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1 Scope 

This document describes the a pilot testing case study of the Natural Capital Protocol, Forest Products 

Sector Guide.  to compare sustainable forest management with  Natural tropical forest management of 

1,16 million ha forest concession in the Republic of Congo, attributed to IFO/ Interholco 

Step 1 - Get 

started 

 Company: 

Company Name IFO / Interholco 

Organisation Global producer, forest manager and trader of African Tropical Hardwood 

Context The forest mangement unit (FMU), «UFA Ngombé », (Unité forestière 

d’Aménagement) is a 1,16 million ha forest concession attributed to IFO, an 

Interholco company, in the Republic of Congo. It is under certified, 

sustainable forest management since 2009. 

Which risks and opportunities 

might a natural capital 

assessment help to address? 

The opportunity of a Natural Capital assessment is to evaluate the impacts 

of SFM on the forest, but also the quantitative or monetary value of SFM 

compared to other land-use types like strict conservation or conversion to 

palm oil. 

The risk of a Natural Capital assessment is that many values of the forest 

are externalities: biodiversity, water, air, soil conservation, carbon 

sequestration etc., socio-economic value for local communities, which can 

not be quantified or a monetary value given, although they probably doe 

represent a very high value for current and future generations.. 

2 Define the objective   

Step 2- Define 

the Objective 

What is the intended business 

application? 

We will conduct a natural capital assessment for a tropical forest 

management unit in the Congo Basin, under certified Sustainable Forest 

Management (SFM) 

 

 

Who is the targeted audience? 1st internal stakeholders: company management, staff and employees 

2nd external stakeholders: Env. NGOs, incl. FSC Standard Developement 

Groups, Research centres 

Who are the right stakeholders 

and what is the appropriate 

level of engagement? 

Consult with stakeholders such as Env. NGOs, and if affected, also with 

communities and Indigenous Peoples living in the area. In the current 

assessment, previous stakeholder consultation from certification was taken 

into account, but no new consultation has taken place. 

- internal stakeholders: IHC and IFO Management, forest workers and 

managemers 

- external stakeholders: Env. NGOs, incl. FSC Standard Developement 

Groups, Research centres. 

What specific benefits do you 

anticipate from the 

Communicate about the impact of sustainable forest management in the 

tropics 
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assessment? 

What is the specified 

objective? 

Assess the Natural capital material impacts and dependencies from natural 

forest management in the tropics.  

Compare the natural capital and economic value generated by SFM with 

other land-use scenario’s, in particular with conservation areas, absence of 

forest harvesting and with agriculture (e.g. palm-oil). 

3 Scope the assessment 

Step 3- Scope 

the 

assessment 

3.2.1 What organizational 

focus? 

IFO, Sustainable Forest Management in FMU Ngombé 

3.2.2 Which value-chain 

boundary? 

Own operation forest management and harvest, including transport to the 

sawmill. 

3.2.3 Which value perspective? Business and society 

3.2.4. Will the assessment 

cover impacts and/or 

dependencies? 

Impacts 

3.2.5 What types of value Quantitative (CO2 sequestration and emission and monetary values (EU)) 

3.2.6 Time horizons & other 

technical issues 

Based on the last 10 years data of IFO and literature review. 

The baseline is the ‘pristine state’, which forest that has not been 

harvested, but as explained below, this does not imply that the forest is 

‘virgin’ or ‘intact’, that no natural or human induced disturbances have 

taken place that shaped the forest ecosystem. 

3.1 Definition of the baseline, other technical issues (NCP 3.2.6) 

3.1.1 The base-line for sustainable forest management 

- A baseline is the starting point or benchmark against which changes in natural capital can be 

compared.  What baseline is appropriate for your objective? 

- Are you looking to compare different scenarios? 

- Does the assessment scope include an area of particular societal interest? 

- Time horizons. Determining an appropriate time frame for the assessment? 

- Are you considering stocks or flows in your assessment? 

Impacts and dependencies will be assessed over short time (1-2 years, for all direct impacts of forest 

harvest), and over long time (one rotation, 30 years), based on literature and field data of the Congo 

Basin, and in particular UFA Ngombé. 

We consider mostly flows (impacts on natural capital and dependencies). 

We will try to evaluate impacts, compared to the baseline of ‘’pristine” forest, without any active forest 

management, as shown in Figure 2.  
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The evaluation of impacts will be based on literature review as different studies analyzed the impacts of 

forest harvest, and in particular the intensity of harvest, on biodiversity and carbon. We will compare it 

with the forest harvest in the Congo Basin and particularly with UFA Ngombé.  

This study is important in the current context of FSC certification, where Motion 65 was approved by 

FSC, which wants to restrict harvest in so called “Intact Forest Landscape”. 

As background information, the summary of a study by FRM and IFO is presented here, which already 

includes an extend literature review, and review of long term monitoring data from IFO, UFA Ngombé, 

to evaluate the actual impact of forest harvest on the forest.1 

“The concept of "Intact Forest Landscape" (IFL) was developed in the early 2000s by the World Resources 

Institute with the participation of NGOs including Greenpeace, the Russian Center for Biodiversity 

Conservation, Socio-Ecological Union, and Transparent World. This concept has recently been recognized 

by the FSC, which equates IFLs with HCV 2, and which requires forest managers in the Congo Basin to be 

able to identify them, map them and take them into account in the management of their forests. 

At present, a global mapping of IFLs by WRI et al. is the only reference in the absence of other 

regional/national criteria. Based on current knowledge on forest ecosystems in the Congo Basin, it 

appears that the criteria used are not always relevant/adapted to the context of Congo Basin. In 

particular, these criteria have been defined to be identified by very high resolution satellite imagery. 

Some activities, potentially impacting the integrity of the forest, are not detectable by satellite imagery 

(for example in the DRC, where intense hunting activities in recent decades have drained a large part of 

the forest areas identified As IFL of its populations of these large mammals). 

We must be able to return to the original definition of an intact forest and begin to reflect on the impact 

of logging currently practiced in Central Africa, particularly in certified concessions, to determine 

whether this activity should be an exclusion criterion for IFLs. 

The question then is: “Does industrial logging preserve or degrade the functions of the forest 

ecosystem?" Many studies have shown that (i) selective harvesting maintains a very large share of the 

carbon stock and that the recovery of these stocks is assured over a rotation period (25 to 30 years), (ii) 

biodiversity loss from logging is generally low, (iii) threats of extinction exist for some forest resources, 

but this threat comes from over-exploitation by local populations (e.g. Gnetum and hunted game). 

Logging, through the opening of the roads that it entails, causes a fragmentation of the forest area 

which is expressed as a discontinuity of the canopy. But this discontinuity in Central Africa remains 

limited in space (1 to 2% of the surface is impacted by the network of roads and forest tracks and 6 to 7% 

in total by logging) and for a great extent in time (a few months for the logged areas, a few years for the 

roads closed after exploitation). Other studies have even demonstrated the favorable role of logging in 

maintaining the forests of Central Africa: (i) the influence of anthropogenic disturbances on vegetation, 

allowing in particular the expansion of heliophilic species and the resilience of certain productive forests 

(ii) the positive effect of logging on natural regeneration; and (iii) limited sensitivity to logging for some 

emblematic animal species (elephants, gorillas). 

In the Congo Basin, field data exist which, analyzed and/or combined, should make it possible to assess 

the integrity of the forests according to a grid of indicators, and create an accurate map of intact forests. 

It is also possible to consider starting from IFLs as proposed by WRI et al, and, through indicators of 

                                                           
111

 FRM, IFO, August 2016, Reflection on the definition, measurement and mapping of Intactness of forest 
landscapes. Contribution to the inclusion of IFL in the management of forest concessions, 26 pp. 
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forest integrity, to better determine their presence. Beyond a global identification, it is indeed an 

assessment of the integrity of the forest in relation to ecosystem functions. A forest landscape may 

appear intact in relation to the carbon storage function but is severely degraded in relation to certain 

populations of large mammals or, conversely, a landscape of heavily degraded Marantaceae open 

forests may not preserve carbon stocks, but can have a high density of gorillas and elephants. 

The measures in force for the management of FSC-certified forest concessions already largely guarantee 

the maintenance of integrity through the implementation of reduced impact logging techniques and 

through management rules applied over the duration of the rotation. More detailed studies could lead to 

additional measures, in particular to limit fragmentation and its impacts (for example, avoid creating 

forested islands encircled by roads, limiting the widths and lengths of roads, etc.).   

Some measures to monitor forest integrity already exist and are also implemented in FSC-certified forest 

concessions in the Congo Basin, in particular: monitoring of large fauna, monitoring of the effects of 

exploitation, monitoring of post-exploitation dynamics of forest stands). Additional follow-up measures 

could be envisaged, such as the closure of the forest roads after the exploitation (regeneration, closure of 

the canopy ...).” 

3.1.2 The definition of pristine in the context of past disturbances 

‘Pristine’ does not imply that no disturbances have taken place in the forest ecosystem.  Literature 

review on tropical forests show that human and natural disturbances have and, had major impact on the 

forest ecosystem and the resulting structure of the forests. It shows that ‘pristine’ or ‘intact’ is difficult 

to define, depends on the time and scale of natural and human impacts that and species composition. 

 In the context of the Congo Basin, palaeoecological and archaeological studies have shown 

that human populations have long developed the humid forests of Central Africa and the 

same has been shown to be the case for the Amazon tropical forest2.  

The Results show that human activities are divided into two periods: the Old Iron age between 2300 and 

1300 BP and the Recent Iron age of between 670 BP and the current time.  

Three thousand years ago, dense old-growth rainforests covered most of central Africa. But around 

2,600 years ago, an event that ecologists call the Late Holocene Rainforest Crisis occurred, and the 

forests suddenly gave way to savannas dotted with islands of trees. Six hundred years later, the forests 

grew back almost as swiftly as they had vanished. But for the last 20 years, paleoecologists have 

debated what caused the Rainforest Crisis. Most thought that the region’s climate changed, bringing 

either less annual rain or a longer dry season with a short but intense monsoon (Maley, 20173). That 

climate shift, many paleoecologists argue, devastated the rainforests of central Africa but created 

perfect conditions for savannas.  But a new study proposes that humans may actually have been the 

culprits4. 

                                                           
22

 ScienceDaily, 2 March 2017, Ancient peoples shaped the Amazon rainforest: Trees domesticated by pre-
Columbian peoples remain more common in forests near ancient settlements. 
www.sciencedaily.com/releases/2017/03/170302143939.htm,  Source: Levis et al., 2017, Persistent effects of pre-
Columbian plant domestication on Amazonian forest composition. Science, 2017; 355 (6328): 925 
3
 Maley J, et al, 2018, Late Holocene forest contraction and fragmentation in central Africa in Volume 89, Issue 1 

(Tribute to Daniel Livingstone and Paul Colinvaux) pp. 43-59 
4
 Garcin Yannick et al., 2018, Early anthropogenic impact on Western Central African rainforests 2,600 y ago, in 

PNAS; published ahead of print February 26, 2018,  https://doi.org/10.1073/pnas.1715336115  

http://www.sciencedaily.com/releases/2017/03/170302143939.htm
https://doi.org/10.1073/pnas.1715336115
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The most recent disturbances are reflected in the current vegetation, especially the emerging heliophilic 

trees that dominate the floristic composition and are thought to recruit to the forest after 

anthropogenic disturbance (Morin-Rivat et al., 2013). The study of J. Morin-Rivat et all. 20155 describes 

it as follows: “The canopy of central African moist forests is dominated by light-demanding trees. Most 

of these species show a distribution of diameters that indicates a regeneration shortage. Here we show 

through the combined analysis of botanical, palaeoecological, archaeological and historical data that 

most of these trees are not older than ca. 180 years. This age corresponds to the early 19th century 

(around 1830) when the slave-raiding, the interethnic wars and the colonization of the inlands by the 

Europeans disturbed the human spatial occupancy. After 1885, the spatial clumping of people and 

villages along the main communication axes induced less itinerancy in the forest. We believe that 

former activities such as shifting cultivation created scattered openings in the canopy, large enough to 

allow light-demanding trees to establish. Nowadays, common logging operations do not create openings 

sufficiently large for the regeneration of these high value timber species. Our findings emphasize the 

need to include considerations about the history of human spatial occupancy and activities to 

understand forest dynamics. We need silvicultural guidelines adapted to the autecology of the species. 

Population enforcements (e.g. enrichment) will be needed to ensure the sustainability of timber yields 

in forests dominated by long-lived light-demanding trees.” 

A recent study by Barbara Huarez et al. (20176) analysed the gradient of maturity of forest in central 

Africa, based on the proportion of light demanding, pioneer, tree species7.  On the basis of this 

classification, it appears that a large part (36%) of « IFL » and non IFL areas are made up of young 

forests, characterized by a proportion of pioneer tree species above 20% (see table below).The figure 

below reflects this aspect. 

Table 1 Distribution of maturity gradients within zones covered by the forest management inventory, inside and outside IFL 
(Source: Huarez B. et al., 2017). 

 

                                                           
5
 Morin-Rivat J. et al., 2015, Nineteenth century human history explains the dominance of light-demanding tree 

species in Central African moist forests, Evolutionary Biology & Ecology Symposium, ULB. 
6
 HAUREZ B., GOURLET-FLEURY S., MORTIER F.,  BAYOL N., BRACKE C. et  DOUCET J-L, 2017, Synthèse sur les ‘Intact 

Forest Landscapes’ adaptée aux pays d’Afrique centrale, Nature Plus ASBL, Gembloux Agro-Bio Tech, Université de 
Liège,  CIRAD, ATIBT, AFD, FRM 
7
 Successional Stage Index = 1- relative abundance of pioneer tree species 
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Figure 1: Map of the maturity gradient of Central African forests. The Successional Stage Index (SSI), adapted from Réjou-
Méchain et al. (2014)

 8
  is 1 minus the sum of the proportions of the pioneer trees (pioneers with short and long life and 

crypto-pioneers) inventoried within the plot. The red color indicates young forests and the green color of more mature 
forests/ Source : Huarez B. et al., 2017. 

In the Forest Management Unit Ngombé, and particularly in the southern open Marantaceae forests, 

the forest contains a high % of pioneer tree species. Marantaceae forest are known to have originated 

and are maintained by disturbances like fire or shifting cultivation,  in particular as human population 

density was higher in the past. A recent fire in the Ngombé concession occurred in February 2016, due 

to an exceptional extreme drought, caused by the “El Niño” event. The delimitation of the fire in the 

most open parts of the Marantaceae forests, and the fact that the fire stopped at the dense and 

wetland forests, shows that these forests are prone to fire, and also maintained by fire. 

The definition of a base-line, pristine stage, of the forest is therefore complicated and is currently under 

debate in particular since the introduction of the concept of “Intact Forest Landscape” by the 

consortium of WRI, Greenpeace and other organizations. They define forest landscapes as ‘intact’ when 

no industrial activities have taken place, like mining, road construction, extensive forest harvest since 

about 60 years, but this definition does not take into account past man-made and natural disturbances 

that can have a much higher impact than for example extensive, sustainable forest management. 

With a view from satellite images only, we get the impression that tropical forest are pristine, intact, not 

affected by disturbance, but this is shown to be a misunderstanding taking into account the medium and 

long term history of these forests. 

                                                           
8
 Source : RÉJOU-MÉCHAIN M., FLORES O., PÉLISSIER R., FAYOLLE A., FAUVET N. & GOURLET-FLEURY S., 2014. 

Tropical tree assembly depends on the interactions between successional and soil filtering processes. Global 
Ecology and Biogeography, 23(12), p. 1440-1449. 
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We will consider as base-line, “a forest ecosystem that has maintained its structure, ecosystem 

functions, biodiversity, including its naturally occurring fauna and flora over time, and which has been 

covered by forest for at least a 100 years”. 

 
Figure 2: Improvements against a „pristine“ baseline. Adapted from Kering and PwC, 2016, in Natural Capital Protocol, Forest 
Products Sector Guide, DRAFT 2017. 

4 Determine the impacts and/or dependencies 

Step 4 

Determine the 

impacts and 

dependencies 

List potentially material natural 

capital impacts and/or 

dependencies 

The table from the NCP Forest products sector guide has been used 

to evaluate the impacts. A materiality assessment has been done, 

based an internal evaluations  (Environmental Impact assessments 

that has been done by IHC/ IFO in 2009 and 2016. 

 Forest Sector Guide_SFM Interholco_Impacts - 

dependencies 2018 03 

 

Identify the criteria for your 

materiality assessment 

Criteria used:  

Probability, Duration, Gravity, Stakeholders, Business impact, 

Possibiity to influence 

 

Gather relevant info Based on Literature review and Long term monitoring by IFO (see 

Annual Monitoring Report IFO, 2017)  

 

Complete the materiality 

assessment 

 Output: prioritized list of 

material impacts, 

dependencies & changes in 

natural capital 

See:   

Forest Sector Guide_SFM Interholco_Impacts - dependencies 2018 03 
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5 Measure impact drivers or dependencies /  

6 Measure changes in the state of natural capital  

7 Value impacts and/or dependencies 

First a literature review was done regarding impact drivers (forest harvest activities) on the natural 

capital, in particular with the focus on the impact on vegetation, on carbon and biodiversity. 

Afterwards, a detailed analysis was done on the  impacts of harvest on the vegetation, in particular the 

area affected by harvest, based on long term monitoring data from IHC/IFO in UFA Ngombé. 

Step 05 

Measure 

impact drivers 

and/or 

dependencies 

1    Map your activities against 

impact drivers and/or 

dependencies 

This was done based on the table of the FPSC, applied to Natural 

Forest management of UFA Ngombé  

 Forest Sector Guide_SFM Interholco_Impacts - dependencies 

2018 03 

2 Define which impact drivers 

and/or dependencies you will 

measure 

We did a literature review for impacts on Vegetation, Carbon and 

Biodiversity. 

We focused on two impacts for IFO (UFA Ngombé) 

 Impact on the vegetation, biomass affected by harvest and 

possible impacts on Carbon. 

3  Identify how you will 

measure impact drivers 

and/or dependencies 

For the vegetation affected, we used own long term monitoring and 

calculated a relative impact on surface affected. 

As a reference for Carbon, we used  

- the Emission Reduction Programm Document for the Rep. of 

Congo, developed by the Worldbank; 

- IFO’s calculation of CO2 emission, based on long term 

monitoring of area affected by logging. 

Step 06 

Measure 

changes in the 

state of 

natural capita 

What are the 

changes in the 

state & trends 

of natural 

capital related 

to your 

business 

impacts and/or 

dependenciesl 

1 Identify changes in natural 

capital associated with your 

business activities and impact 

drivers 

A literature review makes an analysis of changes in Natural Capital in 

tropical forest management 

The detailed analysis of long term IFO monitoring data shows 

particular impacts for IFO, UFA Ngombé 

2. Identify changes in natural 

capital associated with 

external factors 

Impacts due to external factors where considered in the impact 

analysis, but the changes related to NC were not analysed. 

3 Assess trends affectiving the 

state of natural capital 

Emissions over the last years were calculated. As Reduced Impact 

Logging and Sustainable forest management techniques are 

implemented, and impacts evaluated were minimal, it is estimated 

there will be no change if the same land-use type is maintained. 

4. Select methods for 

measuring changes 

Vegetation, Biomass affected by logging (in surface and % affected 

were calculated); 

CO2 emission in t CO2 eq. was calculated; 

5. Undertake or commission 

measurement 

Result in annex  

Nat Capital Protocol_land-use type-economic value creation 
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Step 07: Value 

impacts and/or 

dependencies 

(Measure and 

Value) 

What is the 

value of your 

natural capital 

impacts and/or 

dependencies 

7.2.1 Define the 

consequences of impacts 

and/or dependencies 

An economic valuation was done to compare SFM with strict 

conservation area or palm oil. A CO2 emission valuation was done. 

7.2.2 Determine the relative 

signification of associated 

costs and/or benefits 

See results of the study. 

7.2.3 Select appropriate 

valuation techniques 

See results of the study 

7.2.4 Undertake or 

commission valuation 

 

Step 08: 

Interpret and 

test the results 

How can you 

interpret, 

validate, and   

verify your 

assessment 

process and 

results? 

 

 

 

This step was done by interpreting the results of the study, as 

indicated in chapter 6.6 

Step 09: Take 

action 

How will you 

apply the 

results and 

integrate 

natural capital 

in the existing 

processes. 

 The pilot study helped to understand better the concept of Natural 

Capital applied to Forest management. The results of the assessment 

are mostly integrated already in current sustainable forest 

management practices. The current detailed forest management 

planning over one rotation of 30 years and beyond, as required in 

the Congo Basin countries, provide already the basis for long term 

planning, evaluating impacts and dependencies. 

The Reduced Impact Logging techniques as described in the forest 

management plan and by the certification requirements allow to 

reduce impacts during harvesting. 

Nevertheless, the concept of validating, measuring the Natural 

Capital will be used more and more in our forest management 

practices. 

 

7.1 Impact of harvest on the vegetation, carbon and biodiversity 

The aboveground biomass of a harvested forest regains its initial level after about twenty years  as 

indicated in different studies (Nasi et al., 2008; Rutishauser et al, 2015). 
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The study by  Rutishauser  et al (20159) on tree carbon recover in managed Amazonian forests found 

that that losses of 10, 25 or 50% of pre-logging Aboveground Carbon Stock (ACS) would require 12, 35 or 

75 years, respectively, to recover regardless of location in the Amazon region. Forest management 

regulations vary among Amazonian countries, but generally set minimum cutting cycles at 30–60 years, 

with harvests of 10–30 m3/ha. While these cutting cycles are generally insufficient to recover 

commercial timber stocks, harvest intensities require 7 and 21 years, respectively, to recover their initial 

ACS, assuming ACS losses proportional to harvested timber volume and linear biomass aggradation over 

time (see Figure 1 below). 

 

If the results of this study would apply to the Congo Basin forests, where about 5, 10 to 20 m3/ha is 

extracted, than, 3%, 5 % to 11% of ACS would be affected by harvest, and recovery time of ACS would 

be 3, 6 to 12.7 years respectively. 

                                                           
9 Ervan Rutishauser, 2015, Rapid tree carbon stock recovery in managed Amazonian forest, Current 

Biology 25, R775–R792, September 21, 2015 
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Many scientific publications consider that selective logging in tropical forests generates relatively little 

disruption (Deckker and de Graaf 2003; Medjibe et al. 2011; Schleuning et al. 2011; Picard et al. 2012 in 

Cazzolla Gatti R. et al., 2014).  

Putz et al. (201210) show through a meta-analysis of over 100 publications, from 59 forests in 10 

countries in the 3 tropical forest basins (Africa, Asia Amazon), that selective logging in tropical forests 

maintains 76% of carbon after one rotation and 85 to 100% of biodiversity (mammal, bird, 

invertebrate and plant species). 

The study did not contain studies from the Congo Basin for the impact on biodiversity. 

On the contrary, for the 4 studies analysed by Putz on Carbon that originated from the Congo Basin 

(Gabon , Republic of Congo), 92% to 97 % of the carbon stock was maintained after harvest, much 

more than what was indicated to be maintained in the Amazon or South-East Asian tropical forests. 

It is shown hereafter that logging intensity in the Congo Basin is much lower than in the Amazon and 

South-East Asian tropical forests. 

Country Harvest intensity 

(m
3
/ha) 

Above-ground  

C pre-logging 

(tC/ha) 

C lost from 

logging 

(tC/ha) 

C retained 

(%) 

Notes Reference 

Gabon 8.1 210 17 92 RIL Medjibe et al, 2011(a) 

Gabon 11.4 194 12 94  Medjibe 2012 

Gabon 5.7 190 6 97 RIL Medjibe 2012 

Rep. of Congo 9.6 271 8 97  Brown et al. 2005 

* C-stock in estimated total live biomass from remote sensing data. 

Medjibe et al. 2011 concluded that for a forest logging operation with an average intensity of 0.82 

trees/ha, there was no observed effect on the specific richness of trees, and that forest aerial biomass 

declined by 8.1% compared to the pre-harvest inventory. 

Moreover, a recent publication (Chaudhary et al., 2016) analyses the impacts on biodiversity richness 

and economic trade-offs according to the various types of logging operations. It appears that selective 

harvesting (selective RIL or selective CL) ranks among the types of harvesting that have the least impact 

on the richness of the various taxonomic groups examined in this publication (Figure 3). 

                                                           
10

 Putz F.‚ Zuidema P.‚ Synnott T.‚ Peña-Claros M.‚ Pinard M.‚ Sheil D.‚ Vanclay J.‚ Sist P.‚ Gourlet-Fleury S.‚ Griscom 
B.‚ Palmer J.‚ Zagt R., 2012. Sustaining conservation values in selectively logged tropical forests: the attained and 
the attainable. Conservation Letters‚ 5(4)‚ pp.296-303.  
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Figure 3: Change in the specific richness of various taxonomic groups in response to the 10 most common forest 
management regimes (Chaudhary et al., 2016 in Terea, 2017) 

The publication thus considers that selective harvesting - as practiced in Gabon (whether or not it uses 

reduced impact logging methods) - is one of the best logging practices that was examined (including 

other types of selective harvesting) (Chaudhary et al. 2016). 
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Figure 4: Characterisation of the various types of forestry management systems according to the fraction of species lost and 
net profits generated (Chaudhary et al., 2016 in Terea, 2017) 

The following figure in De Wasseige et al. (200911)hows that selective exploitation maintains a very large 

share of the carbon stock and that the replenishment is ensured over 20 years. In contrast, palm oil 

plantations and shifting cultivation represent a loss of about 70-90% of the forest carbon stock. 

                                                           
1111

 De Wasseige C., Devers D., de Marcken P., Eba’a Atyi R., Nasi R. and Mayaux Ph., 2009. The Forests of the 
Congo Basin - State of the Forest 2008, European Union 
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Figure 1: Temporal evolution in aboveground living biomass of different land use systems:  
SECSUC (Secondary succession; OILPAL: Oil palm plantation; SHICUL: Shifting Cultivation; LOG_INT: intensive Logging; 
LOG_EXT: extensive logging (De Wasseige et al, 2009) 

A study by Burivalova et al. (2014) analysed the Thresholds of Logging Intensity to Maintain Tropical 

Forest Biodiversity, through a meta-analysis and using an information-theoretic approach, they analysed 

key predictors of the richness of tropical forest fauna in logged forest. The  analysis reveals that 

mammals and amphibians are particularly sensitive to logging intensity and would suffer halving of 

species richness at logging intensities of just 38 m3/ha and 63 m3/ha respectively. On the other hand, 

most taxonomic groups would be resilient to selective logging at intensities of less than 10 m3/ha. The 

study provides a quantitative analysis of the nuanced responses of species along a gradient a gradient of 

logging intensity, which could help inform evidence-based sustainable logging practices from the 

perspective of biodiversity conservation. 

Conclusion and discussion of the literature review 

In selectively managed forests in Central Africa, the reduction in carbon stock caused at the time of 

harvest is very low, about 3 to 7% of the initial stock, without even considering the regrowth and 

regeneration. 

However, it is advisable not to exceed the threshold of 4 trees per hectare in mature Celtis dominated 

forests (Gourlet-Fleury et al, 2013). Beyond this threshold, the forest does not recover its biomass in the 

space of a rotation. On the other hand, invasion by short-lived pioneer species may obstruct it in the 

event of severe drought [because the pioneers will invade the space but die during the drought?]. 

The maintenance of forest biomass and forest cover ensures that the functions of regulation of the 

water regime, soil protection and regional and global climate are maintained. 
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As will be shown hereafter, average harvest level in the Congo Basin is not more than 2 trees per ha and, 

in the Republic of Congo, certified forest companies respect a maximum of 2,5 trees per ha. 

It is also important to note that wetlands and peatland areas are excluded from the management plans 

(and therefore from the harvestable forest area) of concessions. However, a recent publication (Dargie 

et al., 2017) finds that the central basin of the Congo river is the largest tropical peatland complex, 

representing an underground biomass equivalent to that of the entire Congo Basin's aerial one. 

Concessionaires who exclude these areas are therefore excellent stewards of the integrity of these 

significant carbon stocks. 

7.2 Comparison of the Congo Basin with other tropical forest basins 

As the publications date prior to the implementation of forestry management in the Congo Basin, the 

intensity of logging was already reduced in terms of per hectare harvesting compared with the other 2 

major tropical forest basins (Bertrand, 1986, in Dupuy, 1998): 

- 8 m3/ha in Africa, 

- 13 m3/ha in tropical America, 

- 27 m3/ha in Asia. 

The Congo Basin RIL guidebook (FAO, 2003) provides comparable logging figures for the 3 major tropical 

forest basins, as follows. 

Table 2 Estimate of the impact of logging on tree populations (FAO, 2003) 

 Africa America S-E Asia 

No. of stems harvested/ha   1-3 2-5 6-20 

Commercial volume harvested in m3/ha 5-15 5-30 10-50 

Proportion of trees damaged   10-15 25-40 50-60 

An extend analysis of monitoring data and the application of Reduced Impact Logging (RIL) techniques 

by certified companies in the Congo Basin was done by TEREA/ATIBT in April 2017. The analysis of the 

date from certified companies show that they harvest an average a maximum of 2 stems/ha and 19 

m3/ha. That is still well below the figures presented above for Africa.  

The study of TEREA (2017) shows that the application of RIL allows to maintain the forest ecosystem 

integrity, and that impacts compared to the natural, pristine state can be minimized. 

Table 3 Harvest characteristics by FSC certified companies in the Congo Basin (derived from TEREA, 2017) 

 Congo Basin certified companies 

No. of stems harvested/ha 0.66-1.97 (*) 

Commercial volume harvested in m3/ha 2.8-19  (*) 

Surface affected in the annual harvest area 

  of which roads 

5.5-9.8% 

1.2-1.9% 

Road density in km/km2 0.64 – 1.35  
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(*) Maximum number of stems and volume to be harvested per ha is 2.5 and 45 m3 respectively 

according to RIL guidelines in the Rep. of Congo. 

In their publication, Picard et al. (2012) study the 

correlation between the number of stems and the 

proportion of damaged stems of the residual stand in 

the 3 major tropical forest basins. 

The figure shows the results for Africa  (black circles), 

for the neo-tropics (America) (white triangles) and Asia 

(white circles). A significant residual continent effect 

was found with lower damage in the Amazon 

compared to Africa and Asia, for the same level of 

logging intensity, in agreement with the size of the 

felled trees. It can be seen from the graph that  studies 

from Africa (black circles) show a lower logging 

intensity, consistent with the previous observations.  

Figure 5: Proportion of trees damaged according to logging 
intensity (Picard et al. 2012, from Terea 2017).  

Luc Durieu (1999) studied the relation between harvest density and the surface affected by damage due 

to skidding and logging gaps in Ngotto (C.A.R.) and compared it with 4 other sites in Cameroun and 

C.A.R. The long term monitoring at IFO, from 2007 till 2017, shows that the relations fit very well with 

the damage observed in UFA Ngombé for logging and skidding (see Figure 8 p. 23). 

 
Figure 6: Surface damaged by harvest (gaps and skidding) in relation to logging density (Durieu et al., 1999). The trendline 
has been prepared at Ngotto, C.A.R. and the four points on the graph are 2 sites in Mbaïki, CAR and 2 sites in Cameroon. 

Certified companies, which harvest between 1 and 2 stems per hectare, have a limited impact on the 

residual stand as only 5 to 10% of the annual logging area is affected by logging.  
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The results of long term monitoring harvest impact at IFO in UFA Ngombé correspond with the studies 

that evaluated the relation between logging density and the surface affected by harvest in Africa, 

Asian and the Amazon tropical forests. 

Harvest intensity in the Amazon and South-East Asia is higher, with higher total impact. 

7.3 Comparison with non-certified logging 

Burivalova et al. (2016) remind us that Feldpausch et al. (2005) in particular demonstrated that practices 

of certified companies such as RIL practices clearly result in less disturbances in the ground and a lower 

density of roads and skid trails. This is the result of better planning and sometimes also a lower logging 

intensity (Medjibe et al. 2013, in Burivalova et al., 2016). 

Medjibe and Putz (2012) also explain that numerous scientific publications (Pinard and Putz, 1996; Sist 

et al., 1998; van der Hout, 1999; Barreto et al., 1998; Healey et al., 2000; Boltz et al., 2001, 2003; Tay et 

al., 2002; Holmes et al., 2002) demonstrate that compared to conventional selective harvesting, reduced 

impact logging practices almost halve the damage to residual stands as well as the ground. 

Moreover, Burivalova et al. (2016) mention that several publications (Bicknell et al., 2014, Burivalova et 

al., 2014, Martin et al., 2015) demonstrate that the implementation of RIL practices allow more plant 

and animal species to be preserved and they also allow for a greater abundance of animals, even after 

taking into account the effect of logging intensity. Burivalova et al. (2016) also cite the works of Damette 

& Delacote (2011); Gaveau et al. (2013); Miteva et al. (2015) which demonstrate that forest certification 

results in less deforestation, which further reduces the impact of logging on biodiversity. 

Lastly, Cerutti et al. (2014) demonstrate the many positive social impacts of FSC certification, namely: 

- certification is regularly associated with better working and living conditions: water supply and 

access to healthcare are guaranteed, housing, access to electricity and waste management and 

products are available at acceptable prices; 

- the establishment of active local institutions for communication between companies and local 

populations; they appear to be more legitimate and effective than in non-certified companies; 

- the existence of profit-sharing systems, with redistribution that is more effective than those 

mandated by legal frameworks. These systems are directly linked to an improvement of the local 

economy. 

It should be noted that Cerrutti et al. (2014) emphasis that on the issue of agricultural and hunting 

practices and the collection of non-timber forest products (NTFPs), certified companies implement 

procedures and rules to enforce legal provisions, and that this may restrict the exercise of these rights 

when they are exercised in contradiction with the law. 

7.4 Supply of timber 

The production capacity of the forest would fall by 46% after the first harvest but would remain at a 

generally equivalent level for the following rotations (Pultz et al., 2012). 

The laws of the African countries require each manager to carry out an assessment of the recovery of 

the timber stock and to respect a minimum threshold for volume recovery. On a concession in Northern 

Congo, it has been shown that 63 to 77% of the initial stocking of trees will be reconstituted in one 

rotation of 30 years, for the species currently exploited. The establishment of merchantability of new 

species must make it possible to fill the reduction in exploitable potential. 
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7.5 Supply of resources to local communities 

Some species harvested by the forest manager may also be highly valued by local populations. FSC-

certified companies address this situation by adapting their management method: (i) identification of 

competing species, (ii) concerted definition of management methods - including prohibition of 

exploitation, (iii) preservation of “upcoming” [maturing?] individuals of the target species.   

Some studies have shown that harvesting by populations themselves could potentially jeopardize some 

over-exploited resources. This is particularly true of Gnetum (G. africanum and G. buchholzianum) and 

hunting for bushmeat or poaching. Gnetum species are threatened with extinction in Africa (Shango 

Mutambwe, 2010), due to the intensive collection of this wild forest resource and some cultural 

practices that reduce its habitat. Some species of fauna, initially the largest mammals, have disappeared 

from much of the forest in Central Africa, leading to the "empty forest syndrome", in which natural 

populations of wildlife, which have often a crucial ecological role (for example for seed dispersal) are 

eleminated (FRM, Development Inventories in Central Africa). 

The impact on ecosystem services can be reduced by forest management practices such as the 

application of reduced impact logging techniques (EFIR) or certain silvicultural treatments that are 

generally already applied by FSC-certified companies such as IHC/IFO in UFA Ngombé. 

7.6 Measuring and evaluating impacts of SFM in UFA Ngombé 

7.6.1 Impacts of harvest on vegetation and forest cover 

The table below summarizes the harvest characteristics for UFA Ngombé managed by IFO / IHC and the 

most important impact, monitoring data. An extend list of monitoring data and the impacts on the 

forest ecosystem is available in the annual Sustainability Report and the Monitoring reports. 

It can be observed that harvest characteristics and impacts on the forest ecosystem are even lower in 

UFA Ngombé than in the Congo Basin. This is due to the relative low harvest volume per ha, due to the 

presence of pioneer Marantaceae forests on a large part of its surface, and also to the rigorous 

application of Reduced Impact Logging measures.  

Table 4 Harvest characteristics by FSC certified companies in the Congo Basin and in UFA Ngombé (derived from TEREA, 2017 
and IFO, 2017, monitoring data) 

 IFO / UFA Ngombé 

Av. (min.-max.) 

Congo Basin 

certified 

companies  

Comparison with literature 

(FAO, 2003) 

 Africa America S-E Asia 

No. of stems harvested/ha 0.6 (0.3– 0.9) 0.66-1.97 (*) 1-3 2-5 6-20 

Volume harvested in m3/ha 6.7 (2.7-10.7) 2.8-19  (*) 5-15 5-30 10-50 

Surface or proportion of trees** 

affected:     incl.:  Roads 

  Skidtrails & log yards 

  Logging gaps 

6.6% (4.2-9.2%) 

1.5% (1.2-2.0%) 

2.2% (1.4-3.2%) 

2.8% (1.5-4.5%) 

5.5-9.8% 

1.2-1.9% 

10-15** 25-40** 50-60** 

Road density in km/km2 0.7 (0.37-1.22) 0.64 – 1.35     

(*) Maximum number of stems and volume to be harvested per ha is 2.5 and 45 m3 respectively 

according to RIL guidelines in the Rep. of Congo. 
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The figures below shows the impact of harvest, the proportion of surface affected of the annual logging 

area, in function of the number of trees and volume harvested from 2007 till 2017. 
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Figure 7: Relation between (ABOVE) the number of trees felled and (BELOW) the volume harvested in annual logging areas 
(2007 till 2017) and the surface affected by harvest, in UFA Ngombé. Impact is based on measuring road and skid trail length 
by GIS and by GPS samples, measuring a sample of roads and skid trails widths by tape, and logging gaps by GPS. 

The figures show that there is a better correlation (R2 =0.987) with the number of trees harvested 

compared to the volume harvested (R2 =0,749).   

The figures show that impact by harvest is about 1% of the surface area per m3 harvested. 

A comparison between the area affected by harvest in IFO and other studies shows that the damage to 

the remaining stand is similar. The other studies evaluated logging densities up to 3.5 trees per ha 

(Durieu L., 1999) and up 20 trees per ha by Picard et al., 2012. 

 

Figure 8: Relation between the density of logging (number of trees felled per ha) and a) surface affected by harvest (gaps and 
skidding) in IFO, UFA Ngombé (2018); b) idem in Ngotto, RCA (Durieu de Madron L. et al., , 2000

12
,) and c) proportion of trees 

damaged in the Amazon, S-E Asia and Africa (Picard et al. 2012
13

 . 

7.6.2 Impact of harvest on Carbon emission 

The impact of harvest on the vegetation and forest cover has been evaluated in detail over many years 

for UFA Ngombé.  The impact on Carbon has been calculated, related to the different activities: road 

construction removes most of vegetation, skidding affects only smaller trees and in logging gaps, a 

larger tree is harvest and creates damage to the surrounding trees and undergrowth. 

Data of the Emission Reduction Program Document (ERPD) of the Republic of Congo (Oct. 2016) where 

used to evaluate different emission levels for different land-use types.  

The ERPD evaluates for Northern Congo, the Sangha and Likouala Department, the historic carbon 

emissions of different activities, including logging, the expected evolution over the next years and 

establishes a baseline and, the emission reduction which can be attained over the next 20 years. 

Reduced Impact Logging applied by certified companies, including IFO (UFA Ngombé), is one activity to 

                                                           
12

 Durieu L., et al., 2000: Surface affected by disturbance (%) =100*(1-1/ ((1+0,186.N)
0,465

)) 
13

 Picard et al., 2012, Proportion of trees damaged (%) = 1 – (1+ 0.09135 N) 
-0.70461
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reduce emissions. The study also makes an evaluation of Emission reduction by set-aside of Forest 

concession areas and the impact by Palm-oil plantations.  

We considered the establishment of a palm oil plantation as deforestation, with aboveground Carbon 

disappearing. 

As indicated in the table below, the emissions figures in the ERPD and other REDD+ projects are higher 

than the emissions we calculated for IFO (UFA Ngombé). 

In IFO, UFA Ngombé, from 2007 till 2017, on average 6,6% of the area that was harvested was affected 

by the logging activities and 5% of the Carbon stock emitted per harvest area.   

Reconstitution and regrowth is being studied and has not yet been taken into account. 

An analysis of permanent sample plots, established from 2002 to 2005 in UFA Ngombé, is  ongoing and 

will provide data on regrowth, regeneration and reconstitution of the forest and Carbon stock after 

logging. Half of the plots were established before logging, and followed 12 to 15 years after logging. 

Table 5: Above Ground Carbon (CO2) stock and emission of CO2 due to logging according to different studies. 

Designation IFO, 
SFM and RIL 

Brown 
(Winrock), 
2005, Congo 

ERPD 
Congo, 
2016 

2
 

Set-aside 

ERPD Congo, 
2016 

3
 

SFM/ RIL 

VCS 
Pikounda, 
Congo, 2013, 
Set-aside 

4
 

Nb. of trees/volume felled /ha 0.6/6.8 m
3
 0.53/11 m

3
   5,6/17 m

3
 

% of surface affected 6.6%    12,4% 

CO2 stock per ha 450
1
 1012 450

1
 450

1
 450

1
 

Emission* or emission 
reduction** in t CO2 per 
production area (ha) per  year 

0.74* 1.25* 2.78** 0.58** 2.52** 

Emission t CO2 / ha in the 
annual harvest area 

22.2 37.4 83.4 17.3 50.4 

% of aboveground CO2 stock 4.9% 8.3% 18.5% 3.8% 11.2% 

1 Average value of CO2 stock in AGB based on ERPD, Rep. of Congo (2016)
 14

. 
2
 Emission reduction due to set-aside, conservation, compared to conventional logging (ERPD, Rep. of Congo, 

2016)
15

; 
3
 Emission reduction of SFM/RIL compared to conventional logging (ERPD, Rep. of Congo, 2016)

 15 
4
 Emission reduction due to set-aside, conservation, compared to SFM/RIL logging (ERPD, Rep. of Congo, 2016)

 15 

7.6.3 Economic value of SFM and Carbon emission compared to other land-use types 

Annex 11.1 shows the analysis of the Economic value creation and t CO2 eq. emissions for 3 land-use 

types: 

1. UFA Ngombé Sustainable forest management by IFO (1,16 million ha); 

2. A theoretical example of a conservation area on a similar area;  

3. A theoretical example of Palm-oil production on a similar area. 

 

                                                           
14

 ERPD Rep. of Congo, DRAFT Oct. 2016,  Emission Reductions Program in Sangha and Likouala, Forest Carbon 
Partnership Facility (FCPF), Carbon Fund, Emission Reductions Program Document (ER-PD) 
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Table 6: Economic value of SFM (sustainable forest management) and carbon emission reduction compared to other land-
use types. 

Designation (1) Theoretical 

Conservation Area 

(2) UFA Ngombé, 

Sust. Forest Man. 

(3) Theoretical Palm-oil 

plantation 

total area  

production area 

1.16 million ha 1.16 million ha  

800’000 ha 

1.16 million ha 

800’000 ha 

production per useful surface per year  n.a.  0.25 m
3
 /ha/ y.  3.4  t crude  oil /ha/y. 

0.5 t kern oil/ha/y. 

Economic value creation per year    

Economic value per year € 2.8 millions € 50 millions € 1’945 millions 

€ 2.5 / ha / y.  € 43 / ha / y. € 1'678  / ha / y. 

Economic value per year with payment of 

US $ 5 /tCO2  emission reduction* 

€12 millions € 52 millions €1'904 millions 

€ 10.3/ ha / y. € 44.8 / ha / y. € 1'643,6  / ha / y. 

Break even of conservation & SFM at 

payment of US$ 33 /t CO2 for emission 

reduction by conservation and SFM 

(compared to baseline emissions)* 

€62.5 millions €62.5 millions  

€ 54 / ha / y. € 54 / ha / y.  

Break even of conservation - SFM at 

payment of US$ 98 /t CO2 emission 

reduction due to conservation, set-aside, 

and no payment for SFM** 

€50 millions €50 millions  

€ 43 / ha / y. € 43 / ha / y.  

* Based on values of ERPD, Republic of Congo, Oct 2016 15 for Set-aside/ Conservation ( 1) and Certified, 

SFM, sustainable forest management (2). 

** Based on values of long term monitoring at IHC/IFO, UFA Ngombé (IHC/IFO, 2018) 

The evaluation shows that SFM creates about 50 million EU economic value (in turn-over), 17 times 

more compared to the budget from donors available for a conservation area (2.8 million EU). 

If PES (Payment for Environmental Services), in particular Carbon sequestration/ CO2 emission 

reduction, is considered, the comparison is as follows: 

- If CO2 emission reduction is paid for, at a price of 5 US$/ton CO2 eq., than SFM creates 4 times more 

total economic value and related social value, than a conservation area. 

- The break-even point for the total economic value of strict conservation and SFM is reached with a 

CO2 eq. price of 33 USD / t CO2 eq.  Nevertheless, a total donor or PES budget of 62 million EU would 

be needed for a forest area of 1.16 million ha (800’000 ha production harvest area) to create an 

equivalent value between SFM and conservation. 

Annex 11.2 shows the analysis of IFO of CO2 emissions and emission reduction, based on long term 

monitoring data of impact of harvest in UFA Ngombé (2007-2017). 

- IFO’s analysis of CO2 emissions by SFM are much lower. Even without reconstitution taken into 

account, the economic break-even point would be at almost 100 US$/tCO2 eq. if we consider the 

CO2 emissions by SFM in UFA Ngombé, with RIL techniques, compared to a conservation area. 

                                                           
15

 ERPD Rep. of Congo, DRAFT Oct. 2016,  Emission Reductions Program in Sangha and Likouala, Forest Carbon 
Partnership Facility (FCPF), Carbon Fund, Emission Reductions Program Document (ER-PD) 
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It is important to consider that SFM, as shown before, maintains the social and ecological values of the 

forest area, in particular with the low impact harvesting practiced in the Congo Basin.  

Even if the importance of conservation areas is unquestionable, as a reference of forest ecosystems, the 

analysis shows that SFM in the tropics can create a large economic and social value, while maintaining 

the forest ecosystem with all its ecological and social services and functions. 

The Comparison with Palm-oil is more difficult as the negative ecological, economic and social impacts 

of the conversion to palm oil and disappearance of forest can not be valuated easily.  

Following  aspects are also part of the Natural capital of the forest management unit Ngombé, but a 

tangible monetary value can hardly be calculated: 

 the value of rare protected animal species in UFA Ngombé (70’000 large apes (mainly Gorilla’s), 

several 3000-4000 elephants and other species like buffalo’s, sitatunga, small animal species like 

forest duikers, monkeys, crocodiles, birds, bats,  insects… have a significant value, and are 

indispensable for the ecosystem functioning (dispersal of seeds and pollen, opening clearings in 

the forest. ..) 

 the biodiversity of trees and other plants: over 300 tree species > 20 cm diameter were found in 

the forest management inventory and more species exist that do not attain this diameter, 

 the value of wildlife, medicinal trees, fish and other forest products for local communities and 

indigenous peoples; 

 the value of the forest for watershed protection, soil conservation, climate regulation …. 

The economic value creation (in terms of turn-over) by palm-oil, without considering the negative 

impact of CO2 emission by deforestation and complete loss of the forest, is about 700 times more than 

the budget of a similar conservation area and 60 times more than the economic value, turn-over, of 

SFM. This means that the opportunity cost of conservation is high in an area that is suitable for palm-oil. 

Nevertheless, due to the huge CO2 emissions associated with deforestation by palm oil, and the 

destruction of all the forest ecosystem functions and services, it is important to establish palm-oil 

plantations on degraded forest lands or in Savana’s, with low carbon stock and low conservation value. 

7.6.4 Other impacts of Natural Forest Management  

The Natural Capital Impact assessment of SFM in UFA Ngombé is represented in the file 

“ForestSectorGuide_SFM Interholco_Impacts – dependencies 2018 03” 

A short summary of the impacts that apply to natural SFM in the tropics is represented below.  

The materiality assessment and score is based on previous Environmental impact assessment of IFO’ 

forest management activities in UFA Ngombé (cf. ISO 14001 methodology), and has not been repeated 

in the table, but only the resulting score has been shown.
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Impact driver 
(similar to Environmental Aspect 
according to ISO 14001) 

Score 
Forest 
Sector 
Guide 

Description 

Naturally  
regenera-

ted 
forest 

Materiality 
total score 

IHC 
Explanation 

Pre-establishment     -     

Zoning natural habitats and High Conservation Value Areas or practicing low-impact forest management 

Carbon sequestration XXX 
Protecting high conservation value (HCV) areas as reserves may have a 

positive impact on carbon sequestration over time 
Y 3 

High, RIL practices result in less CO2 emission (see ER 

PD Congo, IFO Monitoring data) 

Water pollutants XXX 
The establishment of buffer zones has repeatedly been shown to be highly 

effective for protecting water quality 
Y 2 

Applied as part of RIL, but, as there is a lot of wetland 

around rivers, and harvest is very extensive, the impact 

is less important. 

Fiber XXX 
Protecting natural habitats may increase the availability of fiber for local 

communities depending on access 
Y 2 SFM: this ressource remains available 

Food and fuel XXX 
Protecting natural habitats may increase the provision of food and fuel 

types for local communities depending on access 
Y 2 SFM: this ressource remains available 

Fresh water (groundwater) XXX 
Protecting natural habitats can secure the watershed protection function 

of forests 
Y 2 SFM protects this aspect 

Fresh water (surface water) XXX 
Protecting natural habitats can secure the watershed protection function 

of forests 
Y 2 SFM protects this aspect 

Biochemicals, natural medicines, 

and pharmaceuticals 
XXX 

Protecting natural habitats can allow for the protection of important 

naturally occurring biochemicals, natural medicines, pharmaceuticals, etc. 
Y 2 SFM protects this aspect 

Regulation of air quality XXX 

Protecting high conservation value forested areas may help to clean 

polluted air by filtering and trapping pollution particles with attendant 

benefits for local flora and fauna 

Y 2 SFM protects this aspect 

Regulation of local, regional, 

and/or global climate 
XXX 

Protecting natural habitats will likely facilitate the role of the natural 

landscape regulation of local climate 
Y 2 SFM protects this aspect 

Regulation of water timing and 

flows (groundwater) 
XXX 

Protecting natural habitats can secure the watershed protection function 

of forests 
Y 2 SFM protects this aspect 

Regulation of water timing and 

flows (surface water) 
XXX 

Protecting natural habitats can secure the watershed protection function 

of forests 
Y 2 SFM protects this aspect 

Erosion control XXX 
Protecting natural habitats can secure the erosion control function of 

forests 
Y 2 SFM protects this aspect 

Water purification and waste 

treatment (groundwater) 
XXX 

Protecting natural habitats can secure the watershed protection function 

of forests 
Y 2 SFM protects this aspect 

Constructing Roads and Railroads     -     
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Impact driver 
(similar to Environmental Aspect 
according to ISO 14001) 

Score 
Forest 
Sector 
Guide 

Description 

Naturally  
regenera-

ted 
forest 

Materiality 
total score 

IHC 
Explanation 

GHG emissions XXX 
The industrial processes required to construct roads and railroads may lead 
to the release of GHG emissions 

Y -1 
relative low density of roads, impact for 1 to 3 years 
(1% of surface, 1 km / 2 km

2
) 

Non-GHG air pollutants XXX 
The industrial processes required to construct roads and railroads may lead 
to the release of non-GHG air pollutants 

Y -1 idem 

Water pollutants XXX 
Roads and railroads can act as conduits of pollutants into water sources via 
runoff, the physical construction of roads could also lead to water pollution 
due to oil, diesel spillages, construction debris 

Y -1 rare occurrence 

Soil pollutants XXX 
May lead to soil pollution via the various substances required to construct 
the road and possible spillages/debris from ongoing road usage (pollutant 
substances include oil, diesel spillages, and construction debris) 

Y -1 rare occurrence 

Solid waste XXX 
Solid waste left by construction personnel (e.g., plastic) or from machinery 
if maintenance takes place in the forest (e.g., filters, cables) 

Y -1 rare occurrence 

Erosion control XXX Poorly designed roads and railroads may lead to soil erosion Y -1 relative low occurrence 

Change in habitat/biodiversity: 
Flora 

XXX 
Constructing roads and railroads can open up access routes for illegal 
deforestation to take place, although controlling access to forest sites can 
reduce this risk 

Y -1 
less important in Rep. Congo, controlled by guards, 
potential impact (e.g. mining ) 

Change in habitat/biodiversity: 
Fauna 

XXX 
Constructing roads and railroads can open up routes for poachers to enter 
forested areas (e.g., bushmeat hunting of threatened species), although 
controlling access can reduce this risk 

Y -2 

important aspect in Rep. Congo, control of access by 
guards and wildlife guards. Nevertheless, eco-guards 
from our Project of Wildlife management are 
requesting to keep some roads accessible in order to 
allow surveillance. 

Management     -     

Fire prevention and suppression     -     

Change in habitat/biodiversity: 
Flora 

XXX  Potential impacts on biodiversity through habitat fragmentation Y -2 
Occurance very rare (every 50 years probably), but 
impact can be significant (e.g. fire incidence in 
Marantaceae forests) 

Change in habitat/biodiversity: 
Fauna 

XXX  Potential impacts on biodiversity through habitat fragmentation Y -2 idem 

Harvesting     -     

Constructing skids trails/landings 
  

- 
 

  

GHG emissions XXX 
Disturbs soil compaction and can lead to the release of some below ground 
carbon. The mechanized process will have GHG emissions impacts 

Y -2 important aspect 

Non-GHG air pollutants XXX Machinery used will result in the release of non-GHG air pollutants Y -2 important aspect 

Water pollutants XXX  May cause water pollution via sediment leaching Y -1 present, but low frequency 
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Impact driver 
(similar to Environmental Aspect 
according to ISO 14001) 

Score 
Forest 
Sector 
Guide 

Description 

Naturally  
regenera-

ted 
forest 

Materiality 
total score 

IHC 
Explanation 

Solid waste XXX  
Solid waste left by construction personnel (e.g., plastic) or from machinery 
if maintenance takes place in the forest (e.g., filters, cables) 

Y -1 present, but low frequency 

Erosion control XXX  May result in soil erosion and subsequent sedimentation/leaching Y -1 present, but low frequency 

Regulation of soil quality XXX  May result in soil erosion and subsequent sedimentation/leaching Y -1 present, but low frequency 

Harvesting: Selective logging     -     

Carbon sequestration XXX 
Harvesting reduces the carbon stock of the forest*. Depending on the use 
of the wood fiber, the carbon may be stored for a long time period (see 
Use phase impacts) 

Y -3 Important 

GHG emissions XXX  Mechanized felling will have GHG emissions impacts Y -1 Chain-saw, especially safety impacts 

Non-GHG air pollutants XXX  
Mechanized felling will likely release non-GHG air pollutants via the 
machinery used 

Y -1 Chain-saw, especially safety impacts 

Soil pollutants XXX  Harvesting can lead to soil pollution via the machinery used Y -1 present, but low frequency & intensity 

Solid waste XXX  
Solid waste left by harvesting personnel (e.g., plastic) or from machinery if 
maintenance takes place in the forest (e.g., filters, cables) 

Y -1 present, but low frequency & intensity 

Disturbances (e.g., noise and odor) XXX  
Harvesting by selective logging is likely to be mechanized but likely less 
disturbing both visually and audibly compared to clear-felling 

Y -1 present, but low frequency & intensity 

Fiber XXX  Harvesting of wood fiber provides fiber to local and global communities Y 2 benefit (e.g. planks, charcoal) 

Fresh water (groundwater) XXX  
Harvesting can be highly impactful on soil erosion, reducing the soil's 
productivity and ability to retain water 

Y -1 present, but low frequency & intensity 

Erosion control XXX  
Is likely to lead to erosion via disturbance of soil during tree removal. 
Damage will not be as impactful as clear-felling. 

Y -1 present, but low frequency & intensity 

Change in habitat/biodiversity: 
Flora 

XXX  
Likely to negatively impact biodiversity via disturbance and removal of 
continuous habitat but dependant on species type 

Y -2 usually, impact is short term 

Change in habitat/biodiversity: 
Fauna 

XXX  
Likely to negatively impact biodiversity via disturbance and removal of 
continuous habitat but dependant on species type 

Y -2 usually, impact is short term 

 

 

 

 

 

Forest products sector guide  Materiality analysis for IHC / IFO (Congo) 

 Positive Negative  Negative Positive 

   not applicable or neutral 0  

Unlikely to be significant XXX XXX low impact -1 1 

Potential to be significant XXX XXX medium / potential significant impact -2 2 

Likely to be significant XXX XXX high impact, significant -3 3 
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8 Interpret results /  

9 Take action 

Step 08: 

Interpret and 

test the results 

How can you 

interpret, 

validate, and   

verify your 

assessment 

process and 

results? 

 

 

 

This was done by interpreting the results of the study, as indicated in 

the analysis of chapter 7. 

Step 09: Take 

action 

How will you 

apply the 

results and 

integrate 

natural capital 

in the existing 

processes. 

 The pilot study helped to understand better the concept of Natural 

Capital applied to Forest management. The results of the assessment 

are mostly integrated already in current sustainable forest 

management practices. The current detailed forest management 

planning over one rotation of 30 years and beyond, as required in 

the Congo Basin countries, provide already the basis for long term 

planning, evaluating impacts and dependencies. 

The Reduced Impact Logging techniques as described in the forest 

management plan and by the certification requirements allow to 

reduce impacts during harvesting. 

Nevertheless, the concept of validating, measuring the Natural 

Capital will be used more and more in our forest management 

practices. 

 

  



 Natural Capital Protocol - Forest Management in the Rep. of Congo 
     p. 31 

10 Bibliograhpy 

Brown Sandra, Timothy Pearson, Nathan Moore, Aziza Parveen,  Stephen Ambagis and David Shoch, 

Impact of selective logging on the carbon stocks of tropical forests: Republic of Congo as a case study, 

Report submitted to the United States Agency for International Development Cooperative Agreement 

No. EEM-A-00-03-00006-00, WINROCK International. 

Burivalova  et al.,  2016. A  critical  comparison  of conventional,  certified  and  community management 

of tropical forests for timber in terms of environmental, economic and social variables. Conservation 

letters, pgs. 1-11. 

Cazzolla Gatti R. et al., 2014. The impact of selective logging and clearcutting on forest structure, tree 

diversity and above-ground biomass of African tropical forests. Ecological Research. 

Chaudary et al., 2016. Impact of Forest Management on Species Richness: Global Meta- Analysis and 

Economic Trade-Offs. Sci. Rep. 6, 23954; doi: 10.1038/srep23954 (2016). 

Dargie et al., 2017. Age, extent and carbon storage of the central Congo Basin peatland complex. Nature 

542, pg. 86–90. 

De Wasseige C., Devers D., de Marcken P., Eba’a Atyi R., Nasi R. and Mayaux Ph., 2009. The Forests of 

the Congo Basin - State of the Forest 2008, European Union. 

Dupuy, 1998. Bases pour une sylviculture en forêt dense tropicale humide africaine. CIRAD. pg. 328. 

Kleinschroth et al. 2016. How persistent are the impacts of logging roads on Central African forest 

vegetation? Journal of Applied Ecology. 

Durrieu de Madron Luc, 1999, FORET DE NGOTTO, Deuxième mission d’appui au suivi du plan 

d’aménagement du P.E.A. 169, Project ECOFAC/ RCA, AGRECO, CIRAD. 

Durrieu de Madron L., Fontez B., Dipapoundji B., 2000, Dégâts d’exploitation et de débardage en 

fonction de l’intensité d’exploitation en forêt dense humide d’Afrique Centrale, Bois et  forêts des 

tropiques, 2000, No. 264 (2), pp. 57-60. 

ERPD, Republic of Congo, Oct 2016, Advance Draft, Emission Reductions Program in Sangha and 

Likouala, Forest Carbon Partnership Facility (FCPF), Carbon Fund, Emission Reductions Program 

Document (ER-PD). 

Interholco, 2017, Enabeling Landscapes, Sustainability Report. 

IFO/Interholco, March 2017, Monitoring report 2016. 

IFO/Interhoclo, March 2018, Monitoring report 2017 (DRAFT). 

IFO, 2017, Manuel de l’EFIR (l’Exploitation Forestière à Impact Réduit). 

IFO, 2012, Système de Management de l'Environnement et la Sécurité au Travail, Management des 

Aspects et Impacts Environnementaux ("Managing Environmental Aspects & Impacts"), Identification 

des aspects environnementaux significatifs, VOLET FORET. 



 Natural Capital Protocol - Forest Management in the Rep. of Congo 
     p. 32 

Maley, J., Doumenge, C., Giresse, P., Mahé, G., Philippon, N., Hubau, W., . . . Chepstow-Lusty, A. (2018). 

Late Holocene forest contraction and fragmentation in central Africa. Quaternary Research, 89(1), 43-

59. doi:10.1017/qua.2017.97 

Medjibe et al. 201. Impacts of selective logging on above-ground forest biomass in the Monts de Cristal 

in Gabon. Forest Ecology and Management no. 262. pgs. 1799–1806. 

Medjibe et Putz, 2012. Cost comparisons of reduced-impact and conventional logging in the tropics. 

Journal of Forest Economics 18 (2012) pgs. 242–256. 

Putz F.‚ Zuidema P.‚ Synnott T.‚ Peña-Claros M.‚ Pinard M.‚ Sheil D.‚ Vanclay J.‚ Sist P.‚ Gourlet-Fleury S.‚ 

Griscom B.‚ Palmer J.‚ Zagt R., 2012. Sustaining conservation values in selectively logged tropical forests: 

the attained and the attainable. Conservation Letters‚ 5(4)‚ pp.296-303. 

Rutishauser Ervan, 2015, Rapid tree carbon stock recovery in managed Amazonian forest, Current 

Biology 25, R775–R792, September 21, 2015 

Smith Kiona N.- 2/28/2018, African rainforests vanished for 600 years, then bounced back—why?, 

https://arstechnica.com/science/2018/02/did-humans-or-climate-cause-the-great-rainforest-crisis/  

TEREA, ATIBT, Dirou Sophie & Priser Frédéric, 2017, RIL PRACTICES OF FSC COMPANIES IN CONGO 

BASIN, SYNTHESIS. 

Yannick G. et al., 2018, Early anthropogenic impact on Western Central African rainforests 2,600 y ago, 

PNAS 2018; published ahead of print February 26, 2018, https://doi.org/10.1073/pnas.1715336115 

  

https://arstechnica.com/science/2018/02/did-humans-or-climate-cause-the-great-rainforest-crisis/
https://doi.org/10.1073/pnas.1715336115


 Natural Capital Protocol - Forest Management in the Rep. of Congo 
     p. 33 

11 Annexes 

11.1 Economic value creation per land-use type and GHG emission 

reduction based on data of the ERPD Rep. Congo (2016) 

 

Natural capical protocol
Changes in natural capital: Carbon sequestration: Reduction of net GHG emissions which act as a global impact driver, results in climate change.

Indicator: Sequestration and emissions of metric tons of GHGs in CO2 equivalent

Economic value creation per land-use type and GHG (in CO2 eq.) emissions or emissions reduction
Emissions/emission reduction based on the ERPD (Emission Reduction Programm Document), Rep. of Congo,  28.10.2016

*  ***Economic value creation in turn-over per year

A. Economic value creation per land-use type, with payment of GHG emission reduction (in CO2 eq.) of 5 USD/ t CO2 eq.

Designation
(1) Theoretical 

Conservation Area **

Total area 1'159'000                         1'159'000                     1'159'000           

Total prod. area 800'000                            800'000                        800'000              

69% 69% 69%

rotation length (period calculated) 30 30 30

Crude oil Kernel

production / total surface (ha) /  y. n.a. 0,25                               m3 / ha / y. 3,5 0,4 ton/ha/y.

production / ha harvest area 7,50                               m3/ha

total production per year 200'000                        m3 / y. 2'800'000           320'000              ton/y.

price /unit 250€                              EU/m3 569€                    1'098€                

value / ha/ per useful (production) area 3,6€                                   63€                                EU/ha EU / ha

value /ha/year for total area 2,5€                                   43€                                EU/ha EU / ha

Economic value creation / year 2'862 50'000 K Euro  K Euro 

Ratio  …  times less than palm-oil 680 39

times less than SFM 17

GHG emission (in t CO2 eq.)

tCO2 emission / ha harvested 0 -66,08 tCO2/ha -450,0 tCO2/ha

tCO2 emssion / ha compared to: Conserv. (1) SFM (2)

-366,6 -349,3 tCO2/ha

tCO2 emission reduction/ha

 (compared to conv. Logging)
83,4 17,29 tCO2/ha

tCO2/ha emission reduction per year 2,78 0,58 tCO2/ha/y. 12,2 -                11,6 -                tCO2/ha/y.

emission in % of total tCO2 19,1% 4,0%

With price per t CO2 eq. 5,0$                         5,0$                      5,0$              
4,1$                                  4,1$                              4,1$                    

Potential cost or revenues CO2 9'038 1'874 K Euro -39'743 -37'868 K Euro

TOTAL economic value 11'899 51'874 K Euro 1'904'973 1'906'847 K Euro

per ha 10,3 44,8 Euro/ha 1'643,6 1'645,3 Euro/ha

Ratio  …  times less than palm-oil 160 37

times less than SFM 4

B. Economic Break-even point between conservation and SFM, price needed to be paid for  CO2 emission reduction.

With price per t CO2 eq. 33,0$                       33,0$                    33,0$            
26,8$                                26,8$                            26,8$                  

Potential cost or revenues CO2 59'649 12'371 K Euro -262'302 -249'931 K Euro

TOTAL economic value 62'511 62'371 K Euro 1'531'698 1'544'069 K Euro

per ha 53,9 53,8 Euro/ha 1'321,6 1'332,2 Euro/ha

Palm oil production ***

http://greenpalm.org/about-palm-oil/why-is-palm-oil-important Price palm oil 700$                   

3,74 t / ha; 0,4 tonnes of palm kerner oil and 0,4 tonnes of palm kernel expeler/cake Price palm oil kernels 1'350$                

Harvesting & Oil Palm Yield | Wilmar International

[PDF]Palm Oil Facts & Figures - Sime Darby

Annual budget of a 1,35 mio. ha Nat. Parc 4'100$                              K USD

EU/USD 1,23

3'333€                               K EUR

(3) Theoretical Palm-oil plantation ***

 €                                               2'431 

 €                                               1'678 

1'944'715 

(2) UFA Ngombé, Sust. Forest 

Man. *

** Estimation of economic value is based on the donor budget of a national parc (4,1 millions USD), proportional to the surface of the theoretical 

conservation area 
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11.2 Economic value creation per land-use type and GHG emission 

reduction based on monitoring data at UFA Ngombé (2007-2017) 

 

Natural capical protocol
Changes in natural capital: Carbon sequestration: Reduction of net GHG emissions which act as a global impact driver, results in climate change.

Indicator: Sequestration and emissions of metric tons of GHGs in CO2 equivalent

Economic value creation per land-use type and GHG (in CO2 eq.) emissions or emissions reduction

Emissions and emission reduction based on the study at UFA Ngombé,  monitoring of harvest impact from 2007 to 2017.

*  ***Economic value creation in turn-over per year

A. Economic value creation per land-use type, with payment of GHG emission reduction (in CO2 eq.) of 5 USD/ t CO2 eq.

Designation
(1) Theoretical 

Conservation Area **

Total area 1'159'000                         1'159'000                 1'159'000             ha

Total prod. area (for SFM & Palm oil) 800'000                     800'000                ha

69% 69% 69%

rotation length / period calculated 30 30 30

Crude oil Kernel

production / total surface (ha) /  y. n.a. 0,25                            m3 / ha / y. 3,5 0,4 ton/ha/y.

production / ha harvested 7,50                            m3/ha

total production per year 200'000                     m3 / y. 2'800'000             320'000                ton/y.

price /unit 250€                          569€                      1'098€                  

value / ha/ per useful (production) area 3,6€                                   63€                             EU / ha

value /ha/year for total area 2,5€                                   43€                             EU / ha

Economic value creation / year 2'862 50'000 K Euro  K Euro 

Ratio  …  times less than palm-oil 680 39

times less than SFM 17

GHG emission (in t CO2 eq.)

tCO2 emission / ha harvested 0 -22,20 tCO2/ha -450,0 tCO2/ha

tCO2 emssion / ha :

-427,8 tCO2/ha

tCO2 emission reduction/ha

 (compared to conv. Logging)
22,2 0,00 tCO2/ha

tCO2/ha emission reduction per year  (**) 0,74 0,00 tCO2/ha/y. 14,3 -                  tCO2/ha/y.

emission reduction in % of total tCO2 4,9%

With price per t CO2 eq. 5,0$                         5,0$                   5,0$                
4,1$                                  4,1$                           4,1$                      

Potential cost or revenues CO2 2'406 0 K Euro -46'374 K Euro

TOTAL economic value 5'268 50'000 K Euro 1'898'341 K Euro

per ha 4,5 43,1 1'637,9

Ratio  …  times less than palm-oil 360 38

times less than SFM 9

B. Economic Break-even point between conservation and SFM, price needed to be paid for  CO2 emission reduction.

With price per t CO2 eq. 98,0$                       98,0$                 98,0$              
79,7$                                79,7$                        79,7$                    

Potential cost or revenues CO2 47'164 0 K Euro -908'934 K Euro

TOTAL economic value 50'025 50'000 K Euro 1'035'781 K Euro

per ha 43,2 43,1 893,7

Palm oil production

http://greenpalm.org/about-palm-oil/why-is-palm-oil-important Price palm oil 700$                     

3,74 t / ha; 0,4 tonnes of palm kerner oil and 0,4 tonnes of palm kernel expeler/cake Price palm oil kernels 1'350$                  

Harvesting & Oil Palm Yield | Wilmar International

[PDF]Palm Oil Facts & Figures - Sime Darby

Annual budget of a 1,35 mio. ha Nat. Parc 4'100$                              K USD

EU/USD 1,23

3'333€                               K EUR

** Estimation of economic value is based on the donor budget of a national parc (4,1 millions USD), proportional to the surface of the theoretical 

conservation area 

(3) Theoretical Palm-oil plantation *

 €                                                   2'431 

 €                                                   1'678 

1'944'715 

(2) UFA Ngombé, Sust. Forest 

Man. *
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11.3 Calculation of CO2 emission by harvest with RIL techniques in FSC 

certified forest management of UFA Ngombé 

 

IFO: Application of Reduced Impact logging in FSC certified forest management  to reduce CO2 emission 

Parameters V.2, 06.03.2018

total forest area : 800'000

total area forest Management Unit 1'135'900

rotation length: 30

average annual area  harvested: 26'667

volume per ha harvested: 6,7

CO2 in aboveground vegetation (per ha), 

Calculated and rounded from ERPD Congo, 2016
450                

(1) CO2  emmission without restauration  (ton CO2/year): area affected (ha) x CO2 in aboveground vegetation (t/ha)

Description
Historic data 

IFO 2007 - 2017

SFM for one 

rotation 30 y.

(RIL & FSC)

% Reduction 

estimated 

compared to 

conv. Logging (*)

SFM (RIL & 

FSC)

(t CO2/y.)

Harvest area and density

Annual average surface (ha): 27'099 26'667 26'667

average stems/ha harvested 0,6 0,6                 0,6   

average volume/ha harvested (NET volume) 6,7 6,7                 6,7   

Surface affected by harvest 6,6% 6,6% 591'951

Permanent roads 0,5% 0,5% -31,1% 100% 62'418

Sec. roads 1,0% 1,0% -34,1% 100% 117'596

Parcs / Log yards in the forest 0,2% 0,19% 0% 100% 22'411

Skid trails (***) 2,0% 2,0% -25,0% 20%

only smaller trees 

damaged, with a low 

volume, carbon 

content (***)

48'662

Logging gaps ("Chablis") 2,8% 2,8% 0% 100% 340'863

Road width (m)

principal roads (m) 24,9               24,9              -24,6%

secondary roads (m) 20,5               20,5              -21,0%

Road length (km)

principal roads (km) 53,9               53,0              -15%

secondary roads (km) 134,9             132,7            -15%

Road length (km / km2)

principal roads (km/km2) 0,20               0,20              -15%

secondary roads (km/km2) 0,50               0,50              -15%

t CO2/ total production area / year 0,74               

t CO2/ total area UFA / year 0,52               

% of aboveground CO2 stored / year per total surface area 0,12%

t CO2/ surface harvested area 22,20             

t C/ surface harvested area 6,05               

% of aboveground CO2 stored per surface harvested 4,9%

(*) Detours and less efficient road planning under a conventional harvest has been taken into account (10% more impact for conventional logging)

(***) For skidtrails, it is estimated that 20% of total carbon is destroyed (trees < 20 cm diameter at breast height, which represent a small amount of total 

aboveground Carbon). In RIL logging, larger trees along skidtrails protected.

(**) Estimation and based on Projet pilote REDD+ de la Lukénie, Flore Hirsh (FRM), Jean-Gael Jourget (FRM), Laurène Feintrenie (CIRAD), Nicolas Bayol 

(FRM), Richard Eba’a Atyi (CIFOR)

Surface affected by harvest

 (% of annual harvest area) % of Above Ground 

Biomass (AGB) destroyed/ 

carbon emitted per  

surface affected per activity

Annual CO2  

emmission

not all vegetation is 

destroyed on 

roads/log yards, but, 

a precautionary 

estimate has been 

taken

Road width reduced 

compared to legal 

requirements (33 m) 

& conv. logging

Road length is 

reduced by better 

planning


