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Tropical forests contain 25% of the carbon in the terrestrial biosphere covering 

15% of the world’s lands, however, roughly 13 million hectares of the tropical 

forests are converted into other land use each year and being responsible for 

about 20%of global carbon emissions. Since the traditional approach of tackling 

deforestation and forest degradation is considered to be ineffective as the 

phenomenon continue unabated, a new mechanism – REDD+ (Reducing 

Emission from Deforestation and forest Degradation, enhancing forest carbon 

stocks) – has been introduced that enables developing countries to be 

financially compensated for achieving emission reduction from the activities 

associated with decreasing deforestation and forest degradation.  

In order to account the carbon emission reduction from the forests, developing 

countries need detailed data and information regarding their tropical forests, 

nonetheless, the forest inventory is yet to be established in most of developing 

countries. Consequently, many REDD+ project developers use default value 



 

that are provided by IPCC to account forest biomass and carbon putting up with 

high uncertainty and low credibility. Carbon accounted with low credible method 

is difficult to be acknowledged as valid credit in international carbon market and 

hard to be compensated with financial benefit. To alleviate such problem, this 

research aims to develop country-specific aboveground biomass default value 

of higher accuracy by reflecting country and regional forest data that are 

available in public.  

As East Kalimantan a sample case, first, forest in East Kalimantan was 

classified based on their floristic zone by DEM and their forest cover by group 

of trees. Secondly, in accordance with the forest classification information and 

collected species-specific destructive sampling data of East Kalimantan forest, 

allometric equation for each forest classification was developed. Thirdly, 

representative DBH size and tree density for each classification type were found 

to derive aboveground biomass default value for each forest classification.  

Results indicated that East Kalimantan forest is mostly dominated by lowland 

and hill dipterocarp species having an altitude below 800m. However, significant 

area of primary dipterocarp forest have been disturbed by both natural factors 

and human activities and transformed into secondary forest, which mostly is 

dominated by few pioneer species. Forest in East Kalimantan could classified 

into primary forest dominated with lowland and hill dipterocarp species and 

secondary forest dominated with pioneer species. Allometric relationship for 

mixed dipterocarp species was found to be y = 0.837(DBH2) - 16.472(DBH) + 



 

276.28, whereas pioneer species was y = -0.023(DBH3) + 0.872(DBH2) - 

5.212(DBH) + 10.970. With the mean value of DBH and tree density, the mean 

aboveground biomass default value in East Kalimantan was found to be 611.22 

t/ha for primary forest with dipterocarp species, and 2.25 t/ha for secondary 

forest with pioneer species. Comparing the default value with the other models 

that are commonly used to estimate tropical forest biomass in the field, the 

default value seemed to underestimate forest biomass yet comparable to the 

other values.  

For the fact that IPCC aboveground biomass default value for East Kalimantan 

is 320 t/ha, using IPCC default value could highly underestimate or overestimate 

forest biomass in East Kalimantan depending on the forest type.  

In order to estimate forest biomass and carbon with higher accuracy in national 

level, following research should be extended to national scale and provided to 

the project developers suffering for forest data limitation, hence to offer them a 

chance to negotiate for financial compensation in international carbon market.  

 

 

Keywords: REDD+, MRV, Aboveground biomass default value, East 

Kalimantan 
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1. Introduction 

 

1.1 Research background and objectives 

Tropical forests contain 25% of the carbon in the terrestrial biosphere covering 

15% of the world’s land, however, roughly 13 million hectares of this tropical 

forests are converted to other land use each year and being responsible for 

about 20% of global carbon emission (Parker, 2009).  

The traditional approaches to tackling deforestation and forest degradation are 

considered to be ineffective as the phenomenon continue unabated, and in 

order to address this problem, a new forest mechanism, REDD+ (Reducing 

Emission from Deforestation and forest Degradation, enhancing forest carbon 

stocks) has been first introduced at the COP 13 (Conference of Parties) in Bali 

as a global mitigation tool for climate change (UNFCCC, 2008). REDD+ is a 

framework that enables developing countries to be financially compensated for 

achieving emission reduction from the activities that are associated with 

decreasing deforestation and forest degradation. Having identified current and 

projected rates of deforestation and forest degradation, a country taking 

remedial action to effectively reduce those rates will be financially rewarded 

relative to the extent of their achieved emission reductions (Transparency 

International, 2012). 

As the amount of carbon emission reduction from REDD+ activities is directly 

linked to the financial benefit, establishing a credible Monitoring, Reporting and 
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Verification (MRV) system that allows participant countries to set up an accurate 

reference level (baseline) and account actual carbon emission reduction is the 

key component in REDD+ mechanism. Stressing the importance of the MRV 

system, UNFCCC (United Nations Framework Convention on Climate Change) 

requested the REDD+ participant countries to build their own forest inventory 

and MRV system that are transparent, consistent, and accurate at COP 15 

(UNFCCC, 2010).  

Nonetheless, the recent assessment on national monitoring capabilities of 99 

tropical non-Annex I countries emphasized that less than 20% of the countries 

have submitted a complete GHG inventory and only 3 out of 99 countries 

currently have capacities considered to be very good for both monitoring forest 

area change and for forest inventories, and the rest of them have limited ability 

to provide complete and accurate estimates of GHG emissions and forest loss 

(Angelsen, 2009). Countries with limited data need to use the default data that 

IPCC (Intergovernmental Panel on Climate Change) provide to estimate forest 

carbon stock, which has high uncertainty and low accuracy (Basuki, 2009). 

Such data availability issue is becoming a core bottleneck to move forward to 

the next phase of REDD+ activities, especially for the developing countries that 

are proactively involved in REDD+ mechanism to mitigate climate change issue 

through forestry sector at national level. 

With abundant forest resources and high deforestation rate, Indonesia is 

actively engaging in developing REDD+ mechanism in national and subnational 
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level to reduce greenhouse gas (GHG) emission from deforestation and forest 

degradation, which account for 85% of Indonesia’s GHG emission (National 

Council on Climate Change, 2010). Currently, around 46 REDD+ pilot projects 

are being conducted across the country, however, comparable with the other 

developing countries, Indonesia is also struggling with above-mentioned data 

availability and MRV issue, and challenged to use IPCC Tier 2 method for 

national carbon estimates, which considered as the minimum requirement of 

reporting national GHG inventories.  

Not having national data to estimate and account carbon stock for REDD+ 

activities, a country should put up with a long period of survey time and higher 

cost in examining the project site to set up an accurate reference level in order 

to use Tier 2 method, and this could affect financial benefit of the country as the 

compensation of REDD+ activities will be strictly given at result-based 

performance. 

Developing countries who are participating in REDD+ mechanism eventually 

will have the national inventory data as they’re mandated to report to UNFCCC 

for their carbon stock and emission reduction, and by the time the national 

inventory data is completed, measuring carbon stock in forest could be more 

accurate and simpler. Nevertheless, establishing national inventory requires 

certain period of time as it need to be initiated from the fundamental bases, such 

as building an institutional framework and their capacity, and coordinating 

national policy for REDD+ mechanism to support the institutional framework. 
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Therefore, interim measure for monitoring, measuring and reporting forest 

carbon needs to be provided during the period of establishing national data in 

order to run REDD+ projects more accurately and efficiently at national level.  

The objective of this research is to provide a method to develop country-specific 

aboveground biomass default value as an interim measure to account forest 

carbon at national level with higher accuracy compare to using the IPCC default 

value by reflecting national forest data and information that are currently 

available. Accordingly, the REDD+ project proponents who choose to use tier 1 

method could efficiently measure forest carbon with higher accuracy, which 

could offer a chance to negotiate for their financial compensation in international 

market.  

As IPCC have given the aboveground biomass default value at the continental 

level only by categorizing the global domain into ecological zone, which only 

allows developing countries to use tier 1 method to calculate the forest carbon, 

this research is aiming to offer a method to develop aboveground default value 

by aggregating domestically available forest information in order to reflect 

national and regional condition to improve the tier level for the MRV.  

So far, many researchers have estimated forest carbon stock or calculated 

forest biomass in tropical forest by using remote sensing data or with 

combination of ground measurement data for higher accuracy, yet, little 

attention was paid on the process of calculating the biomass or carbon stock, 

which is more fundamental issue to developing countries. Estimation of forest 



5 

carbon stock or forest biomass could be useful as a reference data for 

developing countries to see how much forest carbon that they have, but the data 

cannot be used in the development of REDD+ project. To data limiting countries 

like developing countries, it would rather be practical and helpful to introduce a 

method of developing aboveground biomass default value to estimate their own 

forest carbon than calculate the forest carbon for them.  

As the newly drawn aboveground biomass default value reflects Indonesia’s 

national data and circumstances, the research could contribute to REDD+ 

activities in terms of assessing their performances and setting up the baseline 

to figure out how much forest carbon stock that they have for the time being and 

getting them evaluated with higher credibility. Developed default value and the 

method to develop them could assist Indonesia to estimate the carbon stock in 

higher tier and to be compensated with better price at carbon market within 

REDD+ mechanism. Also, the research may add value in building national 

framework of forest carbon inventory in Indonesia. 

  



6 

1.2 Related researches 

 

1.2.1 Development of REDD+ 

The Global Forest Resources Assessment 2010 stated that 31% of the world 

lands are covered with forests, which accounts for 4 billion hectares (FAO, 2010), 

and they’re rapidly disappearing. Net loss of 8.3 million hectares per year was 

occurred only between 1990 and 2000, and 6.2 million hectares per year for the 

following decade, and majority of the loss are from tropical regions (FAO, 2010).  

With converting roughly 13 million hectares of tropical forests into other lands, 

deforestation and forest degradation in tropical regions are responsible for about 

20% of global carbon emission (Parker, 2009), and seemingly contributing to 

the global climate change. 

Beyond the climate change issue with the high carbon emission, deforestation 

and forest degradation in tropical regions are threatening the livelihood of forest 

dependent people. The World Bank estimated that forest resources contribute 

directly to 90% of the 1.2 billion people living in abject poverty (The World Bank, 

2004). Among 500 million forest dependent population, 200 million are 

indigenous people, and the populations get supports from the forest for their 

food, fuel, fodder for livestock, medicine and shelter (Forest Peoples 

Programme, 2012).  

Given the condition of the rapid deforestation and forest degradation in tropical 

regions contributing largely in global climate change and high reliance of people 
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on forests, preventing the destruction of tropical forests and promoting the 

sustainable forest management are the core to any concerted effort to combat 

climate change for long. Yet, traditional approaches to tackling deforestation and 

forest degradation are considered to be ineffective as the phenomenon continue 

unabated.  

REDD+ (Reducing Emission from Deforestation and forest Degradation, plus 

enhancing forest carbon stocks) is a framework that enables developing 

countries to be financially compensated for achieving emission reduction from 

the activities that are associated with decreasing deforestation, forest 

degradation, and enhancing forest carbon stocks. REDD+ incentivizes the 

alteration of historic trends in which emissions of GHG have increased with 

growing rate of deforestation and forest degradation. Having identified current 

and projected rates of deforestation and forest degradation, a country taking 

remedial action to effectively reduce those rates will be financially rewarded 

relative to the extent of their achieved emission reductions (Transparency 

International, 2012). REDD+ offers a unique opportunity to achieve large-scale 

emission reductions at comparatively low abatement cost (Phelps, 2012). 

REDD first introduced in 2007 at the COP 13 (Conference of Parties) of the 

United Nations Framework Convention on Climate Change (UNFCCC) in Bali 

as a global mitigation tool for climate change, in line with the reinforcement of 

the Kyoto Protocol regarding the protection and enhancement of sinks and 

reservoirs of greenhouse gases. In COP 13, IPCC (Intergovernmental Panel on 
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Climate Change) decided to address “Policy approaches and positive 

incentives on issues relating to reducing emissions from deforestation and 

degradation in developing countries; and the role of conservation, sustainable 

management of forests and enhancement of forest carbon stocks in developing 

countries” highlighting the comprehensive approach to mitigate climate change 

(UNFCCC, 2008).  

Further agreement on REDD+ was made at COP 15 in Copenhagen 

elaborating the methodological guidance of REDD+ activities and on the role of 

conservation, sustainable management of forests and enhancement of forest 

carbon stocks in developing countries as to receive equal emphasis as 

deforestation and forest degradation (UNFCCC, 2010).  

The final decision on REDD+ was made in COP 16 at Cancun by setting out 

the 5 comprehensive components of REDD+ as (UNFCCC, 2011): (a) reducing 

emission from deforestation; (b) reducing emission from forest degradation: (c) 

conservation of forest carbon stocks; (d) sustainable management of forests; (e) 

enhancement of forest carbon stocks. Moreover, developing countries are 

requested to develop a national action plan, national forest reference emission 

level, robust monitoring system for MRV and a system to support safeguard 

issue (UNFCCC, 2011).  

For the following year in the COP 17, parties were agreed on the continuation 

of the Kyoto Protocol for the second period of climate change commitment, and 

provide international guidance on the development of reverence level for 



9 

REDD+ activities (Angelsen, 2012).  

REDD+ is still at the very early stage of development and has the potential to 

simultaneously contribute to climate change mitigation and poverty alleviation, 

whilst also conserving biodiversity and sustaining vital ecosystem services 

(UNFCCC, 2012). This potential for multiple benefits raises the crucial question 

of to what extent the inclusion of development and conservation objectives may 

help or hinder the overall success of future REDD+ framework as a climate 

change mitigation tool. Having said this, many uncertainties remain at this stage, 

and further discussions and agreements need to be made and will be made by 

upcoming sessions of Conference of Parties.  

 

1.2.2 Monitoring, Reporting and Verification (MRV) system for REDD+ 

Monitory, Reporting and Verification (MRV) 

As UNFCCC requested developing countries to build robust MRV system, 

monitoring, reporting and verification are the most crucial element in REDD+ 

mechanism since the result of the performance is directly linked to financial 

benefit. MRV system, with certain level of accuracy and credibility, allows 

REDD+ participant to set up a reasonable reference emission level (baseline), 

which is to estimate the current carbon stock, and to account actual carbon 

emission reduction that they've achieved in order to assess the performance 

level. Therefore, having credible MRV system is the most critical component for 

the successful implementation of REDD+ mechanism.  
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Monitoring or measurement refers to information on the area extent to which 

human activity takes place in forests (activity data) with coefficients that quantify 

the emissions or removals per unit activity (emission factors) (UN-REDD 

Programme, 2011). For REDD+, activity data indicates the measurements of 

forest area and area change, and emission factor indicates forest carbon stock 

and carbon stock changes. With combined information of the activity data and 

emission data could provide the basis for compiling a GHG inventory. 

Reporting implies the compilation and availability of national data and statistics 

for information in the format of a GHG inventory (UN-REDD Programme, 2011). 

Reporting requirements to the UNFCCC may contain other issues, but the core 

idea is to report information on emissions and removals of GHG in a detailed 

manner including the activities to fulfill their commitments under UNFCCC.  

Verification refers to the process of independently checking the accuracy and 

reliability of reported information or the procedures used to generate information 

(UN-REDD Programme, 2011). The verification should be done by an 

independent and external entity. The verification of the country’s action depends 

on 3 factors; the degree to which reported data is capable of being verified, the 

actors conducting the verification and the way in which verification is performed.  

Many developing countries are currently putting considerable resources in 

establishing national MRV system reflecting their own needs and national 

circumstances. According to IPCC guidelines, building national MRV system 

requires several conditions, starting from the inclusion of ‘REDD+ Safeguards’ 
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in the monitoring system in order to improve the consideration of biodiversity, 

governance and the involvement of local communities. Also, in terms of the 

MRV system itself and the data and methodologies used in the MRV system 

should be consistent, transparent, comparable and conservative to be able to 

clearly explain about the estimation of emissions and removals with 

comprehensive standard format in a transparent manner. 

Since official guidelines for REDD+ MRV are yet to be established, Good 

Practice Guidelines for Land Use, Land Use Change and Forestry (GPG-

LULUCF 2003) and Guidelines for National Greenhouse Gas Inventories for 

Agriculture, Forestry, and Other Land Use (GL-AFOLU 2006) which were 

developed by IPCC are adopted for the time being, yet further elaboration on 

methods to estimate emissions from forestry is needed. Besides the IPCC 

guidelines, adhoc working group called the GOFC-GOLD (Global Observation 

of Forest and Land Cover Dynamics) developed a sourcebook providing a 

consensus perspective from the global earth observation community and 

carbon experts on methodological issues relating to national-level REDD+ 

activities (GOFC-GOLD 2008). 

 

Aboveground biomass estimation: allometric equations and default values 

As the first and the most important step of REDD+ MRV, measuring forest 

carbon stock is usually done by measuring aboveground biomass of the forest 
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and multiplied by a carbon factor, which is 0.5 for most cases (Basuki et al., 

2009). The most accurate and direct measurement of aboveground biomass is 

through destructive sampling method which is to cut the trees off and measure 

their dry weight for biomass (Gibbs et al., 2007; Hashimoto et al., 2004). From 

this destructive sampling data, allometric relationship to estimate biomass could 

be developed by using DBH or other parameters like height and wood density 

as independent variables (Gibbs et al., 2007). However, method that associates 

destructive sampling is destructive, labor-intensive, time-consuming and 

expensive because it has to deal with large number of trees and species (Gibbs 

et al., 2007; Hashimoto et al., 2004). Tropical forests, in particular, has more 

than 300 species in a single plot, which makes things even more difficult (Gibbs 

et al., 2007). Nonetheless, using well developed allometric equation could 

estimate forest biomass in a non-destructive and cost-effective manner 

(Hashimoto et al., 2004). Allometric equation should be used species-

specifically since different species could have different tree architecture and 

wood density (Shukla and Ramakrishnan, 1986; Vester and Cleef 1998; Castro-

Diez et al., 1998 in Hashimoto et al., 2004). However, making allometric 

equation considering every species is unrealistic, especially for the case of 

tropical forest where to have high biodiversity. Gibbs et al. (2007) insisted that 

species-specific allometric equations are not necessarily generate credible 

estimate of forest carbon stock, and using generalized allometric relationship of 

grouped species could be greatly effective for tropical forest since DBH alone 
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explains more than 95% of the variation in aboveground tropical forest carbon 

stocks. Nevertheless, Basuki et al. (2009) argues with the idea of using 

generalized equation for tropical forest claiming that using and developing 

species-specific allometric equations could improve the accuracy of carbon 

stock estimation in tropical forest. 

Indeed, several efforts to develop allometric equations for tropical forests could 

be found throughout the researches (Araujo et al., 1999; Brown, 1997; 

Chambers et al., 2001; Chave et al., 2001, 2005; Keller et al., 2001; Nelson et 

al., 1999 in Basuki et al., 2009). Brown (1997) built allometric equations for 

tropical forests by using forest data from several tropical regions, Hashimoto et 

al., (2000) developed an allometric equation using stand age as explanatory 

variable, which makes the equations difficult to be used, Ketterings et al. (2001) 

developed an allometric equation by using forest data from mixed secondary 

forest in Sumatra, which has a tendency to underestimate the amount of 

biomass in primary forest (Basuki et al., 2009), and Basuki et al. (2009) 

developed allometric equations for Dipterocarp forests using data collected at 

East Kalimantan in Indonesia.  

Using allometric equations to estimate forest carbon stocks also requires large 

scale tree measurement data, such as National Forest Inventory, yet not many 

of REDD+ participant countries have such data developed. Without this data, 

allometric equations are challenging to be used in estimating forest carbon 

stocks. In this case, default data could be used to estimate forest carbon stocks. 
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IPCC (Intergovernmental Panel on Climate Change) provides various default 

values that developing countries can use to estimate forest carbon stock 

including aboveground biomass. However, using IPCC default values 

accompanies high uncertainty as the data comes from many different countries 

and continents. 

 

1.2.3 Data availability in developing countries and IPCC default data 

Replicated emphasis on data availability in tropical regions has been made to 

address its importance in terms of successful implementation of REDD+ 

mechanism. According to the Angelsen et al. (2009), among 99 non-Annex I 

countries, only 3 countries have the capacity to monitor forest, whereas rest of 

96 countries are not capable of the forest monitoring, and only 20 percent of 

developing countries have greenhouse gas inventory . 

Moreover, even with the countries that already established National Forest 

Inventory, data accessibility becomes another problem since the data is not 

open to a public. Consequently, REDD+ project developers choose to use 

default data unless they prefer to build their own forest inventory data for the 

project sites, which requires a large amount of money, time and techniques. 

Choosing to use IPCC aboveground biomass default value to estimate forest 

carbon stock could be a huge loss to the project developers and even to 

countries who have committed to participate in national REDD+ program 
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because the carbon that has been accounted with the IPCC default value is 

almost impossible to negotiate at the international carbon market, which 

requires minimum accuracy of tier 2. In order to meet tier 2, country or region-

specific data should be used to quantify the forest biomass and carbon stock, 

yet IPCC aboveground biomass default value has been made with continental-

based data that accompanies high uncertainty.  

 

1.2.4 REDD+ in Indonesia 

Covering 68% of the land with forests, which is equivalent to 131.3 million ha, 

and having the third largest area of tropical rainforest on the planet (Ministry of 

Forestry 2012). Indonesia’s deforestation rate is high, scoring the rate of 1.17 

million hectares per year (Government of Indonesia and UNREDD, 2009). It is 

found that 85% of Indonesia’s greenhouse gas (GHG) emissions comes from 

the activities that associated with land use change; 37% caused by 

deforestation and 27% caused by peat fires (National Council on Climate 

Change, 2010). 

Deforestation in Indonesia has been mainly driven by agricultural expansion, oil 

palm plantation monocultures in particular (Singh & Bhagwat, 2013), 

smallholder shifting cultivation and subsistence agriculture, mining, logging, 

aquaculture and forest fires. Deforestation is caused both by nature and human 

to transform the land use type. The total income from exporting forest products 
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like timber and timber products such as furniture, pulp and paper has increased, 

from USD 7.33 billion in 2005 to USD 9.71 billion in 2010 (Indonesian Ministry 

of Trade, 2011). Illegal logging is the major contributor to deforestation, and 

United Nations Environment Programme (UNEP) estimated lost revenues to be 

USD 3 million a year for illegal logging (UNEP, 2007). 

The Government of Indonesia (GoI) has taken action to tackle environmental 

issues and climate change. In 2009, the GoI announced an ambitious GHG 

emission reduction goal of reducing 26% unilaterally and by 41% with 

international support by 2020. The Government also enacted a National Action 

Plan Addressing Climate Change and has included the rehabilitation of forests 

as one of the priorities in National Medium-Term Development Plan 2010-2014. 

Also in 2011, Indonesia made a bilateral agreement of USD 1 billion funding 

with Norway to build better forest governance.  

Indonesia is committed to the UN-REDD Programme and the Forest Carbon 

Partnership Facility (FCPF), which to support REDD+ planning and 

implementation at the national level. USD 5.6 million was funded by UN-REDD 

programme, and phase I was closed in October 2012 (UN-REDD Programme, 

2012). Also, aiming for the proper support regarding REDD+ planning and 

implementation, Government of Indonesia prepared the REDD+ Task Force 

who have initiated the National REDD+ Strategy and a joint Secretariat (Sekber) 

with REDD+ Pilot Province, Central Kalimantan.  
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Over 60 REDD+ activities are currently ongoing in Indonesia, some are active 

and the others are in pipeline (FCPF, 2012). In terms of MRV, building capacity 

in implementing methods to assess carbon stocks and their changes over time 

to establish reference level is very crucial. Although there will be a national-level 

carbon accounting system, known as INCAS (Indonesian National Carbon 

Accounting System), much needs to be done regarding data harmonization and 

sharing protocols across numerous participating agencies (Angelsen, 2009).  
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2. Data and Methodologies 

 

2.1 Study Site 

Study site of the research is 

East Kalimantan of Indonesia 

(Fig. 1). East Kalimantan 

occupies 11% of the country 

(21,144 km2), and with all the 

rich reserve of natural 

resources of the island, such as 

forests, oil, gas, coal and other 

minerals, the state plays a key 

role in Indonesia’s economic development in terms of attracting foreign revenue. 

For such exploiting activities, East Kalimantan has high deforestation rate since 

1960s (Guhardja et al. 2000). However, as Borneo region, where East 

Kalimantan is affiliated, has the richest forest flora in Malesia (the equatorial 

area from the Malay Peninsula to Malenesia) consisting 10,000 to 15,000 plant 

species (Guhardja et al. 2000), large area of REDD+ demonstration projects 

are ongoing in East Kalimantan, along with diverse forest researches.  

Forest type in the study site include mangrove forest, peat and fresh water 

swamp forest, heath forest, montane forest and limestone forest, but mostly 

covered by lowland dipterocarp forest (Guhardja et al. 2000; MacKinnon and 

Figure 1] Study site 



19 

MacKinnon, 1986).  

 

2.2 Research framework 

To begin with research background and objectives of this study, related 

researches and issues regarding REDD+, MRV, biomass estimation and 

allometric equations are covered briefly in introduction (Fig. 2).  

For the main part of the thesis, a framework of the research consists in 3 phases; 

1) data collection based on the extensive literature reviews to comprehend 

forest types, groups and ecosystem of East Kalimantan, 2) deriving new default 

value for each type of forest, and 3) application and verification of the newly 

developed default value by using a sample site, and mentioning of potential 

financial benefits of REDD+ mechanism in a sample site.  

Lastly, the applicability and the limitation of this research are mentioned and 

policy implication of REDD+ mechanism was discussed. 

The focus of this study is on the matter of carbon and biomass accounting for 

REDD+ MRV, even though the key issue of REDD+ is not only about gaining 

carbon credit. Nonetheless, the message from UNFCCC was clear that only 

‘result-based’ performance will be taken into account and financially 

compensated, and forest carbon quantification is directly linked to the financial 

benefit of the participant countries and the local people who live in that forest, 

which links to the social safeguard issue of REDD+, the far most important 

matter in REDD+ mechanism.  
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Figure 2] Research Framework 
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2.3 Data Collection 

Prior to the data collection, literature review on the forest of East Kalimantan 

was done in order to comprehend the overall stories of East Kalimantan’s forest 

in regards to their type, ecosystem and condition. So that, it would be easier to 

collect and manage data in an organized manner. 

 

Activity data 

Global land cover map was used for the land cover map of East Kalimantan. 

The map was provided by ESA (European Space Agency) and it’s available at 

(http://due.esrin.esa.int/globcover/). The most recent version of the map, 

GlobCover 2009, was obtained. Global land cover is a global scale map, and 

divided into 22 land cover classes, which is identical with UN LCCS (Land Cover 

Classification System). This makes Global land cover map appropriate to be 

used internationally.  

DEM (Digital Elevation Model) data was downloaded at the CGIAR-CSI 

(Consortium for Spatial Information) (http://www.cgiar-csi.org/). CGIAR-CSI 

provides spatial analysis, GIS (Geographic Information System) and remote 

sensing data to support international agricultural development research of 

CGIAR. SRTM 90m Digital Elevation Database version 4.1 was downloaded. 

The SRTM DEM data is produced by NASA, which has high quality elevation 

data of cell size 90m.  

 

http://due.esrin.esa.int/globcover/
http://www.cgiar-csi.org/
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Emission Factor 

Species-specific destructive sampling data was collected through an extensive 

literature review of published thesis, local university dissertations and reports 

that the researches were conducted in East Kalimantan. Collected destructive 

sampling data of tree species were classified into the same species or similar 

families or genera in order to draw more accurate allometric equation for each 

species or genera. The classification was done based on the literature reviews 

of East Kalimantan’s forest type and ecosystem.  

 

2.4 Methodologies 

2.4.1 Forest classification 

Floristic zone and DEM 

Borneo is known to have five different floristic zone depending on their altitude 

(Whitmore 1984; Fatawi and Mori 2000); 1) the lowland dipterocarp zone which 

is less than 300 m, 2) the hill dipterocarp zone which 300m to 800m, 3) the 

upper dipterocarp zone which is between 800m to 1200m, 4) the oak-chestnut 

zone which is from 1200m to 1500m, and 5) the montane ericaceous zone 

which is over 1500m. Most tree species could be found in lowland rain forest, 

which is dominated by Dipterocarpaceae (Whimore, 1984; Silk et al., 2003). 

Many studies have confirmed that the tree habitat gradually vary along 

altitudinal gradients, and most lowland tree species hardly found at the altitude 
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above 800m (Kitayama, 1992; Pendry & Proctor, 1997; Adam, 2001 in Silk et 

al., 2003). 

Also, through floristic analysis, Silk et al. (2003) found that lowland dipterocarp 

forest in Kalimantan is mostly dominated by Dipterocarpaceae and 

Euphorbiaceae occupying 21.9% and 12.2% respectively. 

Based on the floristic zone of Kalimantan, DEM was classified into 5 different 

levels accordingly by using ArcGIS 10.1. Then again, considering the fact that 

lowland dipterocarp forest is the most vulnerable area from human activities 

such as logging and farming because of their high commercial value trees and 

easy accessibility, DEM was reclassified into two different levels; 0 to 800 meter 

altitude and above 800 meter altitude. Besides, data availability was also an 

important factor since the data of the lowland dipterocarp forest in East 

Kalimantan was abundant whereas the data on the other forest or species was 

not easy to find.  

 

Forest cover in East Kalimantan 

Covering about 73% of the world’s second largest tropical island Borneo, 

Kalimantan is the important tropical forest in the world (Silk et al., 2003; Yassir 

et al., 2010). Borneo has up to 15,000 different plant species including 3,000 

species of trees (McKinnon et al., 1996; Silk et al., 2003) including 267 species 

of Dipterocarpaceae consisting 155 of endemic species to the island and 

economically important (Whitten et al., 2004; Samsoedin, 2006). 
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However, the significant area of primary forests in Kalimantan have been 

disturbed by natural factor such as severe forest fires caused by ENSO (El Niño-

Southern Oscillation) events and human activities such as logging and farming, 

then changed into secondary forest and other types of land use (Yassir et al., 

2010). Forest fires, which is a regular component of the disturbance in tropical 

forest (Cochrane and Schulze 1999; Peres, 1999 in Toma et al., 2005) could 

change the high biodiversity of primary forest into secondary forest dominated 

by a few fire-adaptive or pioneer species (Toma et al., 2005), which tend to have 

much lower biomass than lowland and hill dipterocarp forest.  

Large area of lowland dipterocarp forest in East Kalimantan has been 

intensively degraded by impact of logging, framing and especially forest fires, 

and replaced with secondary forests (Toma et al., 2005). Two consecutive 

droughts and forest fires caused by ENSO events were the major contributor to 

this forest alteration; forest fires occurred in 1982-83 and 1997-98 cleared up 

the dipterocarp species and helped a few pioneer species such as Macaranga 

spp. to be dominant in severely burnt area (Toma et al., 2005). Consequently, 

the primary forest rich in biodiversity with high aboveground biomass have 

transformed into secondary forest dominated by pioneer species with low 

biodiversity and aboveground biomass. Pioneer vegetation that spread from 

seed dominates initial regrowth (Denslow et al., 1990; Pelissier et al., 1998; 

Silva et al., 1996; Swaine & Hall 1983 in Samsoedin, 2006). Pioneer species 

usually are light demanding, fast growing, light wooded and low in commercial 
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value (Kartawinata et al., 2001 in Samsoedin, 2006). 

According to the grouping of tree species in Kalimantan done by Phillips et al. 

(2002), four groups of member of the Dipterocarpaceae family, and two groups 

of fast growing pioneers (the genus Macaranga and species Anthocephalus 

chinensis) dominate Kalimantan forests. 

Based on these findings, East Kalimantan’s forest cover was classified into two 

different types; primary forest where lowland and hill dipterocarp forest is 

dominating, and secondary forest where pioneer species is dominating.  

In order to identify primary and secondary forests from the land cover map, the 

LCCS was used as a reference guide to classify the legends that belong to 

primary forest, secondary forest and non-forest areas (Table 1). The 

classification work was done by using ESRI ArcGIS 10.1 program. 

Table 1] LCCS and the GlobCover legend (GLOBCOVER, 2009) 

Value GlobCover legend LCCS Label LCCS Entry 

11 

Post-flooding or 

irrigated croplands 

(or aquatic) 

Irrigated tree crops // Irrigated shrub 

crops // Irrigated herbaceous crops 

// Post- flooding cultivation of 

herbaceous crops 

A11 

Cultivated 

Terrestrial 

Areas and 

Managed 

Lands 

14 
Rainfed croplands Rainfed shrub crops // Rainfed tree 

crops // Rainfed herbaceous crops  

20 

Mosaic cropland 

(50-70%) / 

vegetation (20-50%) 

Cultivated and managed terrestrial 

areas / Natural and semi-natural 

primarily terrestrial vegetation 

30 Mosaic vegetation Natural and semi-natural primarily 
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(50-70%) / cropland 

(20-50%) 

terrestrial vegetation / Cultivated 

and managed terrestrial areas 

40 

Closed to open 

(>15%) broadleaved 

evergreen or semi-

deciduous forest (> 

5m) 

Broadleaved evergreen closed to 

open trees // Semi-deciduous closed 

to open trees 

A12 

Natural and 

Semi-natural 

Terrestrial 

Vegetation 

110 

Mosaic forest or 

shrubland (50-70%) 

/ grassland (20-

50%)  

Closed to open trees / Closed to 

open shrubland (thicket) // 

Herbaceous closed to open 

vegetation 

130 

Closed to open 

(>15%) 

(broadleaved or 

needleleaved, 

evergreen or 

deciduous) 

shrubland (<5m) 

Broadleaved closed to open 

shrubland (thicket) 

160 

Closed to open 

(>15%) broadleaved 

forest regularly 

flooded (semi-

permanently or 

temporarily) - Fresh 

or brackish water 

Closed to open (100-40%) 

broadleaved trees on temporarily 

flooded land, water quality: fresh 

water // Closed to open (100-40%) 

broadleaved trees on permanently 

flooded land, water quality: fresh 

water 

A24 

Natural and 

Semi-natural 

Aquatic 

Vegetation 

170 

Closed (>40%) 

broadleaved forest 

or shrubland 

permanently 

flooded - Saline or 

brackish water  

 

Closed to open (100-40%) 

broadleaved trees on permanently 

flooded land (with daily variations), 

water quality: saline water // Closed 

to open (100-40%) broadleaved 

trees on permanently flooded land 

(with daily variations), water quality: 
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brackish water // Closed to open 

(100-40%) semi-deciduous 

shrubland on permanently flooded 

land (with daily variations), water 

quality: saline water // Closed to 

open (100-40%) semi-deciduous 

shrubland on permanently flooded 

land (with daily variations), water 

quality: brackish water 

190 

Artificial surfaces 

and associated 

areas (Urban areas 

>50%) 

Artificial surfaces and associated 

areas 
B15 

Artificial 

Surfaces 

210 
Water bodies Natural water bodies // Artificial 

water bodies 
B28 

Inland 

Waterbodies, 

snow and ice 
220 

Permanent snow 

and ice 

Artificial perennial snow // Artificial 

perennial ice // Perennial snow // 

Perennial ice 

 

Combining classification results from DEM and forest cover 

After East Kalimantan forests were classified by DEM and forest cover with 

species grouping respectively, two results were combined to find the final forest 

classification which considered altitudinal tree habitat and forest cover with tree 

species grouping. Two spatial data were layered by using ESRI ArcGIS 10.1 

program. 
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2.4.2 Drawing allometric equation for each forest type 

Destructive sampling data 

Species-specific data obtained by destructive sampling method in several 

different sites in East Kalimantan forest were collected from the research papers 

and dissertations published by local universities and institutes. Brown (2002) 

insisted that grouping all species together and using generalized allometric 

relationships is highly effective for the tropical forests since DBH alone explains 

more than 95% of the variation in aboveground tropical forest carbon stock, 

even in highly diverse regions, therefore, DBH and dry weight data were 

collected from destructive sampling dataset. Besides, it’s difficult to collect other 

variables than DBH in destructive sampling data such as wood density or tree 

age.  

 

Allometric equations 

Well-aggregated destructive sampling data was reclassified into two forest 

types accordingly, mixed dipterocarp forest and pioneer species. With this 

grouped destructive sampling dataset, allometric equations were developed for 

both forest types. Regression analysis was conducted with SPSS 16.0 in order 

to find a best fit curve for each forest type. As for the natural logarithm, several 

curve estimation models, such as, linear, quadratic, cubic, power and growth 

models were analyzed to find the best model to explain the relationships with 

highest R2 value. 
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2.4.3 Develop AGB default values for each forest type 

In order to develop default value, the necessary information are representative 

DBH value for each forest type, and tree density in a certain unit area, perhaps 

hectare in most cases.  

Histogram graphs were drawn for DBH of 2 different forest types to find out their 

mean DBH and standard deviation value by using SPSS 16.0. Value for tree 

density was drawn from the previous biomass estimation researches that had 

been conducted in East Kalimantan forests. With these two values multiplied, 

aboveground biomass value for each forest type were derived.  
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3. Results 

3.1 Forest classification in East Kalimantan 

Forest classification based on DEM 

First, based on the altitudinal floristic zone in Kalimantan, forest classification 

based on DEM was done at the study site (Figure 3). As mentioned ahead, 

lowland dipterocarp species have high commercial value, so they’re easy to 

become a target of heavy exploitation and vulnerable to human activities for 

their easy accessibility with relatively low altitude. Lowland dipterocarp forest is 

rarely found at the altitude above 800m, thus the classification was done with 

two different altitudinal levels. In East Kalimantan, in line with many precedent 

researches, most of the area is altitude below 800m where lowland and hill 

dipterocarp species dominates. 

 

Figure 3] Classification based on DEM 
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Forest classification by forest cover 

 

Figure 4] Global land cover map 

Using GlobCover 2009 as a reference land cover map (Figure 4), primary forest 

and secondary forest were classified with LCCS (Table 1). Natural and semi-

natural broadleaved evergreen or semi-deciduous forest (40, 160) were 

classified as primary forest, cultivated areas (11, 14, 20, 30), shrublands and 

grasslands (110, 130, 170) were classified as secondary forest, and the rest 

were classified as non-forest area (Figure 5). Based on the result, most of the 

forest areas are still primary forest, yet significant amount of areas has been 

transformed into secondary forest.  
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Figure 5] Classification by forest cover 

 

Forest classification of East Kalimantan 

With the result from the classification of DEM and forest cover, the final forest 

classification map has produced by combing them (Figure 6).  

The map illustrates the spatial information on the secondary forest which 

dominated by pioneer species, and primary forest which dominated by lowland 

dipterocarp forest, therefore could be utilized as a reference map to calculate 

the biomass of the forest. 
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Figure 6] Forest classification of East Kalimantan 

3.2 Allometric equations 

Allometric equations for pioneer species and lowland dipterocarp species were 

derived from the destructive sampling data collected in East Kalimantan. As 

DBH an independent variable and biomass a dependent variable, 5 different 

regression models were built in order to find the most suitable one. Among these 

models, cubic function explains the best for allometric relationship of pioneer 

species and quadratic function explains the best for lowland dipterocarp species 

with R2 of 0.919 and 0.980 respectively (Table 2 & 3).  

Table 2] Model summary and parameter estimates of pioneer species 

Equation 
Model summary Parameter Estimates 

R2 Sig. Constant B1 B2 B3 

Linear .863 0.000 -14.158 3.929   

Quadratic .904 0.000 -3.171 .700 .179  

Cubic .919 0.000 10.970 -5.212 .872 -.023 

Power .851 0.000 .111 2.250   

Growth .788 0.000 -.192 .297   
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Table 3] Model summary and parameter estimate of lowland dipterocarp 

forest 

Equation 
Model summary Parameter Estimates 

R2 Sig. Constant B1 B2 B3 

Linear .793 0.000 -2265.757 101.650   

Quadratic .980 0.000 276.280 -16.472 .837  

Cubic .985 0.000 -300.858 26.039 .175 .003 

Power .972 0.000 .251 2.243   

Growth .746 0.000 4.305 .048   

 

With newly drawn coefficient values, allometric equation for pioneer species and 

lowland dipterocarp species could be established as Table 4. 

Table 4] Allometric equations of pioneer and lowland dipterocarp species 

Forest type Allometric equation 

Pioneer species y = -0.023x3 + 0.872x2 - 5.212x + 10.970 

Lowland dipterocarp forest  y = 0.837x2 - 16.472x + 276.28 

 

Allometric equation graph of pioneer and lowland dipterocarp are described in 

Figure 7, which clearly shows the significant difference in biomass contents of 

pioneer species and lowland dipterocarp species.  
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a) Pioneer species 

 

 

b) Lowland dipterocarp species 

 

Figure 7] Allometric relationship of a) pioneer species, b) lowland dipterocarp 

species 
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3.3 Default values 

Allometric equation cannot be used in estimating aboveground biomass if 

there’s no specific spatial data or tree species data as most developing 

countries do. Default value for aboveground biomass could be developed, as 

IPCC does but in a more accurate and country specific way, by reflecting country 

specific data.  

Developing aboveground biomass default data required representative DBH 

value and tree density of East Kalimantan. DBH histogram was created in order 

to see the distribution of DBH for each type of forest (Figure 8). Pioneer 

apparently has small mean DBH of 5.66cm, and lowland dipterocarp has mean 

DBH of 41.50cm. 

a) Pioneer forest 

 

b) Lowland dipterocarp forest 

 

Mean = 5.66 

Standard deviation = 2.95 

N = 191 

Mean = 41.50 

Standard deviation = 33.249 

N = 137 

Figure 8] DBH histogram of a) pioneer b) lowland dipterocarp forest 
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Tree density for tropical forest was found from literature reviews. Considering 

the fact that primary forest would have more tree density than secondary forest, 

the research was also done separately. According to Samsoedin’s (2006) 

research on tree density which was conducted in East Kalimantan, mean 

number of trees per hectare in primary forest is around 577 to 605 trees, 

whereas 5 year logged over forest, which is a bit similar to the characteristic of 

secondary forest has the mean number of 501 trees per hectare. Another tree 

density research was done by P. Matius et al. (2000) at primary forest in East 

Kalimantan which was affected by forest fire caused by ENSO in 1982-83. The 

mean tree density is 429 per hectare, ranging minimum of 363 to maximum 592.  

Default value for pioneer species is range from 1.2~6.9 (mean 2.2) ton/ha, and 

lowland dipterocarp forest is range from 116.6~2199.6 (mean 611.2) ton/ha 

within standard deviation value (Table 5).  
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Table 5] Default value of pioneer and lowland dipterocarp forest in East 

Kalimantan 

 
Mean DBH 

(cm) 
Std. dev 

Biomass  

(kg) 

Mean tree 

density 

(N/ha) 

AGB default 

value  

(t/ha) 

pioneer-

mean 
5.66 

2.95 

5.23 

429 

2.25 

pioneer-

min 
2.71 2.79 1.20 

pioneer-

max 
8.61 16.06 6.89 

      

dipterocarp-

mean 
41.5 

33.25 

1034.21 

591 

611.22 

dipterocarp-

min 
8.25 197.35 116.64 

dipterocarp-

max 
74.75 3721.79 2199.58 

 

Significant difference could be observed from the default value between pioneer 

and lowland dipterocarp forest. If these two different species are not separated 

when estimating forest biomass and carbon, the amount of biomass and carbon 

in primary forest could be extremely underestimated, whereas biomass and 

carbon in secondary forest also could be overestimated.  

 

3.4 Comparing the value to previously published value 

As for the validation of newly derived aboveground biomass default value from 

this study, the default value was compared with the value to the previously 

published data, which is now actively utilized to calculate tropical forest biomass 
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and carbon in the field.  

The allometric models that will be compared with the default value are Basuki 

et al., (2009) who developed allometric equation for lowland dipterocarp forest 

in East Kalimantan, Brown (1997) who developed general allometric equation 

that could be used in tropical forest, Ketterings (2001) who developed allometric 

equation for mixed secondary forest to estimate aboveground biomass, and 

Chave (2005) who developed allometric equation suitable for tropical forests 

across the world. These are the model that has been currently used to estimate 

aboveground biomass on the ground.  

The observed value from this table is from the forest of lowland dipterocarp 

forest in East Kalimantan, therefore, only aboveground biomass default value 

of lowland dipterocarp was compared with the other models. 

Table 6] Mean TAGB value from various models for mixed species 

Parameters Observed 
Default 

value 
Basuki Brown Chave Ketterings 

Mean 

TAGB (kg) 
2284.21 1034.21 2416.69 3832.45 4180.43 1239.39 

Lower limit 

of mean 

TAGB (kg) 

1376.51 197.35 1456.35 2297.53 2581.58 759.25 

Upper limit 

of mean 

TAGB (kg) 

3191.90 3721.79 3034.73 5367.38 5779.27 1719.25 

(Adopted from Basuki et al., 2009) 
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Compare it with observed value, mean TAGB of the default value is a bit 

underestimated as Ketterings’ value. However, the upper limit of the default 

value is similar from the observed data compare to other models, which tend to 

highly overestimated or underestimated.  
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4. Discussion 

4.1 Developed default value and applicability 

As illustrated at the validation process, developed default value is very much 

similar to the lower and upper limit of the mean total aboveground biomass 

value observed from the field, and with other models that are currently utilized. 

The developed default value is meaning in a way that the derived value reflected 

the national data, especially regional data only to increase the accuracy of 

default value. If IPCC aboveground default value for instance, is calculated as 

total aboveground biomass (kg) is 592.22 which is much less than the observed 

value on site which is 2284.21. If developing countries with the rich primary 

forest as for the case of East Kalimantan use the IPCC default value for their 

forest biomass and carbon estimation, then the actual amount would be greatly 

underestimated, which could influence on their financial benefits.  

The data sources that has been used for this research are all publically available, 

easy to access data that anyone could get. Also, the method to make reference 

map and deriving default values are not complicated, therefore, either policy 

maker or REDD+ project developers in developing countries who wish to 

calculate forest biomass and carbon could use the methods even with the 

certain data limitation. 

In this sense, with higher accuracy and advantage of reflecting regional forest 

data to develop allometric equations and default value, this developed default 

values could assist data limiting developing countries to negotiate financial 
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compensation for the carbon credit in international carbon market.  

 

4.2 Limitations 

Major limitation for this research is the limited number of forest data. Species-

specific study using destructive sampling is very much limited to the 

commercially high-valued species such as dipterocarp species, and less 

research has been done for the other species like pioneer species or fire 

resistance species. The accuracy could be further improved in building 

allometric equation for pioneer species if more species specific data was 

available. 

In order to operate successful MRV in REDD+ mechanism, spatial information 

is one of the most basic and important elements. Therefore, accurate spatial 

information should be constructed at a national level.  

In line with the data limitation, considering wood density along with DBH to 

develop allometric equation and default value could improve the accuracy in 

estimating aboveground biomass because wood density is an important 

element to consider especially when calculating biomass of big trees (Baker eta 

al., 2004; Chave et al., 2005; Nogueira et al., 2007 in Basuki et al., 2009). For 

instance, Shorea superba has a dry weight of 39.7 tons with a diameter of 

170cm, whereas Shorea sp., the other species, has a lower dry weight of 36 

tons with a diameter of 200cm. larger DBH doesn’t always mean higher dry 

weight of a tree, therefore measuring wood density could improve the accuracy 
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in estimating biomass. Despite knowing that wood density would improve the 

accuracy of the allometric equation, it was difficult to impose due to the data 

limitation. 

 

4.3 Continuous monitoring of the forest 

Intact forest, especially tropical forest is very dynamic in many different ways 

which associate uncertainties to the research. For the case of East Kalimantan, 

forest fire could be the biggest source of uncertainty. Forest fire irregularly but 

often occurred in East Kalimantan causing massive damages to the forest and 

local communities. Thus after this sudden incident, forest cover, carbon stock 

and biomass could be completely different from one point to another, and this 

often cannot be reflected to the data that analyst use if it happens close to the 

date that the data was released. Therefore, continuous forest monitoring using 

possible options, such as remote sensing, media, or continuous dialogue with 

local people, should be done in a regular base. 
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5. Conclusion 

Even though this research seems to be focusing on the topic of estimating 

accurate aboveground biomass, the key idea is the social safeguard issue 

regarding the compensation of REDD+ activities associated with MRV.  

Since Indonesia is committed to the national REDD+ program, higher 

opportunities will be provided to the local communities or private sector to 

participate and develop REDD+ project in a different scale. In this sense, all the 

necessary data and resources should be provided to the REDD+ project 

developers to monitor, report and verify the performance of their project, 

nevertheless, Indonesia, and most of the developing countries, don’t have the 

capacity to provide all the necessary data and information.  

Fortunately, UNFCCC mandate developing countries to build their own MRV 

system and National Forest Inventory, yet this could take several years to be 

established and to be accessible to the public. Consequently, the project 

developer should spend large amount of money in collecting, creating data, and 

analyze them in order to meet the international standard in terms of the accuracy 

for carbon market.  

Even with the certain level of uncertainties, the research could be meaningful in 

a way of developing tier 2 carbon accounting method for more accurate REDD+ 

MRV in data limiting developing countries, by using publically available data 

such as remote sensing data and forest data from REDD+ demonstration sites 

and research papers from local universities and institutes.  
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Several international climate change mitigation mechanisms that developing 

countries are voluntarily engaged in are not only because of the commitment 

that they have, but also for finding different opportunity in terms of their 

economic development. Therefore, it’s very important to settle the mechanism 

at the beginning stage satisfying participant countries’ expectation. 
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Summary in Korean 

열대 우림은 지구 전체 면적의 15%를 차지하고 있고 생물권 탄소의 25%

를 함유하고 있어 탄소저장의 기여하는 바가 크다. 그러나 매년 1300만 

헥타르가 다른 토지이용으로 전환되면서 전세계 탄소배출의 20%를 차지

하고 있어 산림 파괴와 훼손으로 인한 탄소 배출을 줄여야 하는 시점이

다. 그러나 탄소저장의 가치가 높은 열대 우림의 대부분은 개도국에 위치

하고 있으며 이러한 열대 우림을 보호하려는 노력은 계속되고 있지만 그 

방법들이 효과적이지 못하자 REDD+라는 새로운 산림 메커니즘이 소개

되었다.  

REDD+는 열대 우림이 풍부한 개도국을 대상으로 산림 파괴와 훼손을 

막거나 파괴된 산림을 개선 및 복원시키는 활동을 함으로써 그 만큼의 

가치에 해당하는 금전적 보상을 해당국가에게 제공하는 메커니즘이다. 하

지만, 산림에 대한 경제적 가치를 평가하기 위해서는 산림에 대한 구체적

인 자료가 필요한데 대부분의 개도국들은 이러한 자료를 가지고 있지 않

기 때문에 산림의 탄소저장의 가치를 측정하기 위해 IPCC에서 제공하는 

Default값을 사용하게 된다. IPCC 지상부 Biomass Default 값의 경우, 대륙 

별로 수집된 자료를 바탕으로 얻어진 값이기 때문에 정확도와 신뢰도가 

낮아 IPCC Default 값으로 계산된 산림 탄소들은 탄소시장에서 거래될 수 

없는 실정이다.  

이를 개선하기 위해 본 연구에서는 지상 Biomass Default 값 추정에 있어

서 국가 및 지역별 산림 정보를 반영하여 산림 탄소 측정의 정확도를 높
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이고자 하였다. 대상지는 East Kalimantan이므로, East Kalimantan의 산림을 

고도에 따른 식물군과 수종에 따른 식생으로 유형을 분류하였다. 분류된 

산림 유형별 우점종에 대한 표본 자료로 상대생장식을 도출하고, 평균 흉

고직경 및 나무 밀도를 이용하여 산림 유형별 지상 Biomass Default 값을 

도출하였다. East Kalimantan의 경우 대부분의 산림이 고도 800m 이하에

서 서식하는 Dipterocarp 수종이 우점하고 있다. 하지만, 상품가치가 높은 

Dipterocarp 산림은 여러 인간활동과 산불과 같은 자연재해로 인해서 파

괴•훼손되어 현재 대부분의 지역이 2차림으로 전환되었으며, 2차림의 경

우 선구 수종들로 우점되어 있다. 따라서 East Kalimantan의 산림은 크게 

Diptercarp 수종이 우점한 1차 산림과 선구 수종이 우점한 2차 산림으로 

분류될 수 있다.  

연구 결과, Dipterocarp 수종에 대한 상대생장식은 y = 0.837(DBH2) - 

16.472(DBH) + 276.28, 선구 수종에 대한 상대생장식은 y = -0.023(DBH3) + 

0.872(DBH2) - 5.212(DBH) + 10.970인 것으로 나타났다. 지상부 Biomass 

Default값으로는 Dipterocarp 우점 산림이 611.22 t/ha, 선구 수종 우점 산

림이 2.25 t/ha로 나타났다. 그리고 개발한 Default 값들에 대한 검증을 위

해, 현재 상용되는 있는 모델들로 유추한 값들과 비교를 해본 결과, 본 

연구에서 개발한 Default 값이 지상부 Biomass Default을 과소평가하는 경

향이 있으나 상용되는 값과 크게 다르지 않았다.  

또한 IPCC Default 값의 경우, East Kalimantan의 산림 Biomass Default 값

이 320 t/ha이였는데 이는 산림 유형에 따라서 탄소량이 과소평가 또는 

과대평가될 수도 있어 불확실성이 크기 때문에 본 연구에서와 같이 국가 
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및 지역별 산림 자료를 반영하여 산림 탄소를 측정하는 것은 정확도를 

높여준다는 면에서 매우 중요한 작업이라고 할 수 있다. 따라서 이러한 

연구들이 국가 차원에서 다양하게 실행되어 REDD+ 활동으로 저감된 탄

소에 대한 금전적 보상을 개발자 및 지역주민들이 받을 수 있도록 지원

되어야 한다. 


	1. Introduction                                                            
	1.1 Research background and objectives                                
	1.2 Related researches                                               
	1.2.1 Development of REDD+                                     
	1.2.2 Monitoring, Reporting and Verification (MRV) system for REDD+    
	1.2.3 Data availability in developing countries and IPCC default data     
	1.2.4 REDD+ in Indonesia                                        


	2. Data and Methodologies                                               
	2.1 Study Site                                                       
	2.2 Research framework                                              
	2.3 Data Collection                                                 
	2.4 Methodologies                                                 
	2.4.1 Forest classification                                       
	2.4.2 Drawing allometric equation for each forest type                
	2.4.3 Develop AGB default values for each forest type               


	3. Results                                                              
	3.1 Forest classification in East Kalimantan                               
	3.2 Allometric equations                                            
	3.3 Default values                                                  
	3.4 Comparing the value to previously published value                     

	4. Discussion                                                           
	5. Conclusion                                                           
	6. References                                                            


<startpage>10
1. Introduction                                                             1
 1.1 Research background and objectives                                 1
 1.2 Related researches                                                6
  1.2.1 Development of REDD+                                      6
  1.2.2 Monitoring, Reporting and Verification (MRV) system for REDD+     9
  1.2.3 Data availability in developing countries and IPCC default data      14
  1.2.4 REDD+ in Indonesia                                         15
2. Data and Methodologies                                                18
 2.1 Study Site                                                        18
 2.2 Research framework                                               19
 2.3 Data Collection                                                  21
 2.4 Methodologies                                                  22
  2.4.1 Forest classification                                        22
  2.4.2 Drawing allometric equation for each forest type                 28
  2.4.3 Develop AGB default values for each forest type                29
3. Results                                                               30
 3.1 Forest classification in East Kalimantan                                30
 3.2 Allometric equations                                             33
 3.3 Default values                                                   36
 3.4 Comparing the value to previously published value                      38
4. Discussion                                                            41
5. Conclusion                                                            44
6. References                                                             46
</body>

