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Abstract 

Tropical forests are some of the most biodiverse places remaining on Earth, they provide 

habitat for many species, contain a rich array of plant and animal life not found elsewhere, 

play a role in regulating local as well as global climate and weather patterns.  An estimated 6-

25% of global greenhouse gas emissions arise from deforestation and degradation, primarily 

of tropical forests. Papua New Guinea (PNG) contains one of the largest extant areas of 

tropical forest in the world, and expansion of the industrial logging industry in recent decades 

has been the biggest driver of forest decline in that nation.  

 

This thesis examines the impact of logging in Papua New Guinea (PNG) on forest carbon 

stocks, and the role that logging plays in attempts to reduce deforestation and degradation as 

a method of reducing global greenhouse gas emissions.  All previously existing 

measurements from PNG which could be used to estimate carbon stocks in logged and 

unlogged forest were collated.  The best estimate of forest carbon stocks contained in PNG’s 

forests in 2002 was 4,770 million tonnes (Mt) (+/-13%), and the best estimate of gross forest 

carbon released through deforestation and degradation between 1972 and 2002 was 1,178 Mt 

(+/-18%).  Forty-one percent of 2001 emissions resulted from logging.  The large uncertainty 

in this estimate of carbon stocks and fluxes was primarily due to the small number and plot 

size of field measurements, and the lack of logging damage studies in PNG.   

 

To address this uncertainty, additional measurement of forest carbon in logged and unlogged 

forests in PNG, using a plotless technique designed to capture landscape scale variation in 
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forest carbon and biomass, were undertaken across four different logging concessions in 

lowland rainforest.  At Makapa concession in Western province, measured average unlogged 

above ground forest carbon was 111.34 +/- 2.35 tonnes per hectare (t ha
-1

) with 34.91 +/- 

2.84 t ha
-1

 killed after the first round of logging, including damage from felling, skidding and 

deforestation for road building.  At Amanab concession in Sandaun province, average 

unlogged above ground forest carbon ranged from 82.25 +/- 5.2 t ha
-1

 to 108.14 +/- 3.62 t ha
-

1
, and between 27.57 +/- 2.36 t ha

-1
 and 37.66 +/- 1.80 t ha

-1
 killed after logging.  At 

Asengseng and Mosa Laem logging concessions in West New Britain province, unlogged 

above ground forest carbon stocks were measured as 155.05 +/- 4.96 t ha
-1

 and 117.41+/- 

4.34 t ha
-1

 respectively, with losses from logging measured as 39.97 t ha
-1

 +/- 1.85 t ha
-1

 and 

47.85 +/- 2.35 t ha
-1

.  On average the first harvest removed 33% of initial forest carbon, 

which underestimates total logging damage as repeat harvesting within 35 years is 

widespread in PNG and causes additional carbon losses. 

 

During the last decade, the logging of tropical natural forest in Brazil, Indonesia, Malaysia, 

Cameroon, Gabon, Central African Republic, Republic of Congo, Democratic Republic of 

Congo, Papua New Guinea and the Solomon Islands generated an estimated gross value at 

market rates of between $US 18-54 billion per year.  This equates to approximately $US 6 – 

87 per person per year.  Government revenue generated by logging in these nations was 

~$US 2.0 billion per year or ~$US 4 per person per year, with gross carbon dioxide emissions 

of 0.6-2.2 billion tonnes per year – equivalent to 0.5 – 2.7 times the volume produced by 

burning of fossil fuels in those countries.  The overall value and proportion of the total value 

of the timber industry that is captured by the governments of these ten countries is small.  The 
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argument that logging is vital for tropical nations to provide services to their people is not 

supported by these estimates.   

 

Since reducing emissions from tropical deforestation and degradation (REDD) was first 

proposed as an international mechanism, the government of PNG has been embroiled in a 

series of forest-carbon-related scandals.  Senior government officials have allegedly issued 

forest carbon credits for sale on international markets without legislated authority to do so, 

and in the case of Kamula Doso, issued forest carbon credits for sale over an area of forest 

allocated as a logging concession and being disputed in the courts. The scandals surrounding 

REDD development in PNG fits within a broader decades-long history of mismanagement of 

forests and the logging industry.   

 

Logging is a major source of carbon emissions in PNG , contributes relatively little cash 

value compared to carbon emissions, and is an industry plagued with years of corruption and 

mismanagement.  In addition logging contributes a relatively small amount to PNG’s 

economy, accounting for only 5% of exports.  Ceasing native forest logging in PNG would 

save approximately 59.90 – 92.98 million tonnes of carbon dioxide from being emitted per 

year.  In addition,  older logged forests represent a huge potential carbon sink if allowed to 

regenerate.  Approximately 671 million tonnes of carbon dioxide could be pulled out of the 

atmosphere by leaving logged forests to regenerate and curtailing logging activity in PNG. 

This carbon sink has comparatively little economic impact on tropical populations, foregone 

products are easily substituted, it has been demonstrated to work if the international will 

exists, and is readily monitored.  Importantly, unlike other options, it is eminently achievable.   
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Chapter 1. Introduction 

 

Overview 
 

A major driver of deforestation and degradation is industrial tropical logging. Deforestation 

refers to the replacement of forests with other land cover, and degradation refers to the 

reduction of biomass, usually by the removal or death of big trees, whilst still retaining 

enough tree cover to be classified as ‘forest’.  An estimated 6-25% of global greenhouse gas 

emissions arise from deforestation and degradation, primarily of tropical forests. Between 

2000 and 2005 an estimated 27.2 million hectares of tropical forests were cleared (Hansen et 

al., 2008), and in the 2000s, an estimated 398 million hectares had been allocated for or were 

undergoing logging (Asner et al., 2009a). 

 

This thesis focuses on the impact of industrial logging on carbon stocks in Papua New 

Guinea’s (PNG’s) forests, and the role of logging in PNG’s attempts to set up an international 

treaty aimed at reducing carbon emissions by halting tropical deforestation and forest 

degradation.  The forests of Papua New Guinea are globally significant, and the role of the 

logging industry in deforestation and degradation is substantial. Papua New Guinea occupies 

the eastern half of the third largest extant block of tropical forest in the world. Seventy-one 

percent of the total land area of PNG remained covered by natural forest in 2002 (Shearman 

et al., 2008).  Between 1972 and 2002, 24% of PNG’s forests were cleared or degraded.  

Almost half of this forest change was caused by industrial logging (Shearman et al., 2009).   

 

Not only is PNG significant because it is one of the last nations that is still heavily forested, 

but PNG has also been politically influential in that it has played a key role in the global push 
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to reduce greenhouse gas emissions via a forest-related mechanism.  The United Nations 

Framework Convention on Climate Change (UNFCCC) is an international treaty that binds 

signatory nations to aim to reduce greenhouse gas emissions within their borders by an 

amount specified under the Kyoto-protocol (UNFCCC 2010).  In the mid to late 2000s, a 

major international effort occurred to produce a binding, compulsory international agreement 

on emissions reductions to replace the current Kyoto-protocol when the first commitment 

period expires in 2012.  Emissions from deforestation and degradation are not currently 

accounted for in the Kyoto-protocol, unless a nation chooses to voluntarily include them. At a 

United Nations meeting of parties to the UNFCCC in 2005, PNG along with Costa Rica led a 

group of tropical nations (the Coalition of Rainforest Nations, made up of Bolivia, Central 

African Republic, Costa Rica, Dominican Republic, Nicaragua, Papua New Guinea and the 

Solomon Islands) who formally proposed that ‘REDD’ be included as part of the post-2012 

binding international climate treaty.  ‘REDD’ stands for ‘reducing emissions from 

deforestation and degradation’.   

 

The premise of REDD as part of a post-Kyoto protocol, is that signatory nations could meet 

their mandatory emissions reductions by purchasing carbon credits from tropical forested 

nations.  Under REDD, the amount of carbon stored in tropical forests and the tonnes of 

carbon being emitted when these forests are cleared or degraded is first quantified.  Then, 

tropical nations are credited for the amount of carbon saved by foregoing activities that cause 

deforestation and degradation, or by replanting forests.  Tropical nations can then sell these 

‘REDD’ carbon credits to developed nations or industries operating in developed nations that 

generate carbon emissions.  Developed nations or their carbon emitting industries then 

include the foregone tropical forest emissions purchased as REDD credits as part of their own 

emissions reductions under a post-2012 UNFCCC treaty.   
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In order to be a tradeable commodity on a market, or to count towards other nations’ 

emissions reductions, carbon contained in forests and carbon saved when activities that cause 

deforestation and degradation are foregone must be accurately quantified.   To underpin any 

binding international treaty, there must be a high degree of confidence that the stated amount 

of carbon saved actually exists, in addition to transparency and accountability in both the 

measurement of forest carbon and in the amount of carbon saved by foregoing deforesting or 

degrading activities.  Substantial effort has gone into devising guidelines for measuring forest 

carbon, developing practices for verifying and certifying that carbon savings exist in reality, 

devising systems by which carbon savings will be assessed, and architectures by which 

payments will function (e.g. Angelsen 2008, Borner & Wunder 2008, Karsenty 2008b, Bond 

et al., 2009, Sessa 2009).   

 

However, at the commencement of this work ,the gap was enormous between knowledge of 

forest carbon and losses from logging, and the high degree of accuracy necessary to underpin 

PNG’s ambitions to sell forest carbon .  There had been very few measurements of carbon 

stocks in PNG forests, and none recorded using a systematic regime aiming to accurately 

quantify forest carbon beyond the local scale within clearly defined confidence intervals.  

Despite being the biggest cause of forest change between 1972 and 2002 (Shearman et al., 

2009), the understanding of carbon losses resulting from logging in PNG had similarly been 

poorly quantified.  Partly because of the limited understanding of the extent of carbon losses 

associated with logging, relatively little attention under REDD, whether in PNG or elsewhere 

in the tropics, had been focussed on reducing deforestation and degradation by curtailing 

industrial logging.  

 



4 

 

This thesis aimed to fill the knowledge gap for forest carbon assessment in PNG and for the 

impact of logging on carbon stocks. Given an adequate knowledge of the effect of logging on 

carbon and the potential for reducing carbon emissions by curtailing the expansion of 

logging, the question then becomes: what are the economic and political constraints in 

establishing an effective REDD in PNG?  Although some authors have mentioned some of 

these potential constraints in tackling other issues, the development of the REDD push in 

international fora has often been divorced from the reality of forest use and forest policy in 

PNG.   

 

In the rest of this chapter I will review present knowledge relevant to the above gaps and 

present the aims and structure of the thesis.  

 

Tropical forests 

Tropical forests are some of the most biodiverse places remaining on Earth; they provide 

habitat for many species, contain a rich array of plant and animal life not found elsewhere, 

play a role in regulating local as well as global climate and weather patterns, and are a major 

source of food, fibre and shelter for a large proportion of the world’s human population.  In 

the last 10,000 years since the development of agriculture, forests across the world have been 

cleared by humans, with the rate of clearance increasing in the last 300 years, and even more 

so in the tropics in the last three decades (Houghton 2003, Ruddiman 2003, Hansen et al., 

2008).  In the pre-industrial era, forests covered vast swathes of the earth, over much of the 

temperate zone in Europe, Asia, America, Africa and Australia (Houghton 2003, Ruddiman 

2003).  Much of the forests that once covered huge areas of land in temperate and sub-

tropical zone in Europe, Asia and the Americas now exist as fragments in an urban, industrial 

or cropland matrix. The tropical and boreal zones possess the last vast expanses of land still 

covered by continuous swathes of comparatively intact forest ecosystems.  The three largest 
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expanses of extant forest in the tropics are in the Amazon basin in South America, in the 

Congo basin in Central Africa and on the island of New Guinea (Brooks et al., 2006). 

 

The process of agricultural intensification, human modification of landscapes and 

industrialisation that occurred in the temperate zone in earlier centuries, has not stopped.  In 

the period 2000 to 2005, approximately 27 million hectares in the tropics were deforested 

(Hansen et al., 2008).  There has been considerable debate about the cause of deforestation, 

with one common argument being that an expanding population of rural slash and burn 

agriculturalists is the biggest driver of tropical deforestation (see for example Forner et al., 

2006, Blaser & Robledo 2007).  However there is little quantitative evidence to support this 

hypothesis.  A recent study using moderate resolution satellite imagery compared the area 

deforested between 2000 and 2005 with population and economic changes in 41 tropical 

nations (Defries et al., 2010).  Increasing deforestation was found to be correlated to 

increases in urban population and increases in agricultural exports, but not with increases in 

rural population.  Of the 27.2 million hectares cleared between 2000 and 2005, 55% occurred 

in Brazil and insular South-East Asia, in those locations dominated by “agro-industrial” 

activities.  The region with the lowest deforestation rate was in Africa. This low rate was 

attributed to the absence of large scale industrial agriculture.  The main ‘agro-industrial’ 

industries are the oil palm and timber plantation industries in South East Asia, and the soy 

and beef industries in the Brazilian Amazon. These are the biggest cause of recent tropical 

deforestation (Hansen et al., 2008, Defries et al., 2010, Fearnside 2008, Koh et al., 2011). 
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Major forest fires in 1997 and 1998 associated with an El Niño event were also a major cause 

of deforestation across the tropics, with an estimated 20 million hectares burned (Cochrane 

2003).  However, burning of tropical forests is related to the occurrence of forest clearing for 

agriculture and especially to logging activities.  Logging and forest fragmentation caused by 

road building, and deforestation for agriculture, increase the susceptibility of tropical forests 

to subsequent burning (Cochrane & Laurance 2008).   

 

Degradation refers to the ‘hollowing out’ of tropical forests, the reduction in biomass, 

especially via the loss of big trees, whilst still retaining enough trees in the landscape to be 

classified as ‘forest’.  The main cause of degradation in the tropics is logging (Asner et al., 

2005, 2006, Laporte et al., 2007b, Shearman et al., 2009), but fire, fuel wood collection and 

subsistence or ‘slash and burn’ agriculture also play a role.   

 

In the 2000s approximately 398 million hectares of tropical forest were either allocated to the 

timber industry or were actively being logged, an area 20 times as large as that deforested 

(Asner et al., 2009a).  Between 1999 and 2002 in the Brazilian Amazon, where the world’s 

largest remaining block of tropical forest is located, the area being logged each year was 

equivalent to the area being cleared for all other reasons, including for agricultural expansion 

(Asner et al., 2005).  In Papua New Guinea, the eastern half of the island of New Guinea 

which contains the world’s third largest extant area of tropical forest, industrial logging was 

the largest cause of deforestation and degradation between 1972 and 2002 (Shearman et al., 

2009).  In Africa, in the Congo forest, the world’s second largest block of tropical forest, the 

extent and intensity of the road network built by the logging industry indicates that industrial 
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logging is a major cause of forest change (Laporte et al., 2007b).  In 2005, half of the entire 

tropical forest biome contained less than 50% tree cover (Asner et al., 2009a).  As intact 

tropical forest has a closed canopy, this finding indicates that half of all remaining tropical 

forests were substantially degraded (Asner et al., 2009a).  

The scale of the loss and degradation of tropical forests, especially degradation being caused 

by poorly managed industrial logging and agriculture has long been recognized.  Various 

local and international movements and organisations have attempted to halt or slow the 

ongoing clearance and degradation of tropical ecosystems, both for their own sake and for 

that of the human communities that depend on them.   

 

History of international tropical forest conservation efforts 

 

In 1985, there were two attempts to set up international agreements or agencies to address the 

issue of tropical deforestation and the timber industry, although degradation was not 

specifically included.  These were the International Tropical Timber Organisation (ITTO) and 

the Tropical Forestry Action Program (TFAP). Both came out of United Nations (UN) 

negotiations.  The ITTO arose out of the UN Conference on Tropical Timber in 1985 and had 

the aim "to develop proper and effective conservation and development of Tropical Forests 

with a view to ensuring their optimum utilization while maintaining the ecological balance of 

the regions concerned and of the biosphere." (Groombridge 1992)  The ITTO has a legislative 

basis as an organisation, a headquarters, staff and a budget whereas TFAP was a policy 

without formal structure or legal basis, consisting of a range of separate agreements between 

donor agencies and tropical governments (Groombridge 1992).  TFAP had the twin aims of 
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promoting tropical timber harvesting or "sustainable use" and tropical forest conservation.  

Both TFAP and the ITTO focus on management of the tropical timber industry as a means of 

reducing deforestation and promoting the development of the logging industry.   

 

TFAP arose out of the UN Food and Agriculture Organisation (FAO), UN Development 

Program (UNDP), The World Resources Institute (WRI) and the World Bank.  It was a 

program run within the FAO Forestry department (Groombridge 1992).  Within its first 5 

years TFAP was accused of accelerating deforestation, promoting the interests of tropical 

governments and international donors ahead of good forest management, failing to reconcile 

national and international differences of opinion, ignoring the issue that local interests may 

differ from national interests, ignoring the rights of indigenous forest-dwellers, and focussing 

too narrowly on forestry when causes of deforestation often arise outside of "forestry", for 

example clearance of forest for agriculture (Humphreys 2006).  A number of independent 

reviews in the early 1990s found that the FAO Forestry department that ran TFAP was a large 

part of the problem (Humphreys 2006).   

 

At the same time as TFAP, the ITTO also emerged out of the UN conference on tropical 

timber.  Like TFAP it also had the twin aims of expanding tropical timber trade or 

"sustainable use" in addition to promoting tropical forest conservation.  Unlike TFAP, which 

was basically a loose collection of agreements managed by the FAO, ITTO is a functioning 

organisation with its own legislative framework, constitution and budget (Humphreys 2006). 

It is effectively a body overseeing an intergovernmental trade agreement, where timber is the 

commodity being traded, although "sustainable management" of this commodity is included 

as part of its aims.  In 2005 after 20 years of promoting sustainable harvesting of timber via a 

trade agreement, the ITTO acknowledged that within its member countries there was 
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negligible implementation of sustainable harvesting practices (ITTO 2007).  In a subsequent 

review in 2011 the ITTO again concluded that more than 90% of tropical wood was being 

harvested unsustainably (Blaser et al., 2011).    

 

In addition to its involvement with TFAP, the World Bank has a long history of developing 

forest policy. Until the late 1980s, The World Bank actively encouraged tropical nations to 

clear forests and replace them with plantations (Hajjar & Innes 2009).  In the 1990s The 

World Bank banned funding of commercial tropical logging, then lifted the ban and switched 

to promoting "sustainable forest management" and management of forests for carbon in the 

2000s (Hajjar & Innes 2009).  The ban on funding tropical logging operations was a response 

to the same concern that led to the demise of TFAP, that promoting tropical logging had the 

effect of accelerating deforestation, given that logging operators had failed to adopt 

sustainable harvesting practices.  The World Bank removed the ban in 2002 because 

damaging logging continued unabated despite the ban, whilst leaving the World Bank with no 

say in tropical forest policy (Hajjar & Innes 2009).  Although the World Bank refused to give 

loans for commercial logging in the tropics, or more recently, for the most damaging tropical 

logging operations, it has continued to fund projects outside the forestry sector in other 

industries that cause deforestation.  For example, whilst promoting forest conservation under 

its forestry policy, the World Bank continued to finance the expansion of the Brazilian cattle 

industry, despite cattle ranching being one of the biggest causes of deforestation in the 

Amazon (IFC 2007).  Additionally, until recently The World Bank was providing loans to the 

oil palm industry in South East Asia (CAO 2009), where establishment of oil palm 

plantations, alongside the timber industry, has been, and continues to be, the major driver of 

deforestation (Koh et al., 2011).    
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The failure of international policies and organisations to abate the rate of tropical forest loss 

motivated environmental Non-Government Organisations (NGOs) to take a different 

approach. Timber labelling and certification schemes, such as that managed by the Forest 

Stewardship Council (FSC) spearheaded by WWF and Greenpeace, aimed to reduce 

deforestation and degradation by labelling timber that is sustainably harvested.  The premise 

behind labelling timber as a means of conserving tropical forests is that buyers of timber and 

wood products will avoid purchasing timber harvested using damaging practices.  However, 

private certification schemes have limited scope to address deforestation and degradation 

because they operate at a concession or local scale, and are voluntary.  Even the less 

damaging harvesting practices certified under the FSC do not result in a sustained timber 

yield over multiple cutting cycles, and still result in substantial ecosystem damage and 

degradation (Sist & Ferreira 2007, Pena-Carlos et al., 2008, Putz et al., 2008a).  The market 

for certified timber is confined to a small proportion of the upper end of western markets. The 

expense of certification gives a price advantage to non-certified timber harvesters 

(Humphreys 2008), meaning less damaging harvesting practices are unlikely to be widely 

adopted voluntarily by the logging industry without broad scale subsidies (Pearce et al., 2003, 

Putz et al., 2008a).   

 

Tropical forest loss and global warming 

 

In more recent decades, there has been increasing scientific and public concern about tropical 

forest destruction because of the role these ecosystems play in the global climate and weather 

systems.  A by product of the process of industrialisation, the burning of fossil fuels and the 
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modification of landscapes by humans, has been an increase in greenhouse gas (GHG) 

emissions, especially carbon dioxide (CO2), into the atmosphere.  This increased 

concentration of greenhouse gases in the atmosphere has led to an increase in global 

temperature, a possible increase in the incidence of extreme weather events and rising sea-

levels (IPCC 2007).  There is the possibility that rising temperatures will set off a vicious 

cycle of ‘feedback’ loops in earth systems that could result in rapid and irreversible changes 

to global climate (IPCC 2007).   

 

The severity of the potential consequences of continued greenhouse gas emissions led to an 

international impetus for a global commitment from UN member countries to mandatorily 

reduce the amount of greenhouse gas being emitted.  The primary vehicle of this impetus has 

been the United Nations Framework Convention on Climate Change (UNFCCC).  The 

UNFCCC is an international treaty that binds signatory nations to aim to reduce greenhouse 

gas emissions within their borders (UNFCCC 2010).  So far, the UNFCCC has produced the 

‘Kyoto Protocol’, which came into force in 2005.  Under this UN treaty, nations committed to 

‘stabilize’ their GHG emissions by an amount specified within the protocol.  Signatory 

nations are divided broadly into developed (Annexe B countries), and developing (Annexe A) 

countries.  Developed nations signed up to the protocol have binding emissions stabilization 

targets, and developed nations have non-binding goals.   

 

There are three mechanisms by which countries signed up to the Kyoto-Protocol can ‘import’ 

reductions in emissions made elsewhere: 1) emissions trading, whereby a developed country 

can reduce emissions by more than their allocated target and sell the excess reductions in the 
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‘carbon market’ to another developed country that has not reduced emissions by their target; 

2) the clean development mechanism (CDM) by which a developed country can set up an 

emissions reduction project in a developing nation and count the reductions as part of their 

own target, and, 3) joint implementation, whereby a developed nation sets up an emissions 

reduction project in another developed nation and counts the reductions towards their own 

target.   

 

In the mid to late 2000s, a major international push occurred to produce a binding, 

compulsory international agreement on emissions reductions applicable after 2012.  A 

‘roadmap’ for achieving such an agreement was drawn up at the 2007 conference at Bali 

(UNFCCC 2010).  It was hoped that a binding treaty where each nation mandatorily agreed to 

reduce emissions within their borders would emerge from the 2009 ‘Conference of Parties’ 

held at Copenhagen.  The Copenhagen meeting ended in disarray, and there has been little 

progress towards an agreement at UNFCCC meetings in the years since 2009.   

 

Forests and carbon  

 

From the perspective of tropical forests, one major development emerged from the UNFCCC 

2005 Conference of Parties held at Montreal.  A group of tropical nations called the 

‘Coalition of Rainforest Nations’, headed by Papua New Guinea and Costa Rica introduced a 

proposal that greenhouse gas emissions from deforestation and degradation of tropical 

forests, hitherto excluded from inclusion in the Kyoto-Protocol, be included in a post-Kyoto 

protocol applicable after 2012.   
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Deforestation and forest degradation results in carbon dioxide emissions because plants 

photosynthesise and in doing so take in carbon dioxide from the atmosphere, and convert it to 

carbohydrates.  Carbon is thereby stored in living plant tissues, and in dead plant material 

accumulated on the forest floor and in forest soils.  In tropical forests, the largest volume of 

carbon is stored in the woody tissue of trees, especially big trees (Edwards & Grubb 1977, 

Brown & Lugo 1982, Brown & Lugo 1992, Pinard & Putz 1996).  When forests are cleared, 

most of this carbon ends up being released into the atmosphere, primarily through direct 

burning of remaining plant material, when carbon stored in plant tissue is converted to carbon 

dioxide and some other greenhouse gases. Other substantial releases of greenhouse gases 

result from the breakdown of the remaining dead plant material.  A small proportion of the 

total volume of forest carbon may end up stored as wood products, but this volume is trivial 

compared to the total stored carbon emitted to the atmosphere when the forest is cleared or 

logged, and within 50 years, most of the already trivial volume stored in wood products ends 

up ultimately being emitted into the atmosphere as carbon dioxide, either through burning of 

the wood product or through breakdown (such as occurs in land-fill or rubbish dumps) 

(Brown et al., 2006, Nasi et al., 2011).   

 

In theory, a large amount of carbon could be prevented from entering the atmosphere by 

halting forest clearance and degradation, and a large amount of carbon could be pulled out of 

the atmosphere or ‘sequestered’ by replanting of forests on previously cleared land or 

allowing degraded forests to regenerate, that is, by allowing trees to grow back to a large size 

so that large volumes of carbon will be stored in their living tissue, in addition to being stored 

in other life forms and soils in tropical forests. Whilst fossil fuel burning is the biggest source 

of greenhouse gas emissions (IPCC 2007), between 6 and 25% of global greenhouse gas 



14 

 

emissions are caused by tropical deforestation and degradation (Achard et al., 2002, DeFries 

et al., 2002, Houghton 2003, Houghton 2005,Van der Werf et al., 2009).  This large variation 

in figures reflects the uncertainty associated with measuring tropical forest area and decline, 

carbon stocks and losses, and the differing ways in which degradation either is, or is not, 

included in the estimates. 

 

International REDD movement 

 

The urgency of reducing greenhouse gas emissions to prevent catastrophic changes to the 

global climate and alarm at the rate and scale of tropical forest clearance and degradation led 

to the proposal to establish a ‘REDD’ program at the 2005 meeting of the parties to the 

Kyoto-Protocol.  After initially gaining currency in 2005 when the Coalition of Rainforest 

Nations put forward the idea, REDD further gained momentum at the 2007 ‘Conference of 

Parties’ at which REDD was included in the ‘roadmap’ for developing a binding emissions 

reduction targets applicable after 2012.   

 

The argument behind REDD is that tropical nations need to develop economically to bring 

their populations out of poverty, and that in order to finance this development, tropical 

nations have little choice but to clear forests for agriculture or log them, and sell the wood 

and agricultural products.  Tropical deforestation, degradation and carbon emissions result 

from these activities. According to the standard argument, in the face of economic pressure to 

clear or log forests, the only way to halt deforestation and degradation is to place a financial 

value on carbon in standing forests greater than that to be gained from clearing or logging.  A 
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financial value placed on the carbon stored in tropical forests and remuneration for 

maintaining or increasing the carbon in tropical forests is the essence of REDD.   

 

Various mechanisms by which REDD might operate as a financial mechanism to reduce 

deforestation and degradation have been proposed.  The Coalition of Rainforest Nations 

proposed that emissions reductions from deforestation and degradation would form part of 

the ‘carbon market’ or of emissions trading schemes.  Tropical nations, or third parties under 

an arrangement with tropical forest landholders, will measure how much carbon is stored in 

their forests, make an agreement or contract not to clear or degrade their forests, and then sell 

or trade the carbon savings on a carbon market.  Developed nations looking to achieve a 

reduction in emissions can then meet their targets under the UNFCCC climate treaty by 

purchasing the carbon savings from tropical forests.  This proposed mechanism would 

operate under an international carbon market or emissions trading system.  An alternative 

proposal is that developed nations will contribute money to a fund, and tropical nations will 

be paid for preventing deforestation and forest degradation, and for replanting of forests on 

cleared lands, from this fund rather than by trading on the carbon market (e.g. Angelsen 

2008, Borner & Wunder 2008, Karsenty 2008b, Bond et al., 2009).   

 

In 2007, the notion of REDD gained further momentum when the influential Stern Review 

(2007) was published by the United Kingdom Treasury Department.  This document 

compared the amount of money earned from agricultural and timber products produced by 

tropical deforestation and degradation with the associated emissions, and then compared this 

ratio with the value of other sources of greenhouse gas emissions (such as heavy industry or 

electricity generation) per unit of greenhouse emissions.  The Stern Review found that halting 
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tropical deforestation and degradation and paying tropical nations the foregone income was 

one of the most cost effective options for the world to reduce greenhouse gas emissions 

quickly, whilst buying time to address the more costly emissions reductions needed in 

developed nations.  

 

The reduction of emissions from deforestation and degradation proved to be much harder and 

more costly than had been hoped in 2005-2007.  At meetings of the parties to the UNFCCC, 

the text of REDD morphed into REDD+ whereby the focus shifted from paying tropical 

nations to halt deforestation and degradation for the purpose of rapidly and comparatively 

cheaply reducing greenhouse gas emissions, to financing various development and economic 

goals in tropical nations.   

 

Indeed, the Coalition of Rainforest Nations under its ‘REDD+’ proposal included a 

‘development adjustment factor’ meaning that tropical nations would be permitted a certain 

amount of deforestation and degradation under REDD for ‘development’ purposes (Karsenty 

2008).  In addition the United Nations Food and Agriculture Organisation (FAO) in its role as 

chair of the Collaborative Partnership on Forests in 2008 argued for a distinction between 

“acceptable” and “unacceptable” deforestation in the tropics, where deforestation for 

economic purposes ought to be considered acceptable and not included in REDD (CPF 2008).   

 

In the process of morphing from REDD to REDD+ at various meetings of the parties to the 

UNFCCC treaty, terms were added to the negotiating text that allowed logging of tropical 

forests to be used as a means for nations to reduce greenhouse gas emissions.  By 2009, at the 

Copenhagen meeting of the parties to the UNFCCC, the ‘REDD+’ text included the terms 



17 

 

“sustainable forest management” and “sustainable management of forests” and “enhancement 

of carbon stocks” as actions to be considered acceptable within tropical forests in order to 

reduce emissions (Lang 2009).  The meanings of “sustainable management of forests” and 

“sustainable forest management”, and “enhancement of carbon stocks” are ambiguous and 

remain officially undefined but all plausibly include industrial logging – all three are terms 

used by the timber and tree plantation industries to describe their businesses (Lang 2009).  

Certainly “sustainable forest management” is often used synonymously with industrial 

logging, especially the form called “Reduced Impact Logging”, by the forestry industry 

(ITTO 2007, Putz et al., 2008a, Global Witness 2009).  Other REDD policy texts have 

explicitly stated that placing tropical forests within industrial logging concessions is a 

suitable strategy for reducing GHG emissions from deforestation and degradation (Blaser & 

Robledo 2007, Nepstad et al., 2007, Laporte et al., 2007a). 

 

Since the hopeful days of 2005-2007 the idea of REDD has been institutionalised in two 

basic programs. UN REDD is run jointly by the UN FAO, UNDP and UN Environment 

Program (UNEP), and largely funded by the Norwegian government and other international 

donor nations including Australia and the USA.  The second manifestation is the Forest 

Carbon Partnership Facility (FCPF) run by the World Bank.  It is important to note that all 

the agencies involved in these programs, with the exception of UNEP, were behind failed 

past attempts at tropical forest conservation by promoting the logging industry.  Of particular 

note is the FAO, one of the key agencies running the UN REDD program.  FAO also ran the 

failed TFAP program in the 1980s and 1990s.   This program aimed to protect tropical forests 

by promoting the tropical logging industry. FAO was singled out as one of the main reasons 

for TFAPs failure.  FAO has also recently argued explicitly that “acceptable” deforestation 

and degradation in the tropics should be allowed to continue under REDD (CPF 2008).     
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At the heart of the evolution of REDD as an international mechanism, is a basic 

contradiction.  The inclusions of logging, conversion of forests to tree plantations, 

development adjustment factors, and ‘acceptable’ deforestation under REDD+ all allow for 

increases in deforestation and degradation.  On the one hand, the purpose of REDD is to 

reduce deforestation and degradation, but on the other hand the REDD+ program allows for 

increasing degradation and deforestation.    

 

The contradiction can be understood in the context of the political and economic framework 

from which REDD emerged.  The concept of using REDD and REDD+ to conserve forests 

by converting them into tradeable carbon has ideological origins.  Humphreys (2008) argues 

that REDD as a program fits entirely within, and emerges from, neo-liberalism, which has 

been the prevailing economic and political system in Western Nations over the past 30-40 

years, and increasingly worldwide, since the collapse of the Soviet Union in the 1990s: 

 

“The expression neoliberalism refers to the idea that the common public good can be 

realised...through voluntary measures, market-based policies, a reduced role for the state 

and an enhanced role for the private sector... Market-based mechanisms feature prominently 

in the Kyoto flexibility mechanisms, in particular tradable emission permits...[REDD] also 

reflects neoliberal precepts; it emphasises voluntary rather than legally binding 

commitments, and it opens up political space for the private sector to participate in a 

[REDD] scheme through market trading” (Humphreys 2008, p4350). 
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REDD can also be viewed as one of an ongoing series of attempts by developing countries to 

gain financial transfers from developed nations.  Due to a high level of concern by citizens of 

developed countries at the rate of tropical forest loss, and the lobbying and activities of 

environmental NGOs and activists, tropical forest protection has become a domestic political 

issue for developed nation states.  Through REDD, forests are the bargaining tool being used 

by tropical nations to gain increased financial flows from developed countries (Humphreys 

2008).   

 

“The argument so far can be summarised thus... [REDD] is an approach to forest and carbon 

sink conservation that fits comfortably into the logic of environmental economics and 

neoliberalism. It is a new semantic that reflects the historical grievances of the developing 

countries, home to almost all of the world’s tropical forests, at the unequal distribution of the 

world’s financial and technological wealth. Since the rise of forest conservation as an 

international political issue developing countries have persistently introduced these concerns 

into international forest negotiations, though with limited success.” (Humphreys 2008 p 437).   

 

Grainger & Konteh (2007) argue that tropical nations have become adept at devising 

rhetorical forest policies that ostensibly aim to prevent deforestation and degradation (for use 

when interacting with international donors, aid agencies and at international forums), whilst 

in practice actually implementing policies that increase deforestation and forest degradation.  

They further argue that when an inconsistency or ambiguity exists between a developing 

nation’s actions and its publicly espoused policies, one is well served by assuming the real 

forest policy (or outcome of no policy) is the one that matches the actions rather than the 

rhetoric.  When viewed in this light, the discrepancy between the promotion of REDD, 

ostensibly aimed at reducing deforestation, degradation and associated emissions, and the 
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actual text of REDD+ which effectively allows for increases in tropical deforestation and 

expansion of industrial logging and agriculture begins to make more sense.   

 

The motivations for supporting REDD therefore differ for governments of developed nations, 

governments of developing tropical nations, and environmental Non Government 

Organisations (NGOs).  Support for REDD on the part of environmentalists, activists and 

NGOs has come about as a result of frustrations at the long history of failed attempts to 

protect tropical forests (for example TFAP), and also the erosion of political opposition to, 

and acceptance of neo-liberal political and economic ideas within developed nations in 

general, and within large environmental non-government organisations in particular (Pearse 

2011).  A widely-held conclusion on the implications of the decades of failure to halt tropical 

deforestation and degradation is that standing unlogged intact forest ecosystems can only be 

protected if given a financial value that exceeds the timber and agricultural products derived 

from clearing or degrading them (see for example Wunder 2007).  For governments of 

developing nations, financial reward is the primary driver, with the strong political influence 

of agricultural and forestry companies providing a brake.  For governments of developed 

nations, REDD is seen as a cost-effective way to reduce greenhouse gas emissions whilst 

delaying or avoiding the reduction of domestic emissions (Stern 2007), and as a means of 

responding to public pressure for tropical forest protection and greenhouse gas emissions 

reduction.  These differing aims converged and found a broad consensus in REDD.   

 

In the face of different, and sometimes contradictory, motivations for REDD, it is important 

to remember that REDD is trying to achieve a reduction in deforestation, degradation and 

associated emissions.  Levin et al., (2008) caution that to prevent any proposed policy from 

being derailed by various interests, any potential REDD policy must pass the "dual 
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effectiveness test".  A REDD policy should be discarded if it does not a) reduce deforestation 

and degradation; in addition to b) reducing emissions.  This is particularly important in light 

of the shift from REDD to REDD+.  The current UNFCCC text on ‘REDD+’ agreed to at the 

Copenhagen Conference of Parties (COP) in 2009 should be regarded with scepticism 

because this text allows for increases in deforestation and degradation through logging and 

conversion of forests to tree plantations under the guise of “sustainable forest management” 

or “sustainable management of forests” and “enhancement of carbon stocks”, all of which are 

used as euphemisms by Governments as well as the industrial logging and plantation 

industries to describe their businesses (Lang 2009). 

 

For REDD to operate effectively as a mechanism that pays tropical nations and genuinely 

achieves reductions in deforestation, degradation and associated emissions, tropical nations 

will require a system that can prevent activities that cause deforestation and degradation, and 

there must also exist an international system of payments that can reward tropical nations for 

successfully reducing emissions by preventing deforestation and degradation, or increasing 

forest area by replanting.  To underpin payments for emissions reductions from halting 

deforestation and degradation, accurate and robust measurements of the amount of carbon 

stored in tropical forests, and the amount released via various land use activities will be 

necessary.  Additionally, a functioning, transparent mode of tropical governance able to halt 

deforesting and degrading activities, and to administer payments for achieving these 

reductions is also a pre-requisite.  

 

Estimates of carbon stocks and losses in tropical forests will have to be sufficiently accurate, 

transparent and repeatable to be able to underpin international payments, and perhaps 

international financial market trades.  However, in natural tropical forest most carbon is 
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stored in the woody tissue of trees, especially large trees (Edwards & Grubb 1977, Brown & 

Lugo 1992, Pinard & Putz 1996).  Any given hectare of natural tropical forests may have a 

large number of big trees, or it may have none.  Hence any given hectare of forest may 

naturally have a large volume of carbon, or it may have little carbon stored, merely because 

of the characteristics of how trees naturally grow across the landscape.  For practical 

purposes, either large areas of forest or large numbers of field plots must be measured.  For 

many tropical nations, such large scale forest measurements are absent. There is therefore a 

substantial disconnect between the pre-requisites to a functioning REDD and the political, 

economic, and environmental realities in tropical nations.   

 

REDD in Papua New Guinea 

 

PNG is of particular importance in the effort to address global warming by reducing 

deforestation and forest degradation.   PNG comprises the eastern half of the third largest 

extant continuous block of tropical forest left in the world and is hence important 

ecologically.  Secondly, Papua New Guinea, despite recent acceleration in the area of its 

forests being industrially logged and cleared for agriculture, remains by global standards 

heavily forested (Shearman et al., 2009).  The PNG government has been at the forefront of 

the global push as leader of the Coalition of Rainforest Nations to set up a global market 

based REDD scheme, and the difficulties and issues associated with setting up a functioning 

and effective REDD scheme in a tropical developing country that actually reduces 

deforestation, degradation and associated emissions are all apparent in the history of PNG 

forests in the twenty-first century.   
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Aims and structure of thesis 

 

The objective of this thesis is to determine under what circumstances an agreement akin to 

REDD could result in a reduction of greenhouse gases from disturbance of tropical forests. A 

focus is the role of industrial logging in producing carbon dioxide emissions in Papua New 

Guinea. The following propositions are tested:  

 

1.  Does PNG have sufficient measurements of carbon in forests to underpin a functioning 

international REDD scheme? 

2. What is the impact of logging on carbon stocks in PNG? 

3. What are the costs of foregoing logging?  

4. What are the political conditions that could make REDD effective in reducing atmospheric 

carbon inputs from PNG? 

 

In the second chapter, the best attempts at estimating carbon stocks and losses in PNG’s 

forests are quantified and knowledge gaps are identified. In the third chapter, new 

measurements of forest carbon and the impact of selective logging at the Makapa logging 

concession in PNG are presented, and areas of uncertainty highlighted. In the fourth chapter, 

the measurements taken at Makapa were replicated in other logging concessions, and some 

key issues arising from the Makapa survey are examined, and the best estimates of PNG 

forest carbon stocks and emissions revised.  In Chapter 5 the revenue generated by the 

industrial tropical logging industry relative to its carbon emissions is estimated for ten 

tropical nations including PNG.  In the sixth chapter, the political, social and environmental 
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realities of the evolution of  REDD in PNG are examined. In the final chapter, conclusions on 

the conditions for a successful REDD scheme, given the state of the nation’s forest carbon 

measurements, and the political and environmental realities of PNG are presented. 

 

Each chapter in this thesis is presented as a stand-alone paper, and some repetition is 

consequently inevitable as each paper contains a review of the same literature. In the final 

chapter, the papers are synthesised with respect to these research questions.  
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Chapter 4. Impact of selective logging in lowland forest PNG at West New 

Britain and Sandaun provinces 
 

 

Introduction 
 

In Chapter 3, standing above ground biomass (AGB) and its losses from logging was 

measured at the Makapa logging concession in Western Province, PNG.  The Makapa 

logging concession has been found to be one of only a few concessions adhering to the PNG 

Logging Code of Practice, which specifies harvesting guidelines using the principles of 

Reduced Impact Logging (RIL) (Chapter 3, Forest Trends 2006a).  At Makapa, the average 

AGB was 223 t ha
-1

, which was lower than the average AGB (274 t ha
-1

) from all previous 

extant measurements in unlogged forest in PNG (Chapter 3).  There is strong reason to 

believe that the previous measurements of AGB in unlogged forest may not be representative 

of PNG forests in general, due to the small number of measurements, the small plot size from 

which most measurements were derived, and bias in the location of the plots towards higher 

biomass forests (Chapter 2, Chapter 3).   

 

The Makapa concession is located in the lowland region of the Fly-Gulf bioclimatic zone in 

PNG (Shearman & Bryan 2011).  The forests of the Fly-Gulf region by area make up 35% of 

all lowland forests, with the remaining 65% of all lowland forests being located across a 

further 10 zones which were not assessed for AGB (Shearman & Bryan 2011).   All these 

factors would tend towards overestimation of forest biomass.  Another complicating factor is 

that elsewhere different measurement techniques were used to assess forest biomass (Chapter 

2).  It remains an open question as to whether the forests of Makapa are inherently low in 

biomass or are typical of lowland forests of PNG (Chapter 3).   
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Another feature distinguishing the Makapa concession is that the management of Innovision 

Pty Ltd who run Makapa are PNG nationals. Other concessions are primarily run by 

expatriates, the biggest group being Malaysian nationals (Bun et al., 2004, Forest Trends 

2006a, Forest Trends 2006b).  Given some of the unique characteristics of the Makapa 

logging concession, its management by PNG nationals and its status as generally adhering to 

PNG’s harvesting guidelines under the PNG Logging Code of Practice, it is also an open 

question as to whether or not the 24-37% loss of biomass after the first harvest cycle are 

typical of logging operations in PNG.  It may be that greater biomass losses occur in less law 

abiding concessions.  In addition, the volume of merchantable timber contained in the 

Makapa concession had been overestimated prior to harvesting, contributing to the logging of 

more than 1/35
th

 of the concession each year.  The question of whether timber volumes have 

been overestimated at other logging concessions too remains open (Chapter 3). 

 

The aim of this chapter is to examine these questions by repeating the measurement of AGB 

at different logging concessions at different regions in PNG, and comparing the results with 

those outlined in Chapter 3.  By using a consistent methodology to repeat forest biomass 

measurements, and by greatly expanding the area covered by the assessment, and by 

measuring a large number of survey points, uncertainties associated with previous estimates 

in PNG can be greatly reduced.  In addition, these improved measurements of forest biomass 

can be used to revise the previous best-estimates of PNG’s forest carbon stocks in 2002, and 

losses over the period 1972-2002 outlined in Chapter 2.  In the present chapter, measurement 

of AGB using the same technique employed at Makapa was undertaken at three additional 

logging concessions in the lowland forests of PNG.  These were the Asengseng and Mosa 

Laem concessions in the island province of West New Britain, and the Amanab Block 1-4 

logging concession in the lowland forests of the north-eastern province of Sandaun (West 



 

75 

 

Sepik).  These estimates were also used to generate a revised estimate of PNG’s forest carbon 

stocks and emissions 1972-2002.    

 

Method 
 

Study area 
 

We measured standing above ground biomass (AGB) at three logging concessions, the 

Amanab Block 1-4 concession in Sandaun (West Sepik) province on the north coast of PNG, 

and the Mosa Laem and Asengseng logging concessions in West New Britain province 

(Figure 8).  As with the measurements conducted at Makapa concession in Western province 

(Chapter 3), all measurements were conducted in lowland rainforest in recently logged and 

adjacent unlogged forest.   

 

 

Figure 8.  Location of the Amanab, Asengseng and Mosa Laem logging concessions shown in black.  The Makapa 

concession is also shown. 



 

76 

 

 

The area of forest within each logging concession was obtained from a high resolution map 

of 2002 forest area (Shearman et al., 2009), updated to 2009 using maps provided by the 

companies running each concession and Satellite Pour l'Observation de la Terre (SPOT) and 

Landsat ETM+ 20-30 m imagery acquired in 2009 and 2010.  Inaccessible forest was defined 

as forest growing on karst limestone and/or on slopes greater than 25 degrees (Shearman et 

al., 2009), maps of karst and slope were obtained from Bryan & Shearman (2008).  A map of 

forest types were obtained from Hammermaster & Saunders (1995), and applied to the 

updated high resolution map of forest area.  

 

Amanab concession  

 

Four different locations in the Amanab Blocks 3 and 4 logging concession were surveyed - 

Itomi, Watape, Block 3 and Kwomtari.  All areas were located in lowland forests in the 

moderate rainfall zone of the Sepik-Makham region (Shearman & Bryan 2011, Figure 9).  At 

Watape, Itomi and Block 3 we measured AGB in both recently logged and unlogged forest, at 

Kwomtari only unlogged forest was surveyed.  We surveyed two different forest types – 

small crowned lowland forest on plains at Itomi, Watape and Kwomtari, and medium 

crowned lowland hill forest at Block 3, which is the same forest type surveyed at Makapa 

(Hammermaster & Saunders 1995).  In total, we measured 7 transects with 30 survey points 

along each transect at Amanab, 4 transects in unlogged forest and 3 in logged forest (Table 

8).   Mean annual rainfall at Amanab Blocks 3 and 4 ranged from 2200-2500 mm per year, 

with a relatively dry season occurring approximately July-August, although monthly rainfall 

does not usually fall below 100 mm indicating no severe moisture stress throughout the year 

(Bryan & Shearman 2008).  Daily average temperature ranges from 22 to 27
o
C (Bryan & 
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Shearman 2008).  In temperature and rainfall regimes, Amanab is similar to Makapa except 

without severe moisture stress during the dry season.  Elevation ranged from 100 to 320 m.  

Soils at the survey points on flat forest are moderately to highly fertile in well-drained 

locations (tropofluvents) and less fertile in poorly drained locations (hydraquents).  In the hill 

forest soils were moderately fertile (dystropepts and paleaquults) (Bleeker 1983).  

 

The Amanab concession is run by WTK Realty a Malaysian based company owned by a 

branch of the Tiong family who also own the Rimbunan Hijau company which runs the 

Asengseng concession (Bun et al., 2004).  A 2004 government review of the timber permit 

allocation process found failures to comply with a range of requirements under the Forestry 

Act, but harvesting had not yet begun and was not reviewed (Forest Trends 2006b).  

Rimbunan Hijau its sister company has a notoriously poor record on harvesting practices 

(Forest Trends 2006a, b).  In 2002, there were 200,967 ha of forest within the borders of the 

Amanab Block 1-4 concession, of which 186,401 ha were accessible to logging machinery.  

Logging at Amanab began in 2007, and by 2009, 10% of all forests or 11% of accessible 

forests had been logged.  The average harvest intensity over this period was 18 m
3
 ha

-1
, 

although company inventory data from unlogged forest in other coupes indicate lower timber 

volumes in other parts of the concession (Table 7).  Consistent with the company inventory in 

Table 7, the company reported the average harvest intensity for the logged transects we 

surveyed to be 13 m
3
 ha

-1
 in flat forest and 15 m

3
 ha

-1
 in hill forest. Multiplying the values in 

Table 7 by the area of accessible forests in 2002 (before logging) of each type within each 

coupe, prior to logging Amanab contained an estimated 2,404,040 m
3 

of merchantable timber 

not accounting for defect.  Accounting for defect using the same 30% reduction factor used 

by PNGFA, there was a net 1,682,828 m
3 

.  
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Table 7.  Company inventory of timber volume at Amanab Block 1-4.  

Coupe 

Commercial 

volume (m
3
 ha

-1
) Forest type 

Itomi 12.42 Small crown forest on plains 

Watape 16.67 

Small crown forest on plains/ 

medium crown forest on hills 

Block 3 

Upper 20.96 Medium crown forest on hills 

Block 3 

Lower 10.88 Small crown forest on plains 

Block 4 

Lower 9.34 Small crown forest on plains 

 

 

 

Figure 9.  Study area location at the Amanab Block 1-4 logging concession, Sandaun province PNG. 

 

Asengseng and Mosa Laem concession 
 

Two different logging concessions in West New Britain were surveyed, five setups at the 

Mosa Laem concession, and five at Asengseng (Figure 10).  All 10 surveyed setups were 

located in medium crowned lowland forest on hills, the same forest type as that measured at 

Makapa (Chapter 3) and Block 3 at Amanab (Hammermaster & Saunders 1995, Figure 9).  
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All measurements at Asengseng and Mosa Laem were conducted in the lowland high rainfall 

zone in the Southern Bismarck Island Arc (Shearman & Bryan 2011).  Mean annual rainfall 

ranged from approximately 3600 mm at Mosa Laem to 3900 mm at Asengseng, with 

continuously heavy rainfall through the year (Bryan & Shearman 2008).  Daily temperatures 

at both concessions range from 21 to 26
o
C, similar to both Makapa and Amanab.  The 

continuously high rainfall at Mosa Laem and Asengseng contrasts with the pattern of 

seasonal drier periods at Amanab and Makapa (Chapter 3).  Elevation ranged from 300 to 625 

m, higher than both Amanab (100-320m) and Makapa (15-70 m).  Soils at the Mosa Laem 

survey sites were volcanic soils with moderate to high fertility (Eutrandepts and 

Troporthents), and at Asengseng were (Dystropepts and Troporthents) also with moderate to 

high fertility (Bleeker 1983). In total we measured 10 different locations approximately 

equivalent to one setup each, with one transect at each location with 30 survey points along 

each transect. 
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Figure 10.  Study area location at the Asengseng and Mosa Laem logging concessions, West New Britain province 

PNG. 

 

Asengseng logging concession is operated under permit by Rimbunan Hijau, a Malaysian 

based company notorious for failure to comply with PNG’s harvest guidelines and forestry 

laws, as well as being subject to repeated allegations of human rights abuses (Bun et al., 

2004, ACF 2006, Forest Trends 2006a, Forest Trends 2006b, ODI 2006).  Mosa Laem 

concession is run by Stettin Bay Lumber company, who have also been identified as failing to 

adhere to PNG harvesting guidelines in other concessions (Forest Trends 2006a, Forest 

Trends 2006b).  A government review of the labour practices at concessions run by both 

companies described both companies as having “absolutely no regard for safety”, with 

practices at the Rimbunan Hijau run Wawoi Guavi concession described as “Appalling and 

cannot be measured against any standard” (Forest Trends 2006a, p25).   
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Logging at Asengseng began in 2006 despite a 2001 government review of the timber 

acquisition process finding that legal compliance was compromised and had been 

manipulated by a former forest Minister (Forest Trends 2006a).  In 2002, Asengseng 

concession contained 143,075 ha of forest, of which 108,100 hectares were accessible to 

logging machinery.  By 2009, 12% of all forests and 18% of accessible forests had been 

logged.  Harvest intensity at Asengseng was 18-22 m
3
 ha

-1
.  No additional company inventory 

data was available, but an average harvest intensity of 19 m
3
 over 108,100 ha of accessible 

forest before logging (2002) implies a total pre-logging timber volume of 2,053,900 m
3
.   

 

In 2002, Mosa Laem logging concession contained 32,028 hectares of forest, and 31,952 

hectares were accessible to logging machinery.  By 2010 approximately 82% of forested area 

had been logged at least once, 12% deforested primarily for road building, and the company 

was undertaking re-entry logging in many locations.  Our surveys were confined to virgin 

forest, and virgin forests that had recently undergone the first harvest.  Harvest intensity from 

virgin forest was 18-20 m
3
 ha

-1
, similar to Asengseng and Amanab, but almost double that 

achieved at Makapa (11 m
3
 ha

-1
, Chapter 3).  No additional company inventory data was 

available, although with 82% of the concession logged, the average intensity is likely to be a 

reliable estimate of average pre-logging timber stocking.  Logging began in the 1990s, to 

estimate pre-logging forest area the net area of accessible forest cleared (total area deforested 

minus regrowth) before 2002 (Shearman et al., 2009) was added to the 2002 forest area.  

Applying an average harvest intensity of 19 m
3 

ha
-1 

to this area implies a pre-logging timber 

volume of 689,029 m
3
. 
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Table 8. Characteristics of transects at Asengseng, Mosa Laem and Amanab logging concessions. 

Transect Setup 

Number 

of survey 

points Concession Province 

Elevation (m) 

Status Forest type min max 

1 AsensengUL1 30 Asengseng WNB 420 625 Unlogged Medium crowned hill forest 

2 AsengsengUL2 30 Asengseng WNB 335 430 Unlogged Medium crowned hill forest 

3 AsengsengUL3 30 Asengseng WNB 320 420 Unlogged Medium crowned hill forest 

4 MosaUL1 30 Mosa WNB 325 420 Unlogged Medium crowned hill forest 

5 MosaUL2 30 Mosa WNB 345 500 Unlogged Medium crowned hill forest 

6 AsengsengL1 30 Asengseng WNB 415 625 Logged Medium crowned hill forest 

7 AsengsengL2 30 Asengseng WNB 300 340 Logged Medium crowned hill forest 

8 MosaL1 30 Mosa WNB 315 340 Logged Medium crowned hill forest 

9 MosaL2 30 Mosa WNB 335 450 Logged Medium crowned hill forest 

10 MosaL3 30 Mosa WNB 390 470 Logged Medium crowned hill forest 

Total WNB 300     300 625     

1 ItomiUL 30 Amanab WSK 160 180 Unlogged Small crowned forest on plains 

2 ItomiL 30 Amanab WSK 160 180 Logged Small crowned forest on plains 

3 WatapeUL 30 Amanab WSK 200 215 Unlogged Small crowned forest on plains 

4 WatapeL 30 Amanab WSK 200 215 Logged Small crowned forest on plains 

5 Block3UL 30 Amanab WSK 200 320 Unlogged Medium crowned hill forest 

6 Block3L 30 Amanab WSK 200 320 Logged Medium crowned hill forest 

7 KwmotariUL 30 Amanab WSK 100 115 Unlogged Small crowned forest on plains 

Total WSK 210     100 320     

TOTAL   510     100 625     
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Field survey 
 

Deforestation 
 

We used the same method to estimate the above ground biomass loss caused by deforestation 

outlined in the Method section in Chapter 3.  Full details of the methodology are found in that 

chapter.  We defined deforested areas as those from which both vegetation and topsoil had 

been removed due to construction of logging roads and adjacent log landings. We used WTK 

Realty and SBLC maps, and recently acquired (2009 as cloud-free imagery was unavailable 

for 2010) SPOT and Landsat ETM+ imagery to detect and measure the length of all roads in 

each of the three logging concessions. We estimated the deforested width by recording the 

horizontal distance from the mid-line of the road to the adjacent tree canopy (Haglof Vertex 

laser VL400® Hypsometer) at 10 m intervals along roads adjacent to the study areas in the 

Amanab and Mosa Laem logging concessions.  We were not able to measure road widths at 

Asengseng, so we applied the Mosa Laem measurements to Asengseng.  From the product of 

average width and length we estimated the deforested area and expressed this as proportion of 

the study area. We estimated the average AGB loss due to deforestation from the area 

deforested and the average AGB (t ha
-1

) of unlogged forest. 

 

Above Ground Standing Biomass 
 

We used the same field survey technique described in the Methods section in Chapter 3 to 

measure basal area (A), canopy height (H), wood density (D) and live AGB (B) in unlogged 

and adjacent recently logged forest, except that a basal area factor of 2 was used at Mosa 

Laem and Asengseng.  Altogether, we measured 510 survey points across 9 transects in 

unlogged and 8 transects in logged forest, with 30 survey points at each transect.  We 
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measured four regions: Mosa Laem, Amanab Flat forest, Amanab Hill forest, and Asengseng.  

Each region had at least two transects in logged and unlogged forest with the exception of 

Amanab Hill forest, where there was only one transect in each condition.  Four survey points 

on one transect in Amanab Hill forest deviated from the transect line.  

 

In addition to measuring above ground live biomass (Chapter 3), we measured above ground 

standing dead biomass (Bd) at each survey point at Amanab, Mosa Laem and Asengseng.  A 

count and basal area for standing dead trunks was made separately (Ad). The height of dead 

trunks (Hd) were estimated in the field or measured using a clinometer.  Volume of standing 

dead biomass (Vd) was estimated as Vd=0.5AdHd, and above ground standing dead biomass 

was estimated as Bd=Pd.Vd, where Pd was the above ground wood density for live standing 

trunks (P) (Chapter 3) adjusted for decay. The adjustment for decay was made following 

Chao et al., (2009) as Pd=1.17P-0.26.  

 

Height and Dbh survey 

 

We estimated tree height for live trees at each survey point from a regression equation.  We 

measured the height and dbh of a total of 263 trees at Asengseng, 427 and Mosa, 463 at 

Amanab, from roadsides or canopy gaps where the top of the canopy was visible, to produce 

regression equations estimating height from dbh.  There was no significant difference 

(z=1.46, p>0.05) in the correlation between dbh and height at Mosa and Asengseng, so we 

combined all 690 trees measured at West New Britain.  However, there was a significant 

difference (z=4.06, p<0.05) between West New Britain and Amanab, so we computed the 

dbh-height relationship for Amanab and West New Britain separately.  West New Britain 
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also differed significantly from Makapa (z=2.31, p<0.05), but Amanab did not (z=1.15, 

p>0.05).   

 

The relationship between height and dbh at West New Britain and Amanab is shown in 

Figure 11.  We explored various regression models to describe the asymptotic relationship 

between tree height (H, m) and dbh (D, cm) for the sample of 690 trees at West New Britain 

and 463 at Amanab (Figure 11).  These trees were selected to sample a broad range of sizes 

and represent the mixture of species in the forest.  We could not find a single equation that 

adequately fitted trees of all sizes for either region, and the best combination for robust 

prediction were at West New Britain: H=1.3+1.261761D  for trees ≤ 15 cm dbh (r
2
 = 0.28, 

p<0.05), and H=9.53076361lnD -5.60062536 for trees >15 cm dbh (r
2
 = 0.42, p<0.05); and at 

Amanab: H=1.3+1.50082239D  for trees ≤ 15 cm dbh (r
2
 = 0.56, p<0.05), and 

H=15,9.30211169lnD -1.49799233 for trees >15 cm dbh at West New Britain (r
2
 = 0.55, 

p<0.05).  We used these equations to estimate tree height from the dbh recorded at each 

survey point along each transect.  
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Figure 11. Relationship between canopy height (in metres) and DBH (in centimetres) at West New Britain and 

Amanab. 

 

Total Forest Biomass 
 

In addition to standing live and dead AGB, Total Forest Biomass was also estimated for the 

Makapa, Amanab, Asengseng and Mosa Laem concessions.  The average standing dead 

biomass from Amanab, Asengseng and Mosa Laem were used to estimate standing dead 

AGB at Makapa.  A best estimate of below ground biomass was produced by applying the 

IPCC default value for the average ratio for tropical forests of below to above ground 

biomass (0.37, Eggleston et al., (2006)) to the estimate of above ground biomass for each 

region.  

 

Biomass contained in lianas was estimated as 4.3% of above ground biomass for unlogged 

forest (Fearnside & Laurance 2004), and we have assumed that liana biomass in logged forest 

was reduced by the same proportion as above ground biomass measured at each region.  

Biomass contained in coarse woody debris (CWD) in unlogged forest was derived from the 
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average measurement from 6 different surveys in tropical rainforest in the Amazon reported 

in Keller et al., (2004).  Four of the reported measurements were for CWD > 10 cm, which 

we adjusted to > 1cm using the ratio of >1cm debris to > 10 cm debris measured from the 

remaining two surveys.  Keller et al., (2004) also report that CWD in logged forest increased 

35-43% after reduced impact logging and 95% after conventional logging.  We have used the 

average increase of 65%, but reduced it by 65% for Makapa, 35% for Amanab, and 31% for 

Mosa and Asengseng because the average harvest intensities were 65%, 35%, and 31% lower 

respectively than that reported by Keller et al. (2004). 

 

Estimates of biomass contained in fallen litter from PNG unlogged montane forest was 

obtained from Edwards (1977).  We assumed that after logging fallen litter increased by the 

same fraction as CWD.  

 

Revised PNG carbon stocks (2002) and emissions 1972-2002 

 

Revised estimates of total forest biomass stocks in logged and unlogged forest area in 2002 

were generated by multiplying the average total forest biomass estimates in tonnes per 

hectare in logged and unlogged forest measured at Makapa, Amanab, Asengseng and Mosa 

Laem, by the area of logged and unlogged forest (in 2002) in each bioclimatic region of PNG 

(Shearman & Bryan 2011).  Average total forest biomass values for Amanab Flat and 

Amanab Hill forest in logged and unlogged forest were applied to the area of logged and 

unlogged lowland forests respectively in the Sepik-Markham region.  The average total forest 

biomass in tonnes per hectare measured at Asengseng and Mosa Laem in logged and 

unlogged forest was multiplied by the area of logged and unlogged lowland forests 

respectively in the Southern and Northern Bismarck Island Arc region.  Total forest biomass 
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in tonnes per hectare from Makapa in logged and unlogged forests was multiplied by the area 

of logged and unlogged lowland forest in the Fly-Gulf region.  The average total forest 

biomass in tonnes per hectare of all estimates (Makapa, Amanab, Asengseng and Mosa 

Laem) in logged and unlogged forests were applied to the area of logged and unlogged 

forests respectively in all unsurveyed bioclimatic zones in PNG.  Resultant estimates of total 

forest biomass in tonnes for each region were summed to produce total forest biomass stocks 

in PNG in 2002, and multiplied by 0.5 to estimate total forest carbon stocks.   

 

Carbon emissions from deforestation between 1972 and 2002 were estimated by multiplying 

the net area (total deforestation less forest regrowth) deforested 1972-2002 in each climatic 

region by the total forest biomass in tonnes per hectare of unlogged forest.  The 

measurements of unlogged total forest biomass at Makapa were applied to the Fly-Gulf 

lowland region, the average measurements at Amanab Flat and Amanab Hill forest were 

applied to the Sepik Markham lowland region, the average measurements at Asengseng and 

Mosa Laem were applied to the Southern and Northern Bismarck Island Arc region.  The 

average of all values was applied to all other regions.  Gross carbon emissions from 

deforestation were estimated by multiplying total gross biomass losses by 0.5, and converted 

to carbon dioxide by multiplying by 3.66.  Carbon emissions from forest degradation 

(logging) were estimated in the same way, but the area of logged forest (1972-2002) in each 

region was multiplied by the difference between unlogged and logged total forest carbon 

stocks in tonnes per hectare.  

 

In addition, net carbon emissions from deforestation were also estimated by assuming that all 

deforested land was replaced by scrub or garden. Scrub or garden were assumed to have a 

biomass content of 91.5 tonnes per hectare (45.8 tonnes of carbon per hectare), the value 
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estimated across tropical Africa from combined moderate resolution and radar data for land 

cover called ‘mosaic forest/cropland’ (Baccini et al., 2008).  Total carbon stocks of scrub was 

subtracted from gross carbon losses from deforestation to estimate net carbon losses from 

deforestation.  Total gross carbon emissions 1972-2002 were the sum of gross emission from 

deforestation and degradation, and total net carbon emissions were the sum of total emissions 

from degradation and total net emissions from deforestation.     

 

Results 
 

We found the average road width to be 68.16 m ±0.90 SE (n=503) at Amanab, and 53.17 m 

±1.39 SE (n=249) at Mosa Laem. The difference was significant (F=86.22, df=1, p<0.05).  

Assuming the same road width at Mosa Laem, across ~7900 hectares in Asengseng, we 

measured 0.058 ha of road per ha of forest, or 5.8% ±0.15 SE deforested.  At Mosa Laem, we 

measured 0.079 ha of road per ha of forest over ~3600 hectares, or 7.9%±0.21 SE. At 

Amanab, we measured 0.067 ha of road per ha of forest over ~11,000 ha, or 6.7%±0.09 SE. 

Point basal area, canopy height, wood density and AGB for each transect is shown in Table 9. 
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Table 9.  Mean and standard errors for point basal area, canopy height, wood density and live AGB measured at each 

transect at Mosa Laem, Asengseng and Amanab concessions.  

Region Transect 

Basal area (m2 ha-1) Height (m) Density (t m-3) 
AGB (t ha-1)  
(+/-degraded) 

Mean +/-SE Mean +/-SE Mean +/-SE Mean +/-SE 

Summary for Unlogged setups               

Asengseng AsengsengUL1 53.61 2.03 25.55 0.36 0.54 0.00 373.35 15.61 

Asengseng AsengsengUL2 43.24 2.05 25.61 0.53 0.51 0.00 282.57 15.19 

Asengseng AsengsengUL3 36.64 1.89 25.51 0.54 0.51 0.01 238.02 13.40 

Mosa Laem MosaUL1 35.81 1.41 25.26 0.46 0.51 0.01 231.61 11.24 

Mosa Laem MosaUL2 41.54 2.20 25.51 0.33 0.52 0.00 274.43 14.88 

AmanabFlat ItomiUL 26.41 1.16 27.31 0.51 0.52 0.01 190.93 10.27 

AmanabFlat WatapeUL 31.53 1.42 30.26 0.37 0.54 0.01 264.63 13.50 

AmanabFlat KwomtariUL 26.00 1.10 26.98 0.48 0.54 0.01 193.28 8.62 

AmanabHill Block3UL 19.77 1.08 29.32 0.61 0.55 0.01 164.50 10.41 

Summary for Logged setups               

Asengseng AsengsengL1 42.04 2.32 26.68 0.38 0.54 0.00 301.84 17.38 

Asengseng AsengsengL2 41.54 2.20 25.51 0.33 0.52 0.00 274.43 14.88 

Mosa Laem MosaL1 26.86 1.39 24.63 0.55 0.50 0.01 168.72 11.01 

Mosa Laem MosaL2 25.61 1.33 23.91 0.79 0.51 0.01 153.65 9.39 

Mosa Laem MosaL3 24.40 1.58 24.87 0.69 0.53 0.01 161.70 12.11 

AmanabFlat ItomiL 21.73 1.05 30.30 0.55 0.51 0.01 168.14 8.09 

AmanabFlat WatapeL 18.56 1.09 28.95 0.91 0.49 0.01 142.89 9.95 

AmanabHill Block3L 15.56 1.02 27.92 0.73 0.54 0.01 120.45 9.47 

 

Results from Table 9 were combined by region, and those from Makapa (Chapter 3) were 

included (Table 10, Figure 12).  General linear models of point basal area, average tree 

height, average wood density and biomass at the regional scales indicate substantial 

differences between unlogged and logged forest (Table 11).  General linear models were used 

in place of ANOVAs due to the unequal sample sizes across conditions.   
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Figure 12.  Above ground live biomass of logged (degradation only) and unlogged forest measured at Amanab, 

Asengseng, Mosa Laem and Makapa logging concessions.  Red dots represent AGB measured at each individual 

survey point along each transect, mean AGB at each location is shown as text above each bar, error bars are 

standard errors of the mean.  
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Table 10. Mean basal area, tree height, wood density and live above ground biomass at each region, including felling and skidding only (±degraded) and roading (±deforested). 

Region Status  

Survey points 

(N) 

Basal area (±degraded) Height (±degraded) Density (±degraded) AGB (±degraded) AGB (±deforested)  

m2 ha-1 SE m SE t m-3  SE t ha-1 SE t ha-1 SE 

AmanabFlat Unlogged 90 27.98 0.75 28.18 0.30 0.53 0.00 216.28 7.24 216.28 7.24 

AmanabFlat Logged 60 20.14 0.78 29.62 0.53 0.50 0.01 155.52 6.57 140.96 6.57 

Difference (%)  28.01 4.00 -5.11 2.03 5.80 1.38 28.09 4.79 34.83 4.79 

AmanabHill Unlogged 30 19.77 1.08 29.32 0.61 0.55 0.01 164.50 10.40 164.50 10.40 

AmanabHill Logged 30 15.56 1.02 27.92 0.73 0.54 0.01 120.45 9.47 109.37 9.47 

Difference (%)  21.29 7.52 4.78 3.26 2.97 2.02 26.78 8.56 33.51 8.56 

Asengseng Unlogged 90 46.13 1.32 25.56 0.24 0.52 0.00 310.10 9.91 310.10 9.91 

Asengseng Logged 90 36.81 1.37 25.61 0.26 0.52 0.00 248.10 10.40 230.17 10.40 

Difference (%)  20.20 4.13 -0.18 1.38 0.70 0.91 19.99 4.62 25.77 4.62 

Makapa Unlogged 180 32.19 0.56 25.56 0.15 0.54 0.00 222.69 4.69 222.69 4.69 

Makapa Logged 189 24.03 0.47 25.43 0.16 0.53 0.00 164.15 3.45 152.88 3.21 

Difference (%)  25.36 2.24 0.48 0.87 0.48 1.05 26.29 2.60 31.35 2.60 

Mosa Unlogged 60 36.23 1.17 25.38 0.35 0.51 0.00 234.81 8.68 234.81 8.68 

Mosa Logged 60 25.01 1.02 24.39 0.52 0.52 0.01 157.68 7.62 139.11 7.62 

Difference (%)  30.97 4.29 3.92 2.49 -1.68 1.52 32.85 4.92 40.76 4.92 

All Hill Unlogged  33.58 1.03 26.45 0.34 0.53 0.00 233.03 8.42 233.03 8.42 

All Hill Logged  25.35 0.97 25.84 0.42 0.53 0.01 172.60 7.74 157.88 7.68 

Difference (%)  24.50 3.89 2.34 1.78 0.67 1.37 25.93 4.78 32.25 4.78 

All Flat Unlogged  27.98 0.75 28.18 0.30 0.53 0.00 216.28 7.24 216.28 7.24 

All Flat Logged  20.14 0.78 29.62 0.53 0.50 0.01 155.52 6.57 155.52 6.57 

Difference (%)  28.01 4.73 -5.11 1.58 5.80 1.20 28.09 4.86 28.09 4.86 

All Unlogged   32.46 0.98 26.80 0.33 0.53 0.00 229.68 8.18 229.68 8.18 

All Logged  24.31 0.93 26.59 0.44 0.52 0.01 169.18 7.50 154.50 7.45 

Difference %   25.11 4.18 0.77 1.87 1.70 1.38 26.34 4.89 32.73 4.89 
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Table 11.  Values of the variance ratio (F), coefficient of determination (R2), and p-values for point basal area, 

average tree height, average wood density and above ground biomass (AGB) from 12 General Linear Models within 

each Region (df=4), (Unlogged vs Logged, df=1). Unlogged and logged (degraded) forest were analysed separately, 

but deforestation is not included.  Non significant effects (p<0.05) are denoted using the abbreviation ‘n.s.’.  

Forest Sampled area 

GLM 

result Basal Area Height Wood density AGB 

Unlogged Region F 75.97 32.45 7.01 34.88 

  R
2
 40.04 21.89 5.08 23.19 

  p 0.000 0.000 0.000 0.000 

Logged Region F 59.21 30.58 5.15 38.99 

  R
2
 35.23 21.66 4.04 26.20 

  p 0.000 0.000 0.000 0.000 

All 

Unlogged vs 

logged F 140.07 0.87 (n.s.) 5.86 123.62 

  p 0.000 0.351 0.016 0.000 

 

Unlogged vs 

Logged by 

Region F 1.88 (n.s.) 4.43 3.67 

0.69 

(n.s.) 

  p 0.113 0.001 0.006 0.599 

  R
2
 45.45 21.77 4.82 34.17 

 

Unlogged forest differed significantly at the regional level for all parameters, with substantial 

regional variation in basal area, tree height and biomass, and these differences remained after 

logging (Table 11).   

 

Tukey comparisons (p<0.05 for significant comparisons) for the general linear models in 

Table 11 revealed that unlogged AGB at Asengseng was significantly higher than unlogged 

AGB across all other regions, and Amanab Hill forest was significantly lower than all other 
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regions with Makapa, Mosa and Amanab Flat forest being statistically identical.  Similarly, in 

logged forest, AGB at Asengseng was significantly higher than all other regions, Amanab 

Hill forest was lower than logged forest at Makapa, and logged biomass at all other regions 

was statistically identical.    

 

For height, prior to logging, Tukey comparisons showed that Asengseng, Makapa and Mosa 

were statistically identical, and all three regions had shorter canopy heights than both forest 

types at Amanab, which did not differ from each other.  After logging the same pattern 

remained.  The forests at Amanab were the tallest before and after logging.  

 

Tukey comparisons for basal area in unlogged forest revealed all regions differed 

significantly from all others in basal area, and logging reduced most of the differences, with 

logged basal area at Asengseng being significantly higher than all other regions, but no 

difference between Makapa and Mosa.  Amanab Hill and Flat forest were statistically 

identical, and both were significantly lower than Mosa and Makapa.  For wood density, prior 

to logging Amanab Hill forest had significantly higher density than Asengseng and Mosa, 

and Mosa had significantly lower density than Amanab Flat forest and Makapa, all other 

regions were statistically identical.  After logging, wood densities were statistically identical 

except Amanab Flat forest which had significantly higher density than Amanab Hill and 

Makapa.  Logging for most regions reduced pre-logging differences in AGB, basal area and 

wood density, but not for canopy height.   

 

In addition, as was the case for Makapa (Chapter 3), for Mosa, Asengseng and Amanab Flat 

forest, different transects across logged and unlogged forests differed significantly in all 



 

95 

 

parameters but height in logged forest (Table 12).  Amanab Hill forest was not included 

because transects were not replicated.  

 

Table 12. Results from 8 general linear models of transect nested within region at Mosa, Asengseng and Amanab Flat 

forest, non significant results are denoted using the abbreviation n.s.   

Forest df  Sampled area Basal Area Height Wood density AGB 

Unlogged 5 F Transect (Region) 

7.19 6.33 6.69 11.21 

  R
2
  

45.53 27.50 15.95 35.85 

  p  

0.000 0.00 0.000 0.000 

Logged 4 F Transect (Region) 

14.50 

2.21 (n.s.) 5.02 17.31 

  R
2
  

47.79 

27.80 8.99 43.49 

  p  

0.000 

0.069 0.001 0.000 

 

Across the regions, the average live AGB (t ha
-1

) reduction caused by degradation (felling 

and skidding) ranged from 44.05 to 77.13 t ha
-1

, or 19.99 – 32.85% of unlogged AGB (Table 

10, Figure 12), and the reduction by degradation plus deforestation (roading) ranged from 

55.13 to 95.70 t ha 
-1

, or 25.77 – 40.76% of unlogged biomass (Table 10, Figure 12).  There 

was no significant interaction effect by region in basal area or biomass reductions caused by 

degradation (Table 11), indicating that the percentage reduction across regions was not 

significantly different.  Overall, we estimated the average unlogged forest live above ground 

biomass across all regions was 229.68 t ha
-1 

±8.18 SE, and 154.50 ±7.50 SE in logged forest 

including deforestation, equivalent to an average reduction of 75.18 t ha
-1

, or 32.73% ±4.89% 

SE.  Expressed as carbon this 37.6 t ha
-1 

.  Total live AGB damage relative to the biomass 

contained in the harvested logs for each region is displayed in Table 13, with Makapa 

(Chapter 3) and comparable data from Sabah, Malaysia (Pinard & Putz 1996) and Brazil 

(Keller et al., 2004, Asner et al., 2005) is shown for comparison.  
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Table 13.  Total live above ground live biomass damage after logging and extracted timber from this survey, Makapa 

(Chapter 3) and Malaysia, for conventional logging (CL) and reduced impact logging (RIL). 

Location 

Logging 

type 

Logging AGB damage ( t ha
-1

) Ratio AGB 

damage to 

extracted 

timber Country Source 

Total 

damage 

Collateral 

(degraded 

only) 

Extracted 

timber Deforested 

Amanab 

Flat RIL 75.32 53.82 6.94 14.56 10.86 PNG 

This 

survey 

Amanab 

Hill RIL 55.13 35.51 8.54 11.08 6.45 PNG 

This 

survey 

Asengseng RIL 79.93 51.53 10.47 17.93 7.63 PNG 

This 

survey 

Mosa 

Laem RIL 95.70 67.43 9.70 18.57 9.87 PNG 

This 

survey 

Makapa N RIL 46.04 31.03 4.90 10.11 9.39 PNG Chapter 3 

Makapa S RIL 93.57 75.40 5.04 13.13 18.56 PNG Chapter 3 

Mean 

PNG RIL 74.28 52.45 7.60 14.23 10.46 PNG  

Sabah CL 206.90 125.66 64.44 16.80 3.21 Malaysia 

Pinard & 

Putz 1996 

Sabah RIL 134.48 67.00 51.00 16.48 2.64 Malaysia 

Pinard & 

Putz 1996 

Brazil RIL 68 NA 10 NA 6.8 Brazil 

Keller et 

al., 2004, 

Asner et 

al., 2005 

Brazil CL 100 NA 10 NA 10 Brazil 

Keller et 

al., 2004, 

Asner et 

al., 2005 

 

Standing dead biomass and basal area is shown in Table 14.   
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Table 14.  Standing dead basal area and AGB at Amanab, Asengseng and Mosa Laem.  

  Region Dead standing biomass         

  Basal area (m2 ha-1) 
AGB 
(Mg/ha)   Carbon (t ha-1) 

    Mean SE Mean SE Mean SE 

Summary unlogged 

Asengseng AsengsengUL1 4.99 0.96 7.12 1.71 3.56 0.86 

Asengseng AsengsengUL2 3.19 0.52 4.23 0.97 2.12 0.49 

Asengseng AsengsengUL3 1.46 0.26 1.45 0.36 0.72 0.18 

Mosa Laem MosaUL1 0.68 0.18 0.48 0.15 0.24 0.07 

Mosa Laem MosaUL2 2.1 0.34 2.99 0.7 1.49 0.35 

AmanabFlat ItomiUL 1.37 0.27 10.03 2.13 5.02 1.07 

AmanabFlat WatapeUL 1.25 0.31 7.92 2.26 3.96 1.13 

AmanabFlat KwomtariUL 1.33 0.29 8.04 1.96 4.02 0.98 

AmanabHill Block3UL 0.68 0.20 4.99 1.85 2.49 0.93 

Summary logged 

Asengseng AsengsengL1 3.97 0.53 6.21 1.11 3.1 0.55 

Asengseng AsengsengL2 2.1 0.34 2.99 0.7 1.49 0.35 

Mosa Laem MosaL1 1.78 0.42 2.01 0.52 1 0.26 

Mosa Laem MosaL2 1.68 0.44 2.94 0.86 1.47 0.43 

Mosa Laem MosaL3 1.85 0.41 2.46 0.69 1.23 0.35 

AmanabFlat ITOMI Logged 0.86 0.18 4.98 1.30 2.49 0.65 

AmanabFlat Watape Logged 0.69 0.15 4.53 1.07 2.27 0.53 

AmanabHill Block3 Logged 1.01 0.17 5.16 1.23 2.58 0.62 

Summary for each region 

Asengseng 
Asengseng 
Unlogged. 3.43 0.4 4.78 0.71 2.39 0.36 

Asengseng 
Asengseng Logged 
. 3.03 0.34 4.6 0.68 2.3 0.34 

  Diff(%). -11.47   -3.81   -3.81   

Mosa Laem Mosa Unlogged. 1.07 0.17 0.97 0.2 0.48 0.1 

Mosa Laem Mosa  Logged . 1.77 0.24 2.47 0.4 1.23 0.2 

  Diff(%). 65.94   155.89   155.89   

AmanabFlat 
Amanab flat 
Unlogged 1.32 0.29 8.67 1.96 4.33 0.98 

AmanabFlat 
Amanab flat 
Logged 0.77 0.12 4.76 0.83 2.38 0.42 

  Diff(%) -41.31   -45.11   -45.11   

AmanabHill 
Amanab hill 
Unlogged 0.68 0.20 4.99 1.85 2.49 0.93 

AmanabHill 
Amanab hill 
Logged 1.01 0.17 5.16 1.23 2.58 0.62 

  Diff(%) 47.06   3.43   3.43   

 

Estimates of total forest biomass, including live and dead standing AGB, liana biomass, 

coarse woody debris, and litter biomass in logged and unlogged forests are shown in Table 

15.  Across all four concessions, mean total forest biomass removed by logging after the first 
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harvest, including additional parameters (lianas, dead biomass, coarse woody debris and litter 

biomass), was 125.46 +/- 8.57 t ha
-1

.  Expressed as carbon this is 62.73 +/- 4.29 t ha
-1

.  Total 

forest biomass damage including additional damage was 16.51 times as great as biomass 

contained in the harvested wood. 
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Table 15.  Total forest biomass, including estimates of liana, coarse woody debris, below ground and litter biomass, in logged and unlogged forest at Amanab, Makapa, Asengseng 

and Mosa Laem.  

Status Parameter 

Makapa Amanab Flat forest Amanab Hill forest Asengseng Mosa Laem 

Biomass SE Biomass SE Biomass SE Biomass SE Biomass SE 

t ha
-1

 t ha
-1

 t ha
-1

 t ha
-1

 t ha
-1

 t ha
-1

 t ha
-1

 t ha
-1

 t ha
-1

 t ha
-1

 

Unlogged AGB Live 222.68 4.69 216.28 7.24 164.50 10.40 310.10 9.91 234.81 8.68 

AGB Dead 4.85 1.18 8.67 1.96 4.99 1.85 4.78 0.71 0.97 0.20 

Lianas 9.78 0.25 9.67 0.40 7.29 0.53 13.54 0.46 10.14 0.38 
Below ground 
biomass 82.39 7.70 80.02 11.89 60.87 11.91 114.74 17.14 86.88 10.60 
Coarse woody 
debris 46.01 2.48 46.01 2.48 46.01 2.48 46.01 2.48 46.01 2.48 

Litter 6.46 0.81 6.46 0.81 6.46 0.81 6.46 0.81 6.46 0.81 

TOTAL 372.17 17.11 367.11 24.78 290.11 27.98 495.62 31.50 385.27 23.15 

Logged first 
year after 
first harvest 

AGB Live 152.88 3.21 140.96 6.57 109.37 9.47 230.17 10.40 139.11 7.62 

AGB Dead 4.15 0.79 4.76 0.83 5.16 1.23 4.60 0.68 2.47 0.40 

Lianas 3.07 0.08 3.03 0.12 2.28 0.17 4.24 0.14 3.18 0.12 
Below ground 
biomass 25.83 2.41 25.09 3.73 19.08 3.73 35.97 5.37 27.24 3.32 
Coarse woody 
debris 57.97 3.12 65.58 3.54 65.58 3.54 55.25 2.98 55.25 2.98 

Litter 8.14 1.02 8.14 1.02 8.14 1.02 8.14 1.02 8.14 1.02 

TOTAL 252.04 10.64 247.56 15.81 209.62 19.16 338.38 20.59 235.38 15.46 

 

 
 



 

100 

 

 

Revised total forest carbon stocks in PNG in 2002 are shown in Table 16. Overall there was 

approximately 5,149 million tonnes of carbon stored in PNG’s forests in 2002, with a gross 

1805 million tonnes of carbon (equivalent to 6619 million tonnes of carbon dioxide) or a net 

1565 million tonnes (5737 million tonnes of carbon dioxide) accounting for replacement of 

cleared forests with scrub.   

 

Table 16.  Revised forest carbon stocks (million tonnes) in logged and unlogged forests in each of PNG’s bioclimatic 

zones. in 2002.   

 Bioclimatic zone Unlogged Logged All 

Sepik  -  Markham 793.6 40.5 834.1 

Fly - Gulf 1072.5 112.6 1185.1 

Central Highlands 983.6 0.9 984.5 

Huon Peninsula and 

Adelbert 301.1 8.5 309.6 

Owen Stanley Ranges 383.4 2.1 385.4 

South East Papua - Oro 396.4 42.1 438.4 

Ultrabasic Belt 166.2 2.9 169.2 

East Papua Islands 28.1 3.4 31.5 

D'Entrecasteaux Group 22.0 0.9 23.0 

Southern Bismarck Island 

Arc 400.0 131.3 531.3 

Northern Bismarck Island 

Arc 216.4 40.5 257.0 

Total 4763.3 385.7 5149.1 

 



 

101 

 

Table 17.  Gross and net carbon emissions, and equivalent carbon dioxide emissions, from deforestation and 

degradation in each bioclimatic zone in PNG between 1972 and 2002.  

Bioclmatic zone 

Emissions (million tonnes) 

Carbon Carbon dioxide 

Gross Net Gross Net 

Sepik  -  Markham 184.07 140.22 674.91 514.15 

Fly - Gulf 201.04 166.74 737.13 611.37 

Central Highlands 474.71 435.60 1,740.61 1,597.21 

Huon Peninsula and 

Adelbert 151.78 130.54 556.54 478.63 

Owen Stanley Ranges 184.33 170.10 675.87 623.70 

South East Papua - 

Oro 151.42 122.05 555.21 447.51 

Ultrabasic Belt 51.25 45.60 187.91 167.20 

East Papua Islands 9.73 7.80 35.67 28.58 

D'Entrecasteaux 

Group 11.69 9.49 42.86 34.80 

Southern Bismark 

Island Arc 245.61 217.97 900.58 799.23 

Northern Bismark 

Island Arc 139.61 118.58 511.89 434.79 

Total 1,805.23 1,564.68 6,619.19 5,737.16 
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Discussion 
 

Overall, the revised estimate of forest carbon stocks in 2002 (5,149 million tonnes (Mt)) and 

gross carbon emissions 1972-2002 (1805 Mt) were higher than the previous range estimated 

from a small number of small sized plots (Chapter 2).  The reason for higher carbon stocks 

and higher emissions in the revised estimate is largely because carbon stored in lianas, coarse 

woody debris, litter and dead standing biomass were not included in the previous best 

estimate, and a higher estimate of below ground biomass was used in the revised estimate.   

 

The revised estimate of forest carbon stocks and emissions represent an improvement on the 

previous best estimate (Chapter 2), not only because of the inclusion of additional 

parameters, but also improved measurement of above ground standing forest carbon stocks 

brought about by the greater sample size (879 survey points) and area (~15,000 ha) covered 

by the forest surveys at Makapa, Amanab, Asengseng and Mosa Laem compared to the small 

number and small area of the previous measurements of forest carbon stocks (Chapter 2). 

However, the revised estimates could be improved in future by additional biomass 

measurements in unsurveyed bioclimatic zones, and by direct measurements of liana, coarse 

woody debris, litter and below ground biomass, in addition to AGB.   

 

Across all the unlogged lowland forests surveyed, we found the mean live AGB (229.68 t ha
-1 

±8.18) to be lower than the mean live AGB of the previous existing 17 measurements in 

unlogged  lowland forest in PNG (274 t ha
-1

 ) (Chapter 2, Chapter 3).  After the first 

dedicated regional-scale field survey of AGB in unlogged forests in PNG, at Makapa 
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(Chapter 3) found a lower AGB than the average of 274 t ha
-1

, it was an open question as to 

whether the forests of Makapa had genuinely lower AGB than the rest of PNG or whether the 

previous average, 274 t ha 
-1 

was an overestimate.  That we found unlogged AGB at Mosa 

Laem in West New Britain and Amanab flat forest in Sandaun province to be statistically 

identical indicates that the forests of Makapa were not unusually low for PNG.  As we used a 

consistent technique our survey also had the advantage of reducing uncertainty associated 

with using different techniques to measure biomass (Chapter 3).   

 

Dead standing AGB was highly variable in unlogged forest, as has been found in other 

studies (Keith et al., 2009).  Logging did not necessarily increase dead standing biomass 

across regions, with some areas showing decreases.  This may reflect differences in 

selectivity resulting from differences in logging technique or forest condition. 

 

However, we did find significant and substantial variation in unlogged live AGB across 

different regions, ranging from 164.50 t ha
-1

 at Amanab Flat forest to 310.10 t ha 
-1 

in hill 

forest at Asengseng, and as with Makapa (Chapter 3), significant differences between 

different transects within the same region.  This finding reinforces that from Makapa 

(Chapter 3), that forest biomass in natural forests is inherently heterogeneous and requires not 

only a large number of survey points, but also replication in transects, and replication across 

different regions.  As was the case in unlogged forest at Makapa (Chapter 3) , basal area, 

average tree height, and average wood density all varied significantly between transects and 

regions. Again, the causes of variation were in decreasing order; basal area, height and 

density suggesting that the development of the stands (basal area largely reflects the 
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abundance of larger trees) was more influential than their intrinsic fertility (usually correlated 

with canopy height) or composition (which can affect average density).   

 

Unlogged hill forest at Amanab (164.50 t ha
-1

 standing live AGB) appeared to have 

considerably lower biomass than the forest on flat terrain (216.28 t ha
-1

 standing live AGB).  

We found the difference in ABG was due to differences in basal area rather than height 

(Table 10).   However, a major caveat here is that we only measured one transect in unlogged 

hill forest with 30 survey points compared to three locations with 90 survey points in flat 

terrain and four of our survey points in the unlogged hill forest deviated from the transect 

line, meaning our estimate for unlogged hill forest may be biased.  We did not separate hill 

and flat forest in our height-dbh relationship, and most trees measured for the regression were 

growing on flat terrain.  A related feature distinguishing the forests at Amanab from those in 

West New Britain and Western Province is canopy height.  The forests of Amanab were 

significantly taller (Table 10, Table 11).  This is evident in the regression between height and 

dbh recorded at Amanab, where trees of the same dbh were taller at Amanab than any other 

region (Figure 11).  There was no significant difference between the height-dbh regression 

for Makapa, Mosa Laem and Asengseng.  The main feature that distinguishes the forests at 

Amanab, is that most of the trees measured to produce the height-dbh regression were 

measured in flat forest.  Previous studies have found a gradient in biomass or canopy height 

with altitude and/or relief (Kirkpatrick & Hassell 1985, Asner et al., 2009c).  Our results 

provide further evidence that lowland forests on flat terrain can attain taller canopy heights 

than those on undulating or hilly terrain.  
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The other major regional difference in live standing AGB was that the forests measured at 

Asengseng (310.1 +/- 9.9 t ha
-1

) had significantly higher AGB than all other regions. Mosa 

Laem had the second highest above ground biomass (234.5 +/- 8.7), although not 

significantly higher than for the Makapa or Amanab flat forest.  Both Mosa Laem and 

Asengseng are located in West New Britain on soils associated with volcanic ash.  It has long 

been known that the forests of West New Britain contain some of the highest timber volumes 

in PNG (Hammermaster & Saunders 1995).    The reason for this higher biomass was higher 

basal area not taller trees.  Higher biomass at West New Britain might be associated with 

greater soil fertility associated with volcanic ash deposition, but it could also be a result of the 

substantially higher rainfall at Mosa Laem and Asengseng which, in contrast to the other sites 

we surveyed, did not experience a dry season.  Lower biomass measured at the lowland 

mainland sites (Makapa and Amanab) could be due to periods of moisture stress throughout 

the year which are absent from the West New Britain sites. Alternatively higher biomass may 

result from a combination of higher soil fertility and an absence of moisture stress.  

 

We found substantial variation in logged standing AGB. The absolute value in terms of 

tonnes of AGB lost after logging varied substantially across regions, while the percentage 

fraction (20-33% after degradation only) did not (Table 11).  In contrast to Makapa (Chapter 

3) where logging reduced all pre-logging regional differences in unlogged forest, at Amanab, 

Mosa Laem and Asengseng significant differences in basal area, canopy height, wood density 

and AGB remained after logging.  The two forests with the highest and lowest AGB before 

logging, Asengseng and Amanab hill forest, remained significantly higher and lower after 

logging.  Variation in the tonnes of biomass lost after logging was probably due to variation 

in pre-logging biomass rather than differences in logging technique.   
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Unlike the Makapa concessionaires (Chapter 3) who adhered to the PNG Logging Code of 

Practice, the companies that run the Amanab, Mosa Laem and Asengseng concessions all 

have poor records of adherence to PNG’s forestry laws and regulations (Forest Trends 2006a, 

b).  However, these differences did not translate into differences in above ground biomass 

losses after the first harvest of previously virgin forests. We did, however, find significant 

differences in road width, translating into substantial differences when the AGB losses due to 

roading are including as well as felling and skidding (Table 10).  Makapa had by far the 

narrowest roads (39.33 m).  In this regard, Makapa adhered to the road width limit of 40 

metres specified within the PNG Logging Code of Practice, whereas Amanab (68.16 m) and 

Mosa Laem (53.17 m) breached this limit.   

 

The lack of difference in biomass reduction from felling and skidding only (excluding 

roading) is likely to be because in the first harvesting cycle, logging companies leave many 

large trees standing.  At all regions, including Makapa, we surveyed many trees larger than 

the cutting limit of 50 cm diameter at breast height (dbh) still standing after harvest.  These 

remaining big trees contributed substantially to the relatively high live AGB and basal area 

we measured in logged forest (169.18 t ha
-1

 standing live AGB not including losses from 

roading).  At Amanab in flat forest trees >=50 cm dbh made up 40% of basal area after 

logging, 28% at Amanab hill forest, 24% at Asengseng, and 16% at Mosa Laem.  While some 

of the trees were left standing because they were located in stream buffer zones and other 

reserves, this was not always the case. Merchantability of species was a big factor.  For 

example, during our field work at Amanab, staff were told by management to mark and 

harvest only a selection of high value species (in this instance they were Instia spp., Pometia 

pinnata and Anisoptera spp.).  Given the high percentage of biomass greater than 50 cm dbh 
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remaining after logging, and our observations in the field, similar practices occurred at all 

concessions we surveyed.   

 

Asengseng, Amanab and Makapa are relatively new concessions (as at 2010) with substantial 

areas of virgin forest remaining. No re-entry logging was occurring. At Mosa Laem where 

logging began in the 1990s and 82% of forest had already been logged, re-entry logging had 

begun.  Mosa Laem, where re-entry logging was ongoing, was also the concession with the 

lowest percentage of trees >= 50 cm remaining after logging.  Other older logging 

concessions, such as Wawoi-Guavi in Western province, have also undergone multiple cycles 

of re-entry logging within the 35 year cutting cycle (Chapter 3).  Because our surveys were 

confined to forests that had been logged once, we did not quantify the biomass losses 

resulting from multiple logging within the cutting cycle, which is common across PNG 

(Katsigris et al., 2004).  For this reason, our measurement of biomass losses caused by first 

harvest logging (on average 75.18 t ha
-1 

standing live AGB, or 33% of unlogged biomass) 

need to be considered as conservative.   

 

Whilst data from Makapa and Sabah (Chapter 3) previously indicated greater proportional 

damage occurring in higher biomass forests, and also with increased harvest intensity, our 

measurement at Amanab, Mosa Laem and Asengseng were not entirely consistent with this 

pattern (Table 13, Figure 13).  Whilst forests in PNG with live standing AGB below 

approximately 260 t ha
-1

 did fit with the previous regression trend derived from Makapa and 

Sabah, the high biomass forests at Asengseng (310 t ha
-1

 live standing AGB) had much lower 

damage caused by logging than did the high biomass forests of Sabah, Malaysia (Figure 13).  
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Our findings of logging damage, standing live AGB only, (79.9 t ha
-1

 killed) at the high 

biomass forests at Asengseng were more consistent with damage after RIL (68 t ha
-1

) in 

Brazilian forest with pre-logging AGB of 282 t ha
-1

.  Again, the main difference between 

harvesting in Brazil and PNG on the one hand and Sabah on the other is in harvesting 

intensity.  Asengseng (18-22 m
3
 ha

-1
) and Brazil (25-30 m

3
 ha

-1
) had far lower volumes of 

timber extracted than at Sabah (104 m
3
 ha

-1
).  The lower volume extracted also resulted in 

much higher ratios of biomass damage to harvested wood, with PNG having 10.4, and Brazil 

6.8 times as much, biomass damage per tonne of wood extracted compared to 3 times as 

much in Sabah (standing AGB only).   

 

The second major difference between logging at Sabah and PNG, associated with the major 

difference in harvest intensity, is in selectivity of the logging operations and species 

composition.  The forests of Sabah that yielded such high timber volumes were tall 

Dipterocarp forests with a high density of big commercially saleable trees. This is in marked 

contrast to both Asengseng and all the other surveys we conducted in lowland forests in PNG, 

where species composition was diverse, and where all logging companies were highly 

selective in which species were harvested, at least in the first cut.  Across all regions, many 

big trees remained standing after harvest, which was not the case at Sabah (Pinard & Putz 

1996).  Although our own results from Asengseng did not fit with the regression trend 

estimated from Sabah and Makapa alone (Chapter 3), our findings compared to Sabah and 

Brazil do indicate that both pre-logging biomass and harvest intensity both must be taken into 

account when estimating logging damage.  Higher damage appears to be associated with 

higher timber volumes extracted as well as higher initial biomass, and in PNG one can occur 

without the other during the first harvest due to high selectivity in species preference on the 

part of logging companies.  However, whilst we measured five different forest regions 
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(Makapa N, Makapa S, Amanab Flat, Amanab Hill and Mosa Laem) with unlogged AGB 

below 260 t ha
-1

, we only included two regions with ABG above this value (Asengseng, 

Sabah).  Clearly many more regions need to be surveyed in order to accurately fit any 

potential logging damage regression.   

 

As was the case with Makapa (Chapter 3), at Amanab the total timber volume contained in 

the concession (1,682,828 - 2,404,040 m
3
) based on company inventory and actual harvest 

data implied an annual allowable cut, assuming 1/35
th

 of the concession logged each year, of 

48,081 – 68,687 m
3
.  The annual allowable cut assigned to Amanab Block 1-4 is 99,270 m

3
, 

1.5 to 2.1 times higher than the estimated actual volume.  Annual allowable cuts were not 

available for Mosa Laem or Asengseng, but the fact that 82% of the concession was logged 

and re-entry logging within the cutting cycle was ongoing at Mosa Laem indicates 

overestimation of volume at that concession.  At Asengseng 18% of accessible forests had 

been logged in 3 years, implying that the concession will be fully logged once in 17 years, 

not 35.  Our findings at all three concessions, and at Makapa where 52% of the concessions 

had been logged in 10 years (Chapter 3), implying completion of a full harvest cycle in 19 

years, are consistent with the previous finding that the average life of a concession in PNG is 

roughly half the length of the 35 year cutting cycle (Katsigris et al., 2004).  Repeated re-entry 

logging within the cutting cycle in PNG is a major issue, and the process of allocating 

overestimated annual allowable cuts to concessions needs to be reviewed.  
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Figure 13. Stylised representation of above ground standing live biomass in two regions at Makapa, north (N) and 

south (S), before (Bu) and after logging (Bl), shown as black symbols, with values from Asengseng, Mosa Laem and 

Amanab shown for comparison (red symbols).  Measurements of pre and post-logging biomass (above ground live 

tree biomass only) from conventional logging (white symbols) and RIL (black symbols) at Sabah, Malaysia are shown 

for comparison (Pinard & Putz, 1996).   Bl is represented by two sets of points - above ground biomass after 

degradation (all felling and skidding of which a fraction is harvested and a fraction is collateral damage) shown as 

circles (Bdg); and standing above ground live biomass after degradation and deforestation (roading), shown as 

squares (Bdf). Triangles Bu less harvested biomass only(Bh).   The biomass curves at Makapa were approximated by 

positive values of the polynomial regression equations: 

Bdg = Bu - 3.12065 - 0.3137 Bu + 0.002875 Bu
2 - 0.000001575 Bu

3 

Bdf = Bu - 1.7302 - 0.2348 Bu + 0.002742 Bu
2 - 0.000001514 Bu

3 

Bh = -0.000019 Bu
 3 + 0.009749 Bu

 2 - 0.621873 Bu + 83.571816  

Pale shading indicates biomass killed by deforestation, dark shading represents the fraction killed through 

degradation.  
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Our findings from Asengseng, Amanab and Mosa Laem are consistent with that from 

Makapa.  At present, not only does the first cut in virgin forest produce substantial biomass 

damage (on average 75.13 t ha
-1

 live standing AGB only, or 125.46 t ha
-1

 including losses 

from standing dead biomass, coarse woody debris, lianas, below ground biomass and litter), 

but repeated logging within 35 years is widespread.  Overestimation of concession volume is 

a major contributing factor.  In order to estimate biomass and therefore carbon damage 

caused by logging in PNG’s forest estate damage from re-entry logging, given that it is 

widespread, must also be accounted for.  For this reason, our estimate of biomass damage is 

an underestimate for most of the area of logged forests in PNG.  Additional measurements in 

forests that have been repeatedly logged within 35 years are needed to quantify the additional 

fraction of biomass lost after the first harvest.  The revised estimate of carbon emissions from 

deforestation and degradation in PNG also needs to be considered as conservative.  In any 

case, timber stock recovery over cutting cycles of 35 years has not been possible using 

comparable RIL harvesting (Pena-Carlos et al., 2008, Putz et al., 2008a) in other tropical 

regions, and these problems have been exacerbated by overestimation of the potential yield of 

a concession that has created an incentive to intensify logging or undertake repeat harvests 

within the cutting cycle. Reform of the process of allocating annual allowable harvest 

volumes to logging concessions in PNG is needed. 

  

 



 

112 

 

Chapter 5. The contribution of industrial logging to tropical Nations – is it 

worth the cost?: An analysis of ten countries. 
 

Abstract 
 

Industrial tropical logging causes damage to forest ecosystems, substantial carbon emissions and 

degrades, displaces or destroys local forest economies. However logging also generates substantial 

revenue through the sale of wood products, both to the company doing the logging, and also to the 

tropical nation hosting the logging operation.   

 

During the last decade, the logging of tropical natural forest in Brazil, Indonesia, Malaysia, 

Cameroon, Gabon, Central African Republic, Republic of Congo, Democratic Republic of Congo, 

Papua New Guinea and the Solomon Islands: 

 

 Generated a gross value at market rates (excluding multiplier effects) of between $US 18-54 

billion per year. 

 Generated per capita gross value (excluding multiplier effects) of between $US 6 – 87 per 

person per year in most nations, but in Democratic Republic of Congo the industry only 

generated between $US 1 – 2 per person per year, whilst Gabon and Malaysia generated as 

much as $US200-700 per person per year.  

 Generated Government revenue of ~$US 2.0 billion per year or ~$US 4 per person per year.   

 Generated gross carbon dioxide emissions of 0.6-2.2 billion tonnes per year – equivalent to 

0.5 – 2.7 times the volume produced by burning of fossil fuels in those countries. 

 Generated a gross value (excluding multiplier effects) of; $US 2-18 per tonne of CO2 

emitted across Melanesia and Africa, $US 11-30 in Brazil, and up to $US 23-100 in South 

East Asia. 

 Generated government revenue of $US 0.2 -5.80 per tonne of CO2 emissions. 
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The proportion of the total value of the timber industry that is captured by the governments of these 

ten countries is small.  The argument that logging is vital for tropical nations to provide services to 

their people is not supported by these estimates.  There is not sufficient revenue to do so.  From the 

perspective of REDD, even at modest price on carbon emissions, payments for ecosystems services, 

or a REDD carbon market is competitive with tropical industrial logging.   

  



 

114 

 

Introduction  
 

In recent years, pricing the carbon stored in tropical forests has been proposed as a means of 

reducing carbon dioxide emissions caused by deforestation and tropical logging (Wunder 2007, 

Bond et al., 2009).  This is an attempt to make it more profitable for tropical nations to keep forests 

in the face of economic pressures to log or clear them.  Over the past several decades, tropical 

governments, logging companies, international Non Government Organisations (NGOs), donor 

agencies, trade organisations and even some conservation agencies have at some stage or another 

actively promoted the expansion of industrial logging of tropical forests as a means of bringing 

economic benefit, basic services and increased standard of living to local forest communities - 

communities who have largely not participated in the industrial market economy (Chapter 1).  

However, industrial tropical logging results in substantial carbon dioxide emissions (Chapter 2-4).  

It is often the first step in deforestation and the conversion of forests to other land uses (Asner et al., 

2009b).  Industrial tropical logging also causes degradation of forest ecosystems, soils and 

waterways, and degrades, displaces or destroys the local non-industrial economy that supported 

local and indigenous forest communities prior to commencement of industrial logging (Chapter 2-

4).  Often, logging companies are foreign owned or located at great distance from the tropical 

communities where logging takes place (Chomitz 2007, Butler & Laurance 2008, Laurance et al., 

2011, Shearman et al., in press), and corruption and illegal logging within the industry is 

widespread (e.g. Forest Trends 2006a,b,c, Council on Ethics 2010, EIA & Telepak 2010, Interpol & 

The World Bank 2010). Consequently, it is not clear how much financial benefit tropical logging 

brings to local communities.     

 

Given these issues it is important to quantify how much revenue has been generated by tropical 

logging.  This is important for two reasons.  The first reason is to understand whether switching 

from non-market, local forest economies to industrial logging has brought sufficient benefits to 

tropical nations to offset the degradation of ecosystems and carbon emissions caused by logging 
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activity.  In particular, it is important to understand what share of the value generated by industrial 

logging has been retained by tropical governments.  It is from government revenue that basic 

services or other non-logging related works programs are funded once logging has degraded the 

forest ecosystems that had previously been the source of basic services to forest communities.  

Secondly, as the urgency of reducing carbon emissions to avert the worst impacts of global 

warming increases (IPCC 2007), it is vital to know whether the revenue generated by tropical 

logging ‘compensates’  for the volume of carbon dioxide being emitted by the sector.  This chapter 

therefore aims to estimate the worth of logging of tropical natural forest (excluding timber and pulp 

plantations) in taxes/royalties to the host governments, and its value relative to the value of the 

carbon it emits to the atmosphere.  

 

We estimate the total value of the tropical timber industry, in terms of monetary value and carbon 

emissions.  In short, does a policy of maintaining or expanding logging of native tropical forests 

make economic sense for tropical communities or would tropical citizens be better off shutting 

down the industry altogether and maintaining existing local non-industrial forest economies?  From 

the perspective of carbon emissions, is there a case for compensating countries to reduce their 

logging activities?  How much revenue would tropical nations lose in shutting down the industry 

and how much carbon dioxide emission would be saved?  

 

In order to address these questions, estimates of the area of natural forest being selectively logged 

each year, the overall value of wood products being produced by logging companies, the proportion 

of this value that is being retained by tropical nations and the carbon emissions being produced by 

the industry are produced, as is an assessment of whether it makes financial sense in terms of the 

dollars per tonne of carbon dioxide emitted and the revenue to the host government. Two tiers of 

data are presented, one for those countries where sufficiently robust estimates of each parameter 
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derived from empirical measurement or independent auditing, and another tier for those countries 

with less robust or less well verified estimates.   

 

This analysis was conducted for Indonesia, Malaysia, Brazil, Papua New Guinea, the Solomon 

Islands, Cameroon, Congo, Democratic Republic of Congo, Gabon, and Central African Republic 

because these nations represent all three major timber producing regions in the tropics – the Congo 

Basin, insular South east Asia-Pacific, and the Amazon, and also because a sufficient level of 

information for each parameter was available.  The analysis was limited to these countries by 

necessity.  Comparable data were not available for other nations. 

 

In most tropical nations there is considerable uncertainty in the estimates of each parameter 

primarily because:  

 

1) the area of logged forest has either not been accurately mapped or has not been mapped with 

sufficient regularity, 

2) reported wood production figures generated by trade reports or official national statistics do 

not include illegal logging, 

3) there have been few measurements of carbon released by tropical logging operations, and, 

4) with the exception of Malaysia, there are limited independently verified or audited reports 

on taxation collected from the logging industry. 

 

In the calculations presented in this chapter,  a range of estimates for each parameter are included to 

represent the genuine lack of knowledge, where a lack exists, about the tropical logging industry.  

Uncertainties are discussed in detail in the methods and discussion, and are here represented by 

reporting a ‘low’, ‘mid’ and ‘high’ estimates throughout.  The gross values generated by the 

industry are likely to be in most cases overestimates.  This is because gross value is based on the 
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value of the wood at International Tropical Timber Organisation (ITTO) market prices, except in 

the Solomon Islands, and Brazil. In Brazil both the gross value at ITTO prices, and an independent 

assessment of gross income generated by selective logging (see methods) are included.  The 

independent estimate of gross value was twice as high as the estimate using ITTO prices.  Market 

prices differ from 'free on board' (FOB) prices used to calculate taxation payable. The differential 

between the two prices includes transport and other costs, including the spectre of ‘transfer pricing’.  

Transfer pricing refers to the situation where the logging company sells timber it has harvested to 

itself or to an affiliated company and deliberately sets a greatly discounted FOB price in order to 

avoid paying tax to the host government whilst maximising profits when the company does 

eventually sell the timber at the much higher market price.  The differential between FOB and 

market prices is country, company and market specific, hence difficult to estimate.  Gross values 

need to be viewed as very optimistic assessments of the gross financial returns to logging 

companies through the sale of wood.  Estimates of wood production and logged area from Central 

Africa are likely to be particularly conservative. Estimates of carbon dioxide emissions are 

conservative because we have not included emissions from soil disturbance.   

 

Some studies have attempted to estimate what proportion of gross value of the logging industries 

stays in the host country using a ‘multiplier effect’ approach (e.g. ITS Global 2007).  However the 

data upon which this is based are primarily self reporting by logging companies (ITS Global 2007), 

many of which have a long history of failing to adhere to forestry and labour laws, and avoid tax via 

transfer pricing and by misreporting species and timber volumes (ACF 2006, ODI 2006, Forest 

Trends, 2006a, 2006b; Council on Ethics, 2010; EIA and Telapak, 2010).  Independent estimates of 

the ‘multiplier effect’ of logging of natural forests within tropical nations are rare, but generally 

thought to be low as equipment and supplies to support logging operations are generally purchased 

offshore and local wages are low (Marchak 1995).  Companies are often foreign owned (Laurance 

et al., 2011, Shearman et al., in press), so profits tend not to be spent locally.  Problems with data 
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have precluded the calculation of multiplier effects in this chapter. Rather, it is assumed that 

logging and payments for forest carbon conservation will have the same multiplier effects, as there 

is likely to be the same degree of foreign ownership under a carbon trading regime as with logging 

companies. 

 

Methods and Results 
 

There is a limited understanding of the extent of selective logging in the tropics because in most 

counties the area being logged has either not been accurately mapped or mapped with sufficient 

regularity to determine the quanta involved.  Reports of tropical wood production are often derived 

either from trade, industry or government reporting, and suffer from inconsistencies between 

exports and imports, and inconsistencies between government and industry estimates (ITTO 2008).  

Often only the legal wood volume is reported, which is problematic because for most tropical 

timber producing nations the illegal wood production volume is greater than the legal wood volume 

(World Bank 2006a).   

 

For these reasons, wherever possible data on logged area, wood production, harvest intensities and 

logging damage derived from independent empirical measurement or independent auditing or 

reporting on the timber industry have been used, rather than statistics derived from self reporting by 

tropical governments or logging companies.  In many countries empirical measurements of these 

parameters do not exist.  In these instances an upper and lower estimate derived from existing data 

are presented, with the intention being to represent the very real uncertainty surrounding the extent 

and intensity of logging operations.      

 

The range of uncertainty presented in this analysis, especially from African nations, indicates that a 

great deal more basic, simple empirical measurement of the forestry-related parameters is needed. 
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At least part of this problem has been the FAO process of reporting statistics on deforestation and 

logging activity derived from self reporting by nations on their forest condition and logging 

industry, regardless of whether the country has the capacity to produce accurate numbers on these 

parameters, and regardless of the incentives that exist for tropical governments with close ties to 

forestry industries to misreport forest statistics for political reasons.  The FAO forest statistics on 

tropical nations are widely cited and used, and this widespread use of FAO derived forest statistics 

has resulted in a perception that tropical forest change and logging is better understood than it 

actually is (Grainger, 2008).  Unfortunately, for most places, simple, basic empirical forest mapping 

and mapping of logged area is lacking, and, for most places, the FAO forest statistics have not been 

sufficiently verified with empirical measurements.     

 

Net emissions 

 

Net emissions were estimated using three scenarios, a best case, a business as usual, and a worst 

case.  The exact proportion of logging-related emissions that will be re-sequestered via natural 

regeneration is highly uncertain, as repeated cycles of selective logging result in progressive loss of 

carbon stocks (Putz et al., 2008a). These repeated cycles occur even under the most controlled 

forms of tropical logging, such as RIL techniques certified by the Forest Stewardship Council 

(FSC) (Putz et al., 2008a).  It can take in the order of centuries to return to pre-logging biomass, 

even without repeated rounds of logging (Berry et al., 2010).  A long term forest change analysis of 

PNG found that of the area logged between1972 and 2002, 24% was deforested in the years 

following the logging event (Shearman et al., 2008).  PNG has a form of customary land tenure 

protected in the constitution that has prevented the form of secondary clearance of logged forest by 

immigrant agriculturalists that is widespread in Asia, Amazonia and Africa.  The industrial 

agriculture sector responsible for widespread deforestation of logged forest elsewhere in the tropics 
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was not active in PNG over this period.  In Brazil, clearances of logged forest by immigrants and 

the industrial agricultural sector is widespread.  Asner and colleagues (2006) found that 32% of the 

logged area was deforested only four years after logging.  Thus a reasonable ‘best case’ scenario for 

the tropics is that 24% of gross carbon released from logging will not be re-sequestered in a period 

relevant to GHG considerations.  

 

The global population is projected to increase to 9 billion by 2050 (United Nations, 2004), and 

tropical regions have been increasingly identified as future centres of the agribusiness expansion 

and global food production argued by some to be required to sustain this increased population.  The 

prime locations for agribusiness and food production expansion are going to be logged forest in 

close proximity to roads.  Given these pressures on tropical land in the long term it seems 

reasonable to assume that 50% of logged area will not grow back. We have defined this as the 

business as usual scenario.  The worst case scenario is that all logged forest will end up being 

deforested in the coming decades, assuming that runaway climate change increases fire occurrence 

in logged forest, and population and food production pressures are greater than expected. 

 

 

Full details of all datasets and sources used to derive the estimate of logged area, wood production, 

carbon dioxide released and revenue generated by selective logging are presented for each country. 

 

Malaysia 
 

Logged area: 

 

The area of native forest logged each year in Malaysia was derived from the Malaysian Timber 

Council (2010) and the Auditor General of Malaysia (2008a-l).  The area of native forest permitted 

to be cut in Malaysia, from the “Permanent Reserved Forest” is 34,940 hectares in Peninsular 

Malaysia, 60,000 hectares in Sabah and 170,000 hectares in Sarawak (Malaysian Timber Council 
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2010).  However, the Malaysian Auditor General (Auditor General of Malaysia 2008d) found that 

in each year between 2006 and 2008 Sarawak had breached its annual allowable cut (Table 18).  

The Auditor General (2008) did not examine annual logged area for all the other Malaysian states, 

so we have inferred actual logged area for Sabah and Peninsula Malaysia. We have applied the 

annual margin by which Sarawak breached its allowable cut to the annual allowable cut for Sabah 

and Peninsula Malaysia to estimate actual logged area for the whole of Malaysia (Table 18), as the 

Auditor General (Auditor General of Malaysia 2008a-l) uncovered maladministration across all 

Malaysia’s timber producing states, not just Sarawak, so it is highly unlikely that the allowable cut 

was strictly adhered to outside of Sarawak.   

 

 

Table 18: Reported logged area from Sarawak compared to allowable cut, and inferred logged area for Sabah and Peninsular 

Malaysia. 

Year 

Sarawak    Peninsular Malaysia Sabah  All Malaysia 

Allowable 

logged 

area (ha) 

Total 

reported 

logged 

area (ha) 

Logged area exceeding 

allowable quota Allowable 

logged 

area (ha) 

Inferred 

actual 

logged 

area 

Allowable 

logged 

area (ha) 

Inferred 

actual 

logged 

area 

Logged area 

(ha) (ha) % 

2006 170,000 535,666 365,666 215.1 36,940 116397.1 60000.0 189058.6 841,122 

2007 170,000 255,231 85,231 50.1 36,940 55460.2 60000.0 90081.5 400,773 

2008 170,000 215,677 45,677 26.9 36,940 46865.3 60000.0 76121.3 338,664 

Total 510,000 1,006,574 496,574 97.4 110,820 218722.6 180000.0 355261.4 1,580,558 

Mean 170,000 335524.667 165524.667 97.4 36940 72907.5 60000.0 118420.5 526852.7 



 

122 

 

Wood production 

 

Wood production in each year was estimated from average harvest intensities for Malaysian 

forests applied to the area logged each year.  Average harvest intensities for Malaysia’s 

forests have been reported as ranging from 50 to more than150 m
3
/ha (Sist et al., 2003), so 

three estimates are presented, a ‘low’ estimate where the yield is assumed to be 50 m
3
/ha, a 

medium estimate where yield is 100 m
3
/ha, and a high estimate where yield is 150 m

3
/ha.   

 

Carbon released 

 

Gross tonnes of carbon dioxide released from logging were estimated from a logging damage 

study from Sabah (Pinard & Putz, 1996).  This study examined biomass killed through 

logging for reduced impact logging and conventional harvesting in a forest with above 

ground live biomass of 317-323 t/ha that other studies indicate is typical for the region 

(Brown 1997, Berry et al., 2010).  Logging reduced forest carbon stocks (50% of which is 

carbon) by 65 t/ha using RIL harvesting and 111.5 t/ha using conventional.  The gross carbon 

loss for RIL harvesting represents the low carbon scenario, and conventional harvesting as 

the high carbon scenario.  A conversion factor of 44/12 was used to convert carbon to carbon 

dioxide.   

 

Government revenue  

 

Government revenue from logging from forest taxes, royalties, premiums, fees, licenses, and 

fines for each timber producing state from the Auditor General’s 2008 report into the timber 

industry in each state (Auditor General of Malaysia 2008a-l).  
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Gross revenue 

 

Timber value in $US/m
3
 of timber was obtained from ITTO data on annual wood value 

(ITTO 2008).  ITTO reported the proportion of Malaysian production in 2006, 2007, 2008 

attributable to log production, sawn timber production, veneer or plywood production, and 

the export market value in $US/m
3
 for each category.  The proportions and export values 

reported by the ITTO were applied to the previously estimated Malaysian annual wood 

production to estimate gross revenue from timber production in each year.  

 

Gross revenue, government revenue (taxes, royalties, premiums, fees, fines etc) and carbon 

dioxide released from logging of ‘natural’ forests in Malaysia are shown in Table 19.   
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Table 19: Gross revenue, government revenue (taxes, royalties, premiums, fees, fines etc) and carbon dioxide released from conventional (conv.) and reduced impact (RIL) logging of 

‘natural’ forests in Malaysia.   

Year 

Logged 

area 

(ha/yr) 

Wood production (million m3) 

CO2 released (million 

tonnes, Pinard & Putz 

1996) 

Government 

revenue ($US 

million, tax, 

premiums, 

royalties, fines 

etc) ) 

Gross revenue ($US million, wood value  

at ITTO export rates) 

Revenue $US/tCO2 

Government 

revenue) Gross revenue  

Low 

(50 

m3/ha) 

Med 

(100 

m3/ha) 

High (150 

m3/ha) Low (RIL) 

High 

(conv.) 

Low (50 

m3/ha) 

Med (100 

m3/ha) 

High 

(150m3/ha) Low High Low High 

2006 841122 42.06 84.11 126.17 200.47 343.88 - 8047.10 16094.19 24141.29 na na 23.40 70.20 

2007 400773 20.04 40.08 60.12 95.52 163.85 - 3740.02 7480.04 11220.06 na na 22.83 68.48 

2008 338664 16.93 33.87 50.80 80.71 138.46 - 3160.42 6320.83 9481.25 na na 22.83 68.48 

mean 526853 26.34 52.69 79.03 125.57 215.39 445.92 4982.51 9965.02 14947.53 3.55 2.07 23.02 69.05 
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Indonesia 
 

Logged area: 

 

Logged area in Indonesia has either not been accurately mapped or mapped with sufficient 

regularity to provide annual estimates.  However, estimates of annual deforestation for 2000-

2005 in Indonesia were derived from multi-date Satellite Pour l'Observation de la Terre 

(SPOT) 1 km resolution imagery (cited in Ministry of Forestry (2008)). These are shown in 

Table 20.   

 

Table 20.  Annual area deforested in the 7 main Indonesian islands 2000-2005 

Year 

Area deforested (ha) 

Sumatra Kalimantan Sulawesi Maluku Papua Java 

Bali & Nusa 

Tenggara Indonesia 

2000 – 2001 259500 212000 154000 20000 147200 118300 107200 1018200 

2001 – 2002 202600 129700 150400 41400 160500 142100 99600 926300 

2002 – 2003 339000 480400 385800 132400 140800 343400 84300 1906100 

2003 – 2004 208700 173300 41500 10600 100800 71700 28100 634700 

2004 – 2005 335700 234700 134600 10500 169100 37300 40600 962500 

Total 1345500 1230100 866300 214900 718400 712800 359800 5447800 

Mean 269100 246020 173260 42980 143680 142560 71960 1089560 

 

Unfortunately 1 km resolution is far too coarse to detect logging, hence the area of forest that 

is being logged annually is unknown.  For this reason, Brazilian parameters were applied to 

the Indonesian estimates.  In Brazil, where high resolution wall-to-wall mapping has been 

conducted and the area of forest undergoing selective logging measured, the annual area 

logged each year between 1999 and 2002 was ~60.4-123% of the area deforested measured 

from coarser scale imagery (Asner et al., 2005).  These two percentages (60.4, 123% of 

deforested area) were converted into proportions and multiplied by the annual deforested area 
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(Table 20) in Indonesia to produce a ‘low’ (60.4%) and a ‘high’ (123%) estimate of annual 

logged area.  Given the lack of accurate, high resolution, wall-to-wall, multi-date forest 

mapping capable of detecting logged area in Indonesia, this is the best approximation.  

 

Wood production 

 

Wood production figures available for Indonesia are derived from industry or government 

estimates, trade reports, or various approximations of ‘scaling’ up estimates of production 

forest that are themselves inconsistent or of uncertain origins.  Wood production from native 

forest logging was estimated using average wood harvesting potential for each Indonesian 

province (Table 21), with a ‘high’ estimate designated as >50 cm dbh, and a ‘low’ estimate 

designated as >60 cm dbh.  Java was not reported so average estimates of all provinces were 

used for Java.  Previous estimates have the harvest potential of the region at between 50 and 

100 m
3
/ha, with >150 m

3
/ha reported from Borneo when dbh limits are observed (Sist et al., 

2003).  Given the problem of illegal logging in Indonesia, dbh limits are unlikely to be 

strictly observed, and harvest yields shown in Table 21 are likely to be conservative.  ‘High’ 

wood production estimates shown were obtained by multiplying the >50 cm estimate of 

harvest intensity (Table 21) by the ‘high’ estimate of annual logged area in each province.  

The ‘low’ estimate was obtained by multiplying the > 60 cm harvest intensities by the ‘low’ 

area of annual logged area.   
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Table 21: Average harvest potential from Indonesia’s forests by province derived from Ministry of Forestry (2008).  

Province 

Average harvest 

potential (m
3
/ha) 

>50cm >60cm 

Sumatra 44.2 30.84 

Nusa 

Tenggara 54.75 33.07 

Kalimantan 109.83 63.27 

Sulawesi 122.77 70.07 

Maluku 118.27 62.77 

Papua 72.83 52.15 

 

Gross carbon dioxide released  

 

Gross tonnes of carbon dioxide (tCO2) released from logging was estimated from a logging 

damage study from Sabah (Pinard & Putz 1996).  The forest examined in this study had an 

AGB of 310-323 t/ha, which is more or less typical for the Borneo/Sulawesi region (Culmsee 

et al., 2010), although Berry et al., (2010) found AGB to be 274 t/ha elsewhere in Sabah, and 

estimates of AGB reported from Malaysia range from 245-405 t/ha (Pinard & Putz 

1996Brown 1997, Berry et al., 2010, Culmsee et al., 2010). The average biomass in Papuan 

forest is likely to be similar to PNG, as PNG is the east and Papua the western half of New 

Guinea.  Taken together, the forest studied by Pinard & Putz (1996) may have typical or 

perhaps somewhat higher AGB for Indonesia.   Logging reduced forest carbon stocks by 65 

t/ha using RIL harvesting and 111.5 t/ha using conventional logging.  As RIL is still poorly 

implemented in Indonesia, the carbon damage from RIL reported in Putz & Pinard (1996) is 

used as the lower estimate of gross carbon loss (65 tC/ha), and gross carbon loss from 

conventional harvesting (111.5 tC/ha) is used as the higher estimates.  It is expected that this 

range (RIL and conventional logging damage in approximately average AGB forest) will 

bracket most logging operations in Indonesia, although clearly much higher and much lesser 



 

128 

 

damage may be likely in certain locations.  The ‘low’ estimate of gross carbon loss was 

multiplied by the ‘low’ estimate of annual logged area to produce the ‘low’ estimate of gross 

carbon killed from logging, and the ‘high’ estimate of gross carbon released was multiplied 

by the ‘high’ estimate of annual logged area to produce a ‘high’ estimate of gross carbon 

released through logging in Indonesia.  A conversion factor of 44/12 was used to convert 

carbon to carbon dioxide.  Carbon emissions from soil disturbance were not included. 

 

Government revenue  

 

Government non-tax revenue from the forestry sector (licensing fees, reforestation fees, 

royalty fees) was obtained from The World Bank (2006b).   

 

Gross revenue 

Timber value in $US/m
3
 of timber was obtained from ITTO data on annual wood value 

(ITTO 2008).  ITTO reports the proportion of Indonesian production in 2006, 2007, 2008 

according to whether it was log production, sawn timber production, veneer or plywood 

production and the export market value in $US/m
3
 of each category. The proportions and 

export values reported by the ITTO were applied to the previously estimated annual wood 

production for Indonesia to estimate gross revenue from timber production in each year. 

 

Gross revenue, government revenue (license fees, royalty fees, reforestation fees) and carbon 

dioxide released from logging of ‘natural’ forests in Indonesia are shown in Table 22.  
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Table 22: Gross revenue, government revenue (license fees, royalty fees, reforestation fees) and gross carbon dioxide released from logging of 'natural' forests in Indonesia.  

Year 

Area logged 

Wood production 

(million m3) 

Gross CO2 released 

(million tonnes) 

Gross value (at ITTO export rates, 

$US million) 

Government 

revenue 

(licenses, 

royalties, 

reforestation 

fees) 

Gross value $/tCO2 

Government 

revenue 

($/tCO2) 

Low High Low  High Low High Low High Low High Low High 

2000 – 2001 615,878 1,252,717 31.13 102.02 146.78 512.15 8,695.87 28,502.40 326.00 34.54 95.46 0.64 2.22 

2001 – 2002 560,290 1,139,650 28.62 93.60 133.54 465.93 8,351.00 27,310.91 311.00 36.46 100.55 0.67 2.33 

2002 – 2003 1,152,941 2,345,123 63.57 215.99 274.78 958.76 17,359.15 58,983.42 303.00 36.83 105.53 0.32 1.10 

2003 – 2004 383,910 780,887 18.91 61.19 91.50 319.25 4,529.93 14,656.87  na  28.86 78.75  na   na  

2004 – 2005 582,186 1,184,188 29.04 93.71 138.75 484.14 7,557.86 24,386.67  na  31.75 86.41  na   na  

Mean 659,041 1,340,513 34.25 113.30 157.07 548.05 9,298.76 30,768.06 313.33 36.64 103.04 0.54 1.88 
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Brazil 
 

Logged area and wood production 

 

Logged area and wood production from selective logging in Brazil for the years 1999-2002 

was obtained from Asner et al. (2005), who mapped the area being selectively logged 

annually between 1999 and 2002 using high resolution satellite imagery.  Wood production 

for 2004 was obtained from Asner et al. (2009b).  The area being selectively logged in 2004 

was estimated from average harvest intensity reported by Asner et al. (2005), and 2004 wood 

production reported by Asner et al. (2009b).  

 

Gross value  

 

Lentini et al. (2005) estimated gross income and wood production generated from selective 

logging in the Brazilian Amazon for the year 2004 from surveys and interviews at timber 

production 'centres' in the Brazilian Amazon.  Asner et al. (2005) mapped the area being 

selectively logged in five Brazilian wood-producing states for each year between 1999 and 

2002, and arrived at similar estimates of wood production to those presented by Lentini et al. 

(2005).  Using the data from Asner et al. (2005) and Lentini et al. (2005), Asner et al., 

(2009b) estimated that in 2004 gross income from logging in the Brazilian Amazon was $US 

2.3107 billion and annual log production was 24.5 million cubic metres of round wood, 

equivalent to ~$US94/m
3
 in 2004 from selective logging.  Annual wood production was 

multiplied by $US94/m
3
 to estimate annual gross value of selective logging. This formed the 

‘low’ estimate of gross value (Table 23).  The ‘high’ estimate of gross value in Table 23 was 

derived from the ITTO (2001. 2005, 2008).  ITTO timber value at export in $US/m
3
 was 

obtained from ITTO annual reports.  ITTO reports the proportion of Brazilian production for 
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each year between 1999 and 2004 by log production, sawn timber production, veneer or 

plywood production, and the export market value in $US/m
3
 of each category.  The 

proportions and export values reported by the ITTO were applied to the Asner et al. (2005, 

2009b) estimate of annual wood production to produce a ‘high’ estimate of gross revenue 

from timber production in each year. 

 

Government revenue 

 

ABIMICI, a body representing Brazilian mechanically produced wood products, estimated 

that the ‘forest-based industries’ contributed $US4.2 billion in taxes in 2005, $US5.2 billion 

in 2006 and $US7.2 billion in 2007 (Abimici 2006, Abimici 2008). In 2006 the planted forest 

sector estimated that they paid BRL 9.264 billion (1USD=0.47BRL) or $US 4.366 billion, 

and BRL9.21 billion or (1USD=0.37) $US 3.41 billion in 2005 (ABRAF 2006, ABRAF 

2007).  Around 60% of Brazil’s industrial wood production has been estimated to come from 

plantations rather than native forests. Assuming the difference between 'forest based' and 

'planted forest sector' is the taxes originating from the selective logging of the Amazon, then 

selective logging in the Brazilian Amazon contributed $US0.834 billion in taxes in 2006 and 

$US 0.79 billion in 2005.  Wood production in the Brazilian Amazon for 2004 was 24.5 

million cubic metres, and although no data from wood production in 2005 was available, 

using the Lentini et al. (2005) 2004 estimate, logging in the Brazilian Amazon contributed 

~$US32/cubic metre in taxes, levies and fees.  It was therefore assumed that selective logging 

generates $US32/m
3
 in government revenue (taxes, fees etc), and generates a gross revenue 

of $US 94/m
3
.  

 

Carbon released 
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Low, mid and high estimates of carbon released through selective logging both in gross 

tonnes and per hectare logged in the Brazilian Amazon was obtained from Asner et al. 

(2005).  A conversion factor of 44/12 was applied to convert carbon to carbon dioxide. 

Emissions from soil disturbance were not included.  

 

Gross revenue, government revenue (license fees, royalty fees, reforestation fees) and carbon 

dioxide released from logging of ‘natural’ forests in Brazil are shown in Table 23. 
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Table 23.  Gross revenue, government revenue (income taxes, export taxes, sales tax, land tax etc) and carbon dioxide released from selective logging in the Brazilian Amazon  

Year 

Area 

logged 

(ha/yr) 

Round wood 

production 

(million m3) 

CO2 released through 

selective logging (million 

tonnes) Government 

revenue 

($US million) 

Gross revenue ($US 

million 2004) Tax ($/tCO2) 

Gross revenue ($/tCO2)  

Low gross revenue High gross revenue 

Low Med High Low High 

Low 

CO2 

Med 

CO2 

High 

CO2 

Low 

CO2 

Med 

CO2 

High 

CO2 Low CO2 

Med 

CO2 

High 

CO2 

1999-

2000 1,982,300  49.80 247.13 305.27 363.42 1450.12 4241.52 10224.06 5.87 4.75 3.99 17.16 13.89 11.67 41.37 33.49 28.13 

2000-

2001 1,425,200  29.80 177.67 219.48 261.29 1042.59 3049.50 6522.19 5.87 4.75 3.99 17.16 13.89 11.67 36.71 29.72 24.96 

2001-

2002 1,207,500  26.60 150.54 185.96 221.38 883.33 2583.68 270.03 5.87 4.75 3.99 17.16 13.89 11.67 1.79 1.45 1.22 

2004 1,079,919  24.50 134.63 166.31 197.99 790.00 2310.70 4590.68 5.87 4.75 3.99 17.16 13.89 11.67 34.10 27.60 23.19 

Mean 1,423,730  32.68 177.49 219.25 261.02 1041.51 3046.35 5401.74 5.87 4.75 3.99 17.16 13.89 11.67 30.43 24.64 20.69 
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Central and Western Africa 
 

Central and western Africa lacks a receiving station for the collection and storage of high 

resolution satellite imagery from multiple frequent time steps.  For this reason, the imagery 

archive for Africa, from which forest maps and assessments of forest change (deforestation, 

logging and other forms of degradation) are made, is poor compared to tropical Asia and 

America.  This means that estimates of forest area, deforestation and logging in Central 

Africa have been limited because of the relative paucity of repeated acquisition of high 

quality imagery of sufficient resolution to detect logging.  Due to this uncertainty, here two 

methods were used to estimate the extent and impact of selective logging in central Africa. 

 

Logged area and wood production: 

 

Method 1 

 

Laporte et al., (2007b) mapped the extent of logging roads apparent in ~20-30 m resolution 

imagery captured between 1976 and 2003, and present an estimate of the area of logged 

forest circa 2003 derived from moderate resolution imagery (MODIS VCF), on the basis of a 

1 km buffer around the mapped logging roads, for six countries in Central Africa.  Laporte et 

al., (2007b) state that the estimate of logging road extent and hence logged forest “is a 

conservative estimate, because not all areas had recent cloud-free satellite images and 

logging roads are converted to public roads where population density is high.”    Selective 

logging of the kind occurring in Africa results in deforestation as well as degradation , either 

through direct clearance for roads and logging infrastructure, or via collateral effects on 

deforestation rates by increasing risk of fire or secondary clearances of logged forest for 

agriculture or other purposes via the access provided by the logging roads. To estimate the 
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total logged area 1976-2003 it was assumed that 28.5% of the area logged would have been 

deforested, and this estimate of deforested  area added to the estimate of logged forest that 

has remained forest as reported by Laporte et al., (2007b).  The assumption of 28.5% 

deforestation was used because it is the midpoint between the 24% of logged area deforested 

after logging as measured in PNG, and the 32% of logged area deforested as measured in 

Brazil.  The assumption is made that post-logging deforestation in Africa will be greater than 

PNG due to the absence of constitutional protection for customary land tenure, but less than 

Brazil because the industrial agribusiness sector that is a major driver of deforestation of 

logged forest in Brazil is not well established in Africa.  This 28.5% is conservative.  As 

Asner et al., (2006) measured 32% deforestation only 4 years after logging, long term 

clearance, although not known, could well be higher than 32%.   

 

In order to estimate annual area deforested, we divided the estimate of total area logged 1976-

2003 for each country derived from Laporte et al., (2007b) between individual years 

according to the relative change in annual production of saw and veneer logs reported by the 

FAO (FAOSTAT, accessed March 2010).  Relative change in FAO data on wood production 

rather than ITTO data was used because the ITTO do not report production statistics from as 

far back as 1976.  Two estimates of annual wood production were generated from annual 

logged area by multiplying logged area by an upper (10 m
3
/ha) and a lower (4 m

3
/ha) 

estimate of typical Central African harvest intensities (Ruiz Perez et al., 2005, ZeMeka 2006 , 

Table 25).  

 

Method 2 

 

In addition to the estimate of logged area derived from Laporte et al., (2007b), logged area 

was also  derived from the annual volume of log production in cubic metres reported by the 
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ITTO (ITTO 2003, 2006, 2008).  Two estimates of logged area were generated from the 

ITTO wood production data, one using an upper (10 m
3
/ha) estimate of typical Central 

African harvest intensities, and one using a lower estimate (4 m
3
/ha) (Ruiz Perez et al., 2005, 

ZeMeka 2006).  Comparison of logged area and wood production derived from Methods 1 

and 2 indicates that Method 1 is too conservative, most likely because either the extent of 

logging roads has been underestimated due to satellite imagery collection problems, and/or 

more than 28.5% of logged area has been deforested. 

 

Carbon released 

 

There have been few estimates of carbon damage caused by logging in Africa.  Central 

African harvesting thus far has reportedly been relatively low yielding, and highly selective 

compared to other tropical regions (Ruiz-Perez et al., 2005).  To estimate logging damage 

from African forests, the regression equation in Figure 7 in Chapter 3 that estimates biomass 

damage from selective logging using initial unlogged AGB stocks was applied.  This damage 

model assumed a 50 cm dbh harvesting threshold, and was adjusted  to 70 cm to account for 

greater selectivity and lower yielding African forest.  The regression equation for 

conventional harvesting and not RIL was employed.  Baccini et al. (2008) integrated a 

relatively large number of field measurements of unlogged above ground biomass (AGB) 

stocks from across tropical Africa with remotely sensed data, and estimated the average AGB 

for central African dense closed lowland and submontane forests as ~227 t/ha.  On the other 

hand, de Wasseige (2009) report average AGB, derived from a range of sources and 

measurement techniques, for central African closed evergreen lowland forest as 268-460 t/ha 

or ~363 t/ha on average.  The adjusted logging damage model predicted that conventional 

logging of  a forest of AGB 227 t/ha with a 70 cm dbh threshold will result in a gross above 

ground carbon loss of 41 t/ha, or 57 t/ha including below ground losses (using the 0.37 root to 
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shoot ratio used by Baccini et al., 2008).  For a forest with 363 t/ha before logging, above 

ground carbon loss of 121 t/ha, or 165 t/ha including below ground losses is predicted.  We 

therefore use a 57 t/ha carbon loss as the ‘low’ estimate and 165 t/ha as the ‘high’ 

(conventional logging) estimate for Africa.  These estimates of carbon damage are predicted 

from Malaysian style logging in the Southeast Asian region, but assume less damage due to 

greater selectivity.  While Southeast Asian companies operate widely across Central Africa, 

indicating that comparable logging techniques are likely, African-specific biomass damage 

studies are needed to confirm whether this is in fact the case.  A conversion factor of 44/12 

was used to convert gross carbon stocks killed by logging to gross carbon dioxide released.  

Carbon emissions from soil damage were not included.  

 

Government revenue  

 

 

Karsenty (2007) reports government timber revenue from royalties and taxes for ten West 

and Central African nations, although he emphasises the difficulties in obtaining accurate 

information from this region; de Wasseige et al., (2009) also report government tax revenue 

generated by the forestry industry for a number of African countries, usually by the national 

government.  These estimates of annual tax collected are shown in Table 24.   
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Table 24.  Government revenue collected through taxes, royalties, premiums etc from the forestry industry in six 

central African countries.  

Country  

Timber revenue 

(royalties, taxes) 

$US/year Year Source 

Gabon 50000000 2004 Karsenty (2007) 

 43941750 2007 de Wasseige et al., (2009) 

Cameroon 40000000 2004 Karsenty (2007) 

 77685891.8 2005 de Wasseige et al., (2009) 

Congo 20000000 2005 Karsenty (2007) 

CAR 10000000 2005 Karsenty (2007) 

DRC <2000000 2002 Karsenty (2007) 

 3850000 2005 Karsenty (2007) 

Equatorial 

Guinea 12-1300000 2003-2009 Karsenty (2007) 

 

Gross revenue 

 

Timber value in $US/m
3
 of timber was obtained from ITTO data on annual wood value.  

ITTO reports the proportion of each central African nation’s annual production by log 

production, sawn timber production, veneer or plywood production, and the export market 

value in $US/m
3
 of each category (ITTO 2003, 2005, 2008).  The proportions and export 

values reported by the ITTO were applied to the estimates of annual wood production to 

estimate gross revenue from timber production in each year.  

 

Gross revenue, government revenue and carbon dioxide released from logging of ‘natural’ 

forests in central Africa derived from Method 1are shown in Table 25, and from Method 2 in 

Table 26. 
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Table 25. Gross revenue, government revenue (taxes, royalties, premiums, fees, etc) and carbon dioxide released from logging of ‘natural’ forests in central Africa derived from 

logging road extent. 

Country  Year  

Area logged 

(ha/yr) 

Round wood production 

(million m3) 

Gross CO2 released 

(million tonnes) 

Government 

revenue 

($US 

million) 

Gross revenue($US 

million ITTO export 

rates) 

Government revenue 

($/tCO2) 

Gross revenue 

($US/tCO2 assuming 4 

m3/ha) 

Gross revenue 

($US/tCO2 assuming 10 

m3/ha) 

Derived 

from 

Laporte et 

al, (2007b) 

Assuming 

4 m3/ha 

Assuming 

10 m3/ha 

Assuming 

AGB 227 

t/ha 

Assuming 

AGB 358 

t/ha 

Assuming 

4 m3/ha 

Assuming 

10 m3/ha 

Assuming 

AGB 227 

t/ha 

Assuming 

AGB 358 

t/ha 

Assuming 

AGB 227 

t/ha 

Assuming 

AGB 358 

t/ha 

Assuming 

AGB 227 

t/ha 

Assuming 

AGB 358 

t/ha 

Cameroon 2005 124,018 0.496 1.240 25.968 75.127 77.686 208.350 520.874 2.992 1.034 8.023 2.773 20.059 6.933 

2004 124,018 0.496 1.240 25.968 75.127 40.000 163.702 409.256 1.540 0.532 6.304 2.179 15.760 5.447 

Mean 124,018 0.496 1.240 25.968 75.127 58.843 186.026 465.065 2.266 0.783 7.164 2.476 17.909 6.190 

Central African 

Republic 2005 32,383 0.130 0.324 6.781 19.617 10.000 27.181 67.954 1.475 0.510 4.009 1.386 10.022 3.464 

Republic of 

Congo 2005 151,773 0.607 1.518 31.779 91.940 20.000 132.941 332.352 0.629 0.218 4.183 1.446 10.458 3.615 

Democratic 

Republic of 

Congo 

2002 33,537 0.134 0.335 7.022 20.316 1.500 27.747 69.367 0.214 0.074 3.951 1.366 9.878 3.414 

2005 33,537 0.134 0.335 7.022 20.316 3.850 73.063 182.656 0.548 0.190 10.405 3.596 26.012 8.991 

2007 33,537 0.134 0.335 7.022 20.316 4.600 84.620 211.551 0.655 0.226 12.051 4.165 30.126 10.413 

Mean 33,537 0.134 0.335 7.022 20.316 3.317 61.810 154.525 0.472 0.163 8.802 3.042 22.005 7.606 

Gabon 2004 269,167 1.077 2.692 56.359 163.055 50.000 136.859 342.148 0.887 0.307 2.428 0.839 6.071 2.098 

2007 261,477 1.046 2.615 54.749 158.396 43.942 528.966 1322.414 0.803 0.277 9.662 3.340 24.154 8.349 

Mean 265,322 1.06 2.65 55.55 160.73 46.97 332.91 832.28 0.84 0.29 6.04 2.09 15.11 5.22 

All Africa Mean 607,034 2.428 6.070 127.103 367.726 139.130 740.871 1852.176 1.095 0.378 5.829 2.015 14.572 5.037 
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Table 26. Gross revenue, government revenue (taxes, royalties, premiums, fees, etc) and carbon dioxide released from logging of ‘natural’ forests in central Africa derived from 

ITTO estimates of wood production. 

Country Year 

Area logged (ha/yr) 

Derived from ITTO 

Round 

wood 

productio

n (ITTO 

million 

m3) 

Gross CO2 released (million tonnes) 

Government 

revenue 

from 

selective 

logging ($US 

million) 

Gross 

revenue 

($US 

million 

ITTO 

export 

rates) 

Government revenue ($/tCO2) Gross revenue ($US/tCO2) 

Assuming 227 t/ha Assuming 358 t/ha Assuming 227 t/ha Assuming 358 t/ha Assuming 227 t/ha 

Assuming 358 

t/ha 

4 m3ha-1 

10 

m3ha-1 

4 

 m3ha-1 

10 

m3ha-1 

4 

 m3ha-1 

10 

 m3ha-1 

4  

m3ha-1 

10  

m3ha-1 

4  

m3ha-1 

10 

m3ha-1 

4  

m3ha-1 

10  

m3ha-1 

4  

m3ha-1 

10  

m3ha-1 

Cameroon

  

2005 567,250  226,900  2.27 118.773 47.509 343.626 137.451 77.69 952.97 0.654 1.635 0.226 0.565 8.023 20.059 2.773 6.933 

2004 437,500  175,000  1.75 91.606 36.642 265.027 106.011 40.00 577.49 0.437 1.092 0.151 0.377 6.304 15.760 2.179 5.447 

Mean 502,375  200,950  2.01 105.190 42.076 304.327 121.731 58.84 765.23 0.545 1.363 0.189 0.471 7.164 17.909 2.476 6.190 

Central 

African 

Republic 2005 112,351  44,940  0.45 23.524 9.410 68.059 27.224 10.00 94.30 0.425 1.063 0.147 0.367 4.009 10.022 1.386 3.464 

Republic 

of Congo 2005 342,294  136,918  1.37 71.671 28.668 207.353 82.941 20.00 299.82 0.279 0.698 0.096 0.241 4.183 10.458 1.446 3.615 

Dem. 

Republic 

of Congo 

2002 26,250  10,500  0.11 5.496 2.199 15.902 6.361 1.50 21.72 0.273 0.682 0.094 0.236 3.951 9.878 1.366 3.414 

2005 75,000  30,000  0.30 15.704 6.282 45.433 18.173 3.85 163.39 0.245 0.613 0.085 0.212 10.405 26.012 3.596 8.991 

2007 75,000  30,000  0.30 15.704 6.282 45.433 18.173 4.60 189.24 0.293 0.732 0.101 0.253 12.051 30.126 4.165 10.413 

Mean 58,750  23,500  0.24 12.301 4.921 35.589 14.236 3.32 124.78 0.270 0.676 0.093 0.234 8.802 22.005 3.042 7.606 

Gabon  2004 875,000  350,000  3.50 183.212 73.285 530.054 212.021 50.00 444.90 0.273 0.682 0.094 0.236 2.428 6.071 0.839 2.098 

2007 850,000  340,000  3.40 177.977 71.191 514.909 205.964 43.94 1719.55 0.247 0.617 0.085 0.213 9.662 24.154 3.340 8.349 

Mean 862,500  345,000  3.45 180.594 72.238 522.482 208.993 46.97 1082.22 0.260 0.650 0.090 0.225 6.045 15.112 2.089 5.224 

All Africa Mean 1,878,270 751,308 7.51 393.281 157.312 1137.810 455.124 139.13 2366.36 0.354 0.884 0.122 0.306 6.017 15.042 2.080 5.199 
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Papua New Guinea 
 

Logged area: 

 

Logged area in PNG 1999-2002 was obtained from measured logged area 1972-2002 divided 

into individual years using relative change in annual timber exports 1972-2002 (Shearman et 

al., 2009).   

 

Wood production 

 

Annual log production from selective logging was obtained from SGS and the Bank of PNG 

reports (Shearman et al., 2009).  Log exports have been independently monitored by SGS 

since the mid 1990s, and the majority of the PNG timber industry is export based, 

nevertheless, this estimate of wood production is likely to be conservative because it does not 

include sawn timber production.   

Carbon released 

 

Gross carbon released due to selective logging was obtained from measurements reported in 

Chapter 3 and Chapter 4.  The average total forest biomass in unlogged forest in PNG is 

382.1 t ha-1 (Chapter 4), and 256.6 t ha-1 in logged forest, and total forest carbon killed after 

the first harvest  at PNG was 62.73 t ha-1 +/- 4.29 t ha
-1

 (including felling, skidding and 

roading, Chapter 4).  The ‘low’ estimate of damage for PNG was assumed to be 62.73 t ha
-1

 

as repeat harvesting within 35 years is common (Chapter 4).   In all four concessions 

surveyed in Chapters 3 and 4, on average 27% of post-logging basal area after the first 

harvest was made up of trees >=50 cm dbh.  Using basal area as a proxy for biomass, the high 

damage scenario is defined as an additional loss of 27% of logged forest biomass on top of 

62.73 t ha
-1

. This assumes that all trees greater than the PNG diameter cutting limit of 50 cm 
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will be removed in subsequent harvests. The ‘high’ estimate of gross carbon released from 

logging in PNG is therefore defined as 97.38 t ha
-1

.  A conversion ratio of 44/12 was used to 

convert gross carbon released to gross carbon dioxide.  Carbon emissions from soil damage 

were not included.  

Gross revenue 

 

Gross value of wood production in PNG was obtained from the ITTO (2003, 2005). 

Government/landowner revenue 

 

PNG has a system of customary land tenure whereby fees paid by the logging company, 

primarily through export taxes, royalty payments and premiums, are split between payments 

to the national government, the provincial government, and local landowner groups.  All 

government and landowner payments are included here as ‘Government/landowner revenue’, 

and were obtained for the years 1999-2001 from Forest Review Team (2002).  

 

Gross revenue, government revenue, annual area logged, gross carbon released and dollars 

generated from timber per tonne of carbon released through logging in PNG is shown in 

Table 27.  

 

Table 27: Gross revenue, area logged, government revenue and carbon released from logging in PNG. 

Year 

Wood 

production  

(million m3) 

Area 

logged 

(km2) 

Govt/lando

wner 

revenue 

($US 

million) 

Gross value 

($US million 

ITTO export 

value) 

Gross CO2 

released (million 

tonnes) 

Gross value 

$/tCO2 

Govt/landowner 

revenue $/tCO2 

Low  High  Low  High  Low  High  

1999 2.19 1922 54.217 246.39 60.57 94.03 4.07 2.62 0.90 0.58 

2000 2.26 1930 69.713 241.96 60.81 94.40 3.98 2.56 1.15 0.74 

2001 1.87 1850 30.629 115.32 58.31 90.52 1.98 1.27 0.53 0.34 

Mean 2.10 1901 51.52 201.22 59.90 92.98 3.34 2.15 0.86 0.55 
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Solomon Islands 
 

Wood production 

 

The volume of wood produced in the Solomon Islands between 2006 and 2009 was obtained 

from the Central Bank of Solomon Islands (CBSI 2009). 

Logged area 

 

The area being logged each year in the Solomon Islands has not been accurately mapped.  An 

assessment of the area logged in a selection of Solomon Islands concessions compared to the 

volume of wood produced found that the selected concessions were yielding on average 28.2 

m
3
/ha of merchantable wood (URS Sustainable Development 2003).  We estimated annual 

area logged by dividing the estimate of wood production by 28.2.   

Gross revenue and government revenue from logging  

 

Gross value of wood production and log export duty collected by the Solomon Islands 

government 2006-2009 was obtained from the Central Bank of Solomon Islands (CBSI 

2009).  We have included both log export duty and landowner fees in our estimate of 

'Government/Landowner revenue'.  Landowner fees were reported as being 15% of log value 

(URS Sustainable Development 2003), we therefore estimate landowner fees from the 

Central Bank estimate of gross wood value, and added this to the log export duty to estimate 

'Government/Landowner revenue'.   

Gross carbon dioxide released 

 

There are few studies of logging damage from Solomon Islands.  However, the Solomon 

Islands is part of Melanesia, and just like neighbouring PNG, the industry is dominated by 

Malaysian logging companies which use unsustainable damaging practices (URS Sustainable 

Development 2003).  We have therefore assumed that the forests targeted for logging in 
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Solomon Islands are comparable to lowland forests of neighbouring PNG, and that logging 

practices are similar, except that damaging repeat harvesting only is practised, and all trees 

greater than the diameter limit are removed.  We therefore used the ‘high’ estimate of average 

gross carbon killed though logging in PNG (97.38 t/ha), and multiplied it by annual logged 

area to estimate gross carbon released.  A conversion ratio of 44/12 was used to convert gross 

carbon released to gross carbon dioxide.  Carbon emissions from soil damage were not 

included.  

 

Gross value, government and landowner revenue, gross carbon dioxide emissions from 

logging in the Solomon Islands is shown in Table 28.  

Table 28: Gross value, government and landowner revenue, gross carbon dioxide emissions from logging in the 

Solomon Islands 

Year 

Wood 

production 

(million m3) 

Area 

logged (ha) 

Govt/ 

landowner 

revenue 

($US 

million) 

Gross 

value ($US 

million ) 

Gross CO2 

released 

(million 

tonnes) 

Gross value 

$/tCO2 

Govt/ 

landowner 

revenue 

$/tCO2 

2006 1.07 38,050 27.35 69.75 13.59 5.13 2.01 

2007 1.45 51,277 38.50 99.41 18.31 5.43 2.10 

2008 1.62 57,411 44.28 114.30 20.50 5.58 2.16 

2009 1.23 43,723 34.59 94.02 15.61 6.02 2.22 

Mean 1.34 47,615 36.18 94.37 17.00 5.54 2.12 

 

All nations 
 

A summary of best estimates of logged area, wood production, gross carbon dioxide released 

through logging and government and gross revenue generated by the selective logging 

industry in 10 tropical timber producing nations is shown in Table 29, and Figure 14 to 

Figure 19.  Population was obtained from the FAOSTAT database (FAOSTAT 2010).    
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Table 29.  Estimates of annual wood production, gross carbon dioxide released, gross value, government revenue from selective logging in 10 tropical timber producing nations. 

 

Country  Year 

Area logged ha /yr 

Wood production (million 

m3)/yr 

Gross CO2 released (million 

tonnes/yr) Gross value($US million/yr) 

Govern

ment 

revenue 

$US 

million/

yr 

Gross value $/tCO2 

Government 

revenue ($/tCO2) Pop. 

Low Mid High Low  Mid High Low Mid High Low Mid High Low Mid High Low Mid 

Hig

h (mill.) 

Countries with comparatively robust data 

Indonesia 

2000-

2005 659,041 999,777 1,340,513 34.25 73.78 113.30 157.07 352.56 548.05 9298.76 20033.41 30768.06 313.33 36.64 69.84 103.04 0.54 1.21 1.88 212.25 

Malaysia 

2006-

2008 526,853 526,853 526,853 26.34 52.69 79.03 125.57 170.48 215.39 4982.51 9965.02 14947.53 445.92 23.02 46.04 69.05 2.07 2.81 3.55 26.56 

Brazil 

1999-

2004 1,423,730 1,423,730 1,423,730 32.68 32.68 32.68 177.49 219.25 261.02 3046.35 4224.05 5401.74 1041.51 11.67 21.05 30.43 3.99 4.75 5.87 177.84 

Papua New 

Guinea 

1999-

2002 190,082 190,082 190,082 2.10 2.10 2.10 59.90 76.44 92.98 201.22 201.22 201.22 51.52 2.15 2.75 3.34 0.55 0.70 0.86 5.46 

Countries with comparatively uncertain data 

Solomon 

Islands 

2006-

2009 47,615 47,615 47,615 1.34 1.34 1.34 17.00 17.00 17.00 94.37 94.37 94.37 36.18 5.54 5.54 5.54 2.12 2.12 2.12 0.50 

Cameroon 

2004-

2005 124,018 313,197 502,375 0.50 1.25 2.01 25.97 165.15 304.33 186.03 475.63 765.23 58.84 2.48 10.19 17.91 0.47 1.37 2.27 17.62 

Central 

African 

Republic 2005 32,383 72,367 112,351 0.13 0.29 0.45 6.78 37.42 68.06 27.18 60.74 94.30 10.00 1.39 5.70 10.02 0.37 0.92 1.47 4.10 

Republic of 

Congo 2005 151,773 247,034 342,294 0.61 0.99 1.37 31.78 119.57 207.35 132.94 216.38 299.82 20.00 1.45 5.95 10.46 0.24 0.44 0.63 3.42 

Democratic 

Republic of 

Congo 

~2002

-2007 33,537 46,143 58,750 0.13 0.18 0.24 7.02 21.31 35.59 61.81 93.30 124.78 3.32 3.04 12.52 22.01 0.23 0.35 0.47 58.20 

Gabon 

~2004

-2007 265,322 563,911 862,500 1.06 2.26 3.45 55.55 289.02 522.48 332.91 707.57 1082.22 46.97 2.09 8.60 15.11 0.22 0.53 0.84 1.38 

All 

32000

s 3,454,354 4,430,708 5,407,062 99.15 167.56 235.96 664.13 1468.19 2272.25 18364.08 36071.68 53779.28 2027.59       507.33 

 

NB. Landowner payments are included in the estimate of government revenue for PNG and Solomon Islands due to Melanesia's unique customary land tenure system. Population  data was obtained from FAOSTAT (2010).. 
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Figure 14.  Low, mid and high estimates of government revenue collected from the logging industry as a percentage 

of gross value of the industry.  
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Figure 15.  Low, mid and high estimates of gross annual value of the logging industry in ten timber producing nations 

per capita. 

 

 
Figure 16.  Government revenue collected each year from the timber industry per capita. 
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Figure 17: Gross annual carbon dioxide emissions produced by logging compared to human produced emissions from 

fossil fuel burning. Average annual human produced carbon dioxide emissions from fossil fuel burning for the same 

date range as annual emissions from logging were obtained from CDIAC (2010), emissions for 2007-2009 were not 

available, therefore annual fossil fuel emissions for Solomon Islands, Malaysia, DRC and Gabon include pre-2007 

emissions only. 
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Figure 18.  Gross revenue per tonne of carbon dioxide emitted by the logging industry. 

 

 

Figure 19.  Government revenue generated per tonne of carbon dioxide emitted by the logging industry.  
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Net carbon dioxide emissions for a best (assuming 24% permanent deforestation long term), 

business as usual (assuming 50% permanent deforestation long term) and worst (assuming 

100% deforestation long term) for each nation are shown in Table 30.  Government revenue 

per net tonne of carbon dioxide emitted is shown in Table 31 and the gross value of the 

logging industry per net tonne of carbon dioxide emitted is shown in Table 32.  . 

 

 

Table 30.  Net carbon dioxide emissions (million tonnes per year) for best, worst and business as usual scenarios.  

Country  Year 

Best case  Business as usual Worst case  

Low  High  Low High Low High 

Indonesia 

2000-

2005 37.70 131.53 78.54 274.02 157.07 548.05 

Malaysia 

2006-

2008 30.14 51.69 62.78 107.70 125.57 215.39 

Brazil 

1999-

2004 42.60 62.64 88.75 130.51 177.49 261.02 

Papua New Guinea 

1999-

2002 14.38 22.32 29.95 46.49 59.90 92.98 

Solomon Islands 

2006-

2009 4.08 4.08 8.50 8.50 17.00 17.00 

Cameroon 

2004-

2005 6.23 73.04 12.98 152.16 25.97 304.33 

Central African 

Republic 2005 1.63 16.33 3.39 34.03 6.78 68.06 

Congo 2005 7.63 49.76 15.89 103.68 31.78 207.35 

Democratic republic 

of Congo 

~2002-

2007 1.69 8.54 3.51 17.79 7.02 35.59 

Gabon 

~2004-

2007 13.33 125.40 27.78 261.24 55.55 522.48 

ALL   159.39 545.34 332.07 1136.13 664.13 2272.25 
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Table 31: Government revenue collected per net tonne of CO2 produced by logging ($US/tCO2). 

Country Best case  Business as usual Worst case  

Indonesia 2.25 - 7.85 1.08 - 3 .77 0.54 - 1.88 

Malaysia 8.63 -14.8 4.14 - 7.1 2.07 - 3.55 

Brazil 16.63 -24.45 7.98 - 11.74 3.99  - 5.87 

PNG 3.22 - 4.03 1.55 - 1.93 0.77 - 0.97 

Solomon Islands 9.06 4.35 2.17 

Cameroon 0.79 - 9.44 0.38 - 4.53 0.19  - 2.27 

Central African 

Republic 
0.61- 6.15 0.29  - 2.95 0.15 - 1.47 

Republic of Congo 0.4- - 2.62 0.19  - 1.26 0.1 - 0.63 

Democratic Republic 

of Congo 
0.39 - 1.97 0.19  - 0.94 0.09  - 0.47 

Gabon 0.37 - 3.52 0.18 - 1.69 0.09  - 0.84 

ALL 3.78 - 13.64 1.81 - 6.55 0.91 - 3.27 

 
Table 32: Gross value generated per net tonne of carbon dioxide emitted by logging ($US/tCO2) in ten tropical timber 

producing nations.  

Country 

Gross value generated by logging per net tonne of carbon 

dioxide emitted ($US/tCO2) 

Best case  Business as usual Worst case  

Indonesia 
69.01 - 

791.08 
33.12 - 379.72 16.56 - 189.86 

Malaysia 
95.91 - 

493.55 
46.04  - 236.90 23.02 - 118.45 

Brazil 48.63 -118.72 23.34  - 56.99 11.67 - 28.49 

PNG 9.02 - 14.00 4.33  - 6.72 2.16 - 3.36 

Solomon Islands 23.13  11.10  5.52  

Cameroon 2.55 - 122.79 1.22  - 58.94 0.61 - 29.47 

Central African 

Republic 
1.66 - 57.95 0.80 - 27.82 0.40 - 13.91 

Republic of Congo 2.67 - 39.31 1.28 - 18.87 0.64 - 9.43 

Democratic Republic 

of Congo 
7.24 - 74.04 3.48 - 35.54 1.74 - 17.77 

Gabon 2.68 - 81.88 1.29 - 39.30 0.64 - 19.65 

All Africa 34.73 - 369.7 16.67 - 177.46 8.34 - 88.73 
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Discussion 
 

The value of the tropical logging industry 
 

The ten governments collected approximately $US 2 billion per year in the decade between 

1999 and 2009 - just 4-11% of the gross value of the industry.  The government revenue 

generated by selective logging is very low for all countries with the exception of Brazil, 

Indonesia and Malaysia.  This is a function of the large area being logged in these big three 

nations, and hence a much higher volume of wood being produced, and hence taxes, royalties 

and other fees collected.   

 

Logging in these ten countries was worth a gross $US18-54 billion per year to the logging 

companies, not including multiplier effects.  Approximately 95% of this timber is produced 

in Indonesia, Malaysia and Brazil – the biggest timber producing nations with the largest area 

of forest being logged each year.  These big three timber producing nations also generated 

46-72% of carbon dioxide emissions, again by virtue of the much greater area being logged 

compared to Africa and PNG each year.  There was considerable variation in how much gross 

timber value was being collected by tropical governments, especially in African nations – this 

is because there was so much uncertainty in both the area being logged and the volume of 

timber being produced, and hence the total value of the wood.    

 

In Malaysia, each state manages its own timber industry.  In 2008, the Auditor General of 

Malaysia (2008a) found that expenditure on running the forestry department in the state of 

Perak exceeded the revenue collected by the state from the logging industry.  Furthermore, 

expenditure on forestry by the state of Selangor accounted for 67% of revenue from taxes, 

royalties, fees, fines and other charges (Auditor General of Malaysia 2008b).  Both Perak and 

Selangor have relatively small areas of forest, and relatively low volumes of wood 
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production, but still had large state expenditure on forestry (Auditor General of Malaysia 

2008a,b).  In contrast, in the state of Sabah, where the industry still produces large volumes 

of wood, revenue greatly exceeds expenditure (Sabah Forestry Department 2007, Auditor 

General of Malaysia 2008c).  Clearly there is a minimum level of revenue required from 

commercial forestry to justify the costs to governments of administration of the industry.  

This is a particularly relevant point for small African nations with small areas of remaining 

forests producing low volumes of wood.  As both government revenue and wood production 

is low in most African nations (Table 29), it seems likely that appropriate administration of 

the industry would use a substantial proportion of the already low levels of government 

revenue.    

 

The governments of Brazil, the Solomon Islands and Papua New Guinea appear to be 

collecting the greatest share of the gross value of their timber (Figure 14).  In the case of 

PNG and the Solomon Islands, this might be because the industry is almost entirely oriented 

towards log exports, so gross value of timber is low compared to nations that produce 

proportionally higher value sawn, veneer or plywood (Indonesia, Malaysia and Brazil).  

Further, PNG and Solomon Island timber species usually achieve lower export prices than 

timber species from South East Asian countries. These data also suggest that nations with a 

concession-based fee and taxation system (Africa, PNG, Indonesia and Malaysia), capture a 

greater relative proportion of timber value when value in cubic metres is low (export of round 

logs), whereas when the value per cubic metre is high (sawn, veneer, plywood), concession 

systems capture proportionally less taxation.  This may be because land based fees stay the 

same even though the overall value of the wood product (sawn, veneer, plywood) is much 

higher.  Brazil did not have a concession-based system of forest fees and taxes for most of the 

time period examined in this analysis, so this might explain the greater percentage of gross 



 

 154 

revenue captured by the Brazilian government than by the Indonesian and Malaysian 

governments.  The comparatively large capture of gross timber value in Brazil could be 

because an industry report overestimated its contribution to public revenue, as no 

independent auditing of actual monies received was conducted. The large disparity between 

gross value of wood to the logging companies and government revenue results from the use 

of 'free on board' (FOB) price for taxation, while the gross value of the wood to the company 

is defined using the ITTO price at market in all cases except the Solomon Islands.  The 

differential between the two prices includes transport and other costs, a differential that is 

country, company and market specific, hence difficult to estimate.  

 

Per capita value of tropical logging 

 

The Democratic Republic of the Congo is the worst performer both in gross value and 

government revenue collected per capita each year, because of its comparatively high 

population and low volume, low value industry.  Gabon and Malaysia both have a high value 

industry per head of population, Gabon because it has a low population, and Malaysia 

because its wood production industry is both high value and high volume. The two nations 

with the lowest populations, the Solomon Islands and Gabon (0.5 and 1.3 million people 

respectively) also appear to be collecting a greater share of timber revenue in taxation per 

person compared to more populous countries.  Brazil, despite having a large industry in terms 

of wood volumes, performs badly in overall value of its industry per capita - even though 

Brazil's industry is worth $US3-5 billion per year (Table 29), its population is very large.   

 

The overall gross value of wood production for half of the 10 nations studied was less than 

$US100 per person per year, not including multiplier effects. A fraction of this value goes 
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offshore as a result of foreign ownership, and equipment, supplies and staff sourced from 

overseas.  The major foreign-owned logging company in PNG, Rimbunan Hijau, estimated 

that the company annually spent approximately 48% of its annual gross value in PNG, 

assuming ‘Free On Board’ (FOB) prices of timber (ITS Global 2007).  This is likely to be an 

overestimate. Therefore, total value to the host nation for half the nations with a gross value 

of less than $US100 per person per year, assuming foreign ownership, is likely to be, at the 

very highest, $US 48 per person per year, and most likely considerably lower.  In addition, as 

Figure 16 shows, the monetary return to public finances for most countries is less than $US10 

per person per year.  This is clearly not sufficient either to fund measures to counter the 

negative consequences of the carbon emissions produced by the logging industry, nor to fund 

the basic services required to replace those lost through degradation of the forest ecosystem 

that previously supplied these services.  There is simply not enough value generated by the 

industry to go around.   

 

Carbon emissions from tropical logging 

 

Direct burning of fossil fuels by humans amounted to approximately 0.8 billion tonnes per 

year of carbon dioxide in these ten nations (CDIAC 2010) compared to the 0.6-2.2 billion 

tonnes per year of gross carbon dioxide emitted by logging (Table 29)  This means that 

annual emissions from tropical logging were 0.75-2.75  times as high as emissions from fossil 

fuel burning. In African nations, PNG and the Solomon Islands, carbon dioxide emissions 

from the logging industry were at least an order of magnitude greater than emissions from 

burning of fossil fuels, and half to twice as much in Brazil and South East Asia (Figure 17).   
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PNG, Solomon Islands and the Central African nations appear to be the worst performers for 

value generated per tonne of carbon dioxide emitted by the logging industry (Figure 18).  

This is because African and Melanesian forests have comparatively low timber stocks per 

hectare, and the industry has been oriented around low value, low yielding exports of round 

logs (Gabon has recently implemented a ban on log exports).  In contrast, the forests of South 

East Asia contained the highest timber stocks, producing a much higher volume of timber per 

hectare, with Brazilian forests yielding at an intermediate level.  Indonesia and Malaysia both 

have logging industries releasing comparatively large volumes of emissions per hectare, but 

harvest intensities are up to an order of magnitude greater than those achieved in PNG, the 

Solomon Islands and Africa. The overall value of the industry is greater in Indonesia and 

Malaysia, as more wood is produced per tonne of carbon dioxide emitted, and per hectare 

logged.  Brazil is intermediate between Southeast Asia and Africa/Melanesia both in terms of 

wood produced per hectare logged, and carbon emissions.   

 

For low or moderately low yielding, lower value timber industries in Africa, Melanesia and 

for the lower estimates for Brazil, even a modest price on carbon is competitive with gross 

revenue earned by logging companies (Figure 18).  The same is not true of the high yielding, 

high value forests of Indonesia and Malaysia.  For low yielding, low value, logging industries 

(e.g. all current industries in PNG, Solomon Islands and Africa), the revenue generated by the 

industry is very low for the volume of emissions it produces.  On the other hand, in terms of 

government revenue being retained by tropical nations, a modest price on carbon (less than 

$6 per tonne of carbon dioxide emitted for Brazil and Malaysia, and less than $3 for all other 

countries) would bring greater financial return than logging (Figure 19).  
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The data we have presented on carbon dioxide emissions caused by logging refers to gross 

emissions.  If forests are left undisturbed after logging, carbon can be sequestered through 

forest regeneration over centuries (Berry et al., 2010).  Whilst the gross value of the industry 

is high for Indonesia and Malaysia, even in the best case scenario of forest recovery, 

government revenue is very low per tonne of carbon emitted (Table 30, Table 31).  A modest 

price on carbon (less than $US25 per tonne in Brazil, and less than $15 everywhere else) 

would bring greater financial value to tropical nations than the logging industry.   

 

Conclusion 

 

For most countries a conventional native forest logging industry under present taxation 

regimes is not financially justifiable in terms of carbon emissions being generated, especially 

when it is considered that tropical governments will have to fund programs to combat the 

negative impacts of climate change caused by carbon emissions.  Not only will addressing the 

negative consequences of climate change have to be funded, but as in the cases of the 

Malaysian states of Perak and Selangor (Auditor General of Malaysia 2008a,b), state 

expenditure on forestry can cost more than the revenue it generates.  The increased burden on 

public finances created by the degradation of the local forest economy that existed prior to 

commencement of logging also needs to be considered.  Per capita government revenue for 

most countries is quite simply too low to ever be able to replace basic services for a 

reasonable proportion of their population.  This further highlights that, at least for the low 

yielding, low value industries in Africa, Solomon Islands and PNG, the costs of the logging 

industry in terms of carbon emissions, administration and losses of forest services to the local 

community is hard to justify, considering the very low value per person, and very low 

government revenue generated per tonne of carbon emitted.  
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These data suggest that there is a case for ceasing industrial logging of native forests in 

favour of either ecosystem service payments or carbon payments  in these nations, or even in 

favour of supporting local non-industrial forest economies.  At the very least, these data call 

into question the proposition that promoting industrial logging is an appropriate means of 

bringing basic services to local communities. In terms of government revenue per tonne of 

carbon emitted the governments of Malaysia, Brazil and Indonesia would theoretically be 

better off shutting down the industry, if indeed the carbon value could be provided in 

compensation.  
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Chapter 6. Politics of REDD in PNG 
 

While the desirability of reducing carbon inputs to the atmosphere through a scheme like 

REDD is established (Chapters 2-5), the politics of implementation needs to be considered.  

Since REDD was first presented by the PNG government at the 2005 Montreal UNFCCC 

meeting, the government of PNG has been embroiled in a series of forest-carbon-related 

scandals.  Not only has REDD in PNG been fraught with scandal, but forest and forestry 

policy in general has been plagued by corruption and mismanagement.  The scandals 

surrounding REDD development in PNG fits within a broader decades-long history of 

mismanagement of forests and the logging industry.  In this chapter, the role of governance 

and forest politics in the evolution of REDD policy in PNG is examined, with particular 

attention to the fundamental disconnection between the need to deal with the logging industry 

for a successful REDD and the reality of how REDD policy has been conducted in PNG.  

 

Overview of PNG governance and economy 

 

Before discussing in detail the REDD-related scandals that have occurred in PNG, it is 

important to understand the governance and forest management system in PNG and the 

history of the forestry sector.  Available evidence indicates humans first arrived in PNG 40-

60,000 years ago, and PNG is one of first places on Earth where agriculture began, 

approximately 9,000 years ago (Gorecki 1986).  Pre-historic crops included sugarcane, 

banana, yams, taro, sago and Pandanus, with sweet potatoes and pigs arriving approximately 

300-400 years ago (Gorecki 1986).  Like most other places outside Europe, between the 17
th

 

and 20
th

 centuries PNG was annexed in various waves of European colonialism.  Germany 

took control of northern PNG (German New Guinea) in 1884, and Australia southern PNG 
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(Papua) during World War One.  After the war Australia gained control of northern PNG as 

well, and continued to administer both territories until Papua New Guinea became an 

independent nation in 1975 (Shearman 2008).   

 

Throughout the colonial period in PNG, traditional indigenous structures of land ownership, 

tenure and usage rights, administered by local traditional customs remained relatively intact.  

When PNG seceded from Australia, a new constitution was drawn up, into which recognition 

of customary ownership and traditional land use rights by PNG’s 800 different language or 

clan groups was included.  To this day, 97% of land in PNG is under customary ownership 

(Shearman 2008).  Customary land ownership, land use and clan or tribal membership are 

central features defining life for all PNG citizens.  These factors shape and drive every aspect 

of PNG’s society, politics and culture. 

 

Post independence PNG functions as a parliamentary democracy with three tiers of 

government – local, provincial and national.  There are 109 members in the national 

parliament each elected for fixed five year terms from 19 provinces and one district, the 

National Capital District, consisting of Port Moresby, the nation’s capital.  Since the last 

elections in 2007, Southern Highlands province has been split into three provinces.  Hela and 

Jiwaka provinces in which major liquefied natural gas developments are located have 

separated from the rest of Southern Highlands Province.  There are three main regions in 

PNG, the New Guinea Islands region, consisting of the island provinces of New Britain, New 

Ireland, Milne Bay, Manus and the Autonomous Region of Bougainville, the Southern region 

consisting of the mainland provinces covering mostly lowland terrain in Central, Western, 

Gulf and Oro provinces, the Momase region covering the lowland provinces on the north 

coast (Morobe, Madang, East Sepik and Sandaun) and the Highlands region consisting of all 
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provinces in the rugged mountainous interior.  The logging industry has been concentrated in 

the island provinces, later extending to the lowland forests on the mainland (Shearman & 

Bryan 2011).  

 

Government revenue in PNG comes mostly from tax receipts (78%), with foreign grants 

(17%) being the next biggest revenue source (Bank of PNG 2010), Australia is the biggest 

provider of foreign aid to PNG, but China has become increasingly important in recent years.  

In present day PNG, there is a two-tiered economic system.  Approximately 87% of the PNG 

population is rural (FAOSTAT 2011), mostly living outside major towns in traditional rural 

villages where the main industry supporting the bulk of the population is subsistence 

agriculture.  Provision of services, such as healthcare, education and infrastructure, to rural 

citizens by PNG’s elected representatives and national government institutions has been poor 

since independence.  In 2011 PNG ranked a lowly 153 out of 187 nations on the Human 

Development Index, below Burma and slightly higher than Haiti (UNDP 2011).  Resentment 

of the weak record of service delivery, and the disparity between the life style of elected 

representatives and government employees based in the capital Port Moresby and that of 

most Papua New Guineans is regularly expressed by PNG’s rural majority.   

 

The second tier of economic activity, in cash terms vastly outweighing the subsistence 

economy upon which most PNG citizens rely, is the export of natural resources, which 

totalled K15,277 million (~$AUD6,111) in 2010.  The biggest source of revenue from 

exports is minerals, especially gold, copper, and oil, which together accounted for 81% of the 

cash value of PNG exports in 2010 (Bank of PNG 2010).  Agricultural and fisheries exports, 

such as fish, oil palm, copra, coffee, tea and cocoa accounted for 15% of total export value, 

and round logs exported by the logging industry accounted for 5%.  The modern day PNG 
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cash economy is dominated by the export of minerals and oil, but the majority of its citizens 

rely primarily on local subsistence economies.  

 

Logging industry and forest governance 

 

Whilst the logging industry in PNG is relatively insignificant compared to PNG’s mineral 

wealth, its activities impact on a vast area of PNG’s land surface.  By 2005, 10.5 million 

hectares had been acquired and allocated as logging concessions covering approximately 

24% of PNG’s land surface, with 5.25 million hectares being in active operation (Shearman 

et al., 2008).  Prior to independence, logging in PNG was restricted to a small geographical 

area, and produced small volumes of timber.  After independence, a major increase in both 

the area of forests being logged and the volume of logs being harvested occurred (Figure 20).  

The post-independence logging industry in PNG is oriented around the harvest and export of 

round logs. In 2010 export of round logs accounted for 94% of total wood production in PNG 

(ITTO 2010).   
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Figure 20.  Log exports in thousands of cubic metres from PNG 1971 to 2010 (Shearman et al., 2008, Bank of PNG 

2007, 2008, 2009, 2010).  The beginning of the Asian financial crisis in 1997 and the global financial crisis in 2007 are 

shown as dashed lines and precipitate major falls in log production and export.  

 

Since independence, the logging industry has been dominated by Malaysian-owned 

companies.  Most logs are exported to China, Korea and Japan (Shearman et al., 2008).  

Companies owned by the Sarawak-based Tiong family , namely Rimbunan Hijau and WTK 

Realty, control 55% of log exports from PNG, with other Malaysian based companies 

controlling an additional 9%.  Altogether, Malaysian companies control 64% of PNG’s wood 

production (Bun et al., 2004).   

 

From independence until 1991, the logging industry operated according to the Private 

Dealings Act (1976) as summarised by Bun et al. (2004):    

 

“Prior to 1991 the state was able to acquire rights for the development of forest resources 

through Timber Rights Purchases and the provisions of the Private Dealings Act. Timber 

Rights Purchases (TRP), which were the main instrument for large scale timber extraction, 
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enabled the state to obtain the rights over the resources of a given concession area and to 

issue a permit to a selected industry participant to develop it. Conditions of forest 

management, environmental protection and royalty payments are all elements of a permit. 

The royalty was variously divided between the landowners and the provincial and national 

government. Under the TRP system, Department of Forestry officers would go into the field, 

consult the owners and purchase timber harvesting rights for a period of years by gaining the 

signatures of all customary owners. Following this activity, the minister would then grant a 

permit to exploit the timber subject to appropriate conditions on the permitted timber 

company.” Bun et al., 2004 p5  

 

Logging was administered by the then Department of Forestry, with each local provincial 

branch effectively administering agreements with logging companies within their own 

borders.  In practice, the behaviour of logging companies over this period was poor, and led 

to widespread concern in PNG, resulting in a major government backed inquiry into the 

industry in the late 1980s, The Barnett Inquiry.  The reports produced by the inquiry 

famously concluded that PNG’s timber industry and forest management were “out of control” 

(Commission of Inquiry Interim Report No 4 Vol 1).  The Barnett (1989) Inquiry investigated 

the PNG logging industry after years of allegations of corruption and abuse at the hands of 

logging companies and the government.  In a series of reviews the commission of inquiry 

found widespread bribing of politicians and officials by logging companies, failure to adhere 

to forestry laws, as well as widespread tax evasion via transfer pricing, by misreporting of 

species, by under-reporting of timber volumes, and by suspect invoicing to third parties.  The 

reports from the Barnett Inquiry on New Ireland province concluded:  

"It would be fair to say, of some of the companies, that they now roam the countryside with 

the self-assurance of robber barons; bribing politicians and leaders, creating social 

disharmony and ignoring laws in order to gain access to, rip out, and export the last 

remnants of the province's valuable timber. These companies are fooling the landowners and 

making use of corrupt, gullible and unthinking politicians. It downgrades Papua New 

Guinea's sovereign status that such rapacious foreign exploitation has been allowed to 

continue with such devastating effects to the social and physical environment, and with so 

few positive benefits. It is doubly outrageous that these foreign companies have then 

transferred secret and illegal funds offshore at the expense of the landowners and the PNG 

Government." (Commission of Inquiry Interim Report No 4 Vol 1). 
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As a result of the Barnett Inquiry, a major overhaul of PNG forestry laws and management 

was undertaken, the Department of Forestry was disbanded, and the Forestry Act (1991) was 

drawn up and enacted into legislation.  Government management of forests and forest 

agreements regarding the payment of fees and royalties within separate provincial branches 

was centralised.  In 1993 a new entity, the Papua New Guinea Forest Authority (PNGFA) 

headquartered in Port Moresby came into being as the government department charged with 

managing PNG’s forest estate on behalf of PNG citizens, with the Forestry Act (1991) as the 

main piece of legislation under which it operates. In addition to the Timber Rights Purchases 

(TRPs), new concessions could now be allocated according to Forest Management 

Agreements (FMAs). The PNGFA is overseen by a National Forest Board, whose 

membership includes the Managing Director of the PNGFA, the PNG Forest Minister, a 

representative from the Department of Environment and Conservation, and an NGO 

representative.  The NGO representative was briefly abolished in the late 2000s before being 

reinstated.   

 

Under the Forestry Act, logging companies can no longer negotiate directly with landowners 

or provincial forests agencies to set up a logging concession.  PNG customary landowners are 

prohibited from dealing directly with logging companies wishing to set up a logging 

operation on their land, the purpose being to overcome the exploitation of customary 

landowners with respect to payments and conditions.  Instead, the PNGFA acquires the 

timber rights of forest land directly from landowners subject to landowner agreement.  

PNGFA then arranges an agreement or license with a logging company on behalf of 

landowners under an FMA, and also pays landowners royalties on the basis of the volume of 

timber harvested.  Logging companies make payments to the PNGFA, and the PNGFA then 

makes payments to landowners with a percentage going to the national and provincial 
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governments.  The revised FMA approach to administering logging concessions applied 

additional guidelines for harvesting practices in an effort to reduce the damaging logging 

occurring under the previous TRP system.  In 1996 the PNG Logging Code of Practice 

(1996) came into being, under which harvest guidelines according to the principles of 

Reduced Impact Logging (RIL) were specified.  These include a minimum diameter limit for 

harvesting trees, guidelines for felling procedures, restrictions of road size and location, 

protection of waterways, and worker safety procedures.  Logging concessions operating 

under FMAs are assessed by PNGFA officers residing in or near the concession for 

compliance with these harvesting guidelines, and log exports from PNG are independently 

monitored by Société Générale de Surveillance (SGS). . 

 

Overview of forestry in PNG 1990s to REDD 
 

Despite the reforms of the 1990s, with increased centralised oversight by the PNGFA and the 

National Forest Board, and the move towards FMAs operating according to the principles of 

RIL, by the mid to late 2000s there had been little or no improvement in the behaviour of 

logging companies.  A series of government sponsored reviews of logging concessions and 

government oversight of the industry in the 2000s found: very few concessions were adhering 

to the PNG Logging Code of Practice; widespread allegations of bribery of government 

officials by logging company staff; failure of logging companies to adhere to forestry laws 

under the Forestry Act; failure to gain consent of landowners; and, abuse of process, with 

little regard for worker safety (Forest Trends 2006a, b). Labour practices were described in 

one concession (Wawoi Guavi) as ‘“Appalling and cannot be measured against any standard” 

(Forest Trends 2006a, p25).   One author of one the forestry reviews conducted in 2003 

concluded with reference to the activities of foreign-owned logging companies: 
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“The robber barons are now as active as they ever were.  They are not only free to roam, but 

are in fact encouraged to do so by persons whose proper role is to exercise control over 

them” (Forestry and Conservation Project Review Team 2003, p1).  

 

Corruption, bribery, failure to adhere to forestry laws, human rights abuses, and exploitation 

of land owners by logging companies in the 2000s have been documented by NGOs and 

donor organisations (ACF 2006, ODI 2006), as well as the government review teams.  The 

Malaysian company Rimbunan Hijau, controlling 55% of wood production in PNG, was 

singled out as especially poor (Bun et al., 2004, Forest Trends 2006a, b).  The behaviour of 

the Chairman of the National Forest Board, secretary to the Department of Environment and 

Conservation, Dr Wari Iamo, was described as ‘improper’ and an attempt to circumvent the 

Forestry Act (Forestry and Conservation Project Review Team 2003, p9).  In a landmark case 

beginning in 2006, on behalf of local customary landowners, the environmental  NGO the 

EcoForestry Forum (EFF) successfully challenged the allocation of a logging concession by 

PNGFA to Rimbunan Hijau, the same company singled out for poor behaviour by earlier 

government sponsored reviews.  The court case was over the legality of the process used by 

PNGFA to allocate the Kamula Doso region in Western province.  The court found in favour 

of the landowners, declaring the allocation process unlawful and the allocation of Kamula 

Doso as a logging concession null and void.     

 

In response to the ongoing failure of reforms to the logging industry in the 1990s and 2000s, 

and the ongoing corruption and illegality within the forestry sector, another major restructure 

of the PNGFA under a new Managing Director was undertaken in 2009.  Under this 

restructure, retrenchments of staff were undertaken, and a large intake of new staff hired.  In 
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some cases, entire divisions down to the clerical workers were restaffed with new recruits.  

Since then, efforts by the new PNGFA administration to overcome endemic corruption and 

mismanagement of forestry in PNG have been described as ‘encouraging’ (Laurance et al., 

2011)   

 

Special Agricultural Business Leases 
 

The forestry industry is not the only driver of deforestation and degradation in PNG.   Until 

2002, clearance of forests for large scale agriculture has, in contrast to neighbouring 

Southeast Asia, been minimal (Shearman et al., 2009).  However, this may be changing. The 

National Agricultural Plan for PNG includes a process of land acquisition called ‘Special 

Agricultural Business Leases’ (SABL) whereby the Department of Agriculture and Livestock 

under the Lands Act can acquire customary land and lease it to a company under a 99 year 

lease for the purpose of agricultural development (Laurance et al. 2011).  The agencies 

primarily responsible for issuing SABLs are the Department of Agriculture and Livestock 

(DAL) and the Department of Lands.  

 

Once an SABL has been acquired, a Forest Clearance Authority for forested land under an 

SABL is issued by PNGFA, and the land can then be clear-felled.  That is, under the National 

Agriculture Plan SABLs can be used to bypass the Forestry Act (1991), and all associated 

regulations governing the PNGFA.  Since their creation, a total of approximately 5.3 million 

hectares of PNG, mostly forested land, has been acquired under SABLs, meaning that they 

can now be clear-felled (Figure 21, Bryan & Shearman 2010, Laurance et al., 2011).  In 

addition, in 2010 the government of PNG amended the Environment Act, such that the 

Secretary of the for the Department of Environment and Conservation can now allow 

development proposals, including SABLs, to bypass all PNG’s environmental laws, including 



 

 169 

the Forestry Act (1991) if the Department of Environment and Conservation (DEC) deems 

the project to be ‘in the national interest’.  The secretary for DEC is the same Dr Wari Iamo 

who was singled out for improper behaviour and attempts to circumvent forestry laws in his 

time as Chairman of the National Forest Board (Forestry and Conservation Project Review 

Team 2003).  The ability of land owners to sue resource developers for any environmental 

damage caused by a project deemed to be ‘in the national interest’ has also been removed.  In 

effect, resource developers or logging companies can now bypass laws governing the forestry 

industry and clear-fell forest using a SABL, and can now fail to abide by other environmental 

laws with the approval of the Department of Environment and Conservation.   

 

Figure 21.  Location of Special Agricultural Business Leases (SABLs), with boundaries shown in white, covering 5.3 

million hectares of PNG (UPNG Remote Sensing Centre 2012).  

 

Key land rights afforded to customary land owners under the PNG constitution have 

effectively been stripped away (Laurance et al., 2011).  Thus, although deforestation for 

industrial agricultural has played only a minimal role in deforestation in PNG up until now, it 

is likely that the deforestation for oil palm plantations that has swept over much of 
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neighbouring Indonesia and Malaysia (Hansen et al., 2008, Koh et al., 2011) is likely to 

occur in PNG as well.  At present, the majority of the SABLs may be best interpreted as 

attempts by logging companies to circumvent control of their activities by the PNGFA under 

the Forestry Act, and to set up logging concessions under the guise of oil palm projects 

(Laurance et al., 2011).   

 

REDD and governance in PNG    
 

In parallel with the development of the SABLs under the National Agricultural Plan, the PNG 

government was also heavily involved in the international push for a market based REDD 

scheme in its role in the Coalition of Rainforest Nations (Chapter 1).  The Coalition of 

Rainforest Nations was headed by Kevin Conrad, a US citizen born in PNG.  Kevin Conrad 

has been PNG’s representative at UNFCCC meetings since 2005.  At first glance, the casual 

observer could be forgiven for being confused by the contradiction between the actions of the 

PNG government under its SABLs, whilst simultaneously proposing to reduce deforestation 

and degradation under REDD.  The rhetoric of REDD policy aimed at reducing deforestation 

and degradation, and the reality of issuing permits to clear fell 5 million hectares of forest are 

a continuation of previous corrupt political processes related to forests.  

 

The Kamula Doso carbon scandal 

 

There have been two phases of REDD development by the PNG government.  In 2008 under 

The National Executive Council decision (56/2008), the Somare government set up the 

Office of Climate Change and Carbon Trading (OCC), later called the Office of Climate 

Change and Environmental Sustainability, to deal with REDD policy development and the 

issuance of carbon trading permits and credits.  Before 2008, carbon trading and REDD 
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policy development was run out of the Prime Minister’s Department, that of Michael Somare.  

His chief of staff Theo Yasause headed the department that issued a series of carbon credits 

covering areas of forest in PNG to a number of firms. Yasause was later appointed as the 

head of OCC, which issued more carbon credits from 2008 onwards.  In 2009, a series of 

documents issued by the OCC and the Prime Minister’s Department, were published by 

journalists writing for The Economist magazine and Reuters News Agency.  On 3 November 

2008, the OCC had issued 1 million tonnes of what were titled “Series Number B1” voluntary 

carbon credits covering the Kamula Doso forest region to a company called “Nupan”, listed 

as ‘maturing’ in January 2012:  

 

“This document is produced pursuant to the United Nations Framework Convention on 

Climate Change (UNFCCC) under the Reduced Emissions from Deforestation and 

Degradation (REDD) initiative and confirms voluntary participation and commitment to real 

and measurable long term benefits of Clean Development Mechanisms.  The issuer warrants 

that the Carbon Sink will be maintained until maturity...this certificate confirms ownership of 

the Kamula Duso (sic) REDD project” 

(http://2.bp.blogspot.com/_fIlmKTNSNAY/SiqC26CidiI/AAAAAAAAAKA/nakQVT3nooc/

s1600-h/credit+b1.jpg) 

 

The certificate of voluntary carbon credits issued over Kamula Doso was signed and sealed 

by Theo Yasause, the Executive Director of the OCC and former secretary to the Prime 

Minister’s department, and carried official OCC letterhead.  The difficulty with the issuance 

of voluntary REDD carbon credits to Nupan were twofold.  Firstly, there was and is no 

existing REDD initiative allowing for the trading of carbon credits under the UNFCCC.  

Negotiations for a REDD proposal under the UNFCCC are still being negotiated at UN fora.  
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There is no UNFCCC REDD mechanism under which REDD carbon credits can be certified 

or traded.  Secondly, the OCC had no legislative basis for acquiring forest carbon rights 

belonging to PNG customary landowners, nor any legal right to on-sell them to third parties.  

The only legislative mechanism allowing the acquisition of forest rights and their on-selling 

to third parties is their acquisition by the PNGFA under the Forestry Act (1991).  Hitherto all 

acquisitions under the Forestry Act (1991 have been timber rights allocated under logging 

concessions.   

 

Not only did the OCC not have any legislative basis for acquiring or on-selling carbon credits 

from PNG’s forests, the PNGFA had in fact previously acquired the timber rights for Kamula 

Doso under the Forestry Act (1991) and was in the process of allocating the area as a logging 

concession.  Timber and carbon credits over unlogged natural forests are mutually exclusive. 

Either the carbon can remain standing and be sold as a carbon credit, or the carbon can be 

released and sold as timber; the two cannot co-exist by their very definition.  The Department 

of Agriculture and Livestock and Department of Lands had also issued a series of SABLs 

covering the entire Kamula Doso region (Figure 21), allowing for the area to be clear felled 

for agriculture. One hand of government was selling timber rights, a second hand was selling 

permission for agricultural clearance, whilst a third was selling carbon credits on the basis 

that no logging or clearance was going to occur over the same area of forest. 

 

Furthermore, the validity of the acquisition of timber rights by PNGFA at Kamula Doso at 

the time that Yasause issued the credits was being disputed in the national court by the Eco-

Forestry Forum (EFF) on behalf of the landowners of the Kamula Doso forests.  There was a 

court injunction preventing the allocation or sale of forest rights at Kamula Doso to third 

parties. The courts subsequently found in favour of the landowners and EFF, and the 
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allocation of the timber rights of Kamula Doso by PNGFA was ruled invalid.  There was no 

commencement of logging at Kamula Doso.  In any case, even if the OCC had had any 

legislative basis to acquire and on-sell carbon credits (which they did not) the fact that the 

PNGFA failed allocation of timber rights pre-dated the issuance of carbon credits, and the 

fact that the matter was being disputed in the courts at the time of their issuance must 

necessarily have invalidated them.  

 

The April Salumei carbon scandal 

 

The scandals associated with Kamula Doso and Nupan are by no means the only ones that 

have plagued REDD development in PNG.  A memo written by the Executive Director of the 

OCC, Theo Yasause on 12 June 2008 asked the Prime Minister Michael Somare to sign off 

on a deal in which the companies Earth Sky and Climate Assist would be issued 33 million 

tonnes of carbon credits worth $US 500 million covering eight of PNG’s 20 provinces.  In 

this memo, Yasause argued that 20% of the $US 500 million value of the carbon deal would 

go to the Office of Climate Change, and that the companies had offered an additional $AU10 

million to assist “setting up the Office of Climate Change and Environmental Sustainability” 

(http://www.redd-monitor.org/wordpress/wp-

content/uploads/2009/06/png_april_salome_letters.pdf).  As Chris Lang from the internet site 

REDD-monitor argued, “it’s difficult to avoid the suspicion that this was little more than a 

bribe”.   In a letter, again on official OCC letterhead signed by Yasause to a company called 

“Hunstein Range Holdings”, who purported to represent landowner groups dated 20
th

 of 

September 2008, Yasause wrote the following: 
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“I am in receipt of your landowner resolutions empowering both you and me to act on behalf 

of the Landowners to produce and sell carbon credits in the Forest Management Area (FMA) 

in April Salome (sic) area, Ambunti, East Sepik Province Papua New Guinea.  I hereby 

accept the responsibility as Designated National Authority (DNA) and will assist you with 

identifying an investor, in particular Earth Sky Ltd” http://www.redd-

monitor.org/wordpress/wp-content/uploads/2009/06/png_april_salome_letters.pdf  

 

As director of the OCC, Yasause also signed a “letter of approval” on 4 November 2008, for 

the April Salumei FMA to be considered as an “avoided deforestation” or “voluntary 

emissions reduction” project with a view to participating in the voluntary carbon market.  On 

18 November 2008, in a letter to the director of OCC (Theo Yasause), the then Prime 

minister Michael Somare said “I am directing you [Yasause] to look for responsible entities 

to assist with the release of payments for eco-systems services...I would appreciate your 

support for the April Salome FMA project to be a pilot project for environmental eco-

services” (http://www.redd-monitor.org/wordpress/wp-

content/uploads/2009/06/png_april_salome_letters.pdf).  In 2009, South Pole Carbon Asset 

Management Ltd, in association with ‘project owner’ EarthSky, was selling carbon credits 

from April Salumei on the voluntary carbon market (http://www.redd-

monitor.org/2009/06/07/anatomy-of-a-deal-the-april-salome-redd-project-in-papua-new-

guinea/).   

 

Clearly both the then Prime Minister Somare and the executive director of the OCC were 

aware that April Salumei is an FMA.  The problem with the actions of both Somare in 

directing the OCC to find an ‘entity’ to assist with payments for carbon retained at April 

Salumei, and Yasause in approving the April Salumei FMA as a voluntary avoided 

http://www.redd-monitor.org/wordpress/wp-content/uploads/2009/06/png_april_salome_letters.pdf
http://www.redd-monitor.org/wordpress/wp-content/uploads/2009/06/png_april_salome_letters.pdf
http://www.redd-monitor.org/2009/06/07/anatomy-of-a-deal-the-april-salome-redd-project-in-papua-new-guinea/
http://www.redd-monitor.org/2009/06/07/anatomy-of-a-deal-the-april-salome-redd-project-in-papua-new-guinea/
http://www.redd-monitor.org/2009/06/07/anatomy-of-a-deal-the-april-salome-redd-project-in-papua-new-guinea/
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deforestation project, is that the OCC neither had nor has to this day, any legal basis upon 

which to acquire any sort of forest rights from PNG landowners, nor to manage or on-sell 

these rights to third parties, nor any legal or constitutional role in managing Forest 

Management Areas (FMAs).  The only legal basis for acquiring, managing and on-selling 

forest rights on behalf of PNG landowners rests with the PNGFA under the Forestry Act 

(1991).  Under the same Act, the PNGFA, not the OCC, can set up and administer FMAs.  By 

the end of 2008, the OCC under a directive from the then Prime Minister were acting 

contrary to PNG’s law by circumventing the PNGFA and the Forestry Act (1991) and 

orchestrating the sale of carbon credits from an FMA.  

 

The “Carbon cowboys” scandal 

 

By 2008, carbon fever had well and truly taken hold in PNG.  There were reports of ‘carbon 

cowboys’ roaming the PNG countryside, including PM Somare’s nephew, getting customary 

landowners to sign up to carbon deals on the promise of huge cash returns from carbon 

trading  (http://www.redd-monitor.org/2009/07/24/more-on-pngs-carbon-cowboys/).  One 

prominent self-styled ‘carbon cowboy’ was the Australian born former Philippino cock-

fighting kingpin and head of Nupan, Kirk Roberts, whom Yasause as  

OCC director had authorised as official trading partner for the controversial Kamula Doso 

concession.  In an interview with Australian journalist Brian Thomson aired on SBS 

television, a local landowner from Kamula Doso claimed he had signed up to the agreement 

with Nupan after being threatened at gunpoint.   

 

Whilst Kamula Doso and April Salumei have been the most prominent of the REDD-related 

carbon scandals, the irregular deals with foreign carbon trading companies were by no means 
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limited to these two areas of forest.  Overall, the Office of Climate Change and Carbon Trade 

under Theo Yasause, and prior to that from the Prime Minister’s Department, had issued 

millions of dollars worth of carbon deals to foreign carbon trading companies over at least 39 

different locations in PNG (The Economist 2009).  Yasause claimed that, despite his 

signature and seal on the certificates issued to foreign carbon trading companies, the 

documents were not real, were samples that he had mocked up within the OCC to see what 

they would look like, had been stolen from his drawer in his office, and the OCC had ceased 

dealings with Nupan (Loder 2009).  However, he made these claims only after the scandal 

had broken in The Economist (2009) and Reuters.  In 2009, the PNG government began an 

investigation into the carbon scandals within the OCC (http://www.redd-

monitor.org/2009/07/02/png-update-yasause-suspended-dodgy-carbon-credits-and-carbon-

ripoffs/), which resulted in Yasause being suspended and the OCC being disbanded 

altogether.  On behalf of Nupan, a spokesman for Carbon Planet, a fourth party company that 

Nupan had dealt with over the Kamula Doso carbon credits, claimed that the Kamula Doso 

credits were ‘symbolic’ only (Loder 2009b).  It was not explained why Carbon Planet had 

invested $1.2 million in carbon projects in PNG including Kamula Doso for credits that were 

‘symbolic’ only (Loder 2009b).  In 2011, Theo Yasause was arrested for matters unrelated to 

his actions in the OCC.  He was arrested, and is currently being held in Bomana prison Port 

Moresby for allegedly shooting dead a former PNG national rugby league player in the early 

hours outside a popular Port Moresby nightclub (The Australian 2011).   

 

After the OCC closed, it was reformed in 2010 with a much reduced mandate as a ‘co-

ordinating’ agency for climate change matters.  Despite the controversy over Kamula Doso 

and April Salumei, court injunctions , supposed ‘symbolic’ issuance and sale of carbon 

credits and subsequent retractions by the then OCC, the PNGFA still includes Kamula Doso 
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and April Salumei on its list of proposed logging concessions, and the company to whom the 

“symbolic” credits were issued, Nupan, still lists the Kamula Doso carbon project on its 

website (http://www.carbonowontok.org/tag/nupan/).  Dr Wari Iamo, secretary of the 

Department of Environment and Conservation overseeing the issuance of SABLs covering all 

of Kamula Doso, was appointed by the Somare government as the new Acting Director of the 

OCC.   

 

The role of McKinsey 
 

The carbon trading scandals within the PNG Office of Climate Change and by the various 

“carbon cowboys” roaming the country, are not the only problem with REDD in PNG.  For 

the Copenhagen meeting of the UNFCCC in 2009, where hopes were high for a binding 

international climate treaty, the PNG government brought in the international consultancy 

group McKinsey to assist writing of a national REDD plan for PNG.  McKinsey was also 

been brought in to develop REDD plans for the Democratic Republic of Congo, Indonesia, 

and, infamously, Guyana.  Guyana is a nation with a historically low deforestation rate due 

primarily to the terrain and low soil fertility rendering most of its land unsuitable for 

industrial agriculture.  Having a low deforestation rate and little prospects of increased 

deforestation, Guyana would seemingly have little prospect of being paid under REDD to 

preserve its forest estate, because there was little likelihood of most of its forests being 

cleared.  Nevertheless, McKinsey provided a cost curve analysis for a REDD plan for Guyana 

where it assumed large scale timber agricultural projects involving deforestation were 

imminent and hence there was considerable scope for Guyana to be paid under REDD to 

forego this deforestation (Office of the President 2008).   

 

http://www.carbonowontok.org/tag/nupan/
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This analysis assumed a deforestation rate of 4.3%, which has been criticised for being 

unrealistic, and inflated up to 20 times the actual rate of deforestation in Guyana (Greenpeace 

International 2011).  Later the government of Guyana agreed that the baseline deforestation 

rate for Guyana (2000-2009) was 0.03%, almost non-existent (Governments of Norway & 

Guyana 2011).  Since developing the Guyana REDD proposal, McKinsey has been roundly 

criticised for presenting inflated future deforestation rates based on deforestation that was 

unlikely ever to occur in Guyana (e.g. Dyer & Counsell 2010).   

 

The case of Guyana’s unlikely high rate of future deforestation is not the only controversy 

surrounding McKinsey’s role in REDD.  There is the case of their trademarked “McKinsey 

cost curve”, that have been used in the development of PNG’s REDD plan, as well as for 

those of a range of other nations.  The methods used by McKinsey to develop the cost curves 

are trademarked and have never been made public, but are based on an ‘opportunity cost’ 

approach (McKinsey & Company 2009).  ‘Opportunity costs’ in the context of deforestation 

and degradation refer to the amount of money that could have been earned by forest owners 

or users if they had elected an alternative course of action.  For example, if a given area of 

forest is converted for oil palm, the opportunity cost to the forest user would be the income 

they could have earned if they had elected for a timber plantation, or the income from forest-

derived goods if they had kept the forest standing.   

 

The McKinsey cost curve attempts to quantify the carbon emissions from forest clearance for 

different land-uses in any given forested nation compared to the income generated from each.  

The curve results from this process by plotting the income earned compared to the carbon 

emissions generated.  Activities that generate little income relative to carbon emissions are on 

the ‘low’ end of the curve, and grade through to activities that generate substantial incomes 
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compared to carbon emissions generated (McKinsey & Company 2009).  The argument goes 

that nations should aim to reduce carbon emissions by targeting those activities that are low 

on the cost curve first, because they are cheaper to deal with, and will have the biggest carbon 

emission ‘bang’ for the reduced deforestation ‘buck’.  The opportunity cost approach is 

widely used, not just by McKinsey, in the REDD literature (for example Stern 2007, Wunder 

2003, 2007).   

 

The main criticism of the McKinsey cost curve, and indeed other ‘opportunity’ cost 

approaches to REDD, is that by their very definition they draw efforts away from the biggest 

drivers of deforestation and degradation, and unfairly target government and international 

REDD efforts on to rural subsistence farmers and indigenous peoples.  This is because rural 

small-holder farmers often do not participate in a cash economy, whereas cash profits from 

industrial agriculture and logging are comparatively large (e.g. Fisher et al., 2011).  Activities 

of slash and burn agriculturalists that result in deforestation or degradation will always be 

lower on a cost curve based on cash income than will any form of industrial agriculture and 

logging (McKinsey& Company 2009).   By its very definition, in any given country, slash 

and burn agriculture or the activities of rural small-scale farmers will always appear as 

activities that should be targeted ahead of any industrial players.   This is indeed the case for 

the REDD plan McKinsey drew up for PNG (McKinsey & Company 2010), and also for 

REDD plans McKinsey contributed to for Democratic Republic of Congo and Indonesia 

(Dyer & Counsell 2010, Greenpeace International 2011).   

 

Whilst industrial logging in the biggest driver of deforestation and degradation in PNG 

(Shearman et al., 2009), the only action focussing on addressing the activities of the timber 

industry identified in PNG’s draft REDD plan is ‘enforcing strict Reduced Impact Logging’ 
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(McKinsey & Company 2010).  However, logging in PNG is governed by the PNG Logging 

Code of Practice which specifies harvesting principles according to RIL.  Thus, logging in 

PNG under the FMA system should already be adhering to RIL.  Therefore, the only activity 

aimed at addressing the biggest driver of deforestation and degradation in PNG’s REDD plan 

consists of aiming to enforce PNG’s existing forestry laws.  It is difficult to justify potentially 

crediting and on-selling carbon saved on the basis of adherence to the existing rule of law. 

 

Despite the scandals and problems, there remains to this day no legislative framework for 

governing carbon trading from foregone deforestation and degradation in PNG.  In recent 

years, the issue of selling carbon credits and addressing drivers of deforestation and 

degradation has taken a back-seat in PNG.  Instead the focus has been on developing a 

national monitoring and verification system for detecting deforestation and degradation.  

There is still no legislative process for acquiring carbon rights from customary land owners, 

nor for clearly outlining which government agency would be in charge of issuing and 

governing carbon credits from PNG forests.  In 2011, the 76 year old Sir Michael Somare 

was ousted as Prime Minister after spending several months in a Singapore hospital and 

undergoing two heart operations.  Parliament appointed a new Prime Minister Peter O’Neill, 

and a new deputy Prime Minister Belden Namah.  It remains to be seen whether the Somare-

led push for REDD will continue under the new government, although the steam largely ran 

out in 2009 after the Copenhagen Conference of Parties to the UNFCCC failed to reach any 

agreement on an international climate change treaty.   

 

The REDD related scandals that occurred in PNG under the Somare government do not auger 

well for the workability of an international REDD scheme.  The history of corruption, 

bribery, abuse of customary landowners and mismanagement within the logging industry and 
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the PNG government makes it unsurprising that REDD, similarly involving large potential 

profits from forests, has also been plagued by similar issues.   

 

Disconnections 
 

At the heart of PNG’s active promotion of REDD as a means of reducing deforestation and 

degradation, while making decisions that will increase carbon losses from tropical forests, is 

a disconnection between the rhetoric of REDD at international fora and the reality of forest 

loss and forest politics in PNG.  This is epitomised by the image of Kevin Conrad as PNG’s 

representative at UNFCCC meeting at Bali in 2007 famously urging the US to ‘get out of the 

way’ and stop obstructing negotiations to produce a binding international climate treaty with 

REDD as a key component.  This declaration by PNG’s representative was made whilst the 

allocation of Kamula Doso as a logging concession by the PNG government was being 

fought in the courts and simultaneously allocated by the government as both carbon credits 

and for agricultural clearance.   

 

Grainger & Konteh (2007) detail the disparity between rhetorical forest policy aimed at 

preserving forests used by African nations at international fora, and the reality of ongoing 

deforestation on the ground.  These authors argue that international organisations have a 

history of taking the rhetoric at face value despite the clear differences between stated policy 

and forest activity.  The same is true in PNG, with PNG’s rhetoric on REDD being given 

more weight in international fora than the reality of contemporaneous internal political 

decisions that will result in massive carbon loss.  Despite the rhetorical commitment to 

REDD, the actions of the PNG government show that it not seriously contemplated actually 

reducing deforestation and degradation.   
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The government of PNG is not alone in the disconnection between REDD rhetoric and the 

reality of actions it promotes or undertakes in forests.  For example, Indonesia, one of the 

global hotspots for deforestation (Hansen et al., 2008), has also been heavily promoting 

REDD.  Indonesia issued a Presidential decree for a moratorium on forest clearing as part of 

REDD, but then excluded 35 million hectares of logged forest from complying, meaning 

these areas can be cleared for oil palm and timber plantations (Edwards & Laurance 2011, 

Edwards et al., in press).  Humphreys (2008) argues that, for developing nations, REDD: 

 

 “is a new semantic that reflects the historical grievances of the developing countries, home 

to almost all of the world’s tropical forests, at the unequal distribution of the world’s 

financial and technological wealth. Since the rise of forest conservation as an international 

political issue developing countries have persistently introduced these concerns into 

international forest negotiations, though with limited success.” (Humphreys 2008 p 437).  

 

Viewed in this light, the disconnection between the PNG and Indonesian governments’ 

rhetoric on REDD and the ongoing activities that encourage deforestation and degradation 

make more sense, in that REDD is seen as the latest opportunity for wealth transfer, rather 

than as an actual means of preventing forests from being cleared or logged.  

 

Given that motivations behind REDD for tropical nations may be conflicted, the role of 

international donors, agencies and NGOs in insisting that REDD payments be made only for 

actual reductions in tropical deforestation and degradation become critical if actual reductions 

are to be achieved.  Unfortunately, the major international agencies involved in REDD have 

not insisted that actual reductions be made.  Rather, international institutions charged with 

promulgating REDD under the UN-REDD program, and other  institutions and countries 
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currently lobbying for REDD to be included in a post-Kyoto climate deal, have contradictory 

economic, trade and development policies that have the effect of increasing deforestation, 

degradation and related carbon emissions.  For example, whilst creating a Forest Carbon 

Partnership Facility (FCPF) that is aiming to reduce deforestation and degradation in the 

tropics under REDD, the World Bank has been until very recently, simultaneously funding 

the expansion of the industrial beef and oil palm production in Brazil and Southeast Asia that 

drive deforestation in these nations (IFC 2007, CAO 2009).   

 

Similarly, under the UN-REDD (UNEP, UNDP and FAO) strategy, the FAO is aiming to 

reduce tropical degradation and deforestation.  FAO also ran the failed TFAP program in the 

1980s and 1990s which aimed to protect tropical forests by promoting the tropical logging 

industry (Chapter 1). FAO was singled out as one of the main reasons for TFAPs failure 

(Chapter 1), and has recently argued explicitly that “acceptable” deforestation and 

degradation in the tropics, that is, deforestation and degradation conducted by logging and 

agricultural activities aimed at economic development, should be allowed to continue under 

REDD (CPF 2008).  Essentially, the industrial timber and agricultural production for 

economic development being promoted by FAO and the World Bank, and now also part of 

the Copenhagen Accord on REDD+ under “sustainable forest management” (Chapter 1), is a 

major cause of the very tropical forest loss that the same agencies are attempting to curtail 

under REDD.   

 

There is a fundamental conflict between promoting the expansion of tropical logging and 

agricultural industries on the one hand, and preventing or reducing tropical deforestation and 

degradation on the other.  PNG’s REDD plans fail to adequately address the activities of the 

industrial logging sector which is the biggest driver of deforestation and degradation in PNG, 
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and the UN-REDD program has signalled its intention to exclude ‘acceptable deforestation’ 

for economic development from REDD.  There is a failure to address the biggest drivers of 

tropical deforestation, the industrial timber and agricultural industries.  There needs to be a 

focus on addressing the fundamental conflict between development and trade policies on the 

one hand, and forest protection polices under REDD on the other.  REDD was originally 

intended to provide an alternative income to tropical nations so that they could cease those 

activities, primarily logging and industrial agriculture, that result in deforestation and 

degradation (Stern 2007).  Nothing can be solved without international agencies and tropical 

nations acknowledging their policy contradictions and failures, and committing in good faith 

to an alternative development pathway that does not involve the industrialisation of forests. 
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Chapter 7. REDD in PNG – the way forward  
 

The objective of this thesis was to determine under what circumstances an agreement akin to 

REDD could result in a reduction of greenhouse gases from disturbance of tropical forests, 

especially with respect to the role of industrial logging in producing carbon dioxide emissions 

in Papua New Guinea.  At the beginning of this work, PNG clearly did not have sufficient 

measurements of forest carbon to underpin a functioning international market-based REDD 

scheme (Chapter 2).  However, substantial uncertainty has been reduced by conducting 

additional measurements at a regional scale in logged and unlogged forests in the lowlands of 

PNG (Chapters 3-4).  The assessment of the carbon impact of logging in PNG has also 

enabled the political and economic conditions necessary for a functioning successful REDD 

to be identified.  

 

The impact of logging on carbon stocks in PNG 
 

By area, logging is the biggest driver of deforestation and degradation in PNG (Shearman et 

al., 2009), and approximately 41% of forest-related carbon emissions in PNG derive from 

logging of native forests (Chapter 2), with logging resulting in total forest carbon losses after 

the first harvest of 62.73 t ha
-1

, equivalent to of carbon dioxide emissions of 230 t ha
-1 

(Chapter 4).  This does not include additional emissions associated with repeat harvesting 

which is widespread in PNG (Chapter 4), and can only be quantified with additional surveys 

in forests that have been repeatedly logged.  Nevertheless, logging in PNG produces 

substantial carbon dioxide emissions and foregoing logging in PNG would therefore reduce 
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deforestation, degradation and associated carbon emissions, thereby passing the ‘dual 

effectiveness’ test required for a successful REDD (Chapter 1).   

 

The value of the carbon dioxide emissions saved by foregoing logging is potentially many 

times greater than the value of timber in logged trees (Chapter 5), not only for PNG, but for 

many other nations as well.  In Papua New Guinea, between 1999 and 2002, logging resulted 

in approximately 59.90 – 92.98 million tonnes of gross carbon dioxide emitted per year, 

producing a volume of wood worth a gross $US 201.2 million per year (Chapter 5).  The 

Australian government recently signed into legislation an emissions trading scheme aimed at 

reducing carbon emissions with an initial fixed price for tradeable emissions units at $AUD 

23 per tonne of carbon dioxide equivalent.  If native forest logging in PNG was halted, the 

gross carbon dioxide emissions saved would be worth $US 1329- 12,498 million per year if 

sold onto the Australian carbon market (Table 33).  This is 6-8 times as high as the gross 

value of PNG’s annual wood production over the same period.  The gross value ($US, using a 

conversion rate of $AUD = $US1.04) of the annual wood production for the 10 nations 

studied in Chapter 5 compared to the value of foregoing logging at Australian carbon market 

rates is shown in Table 33.  For all nations except Indonesia and Malaysia, foregoing logging 

in native forests and selling the carbon savings on the Australian market is worth more than 

the gross value of wood produced.  Indonesia and Malaysia are the exception because forests 

there typically yield 50-150 m
3
ha

-1
 of timber compared to 4-40 m

3
ha

-1
 everywhere else 

(Chapter 5).  
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Table 33.  Gross annual carbon dioxide emissions from logging, and gross value of annual timber production 

compared to the value of carbon saved by foregoing logging at a price for carbon of $AU 23 per tonne of CO2, ($US, 

using a conversion rate of $AUD = $US1.04).  

 

Country Year 

Gross CO2 emitted  

(million tonnes per 

year) 

Gross timber value  

($US million per year) 

Gross foregone CO2 

value on Australian 

market  

($US million per year) 

Ratio of foregone 

CO2 value to 

timber value 

Low High Low High Low High Low High 

Indonesia 

2000-

2005 157.07 548.05 9,298.76 30,768.06 3,757.15 13,109.27 0.40 0.43 

Malaysia 

2006-

2008 125.57 215.39 4,982.51 14,947.53 3,003.55 5,152.25 0.34 0.60 

Brazil 

1999-

2004 177.49 261.02 3,046.35 5,401.74 4,245.60 6,243.53 1.15 1.39 

Papua New 

Guinea 

1999-

2002 59.90 92.98 201.22 201.22 1,432.75 2,224.15 6.30 7.87 

Solomon 

Islands 

2006-

2009 16.61 16.61 94.37 94.37 397.25 397.25 4.21 4.21 

Cameroon 

2004-

2005 25.97 304.33 186.03 765.23 621.14 7,279.49 3.34 9.50 

Central African 

Republic 2005 6.78 68.06 27.18 94.30 162.19 1,627.98 5.96 17.25 

Congo 2005 31.78 207.35 132.94 299.82 760.15 4,959.89 5.71 16.53 

Democratic 

republic of 

Congo 

~2002-

2007 7.02 35.59 61.81 124.78 167.97 851.30 2.71 6.82 

Gabon 

~2004-

2007 55.55 522.48 332.91 1,082.22 1,328.86 12,497.76 3.99 11.54 

 

In addition to the 59.90 – 92.98 million tonnes per year of carbon dioxide emissions that 

could be saved by foregoing logging, PNG also has a potential carbon sink in the forests that 

have already been logged.   As of 2002, PNG had approximately 3 million hectares of logged 

forest (Shearman et al., 2009).  This figure is substantially higher in 2012.  As measured in 

Chapter 3 and Chapter 4, logging removes approximately of 62.73 t ha
-1

 of forest carbon after 



 

 188 

the first harvest, with additional losses arising from the repeat harvests within 35 years that is 

common in PNG (Chapter 4).  If the assumption is made that additional carbon losses from 

repeat harvests are offset by any regeneration within PNG’s 3 million hectares of older 

logged forests, then approximately 183 million tonnes of carbon, equivalent to 671 million 

tonnes of CO2  could be sequestered by halting logging in native forests and allowing PNG’s 

logged forests to regenerate.   We know if subjected to multiple cutting cycles the remaining 

carbon stocks in logged forests are progressively degraded (Chapter 4, Putz et al., 2008a).  

By ceasing the trajectory of progressive carbon loss via logging altogether and allowing 

logged forest to regenerate, PNG, and the world has an easily implementable way of pulling 

carbon from the atmosphere.   

 

Cessation of tropical logging under REDD 
 

What would a successful REDD, one that actually passes the dual effectiveness test (Levin et 

al., 2008, Chapter 1) and reduces deforestation, degradation and associated emissions, in 

PNG and elsewhere look like?  Clearly industrial logging is a key source of carbon dioxide 

emissions, in PNG, accounting for approximately 41% of emissions (Chapter 2).  

Furthermore the revenue it generates for governments is relatively small (Chapter 5, 6), 

Unlike the activities of PNG’s rural slash and burn farmers  which is outside the control of 

the PNG government, the issuance of licenses to log or permits for forest concessions is the 

domain of the central government.  Cessation of tropical logging in PNG and other tropical 

nations should really be one of the most straightforward things tropical nations can do to 

reduce greenhouse gas emissions.  Large amounts of carbon could be saved, the cost would 

be relatively small and hence simple to replace with REDD money (Table 33), and the 

bureaucratic network and administrative framework to make it happen already exists, in PNG 
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within the PNGFA under the Forestry Act (1991).  Most other tropical nations also already 

have similar systems set up to administer the logging industry (Chapter 6).   

 

Most policy analyses of REDD focus on the carbon savings and costs required for foregoing 

agricultural deforestation (avoided deforestation), and do not examine the costs and savings 

of foregoing logging (avoided degradation), or only include the costs and savings of changing 

harvesting practices (Blaser & Robledo 2007, Laporte et al., 2007a, Myers 2007, Nepstad et 

al., 2007, Angelsen 2008, Borner & Wunder 2008).  This is partly the case because detecting, 

measuring and monitoring tropical logging is time consuming, expensive, data intensive, and 

requires a detailed set of specific technical skills (e.g. Asner et al., 2005, Shearman et al., 

2009).  This has meant that the area being logged has not been, and is not, commonly 

monitored.  When something is not measured it is tempting to conclude that it is not 

significant.  But, partly it is the politics of money.  In countries like Papua New Guinea, the 

logging industry occupies a powerful position, often perceived to be associated with 

corruption (Chapter 6).  It is likely that a proposal to achieve REDD in PNG, by reducing 

logging activity, would not receive political support.  Indeed over the years that PNG has 

been leading the charge of the Coalition of Rainforest Nations, there has never been a 

suggestion that the industry be curtailed.  Rather, concession allocation has not slowed.  

However, rather than something too hard to deal with, if PNG is serious about REDD, 

reducing logging is probably the easiest and most practical initiative available.  It is also an 

option likely to have the least economic impacts on the fewest number of people.   

 

The following are a series of reasons why curtailing logging should be given foremost 

consideration as the practicalities of REDD programs are resolved. 
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 Logging can be monitored 

 

Although methodologically challenging, logging is detectable in satellite imagery and it can 

be remotely monitored. In Brazil, and now extended across the tropics (Carnegie Institution 

for Science 2009) the work of Asner et al., (2005, 2006), and in PNG (Shearman et al., 2009) 

has shown that mapping the extent of logging can be achieved.  Additionally, in West and 

Central Africa, the network of roads built by the logging industry has also been mapped 

(Laporte et al., 2007b).  Mapping and monitoring logging using remote sensing is therefore 

possible using existing technologies and methods.  Harvested logs and derived wood products 

are also easily monitored.  All logging operations require substantial infrastructure such as 

roads, ports, log ponds, mass transport hubs and shipping facilities.  It is very difficult to 

conceal the movement of goods from a large scale logging operation, and many tropical 

countries already regularly monitor the export of logs and wood products.  In PNG the 

volume of logs exported from logging operations is already independently monitored by 

SGS. Although expensive, as well as labour and data intensive, monitoring the area being 

logged, and the movement of products derived from logging is eminently feasible.  There is 

certainly no technical reason for excluding foregoing logging as an option under REDD.   

 

 Few people benefit 

 

“Avoiding degradation” by foregoing logging should be an attractive REDD option as 

relatively few people benefit from tropical logging.  Economic benefits of logging are 

generally concentrated in the hands of a small number of easily identifiable wealthy loggers 

and political elites (ODI 2006, Chomitz 2007, Grainger & Konteh 2007, Fearnside 2008).  In 

contrast, agricultural deforestation is driven by a wide range of actors.  In the case of 
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subsistence agriculture, the benefits are generally distributed widely amongst a large and 

diffuse population (Geist & Lambin 2002, Chomitz 2007, Fearnside 2008).  In Australia, a 

wealthy developed nation, agriculture was deliberately omitted from a proposed national 

carbon trading scheme largely due to the logistical difficulty of managing and measuring the 

carbon impact of large numbers of Australian farmers (Department of Climate Change 2009).  

If it is considered logistically unworkable in a rich western nation, it is effectively impossible 

in poor tropical nations with weak and/or corrupt government and poor infrastructure. Across 

the tropics a number of studies have shown that economic benefits of logging to local 

populations are small (Hunt 2006, Chomitz 2007, Stern 2007, Borner & Wunder 2008, 

Fearnside 2008).  In PNG, the Human Development Index, including measures of health and 

education, is one of the lowest in the world (Chapter 6), despite more than 30 years of 

industrial logging.  

 

After nearly two decades of attempts to reform corruption, mismanagement and tax evasion 

within the logging industry and government in PNG, little has been achieved (Chapter 6).  If 

the last three decades of timber extraction have failed to deliver benefits to the majority of 

PNG citizens, then how can continuing the system be expected to benefit ordinary Papua 

New Guineans without fundamental and substantial change?  In this regard, the argument that 

PNG and its citizens need the continued activity of the industrial logging sector in order to 

further national economic development and welfare improvement does not hold.  If PNG 

citizens are not reliant on the logging industry for improvements in wellbeing, and logging of 

PNG’s forests is a major source of national carbon emissions, cessation of the industry should 

be considered a feasible option that will have minimal impact on the majority of citizens.  In 

summary, from an economic perspective, the negative consequences of foregoing logging 

will impact on only a small number of people, whereas foregoing agriculture impacts on a 
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large and diffuse tropical population.  Any economic impact could readily be substituted, for 

example by selling carbon on the Australian carbon market (Table 33).  

 

 Tropical logging products are substitutable 

 

Tropical hardwood from natural forests is eminently and readily substitutable.  Globally, 

much tropical hardwood is being used for consumer products such as furniture, flooring and 

construction timber (ITTO, 2010).  Most of these products can be, and often are, substituted 

by non-tropical plantation woods such as pine.  Foregoing tropical logging will not result in 

foregoing the necessities of life, in contrast to other options under REDD such as foregoing 

agriculture, especially that of small scale shifting cultivators.  Replanting timber on already 

cleared or degraded land is an eminently feasible alternative.     

 

 Cessation of tropical logging is demonstrably achievable 

 

Unlike foregoing tropical agricultural clearance under REDD, foregoing tropical logging has 

been demonstrated to be possible.  In Liberia, in response to the demonstrable complicity of 

the logging industry in funding human rights abuses by militias controlled by Charles Taylor, 

sanctions were imposed under the UN, supported by USAID, that led to a halt of logging 

operations in that country (McAlpine et al., 2006).  The first field measurements of forest 

carbon and losses caused by logging for this thesis (Chapter 3) were originally conducted in 

November and December 2008, during the height of financial and political turmoil that 

followed the collapse of Lehman Brothers.  At the time the field work was conducted, 

Innovision, the logging company harvesting at the Makapa logging concession, had halted all 
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operations and were in the process of retrenching staff due to a crash in the market price for 

timber.  Innovision reported at the time that they were not alone, that almost all logging 

companies in PNG had stopped logging after the market crash.  The impact of the market 

crash, and the previous major crash during the Asian financial crisis in 1997 is evident in the 

big drop in exports of logs from PNG (Figure 20).  In 2008 after the crash in timber prices, 

industrial logging in PNG virtually ceased overnight without plunging PNG into economic 

calamity, and with little impact on the well being of the majority of its citizens.  It is feasible 

to halt logging operations in tropical nations with a coordinated effort, with minimal impact 

on the nation.  This being the case, REDD funds could theoretically be deployed across the 

tropics to supply government revenue in lieu of logging revenue. 

 

In early to mid 2009, operations at Makapa logging concession started again, and in 2010 log 

exports from PNG were back to record highs (Figure 20).  It is very difficult indeed to 

separate the resurgence in logging activity from the huge amounts of ‘stimulus’ cash pumped 

into financial systems by governments to keep global trade and production going.  Indeed, the 

International Tropical Timber Organisation (2010) reported that the unprecedented trillions of 

dollars of fiscal stimulus injected by governments into the global economy, particularly those 

of the Chinese, US, EU, Indian, and Japanese governments played a major role in boosting 

tropical timber imports, exports and consumption in 2009 and 2010.    

 

The deliberate propping up of the industrial timber sector to maintain growth of production 

and trade in the global economy again shows a key conflict at the heart of REDD (Chapter 6).  

Expansion of industrial logging and agriculture is the main driver of deforestation and 

degradation in the tropics (Chapter 1), but expansion of industrial production, trade and 

material consumption is a key feature of modern globalised economies, where Gross 
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Domestic Product (GDP) is frequently used as the measure of a nation’s wealth and well-

being (Beddoe et al,. 2009).  Growth of production and consumption of tropical timber and 

agricultural products is no exception.  The basic conflict between prevailing economic 

thought regarding the importance of expanding growth in material production and 

consumption with the needs for cessation of tropical deforestation and degradation are also 

evident in the contradictory approach to REDD by major international donor agencies 

(Chapter 6).  With the World Bank promoting REDD whilst simultaneously funding the 

expansion of industrial beef and oil palm production that drives deforestation in Brazil and 

South-East Asia (Chapter 6), and the FAO promoting REDD but also arguing for continued 

“acceptable deforestation” for economic development (Chapter 6).   

 

There is evidence that continuing expansion of material production and consumption is not 

essential to human well-being (e.g. Beddoe et al., 2009), nor even possible in the long term as 

resource limitations are reached (Meadows et al., 1972, Turner 2008), including those 

derived from logging of native tropical forests (Shearman et al., in press).  Thus achieving a 

successful REDD by cessation of industrial tropical logging is feasible, potentially saving 

large quantities of carbon emissions, and potentially generating more revenue for tropical 

nations than logging, but will require the process to be independent of the economic growth 

paradigm.  Tropical nations currently gaining financial returns from logging are strongly 

motivated to allow its continuation (Chapter 6).   This being the case, a successful REDD 

requires international agencies to insist on its cessation and abandon the notion of 

“acceptable” deforestation and degradation.  
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 Conclusion 

 

Ceasing rather than continuing tropical logging in native forests and allowing forests to 

regenerate to pre-logging condition, is one of the most straightforward, feasible, readily and 

rapidly implementable options the world has for reducing tropical forest emissions.  

Focussing efforts on industrial logging ought to be a central plank of any international REDD 

effort.  This does, however, require international agencies, donor countries, and their 

representatives to recognize that some forms of expansion of production for the purpose of 

‘growth’ are not necessarily in the best interest of a nation, its citizens or the world in 

general.   
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