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Abstract: 

Tropical forests store a large amount of carbon, and they are focused when considering 

climate change. However, they are currently threated because of anthropogenic activities 

and deforestation. These threats currently increase because of global population growth and 

associated increase of needs for materials, energy and space. This project aims to predict the 

carbon footprint of selective logging in French Guiana from 2015 to 2045. In order to do this 

we have created different scenarios of management strategy for forest exploitation. Using 

three levels of scenarios, we estimate (i) the effects of individual variables, (ii) the carbon 

fluxes for theoretical forest management strategies to date not seriously considered and (iii) 

the carbon fluxes for forest management strategies that have been seriously considered for 

the evolution of forest exploitation in French Guiana. After modification of a pre-existing 

model (Cabon et Piponiot-Laroche, 2014), we have simulated all these scenarios. Based on 

the results of this simulation, we suggest guidelines for minimizing the 2045 carbon footprint. 

We recommend a management strategy which increases intensity of logging in limited areas, 

improves techniques of extraction and transformation of wood lumber, and develops wood 

lumber and wood fuel plantations.  
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Introduction: 

French Guiana has a forest economy based on reasonable exploitation of its natural forest, 

but increasing urban and economic development and high population growth (2.5% p.a.) will 

lead to higher wood and energy consumption (Gonzalez et al., 2008).The National Forestry 

Office (ONF) is responsible for the management and development for all exploited forest in 

French Guiana. It must respond to wood and energy demand, while considering the various 

environmental issues facing these sensitive and important tropical forests.  How they are 

managed is a critical question for policy makers, especially regarding climate change. Better 

tools for estimating the impact of forest exploitation on carbon emissions are required. 

Reducing the carbon footprint of forest exploitation is important given that forests are the 

main terrestrial biomes that accumulate carbon in plant biomass and organic soil matter, 

and represent more than half of the carbon stocks of terrestrial ecosystems (Prentice et al., 

2001). However, biological carbon cycle processes can be extremely slow (Harrison, 2003) 

and models are needed to estimate the future impact of different management strategies. It 

is especially interesting for some strategies for which few data are available.  

The aim of our project is to model different scenarios of management strategies for forest 

exploitation in French Guiana, in order to determined which variables should be considered 

to reduce its carbon footprint.  

 

Materials and Method 

Creation of scenarios: 

In order to determine the impact of different forest management strategies on carbon 

emissions, we have created several scenarios. The main goals of these scenarios are (i) to 

compare the effects of individual variables in estimating carbon flux, (ii) to estimate carbon 

flux for theoretical forest management strategies to date not seriously considered, (iii) to 

predict carbon flux for forest management strategies that have been seriously considered 

for the evolution of forest exploitation in French Guiana.   
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To create these scenarios, we consulted with individuals and organizations connected with 

forest exploitation in French Guyana and with interested parties from other fields: Guiana 

Energy-Climate (carbon observatory), Guiana Forest and Wood Industry, ONF, Voltalia, 

World Wildlife Fund (WWF), Direction of Alimentation, Agriculture and Forest (DAAF), 

Agency for Environment and Energy Control (ADEME), Cooperation International Center of 

Agronomic Research for Development (CIRAD).This consultation process provided us with 

data and parameters for our scenarios.  

From the consultation, ten scenarios have been selected to describe the evolution of forest 

exploitation in French Guiana. The first three are used as tools for understanding the 

evolution of important individual variables over 60 years. These three scenarios are: (1) the 

exploitation of wood fuel from managed forest, (2) the exploitation of wood fuel from 

plantations, (3) the exploitation of wood lumber from plantations. For scenario (1), species 

of trees are not selected and all the wood extracted from forest is burned to create energy. 

For scenario (2), wood fuel comes from Eucalyptus plantations. For scenario (3), wood 

lumber comes from monospecific plantation of Simarouba (Simarouba amara), Wana kouali 

(Vochysia densiflora) and Bagasse (Bagassa guianensis). These three species are supposed to 

be the best candidates for wood lumber plantation in French Guiana, regarding results from 

CIRAD experimentation in Paracou station (Eric Nicolini – personal comment).  The seven 

next scenarios describe realist management strategies from 2015 to 2045. The scenario (4) is  

a reference scenario, where the current situation is maintained. The scenario (5) is the same 

as the reference scenario, except with 25% of exploitation damages used as wood fuel. The 

scenarios (6), (7) and (8) correspond to forest management strategies that are being 

seriously considered. The scenario (6) is based on management plans of the timber industry 

in French Guiana. The scenarios (7) and (8) are based on the work of Sabbadin (2015): (7) the 

intensity of logging is increased, (8) a lumber plantation is created in 2015.  The final two 

scenarios represent a theoretical transition between current exploitation and (9) an 

exploitation of wood fuel in managed forest, (10) an exploitation of wood fuel in Eucalyptus 

plantations. 
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 Main utilization 
and origin of 
extracted wood 

Extracted 
wood 
(m3/ha) 

Logged areas 
(ha/year) 

Wastes used 
as wood fuel 

Exploitation 
damages used  
as wood fuel 

Wood fuel 
plantations 

Wood 
lumber 
plantations 

Scenario (1) Wood fuel in 
logged forest 

62.3 3500 / / NO NO 

Scenario (2) Wood fuel in 
plantations 

35 7500 / / YES NO 

Scenario (3) Wood lumber in 
plantations 

15 7500 / / NO YES 

Scenario (4) Wood lumber in 
logged forest 

20 3500 YES 0% NO NO 

Scenario (5) Wood lumber in 
logged forest 

20 3500 YES 25% NO NO 

Scenario (6) Wood lumber in 
logged forest 

2015: 20 
2025: 20 
2045: 20 

2015: 3500 
  2025: 10500 
 2045: 15100 

YES 2015 : 0% 
2025: 25% 
2045: 35% 

NO NO 

Scenario (7) Wood lumber in 
logged forest 

2015: 20 
2025: 25 
2045: 35 

2015: 3500 
2025: 3696 
2045: 5536 

YES 2015 : 0% 
2025: 25% 
2045: 35% 

NO NO 

Scenario (8) Wood lumber in 
logged forest 

2015: 20 
2025: 25 
2045: 30 

2015:3500 
2025: 8400 
2045: 8571 

YES 2015 : 0% 
2025: 25% 
2045: 35% 

NO YES 

Scenario (9) Wood fuel in 

logged forest 

2015: 0 

2025: 20 
2045: 20 

2015: 3500 

2025: 3500 
2045: 3500 

YES 

(2015-2025) 

2015-2025: 0% NO NO 

Scenario (10) Wood fuel in 
plantations 

2015: 0 
2025: 35 

2045: 35 

2015: 3500 
2025: 7500 

2045: 7500 

YES 
(2015-2025) 

2015-2025: 0% YES NO 

 

Table 1:  Description of data used for each scenario. These data have been predicted  from the consultation 
part of our project, and from the work of Sabbadin (2015).  

 

Establishment of model: 

To simulate our scenarios, we have used a model created in 2014 to estimate the carbon 

footprint of forest exploitation in French Guiana from 1974 to 2012 (Cabon et Piponiot-

Laroche, 2014). This model gives the carbon footprint at the forest plot scale, for the entire 

period, and at the French Guiana territory scale by aggregation. The data they required were 

extracted volume of wood and exploited areas. Based on these data, the model gives an 

estimation of the following carbon fluxes: emissions due to the decomposition of 

exploitation damages, emissions due to the decomposition of wood extracted from the plot, 

and storage due to the reconstitution of living biomass. By convention, fluxes due to carbon 

emissions into the atmosphere will be positive, and fluxes due to the reconstitution of living 

biomass inside the forest plot will be negative. The conceptual model is compartmentalized 

and fluxes between compartments are estimated in time and then integrated in space 

(Figure 1).  

For our project, we have modified this model by incorporating emissions due to damages 

caused by the creation of roads and trails inside managed forests. We assume that the 
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surface of roads depends only on the surface of the logged area and not the logging 

intensity, because however much wood is extracted, the same amount of roads is needed to 

cover the area. Logging roads widths are between 12 and 25 m, and logging roads lengths 

are between 5 and 10 m per logged hectare (Laurent Descroix – personal comment). Every 

time we ran the model, the mean width δroad and mean length ηroad of logging roads were 

then taken from the following rules: δroad ∼ U(0.12; 0.25) and ηroad ∼ U(0.05; 0.10). Main 

skid trails are built to allow tractors to get into logging units. By the same reasoning as 

logging roads, their surface depends only on the surface of the logged area. Skid trail widths 

are between 5 and 10 m, and skid trail lengths are between 12 and 17 m per logged hectare 

(Forest Service expertise). The width δstrail and length ηstrail of skid trails were then taken 

from the following rules: δstrail ∼ U(0.05; 0.10) and ηstrail ∼ U(0.12; 0.17).  

We have also separated the exploitation damages that are left unused in logged plots, and 

those that are burned as wood fuel.     

The major improvements we added to the model were the addition of estimates for carbon 

fluxes for wood lumber and wood fuel plantations. Over a given rotation time (x), the entire 

surface of a plantation plot is logged every (x) years. For wood lumber plantations, the rate 

of reconstitution of living biomass in the plot has been estimated from CIRAD data (Eric 

Nicolini – personal comment). We have used the increase of tree diameter over three 

measurements in 2001, 2005 and 2013, for plots of Simarouba (Simarouba amara), Wana 

kouali (Vochysia densiflora) and Bagasse (Bagassa guianensis) planted in 1984 at Paracou 

experimental station. The Chave equation (Chave et al., 2014) has been used to calculate the 

gain of biomass per year. Supposing that growth increases linearly, we estimate the rate of 

biomass reconstitution in a plantation plot by year. For wood fuel plantations, the rate of 

reconstitution has been estimated from a range of growth rates for Eucalyptus plantations in 

Brazil (Stape et al., 2010). The volume of wood extracted from a plot corresponds to the total 

biomass that is reconstituted in the plot during the rotation time. For wood lumber 

plantations this rotation time has been fixed at thirty years (Eric Nicolini – personal 

comment) and for wood fuel plantations it has been fixed at eight years (Gonçalves et al., 

2008). We consider that logging in plantations doesn’t cause any damages, because all falling 

trees are used and roads and trails are included in the design of plantations. 
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Figure 1: Conceptual model use for this project and created from an initial one (dotted frame) 

 

Results: 

→ Results for scenarios (1), (2) and (3) 

 

 

→ Comparison between scenarios (4), (5), (6) and (7)  

 

 Total Annual Fluxes 
(GgC/y) 

Scenario (1) 23 
IC95% = [ 5.8 ; 130 ] 

Scenario (2) -1 147 
IC95% = [ -1194 ; -1099 ] 

Scenario (3) -795 
IC95% = [ -820 ; -770 ] 

Table 2: Total annual fluxes at stable 

situation for the three first scenarios 

(A) 
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Figure 2: (A) Total and (B) Decomposed annual fluxes by 2045 for scenarios (4), (5), (6) and (7).  Confidence 

intervals at 95% are represented.  

 

→ Results for scenario (8) 

 

 

Figure 3: (A) Total and (B) Decomposed cumulative carbon footprint from 2015 to 2045 for scenario (8) 

(B) 

(A) 

(B) 
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Figure 4: (A) Total and (B) Decomposed annual fluxes from 2015 to 2045 for scenario (8) 

→ Results for scenario (9) 

 

 

 

(A) 

(B) 

(A) Figure 5: (A) Cumulative carbon footprint 

and (B) Annual fluxes from 2015 to 2045 

for scenario (9) 

 

(B) 

 

 

 

 

Legends : 
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→ Results for scenario (10) 

 

 

Discussion: 

The results for scenario (4) show that if the current management strategy is maintained, 

carbon emissions by 2045 are compensated by living biomass reconstitution inside logged 

plots.  By this date, total annual flux stabilizes around zero. By comparison, in scenario (2), 

burning 25% of exploitation damages for wood fuel results in an additional emission of 2.4 

GgC/y. Comparing this carbon emission with the use of fossil fuels to create the same 

amount of energy, we might see a carbon emission saving (Dubuisson et Sintzoff, 1998).  

If we compare scenario (4) with scenario (6), it appears that the management strategy of 

timber industry increases the total annual flux in 2045, because of larger logged areas per 

year and exploitation damages caused. This high amount of logged areas was established in 

order to extract enough wood while keeping the certification, because this certification 

limits the intensity of logging. Looking at scenario (7) based on the intensity of logging we 

see that the total annual flux in 2045 is reduced compared with scenario (6). A higher 

amount of wood is extracted from a smaller logged area per year, so exploitation damages 

are limited and carbon emissions too. The volume of extracted wood is however significantly 

(A) 

(B) 

Figure 6: (A) Cumulative carbon footprint 

and (B) Annual fluxes from 2015 to 2045 

for scenario (10) 

 

Legends :  
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reduced and may not be enough to meet industrial demand, even if improved extraction and 

transformation techniques could increase the total amount of lumber.   

Now, we look at the results for the scenario (8) that includes wood lumber plantations. We 

see that carbon emissions from logged forest are compensated around 2035 by the addition 

of biomass reconstitution in logged plots and tree growth in plantations. Looking at scenario 

(3), we can say that after 2045 and the beginning of extraction of wood lumber in 

plantations, the biomass reconstitution in plantation plots will largely compensate for 

carbon emissions for both exploitations in plantations and in logged forest. The total annual 

flux should be stable at a negative value, which corresponds to storage of carbon. It is 

important to note here that the impact of plantations on the carbon footprint will depend on 

where plantations are created. If they are created on deforested areas, there is a large initial 

emission of carbon, and the reconstitution of biomass in plantations will not reach the initial 

forest biomass. While, if plantations are created on non-forested areas, the growth of trees 

will represent a store of carbon compared to the initial system. But, if we think back long 

term, all non-forested areas where plantations are possible in French Guiana are old 

deforested areas. Moreover, while wood lumber plantations seem attractive because of high 

efficiency of extraction and transformation of lumber and reduced carbon footprint, lumber 

quality may be decreased. A management strategy based on plantations is also more 

exposed to risks because of the weakness and variability of this resource compare to logged 

forest.  

As with scenario (8), scenario (10) results in a global storage of carbon by 2045 causes by the 

transition to an exploitation of wood fuel from plantations. This can be explained by the 

large biomass reconstitution in Eucalyptus plantations that compensates for carbon 

emissions from exploitation in logged forest from 2015 to 2025, and carbon emissions from 

combustion of wood fuel extracted from plantations. Looking at scenario (9), we see that the 

transition to an exploitation of wood fuel in logged forest leads to an early phase of carbon 

emissions because an increasing part of extracted wood is burned to create energy. But 

then, the biomass reconstitution in logged plots compensates for these emissions and 

stabilizes the total annual flux at a low value by 2045. Using scenario (1), we can say that the 

system will maintain this stable situation between carbon emissions and biomass 

reconstitution afterwards. 
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According to the results of these simulations, we are able to give some guidelines for forest 

exploitation in French Guiana while helping minimize the carbon footprint: 

- Limit the logged area of managed forest 

- Increase preferentially the intensity of exploitation of these limited areas 

- Improve as far as possible techniques of extraction and transformation of wood 

lumber 

- Develop wood lumber plantations to increase the total amount of extracted wood if 

the limited logged areas in managed forest are not enough to meet demand. 

- Add value to exploitation damages and sawmill products by using them as woof fuel, 

thus also avoiding using fossil fuels.  

-  Develop wood fuel plantations in order to store carbon and avoid using fossil fuels. 

If we consider that the quality of lumber will be different between forest and plantations, we 

may suggest that a combination of these two strategies of exploitation could provide lumber 

for two different final uses. Lumber from forest could be used for high quality wood 

production, and lumber from plantation for buildings and more basic wood products.     

Some other studies that explain the same kind of methodology present similar conclusions. 

For example,  Masera.O.R. et al. (1997) have shown that, in Mexico, the carbon emissions of 

forest exploitation could be reduced by development in alternative bio-energy systems, and 

by increasing the value of forest products at the harvesting site. According to Robert.M. et 

al. (2003), anthropic actions such as changes in land use can increase carbon sequestration 

in biomass or soil, with a residence time of several decades. Freppaz. D. et al. (2004) have 

also shown that the biomass exploitation for both thermal and electric energy production in 

a given area can be related to an efficient and sustainable management of the forest. 

It is however important to notice that, even if the initial model has been improved during 

this project, it still has limits. Indeed, the lack of data, especially about wood lumber 

plantations, results in unprecise estimations of most parameters. Our conclusions have to be 

considered with this in mind. Moreover, our model doesn’t take account of all the different 

variables that influence the carbon footprint for forest exploitation. An enlightened use of 

this model is essential for it to be considered as a tool for deciding policy.  
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Conclusion: 

This project provides elements of reflection about management strategies that could 

minimize the carbon footprint of forest exploitation in French Guiana. It appears that 

scenarios where total annual carbon flux is significantly reduced are the ones where logged 

areas in managed forest are limited, or where plantations are created. We also consider the 

possibility of used exploitation damages for wood fuel. If concerned scenarios have a higher 

total annual carbon flux, we may think that this additional emission is a carbon emission 

saving compared with the use of fossil fuels to create the same amount of energy.  
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