0.036 y=-0.011x+2.901, t=-2.20, P=0.030 y=-0.017x+2.901, t=-1.34, P=0.182 
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Table A1-4: Dipterocarp level of significance (P-values) of the general linear model with harvest intensity as the covariate, at the 95% confidence 
interval, and highlighted in bold. 

 
 General linear model 

Variable 
With interaction Without Interaction 

Stratum*Year Harvest intensity*Stratum Harvest intensity*Year Stratum Harvest intensity Year 
SQRT Trees 10-29cm DBH 0.739 0.965 0.390 0.430 0.261 0.018 
SQRT Trees 30-59cm DBH 0.935 0.662 0.056 0.625 0.013 0.023 
SQRT Trees ≥60cm DBH 0.430 0.387 0.684 0.499 0.038 0.178 
SQRT Trees Sum 0.547 0.934 0.877 0.321 0.001 0.013 
       
Log10 BA 10-29cm DBH 0.615 0.166 0.851 0.151 0.220 0.171 
Log10 BA 30-59cm DBH 0.516 0.626 0.235 0.193 0.077 0.073 
Log10 BA ≥60cm DBH 0.518 0.253 0.980 0.138 0.330 0.342 
Log10 BA Sum 0.459 0.623 0.311 0.274 0.001 0.022 
       
Log10 Volume 10-29cm DBH 0.458 0.325 0.595 0.328 0.343 0.009 
Log10 Volume 30-59cm DBH 0.500 0.624 0.207 0.216 0.053 0.066 
Log10 Volume ≥60cm DBH 0.530 0.277 0.919 0.137 0.395 0.379 
Log10 Volume Sum 0.264 0.440 0.248 0.185 0.002 0.037 
       
Log10 Carbon 10-29cm DBH 0.640 0.161 0.833 0.175 0.414 0.106 
Log10 Carbon 30-59cm DBH 0.336 0.567 0.571 0.168 0.095 0.118 
Log10 Carbon ≥60cm DBH 0.611 0.324 0.958 0.220 0.798 0.313 
Log10 Carbon Sum 0.177 0.539 0.399 0.163 0.006 0.084 
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Table A1-5: Non-dipterocarp multiple linear regression summary table. Regression is considered significant at the 95% confidence and highlighted in 
bold. F=F-value, df=Degrees of freedom, adj r2=Adjusted r-squared, y=Dependent variable, x=Explanatory variable, t=T-value, 
P=Predictor value. 

 
Dependent 

variable 
Diamter class 

(cm) 
Multiple linear regression 

output 
Regression output for independent variables 

Stratum Harvest Intensity Year 

SQRT 
Trees 

10-29cm DBH F=1.513, df=3,87, adj r2=0.017 y=-0.015x+5.873, t=-0.17, P=0.864 y=0.169x+5.873, t=1.62, P=0.110 y=0.565x+5.873, t=2.12, P=0.037 
30-59cm DBH F=2.331, df=3,67, adj r2=0.054 y=0.036x+0.856, t=0.13, P=0.897 y=0.120x+0.856, t=2.47, P=0.016 y=0.306x+0.856, t=2.56, P=0.013 
≥60cm DBH F=2.249, df=3,48, adj r2=0.068 y=0.204x+3.260, t=1.45, P=0.155 y=-0.023x+3.360, t=-0.93, P=0.357 y=0.037x+3.360, t=0.59, P=0.555 

Sum F=2.048, df=3,94, adj r2=0.031 y=0.062x+6.653, t=0.09, P=0.926 y=0.121x+6.653, t=1.09, P=0.279 y=0.635x+6.653, t=2.20, P=0.030 

Log10 
Basal Area 

10-29cm DBH F=0.022, df=3,87, adj r2=-0.034 y=0.004x+0.658, t=0.09, P=0.929 y=0.002x+0.658, t=0.23, P=0.816 y=0.004x+0.658, t=0.22, P=0.829 
30-59cm DBH F=2.045, df=3,67, adj r2=0.043 y=-0.007x+0.092, t=-0.19, P=0.848 y=0.015x+0.092, t=2.36, P=0.021 y=0.035x+0.092, t=2.31, P=0.024 
≥60cm DBH F=1.778, df=3,48, adj r2=0.044 y=0.051x+1.091, t=1.33, P=0.191 y=-0.012x+1.091, t=-1.80, P=0.079 y=-0.013x+1.091, t=-0.75, P=0.455 

Sum F=4.167, df=3,96, adj r2=0.088 y=0.029x+0.938, t=0.76, P=0.448 y=-0.002x+0.938, t=-0.32, P=0.753 y=0.016x+0.938, t=0.97, P=0.335 

Log10 
Volume 

10-29cm DBH F=0.042, df=3,87, adj r2=-0.033 y=0.016x+1.422, t=0.31, P=0.756 y=0.000x+1.422, t=0.01, P=0.996 y=-0.002x+1.422, t=-0.08, P=0.933 
30-59cm DBH F=1.549, df=3,67, adj r2=0.023 y=-0.012x+1.987, t=-0.30, P=0.762 y=0.014x+1.987, t=2.07, P=0.043 y=0.032x+1.987, t=1.94, P=0.057 
≥60cm DBH F=1.771, df=3,48, adj r2=0.043 y=0.043x+2.468, t=1.03, P=0.308 y=-0.016x+2.468, t=-2.19, P=0.034 y=-0.030x+2.468, t=-2.19, P=0.105 

Sum F=1.269, df=3,94, adj r2=0.008 y=0.038x+1.992, t=0.84, P=0.401 y=-0.006x+1.992, t=-0.78, P=0.437 y=0.007x+1.992, t=0.36, P=0.719 

Log10 
Carbon 

10-29cm DBH F=0.037, df=3,87, adj r2=-0.033 y=0.015x+1.236, t=0.32, P=0.749 y=-0.001x+1.236, t=-0.09, P=0.927 y=-0.002x+1.236, t=-0.09, P=0.925 
30-59cm DBH F=1.421, df=3,67, adj r2=0.018 y=-0.012x+0.797, t=-0.28, P=0.784 y=0.011x+0.797, t=1.38, P=0.171 y=0.037x+0.797, t=1.96, P=0.054 
≥60cm DBH F=1.441, df=3,48, adj r2=0.025 y=0.034x+2.225, t=0.71, P=0.484 y=-0.017x+2.225, t=-2.02, P=0.049 y=-0.029x+2.225, t=-1.39, P=0.171 

Sum F=1.855, df=3,94, adj r2=0.026 y=0.034x+1.787, t=0.81, P=0.422 y=-0.008x+1.787, t=-1.06, P=0.294 y=0.007x+1.787, t=0.36, P=0.721 
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Table A1-6: Non-dipterocarp level of significance (P-values) of the general linear model with harvest intensity as the covariate, at the 95% confidence 
interval and highlighted in bold. 

 

 General linear model 

Variable 
With interaction Without Interaction 

Stratum*Year Harvest intensity*Stratum Harvest intensity*Year Stratum Harvest intensity Year 
SQRT Trees 10-29cm DBH 0.823 0.569 0.609 0.974 0.116 0.101 
SQRT Trees 30-59cm DBH 0.851 0.281 0.450 0.974 0.162 0.044 
SQRT Trees ≥60cm DBH 0.988 0.258 0.803 0.410 0.902 0.504 
SQRT Trees Sum 0.431 0.537 0.908 0.977 0.102 0.046 
       
Log10 BA 10-29cm DBH 0.398 0.096 0.958 0.745 0.613 0.819 
Log10 BA 30-59cm DBH 0.923 0.155 0.929 0.784 0.062 0.077 
Log10 BA ≥60cm DBH 0.950 0.367 0.475 0.201 0.588 0.205 
Log10 BA Sum 0.078 0.316 0.228 0.854 0.499 0.206 
       
Log10 Volume 10-29cm DBH 0.538 0.467 0.966 0.742 0.796 0.924 
Log10 Volume 30-59cm DBH 0.948 0.192 0.996 0.791 0.141 0.154 
Log10 Volume ≥60cm DBH 0.946 0.499 0.508 0.246 0.351 0.080 
Log10 Volume Sum 0.053 0.302 0.251 0.758 0.897 0.441 
       
Log10 Carbon 10-29cm DBH 0.495 0.482 0.880 0.713 0.767 0.841 
Log10 Carbon 30-59cm DBH 0.748 0.261 0.604 0.836 0.488 0.135 
Log10 Carbon ≥60cm DBH 0.966 0.162 0.855 0.180 0.483 0.071 
Log10 Carbon Sum 0.058 0.466 0.155 0.763 0.963 0.323 
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Table A1-7: Deadwood necromass multiple linear regression summary table. Regression is considered significant at the 95% confidence and 
highlighted in bold. F=F-value, df=Degrees of freedom, adj r2=Adjusted r-squared, y=Dependent variable, x=Explanatory variable, t=T-
value, P=Predictor value. 

 

Dependent variable Multiple linear regression 
output 

Regression output for independent variables 
Stratum Harvest intensity Year 

Log10 Deadwood Volume F=7.217, df=3,96, adj r2=0.159 y=-0.067x+1.753, t=-2.52, P=0.013 y=-0.011x+1.753, t=-2.30, P=0.023 y=-0.002x+1.753, t=-1.57, P=0.876 
Log10 Deadwood Carbon F=6.162, df=3,96, adj r2=0.135 y=-0.050x+1.283, t=-2.15, P=0.034 y=-0.011x+1.283, t=-2.73, P=0.008 y=-0.009x+1.283, t=-0.87, P=0.384 

 
Table A1-8: Deadwood necromass level of significance (P-values) of the general linear model with harvest intensity as the covariate, at the 95% 

confidence interval and highlighted in bold. 
 

 General linear model 

Variable 
With interaction Without interaction 

Stratum*Year Harvest intensity*Stratum Harvest intensity*Year Stratum Harvest intensity Year 
Log10 Volume 0.929 0.882 0.032 0.071 0.097 0.954 
Log10 Carbon 0.900 0.776 0.101 0.063 0.097 0.419 
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Table A1-9: Canopy density multiple linear regression summary table. Regression is considered significant at the 95% confidence and highlighted in 
bold. F=F-value, df=Degrees of freedom, adj r2=Adjusted r-squared, y=Dependent variable, x=Explanatory variable, t=T-value, 
P=Predictor value. 

 

Dependent variable Multiple linear regression 
output 

Regression output for independent variables 
Stratum Harvest intensity Year 

ArcSin Canopy density F=5.552, df=3,96, adj r2=0.148 y=-0.003x+1.098, t=-0.25, P=0.802 y=-0.002x+1.098, t=-1.23, P=0.221 y=0.007x+1.098, t=1.30, P=0.198 
 

Table A1-10: Canopy density level of significance (P-values) of the general linear model with harvest intensity as the covariate, at the 95% confidence 
interval and highlighted in bold. 

 
 General linear model 

Variable 
With Interaction Without Interaction 

Stratum*Year Harvest intensity*Stratum Harvest intensity*Year Stratum Harvest intensity Year 
ArcSin Canopy density 0.147 0.557 0.091 0.950 0.534 0.017 
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Table A1-11: Volume equation association defined by common name in Sabah. Originally published (Forestal International Limited, 1973). 

Equation # Species Association 
1 Seraya Majau (Shorea johorensis, S. leprosula) 
2 Pengiran, Selangan (Hopea spp.), Melapi (Shorea agami), Obah Suluk (Shorea sp.),  

Kawang, (Shorea sp.), Seraya Merah (Shorea pp.) 
3 Urat Mata (Parashorea sp.), Resak (Vatica sp.; Cotelobium sp.) 
4 Kapur Merah (Dryobalanops beccarii), Kapur Paji (Dryobalanops lanceolata), Kapur Gumpaid (Dryobalanops keithii),  

Other Kapur (Dryobalanops sp.), Gagil (Hopea sp.) 
5 Keruing Puteh (Dipterocarpus caudiferus.), Other Keruing (Dipterocarpus sp.) 
6 Seraya Kuning (Shorea faguetiana; S. multifloria) 
7 Selangan Batu Daun Halus (Shorea surpurba), Selangan Batu Merah (Shorea guiso), Other Selangan Batu (Shorea sp.) 
8 Rengas (Gluta elegans), Ranggu (Dillenia sumatrana), Damaran (Agathis borneensis), Putat Paya (Planchonia valida),  

Karai & Pisang-Pisang (Alphonsea sp.), Pulai (Alstonia actinophylla), Bawang Hutan (Scorodocarpus borneensis),  
Jelutong (Dyera costulata), Durian (Durio sp.), Perupok (Lophopetalum sp.), Other Leguminosae (Leguminosae sp.),  
Limpaga & Lantupak (Aglaia sp.), Kayu Malam (Diospyros sp.) 

9 Other Anacardiaceae (Anacardiaceae sp.), Berangan (Castanopsis sp.), Obah (Eugenia sp.), Mempening (Lithocarpus sp.),  
Bintangor (Calophyllum sp.), Serungan & Geronggang (Cratoxylum sp.), Medang (Lauraceae sp.), Keranji (Dialium indum),  
Merbau (Afzelia rhomboidea), Sepetir (Copaifera palustris), Nyatoh (Sapotaceae sp.), Other Sterculieceae (Sterculieceae sp.),  
Takalis (Pentace erectinervia), Kambang (Scaphium linearicarpum) 

10 Kedondong & Pamatodon (Anacardiaceae sp.) 
11 Binuang (Octomeles sumatrana) 
12 Mengaris (Koompassia excels) 
13 Belian (Eusideroxylon zwageri) 
14 Laran (Anthocephalus chinensis), Aru (Casuarina equisetifolia),  

Sempilau Laut & Bukit (Gymnostoma sp.), Mengilan (Agathis sp.), Podocarpaceae 
15 Miscellaneous Species, with & without Latex, Fruit Trees 
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Table A1-12: Volume equations for Sabah. Originally published by (Forestal International Limited, 1973). 
D = Diameter at Breast Height (inch), H = Height (ft3), V = Volume (m3). 

	

Equation # 
Equation 

Height Volume 
1 H = 18.06 + 3.432 * D + (- 0.03424 * (D2)) V = 1.344 + 0.3649 * ((D2 * H) / 100) 
2 H = 8.573 + 4.607 * D * (- 0.06392 * (D2)) V = 5.415 + (0.34728*(((D2) * H) / 100) 
3 H = -1.188 + 5.335 * D + (-0.07131 * (D2)) V = -1.278 + 0.35*(((D2) * H) / 100) +0.00000642*((((D2) * H) / 100)2) 
4 H = -1.034 + (6.258 *D) + ((-0.09007 * (D2))) V = 1.286 + (0.3439*(((D2) * H) / 100)) 
5 H = 8.256 + 4.997 * D -0.06816 * (D2) V = 5.83 + 0.2859*(((D2) * H) / 100) +0.00005579*((((D2) * H) / 100)2) 
6 H = 16.68 + (2.791 * D) + (-0.02157 * (D2)) V = 4.815 + (0.3196*(((D2) * H) / 100)) + (0.00000898*((((D2) * H) / 100)2)) 
7 H = 13.12 + 3.541 * D -0.04116 * (D2) V = 4.564 + 0.3241 * (((D2) * H) / 100) + 0.00002011*((((D2) * H) / 100)2) 
8 H = 8.294 + 3.029 * D -0.0392 * (D2) V = 2.057 + 0.3349 * (((D2) * H) / 100) 
9 H = 7.536 + 2.753 * D -0.03047 * (D2) V = -0.5117 + 0.3872 * (((D2) * H) / 100) 

10 H = 13.06 + 2.373 * D + (-0.02512 *(D2)) V = 1.139 + 0.3747 * (((D2) * H) / 100) 
11 H = 6.743 + 3.882 * D+ (-0.04682*(D2)) V = -0.6883 + 0.3279 * (((D2) * H) / 100 
12 H = 37.59 + 2.19 * D (-0.02409*(D2)) V = 6.778 + 0.4024 * ((((D2) * H) / 100)) 
13 H = 12.75 + 1.96 * D + (-0.03294*(D2)) V = 1.933 + 0.3688 * (((D2) * H) / 100) 
14 H = -10.46 + 6.131 * D + (-0.09994 * (D2)) V = 1.059 + 0.2734 * (((D2) * H) / 100) +0.00002404 * ((((D2) * H) / 100)2) 
15 H = 10.92 + (2.198 * D) + ((-0.02877 * (D2))) V = -0.07422 + (0.3549 * (((D2) * H) /100)) 
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Table A1-13: Raw Plot Data.	
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1 1997 15 49 2 863124.54 596131.85 735 221 18 974 14.04 28.56 6.02 48.61 90.49 327.82 93.92 512.22 57.28 209.32 67.75 334.36 18.56 7.08 85 

2 1997 15 49 2 863121.37 596039.88 421 35 0 457 16.96 6.38 0.00 23.34 121.04 53.38 0.00 174.42 73.22 13.99 0.00 87.21 19.82 5.64 81 

3 1997 15 49 3 863302.15 595932.05 1,146 191 8 1,345 27.59 28.39 2.64 58.62 251.42 353.27 45.99 650.67 155.43 201.97 30.73 388.12 10.68 3.30 89 

4 1997 15 49 4 863308.49 594847.41 441 184 28 652 15.97 28.44 10.79 55.21 125.81 226.95 154.99 507.76 65.50 123.47 79.26 268.24 20.64 6.13 79 

5 1997 15 49 4 863318.00 594650.78 562 176 9 746 10.24 24.14 2.51 36.89 55.36 275.51 33.26 364.12 30.38 131.46 24.01 185.85 11.49 3.71 85 

6 1997 15 49 2 863717.61 595294.59 509 127 8 645 16.43 26.96 4.16 47.55 124.58 360.64 74.41 559.63 48.41 117.60 25.43 191.44 12.17 3.56 84 

7 1997 15 49 2 863717.61 595202.61 577 108 27 712 17.67 16.80 17.34 51.81 156.36 172.87 193.70 522.93 96.70 100.28 108.57 305.55 48.95 13.24 87 

8 1997 15 49 3 864351.90 596325.31 280 105 9 394 5.23 20.69 4.96 30.88 23.61 170.51 79.42 273.53 14.35 123.83 57.25 195.42 30.20 10.37 88 

9 1997 15 49 2 864380.44 595541.96 711 36 18 765 13.23 4.83 10.76 28.82 93.28 37.83 187.50 318.61 49.63 30.06 110.85 190.55 26.62 7.48 85 

10 1997 15 49 2 864367.76 595281.90 843 105 9 957 22.05 13.04 2.57 37.66 202.61 107.31 42.58 352.51 113.29 58.09 16.20 187.58 14.65 4.42 91 

11 1997 15 49 3 864361.42 595066.24 260 130 33 423 6.60 11.60 15.33 33.54 67.36 80.56 216.79 364.70 32.79 44.81 115.15 192.75 17.49 4.84 87 

12 1997 15 49 3 864075.98 594666.64 955 102 51 1,108 25.15 14.11 22.26 61.53 158.35 150.74 375.64 684.74 74.27 77.38 167.16 318.82 18.02 5.68 83 

13 1997 15 55 2 861130.96 596030.65 542 68 17 627 13.83 10.24 8.60 32.67 131.52 105.99 128.53 366.05 68.51 58.56 87.09 214.16 36.82 9.64 87 

14 1997 15 55 2 861144.49 595588.46 509 0 56 565 12.62 0.00 25.43 38.04 113.50 0.00 313.07 426.56 78.24 0.00 215.16 293.39 67.83 17.55 91 
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15 1997 15 55 3 861146.75 595446.33 421 105 18 544 9.42 13.69 5.43 28.54 95.21 140.36 78.08 313.65 52.85 83.67 39.61 176.14 12.24 3.53 88 

16 1997 15 55 3 861158.03 595134.99 1,063 76 47 1,186 30.64 9.83 16.89 57.36 223.33 123.17 252.68 599.17 139.21 70.77 129.02 339.01 24.13 6.66 88 

17 1997 15 55 4 861090.35 595049.26 256 96 32 383 3.33 12.60 12.82 28.75 12.28 141.56 205.68 359.53 8.91 76.71 110.76 196.37 9.12 2.98 88 

18 1997 15 55 4 861092.60 595008.65 509 32 40 581 12.78 5.29 22.68 40.75 128.39 77.83 391.84 598.05 58.59 29.71 223.80 312.10 19.11 4.26 88 

19 1997 15 55 1 861843.87 595947.18 637 0 16 653 21.03 0.00 9.32 30.35 125.48 0.00 150.77 276.24 74.83 0.00 75.43 150.26 36.18 9.82 88 

20 1997 15 55 1 861864.18 595588.46 433 36 36 505 11.53 4.31 19.15 34.99 60.42 32.29 284.82 377.53 29.27 9.30 140.71 179.28 28.22 8.65 92 

21 1997 15 55 1 861866.44 595498.22 562 105 44 711 12.53 10.89 31.34 54.75 127.29 119.69 576.40 823.37 86.72 83.48 359.86 530.06 13.80 3.04 86 

22 1997 15 55 3 861846.13 595270.36 833 69 61 963 22.98 12.77 24.51 60.26 154.97 122.37 362.55 639.88 109.27 88.58 189.40 387.26 30.54 8.92 86 

23 1997 15 55 3 861857.41 595033.47 927 99 33 1,060 20.78 16.10 14.60 51.48 183.79 193.56 157.56 534.91 110.40 122.25 93.14 325.79 23.36 7.51 89 

24 1997 15 55 3 862335.70 596031.16 777 117 68 962 19.92 10.82 51.49 82.23 241.09 121.20 665.94 1,028.22 183.46 51.01 377.88 612.34 13.26 4.22 89 

25 1997 15 55 3 862328.93 595484.68 147 37 55 239 1.50 5.95 55.38 62.83 5.71 87.05 962.99 1,055.75 5.09 39.84 650.16 695.09 20.06 5.80 89 

26 1997 15 55 2 862757.58 595827.61 585 110 0 695 11.29 21.62 0.00 32.90 99.81 187.26 0.00 287.08 50.46 117.36 0.00 167.81 16.02 5.06 86 

27 1997 15 60 3 856808.89 595077.67 263 164 16 444 12.53 16.38 5.49 34.41 87.43 140.56 52.71 280.70 46.29 64.15 27.28 137.73 24.55 8.18 67 

28 1997 15 60 3 856805.84 594367.07 574 108 45 727 13.59 14.01 21.10 48.71 140.08 136.77 257.87 534.72 64.33 64.19 156.46 284.99 28.17 7.27 80 

29 1997 15 60 2 857275.50 594495.16 637 32 24 692 24.28 7.21 18.79 50.28 220.72 63.61 256.65 540.98 143.40 36.86 152.19 332.46 31.22 5.64 89 

30 1997 15 60 2 857281.60 594199.34 689 0 9 698 10.99 0.00 4.38 15.37 80.28 0.00 83.71 163.99 40.48 0.00 60.33 100.82 9.31 3.26 57 
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31 1997 15 60 3 857775.66 594214.59 553 173 26 752 15.21 34.24 8.09 57.54 105.37 405.29 132.59 643.25 68.47 194.86 76.78 340.11 19.54 5.87 84 

32 1997 15 60 3 857775.66 593961.46 697 139 35 871 13.38 19.37 21.55 54.30 114.30 254.35 370.97 739.62 75.04 116.56 225.91 417.51 11.69 5.54 70 

33 1997 15 60 1 858022.69 593662.58 142 106 9 257 6.25 13.92 5.02 25.20 35.56 145.80 90.25 271.61 21.70 60.25 41.11 123.06 110.71 23.29 67 

34 1997 15 60 3 858675.33 594190.19 139 139 17 296 2.33 27.19 9.87 39.40 9.27 278.27 168.17 455.71 6.34 170.41 113.42 290.17 18.31 6.13 72 

35 1997 15 60 3 858684.48 593638.19 553 69 9 631 10.72 7.33 5.02 23.07 78.92 73.97 104.17 257.06 36.73 37.89 58.49 133.10 17.62 5.89 72 

36 1997 15 60 1 858675.33 593327.11 415 69 61 545 14.07 9.76 25.96 49.79 80.73 113.55 422.33 616.61 49.79 39.66 240.36 329.81 19.31 5.12 74 

37 1997 15 60 3 859135.85 594226.79 1,304 217 18 1,539 33.77 23.04 7.71 64.52 274.13 241.12 100.10 615.35 142.18 114.19 50.55 306.92 42.50 11.23 72 

38 1997 15 60 3 859144.99 594083.45 1,009 36 18 1,063 30.49 3.31 10.37 44.17 182.60 43.46 180.93 407.00 116.11 20.01 118.49 254.61 29.34 7.50 70 

39 1997 15 68 1 859029.10 593568.04 692 104 52 847 22.42 16.85 22.99 62.26 165.11 159.31 380.17 704.59 104.33 80.97 239.96 425.26 18.61 5.65 93 

40 1997 15 68 1 861219.54 593593.12 134 167 58 359 5.31 28.91 37.87 72.09 37.22 416.68 552.77 1,006.67 21.77 243.67 240.82 506.26 31.34 6.98 89 

41 1997 15 68 1 861219.54 593045.60 580 36 27 643 10.11 5.99 20.16 36.26 79.11 88.09 353.29 520.50 47.06 40.31 187.36 274.72 25.09 6.94 86 

42 1997 15 68 1 861235.46 592724.09 948 68 59 1,075 22.60 6.08 21.13 49.81 160.77 47.05 325.24 533.06 96.07 21.80 154.96 272.82 39.74 9.80 84 

43 1997 15 68 3 861490.12 592475.79 782 130 16 929 25.76 14.64 6.43 46.83 285.35 185.17 111.37 581.89 186.28 96.97 50.76 334.01 25.40 7.07 84 

44 1997 15 68 3 861506.04 594155.17 544 102 17 663 17.78 11.62 7.52 36.92 189.04 139.90 130.21 459.14 98.71 88.87 91.83 279.41 11.61 3.85 84 

45 1997 15 68 3 861933.08 593131.55 564 106 18 688 21.25 9.92 8.08 39.25 143.48 114.87 141.95 400.30 78.79 65.53 64.68 209.00 39.36 11.57 85 

46 1997 15 68 2 861970.79 592552.19 1,099 172 0 1,270 39.45 25.12 0.00 64.57 406.67 273.80 0.00 680.46 280.33 174.31 0.00 454.64 20.98 5.86 82 
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47 1997 15 68 2 862231.82 592749.55 591 148 18 757 17.93 21.04 6.42 45.38 158.58 260.46 94.74 513.79 116.30 166.90 56.13 339.32 16.24 4.80 76 

48 1997 15 68 2 862228.64 592676.34 840 105 44 988 29.58 8.51 35.95 74.04 219.25 93.54 622.96 935.75 134.74 50.40 355.80 540.94 26.06 7.88 86 

49 1997 15 68 3 862559.70 5924128.50 682 68 68 818 15.66 13.39 25.41 54.45 193.20 171.57 365.23 730.01 100.72 88.75 185.48 374.95 29.71 7.76 85 

50 1997 15 68 3 862511.95 593150.64 441 147 74 662 13.64 21.06 37.55 72.24 141.21 272.15 612.77 1,026.13 70.91 131.79 303.96 506.66 32.08 12.38 84 

51 1997 15 68 2 861970.79 592373.93 1,043 98 49 1,190 32.31 14.37 22.19 68.88 298.34 177.64 280.93 756.91 191.15 78.59 146.99 416.73 40.38 11.56 76 

52 2002 10 25 2 859046.14 598761.19 137 103 26 265 3.72 17.96 8.44 30.12 18.50 246.47 132.91 397.88 9.47 100.86 65.67 176.00 28.56 5.81 70 

53 2002 10 25 4 859389.18 599507.39 406 169 34 610 5.78 28.66 16.58 51.03 80.51 371.85 273.31 725.67 35.98 164.84 170.98 371.81 31.10 8.42 82 

54 2002 10 25 3 859488.21 598655.09 401 134 42 576 6.82 17.83 19.15 43.80 63.66 237.97 304.61 606.24 31.82 95.66 143.89 271.36 16.68 5.04 74 

55 2002 10 25 4 859820.64 600557.72 675 34 25 734 21.58 2.72 8.28 32.57 154.40 34.94 133.96 323.31 87.41 12.94 71.78 172.13 14.08 3.48 69 

56 2002 10 25 3 860029.29 600564.80 270 236 25 532 7.34 31.16 9.94 48.43 45.86 342.57 171.67 560.10 24.50 183.17 52.22 259.89 20.13 5.07 72 

57 2002 10 25 3 860025.75 600472.85 664 133 17 813 23.40 15.73 5.95 45.07 208.12 209.09 74.45 491.66 123.44 125.87 42.56 291.87 13.20 3.76 70 

58 2002 10 25 3 860114.16 600034.32 700 0 9 708 18.93 0.00 2.48 21.42 200.13 0.00 40.73 240.86 99.35 0.00 18.58 117.93 4.26 1.76 61 

59 2002 10 25 1 860082.34 598747.04 671 101 8 780 26.06 19.37 3.80 49.22 205.67 261.72 45.83 513.22 105.68 179.41 13.95 299.04 14.96 4.69 86 

60 2002 10 25 1 860319.28 599758.48 569 71 27 667 10.99 15.82 9.17 35.98 97.10 209.42 140.34 446.86 71.45 123.13 78.62 273.20 14.90 3.89 46 

61 2002 10 25 3 860619.88 599853.96 413 103 34 551 6.05 21.70 14.87 42.61 24.73 218.28 236.50 479.51 15.44 103.17 142.71 261.33 21.63 7.51 78 

62 2002 10 25 2 860641.10 599475.56 833 104 9 946 24.91 16.70 3.44 45.05 163.00 203.30 59.62 425.91 89.61 104.89 27.17 221.68 18.65 3.76 80 
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63 2002 10 25 2 860690.61 599206.79 591 185 46 822 11.69 19.06 23.47 54.22 115.90 241.26 385.94 743.10 70.45 128.28 250.11 448.84 30.58 10.55 76 

64 2002 10 25 2 860690.61 599164.25 0 108 27 135 0.00 13.12 9.93 23.05 0.00 100.28 170.52 270.80 0.00 26.57 73.94 100.51 38.03 7.64 72 

65 2002 10 25 4 861496.93 599832.74 135 101 59 295 2.19 8.14 21.36 31.70 9.49 75.10 343.35 427.94 5.58 36.93 179.77 222.28 18.45 5.65 74 

66 2002 10 37 3 859113.34 597739.14 262 66 25 353 7.80 10.09 11.90 29.79 49.75 123.84 219.37 392.96 27.16 52.54 125.85 205.54 6.16 2.79 70 

67 2002 10 37 2 859116.87 597523.42 1,048 0 16 1,064 32.62 0.00 10.73 43.35 352.03 0.00 177.94 529.97 178.25 0.00 101.26 279.51 26.04 6.73 72 

68 2002 10 37 2 859672.10 598039.74 527 231 49 807 15.12 42.32 23.90 81.34 82.31 612.93 378.81 1,074.05 51.64 325.79 182.55 559.97 27.81 6.60 84 

69 2002 10 37 2 859643.81 597824.02 269 134 42 445 5.42 24.82 16.24 46.47 75.48 308.16 290.35 673.99 38.50 166.73 174.99 380.22 18.27 4.90 81 

70 2002 10 37 3 859583.69 597070.75 557 35 17 610 19.24 2.58 6.01 27.83 216.49 16.95 75.64 309.08 142.71 4.60 39.06 186.37 26.82 6.73 66 

71 2002 10 37 1 860029.29 598244.86 702 176 26 904 25.13 16.48 9.19 50.80 221.39 159.57 162.38 543.34 128.40 81.56 91.26 301.22 21.07 6.60 86 

72 2002 10 37 2 860529.16 597505.73 694 208 9 911 21.56 29.65 3.15 54.36 220.08 331.30 38.94 590.33 111.13 129.67 22.20 263.00 18.73 5.38 72 

73 2002 10 37 1 860538.54 598145.84 955 273 68 1,296 20.25 39.37 30.38 90.00 163.85 508.75 497.16 1,169.76 119.26 264.45 267.51 651.23 21.92 6.25 76 

74 2002 10 37 1 860984.14 597251.11 134 201 42 378 1.49 34.45 16.74 52.68 5.82 416.46 260.66 682.94 4.38 235.28 164.83 404.50 54.23 15.15 76 

75 2002 10 37 1 861351.93 598078.65 711 178 18 907 21.09 35.40 11.71 68.20 147.48 459.88 218.88 826.24 94.12 281.16 151.62 526.90 14.82 5.48 70 

76 2002 10 37 1 860782.56 597293.55 279 35 17 331 8.76 4.38 5.82 18.96 69.94 48.16 98.35 216.44 35.90 34.91 44.84 115.65 24.79 6.89 61 

77 2002 10 33 3 850569.15 597335.66 684 137 26 847 16.21 16.73 8.53 41.47 178.72 161.03 91.74 431.48 86.56 98.55 46.91 232.02 14.69 6.18 85 

78 2002 10 33 2 850954.09 597985.26 132 0 25 157 1.30 0.00 12.95 14.24 4.89 0.00 207.62 212.51 3.56 0.00 85.48 89.04 7.30 2.14 81 
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79 2002 10 33 3 851010.23 597455.96 1,043 33 33 1,109 23.33 5.90 16.58 45.82 111.09 58.81 257.93 427.83 61.09 33.65 132.86 227.60 65.95 23.71 89 

80 2002 10 33 2 851218.75 597608.34 801 33 17 851 14.77 4.19 10.85 29.82 88.77 38.85 176.74 304.36 60.51 18.48 89.11 168.10 1.94 1.31 84 

81 2002 10 33 3 851310.97 598149.67 522 228 16 766 17.80 33.65 6.10 57.55 96.62 287.91 78.24 462.77 28.40 83.25 46.16 157.81 12.38 3.24 71 

82 2002 10 33 4 851900.42 598213.83 637 95 16 748 15.82 12.23 6.13 34.17 102.97 122.71 105.88 331.56 65.34 54.95 60.05 180.34 5.69 2.23 72 

83 2002 10 33 3 852373.59 597776.75 129 65 24 218 3.22 8.19 11.46 22.87 24.15 108.18 180.67 313.00 11.48 55.02 99.21 165.71 16.61 5.18 65 

84 2002 10 33 3 852626.21 598233.88 0 32 32 64 0.00 7.91 15.70 23.61 0.00 126.23 230.57 356.79 0.00 57.62 134.77 192.40 7.25 2.36 72 

85 2002 10 33 4 852602.15 597832.89 259 32 24 315 4.01 7.68 8.09 19.78 17.12 97.12 98.02 212.26 9.85 70.16 35.36 115.37 11.88 2.55 69 

86 2002 10 33 2 853175.56 597660.46 891 64 40 995 20.95 10.08 27.15 58.19 241.14 122.28 341.85 705.26 119.75 82.60 196.02 398.37 16.92 3.73 89 

87 2002 10 33 3 853364.03 598426.35 786 65 16 867 15.92 11.35 5.63 32.91 68.96 100.58 97.44 266.98 44.82 31.70 61.75 138.27 4.22 1.67 85 

100 2002 10 33 3 853211.65 597411.85 527 0 0 527 5.88 0.00 0.00 5.88 84.76 0.00 0.00 84.76 57.87 0.00 0.00 57.87 4.72 1.85 72 

88 2007 5 61 1 853721.09 595046.06 134 0 42 175 1.34 0.00 25.12 26.46 3.62 0.00 373.47 377.09 3.04 0.00 171.98 175.01 33.53 11.25 72 

89 2007 5 61 1 853733.26 594527.79 137 34 26 197 4.17 7.84 24.60 36.61 21.42 123.30 360.93 505.65 12.28 56.31 260.90 329.49 23.91 8.56 91 

90 2007 5 61 4 854395.08 594758.94 297 37 9 343 14.85 5.52 4.21 24.59 115.34 54.10 78.81 248.25 69.36 32.23 52.63 154.23 20.61 6.29 85 

91 2007 5 61 4 854380.48 594547.26 585 37 18 640 19.18 3.32 6.40 28.91 108.74 27.44 84.94 221.12 65.11 15.26 53.29 133.66 13.74 4.54 70 

92 2007 5 61 4 854387.78 594328.27 277 35 35 346 10.06 3.33 20.91 34.30 64.15 23.52 332.93 420.60 43.70 6.29 132.52 182.52 11.27 4.66 72 
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93 2007 5 61 3 854193.13 593792.97 509 64 24 597 9.99 9.36 10.92 30.26 62.04 94.64 167.80 324.47 40.69 54.43 97.40 192.52 11.05 3.83 78 

94 2007 5 61 3 854193.13 593768.64 255 159 40 454 11.60 26.68 27.48 65.76 67.14 345.72 470.00 882.86 35.53 174.85 316.98 527.36 13.92 6.12 91 

95 2007 5 61 3 854412.11 593712.68 392 65 33 490 13.57 9.03 17.37 39.98 132.79 71.35 304.19 508.34 75.40 23.71 140.01 239.12 14.54 3.83 83 

96 2007 5 61 2 854597.03 593741.87 446 111 28 585 15.67 16.74 21.01 53.42 97.33 162.02 303.69 563.04 58.72 80.97 198.24 337.92 12.96 4.80 69 

97 2007 5 61 2 854609.20 594858.70 262 98 33 393 3.95 17.96 24.57 46.48 16.71 198.60 365.40 580.70 9.56 83.57 191.36 284.48 10.18 5.01 70 

98 2007 5 61 2 854708.96 595121.49 140 70 26 236 9.69 6.65 15.73 32.07 104.30 67.28 275.83 447.41 80.00 47.54 180.01 307.55 13.54 4.14 69 

99 2007 5 61 2 854979.04 593907.33 382 95 24 501 4.93 19.55 18.49 42.97 37.81 253.10 310.06 600.97 27.12 92.73 172.41 292.27 18.25 6.02 72 
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APPENDIX II 

 

SUPPLEMENTARY TABLES AND DATA: 

CHAPTER 5: ESTIMATING CARBON STORAGE FROM 

REDUCED-IMPACT LOGGING PRACTICES IN SABAH 

 

 

 

Figure A2-1: Lower montane forest transformed variable probability density 
functions. Variables are total number of trees, basal area, volume 
and carbon, deadwood volume, deadwood carbon, and canopy 
density. 
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Figure A2-2: Lowland mixed dipterocarp forest transformed variable 
probability density functions. Variables are total number of trees, 
basal area, volume and carbon, deadwood volume, deadwood 
carbon, and canopy density. 
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Table A2-1: Summary table of general linear model results from both the lower montane and lowland mixed dipterocarp forest. Changes are 
considered significant at the 95%, and highlighted in bold. F=F-value, y=Dependent variable, p=Predictor value, r2=R-Squared. 

Variable (cm DBH) Lower montane forest Lowland mixed dipterocarp forest 

  
 

SQRT Trees 20-39 F(1,35)=60.663, y=-2.384x+12.614, p=0.000, r2=0.641 F(1,35)=184.122, y=-4.447x+13.399, p=0.000, r2=0.844 
SQRT Trees 40-59 F(1,35)=17.74, y=-0.871x+7.018, p=0.000, r2=0.343 F(1,35)=38.025, y=-2.548x+7.817, p=0.000, r2=0.528 
SQRT Trees ≥60 F(1,34)=1.543, y=-0.362x+5.245, p=0.223, r2=0.045 F(1,35)=5.453, y=-1.026x+4.175, p=0.026, r2=0.138 
SQRT Trees Sum F(1,35)=88.968, y=-2.268x+15.393, p=0.000, r2=0.724 F(1,35)=195.562, y=-4.934x+16.122, p=0.000, r2=0.852 

  
 

Log BA 20-39 F(1,33)=30.410, y=-0.214x+0.989, p=0.000, r2=0.487 F(1,34)=64.297, y=-0.451x+1.064, p=0.000, r2=0.661 
Log BA 40-59 F(1,34)=12.837, y=-0.127x+0.933, p=0.001, r2=0.280 F(1,27)=37.294, y=-0.342x+1.024, p=0.000, r2=0.589 
Log BA ≥60 F(1,30)=0.679, y=-0.037x+1.084, p=0.417, r2=0.023 F(1,22)=0.421, y=-0.043x+0.860, p=0.524, r2=0.020 
Log BA Sum F(1,35)=9.609, y=-0.118x+1.497, p=0.004, r2=0.220 F(1,35)=24.939, y=-0.359x+1.490, p=0.000, r2=0.423 

  
 

Log Vol 20-39 F(1,33)=27.354, y=-0.211x+1.862, p=0.000, r2=0.461 F(1,34)=46.443, y=-0.441x+1.962, p=0.000, r2=0.585 
Log Vol 40-59 F(1,34)=11.085, y=-0.118x+1.935, p=0.002, r2=0.251 F(1,27)=40.752, y=-0.341x+2.045, p=0.000, r2=0.610 
Log Vol ≥60 F(1,30)=0.542, y=-0.033x+2.189, p=0.468, r2=0.018 F(1,22)=0.668, y=-0.055x+1.977, p=0.423, r2=0.031 
Log Vol Sum F(1,35)=6.083, y=-0.108x+2.513, p=0.019, r2=0.152 F(1,35)=18.556, y=-0.356x+2.498, p=0.000, r2=0.353 

  
 

Log Carbon 20-39 F(1,33)=27.556, y=-0.213x+1.610, p=0.000, r2=0.463 F(1,34)=40.419, y=-0.425x+1.650, p=0.000, r2=0.551 
Log Carbon 40-59 F(1,34)=12.441, y=-0.124x+1.684, p=0.001, r2=0.274 F(1,27)=32.344, y=-0.350x+1.722, p=0.000, r2=0.554 
Log Carbon ≥60 F(1,30)=0.589, y=-0.036x+1.886, p=0.449, r2=0.020 F(1,22)=0.558, y=-0.055x+1.664, p=0.463, r2=0.026 
Log Carbon Sum F(1,35)=6.775, y=-0.114x+2.239, p=0.014, r2=0.166 F(1,35)=17.412, y=-0.347x+2.179, p=0.000, r2=0.339 

  
 

Log DW Vol F(1,35)=0.232, y=-0.022x+1.391, p=0.232, r2=0.007 F(1,35)=18.018, y=0.266x+1.573, p=0.000, r2=0.346 
Log DW Carbon F(1,35)=5.578, y=0.078x+0.707, p=0.024, r2=0.141 F(1,35)=9.229, y=0.197x+1.036, p=0.005, r2=0.213 

  
 

ArcSin Canopy Density F(1,35)=6.145, y=-0.053x+0.976, p=0.018, r2=0.153 F(1,35)=6.404, y=-0.127x+0.906, p=0.016, r2=0.159 
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Table A2-2: Crediting and non-crediting carbon storage, consisting of the 
difference between the total carbon of the reconstructed baseline 
estimation, i.e., conventional harvest activities, and the total post-
harvest estimate of carbon after RIL activities, in the lower 
montane forest. 

 

Physical year Recovery 
year 

Non-crediting 
carbon storage 

(tC ha-1) 

Crediting 
carbon storage 

(tC ha-1) 

2010 1 42.94  42.94  
2011 2 36.58  35.81  
2012 3 32.58  30.95  
2013 4 29.73  27.21  
2014 5 27.45  24.01  
2015 6 25.43  21.05  
2016 7 23.52  18.19  
2017 8 21.65  15.33  
2018 9 19.79  12.46  
2019 10 17.91  9.53  
2020 11 16.00  6.55  
2021 12 14.05  3.51  
2022 13 12.07  0.40  
2023 14 10.05  (2.78) 
2024 15 7.99  2025 16 5.89  2026 17 3.75  2027 18 1.57  
2028 19 (0.66)  
Sum  348.30 245.16 

Average  18.33 17.51 
Av. Rate of accumulation  0.96 1.25 
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Table A2-3: Crediting and non-crediting carbon storage, consisting of the 
difference between the total carbon of the reconstructed baseline 
estimation, i.e., conventional harvest activities, and the total post-
harvest estimate of carbon after RIL activities, in the lowland 
mixed dipterocarp forest. 

 

Physical year Recovery 
year 

Non-crediting 
carbon storage 

(tC ha-1) 

Crediting 
carbon storage 

(tC ha-1) 

2010 1  63.05   63.05  
2011 2  61.49   61.30  
2012 3  60.50   60.10  
2013 4  59.80   59.18  
2014 5  59.24   58.40  
2015 6  58.75   57.67  
2016 7  58.28   56.97  
2017 8  57.82   56.27  
2018 9  57.36   55.56  
2019 10  56.90   54.84  
2020 11  56.43   54.11  
2021 12  55.95   53.36  
2022 13  55.46   52.60  
2023 14  54.97   51.82  
2024 15  54.46   51.02  
2025 16  53.95   50.20  
2026 17  53.42   49.36  
2027 18  52.88   48.51  
2028 19  52.34   47.64  
2029 20  51.78   46.74  
2030 21  51.21   45.83  
2031 22  50.63   44.89  
2032 23  50.04   43.94  
2033 24  49.43   42.96  
2034 25  48.82   41.96  
2035 26  48.19   40.94  
2036 27  47.55   39.90  
2037 28  46.89   38.83  
2038 29  46.22   37.74  
2039 30  45.54   36.62  
2040 31  44.85   35.48  
2041 32  44.14   34.32  
2042 33  43.42   33.12  
2043 34  42.68   31.90  
2044 35  41.93   30.66  
2045 36  41.17   29.39  
2046 37  40.38   28.09  
2047 38  39.59   26.76  
2048 39  38.77   25.40  
2049 40  37.94   19.82  
2050 41  37.10   18.40  
2051 42  36.23   16.95  
2052 43  35.35   15.47  
2053 44  34.46   13.95  
2054 45  33.54   12.40  
2055 46  32.61   10.82  
2056 47  31.65   9.20  
2057 48  30.68   7.55  
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Physical year Recovery 
year 

Non-crediting 
carbon storage 

(tC ha-1) 

Crediting 
carbon storage 

(tC ha-1) 
2058 49  29.69   10.05  
2059 50  28.68   8.32  
2060 51  27.65   6.56  
2061 52  26.60   4.76  
2062 53  25.52   2.92  
2063 54  24.43   1.04  
2064 55  23.31   (0.89) 
2065 56  22.17   
2066 57  21.01   
2067 58  19.83   
2068 59  18.62   
2069 60  17.39   
2070 61  16.13   
2071 62  14.85   
2072 63  13.54   
2073 64  12.20   
2074 65  10.84   
2075 66  9.46   
2076 67  8.04   
2077 68  6.59   
2078 69  5.12   
2079 70  3.62   
2080 71  2.09   
2081 72  0.52   
2082 73  (1.07)  
Sum  2,692.67 1,972.24 

Average  36.89 37.21 
Av. Rate of accumulation  0.51 0.68 
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Table A2-6: Raw plot data in lower montane forest, FMU # 7, Sabah Forest Industries. 
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1 

Pr
e-

H
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st

 T
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m
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N 4º 23' 35'',  
E 115º 45' 57'' 

 
195   43   28   265   12.14   7.97   13.96   34.07   92.23   81.91  

 
188.49  

 
362.63  

 
51.48  

 
46.32   93.41  

 
191.21   18.80   4.36  87 

2 N 4º 23' 01'', E 
115º 46' 05'' 

 
113   50   30   193   6.79   8.87   14.34   30.01   50.15   84.52  

 
194.54  

 
329.21  

 
27.96  

 
45.55  

 
101.28  

 
174.79   16.76   4.23  85 

3 N 4º 23' 15'', E 
115º 45' 50'' 

 
190   55   28   273   11.88   9.20   11.48   32.56   89.40   88.74  

 
141.08  

 
319.23  

 
51.98  

 
49.85   75.47  

 
177.29   13.93   3.56  84 

4 N 4º 23' 31'', E 
115º 45' 56'' 

 
160   38   40   238   9.42   6.23   19.73   35.37   70.12   62.09  

 
270.63  

 
402.84  

 
39.21  

 
37.14  

 
137.75  

 
214.10   31.76   6.33  83 

5 N 4º 23' 31'', E 
115º 45' 45'' 

 
178   58   13   248   11.37  

 
10.54   6.02   27.93   84.69  

 
115.77   73.92  

 
274.37  

 
46.65  

 
66.13   32.27  

 
145.05   37.85   6.66  76 

6 N 4º 24' 01'', E 
115º 46' 04' 

 
128   53   30   210   8.24   9.24   11.71   29.20   60.15   92.26  

 
131.10  

 
283.51  

 
33.28  

 
49.49   65.31  

 
148.08   42.19   6.33  81 

1 2 N 4º 22' 22.67'', 
E 115º 45' 20.32''  50   17   50   116  3.20 2.99 20.75 26.95 23.02 31.58 278.72 

 
333.31  13.13 17.47 134.92 165.53 12.87 7.49 85 

2 2 N 4º 22' 22.67'', 
E 115º 45' 21.95''  42   33   25   100  3.18 5.21 7.26 15.65 25.32 58.38 97.95 

 
181.65  13.31 29.18 45.61 88.10 4.30 3.42 86 

3 2 N 4º 22' 22.67'', 
E 115º 45' 25.55''  45   45   27   117  3.26 9.98 8.55 21.80 23.57 130.05 143.29 

 
296.90  11.29 66.01 63.22 140.51 14.31 7.68 82 

4 2 N 4º 22' 22.67'', 
E 115º 45' 27.43''  41   8   16   66  3.52 1.62 5.39 10.53 28.01 19.53 67.27 

 
114.81  15.00 13.66 31.69 60.35 9.01 6.79 60 
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5 2 N 4º 22' 22.67'', 
E 115º 45' 31.80''  48   24   24   95  4.06 4.01 7.55 15.62 31.89 39.37 93.31 

 
164.58  17.06 17.30 42.49 76.85 52.52 17.91 40 

6 2 N 4º 22' 22.67'', 
E 115º 45' 36.13'' 0  28   28   57  0.00 4.36 9.02 13.38 0.00 39.70 102.83 

 
142.53  0.00 20.10 45.60 65.70 24.81 12.59 76 

7 2 N 4º 22' 22.67'', 
E 115º 45' 40.67''  44   26  0   71  4.00 5.52 0.00 9.52 33.26 60.82 0.00  94.09  19.17 33.03 0.00 52.19 54.49 15.13 82 

8 2 N 4º 21' 58.90'', 
E 115º 45' 26.74''  17   34   8   59  1.08 7.25 2.38 10.71 7.97 78.20 28.49 

 
114.67  4.46 42.08 15.72 62.27 18.67 8.05 63 

9 2 N 4º 21' 58.90'', 
E 115º 45' 25.16''  9   17   26   52  0.67 2.86 11.40 14.93 5.22 29.25 153.56 

 
188.03  2.82 16.47 77.43 96.72 6.55 4.02 77 

10 2 N 4º 21' 58.90'', 
E 115º 45' 21.90''  32   40   32   103  3.14 5.74 16.14 25.01 26.81 55.86 223.73 

 
306.39  16.49 32.87 104.24 153.60 11.14 6.76 75 

11 2 N 4º 21' 58.90'', 
E 115º 45' 32.18''  40   16   8   64  2.54 4.08 2.89 9.51 19.14 47.49 37.03 

 
103.66  10.74 22.99 14.99 48.72 7.21 4.49 84 

12 2 N 4º 21' 58.90'', 
E 115º 45' 35.75''  24   33   24   82  1.75 6.94 8.86 17.55 13.25 77.22 113.81 

 
204.27  6.84 39.89 62.75 109.48 17.65 5.85 72 

13 2 N 4º 21' 58.90'', 
E 115º 45' 38.45''  25   34   25   84  1.72 6.69 8.70 17.11 13.32 75.89 110.22 

 
199.42  7.47 46.99 60.19 114.66 44.36 14.91 65 

14 2 N 4º 21' 58.90'', 
E 115º 45' 42.19''  54   9  0  63  2.95 2.07 0.00 5.02 21.07 23.34 0.00  44.41  11.04 12.90 0.00 23.94 39.05 12.54 60 

15 2 N 4º 21' 33.34'', 
E 115º 45' 10.10''  25   17   17   59  1.29 3.19 15.25 19.73 8.18 34.23 222.52 

 
264.93  4.69 18.30 117.91 140.90 81.80 33.79 68 

16 2 N 4º 21' 33.34'', 
E 115º 45' 05.02'' 0  33  0  33  0.00 5.74 0.00 5.74 0.00 43.92 0.00  43.92  0.00 21.32 0.00 21.32 75.47 19.36 80 

17 2 N 4º 21' 33.34'', 
E 115º 45' 11.81''  43   17   9   68  3.48 3.70 2.66 9.83 26.94 41.10 32.69 

 
100.74  14.25 23.26 17.36 54.87 27.50 6.37 75 

18 2 N 4º 21' 33.34'', 
E 115º 45' 13.50''  30   10   70   110  1.74 1.96 41.45 45.14 12.46 29.82 392.46 

 
434.74  6.98 13.18 227.00 247.16 24.41 7.92 82 

19 2 N 4º 21' 33.34'', 
E 115º 45' 17.24''  34   43   26   102  2.61 7.53 19.58 29.72 20.03 60.76 287.29 

 
368.08  11.90 30.97 156.07 198.95 23.15 7.09 75 
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20 2 N 4º 21' 33.34'', 
E 115º 45' 19.77''  24   24   24   72  1.53 5.38 15.52 22.43 10.81 64.05 223.10 

 
297.96  6.15 42.38 90.13 138.66 35.42 13.02 60 

21 2 N 4º 21' 33.34'', 
E 115º 45' 46.57''  18   27   9   54  1.13 3.86 2.71 7.70 12.75 37.47 44.98  95.19  5.90 20.78 19.85 46.53 24.65 8.43 85 

22 2 N 4º 21' 33.34'', 
E 115º 45' 49.40''  9   9   0     17  0.63 1.31 0.00 1.94 4.81 12.94 0.00  17.74  2.60 6.91 0.00 9.51 46.47 15.57 50 

23 2 N 4º 21' 08.71'', 
E 115º 45' 14.34''  58   8   25   91  3.66 1.09 12.34 17.10 27.25 10.30 125.17 

 
162.71  15.23 5.72 70.01 90.96 34.54 12.34 82 

24 2 N 4º 21' 08.71'', 
E 115º 45' 22.51''  63   18   18   100  5.15 3.56 18.47 27.18 40.86 38.68 250.86 

 
330.40  24.16 22.44 105.35 151.95 18.34 8.68 75 

25 2 N 4º 21' 58.90'', 
E 115º 45' 21.90''  24   8   40   72  1.56 1.76 22.16 25.48 12.44 19.53 299.25 

 
331.23  6.95 12.37 161.06 180.37 15.77 6.81 72 

26  N 4º 21' 58.90'', 
E 115º 45' 32.18''  72   32   40   143  4.74 5.87 12.11 22.73 36.48 62.68 148.14 

 
247.30  20.75 34.68 81.73 137.16 17.56 9.03 68 

27  N 4º 21' 58.90'', 
E 115º 45' 35.75''  27   18   18   64  2.35 2.66 6.09 11.10 17.70 25.97 76.46 

 
120.13  10.13 12.38 35.36 57.86 8.70 4.53 65 

28  N 4º 21' 58.90'', 
E 115º 45' 38.45''  9   9   18   36  0.51 1.47 14.53 16.51 3.12 14.86 212.29 

 
230.27  1.86 9.43 93.04 104.34 15.29 4.69 75 

29  N 4º 21' 58.90'', 
E 115º 45' 42.19''  32  0  16   48  2.45 0.00 5.78 8.22 19.46 0.00 75.71  95.17  10.78 0.00 39.46 50.24 41.22 14.71 65 

30  N 4º 21' 33.34'', 
E 115º 45' 10.10''  90   9  0  99  5.72 2.21 0.00 7.93 41.88 26.81 0.00  68.69  23.71 12.64 0.00 36.35 9.64 4.33 77 
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Table A2-7: Raw plot data for lowland mixed dipterocarp forest, FMU # 14, Sapulut Forest Development. 
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1 

Pr
e-

H
ar

ve
st

 T
im

ef
ra

m
e 

N 4º 36' 15''  
E 116º 36' 25'' 

 
142   30   16   188   8.56   5.08   6.42   20.06   73.88   60.94   91.17  

 
225.98  

 
35.82  

 
29.75   44.61  

 
110.18   33.22   7.43  80 

2 N 4º 36' 27''  
E 116º 36' 25'' 

 
138   73   38   248   8.19  

 
13.71   19.89   41.79   62.68  

 
143.17  

 
256.09  

 
461.94  

 
33.00  

 
82.20  

 
141.52  

 
256.72   99.65   37.39  86 

3 N 4º 36' 43''  
E 116º 36' 54'' 

 
165   63   15   243   11.12  

 
10.45   6.67   28.24   84.18  

 
120.23   92.43  

 
296.84  

 
37.68  

 
60.26   43.34  

 
141.27   36.86   9.36  84 

4 N 4º 36' 24''  
E 116º 37' 19'' 

 
193   70   13   275   12.58  

 
12.79   4.27   29.64   103.37  

 
127.43   51.33  

 
282.13  

 
52.80  

 
54.33   27.92  

 
135.05   24.23   8.20  81 

5 N 4º 36' 49''  
E 116º 37' 19'' 

 
215   78   10   303   14.94  

 
14.77   3.79   33.50   124.21  

 
152.47   49.13  

 
325.82  

 
58.09  

 
70.10   27.81  

 
156.00   47.34   13.05  75 

6 N 4º 36' 40''  
E 116º 37' 45'' 

 
235   60   18   313   16.55  

 
10.10   10.44   37.09   117.49   90.99  

 
133.77  

 
342.25  

 
58.33  

 
38.01   45.16  

 
141.50   19.50   5.90  80 

1 2 N 4º 35' 54.15''  
E 116º 37' 39.26''  66   8  0  74  5.17 1.40 0.00 6.57 36.28 11.47 0.00  47.75  19.24 6.45 0.00 25.69 39.75 6.56 60 

2 2 N 4º 36' 00.12''  
E 116º 37' 39.29''  8  0  8   17  0.60 0.00 4.86 5.46 4.54 0.00 41.88  46.43  2.62 0.00 31.99 34.61 114.46 19.56 68 

3 2 N 4º 36' 03.55''  
E 116º 37' 39.31''  27   27  0  54  2.28 4.70 0.00 6.98 16.59 39.09 0.00  55.68  8.09 13.25 0.00 21.34 163.75 32.91 72 

4 2 N 4º 36' 05.85''  
E 116º 37' 39.33''  25   16   8   49  2.26 2.18 3.35 7.79 19.23 20.52 58.43  98.17  10.54 11.31 25.76 47.61 290.58 80.33 20 

5 2 N 4º 36' 11.66''  
E 116º 37' 39.35''  24   40   8   72  1.93 6.47 7.56 15.96 16.93 60.40 78.21 

 
155.55  8.66 33.53 45.36 87.55 128.76 33.24 72 

6 2 N 4º 36' 16.12''  
E 116º 37' 39.38''  19  0  19   38  1.09 0.00 10.21 11.30 6.68 0.00 161.71 

 
168.38  4.34 0.00 85.47 89.81 93.27 22.48 65 

7 2 N 4º 36' 20.17''  
E 116º 37' 39.40''  35  0  44   79  2.43 0.00 18.70 21.13 27.05 0.00 278.21 

 
305.25  11.91 0.00 115.91 127.82 154.02 38.27 65 

8 2 N 4º 36' 22.99''  
E 116º 37' 39.41''  34   8   8   50  2.25 1.79 3.94 7.97 20.79 27.18 39.95  87.92  10.40 14.80 13.68 38.88 108.76 25.22 35 
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9 2 N 4º 36' 2.31''  
E 116º 38' 2.44''  9   9   9   26  0.93 2.09 5.14 8.16 10.61 18.74 53.45  82.80  7.84 4.73 13.38 25.95 156.98 33.89 68 

10 2 N 4º 36' 3.94''  
E 116º 38' 2.45''  16  0 0  16  1.22 0.00 0.00 1.22 8.59 0.00 0.00  8.59  4.76 0.00 0.00 4.76 158.41 27.00 68 

11 2 N 4º 36' 8.66''  
E 116º 38' 2.49''  16   8   16   40  0.93 1.35 8.84 11.12 5.82 13.84 105.72 

 
125.38  1.98 7.38 48.52 57.88 116.26 21.42 82 

12 2 N 4º 36' 13.79''  
E 116º 38' 2.52''  16  0 0  16  1.47 0.00 0.00 1.47 10.81 0.00 0.00  10.81  6.16 0.00 0.00 6.16 178.65 27.72 76 

13 2 N 4º 36' 18.42’'  
E 116º 38' 2.54''  17   8   8   34  1.77 1.98 2.62 6.37 14.28 17.60 32.28  64.16  6.73 4.44 18.28 29.45 46.55 12.91 54 

14 2 N 4º 36' 22.71''  
E 116º 38' 2.58''  18   9  0  27  0.89 1.16 0.00 2.05 6.64 10.85 0.00  17.49  3.11 6.18 0.00 9.30 188.40 46.35 20 

15 2 N 4º 36' 26.22''  
E 116º 38' ''2.60  17  0 0  17  1.37 0.00 0.00 1.37 10.07 0.00 0.00  10.07  4.86 0.00 0.00 4.86 37.58 9.88 50 

16 2 N 4º 36' 30.93''  
E 116º 38' 2.63''  25   8   33   66  1.68 1.85 21.00 24.54 15.46 16.35 191.49 

 
223.30  6.64 9.29 109.29 125.22 223.43 52.39 74 

17 2 N 4º 36' 25.86''  
E 116º 38' 40.57''  17   9  0  26  1.86 1.67 0.00 3.53 13.63 14.27 0.00  27.90  4.45 3.61 0.00 8.07 375.49 71.87 40 

18 2 N 4º 36' 29.14''  
E 116º 38' 40.59''  10   10  0  20  0.76 1.52 0.00 2.27 9.67 21.88 0.00  31.54  4.32 9.69 0.00 14.01 204.04 40.23 20 

19 2 N 4º 36' 40.02''  
E 116º 38' 40.66''  26   9  0  34  2.48 1.14 0.00 3.63 29.83 16.06 0.00  45.89  20.34 11.84 0.00 32.18 145.33 27.48 20 
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20 2 N 4º 36' 44.65''  
E 116º 38' 40.69''  8   8   24   40  0.44 1.32 11.37 13.14 3.05 13.45 138.04 

 
154.54  1.77 7.17 78.92 87.87 30.29 8.21 84 

21 2 N 4º 36' 47.74''  
E 116º 38' 40.70''  36   9  0  45  2.12 1.39 0.00 3.51 22.00 20.13 0.00  42.13  12.24 14.82 0.00 27.07 103.27 20.02 70 

22 2 N 4º 36' 50.93''  
E 116º 38' 40.72''  34   26   9   69  2.17 4.50 2.52 9.19 15.69 42.43 31.92  90.04  8.25 12.37 9.89 30.51 79.59 13.85 70 

23 2 N 4º 36' 54.33''  
E 116º 38' 40.74''  33   33  0  66  2.02 6.01 0.00 8.03 15.00 63.86 0.00  78.85  9.56 31.41 0.00 40.97 114.01 28.10 75 

24 2 N 4º 36' 3.94''  
E 116º 38' 2.45'' 0 0  9   9  0.00 0.00 2.56 2.56 0.00 0.00 41.07  41.07  0.00 0.00 28.67 28.67 329.42 81.70 40 

25 2 N 4º 36' 35.13''  
E 116º 38' 59.09''  16   8   16   40  1.55 1.08 5.79 8.42 17.58 15.26 74.17 

 
107.02  10.31 4.53 41.98 56.82 261.95 72.27 78 

26 2 N 4º 36' 36.99''  
E 116º 38' 59.10''  24  0  24   48  2.03 0.00 8.06 10.09 14.67 0.00 94.85 

 
109.52  10.80 0.00 58.34 69.15 40.06 7.75 68 

27 2 N 4º 36' 39.37''  
E 116º 38' 59.13''  9   18   9   36  1.01 2.64 5.32 8.97 13.62 32.05 95.72 

 
141.38  6.05 15.72 28.13 49.91 247.75 45.00 44 

28 2 N 4º 36' 43.06''  
E 116º 38' 59.17''  36   27   9   71  2.95 5.42 3.26 11.63 27.71 66.97 37.96 

 
132.65  15.23 36.02 26.50 77.75 142.12 25.55 75 

29 2 N 4º 36' 59.21''  
E 116º 38' 59.21''  8   24  0  32  0.25 4.66 0.00 4.92 1.31 42.09 0.00  43.41  0.73 20.20 0.00 20.92 159.50 24.41 72 

30 2 N 4º 36' 52.66''  
E 116º 38' 59.24''  27   9  0  36  1.44 1.49 0.00 2.93 8.92 15.16 0.00  24.09  5.24 8.09 0.00 13.32 128.16 31.16 70 
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APPENDIX III 

 

FIELD DATA COLLECTION PROCEDURE 

 

 

1. RATIONALE AND SCOPE 

This field data collection procedure is intended for the application in tropical 

logged-over production forests to understand the impact of harvest activities on 

the post-harvest forest dynamics. These procedures will provide forest managers, 

and carbon practitioners, insights into the operational performance and carbon 

dynamic of reduced-impact logging at the compartment and/or concession level. 

 

2. LIMITATIONS 

This procedure was developed in line with the body of knowledge on 

sampling to capture forest stand and carbon dynamics in tropical forests. While 

spatial and temporal variability in tropical forest exist (Ravindranath and 

Ostwald, 2008), every effort has been made to ensure the procedure is both 

practical and logical. The procedure should be considered as a living document, 

and over time, updates are both relevant, and encouraged. 

 

3. FIELD MEASUREMENTS: ACCURACY AND PRECISION 

For the quantification of carbon in logged-over forests, it is essential to 

efficiently and effectively quantify carbon flows. Sampling is the process of 

measuring a subset of a population to understand its dynamics (Pearson et al., 

2006). The process must be both accurate, and precise. Accuracy defines how 

close the sample measurements are to the actual value, and these are repeated to 

ensure the estimations in a sample are correct. Precision illustrates how 

comparable the repeated measurements are. Typically, this is represented by how 

closely grouped the results are. The popular analogy of a bull’s eye describes 
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how closely the arrows are grouped (precision), and how close they are to the 

centre (accuracy) (Pearson et al., 2006). Figure A1 demonstrates how the points 

in (A) are accurate but due to the wide spacing, is not precise. In (B) the points 

are tight, which indicates precision, but they are far from the centre, and is not 

accurate. In (C) the points are close to the center and tightly grouped, which is 

both accurate, and precise. 

 

 

Figure A1: Sampling accuracy and precision. Adapted from (Pearson et 
al., 2006). 

 

4. QUALITY ASSURANCE AND QUALITY CONTROL 

In general, data collection should be based on the highest integrity and 

quality assurance. Implementing bodies should understand the process of 

gathering and handling data, including how data is managed, and stored. 

 

4.1. QUALITY ASSURANCE 

Quality assurance requires recognised expert opinion in the establishment of 

the project to ensure the field methods are implemented consistently to a high 

degree of accuracy and precision (Ravindranath and Ostwald, 2008). This 

includes peer-reviewed approaches, procedures, calculations, assumptions and 

models used in its implementation. For the collection of historical production 

data, and to determine the sampling approach, several steps are required: 

a) Triangulation of historical production data for data accuracy 

b) Confirmation of required data processing steps 

c) Confirmation of data relationships represented in the data received 

d) Ensuring all data fields are correctly labeled for clear use 

e) Proper storage and management of acquired data 

The guidance given here is intended as additional to the IPCC 
Good Practice Guidance on Land Use, Land-Use Change and For-
estry (2003), providing elaboration, clarification and enhanced 
methodologies.  The sourcebook should be used alongside the 
Good Practice Guidance.  It is also worth noting that the science 
of forestry has been in development for hundreds of years.  Many 
textbooks exist that provide more detail than is possible to include 
in this sourcebook – a good example is Forest Measurements [5].

The steps to preparing a robust measuring plan can be summarised 
in the following flow chart:

6.1.    The Concepts of Accuracy, Precision and  
Being Conservative

To estimate the carbon stock on the land, one could measure eve-
rything – every single tree for example in the tens, hundreds or 
thousands of hectares of the project area.  Complete enumerations 
are almost never possible, however, in terms of time or cost.  Con-
sequently we must sample.  

Sampling is the process by which a subset is studied in order to 
allow generalisations to be made about the whole population or 
area of interest.  The values attained from measuring a sample are 
an estimation of the equivalent value for the entire area or popula-
tion.  We need to have some idea of how close the estimation is to 
reality and this is provided by statistics.

There are two important statistical concepts that have to be under-
stood: accuracy and precision. 

Accuracy is how close your sample measurements are to the actual 
value.  Accuracy details the agreement between the true value and 
repeated measured observations or estimations of a quantity.

Precision is how well a value is defined.  In sampling, precision 
illustrates the level of agreement among repeated measurements of 
the same quantity.  This is represented by how closely grouped are 
the results from the various sampling points or plots. 

A popular analogy is a bull’s eye on a target.  In this analogy, how 
tightly the arrows are grouped is the precision, while how close 
they are to the centre is the accuracy.  Below in (A), the points are 
close to the centre and therefore accurate, but they are widely 
spaced and therefore imprecise.  In (B), the points are closely 
grouped and therefore precise, but are far from the centre and so 
inaccurate.  In (C), the points are close to the centre and tightly 
grouped – therefore both accurate and precise.

6.  D E V E LO P I N G  A  M E A S U R E M E N T  P L A N

Define project boundaries

Stratify project area

Decide which carbon pools  
to measure

Determine type, number and location  
of measurement plots

Determine measurement frequency

 

(A) Accurate, but not precise                                             (B) Precise, but not accurate                                                  (C) Accurate and precise

1 1S O U R C E B O O K  F O R  L A N D  U S E ,  L A N D - U S E  C H A N G E  A N D  F O R E S T R Y  P R O J E C T S 1 1   S O U R C E B O O K  F O R  L A N D  U S E ,  L A N D - U S E  C H A N G E  A N D  F O R E S T R Y  P R O J E C T S1 0
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4.2. QUALITY CONTROL 

Quality control limits the variance in the data, which is specific to the 

generation of data, reporting, handling and archiving (Ravindranath and 

Ostwald, 2008). For the collection of field data, the following is required: 

 

a) Peer-review of carbon calculations and field sampling methodology 

b) Verifying the suitability of default data and procedural considerations 

c) Use of approved physical and digital maps respectively 

d) Use of standard forestry industry equipment 

e) Theory and physical training of field techniques for all field personnel 

involved in the collection of data 

 

5. PERSONNEL 

Each field data collection team shall consist of 7 participants (Table A1). All 

field personnel are required to sign Form 1: Attendance Form, prior to entering 

the forest. 

 

Table A1: Data collection team personnel. 

Position Number of personnel 

Field team leader 1 

Forest ranger 1 

Data collection assistants 5 

 

Field team leader: The individual responsible for overall management, data 

recording and quality control, inclusive of health and safety requirements for the 

data collection team 

Forest ranger: The individual responsible for dendrology and guiding the 

data collection team safely in the forest 

Data collection assistants: Persons tasked with measuring the identified 

aboveground biomass and deadwood necromass. 
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6. EQUIPMENT AND RECORDING INFORMATION 

Adequately planning for data collection reduces labour costs and safety risks 

(Pearson et al., 2006). The equipment used for the collection of field data should 

be made for out-of-doors use, which is both durable and lightweight. The 

following equipment is necessary for the collection of aboveground alive tree 

biomass, and deadwood necromass data (Table A2). 

 
Table A2: Field equipment list. 

Equipment Number 

Handheld global positioning satellite (GPS) 1 

30 m lining tape 1 

5 m diameter tape 1 

Measuring stick (130 cm height) 1 

Clinometer 1 

Compass 1 

Ladder 1 

Satellite telephone 1 

First aid kit 1 

Field knife (Parang) 7 

Shovel 1 

Tree tags ~ 

Nails ~ 

Hammer 3 

 

7. NET PRODUCTION AREA 

The Net Production Area (NPA) is defined as the ‘Gross Production Area’ 

(total compartment area), minus areas where harvest activities are prohibited, 

and forest infrastructure, i.e., forest roads. Using the Gross Production Area 

alone to estimate the impact of timber harvest activities on the residual stand 

inaccurately represents the area impacted by harvest activities. Therefore, carbon 

practitioners using this procedure will need to identify and calculate the Net 

Production Area, prior to calculation and placement of the sample plots, 

respectively. 
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8. SAMPLE PLOT SHAPE 

Based on published field techniques for carbon mensuration, nested 20 m 

radius circular sample plots shall be established to quantify the identified carbon 

pools (Philip, 1994; Pearson et al., 2006; Djomo et al., 2011). Each sample plot 

will contain three nested plots to capture the diameter class spectrum, as outlined 

in Table A3 and Figure A2. The location of the sample plots shall be determined 

prior to the fieldwork. 

 

Table A3: Nested circular sample plot. Adapted from Pearson et al. 
(2006). 

 

Plot # 
Nested Plot 
Radius (m) 

Diameter  
Class (cm) 

Expansion 
Factor 

Total 
Area (m2) 

Plot Size 
Area (ha) 

1   5 10 – 29 127.32 78.55 0.0079 
2 10 30 – 59 31.83 314.16 0.0314 
3 20 ≥ 60 7.96 1,256.64 0.1257 
 

 

 
 

Figure A2: The random nested circular sample plot. 
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9. NUMBER OF SAMPLE PLOTS 

Sample plots are determined via internationally accepted and peer-reviewed 

equations (Pearson et al., 2006; GOFC-GOLD, 2013), The number of plots is 

determined through the use of pre-harvest data, based on the standard deviation 

and rate of variability within the data set. Typically this is established at the 95% 

confidence interval with 10% error to the average carbon density ha-1 (tC ha-1). 

The total number of sample plots should be rounded up to ensure 

conservativeness of the estimate (Figure A3). 

 
 Figure A3: Sample plot equation. Adapted from Pearson et al. (2006). 

 

𝑛 =  
𝑁 ∗ 𝑠 !

𝑁! ∗  𝐸!
𝑡! + 𝑁 ∗ 𝑠! 

 

 

Where: 

n =  Number of sampling units in the population 

N = Area of the compartment in hectares 

s =  Standard deviation of the sample 

E = Allowable error calculated by multiplying the mean carbon stock by the 

desired precision, i.e., carbon stock x 0.1, for 10% precision. 

t =  The sample statistic from the t-distribution for the 95% confidence level. 

If unknown, t = 2. 

 

10. SAMPLE PLOT LOCATIONS 

The sampling design will consist of a random design along evenly placed 

transects within the Net Production Area of each compartment. The location of 

the samples is derived using a mixture of stratification and randomisation 

techniques (Figure A4). 
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 Figure A4: Randomised sample plot distribution. 

 

11. LOCATING SAMPLE PLOTS IN THE FIELD 

Prior to entering the forest, the field crew team leader will inform the location 

of the sample plots to be established in the field. To avoid unnecessary travel 

and reduce the risk of safety, the field crew shall enter the forest from the closest 

main road. The team leader in conjunction with the ranger shall lead the team to 

the centre point of the furthest sample plot via a handheld Global Positioning 

Satellite (GPS) device. All coordinates shall use the World Geodetic System 

format: Direction, Degree, Minute, Second (N/S/E/W XXº, XX’, XX.xx’’) with 

all devices set to datum ‘Timbali 1948’ for Sabah, Malaysia. 
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12. SAMPLE PLOT ESTABLISHMENT 

12.1. CENTRE POINT 

The GPS for the centre point of the sample plots shall be established prior to 

going to the field. The team leader and rangers shall identify the logistical 

arrangements and safest route of entry. 

 

12.2. PLOT OUTLINE AND NATURAL FEATURES 

Starting from the centre point, the field crew will measure out 20 m in all 

directions (0 to 359º circumference). All natural features within the plot shall be 

recorded using Form 2: Natural Feature Form. 

 

12.3. SLOPE CORRECTION 

Forest areas are undulating, and to accurately measure the size of the plots, 

adjustments for slope are required. Due to the nature of the nested circular plots, 

slope correction will be carried out in the office after the inventory is completed 

(Pearson et al., 2006). In the field, the team leader will stand at the centre point, 

and face the area with the highest degree of slope (increasing or decreasing). 

Using a clinometer, the team leader will measure the slope to the plot boundary. 

The team leader will then turn about-face 180 degrees (180º), measure the slope 

to the plot boundary, and calculate the average of the two measurements. If the 

slope is over 10 degrees (10º), the team leader will record the average plot slope 

in Form 2: Natural Feature Form. 

 

Note to Team Leader: 

Slope correction is conducted only if the slope is >10 degrees (10º). 
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12.4. 5 METRE RADIUS SUB PLOT 

Field teams will begin measuring a 5 m radius around the centre point. For 

each alive tree (10 to 29 cm DBH) and dead wood (standing/fallen) as outlined 

in Section 12 and Section 13 respectively. It is suggested to use separate forms 

for each sub-plot. The following shall be recorded in Form 3: Sample Plot Form. 

 

a) Diameter at breast height 

b) Tag number 

c) Tree species 

 

12.5. 10 METRE RADIUS SUB PLOT 

The team will measure 10 m radius from the centre point for the second 

nested plot and measure all alive trees (30 to 59cm DBH), and all deadwood 

(standing/fallen) as outlined in Section 12 and Section 13 respectively. All 

measurements will be recorded in Form 3: Sample Plot Form. 

 

12.6. 20 METRE RADIUS SUB PLOT 

The team will measure 20 m radius from the centre point for the third nested 

plot and measure all alive trees (≥60 cm DBH), and all deadwood 

(standing/fallen) as outlined in Section 12 and Section 13 respectively. All 

measurements will be recorded in Form 3: Sample Plot Form. 
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12.7. TEAM MOVEMENTS 

The team will work collectively to complete the plot with each member 

maintaining a specific function within the team (Table A4). 

 
Table A4: Team job description. 

 
Job name Job description Number of people 
Recorder Team leader 

-data recorder 
-quality control 
-sample plot feature identification 

1 

Dendrology Forest ranger 
-tree and family identification 

1 

Tree measurement 
assistants 

Field assistant 
-DBH measurement 
-Tree identification 
-Tree tagging 
-Sample plot feature identification 

5 

 

12.8. DENDROLOGY 

Tree identification is the responsibility of the forest ranger and/or team 

leader. Trees shall be identified to the family level, and if possible, to the species 

level. It is the responsibility of the team leader to correctly write the species code 

(Sabah Species Codes: Section 15.1), on Form Number 3: Sample Plot Form. 
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13. TREE DIAMETER MEASUREMENTS 

Only trees ≥10cm DBH shall be recorded. A pole marked at 130 cm should 

be used to ensure consistent measurements. The assistant shall inform the 

recorder of the DBH measurement, while the ranger will inform the species 

name. The recorder will fill in the sample plot form with the tree number, tag 

number and map the tree location according to its position, relative to the sample 

plot (Form Number 3: Sample Plot Form). The assistant will inform the recorder 

of the tree number (via the tree tag). The following measurement guidelines shall 

be strictly followed, which are graphically demonstrated in Figure A5. 

 
a) All measurements are in centimeters (cm) and recorded to two decimal 

places (i.e., 19.76 cm) 

b) Always measure at a point on the tree that is 130 cm above the ground 

c) The diameter tape must always be smooth and never “twist” around a 

tree 

d) If the tree is on a slope, always measure the uphill side 

e) If the tree is leaning, the diameter tape must wrap around the tree 

according to the tree’s natural angle. 

f) If the tree is forked at or below 130 cm, measure just below the fork. 

Otherwise, measure them as two separate trees at 130 cm above the 

ground 

g) If the tree has fallen and is alive, use the opposite side of the diameter 

tape (linear measurements) and measure the height of the tree (both 

sides) from the forest floor at 130 cm from the root structure, and 

calculate record the average height 

h) If the tree contains a buttress at 130 cm, measure the tree 50 cm from the 

top of the buttress, and use a ladder if necessary 

i) If more than 50% of the tree trunk is located inside the sample plot 

boundary, count the tree within the plot 

j) If the tree contains stilt roots, diameter measurements shall be 130 cm 

above the highest stilt root 

k) If there is liana at 130 cm, put the tape underneath, however if it is too 

big, cut a section away and take the measurement  
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Figure A5: Diameter-at-breast height measurement guidelines. Adapted 

from Ravindranath and Ostwald (2008). 
 

13.1. STANDING TREE DIAMETER VOLUME EQUATION 

Production activities in Sabah are subject to the generic Sabah Forestry 

Department standing tree volume equation (SFD, 2009) (Figure A6). Concession 

specific volume equations should be developed. The 15 species specific volume 

equations used in this research are outlined in Section 15:10, Table A12, and 

Table A13. 

 
V = 0.00026466 * DBH^2.279212554 

 
Figure A6: Generic volume equation for Sabah. Adapted from Valentine 

(2005). 
 

  

° If the tree is young and slender, measure the DBH with a slide caliper.
° If the tree is on the boundary, include it for measurement in the sample plot 

only if more than 50% of its girth is inside the plot.

A tree could have multiple shoots and/or crooked trunks, could be growing at an 
angle, and could be on a sloping hill. The measurement technique for irregularly 
shaped trees and different land conditions is illustrated in Fig. 10.6.

10.11.1.2 Height

Tree height normally refers to total tree height defined as the vertical distance from 
the ground level to the uppermost point. Tree height is also often referred to as 
merchantable height since many allometric equations are derived for this height. 
Height is measured for all the tree stems for which DBH is measured (Commonwealth 
of Australia 2001). Unlike DBH, measurement of tree height is difficult for tall 

10.11 Field Measurement of Indicator Parameters 139

Fig. 10.6 Measuring DBH or GBH for trees of different shapes and forms
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13.2. TREE TAGGING 

Tree tagging can be carried out concurrently to diameter measurement 

activities. All trees shall be tagged in a circular fashion while working around 

the plot. All tags should enter at 160 cm above ground, or 30 cm above the 

diameter measurement. All stems should be tagged facing the centre point to 

ensure accounting consistency. Nails should be entered using a downward angle 

far enough to enter the bark and secure however should leave space for tree 

growth. All hammers shall be marked with a line measuring 30 cm so as to 

ensure consistency in tagging. Due to varying stem densities, all nails shall be 

made from iron. 

 

13.3. TREE RECORDING 

All tagged trees shall be recorded in Form 3: Sample Plot Form. The form 

will record the tree number, species code and diameter at breast height. The 

recorder will sketch the approximate physical location of the tree on Form 4: 

Sample Plot Diagram. 

 

14. DEADWOOD NECROMASS 

Deadwood necromass consists of standing dead trees, lying deadwood and 

tree stumps (Pearson et al., 2006; Ravindranath and Ostwald, 2008; RAINFOR, 

2009). All deadwood ≥10 cm in diameter shall be tagged, a number given, its 

diameter (both ends of the deadwood, i.e., D1, D2) recorded, as well as its bole 

length, bole cavity, height, its approximate location recorded. The species type 

(if possible), decay class, deadwood type and damage class will be recorded in 

Form 5: Deadwood Form. As described in Section 13.1, the recorder shall 

identify the state of decomposition. 
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14.1. DECOMPOSITION CATEGORIES 

In addition to recording the physical features, it is vital for the field team to 

identify the state of decomposition of the dead wood. Deadwood volume shall be 

based on the three categories: sound, intermediate and rotten (Delaney et al., 

1998; Clark et al., 2002; Saner et al., 2012). The recorder shall use Table A5 as 

a guide to fill in Form 5: Deadwood Form. 

 
Table A5: Decomposition and wood density categories. 

# Category Description Wood density (g cm-3) 
1 Sound Little or no surface breakdown, 

branches and bark intact, log can 
support its weight 

-As per species type 
-If unknown, 0.5 is the 
default 

2 Intermediate Surface breakdown, bark not always 
present, wood structure weak, log can 
support its weight 

-50% of the sound wood 
density 

3 Rotten Extensive surface breakdown, no 
bark, poor wood structure, often 
cannot support its weight 

-25% of the sound wood 
density 

 

14.2. STANDING DEADWOOD 

Standing dead wood is divided into three types (Table A6). Definitions 

outlined in Table A7 help to understand the descriptions. 

 
Table A6: Standing deadwood types. Adapted from Pearson et al. 

(2006). 

Type Description Identification Key 
1 Trees with crown, branches and twigs 

but without leaves 
Resembles a live tree 

2 Trees without crown and branches Snapped tree, bole intact 

3 Tree stump, no branches Harvested tree 

 

 
Type 1 should be measured using the standard diameter procedure in 

Section 12 
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Type 2 and 3 should be measured using the standard diameter procedure 

in Section 12, AND the height calculation in Section 13.3 

 

Table A7: Deadwood definitions. Adapted from Philip (1994) and 
Oxford Dictionary (2010). 

Name Definition 
Bark The outer cover of a tree 
Bole The trunk of a tree 
Branches A division or offshoot from a main stem 
Crown Organ supporting the photosynthesizing tissue absorbing 

and employing radiant energy in the living processes 
Intact dead tree Trees with crown, branches and twigs but without leaves 
Snapped Action describing broken parts of a tree 
Stump The residual bole left in the ground 
Twig Smaller divisions of a branch 
 

14.3. HEIGHT CALCULATION 

Using a Clinomaster Heightmaster (a clinometer that reads height), from a 

distance of 10 m from the dead standing tree, the recorder will identify the angle 

to the top of the tree and document the height measurement in  

Form 5: Deadwood Form. Alternatively, the calculation of height from a known 

distance is outlined in Figure A7 and graphically demonstrated in Figure A8. 

 
 

Figure A7: Tree height. Adopted from Philip (1994). 

 

Where: 

H  = Height of the clinometer (to floor) 

D  = Distance (meters) 

 = Angle (degrees) 

Height = H +D tanθ1( )

tanθ1
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Figure A8: Determining tree height. 

 

14.4. LYING DEADWOOD 

Deadwood consists of two types: decaying logs/branches and tree stumps. 

Using the lining and diameter tapes, lying dead wood (≥10 cm DBH) shall be 

calculated using the following steps. 

 

14.4.1. DECAYING LOG SCALING TECHNIQUE 

A single recorder and assistant shall follow the steps below and as 

represented in Figure A9. The data shall be recorded in Form 5: Deadwood 

Form. The generic equation to calculate the volume of lying deadwood for 

Sabah is outlined in Figure A10. 

 

Step 1: The recorder will determine if 50% or more of the timber is 

aboveground. 

Step 2: The recorder will identify if the sample boundary crosses through at 

least 50% of the log. 

Step 3: If Step 1 and 2 are positive, determine the log decomposition category 

(Table A6) 

Step 4: Using the linear side of the diameter tape, the assistant will measure the 

log-end diameter via two separate perpendicular measurements and 

calculate the average to generate the Diameter 1 (D1), and recorded into  

Form 5: Deadwood Form. 
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Step 5: The assistant will then take the lining tape and make way to the opposite 

end of the log, and inform the recorder of the distance traveled  

(in meters). 

Step 6: Using the linear side of the diameter tape, the assistant will measure the 

log-end diameter via two separate perpendicular measurements and 

calculate the average to generate the Diameter 2 (D2), and recorded into  

Form 5: Deadwood Form. 

Step 7: If the root system is present aboveground, only measure the bole (and 

make a note of the protruding root structure). 

 

 

 

Figure A9: Log scaling activities. 
 

 

𝑉 =  
𝐷1 + 𝐷2

2
!
𝜋

4
10,000

𝐿 

Figure A10: Sabah scaling volume equation. Adapted from SFD (2005). 

 
Where: 

V  = Volume (m3) 

D1  = Diameter 1 measurement 

D2  = Diameter 2 measurement 

Π  = 3.141592 

L  = Length (m) 
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14.4.2. FELLED TREE DEBRIS 

After the course of harvest activities, the feller will trim off the crown, 

branches and other parts of the tree and extract the bole. In doing so, this will 

create debris which is part of the deadwood carbon accounting category. Field 

teams are required to strictly follow the guidelines in Table A8. 

 
Table A8: Field measurement guide to tree debris. 

 
Debris type To be measured 

Branches Yes (≥10 cm diameter) 

Unwanted bole Yes (≥10 cm diameter) 

 

14.4.3. DAMAGE AND MORTALITY IDENTIFICATION 

During the data collection, there may be evidence of damage from the 

previous harvest activities. Therefore, it is important for the field team to 

recognise and record the damage type. 

 

14.4.3.1. DAMAGE TYPE 

The three damage categories, and their corresponding mortality description 

and rankings are described (Priyadi et al., 2002; Sist and Nguyen-The, 2002a; 

Sist et al., 2003; Iskandar et al., 2006). Table A9 outlines the key components of 

each damage category and its corresponding mortality class. Note that the 

column “Type” is used for both damage and mortality ranking coefficients, and 

the recorder shall use the same numbering system. 

 
Table A9: Tree damage type. 

 

Type Damage 
class 

Damage 
description 

Mortality 
description Carbon impact 

1 Untouched -No damage No, tree will live None 

1 Minor -Bark damage No, tree will live None 

2 Major -Snapped 
-Crown injury 
-Broken trunk 
-Leaning 
-Uprooted 

Yes, tree will die 100% 
reduction 
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14.4.3.2. DAMAGE RECORDING 

The data collection team will measure all stems as outlined in Section 11 to 

Section 13. The team will fill out Forms 1 to 6 and sketch the approximate 

location of the deadwood on Form 6: Deadwood Plot Diagram. 

 

15. SAFETY PROVISIONS 

As in all situations, safety comes first and data collection is no different. 

Several rules need to be followed to ensure safety throughout the data collection 

period. The most important rule of forest is simple: RESPECT. The forest is a 

living biome and you must respect the natural environment. Secondly, field 

personnel may NEVER WALK ALONE. Finally, all field teams members will 

inform the team leader or the ranger of their movements in the field. These are 

the golden rules of forestry. Failure to observe them may result in serious safety 

situations. All field staff are required to fill out Form 7: Field Work Waiver 

Form. 

 

15.1. SAFETY EQUIPMENT 

At all times, field team members will be conscious of their surroundings as 

in forestry, things in the field can ‘scale up’ VERY quickly. The safety 

equipment in Table A10 is required at all times. 

 
Table A10: Personal safety equipment list. 
 

Equipment 
Adequate footwear for forest conditions 
(i.e. Addidas Kampung) 
Water canteen 
Plate and cutlery 
Foresters knife (parang) 
Leech socks 
Long pants 
Long-sleeve shirt 
Hat 
Minyak Kapak (scratches, bites) 
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15.2. EMERGENCY FIRST AID AND KIT 

Emergency first aid services, equipment and supplies shall be located at or 

near the work site, and will be available at all times. First aid equipment and 

supplies must be kept clean, dry and in operating condition. The team leader will 

have received his certificate in basic first aid. The first-aid kit shall include 

critical elements to control bleeding and general antiseptic as well as a manual 

that clearly explains how to handle frequent and typical injuries. The first aid kit 

shall contain at least the following outlined in Table A11. 

 
Table A11: First aid equipment list. 
 

Equipment Number of equipment 
Sterile gauze and bandages of various sizes - 
Antiseptic solution or cream 1 
Roller bandages 2 
Strong painkilling tablets (paracetemol) 1 bottle 
Splints and truncates 2 
Stainless steel scissors 1 
Satellite telephone 1 
Minyak kapak 1 bottle 

 

15.3. EMERGENCY RESPONSE AND RESCUE 

 

The team leader is the primary point of contact for all emergency 

situations. If the team leader is not available, the ranger has the 

responsibility to lead an emergency situation. 

 

A satellite telephone will be on hand along with emergency telephone 

numbers at all times. In case of serious injuries requiring medical assistance, 

forest managers shall be prepared to make arrangements for quick evacuation. 

Transport and means of communication should be available at the worksite, to 

be able to contact rescue services in case of emergency. In urgent injury cases, 

helicopter services shall be engaged. Should a situation arise, the identified 

people shall fill out Form 8: Emergency Documentation Form. 
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15.4. CAMP LOCATION AND MANAGEMENT 

The campsite location and construction should be planned and carried out 

with due consideration of the following aspects: 

 
a) The number of people occupying the site 

b) The campsite should be near a clean water source and where there is no 

risk of flooding 

c) Toilets should be a minimum of 100 m from any water source and at a 

reasonable distance from the camp area 

d) The campsite should be located away from logging debris and should 

not have any stagnant water near by that may be a point for malaria or 

dengue 

 

15.5. FOOD PREPARATION AND STORAGE 

Food preparation should be carried out in an adequate distance from sleeping 

areas to prevent spreading of bacteria and diseases that could affect all workers 

at the campsite. Toilets should be located at a reasonable distance from the 

eating area. Food and drinks shall be served using cleaned cups, and cutlery. Pets 

shall not be allowed in and around the immediate vicinity of the eating area. 

Food must be stored in appropriate places, typically on makeshift shelves above 

the ground, to avoid insect contamination. 

 

15.6. REFUGE DISPOSAL 

Waste disposal is a pre-requisite for a clean and healthy camp environment. 

Non-toxic waste, such as package materials for food and drinks, cardboard 

boxes, paper, organic food waste, etc., can be disposed of safety through the 

digging of a pit with the following conditions: 

 

a) Located ≥50 m from any water course 

b) Located where runoff water cannot enter 

c) Located above the water table 

d) Adequate drainage around disposal area 

e) Cover with soil upon leaving the camp area 
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All non-biodegradable material must be collected  

and carried out! 

 

15.7. PIT TOILETS 

Pit should be located ≥100 m away from surface water bodies used for 

drinking water, and areas subject to inundation. Sewage should be discharged in 

a way that prevents its flow into a watercourse or any other water body, or cause 

a health risk to camp staff, and forest workers. 
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16. SUPPLEMENTARY MATERIAL AND FORMS 

16.1. SABAH SPECIES CODES 

 

 

 70 

Lampiran 8: Kod Spesis 

Nama Vernicular Kod Spp. Nama Vernicular Kod Spp. 
Acacia OTH Berangan BER 
Agutud OTH Berindu BDU 
Alig Pagi OTH Bertindik OTH 
Ampas Tebu OTH Besi-Besi BSI 
Angan-Angan OTH Beus BEU 
Anggar-Anggar OTH Bintangor BIN 
Angguk-Angguk OTH Bintangor Batu BIB 
Angsana ANG Binuang BN 
Apid-Apid OTH Buah-Buahan BHN 
Ara ARA Buak-Buak BU 
Aru ARU Buak-Buak Jarietek BUJ 
Assam ASS Buloh-Buloh BLH 
Bachang BD Bunga Gadong BUG 
Bagil BGL Bungor OTH 
Bakau Kurap BKK Burung Gagak OTH 
Balatotan OTH Burut-Burut OTH 
Balingasan OTH Busuk-Busuk BSK 
Bambangan BBG Callicarpa OTH 
Bangkal BKL Cempaka CP 
Bangkau-Bangkau BB Croton OTH  
Bangkawang BKG Dadap DDP 
Bangkita BKT Dahu OTH 
Bangkou-Bangkou OTH Darah-Darah DRA 
Bangkulatan BGN Decaspermum OTH 
Banjutan BJ Dumpiring DUM 
Baru  BRU Dungun DUGN 
Baru Laut BRL Durian DRN 
Batai BTI Durian Monyet DRM 
Batai Laut BLT Gagil GL 
Baubo BBO Gaharu GH 
Bawang Hutan BWH Galang-Galang GLG 
Bawing BW Gambir Hutan GRH 
Bayur BY Gangulang CG 
Bebata BBA Gapas-Gapas GP 
Bedaru BED Gapis GAPI 
Belian BL Garu-Garu OTH 
Belimbing Hutan BBH Gatal-Gatal GT 
Bembalor OTH Gayo Luba OTH 
Bendak OTH Gelam OTH 
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Nama Vernicular Kod Spp. Nama Vernicular Kod Spp. 
Gelam Bukit OTH Kawang Bulu KWB 
Gelam Laut OTH Kawang Burung KWR 
Geriting GRT Kawang Daun Merah KWM 
Geronggang SG Kawang Jantung KWJ 
Geronggang Bukit OTH Kawang Pinang KWP 
Gerumong Jantan OTH Kayu Ara ARA 
Gerusih OTH Kayu China KON 
Getah GTH Kayu Dusun KAY 
Giam G Kayu Malam KMM 
Giam Kulit Merah GK Kedondong KD 
Giwie GWI Kelamondoi KDI 
Grubai OTH Kelanus KNS 
Guma OTH Kelumpang KPG 
Gurulau GU Kembang KEM 
Impas IMP Kembang semangkuk KSM 
Inggir Burung IB Kembang/Mengkulang KM 
Ipil Air IPA Kempas IMP 
Ipil Darat IPD Kenibayou KMY 
Ipil Laut IPL Kepala Tundang KPLT 
Jati JTI Kepala Tundang T. Pendek KET 
Jelutong JLT Kepayang Ambok KAP 
Jelutong Bukit JLB Kerai KERAI 
Jelutong Paya JLP Keranji KJ 
Jering OTH Kerodong KDG 
Jiak JAK Keruing KR 
Jiwit OTH  Keruing Asam KA 
Jongkong J Keruing Belimbing KB 
Kalambio OTH Keruing Beludu Kuning KBK 
Kamiri KMR Keruing Buah Bulat KBB 
Kandis KNDS Keruing Bulu  KBU 
Kandis Daun Besar KAN  Keruing Daun Besar KDB 
Kapur CR Keruing Gasign KGS 
Kapur Gumpit KG Keruing Gondol KGD 
Kapur Merah (Minyak) KPM Keruing Jarang KEJ 
Kapur Paji KPG Keruing Kasugoi KK 
Kapur Paya KY Keruing Kerukup KKU 
Karai KRY Keruing Kerukup Kecil KKK 
Karamunting OTH Keruing Kesat KKS 
Karpus KAR Keruing Kipas KEK 
Kasai KAS Keruing Kobis KKO 
Katok KTK Keruing Mempelas KMP 
Katong-Katong KAT Keruing Merah KMR 

Kawang KW Keruing Neram KN 
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Nama Vernicular Kod Spp. Nama Vernicular Kod Spp. 
Keruing Palembang KPD Lindos/Railos LDS 

Keruing Putih KPT Linggayong OTH 

Keruing Ranau KRN Lingkabong OTH 
Keruing Rapak KRP Lintotobou OTH 
Keruing Shol KS Lisi-Lisi OTH 
Keruing Tangkai Panjang KTP Lokon OTH 
Kilas KLS Lompoyou LOM 
Kolintuhan OTH Lopokon OTH 
Kondolon KON Ludai LUDA  
Kopi-Kopi OTH Lunau OTH 
Koping-Koping KOP Magas MAG 
Korodong/Damak-Damak DAMA Malangangai MA 
Kubamban-Kubamban OTH Malitap Bukit OTH 
Kubin OTH Mallotus Philipine OTH 
Kulibobok KUL Malulok OTH 
Kulimpapa KULI Mandailas MDS 

Kunau-Kunau KNU Manggis MNY 

Kungkur KUR Manik-Manik/Kutang OTH 

Kungkurad KUK Manunggal MGL 
Kupang KNG Marabahai MHI 
Kurunggu KRGU Marapid/Kaintuhan OTH 
Labunga OTH Maritam MTM 
Laka OTH Mata Kuching MAT 
Lamau-Lamau LMU Medang MD 
Lampias LPS Medang Pawas MDP 
Landing-Landing OTH Medang Serai MDS 
Langsat-Langsat LLS Medang Sisek MDK 
Langugan OTH Melanolepis OTH  
Lantayakan OTH Melapi MP 
Lantupak LA Melapi Agama MPA 
Lantupak Jambu OTH Melapi Daun Besar MPB 
Lantupak Paya OTH Melapi Kuning (Bunga) MPK 
Lapisanthes OTH Melapi Lapis MPL 
Laran LRN Melapi Laut MPU 
Layang-Layang LAY Melapi Pang MPP 
Lenggadai OTH Melapi Sulang Salig MPS 
Limau Hutan OTH Melutos MTS 
Limbukon OTH Membuakat OTH 
Limpaga LM Mempening MEM 
Limpaung OTH Mempoyan OTH 
Linau OTH Menggaris MEN 
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Nama Vernicular Kod Spp. Nama Vernicular Kod Spp. 
Mengilan MGL Pengiran Kunyit PY 
Mengkapang Darat OTH Pengulobon PGN 
Mengkeniab MGB Perah Ikan PEI  
Mengkular MGR Perapat Paya PPP 
Meransi MRSI Perepat Burung PB 
Merbatu MEB Perupok PEP 
Merbau MER Petai PTI 
Merbau Lalat MBL Petaling PET 
Meritam KON Petundang OTH 
Minyak Berruk MNY Phyllantus OTH 
Mogkulat OTH Phythopaxis OTH 
Morogis MGS Pingau-Pingau OTH 
Mosit MST Pisang-Pisang PIS 
Murraya OTH Pomotodon POT 

Nipis Kulit OTH Poroi Untu OTH 
Nyatoh NT Posidila OTH 

Nyerih NYI Pulai  PUL 
Oba Nasi ONA Pulai Daun Besar OTH 
Oba Suluk OS Putat paya PUT 
Obah OB  Putut OTH 
Odopan Putih ODP Rain Tree RTE 
OT OT Rambai Hutan OTH 
Pahit-Pahit (Tongkat Ali) OTH Rambai-Rambai RAM 
Pahu PHU Rambutan RBTN 
Pakudita PAK Ramin R 
Panchit-Panchit PCT Randagong RAND  
Pangi PAN Ranggu RGU 

Pangos OTH Ranuk OTH 

Pauh Kijang PKI Rengas RGS 

Pau-Pau PAU  Resak RB 

Payung-Payung OTH Resak Banka REBA 

Pedada PDD Resak Biabas RBS 

Pelanjau PEL Resak Bukit RBK 

Pelawan-Pelawan PP Resak Daun Panjang RBP 

Penaga Laut PGI Resak Degong RBD 

Penatan PTN Resak Laut RBU 

Pengiran PG Resak Putih RBT 

Pengiran Durian PD Resak Sarawak RBW 

Pengiran Gajah PJ Resak Temporong RBG 

Pengiran Kerangas PK Rosok RSK 

Pengiran Kesat PS Rukam OTH 
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Nama Vernicular Kod Spp. Nama Vernicular Kod Spp. 
Sabah Ebony SEB Sentul Hutan STH 
Saga OTH Sepetir SPT 
Saipang SPG Seraya Batu SRB 
Saka Mata OTH Seraya Betul SRU 
Saka-Saka OTH Seraya Bingkai SRK 
Samala OTH Seraya Buaya Hantu SRH 
Sapang OTH Seraya Bukit SRI 
Sedaman SEDA Seraya Bunga SRG 
Selangan S Seraya Daun Besar SDB 
Selangan B. Daun Halus SBH Seraya Daun Kasar SDK 
Selangan Batu SB Seraya Daun Mas SDM 
Selangan Batu Bersisek SBB Seraya Daun Merah SDR 
Selangan Batu Biabas SBI Seraya Daun Tajam SRT 
Selangan Batu Biawak SBW Seraya Daun Tumpul SDU 
Selangan Batu Hitam SBX Seraya Kabut SKB 
Selangan Batu Kelabu SBG Seraya Kelabu SKK 
Selangan Batu Kurap SBS Seraya Kepong SKP 
Selangan Batu Mata-Mata SMM Seraya Kepong Kasar SKG 
Selangan Batu Merah SBM Seraya Kerangas SKA 
Selangan Batu Pinang SPG Seraya Kerukup SKE 
Selangan Batu Tanduk SBT Seraya Kuning Barun SKU 
Selangan Batu Tembaga SBZ Seraya Kuning YS 
Selangan Batu Terandak  SBY Seraya Kuning Bukit SKT 
Selangan Beludu SU Seraya Kuning Gajah SGT 

Selangan Bukit SUK Seraya Kuning Jantan SJT 
Selangan Daun Bulat SLB Seraya Kuning Keladi SLI 
Selangan Daun Halus SDH Seraya Kuning Kudat SDD 
Selangan Daun Serong SDS Seraya Kuning Pinang PN 
Selangan Hitam SH Seraya Kuning Quion SPQ 
Selangan Jongkong SJK Seraya Kuning Runcing SPC 
Selangan Lima Urat SLU Seraya Kuning S.D. Besar SSB 
Selangan Lunas SLN Seraya Kuning Siput SSP 
Selangan Mata Kucing SMC Seraya Langgai SLG 
Selangan Ribu SLR Seraya Lop SLP 
Selangan Sama SLS Seraya Lupah SLA  
Selangan Urat SLT Seraya Majau SM 
Selumar SLR Seraya Melantai  SML 
Sempilor SPL Seraya Melantai Kecil SMK 

Sendok-Sendok SSD Seraya Mempelas SMP 
Sengkuang SGK Seraya Merah RS 

Sengkuang/Soronsob SS Seraya Minyak SMY 
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Nama Vernicular Kod Spp. Nama Vernicular Kod Spp. 
Seraya Paya SYA Tapai-Tapai OTH 
Seraya Punai Bukit SNB Tarenna OTH 
Seraya Putih WS Taroi-Taroi OTH 
Seraya Sirap SSR Tekalis Daun Halus TKH 
Seraya Sudu SSU Teleto TTO 
Seraya Tangkai Panjang SYA Tengar TGR 
Seraya Tembaga ST Terap TRP 
Seraya Timbau SBU Terap Ikal TRI 
Seraya Urat Banyak OS Terap Timadang TRT 
Serusop OTH Terap Togop TRO 
Simpor SIM Terentang TRG 
Simpor Gajah SIG Timahar OTH 
Sirih-Sirih OTH Timbarayong OTH 
Sokong-Sokong OTH Tindot OTH 
Solingkunut OTH Tingo-Tingo OTH 
Sumu-Silan OTH Togung Korop OTH 
Surian SU Tonop TNP 
Tabarus OTH Tonuoi TNI 
Tadapon Putih TPP Topou OTH 
Takalis TKS Towodung TWD 
Takaliu TKU Tree Of Heaven TOH 
Talisai TLI Tui OTH 
Talisai Paya TLP Tungou TUN 
Tambung TAMBA Tuyut TUY 
Tambusu TM Upun UP 
Tampalang TNG Urat Mata WS 
Tampaluan OTH Urat Mata Batu UMB 
Tampoi TMP Urat Mata Beludu UMU 
Tandahasi OTH Urat Mata Daun Kecil UMK 
Tandaramai OTH Urat Mata Daun Licin UML 
Tanggir Manuk OTH  Yemane OTH 
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16.2. FORM 1: ATTENDENCE FORM 

Date:  Forest location:  

     

Number Name Position 
Emergency 
telephone 
number: 

Signature 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

11     

12     

13     

14     

15     

16     

17     

18     

19     

20     

21     

22     

23     

24     

25     

26     

27     
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16.3. FORM 2: NATURAL FEATURE FORM 

Compartment:  Date:  

Sample plot 
number: 

 Slope 
measurement: 

(   +          ––   ) 
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16.4. FORM 3: SAMPLE PLOT FORM 

Date:  Sample plot number:  

Forest reserve:  Compartment:  

Tree number Tag number Species code DBH (cm) 

1    

2    

3    

4    

5    

6    

7    

8    

9    

10    

11    

12    

13    

14    

15    

16    

17    

18    

19    

20    

21    

22    

23    

24    

25    

26    

27    
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16.5. FORM 4: SAMPLE SUB-PLOT DIAGRAM 

Date:  Sample plot number:  

Forest reserve:  Compartment:  
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16.6. FORM 5: DEADWOOD FORM 

Date:  Sample plot number:  

Forest reserve:  Compartment:  

 

# Tag # Species DW type Decay class Damage class 
DBH 

Bole length Standing tree 
height D1 D2 

1          

2          

3          

4          

5          

6          

7          

8          

9          

10          

 DW type: 
1 With crown 
2 Without crown 
3 Stump 

Decay class: 
1 Sound 
2 Intermediate 
3 Rotten 

Damage class: 
1 Untouched 
2 Minor 
3 Major 
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16.7. FORM 6: DEADWOOD PLOT DIAGRAM 

Date:  Sample plot number:  

Forest reserve:  Compartment:  

 

 

 

  



 

Appendix III: Field Data Collection Procedure  

 

 

 
369 

 

16.8. FORM 7: FIELDWORK WAIVER FORM 

“I, ____________________________________, shall participate in the field 

data collection in the __________________ forest reserve. I recognise that the 

program may involve strenuous physical activity including, but not limited to, 

physical labour, muscle strength and outdoor tropical conditions, and other 

various activities.” 

“I hereby affirm that I am in good physical condition, and do not suffer from 

any known disability or condition, which would prevent or limit my 

participation in this program.” 

“In consideration of my participation in this program, I release 

__________________ forest reserve and its agents from any claims, demands, 

and causes of action as a result of my participation and participation. These 

conditions may include, but are not limited to, heart attacks, muscle strains, 

muscle pulls, muscle tears, broken bones, shin splints, heat prostration, injuries 

to knees, injuries to back, injuries to foot, or any other illness or soreness that I 

may incur, including death.” 

 

I HEREBY AFFIRM THAT I HAVE READ AND FULLY 

UNDERSTAND THE ABOVE STATEMENTS. 

 

 

___________________________ (Participant Signature) 

 

 

___________________________ (Date) 

 

 

  



 

Climate Change Mitigation Through Reduced-Impact Logging: A Framework Approach  

 

 

 
370 
 

16.9. FORM 8: EMERGENCY DOCUMENTATION FORM 

Date/Time:  Forest Reserve:  

Name:  GPS Coordinates: N E 

 

Using the headings below, please document the incident in as much detail as 

possible 

Name of personnel Time of incident Incident description Action taken 
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16.10. TREE VOLUME EQUATIONS 

Within the framework approach, every attempt was made to produce data 

with the highest degree of accuracy and the lowest amount of variability. 

Species-specific equations have greater accuracy than generic equations (Chave 

et al., 2005), and in the absence of concession specific equations for the forest 

areas in this research, I utilised 15 species-specific equations developed by 

Forestal International Limited in 1973 for the Ulu Segama region of Sabah 

(Forestal International Limited, 1973). Each equation is associated to a specific 

species group(s) (Table A12, Table A13). 

 
Table A12: Volume equation association defined by common name in 

Sabah. Originally published by Forestal International Limited 
(1973). 

 
Equation 
number Species association 

1 Seraya Majau (Shorea johorensis, S. leprosula) 
2 Pengiran, Selangan (Hopea spp.), Melapi (Shorea agami), Obah Suluk 

(Shorea spp.), Kawang, (Shorea spp.), Seraya Merah (Shorea spp.) 
3 Urat Mata (Parashorea spp.), Resak (Vatica spp.; Cotelobium spp.) 
4 Kapur Merah (Dryobalanops beccarii), Kapur Paji (Dryobalanops 

lanceolata), Kapur Gumpaid (Dryobalanops keithii), Other Kapur 
(Dryobalanops spp.), Gagil (Hopea spp.) 

5 Keruing Puteh (Dipterocarpus caudiferus.), Other Keruing 
(Dipterocarpus spp.) 

6 Seraya Kuning (Shorea faguetiana; S. multifloria) 
7 Selangan Batu Daun Halus (Shorea surpurba), Selangan Batu Merah 

(Shorea guiso), Other Selangan Batu (Shorea spp.) 
8 Rengas (Gluta elegans), Ranggu (Dillenia sumatrana), Damaran (Agathis 

borneensis), Putat Paya (Planchonia valida), Karai & Pisang-Pisang 
(Alphonsea spp.), Pulai (Alstonia actinophylla), Bawang Hutan 
(Scorodocarpus borneensis), Jelutong (Dyera costulata), Durian (Durio 
spp.), Perupok (Lophopetalum spp.), Other Leguminosae (Leguminosae 
spp.), Limpaga & Lantupak (Aglaia spp.), Kayu Malam (Diospyros spp.) 

9 Other Anacardiaceae (Anacardiaceae spp.), Berangan (Castanopsis spp.), 
Obah (Eugenia spp.), Mempening (Lithocarpus spp.), Bintangor 
(Calophyllum spp.), Serungan & Geronggang (Cratoxylum spp.), Medang 
(Lauraceae spp.), Keranji (Dialium indum), Merbau (Afzelia 
rhomboidea), Sepetir (Copaifera palustris), Nyatoh (Sapotaceae spp.), 
Other Sterculieceae (Sterculieceae spp.), Takalis (Pentace erectinervia), 
Kambang (Scaphium linearicarpum) 

10 Kedondong & Pamatodon (Anacardiaceae spp.) 
11 Binuang (Octomeles sumatrana) 
12 Mengaris (Koompassia excels) 
13 Belian (Eusideroxylon zwageri) 
14 Laran (Anthocephalus chinensis), Aru (Casuarina equisetifolia), 

Sempilau Laut & Bukit (Gymnostoma spp.),  
Mengilan (Agathis spp.), Podocarpaceae 

15 Miscellaneous Species, with & without Latex, Fruit Trees 
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Table A13: Volume equations for Sabah. Originally published by Forestal International Limited (1973). 
D = Diameter at breast height (inch), H = Height (ft3), V = Volume (m3). 

 

# 
Equation 

Height Volume 

1 H = 18.06 + 3.432 * D + (- 0.03424 * (D2)) V = 1.344 + 0.3649 * ((D2 * H) / 100) 

2 H = 8.573 + 4.607 * D * (- 0.06392 * (D2)) V = 5.415 + (0.34728*(((D2) * H) / 100) 

3 H = -1.188 + 5.335 * D + (-0.07131 * (D2)) V = -1.278 + 0.35*(((D2) * H) / 100) +0.00000642*((((D2) * H) / 100)2) 

4 H = -1.034 + (6.258 *D) + ((-0.09007 * (D2))) V = 1.286 + (0.3439*(((D2) * H) / 100)) 

5 H = 8.256 + 4.997 * D -0.06816 * (D2) V = 5.83 + 0.2859*(((D2) * H) / 100) +0.00005579*((((D2) * H) / 100)2) 

6 H = 16.68 + (2.791 * D) + (-0.02157 * (D2)) V = 4.815 + (0.3196*(((D2) * H) / 100)) + (0.00000898*((((D2) * H) / 100)2)) 

7 H = 13.12 + 3.541 * D -0.04116 * (D2) V = 4.564 + 0.3241 * (((D2) * H) / 100) + 0.00002011*((((D2) * H) / 100)2) 

8 H = 8.294 + 3.029 * D -0.0392 * (D2) V = 2.057 + 0.3349 * (((D2) * H) / 100) 

9 H = 7.536 + 2.753 * D -0.03047 * (D2) V = -0.5117 + 0.3872 * (((D2) * H) / 100) 

10 H = 13.06 + 2.373 * D + (-0.02512 *(D2)) V = 1.139 + 0.3747 * (((D2) * H) / 100) 

11 H = 6.743 + 3.882 * D+ (-0.04682*(D2)) V = -0.6883 + 0.3279 * (((D2) * H) / 100 

12 H = 37.59 + 2.19 * D (-0.02409*(D2)) V = 6.778 + 0.4024 * ((((D2) * H) / 100)) 

13 H = 12.75 + 1.96 * D + (-0.03294*(D2)) V = 1.933 + 0.3688 * (((D2) * H) / 100) 

14 H = -10.46 + 6.131 * D + (-0.09994 * (D2)) V = 1.059 + 0.2734 * (((D2) * H) / 100) +0.00002404 * ((((D2) * H) / 100)2) 

15 H = 10.92 + (2.198 * D) + ((-0.02877 * (D2))) V = -0.07422 + (0.3549 * (((D2) * H) /100)) 
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APPENDIX IV 

 

PHOTOGRAPHIC EXHIBITION 

 

 

In 2012 during the data collection period of this research, I was approached 

by the Environmental Action Council (EAC) to help raise awareness about the 

affects of anthropogenic climate change from the forest sector. The EAC is a 

body of the Sabah State government, tasked to collaborate with the private sector 

to increase the environmental safety, awareness, and health of the State. In doing 

so, approval was granted by the Sabah Forestry Department to create a 

photographic journal documenting the chronosequence investigation in the 

Deramakot forest reserve. 

Launched on 21 December 2013, the Exhibition was officiated by the 

Permanent Secretary, Ministry of Tourism and Culture and Environment, Sabah, 

Datuk Michael Emban, and by the then Director General of City Hall, Datuk 

Yeo Boon Hai. The rationale and focus of the Thesis was presented, with 

specific focus on the potential of responsible harvest activities to reduce carbon 

entering the atmosphere. The Exhibition was covered by the local media, and in 

domestic newspapers throughout Sabah, and Malaysia (Lee, 2012). 

The photographs highlight attributes of the forest recovery from RIL 

activities, and aspects of the data collection encountered during the data 

collection phase of this research. The Exhibition was divided into three modules: 

a) Forest Living, b) Foundations of the Forest, c) Responsible Forestry. In total, 

52 photographs were put on display in City Hall, Kota Kinabalu, Sabah, from  

1 December 2012 - 1 January 2013. To raise further awareness, in collaboration 

with on-going environmental campaigns of the EAC, the Exhibition travelled to 

all districts in Sabah for the remainder of the 2013 calendar year. This Thesis 

highlights 39 photographs from the Exhibition. 
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1. EXHIBITION FLYER 

 

 

 
 
  



 

Appendix IV: Photographic Exhibition: The Deramakot Forest Reserve  

 

 

 
377 

 

 
 
 
 
 

 
LAUNCHING: 

 
“CLIMATE CHANGE MITIGATION  

THROUGH RESPONSIBLE FORESTRY” 

 
PHOTOGRAPHIC EXHIBITION OF THE  

DERAMAKOT FOREST RESERVE (1 DEC 2012 – 1 DEC 2013) 

 
21 DECEMBER 2012 

DEWAN BANDARAYA KOTA KINABALU HEADQUARTERS 

 
PROGRAMME 

 
8:30 am  Arrival of working committees 

8:45 am  Arrival of invited guests 

9:00 am Arrival of the guest of honor: Yang Berhormat Datuk Michael 

Emban, Permanent Secretary, Ministry of Tourism, Culture and 

Environment, Sabah, Malaysia 

9:05 am Welcoming address by Yang Berhormat Datuk Yeo Boon Hai, 

Director General, Kota Kinabalu City Hall, Chairman of the 

EAC, Kota Kinabalu, Sabah, Malaysia 

9:15 am Presentation on “Climate Change Mitigation through Reduced-

Impact Logging in the Tropics: A Framework Approach” by Mr. 

Michael Galante, PhD Student, The University of Edinburgh 

9:25 am  Speech by Yang Berhormat Datuk Michael Emban, Permanent 

Secretary, Ministry of Tourism, Culture and Environment, 

Sabah, Malaysia 

9:35am  Presentation of mementos 

9:40am  Visit to the photographic Exhibition 
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2. OFFICIAL EXHIBITION LAUNCHING CEREMONY 
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3. FOREST LIVING 

 
Photo 1: Measuring deadwood necromass 

 
Photo 2: Asian forest tortoise (Manouria emys) 

 
Photo 3: Data collection team 
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Photo 4: Data collection team 

 
Photo 5: Blue spotted tree frog (Rhacophorus cyanopunctatus) 

 
Photo 6: Orangutan nest 
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Photo 7: Orangutang skull 

  
Photo 8: Basket stinkhorn fungi (Dictyophora indusiata) 

 
Photo 9: Pokok kapur (Dryobalanops lanceolata) 
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Photo 10: Decaying deadwood necromass 

4. FOUNDATIONS OF THE FOREST 

 
Photo 11: Pokok Merenti (Shorea leprosula) 

 
Photo 12: Pokok Simpur (Dillenia indica) 
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Photo 13: Pokok Kapur (Dryobalanops lanceolata) 

 
Photo 14: Pokok Seraya Kuning Shorea acuminatissima) 

 
Photo 15: Pokok Belian (Eusideroxylon zwageri) 
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Photo 16: Pokok Magas (Duabanga moluccana) 

 
Photo 17: Pokok Kayu Malam (Diospyros sandakanensis) 

5. RESPONSIBLE FORESTRY 

 
Photo 18: Post-harvest canopy regeneration 
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Photo 19: Tree tagging and recording 

 
Photo 20: Forest regeneration 

 
Photo 21: Riparian area within the commercial reserve 
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Photo 22: Tree seedlings (Dipterocarp Sp.) 

 
Photo 23: Decaying deadwood necromass 

 
Photo 24: Carbon inventory in the regenerating forest 
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Photo 25: Tree tagging and reporting 

 
Photo 26: Pokok Majau (Shorea johorensis) 

 
Photo 27: Forest stream 
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Photo 28: Regenerating forest with tree stump in background 

 
Photo 29: Deadwood necromass Pokok Merenti (Shorea leprosula) 

 
Photo 30: Forest swamp within the commercial reserve 
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Photo 30: Downed (naturally) Pokok Laran (Anthocephalus chinensis) 

 
Photo 31: Forest damage from Pokok Laran (Anthocephalus chinensis) 

 
Photo 32: Forest gap from Pokok Laran (Anthocephalus chinensis) 
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Photo 34: Forest regeneration 

 
Photo 35: Moss on decaying deadwood necromass 

 
Photo 36: Infrastructure created from conventional harvest activities 
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Photo 37: Forest regeneration in the commercial reserve 

 
Photo 38: Recovering forest with tree stump in background 

 
Photo 39: Recovery of the forest canopy after RIL activities 
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