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Chapter 1. Introduction 

4
 

 

 

 

 

 

 

1.1 Background 
 

The Conference of the Parties has encouraged developing country Parties to contribute to mitigation actions in 

the forest sector by undertaking the following activities: reducing emissions from deforestation; reducing 

emissions from forest degradation; conservation of forest carbon stocks; sustainable management of forests; 

and enhancement of forest carbon stocks (decision 1/CP.16, paragraph 70).  

These activities are known as REDD-plus activities and should contribute to the achievement of the objective 

set out in Article 2 of the Convention, which aims to strengthen the global response to climate change, in the 

context of sustainable development, which should also contribute to the fulfillment of the commitments set out 

in Article 4, paragraph 3, of the Convention in relation to the National Determined Contributions proposed by 

the Party.  

Suriname, as a member of the group of the Small Island Developing States (SIDS), is granted full flexibility in 

the fulfillment of the Paris Agreement and consequently also in the fulfillment of all its rules including 

transparency. However, Suriname, in its interest to fulfill these commitments, has be focusing efforts aiming at 

achieving consistency with the objective of environmental integrity, considering the multiple functions of the 

forests and other ecosystems, and promoting sustainable management in accordance with national development 

priorities, objectives and sustainable development needs and goals.  

Considering all these Decisions and Considerations of the process agreed under the Paris Agreement, Suriname 

has the honor to present its second REDD+ Technical Annex to the First Biennial Update Report, where the 

results achieved in 2020 and 2021, after the successful implementation of REDD+ activities at the national 

level, are reported.  

Suriname welcomes the occasion to submit its second Technical Annex to its first Biennial Update Report 

(BUR) in the context of results-based payments for reducing emissions from deforestation and forest 

degradation under the United Nations Framework Convention on Climate Change (UNFCCC).  

This submission was developed by the Suriname’s government with technical support from the Coalition for 

Rainforest Nations. This document presents the results achieved in reducing emissions and enhancing removals 

in the context of REDD+ in the country of Suriname during the 2020 and 2021 period, and the progress made 

in capacity building and generation of more robust data and information to continuously improve Suriname's 

submission. The country has made its best effort to present all its data and information used in the estimation 

of anthropogenic forest-related emissions by sources and removals by sinks, forest carbon stocks, and forest 

carbon stock and forest-area changes, in a transparent, accurate, complete, comparable, and consistent manner, 

 
4 Photo: https://www.gettyimages.com.mx/ 
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following the basic principles in the 2006 Intergovernmental Panel on Climate Change (IPCC) for the 

preparation of national greenhouse gas inventories. 

 

1.2 National Circumstances 
 

The forests of Suriname are part of the Amazon and the Guiana Shield region, included in one of the largest 

blocks of primary tropical rainforest worldwide and marked by high biodiversity levels. These forests provide 

ecosystem services important on global and local levels, including climate change mitigation, biodiversity 

preservation, cultural values, livelihoods and food security for communities, while they also contribute to 

national incomes of countries in the region (Loftus et al., 2013; de Dijn, B., 2018). The country is rather small 

with an official reported land surface of 163,800 km2. Suriname is located on the north-eastern coast of South 

America, between 2° and 6° North latitude and 54° and 58° West longitude. It borders French Guiana to the 

east with the Marowijne River and the Lawa River, Brazil to the south, Guyana to the west with the Corantijn 

River, and the Atlantic Ocean to the north with a very dynamic coastline resulting in land accretion and 

decrease. Figure 1 shows the map of Suriname, with the borders used for monitoring purposes and the area of 

the Forestry belt. Suriname’s 15.2 million hectares of forest (SBB, 2021) represent around 0.83% of the total 

tropical forest (1.8 billion hectare) in the world (FRA/FAO, 2020). 

 

Figure 1. Monitoring area of Suriname with the Forestry belt (Source:SBB) 

 



Suriname REDD+ Technical Annex 2020 and 2021 

15 
 

In terms of conservation, 13.5% of the country’s surface is within protected areas (GOS, 2009). Suriname has 

drafted a new Nature Conservation Law in a participatory process, to enable improved management of its 

protected areas. This has already been submitted to the parliament with the intention of placing this proposed 

act on the agenda for the process of approval. This law will replace the Nature Conservation Act of 1954. In 

line with the UN Convention on Biological Diversity (CBD) Aichi targets It is expected that the area with a 

protective status will expand to at least 17% of the terrestrial land by 2030 (GOS, 2020a). This will lead to the 

expansion of the national network of legally protected areas to accomplish 100% representation of all 

ecosystems and biological species, according to the National Biodiversity Action Plan (Ministry of Labor, 

Technological Development and Environment, 2013), the National Forest Policy (GOS, 2005) and the Suriname 

National REDD+ Strategy. 

The annual deforestation rate in Suriname was 0.07% for the period 2000-2019. In 2014 a peak in deforestation 

was observed, with a rate of 0.11%, which decreased after 2014 and remained at a rate between 0.06% and 

0.08%. In the period 2020-2021. 

The current main driver of deforestation is mining (mainly for gold), especially Artisanal Small-scale Gold 

Mining (ASGM) which was ca. 98% of all mining activities in 2017 (SBB, 2021). In addition, for the future, 

several proposed infrastructure projects could cause some unavoidable planned deforestation in the interest of 

the country’s development. The Nassau mining project and the Grankriki hydropower lake are examples of 

projects with infrastructure activities (GOS, 2017b). However, these plans have not been implemented yet and 

there seems to be no interest in them at the moment. Suriname intends to keep the status as a HFLD country, 

but with the ongoing development and plans for the future this seems very challenging. The intention to 

conditionally remain a HFLD country is reflected by the first HFLD Conference on Climate Finance 

Mobilization which was hosted by Suriname in February 2019, where the Krutu of Paramaribo Joint Declaration 

on HFLD Climate Finance Mobilization was established. Furthermore, this is also mentioned in the Nationally 

Determined Contribution report of 2020 (GOS, 2020a) and is in line with the Suriname National REDD+ 

Strategy. For this to be possible without hampering national development, adequate compensation for the global 

climate mitigation service is necessary.  

Commercial timber logging in Suriname is considered a contributor to forest degradation but not to 

deforestation, since only selective logging takes place due to among others the limited number of commercial 

tree species, the minimum allowed diameter at breast height to be cut and the promotion of sustainable forest 

management (SFM), including the enforcement of law by the government. 

 

Shifting cultivation is another degradation activity that is considered in this REDD+ Technical Annex. Contrary 

to the emissions caused by deforestation activities, this activity does not reduce the carbon stock of the area to 

zero and the emissions are calculated based on the carbon stock before and after the activity has taken place. 

 

Commercial logging activities are taking place only north of the 4° N latitude within the Forestry belt, covering 

an area of 4.5 million hectares, of which ca. 2.7 million ha are currently issued under timber cutting licenses 

(www.gonini.org). Logging impacts could be reduced by following Sustainable Forest Management (SFM) 

guidelines, including the enforcement of the Code of Practice for sustainable logging (including Reduced 

Impact Logging or Climate Smart Forestry). This national Code of Practice is currently a draft document that 

needs to be reviewed, updated and finalized, but many SFM requirements are already integrated in official 

logging requirements. Applying these guidelines enables maintenance of other forest functions such as 

protection of water and soil, maintenance of biodiversity, carbon sequestration and soil erosion control (Werger 

et al., 2011).  

In the context of preparing the NC3, the SBB as technical working arm of the Ministry of Land Policy and 

Forest Management (Ministry of GBB) is responsible for the calculation of the emissions from the FOLU sector. 

The emissions regarding the agriculture sector are being estimated by the Ministry of Agriculture, Livestock 

and Fishery (Ministry of LVV) through a close collaboration between the two ministries. To ensure that there 

is consistency among the reporting of emissions from the Forestry and Other Land Uses (FOLU) sector, the 



Suriname REDD+ Technical Annex 2020 and 2021 

16 
 

definitions used within this REDD+ Technical Annex report have been streamlined with the categories that will 

be incorporated in the GHG inventory The NC3 is now being finalized and will be submitted by the end of 

2022. Furthermore, a national database called Suriname Environmental Statistics Information Network (SMIN), 

is being created to ensure centralization and availability of old and updated environmental data for policymakers 

and reporting purposes. As a result of the SMIN a climate change knowledge database has been launched called 

DONDRU and can be visited on www.dondru.sr.   

 

1.3 Objectives for submitting the REDD+ results 
 

Suriname notes that the submission of its second Technical Annex presenting REDD+ results is voluntary and 

exclusively for the purpose of obtaining and receiving results-based payments for its REDD+ actions, pursuant 

to Decision 14.CP.19, paragraphs 7 and 8. This submission therefore does not modify in any way the Nationally 

Appropriate Mitigation Actions (NAMAs) voluntarily submitted by Suriname, nor does it modify its Nationally 

Determined Contributions (NDCs) submitted under the Paris Agreement. 

This technical annex presents the REDD+ results achieved by Suriname between 2020 and 2021, measured 

against Second Suriname's technically assessed Forest Reference Level, which was9,237,767 tCO2e. The 

REDD+ activities that were accounted for in the period 2020 to 2021 include reducing deforestation and 

reducing forest degradation. The results are derived mainly from actions to enforce forest protection regulations 

to halt unplanned logging, illegal deforestation, the protection of forest through the identification of new 

protected areas, monitoring the forest fires and formulating a regional strategy to monitor forest fires, and 

protection and maintenance of natural regeneration processes in degraded areas. 

 

1.4 Progress with REDD+ Strategy and Actions 
 

The REDD+ Strategy was published in 2019. This consists of four strategic lines, which is further divided in 

policy lines and measures. The REDD+ Strategy can be viewed at 

https://redd.unfccc.int/files/national_redd__strategy_of_suriname_en_web.pdf.  

 

Table 1. Table of Strategic lines and progress 

Strategic line Progress 

1. Continue being a 

High Forest cover and 

Low Deforestation 

country (HFLD) 

and receive 

compensation to invest 

in economic transition 

- Suriname was involved in preparing a joint feedback submission to the ART 

Secretariat regarding the draft TREES v2., specifically on the HFLD module, 

together with Guyana and Gabon.  

 

- 3 documents have been released in November 2022 to reiterate the importance 

of the HFLD countries and to get international support to maintain the status of 

HFLD countries:  

1. Whitepaper - Project Preservation (compressed).pdf 

2. Project Preservation - Campaign communications toolkit 

3. Media release - Scaling of financial incentives urgently needed to preserve 

last intact forests - FINAL.pdf 

 

2. Forest governance - The Land Use Land Cover data that is being generated by SBB undergoes a 

validation process, where all the relevant stakeholders are being involved. 

Through a working session their feedback and input is gathered to finalize the 

http://www.dondru.sr/
https://redd.unfccc.int/files/national_redd__strategy_of_suriname_en_web.pdf
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LULC data and increase its accuracy. This process has created an informal 

platform between SBB and the relevant stakeholders to strengthen the 

collaboration and trust.  

 

- The National Forest Monitoring System (NFMS) is continuously being 

strengthened and has fully executed the NFMS Roadmap. 

- Trainings have been given to forest-based communities in sustainable forest 

management 

- Currently in the starting phase of reviewing and updating the Code of Practice 

and further enforce it. 

 

- Suriname has drafted a new Nature Conservation Law. This has already been 

submitted to the parliament with the intention of placing this proposed act on 

the agenda for the process of approval. 

- SFISS is being implemented and continuously being improved to monitore 

logging activities and to trace the origin and legality of all logs 

- Discussions ongoing to ban export roundwood 

- The Climate Smart Forestry pilot project is ongoing, which promotes 

Sustainable Forest Management (SFM) 

3. Land use planning - Continuous update on Gonini geoportal and KOPI statistical portal 

 

- Development of a climate change knowledge database called DONDRU  

- Execution of a Mining project EMSAGS to apply environmental-friendly 

mining methods 

- The Min ROM is currently preparing a Spatial Planning Act.  

4. Conservation of 

forests and reforestation 

as well as research and 

education 

to support sustainable 

development 

- Forest guards training has been conducted 

- Mangrove forest inventory executed 

 

- Applying Near Real Time Monitoring to improve promptly monitoring of 

illegal activities in the protected areas to enable quick response /actions  

 

- Formulate and or update management plans for the protected areas  

 

- Drafting of a Nature Conservation Law  
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2.1 The assessed forest reference level 
 

Being the most forested tropical country in the world, Suriname has a history of relatively low emissions related 

to deforestation and forest degradation. Nevertheless, these emissions have increased over the last few years. 

Most notable are the increased emissions of forest degradation, which have become similar to those of 

deforestation since 2018. There are several reasons for this, such as the exponential increase of the roundwood 

logging production, which now also considers fuel wood production. Degradation emissions are now also 

including the emissions of shifting cultivation and related non-CO2 emissions from biomass burning, which 

was not included in the first FREL. Deforestation emissions have remained relatively constant in the period 

2016-2019 which would most likely partially be explained by the stable gold price. Compared to the previous 

FREL, the yearly historical deforestation emissions decreased due to the implementation of the Chave et al. 

(2014) allometric equation, following the study of Wortel & Sewdien (2020) showing that the previous carbon 

stock equation (Chave et al., 2005) overestimated the aboveground carbon stock. The results of the predictive 

scenario modelling project which considered a national development scenario, indicated that the future 

deforestation in Suriname would follow a linear trend. This was the basis for using a linear projection for both 

deforestation and degradation emissions in the first FREL. The first FREL scenario modelling outputs are still 

relevant as the deforestation rate has remained constant in the last year and the same National Development 

Plan (2017-2021) is still being implemented, with no concrete details available regarding the next development 

plan. 

For the second FREL, each category of emissions is projected separately in the “FREL Calculation Tool'', due 

to the varying circumstances, resulting in separate emission projections for deforestation, roundwood, fuelwood 

and shifting cultivation. This gives better insights into the expected emission trends for each activity. The 2024 

projection is based on the combined sum of the emission from all activities. All the projections are made using 

a linear projection method based on the 2000-2019 historical data. 

Deforestation emissions  

Deforestation emissions have been stable in the period 2016-2019 following the trend of the stable gold price 

for this period, but the emissions have had an overall rising trend when taking into account the whole 2000-

2019 period.  

Chapter 2. Summary Information from the Technically 

Assessed Forest Reference Level 

REDD+ 

TECHNICAL 

ANNEX 
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Figure 2. Deforestation over the period 2000-2019 

The deforestation rate for the period 2000-2009 was 0.02%, which increased to 0.07% for the period 2009-

2019. For 2019 the forest cover was 92.77% (SBB, https://kopi.sbb.sr/). 

 

 

Figure 3. Forest cover trend over the period 2000-2020 (SBB, Kopi) 

  

The main driver of deforestation is mining due to gold mining followed by infrastructure construction in logging 

areas. The historical data shows a period where the gold price reached its peak (2014) and deforestation showed 

a sudden rise that year due to the increased mining activities. It was expected that the rise in the gold price since 

2019 (reaching its highest peak yet) would likely result in an increase in annual deforestation after 2019.  

https://kopi.sbb.sr/
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The 2020 COVID-19 crisis also impacted the economy with many people looking for new sources of income, 

and it was expected that more people would turn to the mining sector. The gold price also had an overall rising 

trend for the period 2000-2019, with the deforestation emissions following this trend.  

We expected that this trend would continue, which is why a linear projection was used that results in a projected 

increase of annual deforestation emissions for the years 2020 to 2024 (See equation 5.1).  

Equation 1 Linear trend equation for FREL deforestation emissions based on 2000 - 2019 historical data 

t CO2 emissions y-1 = (354,658.94     *year) - 707,990,461.56 

 

Roundwood production emissions  

Roundwood production showed a steady increasing trend due to the increased demand of wood on the 

international market. The increased production has a large impact on the total degradation emissions, especially 

if no measures are taken to reduce the emissions per produced m³ of timber.  Even with the strong increasing 

trend, the impact of the COVID-19 crisis in 2020 was not expected to go unnoticed in the following years, 

resulting in a downtrend of the production in the year 2020. After that, it was expected that the production will 

increase again. The ban on roundwood export in other countries might increase the demand for roundwood on 

the international timber market, with a possibility that more log traders will purchase roundwood from 

Suriname.   

The production data for 2009 was 206,975.00 m3, which gradually increased to 1,228,700.00 m3 for the year 2019. 

 

Figure 4. Trend industrial roundwood production for the period 2009-2019 (SBB, Kopi) 

 

Even with the expected production decrease due to the COVID-19 crisis, it is not expected that the long term 

increasing trend will change for the roundwood logging sector, which is why a linear projection is used based 

on the historical logging data.  
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Equation 2 Linear trend for FREL roundwood logging emissions 

t CO2 emissions y-1 = 251,028.52     *year -502,470,907.72      

 

Fuelwood emissions  

Fuelwood emissions have always been low and have not increased over the years such as is the case with 

roundwood. Over the years there has even been a steady decrease due to the overall development of the country 

resulting in less people applying traditional cooking methods using fuelwood. The historical data showed a 

slight decreasing trend for 2000-2019. A linear projection was used based on the historical fuelwood logging 

data since there was no method to determine if there would be a change in the fuel wood production trend. 

However, the economic crisis raised the price of living in the city, including cooking gas prices, which would 

likely result in the use of fuelwood staying stable in the coming years.  

Equation 3 Linear trend for FREL fuelwood logging emissions 

t CO2 emissions y-1 = -7,098.9     *year + 14,537,100.59      

 

Shifting cultivation emissions  

Shifting cultivation is similar to fuelwood emissions mostly used by local traditional communities. The 

historical data showed stable average annual shifting cultivation emissions regarding conversion of forest to 

shifting cultivation. The historical trend showed a slight overall increase of shifting cultivation expansion over 

the years. Based on the overall trend of the emissions, a linear projection was used.    

Equation 4 Linear trend for FREL shifting cultivation emissions 

t CO2 emissions y-1 = 4,743.82*year - 8,816,426.47  

 

Total emissions  

The projected FREL emissions were based on the complete 2000-2019 activity data, applying the linear 

projection method. The projected total emissions for the coming years have a rising trend, as the largest sources 

of emissions which are deforestation and roundwood logging have seen increased annual emissions since 2000. 

Table 2 FREL for Suriname, expressed in yearly CO2 emissions 

FREL projected annual emissions (t CO2e yr-1) 

Year 

Deforestation Degradation Total 

Total 

deforestation 
Roundwood Fuelwood 

Shifting 

cultivation 

Total 

degradation 

Total projected 

emissions 

2020 8,420,597      4,606,703      
215,503     

 
766,090 5,588,292      14,008,889      

2021 8,775,256      4,857,731      208,413      770,834 5,836,974      14,612,231      
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2022 9,129,915      5,108,760      
201,323     

 
775,578 6,085,657      15,215,572      

2023 9,484,574      5,359,788      
194,233     

 
780,321 6,334,339      15,818,913      

2024 9,839,233      5,610,817      
187,143     

 
785,065 6,583,022      16,422,255      

 

 

Figure 5. FREL projection until 2024 for Suriname 

 

2.2 Activities included in the forest reference level 
 

Deforestation 

In the context of the 2FREL submission, gross deforestation was defined as “the direct and/or induced 

conversion of forest cover to another type of land cover in a given timeframe of 10 years”. 

This excludes areas that undergo a temporary loss of the forest cover, such as:  

- Shifting cultivation (included in the definition of forest): As shifting cultivation areas have fallow 

periods of at least 4 years (Fleskens et al., 2010) and are smaller than one hectare;   

- Natural deforestation where the forest cover will recover naturally such as small areas where 

windbreaks occur. This is usually observed as deforested areas in remote parts of the forest. 

 

 

 



Suriname REDD+ Technical Annex 2020 and 2021 

23 
 

Forest degradation 

Forest degradation is for the 2FREL submission was defined as “human-induced or natural loss of the goods 

and services, provided by the forest land, in particular the forest carbon stocks, not qualifying as deforestation, 

over a determined period of time”. 

The above-mentioned goods and services refer to a holistic approach that included a broad spectrum of aspects 

such as maintaining biodiversity and hydrological functions. The impact of legal logging and the extraction of 

firewood, as well as the non-CO2 emissions from biomass burning in Shifting Cultivation reflected forest 

degradation within the 2FREL. Forest degradation is only temporary, with the forest expected to recover after 

a certain period of time. Regarding shifting cultivation, more research is needed to understand the carbon stock 

changes and emissions resulting from the rotational shifting cultivation activities taking place after the fallow 

periods. 

 

2.3 The territorial forest area covered 
 

The 2nd FREL covered the entire forest area of the country, because the government structure of the country is 

centralized and most data is available on the national level. 

 

2.4 Date of the forest reference level submission and date of the final technical 

assessment report  
 

The 2nd FREL was submitted on 8 January 2021 and the final technical assessment report was 

published on 03 June 2022. 

 

2.5 The period of the assessed forest reference level  
 

The 2nd FREL uses the reference period of 2000-2019. 

 

2.6 Summary of the technical analysis of the submitted forest reference level and 

actions taken by Suriname 
 

The report covered the technical assessment of the voluntary submission of Suriname on its proposed Second 

forest reference level (FRL) in accordance with decision 13/CP.19 and in the context of results-based payments. 

The 2nd FREL proposed by Suriname covered the activities reducing emissions from deforestation and reducing 

emissions from forest degradation, which are among the activities included in decision 1/CP.16, paragraph 70. 

For its submission, Suriname developed a national FREL. The FREL presented in the original submission, for 

the results period 2020–2024, corresponds to 15,238,428 tonnes of carbon dioxide equivalent (t CO2 eq) for 

2020, 15,858,865 t CO2 eq for 2021, 16,479,303 t CO2 eq for 2022, 17,099,741 t CO2 eq for 2023 and 

17,720,179 t CO2 eq for 2024. As a result of the facilitative process during the technical assessment, the FREL 

was modified to 14,008,882 t CO2 eq for 2020, 14,612,231 t CO2 eq for 2021, 15,215,572 t CO2 eq for 2022, 
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15,818,913 t CO2 eq for 2023 and 16,422,255 t CO2 eq for 2024. The assessment team noted that the data and 

information used by Suriname in constructing its FREL were transparent, complete and in overall accordance 

with the guidelines contained in the annex to decision 12/CP.17.  

As a result of the facilitative interactions with the AT during the TA, Suriname provided a modified version of 

its submission on 9 August 2021, which took into consideration the technical input of the AT. The modifications 

improved the clarity, transparency and overall consistency of the submitted FREL.  
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5
 

 

 

 

 

 

 

 

3.1 Trend in emissions in Suriname 2020-2021 
 

During the reference period (2000-2019), it was identified that the main driver of deforestation was mining due 

to gold mining (69%), followed by Infrastructure (18%) and Agriculture (5%) (SBB, 2021). The historical data 

showed a period where the gold price reached its peak (2014) and deforestation showed a sudden rise that year 

due to the increased mining activities. It was expected that the rise in the gold price since 2019 (reaching its 

highest peak yet) would likely result in an increase in annual deforestation after 2019. The results of the most 

recent post-deforestation LULC map (2000-2017) shows that Mining is the main driver of deforestation (69%), 

with 98% of mining resulting from gold mining activities (SBB, 2021).   

During the results period (2020 and 2021), it was identified that the main driver of deforestation was still 

mining. This information can also be viewed at the KOPI statistical portal at kopi.sbb.sr 

 

Figure 6. Drivers of deforestation for the period 2020-2021 (SBB, Kopi) 

 
5 https://franks-travelbox.com/en/suedamerika/surinam/naturschutzgebiet-zentral-surinam-surinam/ 

Chapter 3. Results estimates of emissions reductions 

from REDD+ Activities for the 2016-2018 period  
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Table 3. Deforestation area per period Activity data: Historical deforestation (ha yr-1) 

Activit

y -->> 

(1.a) Conversion Forest to 

Non-forest (without Forest 
fire) in area ha 

(1.b) Conversion Shifting 
cultivation to Non-forest 

(without Forest fire) in area 

ha 

(1.c) Conversion Forest 

to Non-forest with Forest 
fire in area ha 

Total AD Deforestation 

Year 

Area 

(ha yr-

1) 

Uncertainty 

(%) 

Area 

(ha yr-

1) 

Uncertainty 

(%) 

Area (ha 

yr-1) 

Uncertai

nty (%) 

Area (ha yr-

1) 

Uncertainty 

(%) 

2001 3,590 12.33% 45.2 13.28% 35.9 14.44% 3,672 12.06% 

2002 3,590 12.33% 45.2 13.28% 35.9 14.44% 3,672 12.06% 

2003 3,590 12.33% 45.2 13.28% 35.9 14.44% 3,672 12.06% 

2004 3,590 12.33% 45.2 13.28% 35.9 14.44% 3,672 12.06% 

2005 3,590 12.33% 45.2 13.28% 35.9 14.44% 3,672 12.06% 

2006 3,590 12.33% 45.2 13.28% 35.9 14.44% 3,672 12.06% 

2007 3,590 12.33% 45.2 13.28% 35.9 14.44% 3,672 12.06% 

2008 3,590 12.33% 45.2 13.28% 35.9 14.44% 3,672 12.06% 

2009 3,590 12.33% 45.2 13.28% 35.9 14.44% 3,672 12.06% 

2010 7,370 6.25% 190.2 6.68% 457.4 5.34% 8,018 5.76% 

2011 7,370 6.25% 190.2 6.68% 457.4 5.34% 8,018 5.76% 

2012 7,370 6.25% 190.2 6.68% 457.4 5.34% 8,018 5.76% 

2013 7,370 6.25% 190.2 6.68% 457.4 5.34% 8,018 5.76% 

2014 15,197 11.28% 405.8 10.67% 153.4 9.97% 15,757 10.88% 

2015 8,195 12.83% 1,027 12.46% 216.8 12.61% 9,439 11.23% 

2016 10,618 11.85% 594 11.49% 173.5 11.85% 11,387 11.07% 

2017 9,816 24.46% 537 22.01% 62.8 23.74% 10,417 23.08% 

2018 7,834 2.77% 589 4.10% 296.1 2.62% 8,720 2.51% 

2019 8,648 0.00% 999 0.00% 595.5 0.00% 10,243 0.00% 

2020 7,944 0.00% 664 0.00% 251.7 0.00% 8,861 0.00% 

2021 8,012 0.00% 645 0.00% 6.86 0.00% 8,664 0.00% 

 

The main driver of forest degradation is selective logging, which takes place in ca. 30% of the country’s area. 

Since only a few trees (1-5) per ha are removed during selective logging, it is unlikely that this activity will 

cause a tree crown cover of less than 30%. 

Table 4. AD Degradation in volume m3 (logging) and area ha (shifting cultivation) 

Strata-->> National* National 

Activity -->> 
(2.a) Roundwood production in m3 volume+ (2.b) 

Fuelwood production in m3 volume 

(2.c) Conversion Forest to Shifting 

cultivation with Forest fire in area ha 

Year Volume (m3) Uncertainty (%) Total area (ha yr-1) 
Uncertainty 

(%) 

2001 283,571 7.02% 1462.00 32.26% 

2002 272,117 7.11% 1462.00 32.26% 

2003 270,881 7.01% 1462.00 32.26% 

2004 272,017 6.87% 1462.00 32.26% 

2005 290,749 6.47% 1462.00 32.26% 

2006 300,235 6.25% 1462.00 32.26% 

2007 270,930 6.55% 1462.00 32.26% 

2008 299,408 6.08% 1462.00 32.26% 

2009 306,501 5.93% 1462.00 32.26% 
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2010 343,257 5.56% 603.45 50.69% 

2011 460,445 5.03% 603.45 50.69% 

2012 527,969 4.89% 603.45 50.69% 

2013 484,312 4.94% 603.45 50.69% 

2014 580,685 4.81% 2296.74 0.74% 

2015 653,890 4.77% 1765.38 0.76% 

2016 666,947 4.76% 1549.64 0.81% 

2017 944,389 4.75% 799.07 0.73% 

2018 1,162,795 4.77% 2180.82 0.76% 

2019 1,152,169 4.77% 1874.60 0.79% 

2020 599,262 4.76% 1181.63 0.00% 

2021 697,953 4.74% 702.54 0.00% 

Remark*: the assumption is that the m3 of roundwood and fuelwood and or the conversion to Shifting 

Cultivation are not coming from deforestation events 

*Note: Deforestation due to forest fire only occur in the strata: Coastal and Forest belt 

 

Suriname has continued implementing different policies and plans to address drivers and agents for 

deforestation and forest degradation. Some of them are listed in the following table: 

Table 5 Summary of policies and plans relevant for drivers of emissions 

Drivers of projected 

emissions level 

% of total 

emissions in 

2017 

Policy, Law & Regulation and Development Plan 

relevant for the Forest Reference Emission Level (FREL) 

Logging 

(degradation) 
36% 

Forest Management Act (1992), National Forest Policy (2005), Interim 

Strategic Action Plan for the Forest Sector, Code of Practice, National 

Development Plan 2017-2021, National REDD+ Strategy (2019), 

National Determined Contribution (2020), Environmental Framework 

Law (2020), The National Mangrove Strategy Suriname (2019). 

Shifting cultivation 

(degradation) 
4% 

National Development Plan 2017-2021, National REDD+ Strategy 

(2019), National Determined Contribution (2020) 

Mining 

(deforestation) 
42% 

Mining Decree (1986), Extractive Industries Transparency Initiative 

(EITI - member since 2017), Minamata Convention (ratified 2018), 

National Development Plan 2017-2021, National REDD+ Strategy 

(2019), Environmental Framework Law (2020), Tailor made mineral 

agreements. 

Infrastructure 

(deforestation) 
11% 

Environmental and Social Impact Assessment (ESIA), National 

Development Plan 2017-2021, National REDD+ Strategy (2019), 

National Determined Contribution (2020). Environmental Framework 

Law (2020). 

Urbanization 

(deforestation) 
2% 

Environmental and Social Impact Assessment (ESIA), National 

Development Plan 2017-2021, National REDD+ Strategy (2019). 
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Agriculture and 

pasture 

(deforestation) 

Agriculture 3% 

Pasture 1% 

Environmental and Social Impact Assessment (ESIA), National 

Development Plan 2017-2021, National REDD+ Strategy (2019), 

National Determined Contribution (2020), Environmental Framework 

Law (2020). 

 

While the emissions of deforestation mainly due to gold mining have reduced, there might be an increase again 

in the near future. This because most of the people working in the gold mining sector are people with no 

alternative livelihoods. To tackle this problem on a longer run, investments need to be done in the development 

of livelihoods, enforcement capacities of the institution responsible for the mining sector, a better 

implementation of a land use planning and the development/ implementation of techniques that have less impact 

on the environment.  

Emissions due to forest degradation have decreased significantly. This can be linked to the launch of the 

Suriname Forestry Information System Suriname (SFISS) mid 2019 which was fully implemented in 2020. 

Parallel to the launch of this system, all logging activities need to be preceded by a harvest plan based on an 

inventory. This together with the COVID-19 pandemic and the increased costs of the export, have caused a 

significant reduction in the yearly timber production and the resulting emissions.  

 

Table 6. Total Average emissions due to Deforestation and degradation 

Year 

Grand Total Historical 

emissions due to 

Deforestation & 

Degradation 

Grand Total projected 

emissions due to 

Deforestation & 

Degradation 

Estimated Total 

emissions 

 Total Emissions  

(t CO2e yr-1) 

Total Emissions  

(t CO2 yr-1) 
 

2001 4,590,666   

2002 4,537,967   

2003 4,538,078   

2004 4,550,330   

2005 4,653,661   

2006 4,708,898   

2007 4,562,866   

2008 4,716,286   

2009 4,758,684   

2010 7,674,347   

2011 8,287,294   

2012 8,642,609   

2013 8,421,353   

2014 15,327,204   

2015 10,447,381   

2016 11,962,911   

2017 12,471,132   

2018 13,024,072   

2019 13,658,481   

2020  14,008,889 9,610,512 

2021  14,612,231 9,772,841 
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Table 7 Comparison of estimated vs projected emissions for the years 2020 and 2021 

Year 

Grand Total 

Historical 

emissions due 

to 

Deforestation 

Grand Total 

Historical 

emissions due 

to Degradation 

Total 

projected 

emissions due 

to 

Deforestation 

Total 

Projected 

emissions due 

to Degradation 

Estimated emissions 

DEFORESTATION 

Estimated 

emissions 

DEGRADATION 

 Total Emissions (t CO2e yr-1) 

2001 2,627,560 1,963,106     

2002 2,627,560 1,910,407     

2003 2,627,560 1,910,518     

2004 2,627,560 1,922,770     

2005 2,627,560 2,026,101     

2006 2,627,560 2,081,338     

2007 2,627,560 1,935,307     

2008 2,627,560 2,088,726     

2009 2,627,560 2,131,124     

2010 5,795,935 1,878,412     

2011 5,795,935 2,491,360     

2012 5,795,935 2,846,675     

2013 5,795,935 2,625,418     

2014 11,351,994 3,975,210     

2015 6,320,143 4,127,237     

2016 7,862,822 4,100,090     

2017 7,340,615 5,130,517     

2018 6,040,216 6,983,856     

2019 6,858,725 6,799,757     

2020   8420597.24 5588291.98 6,040,835.54 3,569,676.24 

2021   8775256.18 5836974.42 5,943,411.14 3,829,429.84 

 

In parallel, the Government of Suriname wants to invest in diversification of the economy. While no trade 

markets are yet fully functional for ecosystem services, such as biodiversity and water regulation, the Green 

Climate Fund (GCF) is currently initiating a mechanism for results-based payment for REDD+.  

These mechanisms will need to make it possible for a country in development to preserve its standing forest, 

avoiding that there will be leakages from the countries that are slowing down deforestation and forest 

degradation to countries where deforestation or forest degradation previously did not take place, or took place 

to a more limited extent. Hereby, the opportunity cost of gold mining, the main driver of deforestation in 

Suriname, needs to be considered. This opportunity cost is so high that it is difficult for potential incomes of 

carbon credits to compete (SBB et al., 2017b). Planning, research, sustainable forest management and 

restoration of previously deforested areas will be key to reducing negative impacts and maintaining the 

country’s contribution to the local and global environment. The policies for each driver of emissions are 

described in table 5. These values presented are based on the results of the most recent Post deforestation LULC 

2000-2017 data (SBB, 2021). 

Another challenge Suriname is facing is the potentially high climate change adaptation costs. The country’s 

low-lying coast makes the country extra vulnerable to the effects of sea level rise. Within the National 

Adaptation Plan 2019-2029 (GOS, 2019b), which was submitted to UNFCCC in 2020, two goals are 

emphasized: (1) impact reduction through adaptation and resilience building and (2) integration and 
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mainstreaming in a coherent manner, into relevant new and existing policies, programs, activities and 

development planning processes and strategies, across multiple sectors and levels as appropriate.   

The priority activities identified: 

- Sustainable coastal and riverbank protection to protect the fertile agricultural land, the housing of the 

population and most infrastructural facilities. 

- Reduce CO2-emissions from the energy sector, application of environmentally friendly electricity 

generation facilities, attendant job creation through investments and scaling up of green energy projects. 

Priorities are driven by the productive sectors.  The NAP is built upon the assumption of a financial 

compensation for the mitigation of climate change for the implementation of the REDD+ program. Therefore, 

the activities are based on an environmentally related use of the forest.  

- Development of agrarian and regional development plans. 

- Financing for pre and post disaster actions especially climate-related disasters (local storms, floods, 

droughts). 

Beside the decrease in the gold price, the Suriname Government also implemented some measures to manage 

the artisanal gold mining sector. The establishment of the Organization for the Regulation of the Gold Mining 

Sector (OGS), the approval of the Minamata agreement in 2018, restricting the mercury trade have caused 

reduced deforestation due to gold mining. Nevertheless, to maintain this and to reduce the impact on the 

environment, much more investments are needed. 

For forest degradation, the emissions show an increasing trend for the period 2016-2019. This because of large 

investments from mainly Asian companies, focusing on the export of round logs. While the Government started 

talking about the ban on the export of round logs, exporting companies were still trying to use the opportunity 

to export large volumes of round logs, assuming that the ban could be implemented at any moment, but also 

affecting the supply of logs for the local processing industry. In this period also exceptions were made to work 

without harvest planning for small loggers and communities. Nevertheless in 2019 nearby 50% of the logging 

activities were without a harvest plan (based on a stock inventory). 

Using the same methodological approach and data sources as the FRL, Suriname estimated the following 

emissions for the period 2020- 2021.  

During the results period (2020 and 2021), it was identified that the main driver of forest degradation was still 

logging.  

 

3.2 The REDD+ results relative to the Forest Reference Level in terms of CO2 

equivalent 
 

While the emissions of deforestation mainly due to gold mining have reduced, there might be an increase again 

in the near future. This because most of the people working in the gold mining sector are people with no 

alternative livelihoods. To tackle this problem on a longer run, investments need to be done in the development 

of livelihoods, enforcement capacities of the institutions responsible for the mining sector, a better 

implementation of a land use planning and the development/ implementation of techniques that have less impact 

on the environment.  

Forest degradation has reduced due to the introduction of SFISS, COVID-19 and the increased export cost. To 

structurally transform the forestry sector and reduce the emissions, we should use two approaches: 1) focus on 

improved practices on the ground (better logging practices like RIL-C) 2) Reduce the export of round logs and 
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strengthen the wood processing sector.  Of course, it is also important to strengthen the country’s national 

institutions.  There are already ongoing programs related to improve this, but to successfully tackle degradation, 

the country still needs a lot of technical and financial support. 

Table 8. REDD+ Results for Suriname for 2020 and 2021 

Year 

Grand Total 

Historical emissions 

due to Deforestation 

& Degradation 

Grand Total 

projected 

emissions due to 

Deforestation & 

Degradation 

Estimated Total 

emissions 

REDD+ 

RESULTS 

 Total Emissions  

(t CO2e yr-1) 

Total Emissions  

(t CO2 yr-1) 
  

2001 4,590,666    

2002 4,537,967    

2003 4,538,078    

2004 4,550,330    

2005 4,653,661    

2006 4,708,898    

2007 4,562,866    

2008 4,716,286    

2009 4,758,684    

2010 7,674,347    

2011 8,287,294    

2012 8,642,609    

2013 8,421,353    

2014 15,327,204    

2015 10,447,381    

2016 11,962,911    

2017 12,471,132    

2018 13,024,072    

2019 13,658,481    

2020  14,008,889 9,610,512 4,398,377 

2021  14,612,231 9,772,841 4,839,390 
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Figure 7. Suriname REDD+ Results 2020 and 2021 

 

3.3 Consistency with National GHG Inventory and Forest Reference Level 
 

The 2FREL and REDD+ results were developed following the guidance provided in Decision 12/CP.17, 

decision 4/CP.15, paragraph 7. The second FREL and the NC3 were being produced simultaneously, leading 

to consistency of these two reports. The forest related emissions within the GHG inventory were estimated 

based on expert knowledge and research, before the NFMS was established. The national GHG inventory, the 

FREL and REDD+ results were estimated following the 2006 IPCC Guidelines. The reports are based on the 

same database, methods, and assumptions and apply the same estimation procedures. 
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The methods used to obtain the annual emissions and removals for the period 2020-2021 are consistent with 

those used to calculate the first FRL submitted by Suriname. The same REDD+ activities, greenhouse gases, 

carbon pools, activity data and emission factor estimation methods and data sources, as well as methods for 

mapping land use were used in estimating annual emission and removals of both the FRL and the results 

presented in this Technical Annex. Table 6 summarizes how the methods used to obtain the FRL and those used 

to obtain the 2020-2021 results are consistent. 

 

Table 9. Consistency between FRL 2000-2019 and Technical Annex Results 2020-2021 

Parameter 2FREL for 2000 to 2019 Technical Annex Results 2020-2021 

IPCC Guidelines  IPCC GL 2006  IPCC GL 2006 

 

REDD+ Activities Deforestation and forest degradation Deforestation and forest degradation 

 

Greenhouse 

Gases 

CO2, CH4 and N2O CO2, CH4 and N2O 

 

C pools Above-Ground Biomass (AGB), Below-

Ground Biomass (BGB) and Lying and 

standing dead wood (DW). 

Above-Ground Biomass (AGB), Below-

Ground Biomass (BGB) and Lying and 

standing dead wood (DW). 

 

Forest stratification - Mangrove forest 

- Coastal plain 

-  Forest belt 

-  Forest in the interior 

 

- Mangrove forest 

- Coastal plain 

-  Forest belt 

-  Forest in the interior 

 

Estimating 

Activity Data 

Suriname is currently operating mostly at 

Tier 2 and Approach 3 level:  

- Annual wall-to-wall monitoring of the 

Activity Data (AD) using Landsat and 

Sentinel 2A imagery, following a 

standard protocol and applying the 

methodology recommended by Olofsson 

et al. (2014) and Olofsson et al., (2020) 

for land-use and land-use change area 

estimations. This is done according to 

Approach 3. 

 

- Activity data are disaggregated by 

drivers of deforestation. This has been 

Suriname is currently operating mostly at 

Tier 2 and Approach 3 level:  

- Annual wall-to-wall monitoring of the 

Activity Data (AD) using Landsat and 

Sentinel 2A imagery, following a 

standard protocol and applying the 

methodology recommended by Olofsson 

et al. (2014) and Olofsson et al., (2020) 

for land-use and land-use change area 

estimations. This is done according to 

Approach 3. 

 

- Activity data are disaggregated by 

drivers of deforestation. This has been 

Chapter 4. Consistency of methods used to obtain 

the 2020-2021 results relative to methods used to 

establish the assessed Forest Reference Level 
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done using ancillary data and field 

experience from multiple institutions. 

Throughout this process, guidelines for 

the visual interpretation of the different 

land use and land cover classes (LULC) 

were developed and adjusted (SBB, 

2021). This is according to Approach 3. 

done using ancillary data and field 

experience from multiple institutions. 

Throughout this process, guidelines for 

the visual interpretation of the different 

land use and land cover classes (LULC) 

were developed and adjusted (SBB, 

2021). This is according to Approach 3. 

 

Estimating 

Emission Factors 

The forest carbon stocks have been 

assessed by assembling a national 

database bringing together data from 212 

forest inventory plots scattered over the 

country. In 2019, 11 additional 

mangrove NFI plots were also 

established in the coastal area (SBB, 

2019), resulting in a total of 13 mangrove 

plots. Within this national database, 

above-ground biomass and dead wood 

(lying and standing) were assessed 

according to Tier 2, based on national 

data, but using pantropical allometric 

estimates. Belowground biomass was 

assessed using Tier 2.       

- To calculate the emissions due to 

logging, a field procedure was developed 

and carried out in ten locations using a 

randomly stratified approach; where 200 

felled trees were measured, 150 skid trail 

plots were established, 100 log yards and 

200 road widths were measured, haul 

roads within nine concessions were 

partly mapped and skid trails were 

mapped and measured in about 550 ha of 

logging units (Zalman et al., 2019). 

These emission factors are considered 

Tier 2. 

The forest carbon stocks have been 

assessed by assembling a national 

database bringing together data from 212 

forest inventory plots scattered over the 

country. In 2019, 11 additional mangrove 

NFI plots were also established in the 

coastal area (SBB, 2019), resulting in a 

total of 13 mangrove plots. Within this 

national database, above-ground biomass 

and dead wood (lying and standing) were 

assessed according to Tier 2, based on 

national data, but using pantropical 

allometric estimates. Belowground 

biomass was assessed using Tier 2.       

- To calculate the emissions due to 

logging, a field procedure was developed 

and carried out in ten locations using a 

randomly stratified approach; where 200 

felled trees were measured, 150 skid trail 

plots were established, 100 log yards and 

200 road widths were measured, haul 

roads within nine concessions were partly 

mapped and skid trails were mapped and 

measured in about 550 ha of logging units 

(Zalman et al., 2019). These emission 

factors are considered Tier 2. 
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The National Forest Monitoring System (NFMS) includes a Measuring, Reporting and Verification (MRV) 

function and other monitoring functions. Guiding principles for the NFMS in Suriname are national ownership, 

open data accessibility and transparency, cost efficiency, and adaptation to context (e.g. different contexts 

require a different monitoring approach specific for each aspect of the FREL, such as methods used for 

determining emissions from forest degradation and deforestation) (SBB, 2017). 

The NFMS Roadmap (GOS 2016) is the plan that has been followed for improving and expanding in scope and 

functions forest monitoring in Suriname, in order to institutionalize these activities into a fully functional 

national forest monitoring system, in line with the requirements of a REDD+ Program and the efficient 

management and supervision of the country’s forest resources. A full implementation of the NFMS is therefore 

a key part of the REDD+ strategy and has been executed in its entirety. 

Capacity for satellite land monitoring has been built up in Suriname through the Amazon Cooperation Treaty 

Organization (ACTO) project ‘Monitoring the Forest Cover in the Amazon Region’, through which a Forest 

Cover Monitoring Unit (FCMU) was established in 2012 and officially launched in 2013. Figure 5 shows the 

NFMS with the 6 components it consists of.  

 

Figure 8. Components of the National Forest Monitoring System 

 

 
7 Photo: https://www.gettyimages.com.mx/ 
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5.1 Tools within the National Forest Monitoring System: 

 

To safeguard our forests and to maintain the balance between the different ecosystems, it is important to set up 

a National Forest Monitoring System. To make this system effective and efficient, modern technologies are 

used and there is close cooperation with local communities, government offices and the private sector. 

The National Forest Monitoring System (NFMS) consists of six components: 

 

1)  Satellite Land Monitoring System 

With satellite images, deforestation maps are produced annually to provide an overview of where most 

deforestations take place. Post-deforestation Land Use and Land Coverage Maps are produced every two years 

to reflect the different causes of deforestation. Besides this, also national LULC maps are produced every 5 

years showing all natural and human-made land use and land cover. Data produced within the SLMS is validated 

in the field and during workshops with all other relevant institutions/partners. Data on land cover and land use 

offers the government the opportunity to implement better spatial planning, forest management plans and other 

policy making. 

2)   Near Real Time Monitoring 

This is an alarm or alert system, with the aim of detecting unplanned deforestation activities and sending alerts 

to institutions responsible for enforcing the policy. At the moment SBB is only focusing on unplanned logging 

activities, but there are intentions to support the mining institutes to implement this monitoring system.  

3)  Sustainable Forestry Information System 

In order to provide even more efficient services and transparency for the timber sector, the Foundation for 

Forest Management and Forest Supervision (SBB) has launched a public log traceability system, the Sustainable 

Forestry Information System Suriname (SFISS). The work for both the SBB and the private sector can take 

place more smoothly and in a more structured way. Within this system the sustainability rules are included from 

the felling of the tree to the processing and export of round timber. For more info also visit: 

http://sbbsur.com/sfiss/ 

4)    Involving communities in forest monitoring 

To promote transparency and cooperation with the communities, they are closely involved in the measurement 

system within the forestry sector. To do this, information sessions are organized by means of Krutu's and 

training community representatives to map out planned logging activities. 

5)  National Forest Inventory 

Making an inventory of our forests is important to know, among other things, where the various ecosystems are 

located and the coherence of biodiversity. While Suriname has a National Forest Inventory planned, the 

resources are not available to carry it out as yet. A pilot NFI was carried out in 2013-2014, which we are 

currently looking for resources at the moment. An inventory was carried out in 2019 in the mangrove forests 

and data is currently available on the occurrence of mangrove in the coastal plain of Suriname. The mangrove 
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forest can be viewed on the Gonini geoportal at www.gonini.org. 

 

Figure 9. Mangrove coverage 2019 (Gonini) 

 

6) Reporting 

Suriname has national and international reporting obligations. For this reason, it is therefore important that 

information is up to date and available. Reports are also important to support development plans.   

For transparency and open data accessibility SBB launched a geoportal called Gonini (https://www.gonini.org/), 

in 2016. This is an online database with geographic forest related information about Suriname.  

All information used to quantify deforestation and emission factors due to deforestation and forest degradation 

are originating from the multipurpose National Forest Monitoring System (NFMS) (SBB, 2017).  
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All information used to quantify activity data (AD) and emission factors (EF) due to deforestation and forest 

degradation are originating from the multipurpose National Forest Monitoring System (NFMS) (SBB, 2017).  

The NFMS includes a Measuring, Reporting and Verification (MRV) function and other monitoring functions 

such as biodiversity monitoring, land use planning and log tracking. Suriname’s NFMS is composed of an 

operational Satellite Land Monitoring System (SLMS), a National Forest Inventory (NFI), a Sustainable 

Forestry Information System Suriname (SFISS), a Near Real Time Monitoring system (NRTM) and several 

cross-cutting activities (e.g. mangrove monitoring), with broad participation of other institutions and 

stakeholders. Guiding principles for the NFMS in Suriname include national ownership, open data accessibility 

and transparency, cost efficiency, and adaptation to context (SBB, 2017).  

According to Decision 12/CP.17, developing country parties implementing REDD+ can use a stepwise 

approach to construct reference levels, incorporating better data, improved methodologies and, where 

appropriate, additional pools. Forest Reference (Emission) Levels should be updated periodically, taking into 

account new knowledge, new trends and any modification of scope and methodologies. The NFMS will 

continue to serve this purpose in Suriname. 

In the Annex section, the completed methodology used is described. 

Data sets and information 

FREL calculation tool 2021: 

https://drive.google.com/drive/folders/1Hk31K8Iy7JAY31auGrabd_OmS-tRL_sq?usp=sharing 

REDD+ data results are available on the KOPI statistical database via www.kopi.sbb.sr and in the following 

link:  

https://drive.google.com/drive/folders/1fisCZyUZ8GdyYyVtS2evIS6eq9nrM_6r?usp=share_link 
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https://drive.google.com/drive/folders/1fisCZyUZ8GdyYyVtS2evIS6eq9nrM_6r?usp=share_link
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7.1 Use of the most recent IPCC guidance and guidelines for estimating 

anthropogenic forest related greenhouse gas emissions by sources and removals 

by sinks, forest carbon stocks and forest area changes 

 

Suriname 2FRL and this 2REDD+ Technical Annex both use the methodologies described in the IPCC 

Guidelines, 2006 as the basis for estimating the changes in carbon stock in forested areas converted to other 

land uses. Suriname applies the basic method for estimating emissions suggested by IPCC, i.e., emissions are 

estimated as the product of activity data and emission factor for a given activity. 

 

7.2 Establishment of a robust and transparent National Forest Monitoring 

System according to national circumstances and capabilities 

 

UNFCCC decisions provide detail on three sub-items of the NFMS representing the functions of 

measurement/monitoring, reporting and verification. Regular measurement and reporting of emissions and 

carbon stocks have to be implemented at the national level, while validation is a process managed by the 

UNFCCC Secretariat. Measurement/monitoring is expected to be undertaken following the IPCC Guidelines, 

while reporting and verification are described in UNFCCC decisions such as 1/CP.17 and 9- 15/CP.19. Figure 

10 shows how measurement and reporting typically relate to each other. It should also be noted that this 

arrangement is not specific to the REDD+ mechanism but applies to the whole Agriculture, Forestry and other 

sectors (AFOLU)- activities. The NFMS can meet multiple purposes depending on the needs of each country, 

which can go far beyond REDD+. 

Chapter 7. Description of how the elements contained 

in decision 4/CP.15, paragraph 1 (c) and (d), have been 

taken into account. 
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Figure 10. Measurement of AD x EF= GHG reporting 

 

Measurement, reporting and verification (MRV) are the three main components of the NFMS required for 

REDD+, as defined by UNFCCC decision 4/CP.15. Of those three functions, verification is organized by the 

Secretariat of the UNFCCC. Suriname therefore has to set up its NFMS to support the functions of measurement 

and reporting. Of the two, measurement is by far the most complex to design and implement, while reporting 

requirements are largely determined by COP decisions and IPCC Guidelines (see chapter 3). The measurement 

component of the NFMS can be broken down in two main blocks: The Satellite Land Monitoring System (for 

determining Activity Data) and the National Forest Inventory (for establishing Emission Factors). The reporting 

component corresponds with the forest sector component of the national GHG-inventory. 

To ensure the quality of GHG inventories, the IPCC guidelines 2006 provide a set of good practices that 

Suriname applied as follows: 

- Transparency: Suriname’s background information for the REDD+ technical Annex is openly 

available. National reports and documentation are made available through an online shared folder8. 

This folder also includes Suriname’s “REDD+ technical Annex calculation tool”, which provides 

insights on how all AD and EF data was used to calculate the emissions in this REDD+ technical 

Annex. All spatially explicit information on forest cover change is available through the open-access 

geoportal “Gonini”9. Since 2021, SBB has also launched a geoportal where national logging specific 

data is made available10. There is a multi-stakeholder collaboration in the development of national 

Land Use Land Cover (LULC) Maps and an exchange of data between these stakeholders, which 

promotes transparency regarding spatial data in Suriname. Reports and documents on spatial and non-

spatial information such as Emission Factors (EF), Timber production and Forest Inventory data are 

 
8 Data and documents related to this FREL are available at: FREL Suriname Background Information 
9 https://www.gonini.org/ 
10 SBB Forestry Statistic Information portal   

https://drive.google.com/drive/folders/1Hk31K8Iy7JAY31auGrabd_OmS-tRL_sq?usp=sharing
https://www.gonini.org/SBB/index.php
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published and disseminated through the website of the National REDD+ Program 

(www.surinameredd.org) and the website of the SBB (www.sbbsur.com).  

 

- Accuracy: Area estimations based on remote sensing are generated following the good practices 

recommended by (Olofsson et al. 2014; Olofsson et al. 2020) and GFOI (2017) and the tools developed 

by FAO (2016). To reassure the quality of the field measurements, field plots were reassessed. In case 

of large deviations, the plots were re-measured by the field teams. The accuracy of the timber 

production is determined based on expert estimations by SBB, with SBB data approved by other local 

institutions such as the General Bureau of Statistics and the National Planning Office.  

 

- Completeness: All methodologies used, intermediate results and decisions made are presented and 

documented so that it is possible to reconstruct the REDD+ technical Annex  

 

Consistency: The FREL and the REDD+ Results Annex are full consistent because they are based on 

the same methodologies, emission factors and activity data were estimated in the same way.  

http://www.surinameredd.org/
http://www.sbbsur.com/
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  11 

 

 

 

 

 

 

 

The uncertainty for each emission source included in the FREL, was calculated based on the uncertainty related 

to the associated AD and EF. Table 10 below provides an overview of how uncertainties were determined for 

each AD and EF.  

 

Table 10. Overview of the uncertainties for each AD and EF 

 

REDD+ Activities 

 

Activity in FREL 

 

Input data for uncertainty calculation 

Activity Data (AD) Emission Factor (EF) 

(1) Deforestation 

(1.a) Conversion Forest to Non-

forest (without Forest fire) 

QA/QC results of 

Deforestation maps l 

(SBB, 2021) 

Forest carbon stock (SBB, 2017a) 

and Mangrove carbon stock (SBB, 

2019) database from SBB  

(1.b) Conversion Shifting 

cultivation to Non-forest (without 

Forest fire) 

Carbon stock changes reported by 

Pelletier et al. (2017) 

(1.c) Conversion Forest to Non-

forest through Forest fire 

 

 

Forest carbon stock (SBB, 2017a) 

and Mangrove carbon stock (SBB, 

2019) database from SBB 

(2) Degradation 

(2.a) Roundwood production 

Expert judgement 

(SBB FREL 

working group) Logging emissions study done by 

Zalman et al.(2019)  

(2.b) Fuelwood production 

Expert judgement 

(SBB FREL 

working group) 

(2.c) Conversion Forest to 

Shifting cultivation through 

Forest fire 

QA/QC results of 

Deforestation 

maps  (SBB, 2021) 

Forest carbon stock (SBB, 2017a) 

and Mangrove carbon stock (SBB, 

2019) database from SBB 

 
11 Photo: https://www.superstock.com/stock-photos-images/4413-217369 
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+ 

Carbon stock changes reported by 

Pelletier et al. (2012) 

 

The AD, EF and emissions uncertainty calculations are done using the IPCC (2006) Volume 1 Chapter 3, 

equation12 3.1 for multiplication, equation 3.2 for addition and subtraction, and equation 3.2A for combining 

uncertainties. These are presented below. 

Equation 5 Combining uncertainties - Multiplication 

 

 

Where: 

 = the percentage uncertainty in the product of the quantities (half the 95 percent confidence 

interval divided by the total and expressed as a percentage) 

 = the percentage uncertainties associated with each of the quantities 

 

Equation 6 Combining uncertainties - Addition and subtraction 

 

 

Where: 

 = the percentage uncertainty in the sum of the quantities (half the 95 percent confidence 

interval divided by the total (i.e., mean) and expressed as a percentage) 

 = quantities to be combined; xi may be a positive or a negative number  

 = the percentage uncertainties associated with each of the quantities 

 

Equation 7 Combining uncertainties - AD* EF 

 

 

Where: 

 = the percentage uncertainty in the product of the quantities 

 = the percentage uncertainty related to the activity data  

 
12 IPCC (2006) Volume 1   

https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/1_Volume1/19R_V1_Ch03_Uncertainties.pdf
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 = the percentage uncertainty related to the emission factor 
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ANNEX I. Information used to construct the FREL and RESULTS 
 

Definitions and information used to construct the FREL 

 

Forest definition for Suriname 

Suriname has chosen to map forest based on nationally appropriate criteria chosen in line with the Marrakesh 

Accords (UNFCCC, 2001) . During the preparation of the Summary of Information on REDD+ Safeguards 

(GOS, 2020b), the forest definition has also been analyzed comprehensively.  

 

Forest definition: 

Land covered primarily by trees, but also often containing shrubs, palms, bamboo, herbs, grass and climbers, with 

a minimum tree crown cover of 30% (or equivalent stocking level), with the potential to reach a minimum canopy 

height at maturity in situ of 5 meters, and a minimum area of 1.0 ha. 

 

The forest definition in Suriname excludes: 

1. Crown cover from trees planted for agricultural purposes (including palm trees such as coconut, oil palm 

etc.);  

2. Tree cover in areas that are predominantly under urban or agricultural use.  

 

It should be noted that shifting cultivation (slash and burn agriculture) is included as forest and not as non-forest, 

so conversion from Forest to Shifting Cultivation is not classified as deforestation, but as forest degradation, as 

long as it is done in a traditional way. These cultivated areas are usually smaller than one hectare and have a 

fallow period of at least four years (Fleskens et al., 2010), after which the slash and burn activity is repeated. Also, 

the ITPs were consulted during the Strategic Environmental and Social Assessment (SESA) (GOS, 2017b), and 

there it was concluded that shifting cultivation can be seen as a land use within the forest land, and not as a driver 

of deforestation.  

 

 
14  Photo: https://www.gettyimages.com.mx/ 
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For reporting done within the FAO Forest Resource Assessment, the above-mentioned criteria to define forest 

is applied. This will also be implemented in the next Greenhouse Gas Inventory for the NC3 in order to ensure 

consistency among different reporting purposes. The considerations of choosing the above-mentioned definition 

of forest and its parameters are described in the first FREL report (GOS, 2018). 

 

Deforestation 

In the context of this FREL submission, gross deforestation is defined as “the direct and/or induced conversion 

of forest cover to another type of land cover in a given timeframe of 10 years”. 

This excludes areas that undergo a temporary loss of the forest cover, such as:  

- Shifting cultivation (included in the definition of forest): As shifting cultivation areas have fallow 

periods of at least 4 years (Fleskens et al., 2010) and are smaller than one hectare;   

- Natural deforestation where the forest cover will recover naturally such as small areas where 

windbreaks occur. This is usually observed as deforested areas in remote parts of the forest. 

 

Forest degradation 

Forest degradation is for this FREL submission defined as “human-induced or natural loss of the goods and 

services, provided by the forest land, in particular the forest carbon stocks, not qualifying as deforestation, over 

a determined period of time”. 

The above-mentioned goods and services refer to a holistic approach that includes a broad spectrum of aspects 

such as maintaining biodiversity and hydrological functions. The impact of legal logging and the extraction of 

firewood, as well as the non-CO2 emissions from biomass burning in Shifting Cultivation reflect forest 

degradation within this FREL. Forest degradation is only temporary, with the forest expected to recover after a 

certain period of time. Regarding shifting cultivation, more research is needed to understand the carbon stock 

changes and emissions resulting from the rotational shifting cultivation activities taking place after the fallow 

periods.  

 

Compliance with IPCC Guidance  
Decision 12/CP.17 annex states that information used to develop a reference level should be guided by the most 

recent IPCC guidance and guidelines. Therefore, the IPCC 2006 Guidelines for National Greenhouse Gas 

Inventories (AFOLU sector) were used for technical guidance during the formulation of this FREL. 

 

Good Practice 

To ensure the quality of GHG inventories, the IPCC guidelines 2006 provide a set of good practices that 

Suriname applied as follows: 

− Transparency: FREL Suriname background information is openly available. National reports and 

documentation are made available through an online shared folder . This folder also includes 

Suriname’s “FREL calculation tool”, which provides insights on how all AD and EF data was used to 

calculate the emissions in this FREL. All spatially explicit information on forest cover change is 

available through the open-access geoportal “Gonini” . Since 2021, SBB has also launched a geoportal 

where national logging specific data is made available . There is a multi-stakeholder collaboration 

(annex 2) in the development of national Land Use Land Cover (LULC) Maps and an exchange of 

data between these stakeholders, which promotes transparency regarding spatial data in Suriname. 
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Reports and documents on spatial and non-spatial information such as Emission Factors (EF), Timber 

production and Forest Inventory data are published and disseminated through the website of the 

National REDD+ Program (www.surinameredd.org) and the website of the SBB (www.sbbsur.com).  

− Accuracy: Area estimations based on remote sensing are generated following the good practices 

recommended by (Olofsson et al. 2014; Olofsson et al. 2020) and GFOI (2017) and the tools developed 

by FAO (2016). To reassure the quality of the field measurements, field plots were reassessed. In case 

of large deviations, the plots were re-measured by the field teams. The accuracy of the timber 

production is determined based on expert estimations by SBB, with SBB data approved by other local 

institutions such as the General Bureau of Statistics and the National Planning Office.  

− Completeness: All methodologies used, intermediate results and decisions made are presented and 

documented so that it is possible to reconstruct the FREL (in agreement with decision 13/CP.19). 

− Consistency: The FREL and the Suriname GHG national inventories were not consistent yet during 

the development of the first FREL. At the moment, the second FREL and the NC3 are being produced 

simultaneously, leading to consistency of these two reports. The forest related emissions within the 

GHG inventory were estimated based on expert knowledge and research, before the NFMS was 

established.  Since the NFMS became operational, regular data is available on the forest cover change 

using well described national methodologies, and additional data was collected and processed on 

emissions due to selective logging and carbon stocks. The subsequent GHG inventories will use the 

data provided by the NFMS. Another example is the national forest definition, which has been updated 

in the FREL and will be used in a consistent manner for the NC3 and other forthcoming documents.  

The national staff responsible for the NFMS and FREL has developed strong capacity by designing 

methodologies and procedures and building the different data collection components in-house, with support 

from international partner organizations. This assures consistent application of the methodologies in the future. 

 

Tiers and approaches 
A system of tiers and approaches has been developed by the IPCC to represent different levels of 

methodological complexity. Tier 1 is the basic method, Tier 2 is intermediate and Tier 3 is the most demanding 

in terms of complexity and data requirements (Chapter 4 of IPCC guidelines 2006). Activity Data are assessed 

using three different approaches: Approach 1: total land-use area, no data on conversions between land uses; 

Approach 2: Total land-use area, including changes between categories; Approach 3: Spatially-explicit land-

use conversion data (Chapter 3, IPCC guidelines 2006).  

Suriname is currently operating mostly at Tier 2 and Approach 3 level:  

- Annual wall-to-wall monitoring of the Activity Data (AD) using Landsat and Sentinel 2A imagery, 

following a standard protocol and applying the methodology recommended by Olofsson et al. (2014) 

and Olofsson et al., (2020) for land-use and land-use change area estimations. This is done according 

to Approach 3. 

- Activity data are disaggregated by drivers of deforestation. This has been done using ancillary data 

and field experience from multiple institutions. Throughout this process, guidelines for the visual 

interpretation of the different land use and land cover classes (LULC) were developed and adjusted 

(SBB, 2021). This is according to Approach 3. 

- While no full National Forest Inventory (NFI) covering the whole country has been carried out, the 

forest carbon stocks have been assessed by assembling a national database bringing together data from 

212 forest inventory plots scattered over the country. In 2019, 11 additional mangrove NFI plots were 

also established in the coastal area (SBB, 2019), resulting in a total of 13 mangrove plots. Within this 

national database, above-ground biomass and dead wood (lying and standing) were assessed according 

to Tier 2, based on national data, but using pantropical allometric estimates. Belowground biomass 

was assessed using Tier 2.       

- To calculate the emissions due to logging, a field procedure was developed and carried out in ten 

locations using a randomly stratified approach; where 200 felled trees were measured, 150 skid trail 
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plots were established, 100 log yards and 200 road widths were measured, haul roads within nine 

concessions were partly mapped and skid trails were mapped and measured in about 550 ha of logging 

units (Zalman et al., 2019). These emission factors are considered Tier 2. 

Suriname will keep taking steps for gradual improvement towards a combination of Tier 2 and Tier 3. 

Pools / Gases 
For deforestation and shifting cultivation (degradation), the following carbon pools are included in this FREL 

for Suriname:  

- Above-Ground Biomass of trees, palms and lianas (AGB); 

- Below-Ground Biomass of trees and palms (BGB); 

- Lying and standing dead wood (DW). 

 

Litter 

Based on Crabbe et al. (2012), litter contributes ca. 2-6% to the total carbon stock. This litter includes 1-5% 

lying non-living biomass with a diameter larger than 5 cm, which is included within the FREL. This means that 

the remaining litter component with a diameter smaller than 5cm contributes less than 5% to the total carbon 

stock. Because of no reliable complete national dataset, as well as the presented data showing that the 

contribution of litter smaller than 5 cm is not significant, litter is not included in this FREL. National data will 

be collected during the coming years, when the next national forest inventory will be carried out. 

 

Soil Organic Carbon 

Based on Crabbe et al. (2012) Soil Organic Carbon (depth 0-30 cm) contributes 26.2 t C ha-1 ± 6.7 to the total 

carbon stock of non-mangrove forests. For mangrove forests along the coast the SOC was determined to be 

78.3 t C ha-1 ± 7.6 (0-30 cm) and 243.6 t C ha-1 ± 26.0 (0-100cm). Nevertheless, this dataset was collected 

only for a very limited sample, for a limited part of the country. Because no further national data was available, 

Soil Organic Carbon was not included in this FREL. 

For logging (forest degradation), the following pools are included in the FREL:  

- Above-Ground Biomass of trees and palms (AGB); 

- Below-Ground Biomass of trees (BGB); 

- Downed and standing dead wood (DW). 

Measuring the damage to lianas after timber harvesting is an almost impossible task (they are mostly already 

decomposed or grow further in another tree). Because of the limited number of trees extracted per hectare (3-4 

stems per ha), the associated emissions related to lianas are even more limited (less than 1%) and are therefore 

not included in forest degradation emissions for this FREL. Within a future submission, methods to increase 

consistency will be evaluated. For forest remaining forest land, the Tier 1 approach assumes that Soil Organic 

Carbon and litter are in equilibrium. Changes in carbon stock for Soil Organic Carbon and litter are assumed to 

be zero. 

 

Gases 
The main GHG that is included in this FREL is carbon dioxide (CO2). The estimations of the emissions of non-

CO2 gases (nitrous oxide, N2O, and methane, CH4) from burned forest land are also included in the case of 

deforestation and shifting cultivation. These estimations are based on the IPCC 2006 AFOLU method and 

factors, after which they are converted to CO2-equivalents for reporting in the FREL. CH4 is also released 
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when swamp or mangrove areas are deforested, but swamp areas being deforested contribute approximately 

less than 1% to the total deforestation and these non-CO2 gas emissions are excluded.  
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Annex II. Deforestation: Activity data, emission factors, methodology and results 
 

Activity data 

Conversion Forest and Shifting cultivation to Non-forest (without Forest fires) 

The Activity Data (AD) for the conversion from Forest and Shifting cultivation to Non-forest without forest 

fires have been extracted from the deforestation maps that were developed by the Forest Cover Monitoring Unit 

(FCMU) at SBB. The satellite images that were used for the wall-to-wall mapping of the deforestation maps 

are shown in table 4.2, which is also described in the SBB technical report (SBB, 2021). These maps underwent 

a QA/QC resulting in stratified estimated areas and confidence intervals. The generation of the maps started 

within the Amazon Cooperation Treaty Organization (ACTO) regional project “Monitoring the Forest Cover 

of the Amazon region”, followed by the REDD+ program in the framework of the National Forest Monitoring 

System (NFMS) in Suriname. Up until now, there are eight deforestation maps produced for the following 

periods: 2000-2009, 2009-2013, 2013-2014, 2014-2015, 2015-2016, 2016-2017, 2017-2018 and 2018-2019. 

The map of 2000-2009 covers the deforestation from 2001 until 2009 and the map of 2009-2013 covers the 

deforestation from 2010 until 2013. The deforestation map of 2013-2014 should be interpreted as the 

deforestation of 2014 and so on. 

For creating the 2017-2018 deforestation map, Suriname decided to create the maps using the higher 

resolution Sentinel 2 imagery, with a resolution of 10 meters, which had recently become available. The use 

of higher spatial resolution images such as Sentinel 2 resulted in more accurate mapping. Previously, Landsat 

images with a resolution of 30 meters were used for producing the deforestation maps. The first reference 

map was also based on Landsat data and was made for the year 2000. 

 

Table 11. Overview of the satellite images that have been used for deforestation maps 

Map produced Data used 

 Satellite Sensor Year 

Basemap 2000 Landsat 5 Thematic mapper (TM) 1999, 2000 and 2001 

Deforestation map 

2000-2009 

Landsat 5 Thematic mapper (TM) 2000-2009 

Deforestation map 

2009-2013 

Landsat 7 

 

Enhanced Thematic Mapper plus (ETM+) 2013 

Landsat 8 Operational Land Imager (OLI) 

Deforestation map 

2013-2014 

Landsat 8 Operational Land Imager (OLI) 2014 

Deforestation map 

2014-2015 

Landsat 8 

 

Operational Land Imager (OLI) 

 

2015 
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Deforestation map 

2015-2016 

Landsat 8 Operational Land Imager (OLI) 2016 

Deforestation map 

2016-2017 

Landsat 8 Operational Land Imager (OLI) 2017 

Deforestation map 

2017-2018 

Sentinel 2A and 2B Multispectral Instrument (MSI)  2018 

Deforestation map 

2018-2019 

Sentinel 2A and 2B Multispectral Instrument (MSI)  2019 

 

The method for monitoring deforestation in Suriname is divided into three main stages:  

1. Pre-processing: image processing; 

2. Core-processing: supervised classification; 

3. Post-processing: final classification.  

In the pre-processing stage the satellite images are collected, made cloud-free and are used to produce a mosaic, 

which can further be used in the core-processing stage. During the core-processing stage the supervised 

classification is executed on the mosaic, based on training samples. Finally in the post-processing stage, the 

supervised classification is adjusted where necessary.  

The method for producing the deforestation maps can be seen as a semi-automatic classification in QGIS using 

Orfeo Toolbox (Inglada and Christophe, 2009), followed by a post-processing step in TerraAmazon (GIS 

software developed by INPE), where the classes were visually checked and adjusted where necessary. This 

methodology used by Suriname is extensively explained in the SBB (2021) technical report.  

Since the Sentinel satellite images became available in 2016, they have been used as input data for creating the 

deforestation maps from 2017 onwards. The spatial resolution of Sentinel 2 is 10m, which leads to a higher 

accuracy and lower uncertainty of the deforestation maps compared to using Landsat. The data goes through a 

QA/QC process, which results in stratified estimated areas and confidence intervals. Table 4.3 shows the 

difference of the stratified estimated areas and the confidence interval when using Landsat versus Sentinel 2 

images for each of the deforestation maps. The number of samples that was used for the QA/QC process is 

given in table 12. 
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Table 12. Stratified estimated area and confidence interval of the deforestation data 

Period deforestation 

maps 

Map area 

(ha) 

Stratified estimated area 

(ha) 

Confidence interval 

(ha) 

Input data 

2000-2009 24,784 33,051.00 5,361.000 Landsat data 

2009-2013 30,833 32,071.05 2,388.009 

2013-2014 17,222 15,757.49 2,081.609 

2014-2015 12,308 9,442.39 1,620.402 

2015-2016 10,990 11,386.56 1,886.047 

2016-2017 8,891 10,667.03 3,162.109 

2017-2018 9,861 8,817.96 315.409 Sentinel 2 

data 

2018-2019 10,490 10,243.41 0.002 

 

The intention is to keep using Sentinel imagery for creating maps, until alternative free higher quality images 

become available that can be used to improve the current monitoring method.  

Since the availability of Sentinel images, data is also being managed and analyzed differently. The increasing 

availability of bulk remote sensing data has led to a method that is carried out using a more automated workflow, 

where massive remote sensing data can now be processed using cloud-based methods such as using Google 

Earth Engine (GEE).   

The three main stages (pre-processing, core-processing and post-processing) are still applied for all 

deforestation maps. More detailed information regarding the methodology of the map production is described 

in the technical report of SBB (2021).  

 

Conversion Forest to Non-forest through Forest fires 

The AD for the conversion of Forest to Non-forest through Forest fires is extracted from the deforestation maps 

and post-deforestation LULC maps. The post-deforestation LULC maps show the drivers of deforestation for 

specific periods and were analyzed cumulatively starting from 2000 to each specific year. Currently, the 

following periods of the post-deforestation LULC maps are available: 2000-2009, 2000-2013, 2000-2015 and 

2000-2017. Based on the Post-Deforestation LULC data from these periods (cumulative deforestation) and the 

deforestation data (expansion) for each period and year, the burned areas were extracted for the periods or years. 

The Fire Information for Resource Management System (FIRMS) data was used as ancillary data to identify 

the burned areas. Figure 4.1 shows how the FIRMS forest fire data is predominantly occurring in shifting 

cultivation, savanna and agriculture areas.  

 

https://earthdata.nasa.gov/earth-observation-data/near-real-time/firms
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Figure 11.FIRMS forest fires data from the MODIS sensor 

 

Quality Assessment/ Quality Control (QA/QC) 

The first quality assessment on the forest cover change maps was executed with support of the UN-REDD 

program using the method developed by the FAO. The method includes a set of “Good Practice” 

recommendations for designing and implementing an accuracy assessment of a change map and estimating area 

based on the reference sample data. The set of “good practice” recommendations address three major 

components: sampling design, response design and analysis (P. Olofsson et al, 2014).  

 

Sampling design 

The sampling design that was applied here is a stratified random sampling design. A stratified random sampling 

is generated based on the final land cover data to be validated, making use of the SEPAL Stratified Area 

Estimator (SAE)-Design tool. The strata used for the final land cover data are deforestation, stable forest and a 

forest buffer area. Figure 12 illustrates the strata of the land cover data to be used in the sampling design. Since 

deforestation is a rare class in Suriname, a buffer is used to mitigate the effects of omission errors (Oloffson et 

al., 2020). A spatial buffer in this context is an area mapped as forest around deforested pixels, with a radius of 

1300 meters. The buffer of 1300m is based on a research study  that was executed on the prediction of 

deforestation risk in Suriname (Kasanpawiro C., 2015)15. The study shows that the radius of 1300m was 

estimated as the maximum distance where deforestation is more likely to occur, away from previous deforested 

areas.  

 

 
15 Link to report by Kasanpawiro C.pdf 

https://drive.google.com/file/d/0B_KxwENZNDI5SDhXWEVtTGlncWs/view?usp=sharing&resourcekey=0-093ifenvyHsELPfyJWQn1A
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Figure 12. Stratification of the land cover classification to be used in the sampling design 

 

With this stratification as input, the SAE-design tool generates a set of stratified random points that are placed 

in each of the different land cover classes represented in the strata. The number of points in each class will be 

scaled to the area that each class covers on the map. In the sampling design, the sample size for each map 

category was calculated to ensure that the sample size is large enough to produce sufficiently precise estimates 

of the area of the class. Figure 4.3 shows the proportionally distributed points, using the stratification as input.  

Equation below calculates an adequate overall sample size for stratified random sampling that can then be 

distributed among the different strata (Oloffson (2014, (Eq.13)). For calculating an adequate overall sample 

size for stratified random sampling: 

 

Where: 

- N is number of units in the area of interest (number of overall pixels if the spatial unit is a pixel, number 

of polygons if the spatial unit is a polygon) 

- S(O) is the standard error of the estimated overall accuracy that we would like to achieve 

- Wi is the mapped proportion of area of class i 

- Si is the standard deviation of stratum i. 
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Figure 13. Proportionally distributed points, using the stratification as input 

The final samples can be manually adjusted, taking into account that the minimum number of samples should 

be at least 30 in order to be representative. A minimum sample per strata is set at 100, so that enough sample 

points are distributed to small rare classes (where proportionally zero samples would have been distributed). 

Table 14 gives an overview of the samples allocated per stratum per period.  

The column Dataset represents each time a QA/QC was executed for the specific map periods.  

Dataset 1 has less points than the following datasets. The quality assessment of dataset 1 was carried out in 

2016 with guidance from the FAO, assessing the period 2000-2015. After that moment, there was a need for 

doing the quality assessment of each map for consistency and reporting purposes.  

For this reason, the second QA/QC (dataset 2) included the period 2009-2013, even though this was already 

included in the first dataset. The sampling points of 2009-2013 were then removed from dataset 1 and added in 

dataset 2, resulting in a total sampling points of 517 for dataset 1.  

 

Table 13. Sampling points distributed per stratum for the time periods 

Data- 

set 

Period Sample point allocation/stratum 

Non-forest 2000 Hydrography Forest Deforestation Buffer Total 

1 2000-2009 100 100 217 100  517 

2 2009-2013   490 100 100 990 

2013-2014   100 

2014-2015   100 

2015-2016   100 

3 2016-2017   601 100 100 801 

4 2017-2018   700 100 100 900 
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5 2018-2019   767 100 100 967 

 

Response design 

The team for the response design consists of 3 interpreters. Area and error estimates are based on the human 

interpreter’s labelling of the sample; therefore, it is important that the labels are correct and that the labelling 

across interpreters is consistent. To ensure this, interpretation keys have been developed. Interpretation keys 

are used to interpret and classify the sample points in a systematic way. These are described in detail in the 

updated Technical report of SBB (2021). Both Landsat and Sentinel images were used in the response design. 

Table 15 shows the sources of the map and reference classification used for each map period.  

 

Table 14. Sources of map classification and reference classification 

Data products Map classification Reference classification  

Reference map 2000 Landsat Landsat 

Deforestation 2000-2009 Landsat Landsat 

Deforestation 2009-2013 Landsat Landsat 

Deforestation 2013-2014 Landsat Landsat, SPOT4, 5, 6 data 

Deforestation 2014-2015 Landsat Landsat, SPOT 4, 5, 6 data 

Deforestation 2015-2016 Landsat Sentinel 2A 

Deforestation 2016-2017 Landsat Sentinel 2A and 2B 

Deforestation 2017-2018 Sentinel 2A and 2B Sentinel 2A and 2B 

Deforestation 2018-2019 Sentinel 2A and 2B Sentinel 2A and 2B 

 

Analyses 

The resulting data from the response design have been further analyzed in Ms-Excel where an error/confusion 

matrix is created. The error matrix is a simple cross-tabulation of the class labels allocated by the classification 

of the remotely sensed data against the reference data for the sample sites. The error matrix organizes the 

acquired sample data in a way that summarizes key results and aids the quantification of accuracy and areas. 

The main diagonal of the error matrix highlights correct classifications, while the off-diagonal elements show 

omission (the columns) and commission errors (the rows). The User’s Accuracy (UA) and the Producer’s 
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Accuracy (PA) are also given in the confusion matrix. UA corresponds to error of commissions (inclusion) and 

PA corresponds to error of omissions (exclusion). Table 16 shows an example of a confusion matrix. This 

matrix is from the map period 2018-2019.  

Table 15. Confusion matrix of map period 2018-2019 with the PA and the UA included 

Map 

Reference  

 

*deforestation 

2000 - 2018 

deforestation 

during 2018-

2019 hydrography non-forest forest 

Grand 

Total UA 

*deforestation 2000-

2018 1025   75 0 1100 93% 

deforestation during 

2018-2019  83   2 85 98% 

hydrography   581 27  608 96% 

non-forest   22 806 87 915 88% 

forest 3    1605 1608 100% 

Grand Total 1025 83 603 908 1694 4316  

PA 100% 100% 96% 89% 95%   

*The non-forest class only indicates the non-forest areas from the year 2000, while deforestation 2000-2018 

represents all deforested areas for this period.  

 

The confusion matrix provides the basis for estimating the areas. Area estimations should be based on the 

proportion of area derived from the reference classification. Table 17 shows the proportional confusion matrix 

based on shows the standard error and the 95% confidence interval.  

 

Table 16. Proportional confusion matrix 

Proportional confusion matrix 

 

Previous 

deforestation 

deforestation 

2018-2019 hydrography non-forest forest Map area 

Previous 

deforestation 0.93   0.07 0.00 114,571.40 

deforestation 2018-

2019  0.98   0.02 10,490.24 

hydrography   0.96 0.04  331,238.70 

non-forest   0.02 0.88 0.10 777,138.75 

forest 0.00    1.00 15,133,386.16 

      16,366,825.25 
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For the stratified estimator of proportion of area of class k, the standard error is estimated by the following 

equation (Olofsson, 2014 (Eq.10) 

Stratified estimator of proportion of area 

 

Where: 

S (pk)  = standard error for the stratified estimator of the proportion of area  

Wi = area proportion of map class i 

N ik  = sample count of map class i in the error matrix that corresponds with reference map 

Ni = total samples for class i on the map 

 

Equation 4.6: The standard error for the estimated area  (Olofsson, 2014 (Eq.11)) 

 

Where: 

S(Ak)  = standard error of the estimated area of class k 

A = total map area 

 

Table 17. Standard error and 95% confidence interval 

Matrix of weighted variances 

 

Previous 

deforestation 

deforestation 

2018-2019 hydrography non-forest forest 

Previous deforestation 2.83E-09   2.83E-09 0.00E+00 

deforestation 2018-2019  1.12E-10   1.12E-10 

hydrography   2.86E-08 2.86E-08  

non-forest   5.75E-08 2.59E-07 2.13E-07 

forest 9.91E-07     

      

Total 9.94E-07 1.12E-10 8.61E-08 2.91E-07 2.13E-07 
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Standard error 1.63E+01 2.00E-03 1.41E+00 4.76E+00 3.49E+00 

95%Confidence Interval 
3.19E+01 4.00E-03 2.76E+00 9.33E+00 6.84E+00 

  

 

The uncertainty for the deforestation areas was calculated by dividing the confidence interval with the stratified 

estimated area, both available as outputs from the QA/QC of the deforestation maps (SBB, 2021). The stratified 

estimated areas and confidence interval are also shown in annex 9. The uncertainty calculations for the AD of 

deforestation can be seen in the tab “AD_DEF” in the FREL calculation sheet for Suriname. More detailed 

information regarding the quality assessment of the maps is described in the updated technical report of (SBB) 

2021. 

Deforestation trends and land use 
Figure 14 illustrates the annual deforestation for the time periods based on the results of the QA/QC assessment. 

The annual data shows a general increase of deforestation in the period 2009-2014, whereafter it decreased and 

continues to follow a stable trend until 2019. This trend may be partially explained by the sharp increase of the 

gold price in 2009-2014, followed by a decreased and then stable gold price until 2019. The historical trend of 

the gold price16 is illustrated in figure 15. This also shows that after 2019 the gold price increases, which could 

eventually lead to a high rate of deforestation after 2019.  

 

 

Figure 14. Annual average estimated area of deforestation (SBB, 2021) 

  

 
16 www.goldprice.org 

http://www.goldprice.org/
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Figure 15. Historical gold price data 

 

Post-deforestation Land Use Land Cover (LULC) maps 

Based on the deforestation maps, post-deforestation Land Use Land Cover (LULC) maps are produced showing 

the different drivers of deforestation. Within the regional ACTO project it was agreed by all member countries 

that these maps will be produced every two years, in order to monitor the land use changes. The post-

deforestation LULC maps have been produced for the periods: 2000-2009, 2000-2013, 2000-2015 and 2000-

2017. The drivers were determined through multi-sectoral collaboration. For these maps, the following classes 

were considered: Agriculture, Burned area, Infrastructure, Mining, Pasture, Built area, Other and Secondary 

vegetation. Forest fire (Burned areas class) is considered for the estimation of the non-CO2 gasses. The data for 

the Burned area have been extracted from the post-deforestation LULC maps 2000-2009, 2000-2013, 2000-

2015 and the deforestation data from 2016-2017 and 2018-2019.  

The results of the most recent post-deforestation LULC map (2000-2017) shows that Mining is the main driver 

of deforestation (68%), with 98% of mining resulting from gold mining activities (SBB, 2021).  According to 

the regional study where the impact of gold mining on the forest cover in the Guiana Shield region was assessed, 

the rate of gold mining has doubled when comparing the periods 2000-2008 and 2008-2014 (Rahm M. et al., 

2015). In the recent Ecosystem Services Observatory of the Guiana Shield (ECOSEO) regional project, it seems 

that there was a more stable trend of gold mining during the period 2016-2018, compared to the previous period 

(Rahm M. et al., 2020). This could be due to the stable price of gold on the international market. Based on a 

general assessment, 80% of the gold mining areas are artisanal small-scale gold mining (ASGM).  

In Suriname, the other two main drivers of deforestation for the period 2000-2017, followed by Mining are 

Infrastructure (18%) and Agriculture (5%) (SBB, 2021). Figure 16 shows an overview of the drivers of 

deforestation for the period 2000-2017.  These activities are assumed to cause long term deforestation (more 

than 10 years), which is in line with the FRA deforestation standard which states that17 “an area cannot be 

defined as deforestation when the forest regenerates in this area within 10 years”. 

Infrastructure is the second largest cause of deforestation, as many new roads are built to reach new logging 

areas in the interior of the country. This is related to the increase in the annual logging production, as increased 

logging means that more logging areas have to be reached. These roads can also serve a dual purpose by making 

remote communities accessible. Logging infrastructure is also built in the Greenstone belt resulting from the 

 
17FRA 2000  

http://pdf.wri.org/fra2000.pdf
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expansion of mining activities. Deforestation or conversion from forested land to other types of land is 

monitored in Suriname using the IPCC Approach 3.  

 

 

Figure 16. Drivers of deforestation areas for the period 2000-2017 

 

Source and compilation of data for carbon stocks 

Within the country’s REDD+ Readiness phase, a study was carried out bringing together data from different 

forest inventory programs as shown in figure 4.7 (more details on the inventories can be found in annex 4). This 

study, Technical Report State-of-the-art study: Best estimates for emission factors and carbon stocks for 

Suriname done by SBB in collaboration with CATIE, CELOS and AdeKUS (SBB et al., 2017a) was an update 

of earlier work carried out by Arets et al. (2011). Also, data from 11 new mangrove NFI plots (SBB, 2019) and 

2 previously executed NFI plots has been included in this FREL.           The method for harmonizing, quality 

checking and processing the NFI data was similar for all the NFI’s carried out.  

The forest inventory databases went through a harmonization process, including a QA/QC component, making 

sure that all data were comparable, after which they were merged into one database. The first step in performing 

data quality control was to unify criteria for identifying and standardizing categorical and numerical variables. 

This included unifying the names of the variables, encoding variables and converting the numerical value of 

dbh and height to the same measurement units.  

Subsequently, the following protocol for data analysis was established (more details to be found in SBB et al. 

(2017a)): 

- Detection of outliers using minimum and maximum function. This activity was performed using the 

dbh variable component, and identifying the maximum and minimum values; 

- Identification of a unique scientific name for each species. All scientific names were reviewed to 

identify synonyms and inaccurate writing, for which the software F-Diversity (Casanoves et al., 2010) 

was used; 

- Identification of outliers through standardization. When the databases had several species, the 

identification of outliers had to be performed for each species. In order for standardization to correctly 

identify unusual values, the species in question must have a considerable number of individuals. The 

equation used in this study to standardize the data sets was: 
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Standardization equation 

 

Where: 

X the value of the response variable, 

μ the overall mean of that variable in one species, 

σ the square root of the variance of the variable within a species. 

  

By applying this, dbh records of each species were standardized, and values > 3.5 standard deviations and <-

3.5, were considered outliers. These atypical values were revised and then corrected or discarded (SBB et al., 

2017a).  

Vernacular tree species names were converted to scientific names using an update of the regional tree species 

list18 and cross checked with the Taxonomic Name Resolution Service (TNRS)19 into the most recent scientific 

name. This allows the tree species to be linked with the wood density values.  

 

Forest stratification 
With the country being entirely part of one ecoregion, the Guiana Shield, it is a challenge to effectively 

categorize forest diversity for modeling the main ecosystem services. As no nationally approved area 

estimations for forest types is available, the forest type classification was not further considered and an approach 

using four more general strata was implemented for now.   

For this FREL, a stratification of the country was made combining physical (e.g. natural boundaries) and 

administrative boundaries (e.g. protected areas, southern border of the forest belt) (SBB et al., 2017a). The 

coming greenhouse gas inventory report will also include the emissions factors per strata in order to streamline 

the reports.  Figure 4.7 shows an overview of the stratification of the country. The boundaries are similar to the 

boundaries used in the first FREL, with only the mangrove delineation being updated by the SBB (2019) 

mangrove NFI. 

 

 
18https://reddguianashield.com/studies/improving-knowledge-sharing-on-tree-species-identification-in-the-guiana-shield/  

19 http://tnrs.iplantcollaborative.org/  

https://reddguianashield.com/studies/improving-knowledge-sharing-on-tree-species-identification-in-the-guiana-shield/
http://tnrs.iplantcollaborative.org/
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Figure 17. Preliminary stratification of Suriname with NFI plot locations 

 

The four general strata are delineated based on a general understanding of large different landscapes:  

Stratum 1: Mangrove forest, because of its specific characteristics and dynamics, but also the role this forest 

type plays in both climate change mitigation and adaptation. The borders of the mangrove stratum have been 

updated based on the mangrove NFI study results (SBB, 2019);  

Stratum 2: “Younger” Coastal plain. This stratum is delineated based on the occurrence of the precambrian 

Guiana Shield;  

Stratum 3: The Forest belt, the area where logging concessions are granted (North of the 4° Northern Latitude);  

Stratum 4: Forest areas where very limited activities are carried out (south of the 4° Northern Latitude) 

including the Central Suriname Nature Reserve, where little anthropogenic activities are carried out.  

While a full NFI is currently being prepared to be carried out in the coming years (SBB, 2017), the EF due to 

deforestation was calculated using these four general strata, based on this compiled database. The emission 

factors for deforestation (equal to average carbon stocks) used for the different strata are displayed in table 4.10. 

 

Deforestation emission factors  
The 2006 IPCC Guidelines provides definitions for five carbon pools: Above-Ground Biomass, Below-Ground 

Biomass, dead wood, litter and soils (Chapter 1, Volume 4, IPCC 2006). Based on the available data in the 
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database described in section 4.4.2, Suriname will include the carbon pools20 within this FREL as indicated in 

table 4.9. To avoid biased estimates for carbon stock, all data within the harmonized database was weighed by 

the plot size. The average carbon stocks and related uncertainties were calculated under a stratification sample 

frame.  

To determine the carbon content in the different carbon pools, the biomass is converted to carbon. The IPCC 

2006 recommends to use a factor of 0.47, based on McGroddy et al. (2004). In table 4.10 the average carbon 

stocks in t CO2 per hectare per pool per stratum are shown.  

The emission factors for deforestation per stratum (table 4.11) are calculated by converting the carbon stocks 

per stratum (table 4.10) to its CO2-equivalent by using the factor 44/12.  

 

Table 18. Carbon pools and methods to estimate carbon in forest biomass in Suriname 

Above-Ground Biomass (AGB) 

Trees (dbh ≥ 5 cm): Since Suriname has not yet developed specific allometric equations, the pantropical equation 

developed by Chave et al. (2014) was used for estimating the AGB for trees (including mangrove). This is an 

improvement compared to the previous FREL in which the equation from Chave et al. (2005) was used, although 

it was not validated.  

The choice for Chave 2014 is based on the results of the 2020 (Wortel & Sewdien) national allometry validation 

study ,  where 31 trees were destructively sampled at 6 locations in Suriname (In the coastal plain and forest belt 

strata) to determine which is the most suitable pantropical allometric model to use for Suriname. The result of this 

study showed that the AGB model 7 developed by Chave et al. (2014) performed the best in estimating the AGB 

for trees in Suriname. Model 7 is developed so that AGB can be inferred in the absence of height measurements. 

The parameters for the Chave 2014 included the dbh in cm, the measure of environmental stress (E) and wood 

density values (ρ) in g cm-3. The wood densities were obtained from the Global Wood Density Database (Zanne et 

al., 2009). A community weighted mean of 0.68 g cm-3 was found for the wood density in this dataset and used 

for unknown species.  The E was extracted from the global gridded layer of E at 2.5 arc sec resolution (available 

at http://chave.ups-tlse.fr/pantropical_allometry.htm), by using the plot locations of the trees harvested. 

Palm trees: For estimating the AGB of palms, four specific genus equations and one general family equation were 

used, according to Goodman et al. (2013). 

 

Lianas (D ≥ 5 cm): To calculate the biomass stored in lianas, the equation developed by Schnitzer et al. (2006) 

was used.  

Below-Ground Biomass (BGB) 

To obtain the BGB value for all living trees, AGB values were multiplied by the 0.24 factor for tropical rainforests 

(Mokany et al., 2006), as recommended by the IPCC 2006.  

Lying Dead Wood (LDW) 

 
20 While there was data available on litter and Soil Organic Matter, this data was collected only in a limited geographic 

area (forest belt) (Crabbe et al., 2012). Therefore, for the second FREL, Suriname will not report on these two carbon 

pools.  

http://chave.ups-tlse.fr/pantropical_allometry.htm
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Biomass in lying dead wood was estimated from the volume of the tree using Smalian’s formula, the community 

weighted mean (0.68 g cm-3) and a biomass reduction factor approach (suggested by Harmon and Sexton, 1996). 

Factors used depended on the decomposition state of the tree. For solid wood the factor used was 0.46, for wood 

in advanced state of decomposition it was 0.40 and for decayed wood 0.34 (SBB et al., 2017a). Lying dead wood 

data was not available for the mangrove strata. Lying dead wood was not quantified for the mangrove strata due 

to a lack of data. 

Standing Dead Wood (SDW) 

Biomass in standing dead trees was estimated based on the dbh measured in the field and using the Chave et al. 

(2014) equation developed for estimating biomass in living trees. After this, knowing that the wood density is 

lower for standing dead trees, it was assumed that all standing dead trees were decomposing, thus a biomass 

reduction factor representing 75% of the individual total weight was applied to each individual, as suggested by 

Brown et al. (1992) and Saldarriaga et al. (1998), cited by Sarmiento, Pinillos and Garay (2005). This is also 

supported by Howard et al., (2014) for mangrove SDW. 

 

The vegetation of Suriname can be classified into three main types: Hydrophytic, Xerophytic and Mesophytic. 

Mesophytic vegetation, mainly consisting of high tropical lowland forest with a diverse species mix, is 

considered the most valuable from a commercial perspective (LBB, 1990 in Mitchell, 1996). The forest belt has 

a higher average carbon stock than the interior where only very limited anthropogenic activities are carried out. 

This could be explained by the fact that the interior is difficult to access, resulting in a limited number of plots 

there or by a sparser tree cover in the interior because of the mountainous landscape and/or savanna. The 

mangrove carbon stock data in this FREL is updated with new mangrove NFI data collected (SBB, 2019). 

Previously there were 2 mangrove NFI plots included. Here the carbon stock data was collected at 11 additional 

locations in the mangrove belt of Suriname, resulting in a total of 13 NFI plots in mangrove forest. This new 

data shows that the mangrove carbon stocks are several times higher than estimated in the previous FREL. 

Uncertainties for each carbon pool are presented in detail in Suriname’s “FREL calculation tool”21. 

 

Table 19. Carbon stocks in the selected pools in each stratum updated from SBB et al. (2017a) 

Carbon Pools 

Forest carbon stock (t C02 ha-1) 

Mangrove forest Coastal plain Forest belt Interior 

Above-Ground Biomass Living trees (dbh ≥ 5cm) 439.38 474.06 548.24 488.68 

 Palms 0.00 18.61 3.90 8.28 

 Lianas 0.00 2.35 10.36 8.72 

Below-Ground Biomass Roots 105.45 118.24 132.51 119.27 

Dead Wood LDW 0.00 11.86 42.30 16.51 

 SDW 102.23 4.79 11.50 7.04 

 
21Link to Suriname’s FREL calculation tool.      

https://drive.google.com/drive/folders/1Hk31K8Iy7JAY31auGrabd_OmS-tRL_sq?usp=sharing
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Total  647.05 629.91 748.82 648.50 

 

Compared to the first FREL, the AGB calculated with Chave 2014 is lower than with Chave 2005. Reason for 

this may be that, as stated in Chave 2014, one major issue with the Chave et al. (2005) allometry relates to the 

importance of direct tree height measurements in AGB stock estimation.  

If total tree height is available, allometric models usually yield less biased estimates. However, tree height has 

often been ignored in carbon-accounting programs because measuring tree height accurately is difficult in 

closed-canopy forests (Hunter et al. 2013; Larjavaara and Muller‐Landau 2013). Feldpausch 2012 also stated 

that across the tropics including height reduces errors from 41.8 t C ha-1 (range 6.6 to 112.4) to 8.0 t C ha-1 (−2.5 

to 23.0). Thus, if tropical forests span 1668 million km2 and store 285 Pg C (estimate including H), carbon 

storage is overestimated by 35 Pg C (31–39 bootstrapped 95 % CI) if H is ignored. Tree H is an important 

allometric factor that needs to be included in future forest biomass estimates to reduce error in estimates of 

tropical carbon stocks and emissions due to deforestation (Wortel and Sewdien, 2020).On the other hand, the 

results calculated with available data in Suriname appear to be consistent with results from other studies such 

as Alder and Kuijk (2009), cited by (Cedergren 2009), who reported AGB carbon stocks for the Guiana Shield 

of 152 t C ha-1, while ter Steege (2001) found carbon stocks in Guyana between 111.5 and 146.5 t C ha -1. 

Furthermore, Arets et al. (2011) reports that AGB carbon stocks in Suriname range from 121 to 265 t C ha-1. 

Activities are planned to improve these estimations, especially through the implementation of a full 

multipurpose National Forest Inventory.    

 

Table 20. Deforestation emission factors resulting from changes in forest carbon stock 

Stratum 

Forest to non-forest (no forest fires) Shifting cultivation to non-forest 

t CO2 ha-1 Uncertainty t CO2 ha-1 Uncertainty 

Mangrove 

forest 647.05 32.40% 191.40 14.18% 

Coastal plain 629.91 17.30% 191.40 14.18% 

Forest belt 748.82 4.14% 191.40 14.18% 

Interior 648.50 8.89% 191.40 14.18% 

 

The emission factor for each strata was determined using the carbon stocks, based on the assumption that 

deforestation results in instant total emissions of the carbon stock. A different emission factor was applied for 

deforestation in areas where previous shifting cultivation had taken place, as the carbon stock of these areas 

was significantly lower. It was assumed that the carbon stock of an area where shifting cultivation had taken 

place was reduced to 191.40 t CO2 ha-1 as proposed by Pelletier et al. (2012). Uncertainties related to shifting 

cultivation may be underestimated as the emission factor data is not based on local data but based on Pelletier 

et al. (2012). Conversion from forest to agriculture resulted in a 99% loss of carbon stock (SBB, 2017a), and 

has been included as deforestation as the remaining carbon stock is not seen as significant. In the case of 

deforestation through forest fires, additional non-CO2 related gasses are taken into account and added as 

additional emission, as described below. 
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Non-CO2 emissions from deforestation through forest fire 

Emissions from deforestation through forest fire include not only CO2, but also other greenhouse gases, or 

precursors of greenhouse gases that originate from incomplete combustion of the fuel. These include carbon 

monoxide (CO), methane (CH4), non-methane volatile organic compounds (NMVOC) and nitrogen (e.g., 

N2O, NOx) species. In this FREL, the only non-CO2 gases included are CH4 and N2O (IPCC, 2006). The 

emissions were estimated by using equation 4.8, extracted from IPCC (2006), cf. Volume 4, Chapter 2, and 

Section 2.4.  

 

 Calculation method for the non-CO2 forest fire emissions from deforestation 

 

The resulting non-CO2 (CH4 and N2O) related emission factors from deforestation through forest fire are 

converted to the CO2-equivalent values and presented in table 4.12 and 4.13 for respectively conversion from 

Forest to Non-forest and Forest to Shifting cultivation. 

 

Table 21. Non-CO2 emissions factors for the conversion of Forest to Non-forest through forest fire 

 
CH4 N2O 

t CO2e ha-1 Uncertainty (%) t CO2e ha-1 Uncertainty (%) 

Mangrove forest 16.16 56.74% 7.01 48.52% 

Coastal plain 15.26 49.68% 6.63 40.04% 

Forest belt 18.38 46.76% 7.98 36.35% 

Interior 15.79 47.41% 6.85 37.19% 

 

Table 22. Non-CO2 emissions factors for the conversion of Forest to Shifting cultivation through forest fire 

 
CH4 N2O 

t CO2e ha-1 Uncertainty (%) t CO2e ha-1 Uncertainty (%) 

Mangrove forest 13.59 52.96% 5.90 44.04% 

Coastal plain 13.08 48.54% 5.68 38.61% 

Forest belt 16.63 46.78% 7.22 36.38% 
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Interior 13.64 47.19% 5.92 36.90% 

 

Historical emission due to deforestation 
Emissions caused by deforestation are determined following IPCC (2006) , by multiplying the AD with the EF 

for gross deforestation (the average carbon stock of the forest in t C per ha). While more detailed carbon stocks 

for other land use types need to be determined, it was assumed that the carbon stock after deforestation is zero. 

This is because most of the deforestation was caused by all mining (69%), urban (3%) and infrastructure (18%) 

(SBB, 2021), which are land use classes corresponding to a carbon stock of zero.  

 

Table 23. Emissions due to deforestation for the period 2000-2019 

 

Year 

CO2 CH4 (CO2-equivalent) N2O (CO2-equivalent) Total CO2-equivalent 

Total 

Emissions 

(t CO2 yr-1) 

Uncertainty 

(%) 

Total 

Emissions 

(t CO2 yr-1) 

Uncertainty 

(%) 

Total 

Emissions 

(t CO2 yr-1) 

Uncertainty 

(%) 

Total 

Emissions 

(t CO2 yr-1) 

Uncertainty 

(%) 

2001 2,626,631 13.15% 648 44.88% 281 36.11% 2,627,560 13.14% 

2002 2,626,631 13.15% 648 44.88% 281 36.11% 2,627,560 13.14% 

2003 2,626,631 13.15% 648 44.88% 281 36.11% 2,627,560 13.14% 

2004 2,626,631 13.15% 648 44.88% 281 36.11% 2,627,560 13.14% 

2005 2,626,631 13.15% 648 44.88% 281 36.11% 2,627,560 13.14% 

2006 2,626,631 13.15% 648 44.88% 281 36.11% 2,627,560 13.14% 

2007 2,626,631 13.15% 648 44.88% 281 36.11% 2,627,560 13.14% 

2008 2,626,631 13.15% 648 44.88% 281 36.11% 2,627,560 13.14% 

2009 2,626,631 13.15% 648 44.88% 281 36.11% 2,627,560 13.14% 

2010 5,784,726 6.99% 7,815 35.13% 3,393 27.80% 5,795,935 6.97% 

2011 5,784,726 6.99% 7,815 35.13% 3,393 27.80% 5,795,935 6.97% 

2012 5,784,726 6.99% 7,815 35.13% 3,393 27.80% 5,795,935 6.97% 

2013 5,784,726 6.99% 7,815 35.13% 3,393 27.80% 5,795,935 6.97% 

2014 11,348,421 11.91% 2,492 37.39% 1,082 30.48% 11,351,994 11.90% 

2015 6,314,776 12.98% 3,743 37.87% 1,625 30.72% 6,320,143 12.96% 
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2016 7,858,575 12.60% 2,961 36.66% 1,286 29.76% 7,862,822 12.60% 

2017 7,339,174 24.73% 1,005 44.83% 436 38.54% 7,340,615 24.73% 

2018 6,033,253 4.48% 4,855 35.17% 2,108 28.10% 6,040,216 4.47% 

2019 6,844,691 3.54% 9,785 34.90% 4,248 27.82% 6,858,725 3.53% 

 

The historical emissions for the period 2000-2019 are calculated based on activity data (deforested area) and 

emission factors. The total emissions from deforestation in the period 2000-2019 were 92,606,292 t CO2 with 

an uncertainty of 3.17%. 
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Annex III. Forest degradation: Activity data, emission factors, methodology and 

results  
 

Activity data  

 

Activity data for total roundwood (logging)  

Activity data for total roundwood is divided into fuelwood and industrial roundwood. The total roundwood 

production is visualized in Figure 18 and table 25. 

 

Industrial roundwood 

The production of roundwood is carried out following the selective logging procedures, meaning that only few 

commercial trees are removed per hectare. This results in forestry activities being reported as forest degradation. 

Only the construction of haul roads for logging and log yards are not included here, but within the deforestation 

LULC class ‘infrastructure’.  

According to the CELOS Harvesting System, the maximum allowable harvesting volume per ha is 25 m3, when 

applying the cutting cycle of 25 year. These rules have been incorporated in the national logging regulations 

and are enforced by SBB. The average harvested wood volume per ha in the past 3 year was 8.72 m3 (SBB, 

2020a). SBB roundwood production registration is not based on spatial monitoring of logging activities, but is 

based on data from the “Cutting Register'' documentation procedure. The Cutting Register is the document that 

is used to register all legally produced roundwood. Production data before 2000 was recorded by the Forest 

Service (LBB), and since 1999 SBB has been responsible for forest monitoring and the registration of 

roundwood production. To improve the administrative process, a log tracking system (LogPro) was developed, 

which was replaced in 2019 with an upgraded system “Sustainable Forestry Information System Suriname'' 

(SFISS). SFISS is an online platform based on state-of-the-art technology and provides transparency and easy 

data flows between the public and the private sector. Since 2020, the SFISS system has been fully operational. 

The SFISS allows for near-real-time monitoring of the wood flow in the country. The total industrial roundwood 

production from 2000-2019 is presented in Table 4.15. In the period 2000-2008, the industrial roundwood 

production showed a constant trend, with an average annual production of around 170,000 m3. From 2009 the 

production showed an increased trend and reached more than 1 million m3 in 201822. The production is 

increasing and the maximum sustainable production for the country is estimated to be 1-1.5 million m3 

according to the National Forest Policy (2005).  The indicated production forest area is 4.5 million ha, of which 

about 2.7 million ha is issued for timber production.   

 

 
22See SBB website www.sbbsur.com for the annual industrial roundwood  production statistics. 

http://www.sbbsur.com/
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Figure 18. Total logging production for the period 2000-2019 (SBB, 2020a) 

 

Fuel wood 

A survey of fuel wood consumption was conducted in 2013 by SBB. Results of this survey and research done 

by the General Bureau of Statistics on fuel wood consumption by households show that the production is 

declining with about 2.5% per year.  The estimated production in 2000 was 124,294 m3 and it declined by 38% 

to 77,459 m3 in 2019 (SBB, 2020a).  

 

Uncertainty assessment 

The uncertainties for roundwood and fuelwood production were based on expert estimations, which are the 

results of FREL working group discussions. For Industrial roundwood an uncertainty of 5% was estimated, as 

it is assumed that small errors can be made during registration of roundwood in the LOGPRO program. Even 

though the registration of logs passes various checkpoints in the field and in the office, this small chance of 

errors is still taken into account. For fuelwood an uncertainty of 15% was estimated by the FREL working 

group, as the data on fuelwood is more difficult to register than industrial roundwood due to the nature of the 

materials. Fuelwood does not only include industrial roundwood, but also smaller pieces of wood which are 

more difficult to measure accurately. 
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Table 24 Logging activity data 2000 - 2019. 

 

Roundwood 

production in m3  

 Fuelwood 

production in m3  

 Total logging 

production in m3  

 

Year Volume (m3) 

Uncertainty 

(%) 

 

Volume (m3) 

Uncertainty 

(%) 
Volume (m3) 

Uncertainty 

(%) 

2001 162,308 5.00% 121,263 15.00% 283,571 7.02% 

2002 153,812 5.00% 118,305 15.00% 272,117 7.11% 

2003 155,461 5.00% 115,420 15.00% 270,881 7.01% 

2004 159,412 5.00% 112,605 15.00% 272,017 6.87% 

2005 180,891 5.00% 109,858 15.00% 290,749 6.47% 

2006 193,056 5.00% 107,179 15.00% 300,235 6.25% 

2007 166,365 5.00% 104,565 15.00% 270,930 6.55% 

2008 197,394 5.00% 102,014 15.00% 299,408 6.08% 

2009 206,975 5.00% 99,526 15.00% 306,501 5.93% 

2010 246,158 5.00% 97,099 15.00% 343,257 5.56% 

2011 365,715 5.00% 94,730 15.00% 460,445 5.03% 

2012 435,549 5.00% 92,420 15.00% 527,969 4.89% 

2013 394,146 5.00% 90,166 15.00% 484,312 4.94% 

2014 492,773 5.00% 87,912 15.00% 580,685 4.81% 

2015 568,176 5.00% 85,714 15.00% 653,890 4.77% 

2016 583,376 5.00% 83,571 15.00% 666,947 4.76% 

2017 862,907 5.00% 81,482 15.00% 944,389 4.75% 

2018 1,083,350 5.00% 79,445 15.00% 1,162,795 4.77% 

2019 1,074,710 5.00% 77,459 15.00% 1,152,169 4.77% 

 

Activity Data for shifting cultivation  

Shifting cultivation is being monitored annually and is classified within the deforestation maps alongside 

deforestation. In the Basemap 2000 this class was mapped for the first time based on Landsat data. When the 

Basemap 2000 was created, the shifting cultivation areas already in a rotational system were mapped where 

small deforested patches are clustered with regenerating forest areas. This was done because on Landsat images, 
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shifting cultivation is detected as a combination of small deforested patches (mostly < 1ha) embedded in an 

area with fallow land at different stages of regeneration. Within the shifting cultivation area there may be some 

deforested patches greater than 1 ha, but these are distinguished from permanent agriculture by their irregular 

shape and are classified as shifting cultivation.   

 

The deforested patches greater than 1 ha in the shifting cultivation area that have more regular shapes are 

interpreted as permanent agriculture and are classified as deforestation. In the following years of monitoring, 

only the expansion of shifting cultivation was mapped. The temporal changes within the area of rotational 

shifting cultivation are not monitored yet, as no accurate method for mapping this has been developed for 

Suriname yet. This requires further in-depth research. With the availability of Sentinel images, more detailed 

information on shifting cultivation has been observed, but the same monitoring and mapping method is applied. 

Figure 19 illustrates the monitoring of the expansion of shifting cultivation.  

 

 

Figure 19. Monitoring expansion of shifting cultivation 

 

QA/QC on shifting cultivation  

As mentioned before, the QA/QC method includes a set of “Good Practice” recommendations that address three 

major components: sampling design, response design and analysis (Olofsson et al., 2014). The QA/QC for 

shifting cultivation was carried out for the period 2000-2019. The following time intervals were considered: 

2000-2009, 2009-2013, 2013-2015, 2015-2017 and 2017-2019. The first two map periods (2000-2009 and 

2009-2013) were assessed in 2016 with guidance from the FAO. The last three map periods were assessed 

recently, using a time interval of two years between the periods. Annual assessments would create too many 

strata with very small areas of changes, which can be neglected.  
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Sampling design 

The stratified random sampling design was also applied on the shifting cultivation assessment, using the SEPAL 

SAE-Design tool. The strata that were used are given in table 26. Besides the strata within the shifting 

cultivation class, there was also a forest buffer included. The buffer is used to mitigate the effects of omission 

errors (Oloffson et al., 2020) and has a radius of 1300m.  

 

Table 25. Number of sampling points allocated in the strata of shifting cultivation assessment 

Dataset  Stratum Area 

(ha) 

Description of the stratum Number 

of points 

1 sc00-09 14,334 Expansion of shifting cultivation between 2000 and 2009 100 

sc09-15 4,639 Expansion of shifting cultivation between 2009 and 2015 100 

2 Forest 

buffer 

486,549 Buffer around shifting cultivation in the forested area 756 

sc13 1,753 Expansion of shifting cultivation in 2013 and deforested after 

2013 

8 

sc13-15 949 Stable shifting cultivation in period 2013-2015 and 

deforested after 2015 

9 

sc13-17 1,621 Stable shifting cultivation in period 2013-2017 and 

deforested after 2017 

10 

sc13-19 204,198 Stable shifting cultivation in period 2013-2019 and 

deforested after 2019 

328 

sc15 69 Expansion of shifting cultivation in 2015 and deforested after 

2015 

10 

sc15-17 33 Stable shifting cultivation in period 2015-2017 and 

deforested after 2017 

7 

sc15-19 2,838 Stable shifting cultivation in period 2015-2019 and 

deforested after 2019 

10 

sc17 20 Expansion of shifting cultivation in 2017 and deforested after 

2017 

9 

sc17-19 1,688 Stable shifting cultivation in period 2017-2019 and 9 
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deforested after 2019 

sc19 2,961 Expansion of shifting cultivation in 2019 and deforested after 

2019 

9 

 Total 702,679  1165 

 

 

Response design 

In the response design the sample points were interpreted and classified. In order to interpret the sample points 

in a systematic way, interpretation keys have been developed. The interpretation keys give guidance in the 

classification of the sample points.  

Shifting cultivation is distinguished from deforestation due to the patterns and the shape of it. In figure 4.9, 

where the expansion of shifting cultivation is shown, it seems that the areas of secondary forest or regeneration 

in the rotational shifting cultivation areas are light green compared to the surrounding forest area. A sample 

point that falls within this light green area is then classified as shifting cultivation and not as forest. It is therefore 

important to look at the neighboring area of the sample point, in order to give the correct classification. The 

distinction between deforestation and a shifting cultivation area greater than 1 ha, is that deforestation has a 

more regular shape while shifting cultivation has an irregular shape. When a sample point falls within this 

deforested area greater than 1 ha, it is important to know how to distinguish these two classes.  

 

Analyses 

An error/confusion matrix has been created based on the resulting data from the response design. An example 

of the confusion matrix for the shifting cultivation assessment is given in table 27.  

 

Table 26. Confusion matrix for the forest and shifting cultivation 2013-2015 sampling 

Map 

Reference 

forest 

shifting cultivation between 

2013-2015 Grand Total 

forest 629 123 752 

shifting cultivation between 2013-2015 3 378 381 

Grand Total 632 501 1133 

 

The main diagonal of the error matrix highlights correct classifications, while the off-diagonal elements show 

omissions (the columns) and omission errors (the rows). Based on table 27 a proportional confusion matrix is 

being created (see table 28), followed by an adjusted area confusion matrix (see table 29). The proportional 

confusion matrix shows the proportion of forest and sc13-15 compared to the total sample points (e.g. 
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629/752=0.84). When the proportions of the two classes have been calculated, this is used to create the adjusted 

area confusion matrix based on the map areas (e.g. forest: 0.84 * map area = 406,967.40 ha).  

The corrected totals in table 29 show the stratified estimated areas e.g. the stratified estimated area for shifting 

cultivation between 2013-2015 is 76,308.66 + 209,544.02 = 285,852.6 ha. After this the confidence interval is 

calculated. A 95% confidence interval gives an indication about the probability of agreement between samples 

in map data and reference data. If the confidence interval is high, then the agreement of samples on map data 

and reference data is also high 

 

Table 27. Proportional confusion matrix for the forest and shifting cultivation 2013-2015 

Proportional confusion matrix 

 forest 

shifting cultivation between 

2013-2015 Map area (ha) 

forest 0.84 0.16 486,549.26 

shifting cultivation between 2013-2015 0.01 0.99 211,460.58 

 

Table 28. Adjusted area confusion matrix for the forest and shifting cultivation 2013-2015 

Adjusted area confusion matrix (ha) 

 forest 

shifting cultivation between 2013-

2015 Map area  

forest 410,240.59 76,308.66 486,549.26 

shifting cultivation between 2013-2015 1,916.56 209,544.02 211,460.58 

Corrected Total 412,157.15 285,852.68 698,009.84 

 

The results show an overall accuracy of 88%. Table 30 shows the trend of shifting cultivation and provides the 

QA/QC results propagated for the different years. 

 

Table 29. AD for Conversion Forest to Shifting cultivation through Forest fire 

Year Annual map area (ha) Propagated area (ha) Uncertainty (%) 

2001 1,638 1,462 32.26% 

2002 1,638 1,462 32.26% 

2003 1,638 1,462 32.26% 

2004 1,638 1,462 32.26% 

2005 1,638 1,462 32.26% 
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2006 1,638 1,462 32.26% 

2007 1,638 1,462 32.26% 

2008 1,638 1,462 32.26% 

2009 1,638 1,462 32.26% 

2010 440 603 50.69% 

2011 440 603 50.69% 

2012 440 603 50.69% 

2013 440 603 50.69% 

2014 1,678 2,297 0.74% 

2015 1,291 1,765 0.76% 

2016 1,130 1,550 0.81% 

2017 583 799 0.73% 

2018 1,597 2,181 0.76% 

2019 1,373 1,875 0.79% 

 

Emission factors due to forest degradation  

Emission factors due to forest degradation caused by logging 

To estimate the carbon losses caused by forest degradation due to selective logging, the emission factors (t 

carbon per m3) of produced timber were established. The method used is a gain-loss approach and focuses on 

the direct losses in live biomass, namely the extracted logs (ELE), incidental logging damage to other trees 

caused by tree felling (LDF), and the skid trail infrastructure (LIF) establishment (Pearson et al., 2014). The 

field methods used to estimate the logging emission factor for Suriname (Zalman et al., 2019) are based on the 

field methods used by Griscom et al. (2014).  

The work was carried out in Suriname in the first half of 2017 by SBB, with support of The Nature Conservancy, 

the University of Florida and CELOS. Since the IPCC guidelines (2006) do not provide enough details on how 

to calculate emissions from logging activities, the methodology developed by Pearson et al. (2014) and tested 

by Haas (2015) was applied. 

The following criteria were used for the calculations: 

- All timber extracted is emitted at the time of the event, according to IPCC Tier 1. 

- Above-Ground tree biomass was estimated using allometry by Chave et al. (2014). 

- No measurements were done in areas overlapping with other land use, mainly gold mining, because 

this could result in an over- or underestimation of the emissions related to selective logging. 
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Field data collection  

Because the emissions can vary as a function of the management types as defined in SBB (2017a, 2017b), 

different logging intensities and physical terrain conditions, a random stratified sampling approach was 

conducted over the whole range of active logging concessions (including community forest).  In total four 

intensive/controlled, four extensive/conventional and two FSC certified sampling units (logging units) were 

randomly selected, based on the number of logging units of each type in the country. 

 

Emission calculation 

The Total Emission Factor (TEF) in t of carbon emitted per m3 timber extracted from selective logging is 

estimated using equation below (Pearson et al., 2014). All logging emission factors are presented in t C m-3, 

making it possible to estimate the emissions from the logging sector using the annually registered timber 

production data (m3) from SBB.  These emission factors were calculated for each of the 10 sampled locations. 

The final national emission factors and the related uncertainties were determined by taking the average of the 

results of the 10 locations. 

 

Equation.  Calculation method for the Total Emission Factor (TEF) 

 

 

Extracted Log Emissions (ELE) 

The ELE is equal to the carbon emission of the extracted log parts and thus related to the timber harvest itself, 

which are calculated based on the volume of the extracted logs and the carbon content of these logs. The volume 

of the extracted log was calculated using the Smalian’s formula23, which uses the measured log length and the 

log diameters (top and bottom diameters of extracted logs). This volume was converted to biomass using the 

wood density of the tree species (Zanne et al., 2009). The ELE value was calculated for logging units by dividing 

the sum of the calculated carbon emission for that logging unit by the sum of the extracted log volume.  

 

 

 

 
23 The Smalian’s formula states that the volume of a log can be closely estimated by multiplying the average of the areas 

of the two log ends by the log’s length: Volume = (A1+A2)/2 × Length 
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Calculation of the ELE 

 

 

Logging Damage Factor (LDF) 

The LDF, also referred to as DW (dead wood), reflects the emissions from the decomposition of dead wood 

caused by felling trees. This includes the emissions from parts of the felled tree that were not extracted, such as 

the stump, left behind timber, the crown, and dead wood of incidentally killed trees (collateral damage). The 

amount of incidentally damaged trees identified as dead wood is determined by the damage types, where only 

snapped and grounded trees are included as actual fatalities, as advised by regional experts (Zalman et al., 

2019).  

A total of 258 felled trees were sampled with the goal to determine the associated emissions from extracted 

timber and the timber left behind (damaged trees and unextracted tree parts). The AGB of the total tree is 

estimated by using the equation from Chave et al. (2014) and the AGB for palms was calculated using the 

equations from Goodman et al. (2013). The BGB was calculated using an equation proposed by Mokany et al. 

(2006). The tree biomass left behind equals the sum of the AGB and BGB of the total tree minus the extracted 

log piece. The carbon losses from collateral damage were calculated by measuring all the grounded and snapped 

trees in the felling gaps (location where felling took place) and calculating the emitted carbon for those trees 

using the same equations.  

As seen in equation below, the carbon emission for each felling gap per m3 was calculated by dividing the 

emitted carbon in the gap by the volume extracted from that gap. 

 

: Calculation method for the LDF 
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Logging Infrastructure Factor (LIF) 

The LIF is carbon emitted when creating forestry infrastructure, such as skid trails, haul roads and logging 

decks (also called log yards). For the establishment of the FREL, only the LIF related to the establishment of 

skid trails will be considered, because the emissions related to the construction of haul roads and logging decks 

are included in the deforested AD as conversion from forest to non-forest. In the deforestation maps, all roads 

and log landings are being updated annually and have a lower uncertainty, resulting in more accurate estimations 

of these emissions. High uncertainties for the LIF (haul roads and log landings) can be explained by the limited 

number of locations sampled and the varying methods (e.g. machine types) loggers use to make logging 

infrastructure. 

To calculate the LIF, it is necessary to estimate the SF (Skid Trail Factor) in tonne carbon emissions per hectare 

of skid trail. This is calculated by estimating how much biomass is lost per area of skid trail constructed. For 

this, the biomass damaged on the skid trails was measured using sample plots on the skid trails. Snapped and 

grounded trees on the skid trail were measured to determine emissions from skidding. The skid trail area (SA) 

for each sample unit was calculated by multiplying the average measured width of the skid trails by the total 

length of the skid trails in the sampling unit.  

The LIF is calculated by dividing the total skid trail emissions within a sampling unit by the extracted wood 

volume from that sampling unit. The tree volume data from the harvested trees sampled is used to calculate the 

total production (extracted volume) for each sampling unit. Equation that follow is used to calculate the final 

LIF. 

 

Calculation method for the LIF 

 
 

Resulting EF for roundwood logging 

The total emission factor (TEF) for forest degradation due to roundwood logging was estimated to be 1.4     1 t 

C m-3 with an uncertainty of 13.28     % (seen in table 31     ). The contributions of the LIF, LDF unextracted 

wood, LDF collateral damage and ELE to the TEF were respectively 0.22 t C m-3, 0.4     9 t C m-3, 0.40 t C m-

3 and 0.30 t C m-3. The high uncertainties in LIF and LDF can be explained through the large variation between 

samples in the field and the small sample size (n=10).  

 

Table 30. Emission factors for logging 

 

Logging emission factors (t C m-3) 

LIF - Skid 

trails 

LDF - 

unextracted 

wood 

LDF - 

Collateral 

damage ELE TEF 
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mean 0.22      0.49      0.40      0.30      1.41      

C.I. 95% 0.12      0.07      0.10      0.01      0.26      

Uncertainty (%) 0.54      0.15      0.26      0.05      0.13      

 

Emission factors due to forest degradation caused by fuelwood logging 

Fuelwood data has been added to this new FREL and it is registered separately from the industrial roundwood 

data. Fuelwood is harvested in a different way than industrial roundwood, resulting in a different emission 

factor used. Fuelwood is harvested at a much smaller scale than roundwood and is mostly harvested by 

traditional communities. Fuelwood collected often involves very small trees that are felled in the forest on a 

small scale, meaning that there is no logging damage around the felled trees (LDF - collateral damage) and 

usually no extra infrastructure built (LIF), resulting only in emissions from the remaining tree pieces (LDF 

unextracted wood) and the extracted logs themselves (ELE).  

 

Shifting cultivation emission factors 

For the estimation of the emissions due to forest degradation caused by shifting cultivation, it was taken into 

account that not all carbon of the impacted area is emitted. For the conversion from Forest to shifting cultivation, 

the carbon stock is reduced to the 52.2 t C ha-1 based on Pelletier et al., (2017).  

The CO2 emissions are calculated by subtracting the 52.2 t C ha-1 from the total carbon stock of the forest (for 

that specific strata) present before the conversion.  

Additional non-CO2 emissions are calculated, as shifting cultivation is a traditional slash and burn activity that 

involves the use of forest fires to clear the land. These non-CO2 emissions resulting from the fires were 

estimated by using equation 2, extracted from IPCC (2006, Volume 4, Chapter 2, and Section 2.4). These non-

CO2 emission factors are calculated based on the forest carbon stock reduction resulting from the shifting 

cultivation activity, and are converted to their CO2 equivalent and presented in table 32. The uncertainties 

proposed by Pelletier et al., (2017) are also applied, as these uncertainties are specific to shifting cultivation, 

and because there are no standard values reported in table 4.7 of IPCC (2006) volume 4, chapter 4 regarding 

shifting cultivation. 

 

Table 31. Emission factors for shifting cultivation 

 

Stratum 

CH4 (CO2 equivalent) N2O (CO2 equivalent) CO2 Total EF 

t CO2 

ha-1 

Uncertainty 

(%) 

t CO2  

ha-1 

Uncertainty 

(%) 

t CO2 

ha-1 

Uncertainty 

(%) 

EF (t CO2 

ha-1) 

Uncertainty 

(%) 

Mangrove 

forest 13.59 52.96% 5.90 44.04% 455.65 25.22% 475.15 24.24% 

Coastal 

plain 13.08 48.54% 5.68 38.61% 438.51 13.67% 457.27 13.19% 

Forest belt 16.63 46.78% 7.22 36.38% 557.42 4.38% 581.26 4.44% 

Interior 13.64 47.19% 5.92 36.90% 457.10 7.59% 476.66 7.41% 
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Historical emissions due to forest degradation  
The historical forest degradation emissions for the period 2000-2019 (see table 4.23) are calculated using the 

activity data and emission factors for the categories roundwood logging, fuel wood logging and shifting 

cultivation expansion. Roundwood logging was the biggest contributor of degradation emissions. 

 

Table 32. Forest degradation emissions for period 2000-2019 

 

Year 

Industrial 

Roundwood Fuelwood 

Forest to Shifting 

cultivation 

Forest to Shifting cultivation 

 

Total degradation 

 

CO2 

CH4 (CO2 

equivalent) 

N2O (CO2 

equivalent) CO2 equivalent 

Total Emissions 

(t CO2 yr-1) 

Total 

Emissions 

(t CO2 yr-1) 

Total Emissions 

(t CO2 yr-1) 

Total Emissions 

(t CO2 yr-1) 

Total Emissions 

(t CO2 yr-1) 

Total 

Emissions 

(t CO2eq yr-1) 

Uncertainty 

(%) 

2001 841,527      354,632      735,482 21,940 9,526 1,963,106      14.35%      

2002 797,477      345,982      735,482 21,940 9,526 1,910,407      14.59%      

2003 806,027      337,543      735,482 21,940 9,526 1,910,518      14.59%      

2004 826,512      329,311      735,482 21,940 9,526 1,922,770      14.55%      

2005 937,875      321,279      735,482 21,940 9,526 2,026,101      14.13%      

2006 1,000,947      313,443      735,482 21,940 9,526 2,081,338      13.95%      

2007 862,561      305,798      735,482 21,940 9,526 1,935,307      14.52%      

2008 1,023,439      298,339      735,482 21,940 9,526 2,088,726      13.95%      

2009 1,073,114      291,063      735,482 21,940 9,526 2,131,124      13.83%      

2010 1,276,268      283,964      305,127 9,102 3,952 1,878,412      13.23%      

2011 1,896,141      277,038      305,127 9,102 3,952 2,491,360      12.77%      

2012 2,258,213      270,281      305,127 9,102 3,952 2,846,675      12.73%      

2013 2,043,549      263,688      305,127 9,102 3,952 2,625,418      12.79%      

2014 2,554,906      257,096      1,115,485 33,276 14,447 3,975,210      9.29%      

2015 2,945,851      250,669      892,532 26,625 11,560 4,127,237      10.23%      
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2016 3,024,660      244,402      796,933 23,773 10,322 4,100,090      10.56%      

2017 4,473,959      238,292      401,106 11,965 5,195 5,130,517      12.41%      

2018 5,616,901      232,335      1,088,071 32,458 14,092 6,983,856      11.46%      

2019 5,572,105      226,526      960,053 28,639 12,434 6,799,757      11.66%      
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