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GLOSSARY 

The terminology of this document is in line with the definitions according to the Intergovernmental Panel 
on Climate Change (IPCC, 20031, 20062 and IPCC, 20143).  

Term Abbr. Description Reference 

Aboveground 
biomass 

AGB All living biomass above the soil (incl. stems, 
stumps, branches, bark, seeds and foliage) 

IPCC, 2006: Volume 4, 
Chapter 4, Glossary 

Agriculture, 
Forestry and 
Other Land Use 
Sector 

AFOLU Agriculture, Forestry and Other Land Use. Segment 
of the economy where the mitigation potential is 
derived from both improvement of GHG removals 
and reduction of GHG emissions through 
management of land and livestock 

IPCC, 2014: WG III AR5, 
Chapter 11, Executive 
Summary 

Basic wood 
density 

D Ratio between oven dry mass and fresh stem-wood 
volume without bark (t/m3) 

IPCC, 2006: Volume 4, 
Chapter 4, Glossary 

Belowground 
biomass 

BGB All biomass in live roots (excluding fine roots) IPCC, 2006: Volume 4, 
Chapter 4, Glossary 

Biological 
carbon stock 

 A carbon pool that is of biological origin (for 
example vegetation) 

 

Biomass 
expansion 
factor 

BEF Dimensionless multiplication factor that expands 
the merchantable volume to the total AGB volume 
to account for non-merchantable parts of the tree 

IIPCC, 2006: Volume 4, 
Chapter 4, Glossary 

Carbon flux  Transfer of carbon from one pool to another in units 
of measurement of mass per unit of area and time 
(e.g., tC/ha/a) 

IPCC, 2003: Glossary 

Carbon stock  The quantity of carbon in a pool IPCC, 2006: Volume 4, 
Chapter 4, Glossary 

Carbon stock 
change 

 The change in a carbon stock due to carbon gains 
and losses. Can be expressed in units of carbon or 
carbon dioxide. 

IPCC, 2006: Volume 4, 
Chapter 4, Glossary 

Cropland C Cropped land, including rice fields, and agroforestry 
systems where the vegetation structure falls below 
the thresholds used for the Forest Land category 

IPCC, 2006: Volume 4, 
Chapter 3,  Section 3.2 

Dead wood DW All non-living biomass that is not contained in the 
litter. Can be standing, lying on the surface or in 
soils 

IPCC, 2006: Volume 4, 
Chapter 4, Glossary 

Dead organic 
matter 

DOM Biological carbon pool that consists of dead wood 
and litter 

IPCC, 2006: Volume 4, 
Chapter 1, Glossary 

Emission  The release of GHG into the atmosphere IPCC, 2006: Glossary 
 

1 IPCC, 2003. Good Practice Guidance for LULUCF  
2 IPCC, 2006. 2006 IPCC Guidelines for National Greenhouse Gas Inventories.  
3 IPCC, 2014. Climate Change 2014 Mitigation of Climate Change - Working Group III Contribution to the Fifth Assessment Report 
(WG III AR5) of the Intergovernmental Panel on Climate Change 
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Forest Land FL All land with woody vegetation IPCC, 2006: Volume 4, 
Chapter 4, Glossary 

Growing stock  Volume over bark of all living trees more than X cm  
in diameter at breast height. Includes the stem up to 
a top diameter of Y cm. Countries indicate the X and 
the Y values. 

IPCC, 2006: Volume 4, 
Chapter 4, Glossary 

Harvested 
wood products 

HWP All wood material that leaves the harvest site IPCC, 2006: Volume 4, 
Chapter 12,  Section 12.1 

The 
Intergovernmen
tal Panel on 
Climate Change 

IPCC The United Nations body for assessing the science 
related to climate change 

IPCC, 2014: WG III AR5, 
Foreword 

Land use and 
land-use 
change 

LULUCF Greenhouse gas inventory sector that is a subset of 
the AFOLU sector. It covers emissions and removals 
of greenhouse gases resulting from direct human-
induced land use, land-use change and forestry 
activities excluding agricultural emissions and 
removals  

IPCC, 2014: WG III AR5, 
Glossary 

Land-use 
category 

 Categories, defined for inventory purposes in the 
IPCC Guidelines (2006), that enable the inclusion of 
all managed land area within a country 

IPCC, 2006: Volume 4, 
Chapter 3,  Section 3.2 

Land-use 
conversion 

 Change of land-use category to another IPCC, 2006: Volume 4, 
Chapter 4, Glossary 

Litter  LI Non-living biomass in various states of 
decomposition either above or within soil (incl. fine 
roots, and small diameter dead roots) 

IIPCC, 2006: Volume 4, 
Chapter 4, Glossary 

Living biomass  Living organic material both aboveground and 
belowground 

IPCC, 2003: Glossary 

Mean annual 
increment 

MAI The average annual increase in the merchantable 
part of the living tree (m3/ha) 

 

Merchantable 
volume 

 The volume over bark of all trees defined using the 
conditions described for growing stock  - applies on 
both living and harvested trees 

IPCC, 2006: Volume 4, 
Chapter 4, Glossary 

Removal  Removal of GHG from the atmosphere by a sink IPCC, 2006: Glossary 

Sequestration  The process of storing carbon in a carbon pool IPCC, 2006: Glossary 

Soil organic 
matter  

SOM Includes carbon in live and dead fine roots and other 
DOM within the soil that cannot be distinguished 
empirically 

IPCC, 2006: Volume 4, 
Chapter 4, Glossary 

Stratum  A subcategory of land area that has unique 
biophysical and management conditions such as 
vegetation type, age class, soil type and 
management type 
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FOREWORD 
FRESCOS background by the involved EDFI team 

The overall goal of the FRESCOS Tool is to better account and analyse the carbon balance of  the 
forestry and agroforestry projects. This information is then further used to estimate the annual net 
emissions of our investment portfolio. As development financiers, climate change mitigation and 
adaptation are at the very core of our work, and we strive to better understand and manage our 
investments also in terms of carbon sequestration.  

For emission accounting, adequate tools and a methodology are already publicly available, but for 
carbon sequestration the publicly available tools or the methodology have not been as adequate. Many  
tools for accounting the carbon sequestration of afforestation and reforestation projects have not been 
accurate enough and lack the possibility to follow annual changes. During the years we have tested 
many tools, but the wanted to develop a tool to allow better usability and accuracy. The general data 
used by many existing tools seemed to overestimate the carbon sequestration of our projects and lack 
the details of annual changes and different carbon fluxes, such as harvested wood products.  

For these reasons, we teamed up to create a new tool to account the carbon sequestration. With the 
FRESCOS Tool, our purpose is to account the annual carbon sequestration with as much of primary 
data collected from the investee companies to produce the most accurate results as possible.  The 
FRESCOS Tool can be used for project accounting on an annual or scenario basis. The tool can be  used 
by forestry companies or forestry investors who are interested to understand, monitor and disclose the 
climate impact of a forestry project, includingtheir financed carbon sequestration and carbon 
emissions. The PCAF methodology, the global GHG accounting and reporting standards for the 
financial industry, should be used by investors to attribute the results the FRESCOS Tool provides.  

 As European Development Finance Institutions (EDFI), we hope that the FRESCOS Tool will become a 
useful tool not only for ourselves but for every organisation interested in gaining data on carbon 
sequestration and better understanding the impact the forestry projects can have.  

 That is why we also wanted to make the methodology and tool free and publicly available. We hope 
you find it useful.  

CDC Group  
Finnfund  
FMO  
Swedfund  
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DISCLAIMER 

The objective of the document ‘Methodology description for the Forest Carbon Sequestration Tool’ (the FRESCOS Tool) is to 
describe the methodology for estimating carbon emissions and removals of forestry and agroforestry projects used in the 
FRESCOS Tool. All information is merely for educational and informational purposes. It is not intended as a substitute for 
professional advice. While the information has been verified to the best of our abilities, we guarantee neither the 
accuracy/completeness of any information contained in this report, nor that it is free from mistakes and error. Should you decide 
to act upon any information based on the described methodology and/or FRESCOS Tool, you do so at your own risk  
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1. INTRODUCTION 
The objective of this document is to describe the methodology for estimating carbon sequestration and 
emissions from forestry and agroforestry projects used in the FoRESt Carbon Sequestration (FRESCOS) 
Tool. The FRESCOS Tool can be used for project carbon accounting on an annual or scenario basis. 

This methodology has been developed and harmonized between the four involved European 
Development Financial Institutions (EDFI): the Finnish Fund for Industrial Cooperation Ltd (Finnfund), 
the Dutch entrepreneurial development bank (FMO), CDC Group plc and Swedfund International AB. The 
technical development of the methodology and the FRESCOS Tool was carried out by Simosol Oy. 
Specialists from Fortiko were consulted for the design of the agroforestry model and peer-review of the 
methodology. 

The greenhouse gas (GHG) impact of forest project activity is largely based on forests’ ability to naturally 
sequester carbon dioxide (CO2) and store carbon (C) from the atmosphere. In Box 1, an introduction is 
given to the forest carbon cycle. It describes some important terms used in the tool as well as the most 
important carbon pools in the extended forestry system: aboveground biomass (AGB), belowground 
biomass (BGB), dead organic matter (DOM), soil organic matter (SOM) and harvested wood products 
(HWP). 

Box 1: Forest carbon cycle 

CO2 from the atmosphere is sequestered by living trees through natural tree growth. The sequestered 
CO2 represents a GHG removal4 as it decreases the greenhouse gas concentration in the atmosphere. 
During the process of photosynthesis CO2 is converted into oxygen and fixed as carbon in organic 
compounds i.e., biomass.  

Through the process of photosynthesis, the living biomass forms the input of the forest carbon cycle. The 
biomass growth is allocated to the above and belowground parts of the tree. Dead wood, branches, 
leaves, needles and other litter form the carbon flux from aboveground biomass (AGB) to dead organic 
matter (DOM) carbon stock which in turn feeds the soil carbon stock. DOM also comes from belowground 
biomass (BGB) through root mortality. 

Soil organic matter (SOM) consists of fine live and dead roots, and other dead organic matter within the 
soil that cannot be visually distinguished (see the difference between SOM and DOM from the Glossary). 
Soils form an important carbon stock which can degrade significantly through human activities. 
Degradation can take place, for example, through soil preparation, where soil organic carbon previously 
under anaerobic conditions is brought to aerobic conditions. The available oxygen allows efficient 
decomposition to take place, resulting in a carbon flux from the soil organic matter back to the 
atmosphere. 

 
4 In this document the natural process of removing atmospheric carbon is from here on referred to as carbon sequestration. Once 
removed from the atmosphere by trees, carbon remains sequestered in different biological carbon pools for a varying period of 
time. 
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Similarly to soil preparation, harvesting permanently removes carbon from the forest carbon cycle. Some 
of the removed carbon is transferred into harvested wood products (HWP) carbon stock. Carbon remains 
in wood products for a varying period of time, depending on the product life-cycle. After disposal of wood 
material by combustion, carbon is emitted back to the atmosphere in the form of CO2. In addition, in the 
broader forestry context, including processing and manufacturing of HWP, CO2 emissions arise from fuel 
combustion along the wood production chain (Figure 1). The most significant sources of emissions are 
forest operations, transportation and manufacturing although they are commonly marginal compared 
to changes in the forest carbon pools. 

 

Figure 1. Description of carbon fluxes in the extended forestry system (orig. Liski et al. 20015) 

An example of the forest and HWP carbon stock development is shown in Figure 2. The stock value 
indicates  the cumulative amount of sequestered carbon that is stored in the extended forestry system 
over time. The difference in a carbon stock between consequent years is the net carbon sequestration 
(increasing stock) or emission (decreasing stock). The graph shows that for this example, the total carbon 
stock in living biomass is expected to grow from 2020 to 2025. Harvesting will commence in 2023 and 
intensifies in the following years. As a result, the carbon in the harvested wood products increases while 
the carbon in the living biomass stabilizes. 

 
5 Liski et al. 2010. Which rotation length is favourable for carbon sequestration? Canadian Journal of Forest Research 31(11):2004-
2013 
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Figure 2. An example of the development of carbon stocks in the extended forestry system 

In the AFOLU sector many processes leading to carbon sequestration and emissions can be widely 
dispersed in space and highly variable in time  (IPCC, 2006; p. 1.4) effecting the management of natural 
resources. In addition, forests are subject to unpredictable anthropogenic actions and natural stress. For 
example, illegal logging, a forest fire, or a pest outbreak can unexpectedly reverse the estimated carbon 
flux turning the sustainably managed forest from a carbon sink to a source of emissions. A carbon 
inventory does not address the permanence or possible revisability of carbon stocks. However, in 
FRESCOS, the direct impacts of certain known uncertainties can be incorporated and estimated with the 
‘disturbance rate’ parameter. 
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2. OVERVIEW OF THE APPLIED METHODOLOGICAL GUIDELINES 
In the FRESCOS Tool, carbon stocks and changes in stocks in biological carbon pools are estimated by 
following the guidelines provided by the IPCC. The FRESCOS Tool methodology is built upon the 2006 
IPCC Guidelines for National GHG Inventories (2006), which provides internationally agreed 
methodologies for conducting GHG inventories. The tool applies the most recent Agriculture, Forestry 
and Other Land Use (AFOLU) methods in the IPCC Guidelines along with the newest refinement from 
2019 (IPCC, 2019)6.  

2.1. The 2006 IPCC Guidelines for National Greenhouse Gas Inventories 
(AFOLU)7 

The IPCC AFOLU Volume 4 (‘the IPCC Guidelines’) provides guidance for preparing annual GHG 
inventories for six land-use and management categories (‘land-use category’): Forest Land, Cropland, 
Grassland, Wetland, Settlement and Other land use (see Figure 3). In addition to forest plantations, 
Forest Land also includes protected natural forests and forests established and/or managed for 
recreational purposes. Agroforestry, including trees and perennial crops, is included in the land-use 
category Cropland. Within Volume 4, guidelines for GHG inventory in Forest Land and Cropland are 
described separately in Chapters 4 and 5. The Generic Methodologies Applicable for Multiple Land-use 
Categories are described in Chapter 2. 

Each land-use category consists of two sub-divisions: land remaining in that category (‘remaining land’) 
and land converted from one land-use category to another (‘converted land’). Land area is advised to be 
reported as converted land, if the land-use category has changed within the last 20 years. This is because 
a change in the land-use category can have a significant impact on the forest carbon cycle if, for example, 
existing biomass in cleared and/or soil is prepared prior to planting. It should be noted that conversion 
here refers to the change in the given six land-use categories - land is not considered converted if annual 
crop production is replaced with an agroforestry system as they both fall under the Cropland land-use 
category. Typical conversions might occur, for example, from converting degraded grasslands 
(Grassland) into forest plantations (Forest Land). If the land use prior to current Forest Land or Cropland 
is not known, land should be assumed as remaining land.  

 

 
6 IPCC, 2019. 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Volume 4: AFOLU 
7 IPCC, 2006. 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Volume 4: AFOLU 
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Figure 3. The highest stratification levels in the AFOLU sector according to the IPCC Guidelines  
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3. METHODOLOGICAL SCOPE 
The key GHGs in the AFOLU sector are methane (CH4), nitrous oxide (N2O) and carbon dioxide (CO2), of 
which the latter is primarily controlled by the living plants. The non-CO2 emissions are largely a product 
of microbiological  processes and combustion of organic materials. The calculation in the FRESCOS Tool 
is limited to ecosystem carbon (C) stock changes as they are predominantly through CO2 exchange 
between the land surface and the atmosphere (IPCC, 2006; p. 1.6).  

The land-use categories included in this methodology are Forest Land and Cropland. Following the IPCC 
Guidelines for GHG inventory for these categories (Equation 1), the FRESCOS Tool includes calculation 
of annual changes and total cumulative carbon stocks in living biomass (above and below ground), dead 
organic matter (dead wood and litter), soil organic matter and harvested wood products. 

Equation 1. 

ΔCO2-LU = (ΔCAGB +ΔCBGB +ΔCDW +ΔCLI +ΔCSOM +ΔCHWP)・CC    (1) 

Where, 
 ΔCO2-LU = carbon stock changes for a stratum of a land-use category 
 Subscripts refer to the following carbon stocks: 
   AGB = aboveground biomass 
  BGB  = belowground biomass 
  DW  = dead wood 
  LI  = litter 
  SOM = soil organic matter 
   HWP = harvested wood products 
  
   CC = carbon conversion factor 

Equation 1. is used for combining the net changes in all carbon stocks from the included land-use 
categories. The methodology considers perennial8 woody biomass and organic carbon exclusively, as: 

● The increase in biomass in perennial herbaceous (i.e., non-woody biomass) and annual crops in a 
single year is assumed to be countered by biomass losses from harvest and mortality in that same 
year (IPCC, 2006; p. 5.7). Thus, there is no net accumulation of carbon in other than perennial 
woody biomass. 

● Scientific data on inorganic carbon is limited. Furthermore, the impact of land management to 
inorganic carbon stock is smaller than to organic carbon (IPCC, 2006; p. 2.29). 

  

 
8 Perennial is a plant whose aboveground parts live for more than two years 
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4. GENERAL METHODOLOGICAL CONSIDERATIONS 

4.1. General calculation approach  

The IPCC Guidelines provide instructions for two alternative methods for estimating changes in carbon 
stocks (ΔC in Equation 1): the stock-change methodology (Equation 2) and the gain-loss methodology 
(Equation 3). The gain-loss approach tracks annual changes without accounting for the development of 
the stock itself. The annual stock change, however, is the difference between measured carbon stocks 
(ct2 and ct1) at two points in time (t2 and t1). It should be noted that measurements can refer to either 1) 
direct measurement, or 2) estimation of carbon sequestration and emissions by calculations. The 
FRESCOS Tool applies the latter for the selected stock-change approach.  

Equations 2 and 3. 

ΔC = (Ct2−Ct1)/(t2−t1)         (2) 

Where, 
  ΔC    = carbon stock at any given time, tC 
  Ct2   = carbon stock in the pool at time t2, tC 
 Ct1  = carbon stock in the pool at time t1, tC 

ΔC  = ΔCG - ΔCL          (3)  
Where, 

ΔC    = carbon stock at any given time, tC 
 ΔCG  = annual gain of carbon, tC 

 ΔCL  = annual loss of carbon, tC 

The FRESCOS Tool enables the implementation of a lower and a higher level of accuracy. The two 
options follow the general principles of the IPCC Tiers 1,2 and 3 (see a more detailed description below in 
Box 2). As opposed to the IPCC Guidelines, where the level of accuracy is selected separately for each 
carbon pool, in the FRESCOS Tool it is done at project level. A more detailed description of the calculation 
process in the FRESCOS Tool for different carbon stocks  is described in the following chapter.  

Box 2: IPCC Tiers 

In the IPCC Guidelines the estimation of carbon stocks and changes in stocks can be undertaken by using 
different levels of accuracy and certainty (Tiers). Tiers can also dictate the inclusion or exclusion of 
specific carbon stocks in the GHG inventory. For example, in Tier 1 approach the DOM stock is assumed 
not to be present in land-use categories other than Forest Land. Likewise, under Tier 1 approach it is 
assumed that  soil organic carbon remains stable with management. These assumptions are not exactly 
accurate but estimating the actual carbon stocks in dead organic matter and soil would require detailed 
and locally representative data, which is usually absent. Such simplified assumptions may not always 
reflect the exact reality, but they are critical for enabling calculations with limited data. In general terms, 
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Tier 1 relies on the IPCC default values whereas country-specific data is needed for Tier 2. The tool user 
should recognize that the IPCC default values are global estimates based on broad geographic 
assumptions. The variation or the uncertainty of these assumptions is commonly indicated separately for 
each given default value in the IPCC tables (see Annex 2-6). Tier 3 requires project-specific data that is in 
forestry projects commonly available for biomass carbon pool only.  

Increasing the level of certainty will simultaneously increase the methodological complexity through 
improved localization of model parameters, spatial resolution and increased extent of required data. 
Therefore, the selection of the appropriate Tier requires an assessment of costs and efficiency in relation 
to relevant data acquisition. In addition, the selection of the  desired level of accuracy should consider 
the objective of the assessment and the requirements to meet the objective.  

 

4.2. Annual accounting and scenario analysis 

The methodology applied in the FRESCOS Tool can be implemented for estimating project’s carbon 
sequestration and emissions as annual accounting and as scenario analysis. The outputs of the annual 
accounting are provided for current carbon stocks and their annual change, whereas the scenario analysis 
estimates the development of the carbon stocks over a longer time frame. The scenario analysis feature 
can also be used for estimating historical development by inserting historical data as an input, e.g., 
replacing planned planting areas with the historical development of the planted area. The specific time 
frame for the scenario analysis is set by the user in the FRESCOS Tool.   

Notably, the scenario analysis in the FRESCOS Tool does not address the permanence of the estimated 
carbon stocks during the assessment period beyond those incorporated in the user inputs. Estimation of 
the longevity and possible reversibility of the carbon flux, or estimation of likelihoods for such 
unexpected events to occur, requires additional analysis outside of the FRESCOS Tool. Likewise, carbon 
leakage considerations are not included in the scope of the FRESCOS methodology.  
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5. CALCULATION IN THE FRESCOS TOOL 
The technical calculation methodologies applied in the FRESCOS Tool for the included carbon pools; 
living biomass, soil organic matter, dead organic matter and the harvested wood products (Equation 1), 
are described in this chapter. The calculations are based on the general considerations outlined in the 
previous chapter. As noted before, the methodology follows the general principles of the IPCC Tiers, 
most importantly the following: Tier 1 relies on global default values, Tier 2 uses regional or national data 
and Tier 3 requires project-specific data. A summary of the applied IPCC tiered approach for carbon 
modelling in forestry and agroforestry project is provided in Table 1. 

As noted, in FRESCOS the level of accuracy is set on project level. In practice, it is defined by the inputs 
for the biomass pool for which both Tier 3 and Tier 1 calculations are supported in the tool. This means 
that in the FRESCOS Tool the higher level of accuracy includes a combination of the applicable IPCC Tier 
1, 2 and 3 methodologies, depending on land-use classes and different carbon pools (Table 2). 

Table 1. The tiered IPCC methodologies applied in the FRESCOS Tool for different carbon pools 

Included 
carbon pool 

IPCC Tier 3 IPCC Tier 2 IPCC Tier 1 

Living 
biomass 

Stock is estimated separately for each 
stratum based on the planting year. 
Stock change: The difference 
between the modelled biomass 
growth and estimated losses. 
Biomass growth (Gw) is estimated 
combining information on the mean 
annual increment (MAI), with biomass 
expansion factors (BEF) and root-to-
shoot ratios (R). Biomass losses (L) 
are accounted for due to harvesting, 
disturbances, and possible land-use 
conversion. 

N/A Stock  is estimated with IPCC default 
values for AGB. 
Stock change is the difference 
between IPCC default values for the 
mean AGB growth (Gw) and total 
biomass losses (incl. disturbances and 
possible land-use conversion) 

Dead 
organic 
matter 
(DOM) 

N/A N/A Stock and change in stock are  
estimated with CDM9 default values 
for dead wood and litter stocks as a 
share of the AGB stock. 

Soil organic 
matter 
(SOM) 

N/A N/A Stock is estimated with IPCC default 
values. Stock change is considered 
only for converted land and drained 
organic soils for which IPCC default 
values exist. 

Harvested 
wood 

N/A Stock and 
stock 
change are 
calculated 

N/A 

 
9 Clean Development Mechanism (UNFCCC). A/R Methodological tool (AR-TOOL12) 
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products 
(HWP) 

based on 
reported 
allocation to 
semi-
finished 
commoditie
s and default 
IPCC half-
life values. 

 

Table 2. The application of the IPCC Tiers at the two accuracy levels of the FRESCOS Tool  

Carbon pool Higher level of accuracy Lower level of accuracy 

Biomass Tier 3 Tier 1 

Dead organic matter Tier 1 Tier 1 

Soil organic matter Tier 1 Tier 1 

Harvested wood products Tier 2 N/A 

 

The included carbon stocks are estimated similarly in forestry and agroforestry projects unless otherwise 
stated. When applicable in the FRESCOS Tool, the methodologies in this document are described 
separately for each applied Tier as they differ in data requirements: 

1. The required project-specific inputs used under Tier 3 should be identified and inserted to the 
tool by the user. Following the  Tier 3 approach, the tool user is required to insert all data related 
to biomass calculations per stratum. This means that forestry project areas should be  subdivided 
into smaller sections (strata) according to tree species, area, planting year, mean annual 
increment, rotation length and disturbance rate. An example of stratification is shown in Table 
3.  
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Table 3. Example of the stand level stratification in the FRESCOS Tool 

 

2. For calculations under Tier 1, global IPCC default values (from IPCC, 2006 and 2019) are 
integrated into the tool. User inputs are needed on the reported climate zone, continent, region, 
land-use class, soil class and land areas. Other than the aforementioned inputs, no additional 
inputs are required under calculations at the lower level of accuracy.  

A summary of the inputs, required to be set by the FRESCOS tool user, is presented in Table 4 separately 
for  the higher and the lower level of accuracy. 

Table 4. Summary of the input data sources and the minimum required inputs in the FRESCOS Tool 

Input Higher level of accuracy Lower level of accuracy 

Climate zone Predefined list (IPCC) Predefined list (IPCC) 

Continent Predefined list (IPCC) Predefined list (IPCC) 

Living biomass 

Project specific reference values: 
species, land area, MAI, planting 
year and harvest cycle and 
disturbance rate by stratum 

Predefined list (IPCC) and project 
specific reference values: 
disturbance rate, land area 

SOM Predefined list (IPCC) Predefined list (IPCC) 

Converted land Predefined list (IPCC) Predefined list (IPCC) 

HWP 
Project specific reference values: 
total harvested roundwood, 
allocation to product categories 

N/A 

 



  

2021. Methodology description for the Forest Carbon Sequestration Tool (FRESCOS) 
12 

 

The impact of land-use conversion that has occurred within the past 20 years is included in the FRESCOS 
Tool and described in more detail in the following sections. If the previous land-use category is unknown, 
the land area can be considered as remaining land.  

5.1. Carbon pool in living biomass 

Biomass growth is allocated in both the aboveground and belowground parts of the tree. In forestry, the 
commercial part of the tree (i.e., the trunk) is most often of interest. Consequently, most forest growth 
models and data (mean annual increment (MAI) values and harvested volumes) account only for the tree 
trunk and its growth. As carbon in biomass is stored not only in the trunk but also in roots, branches, tree 
top, leaves and needles, biomass carbon modelling requires the expansion of existing biomass data to 
include the total biomass. Similarly, in order to account for the total loss in living biomass due to 
harvesting, harvested commercial volumes are expanded to include also non-merchantable parts of the 
tree. 

The net impact of biomass growth indicates the net carbon sequestration in living biomass during the 
assessment period. The impact of biomass is positive, i.e., carbon net sequestration occurs, if biomass 
losses due to harvesting and disturbances do not exceed the biomass gains resulting from biological 
growth.  

5.1.1. Tier 3 change in living biomass carbon pool 

This section describes in detail the applied inputs and assumptions for calculating the net carbon impact 
of the living biomass carbon pool under the higher level of accuracy in the FRESCOS Tool. The calculation 
logic follows that of the IPCC Tier 3 methodology for forest biomass.  The applied equations are 
presented at the end of this section in Box 3. 

The existing carbon stock in living biomass (CB) will be estimated per stratum based on the reported 
planting year and the mean annual increment (MAI). The stratum-level results are summed in order to 
estimate the total stock (Equation 4). 

Annual change in biomass carbon stock (ΔCB) consists of carbon gains resulting from natural growth 
(GTOTAL) and carbon losses (LTOTAL) due to harvesting and disturbances (Equation 5).  

Total biomass growth (GTOTAL) will be modelled implicitly based on the mean annual increment (MAI, 
m3/ha) values, which indicate the annual growth rate of the merchantable volume of a certain tree-
species. MAI values are combined with the relevant land area (ha) in order to estimate the total annual 
increment volume (IV) in Equation 6. The modelled increment volume is first converted to growing stock 
biomass growth by weighing the volume with the tree species-specific basic density value (D). The 
obtained value for growing stock biomass does not include living biomass in tree tops, branches, foliage 
and other non-merchantable components. The growing stock biomass is hence further expanded to total 
AGB by applying a tree species-specific biomass expansion factor (BEF). The BGB is estimated as the 
share of the aboveground biomass with a root-to-shoot (R) ratio. The AGB and the BGB form the total 
living biomass as calculated according to Equation 4. 
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An example of the correlation between the BEF and R values as well as biomass allocation between the 
tree parts (merchantable volume, branches, leaves, tree top and live roots) is given in Figure 4. 

 

 
 
Figure 4. Example of biomass allocation within the living parts of the tree 

Some BEF and R values are provided in the FRESCOS Tool by default. Custom BEF and R values can also 
be sought from existing literature when adding new tree species or adjusting the parameters of the 
existing species. Relevant studies can be browsed, for example, from the GlobAllomeTree database. 

The total annual biomass loss (LTOTAL) is the sum of losses from wood removal (Lwood−removals) and losses 
due to disturbances (Ldisturbance) (Equation 7). The annual losses in biomass pool due to harvested removal 
(H) (m3/a) are derived from the reported annual harvest volumes. Rotation length by stratum is required 
from the tool user as it is used to allocate the harvested volumes according to tree species and stand 
maturity. Optionally in the FRESCOS Tool annual harvest volumes can be generated automatically based 
on the reported rotation cycle. The annual harvested volumes are similarly expanded and converted to 
total biomass removal (incl. AGB and BGB) by applying relevant D, BEF and R values as presented in 
Equation 8. Note that the impact of wood removals is not limited to AGB although wood removed from 
the forest might only explicitly include aboveground parts. The remaining biomass belowground will 
start to decay after harvesting and is hence removed from the BGB carbon stock. Though in practice a 
share of the AGB and BGB of the harvested trees goes into DOM and SOM pools, the applied 
methodology assumes these explicitly as permanent removals. Calculation of DOM and SOM pools are 
described under their own sections. Lwood−removals  is allocated to energy production and HWP pool based 
on the inserted product allocation.  
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Other annual losses in total living biomass due to disturbances (Ldisturbance) (caused by mortality, wind, fire 
etc.) should be considered implicitly in the reported value for the disturbance  rate (d). The disturbance 
rate should indicate the share of the standing stock that is lost annually due to disturbances (%/ha/a)  
(Equation 9). 

Change in biomass carbon stock in land areas that have gone through conversion within the last 20 years 
are estimated similarly as described above (Equation 6 and 7). In addition, the initial change in living 
biomass for the moment of land conversion is required to be included in carbon losses (LTOTAL)  under Tier 
3. The initial change is estimated as a difference between biomass stock before conversion and biomass 
stock immediately after in order to account for the possible losses due to change in land-use category 
(for example Cropland converted to Forest Land). In practice, the initial change in biomass is the amount 
of biomass that was possibly cleared from the land that was converted to Forest Land or Cropland. 
Reference values for the AGB stock in Cropland and Forest Land are provided in Annexes 2, 3 and 4, 
respectively. The initial change in living biomass carbon stock will be accounted for in the overall net 
carbon impact of the project.  

For example, the maximum AGB carbon stock in a Silvopasture system in the Temperate 
climate zone is 69.9 tC/ha (Annex 2) - if an area of 30 hectares is cleared from biomass and 
converted to another land-use category (for example, Forest Land), the initial change in 
biomass carbon stock is  69.9 tC/ha ・30 ha = 2 097 tC = 7 689 tCO2  

The initial decrease is accounted for as a baseline carbon stock which is subtracted from the project 
carbon stocks for estimation of the net carbon impact. Consequently, the cleared biomass does 
contribute to annual biomass stock change, but it is simply reduced from the existing biomass carbon 
stock.  
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Box 3: Equations for estimating carbon in biomass (Tier 3) 

 
 CB = ∑{a・MAI・A・D・BEF・(1+R)}・CF      (4) 

 Where, 
 CB  = total carbon stock in living biomass, tC 
 a   = stand  age, years 
 MAI  = mean annual increment, m3/ha/a 
 A  = stratified land area, ha 
 D  = basic wood density, t/m3 
  BEF  = biomass expansion factor, dimensionless 

 R  = ratio of BGB to AGB for a specific vegetation type, dimensionless 
 CF  = carbon fraction of dry matter, tC (IPCC, 2006; Table 4.3) 
  
 ΔCB = (GTOTAL - LTOTAL)・CF           (5)  

Where, 
 ΔCB  = total annual change in biomass carbon stock, tC/a 
 GTOTAL   = total annual biomass gains  (Equation 6), t/a 
 LTOTAL  = total annual biomass losses (Equation 7), t/a 
 CF  = carbon fraction of dry matter, tC (IPCC, 2006; Table 4.3) 

GTOTAL = ∑{IV・D・BEF・(1 + R)}        (6) 

Where, 
 GTOTAL   = total annual biomass growth, t/a 
  IV  = annual increment for specific tree species by stratum, m3/ha/a 

 D  = basic wood density, t/m3 
  BEF  = biomass expansion factor, dimensionless 

 R  = ratio of BGB to AGB for a specific vegetation type, dimensionless  

 LTOTAL = Lwood−removals + Ldisturbance        (7) 

Where, 
  LTOTAL  = total annual biomass losses, t/a 
 Lwood−removals  = annual losses due to log wood removal (Equation 8), t/a 
 Ldisturbance  = annual losses in living biomass due to disturbances (Equation 9), t/a 

 
  Lwood−removals = H・D・BEF・(1+R)        (8) 

 Where, 
 Lwood−removal = annual losses due to roundwood wood removal, t/a 
  H  = annual wood removals, roundwood or fuel wood, m3/a 

 D  = basic wood density, t/m3 (IPCC, 2006; Table 4.13) 
  BEF  = biomass expansion factor , dimensionless 

 R  = ratio of BGB to AGB for a specific vegetation type, dimensionless 
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  Ldisturbance =  ∑(A・B・d)         (9) 
 
Where, 
  Ldisturbance  = total losses due to disturbances (mortality, fire, wind etc.), t/a 
 A    = stratified land area, ha 
  B  = standing stock biomass per strata, t/a 
 d  = disturbance rate, factor value 

 

5.1.2. Tier 1 change in living biomass carbon pool 

This section describes in detail the applied inputs and assumptions for calculation of net carbon impact 
for the living biomass carbon pool under the lower lever of accuracy in the FRESCOS Tool. The calculation 
logic follows that of the IPCC Tier 1 methodology for forest biomass. The applied equations are presented 
at the end of this section in Box 4. The Tier 1 approach can be used, for example, for estimating carbon 
stocks in conservation areas where the woody vegetation and other input required for Tier 3 calculations 
are unknown or not available. 

Existing carbon stock in living biomass will be estimated with IPCC default reference levels for AGB 
biomass (AGBREF) in natural forests and forest plantations (Annex 4) and biomass in agroforestry systems 
containing perennial species (Annex 2 and Annex 3). Similar to Tier 3, the total existing carbon stock 
consists of carbon stocks in separate strata or larger areas.  

Change in stock is, similarly to Tier 3, the difference between annual biomass gains and losses (Equation 
5). The IPCC default values for the average annual AGB growth for a specific woody vegetation type (GW) 
are used to estimate the change in living biomass (Equation 11). The reference AGB stock values are given 
at the maximum level (Annex 2 to 4). They are linked to a default harvest or maturity cycle (‘cycle’) that 
indicates the saturation point of the stock. The AGB stock will hence increase linearly over the given cycle 
until it reaches the reference stock level. At the end of the cycle the biomass stock will only change by 
the reported rate of disturbance. Losses due to disturbances are estimated similarly as applied under Tier 
3 (Equation 9).  

Default IPCC root-to-shoot ratios (R) are provided according to climate zone and continent. In order to 
follow the principle of conservativeness, the suggested R values in the FRESCOS Tool represent 
minimum values provided by the IPCC for the specific climate zone and continent. In the absence of 
relevant R values, belowground biomass stock is excluded. 

Estimation of the initial change in biomass due to land-use conversion is not required for Tier 1 in land 
converted to Forest Land (IPCC, 2006; p. 4.32). Because land conversion to Cropland is more likely to 
cause significant changes in the existing biomass, the initial change should be reported also under Tier 1 
for converted Cropland only. The impact of conversion to the initial biomass carbon stock is estimated  
similarly as described in the example for Tier 3. Accordingly, the initial decrease is accounted for as a 
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baseline carbon stock which is subtracted from the project carbon stocks for estimation of the net carbon 
impact.  

Both in Forest Land and Cropland, biomass stock right after conversion is assumed to be zero and to 
develop linearly until the reference level is reached. In converted Forest Land the reference level will be 
reached after the default period of 20 years, whereas in Cropland the default maturity cycle varies among 
tree species. 

An example of biomass carbon stock development, without any disturbance, in Forest Land 
and Cropland is given in Figure 5. In the example, land conversion took place in 1995. Biomass 
carbon stock in the new tea plantation (Cropland) will reach the given maximum AGB level of 
20.7 tC/ha (Annex 3) by the end of the 30-year harvest cycle in 2025 after which it will remain 
stable. The Tropical moist deciduous forest (Forest Land) will reach the default AGB level of 
31.8 tC/ha and saturation point after 20 years from conversion in 2015. Both areas are 
considered remaining land after 2015 when 20 years since conversion has passed. 

 

Figure 5. Biomass carbon stock development 15 years after conversion  
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Box 4: Equations for estimating carbon in biomass (Tier 1) 

CB  =  ∑(A・AGBREF)・(1+R)・CF       (10) 

Where, 
 CB   = total carbon stock in living biomass, tC 
 A  = stratified land area, ha        
 AGBREF    = aboveground biomass in a given land-use category (Annexes 2, 3 and 4), t/ha 
 R  = ratio of BGB to AGB for a specific vegetation type, dimensionless  (based on 
     IPCC, 2019; Table 4.4) 
 CF  = carbon fraction of dry matter, tC (IPCC, 2006; Table 4.3) 
 
  GTOTAL = ∑{GW・(1+R)}          (11) 

Where, 
 GTOTAL   = total annual biomass growth in remaining land, t/a 
 GW  = average annual AGB growth (Annexes 2, 3 and 4), t/ha/a  
 R  = ratio of BGB to AGB for a specific vegetation type, dimensionless  (based on 
     IPCC, 2019; Table 4.4)) 

Note: In converted land, carbon stock in living biomass will increase linearly and reach the reference 
level (AGBREF) after the given maturity cycle or after 20 years from the conversion. 
 

 

5.2. Carbon pool in soil organic matter 

The soil organic matter forms an important carbon reservoir in the forest carbon cycle. In theory, a SOM 
stock increase represents a decrease in the DOM stock, which is not emitted back to the atmosphere but 
merely transferred from one carbon pool to another. The stock value itself is an important measure that 
indicates the amount of the sequestered carbon still within the forest carbon cycle. In forestry, major 
changes in SOM stock are commonly emissions due to management activities that accelerate soil carbon 
decay. 

In general, the net change of soil organic carbon consists of carbon gains through litter and dead wood 
decomposition, and carbon losses due to decay. The annual net change of soil organic matter is positive 
if the emissions from decay do not exceed the carbon gains from litter and dead wood production. 
However, modelling of these processes requires sophisticated inputs and obtaining these inputs is not 
considered realistic within the scope of the FRESCOS Tool. Therefore, soil organic carbon stock changes 



  

2021. Methodology description for the Forest Carbon Sequestration Tool (FRESCOS) 
19 

 

are calculated only in case of land use conversion and for drained organic soils10 for which applicable IPCC 
default values are provided. 

The applied methodology for calculating changes in soil organic carbon stocks is limited to Tier 1 
approach, with the possibility to improve accuracy by replacing IPCC default soil carbon reference values 
with manual user inputs. Such inputs can potentially be identified, for example, from national soil 
databases or scientific literature. Certain projects might even have carried out their own soil sample 
measurements, including the organic carbon content. 

5.2.1. Tier 1 change in soil organic carbon pool 

This section describes in detail the applied inputs and assumptions for calculation of soil organic carbon 
stocks and their changes at both accuracy levels in the FRESCOS Tool.  The applied equations are 
presented at the end of this section in Box 5. 

Soil carbon stock (CS) is estimated by implementing Equation 12. The stratum-level results are summed 
in order to estimate the total stock at the project level. 

The IPCC reference values (Annex 5) for carbon densities (tC/ha) on mineral soils (REFM.SOI) in specific 
climate regions and soil types are applied directly on Tier 1 level (Equation 12). The Tier 1 method 
assumes that forest soil carbon stock does not change with management (IPCC, 2004; p. 4.23). In Tier 1, 
the actual carbon stocks in drained organic soils are excluded due to data limitations (IPCC, 2006; p. 4.24). 
Annual carbon stock change in drained organic soils, however, is estimated with IPCC’s CO2 emission 
factors (ΔCO.SOIL) by land-use category and climate/vegetation zone (Annex 6). The emission factors are 
multiplied with stratified land areas in order to estimate the total emissions (Equation 13). 

Changes in soil carbon due to possible land conversion are considered implicitly within the built-in soil 
calculations quite similarly to the AGB in converted land: the stock is assumed to grow from the initial 
level prior to conversion and reach the selected reference level within 20 years. The initial soil carbon 
stock is determined automatically based on the previous management activities which are set by 
selecting the land-use, management and input levels from the given IPCC default options in the 
FRESCOS Tool. The impact of separate management activities in previous Cropland and Grassland is 
determined with the built-in soil stock change factors (Annex 9). An example of the required soil inputs 
in converted land is given in Annex 1 where the use of the FRESCOS Tool is illustrated in general. 

  

 
10Organic soils can be drained in order to improve growing conditions. The wet conditions in soil enable the accumulation of 
significant amounts of carbon, which starts to increasingly release when the soil water table level drops below natural levels (see 
Box 1. for description of soil carbon dynamics). 
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Box 5: Equation for estimating carbon in SOM (Tier 1) 

 CS = ∑(REF・A)          (12) 
Where, 
 CS  = total carbon stock in soil organic matter, tC 
 REF   = reference level of soil organic carbon (Annex 5), tC/ha 
 A  = stratified land area, ha 
 
Note: In converted land, the reference level is reached after 20 years from the conversion after which it 
stabilizes 

 ΔCO.SOIL= EF・A         (13) 
Where, 
 ΔCO.SOIL  = total emissions from drained organic soils, tCO2  
 EF  = IPCC emissions factor for drainer organic soil (Annex 6), tCO2/ha 
 A  = stratified land area, ha 

 

5.3. Carbon pool in dead organic matter 

Similar to SOM, the dead organic matter (DOM) (including dead wood and litter) forms an important 
carbon stock even though its annual changes are minor. Carbon transfers gradually into the DOM pool 
from the biomass carbon stock due to, for example, tree growth competition and as harvesting residues 
(see Box 1. for forest carbon dynamics). As with SOM, the DOM carbon pool acts as an extended storage 
for sequestered carbon that originates from the living biomass pool. 

Accurate estimation of the dead organic matter (DOM) stock change is highly input intensive and 
complex (see IPCC 2006; Equations 2.14, 2.20, 2.21 and 2.22). It requires direct measurements which can 
face practical limitations. For Forest Land, the IPCC Guidelines recognize that the default values for 
estimating the DOM pool are ‘broad-scale estimates with considerable uncertainty when applied at the 
country level’ (IPCC, 2019; p.2.26). Considering the project-level application of the FRESCOS Tool, this 
deficiency of the IPCC default values for DOM is addressed by using default values provided by the Clean 
Development Mechanism (CDM). The CDM A/R (AR-TOOL1211) default values have been developed for 
estimating carbon stocks in dead wood and litter in afforestation and reforestation project activities, 
specifically. These values provide an estimation of the DOM stock in correlation with the standing stock 
biomass. Therefore, also annual changes in the DOM stock are in direct correlation with changes in the 
living biomass stock. In Cropland areas (agroforestry systems) it is assumed that DOM stock is not 
present (IPCC, 2006; p. 5.13).  

 
11Clean Development Mechanism (UNFCCC). A/R Methodological Tool (AR-TOOL12): Estimation of carbon stocks and changes 
in carbon stocks in dead wood and litter in A/R CDM project activities . 
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Notably, DOM calculation in the FRESCOS Tool is consistent with the IPCC Tier 1 estimation due to the 
use of default factors.  

5.3.1. Tier 1 change in dead organic matter carbon pool 

DOM carbon stock (CDOM) is estimated by combining separate default factors for the relationship 
between carbon stock in litter (DFLI) and dead wood (DFDW), with the carbon stock in aboveground 
biomass (CAGB) (Equation 14).  

In the IPCC Guidelines, under Tier 1 the DOM carbon stock is assumed not to change over time (IPCC, 
2019; p. 2.20). At both levels of accuracy in the FRESCOS Tool, this assumption is refined so that DOM 
carbon stock changes are in direct correlation with the changes in the biomass carbon stock. As DOM is 
assumed not to be present in non-forest land and Forest Land is not likely to be subject to conversion, 
land-use conversion does not affect the DOM pool (IPCC, 2006; p. 2.9). 

 
Box 6: Equation for estimating carbon in DOM (Tier 1) 

CDOM =  (DFLI・CAGB ) + (DFDW・CAGB)       (14) 

 Where,  

 CDOM  = total carbon stock in dead organic matter, tC 

  DFLI   = default factor for the relationship between carbon stock in litter and carbon  
    stock in living trees, dimensionless (Annex 7, Table 6) 
 DFDW  = conservative default factor expressing carbon stock in dead wood as a  
   percentage of carbon stock in tree biomass, dimensionless (Annex 7, Table 5) 
 CAGB  = total carbon in aboveground biomass, tC 
 
Note: As the DOM stock is proportional to the AGB stock, the annual change correlates with the 
change in the AGB stock. 

 

5.4. Carbon pool in harvested wood products 

Total annual harvested volumes are needed to account for carbon flux from living biomass stock to the 
harvested wood products (HWP) stock.  

Estimation of the change in the HWP stock requires information from the tool user on  

1. product allocation to the semi-finished HWP commodities (sawnwood, wood-based panels, and 
paper and paperboard) and energy production, and  

2. estimation of the utilization rate of round wood for each wood product category.  

The allocation is needed as wood products have different service-lives or life-cycles, i.e. they store carbon 
for varying periods of time. If project-specific information is not available, national timber production 
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statistics should be used to estimate the product allocation. In order to account for the annual losses in 
the HWP pool due to decay, half-life values (years) for each semi-finished HWP commodity class are 
included in the tool. Typically, the allocation to commodity categories is tightly connected with general 
forest management regime, i.e., selected species, planting density, and harvesting cycle (rotation). Fast 
growing species, like eucalyptus, are commonly grown on short rotations <10 years) for pulp wood (paper 
and paperboard) or for bioenergy. Conifers and high-value broadleaves, like teak, are often grown on 
longer rotations (>20 years) for the production of saw logs or plywood logs.  

The utilization rate indicates the share of the extracted round wood that ends up into the actual wood 
product. Default utilization rates are provided within the FRESCOS Tool; 47.2% for paper and 
paperboard, 53.7% for wood-based panels, and 43.5% for sawn wood (EFI, 200212). Utilization rates 
should be adjusted by the user as needed, to better fit the local wood processing conditions of the given 
forestry project.  

The HWP is estimated in terms of the pool in use (IPCC, 2019; Equation 12.2) consisting of wood used as 
a material. In annual accounting only the given year’s HWP stock addition is considered, whereas in the 
scenario analysis the accumulation of the HWP stock over time is included. The developed method for 
estimating HWP stock change in the FRESCOS Tool (available for the higher level of accuracy exclusively) 
requires a combination of Tier 2 (project-specific) and Tier 1 (default) level data: in the FRESCOS Tool, 
the HWP stock is estimated based on project-specific (or country-specific) wood product allocation and 
default half-life values (Annex 8). All losses from the HWP pool in use are assumed to result in CO2 
emissions without distinguishing the means of disposal (solid wood disposal site or energy production) 
(IPCC, 2019; p. 12.36). 

Harvested wood that is allocated to energy production is excluded from the HWP calculation for the pool 
in use (IPCC, 2019; p. 12.34). Instead, the CO2 emissions from biomass harvested for energy production 
are included implicitly as a decrease in living biomass carbon stock due to fuel wood harvesting (Equation 
8).  

5.4.1. Tier 2 change in harvested wood product carbon pool 

At the higher level of accuracy of the developed FRESCOS methodology, the estimation of carbon stock 
in each of the semi-finished HWP categories at the end of the year [Cl(i+1)]  is done by implementing 
Equation 15 presented in Box 7. The Inflowl(i) consists of the annual carbon inflow to the particular HWP 
commodity class (l). The decay constant (k) for the HWP stock is determined with half-life (HL) values 
separately for each HWP commodity class as [ln(2)/HL]. In annual accounting the stock is defined by the 
annual inflow - the previously existing stock is assumed to be zero. The impact of annual inflow is 
calculated in the second term of Equation 15:  {[(1-e-k)/k]・Inflowl(i)}.  

The existing HWP carbon stock [e-k・Cl(i)] is included when calculating the stock at the end of the year in 
scenario analysis. There the annual change in HWP stock is estimated according to Equation 16 as the 
difference between the stock at the beginning of the year (i) and at the end (i+1). The example of HWP 

 
12 EFI, 2002. The Impacts of Manufacturing and Utilisation of Wood Products on the European Carbon Budget. Eggers, Thies. 
EFI Internal Report 9. 
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stock development in Figure 6 shows how the HWP stock increases at the beginning but stabilizes over 
time, when annual inflow equals to annual decay. 

 

Figure 6. Example of HWP carbon stock development over 100 years 

Box 7: Equations for estimating carbon in HWP (Tier 2) 

 Cl(i+1) = e-k・ Cl(i) +  [(1-e-k) / k]・Inflowl(i)      (15) 
Where, 
 Cl(i+1)    = HWP carbon stock in the particular HWP commodity class l at the end of the  
    year (i+1), tC 
 Cl(i)  = the carbon stock in the particular HWP commodity class l at the beginning of  
    the year (i), tC 
 k   = decay constant - separately for each HWP commodity class l (Annex 8) 
 Inflowl(i) = the annual carbon inflow to the particular HWP commodity class l, tC/a 
 
Note: The first term [e-k・Cl(i)] accounts for the development of the existing stock, and the latter  

{[(1-e-k)/k]・Inflowl(i)} indicates the annual inflow. 

ΔCl(i) = Cl(i+1)-Cl(i)           (16) 
Where,  
 ΔCl(i)   = annual change in HWP stock in the particular HWP commodity class at the  
    beginning of the year (i+1), tC 
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5.5. Auxiliary inputs and possible applications of the tool 

The results of the FRESCOS Tool can be used for wider analyses for quantification of forest carbon 
sequestration. Comparison between scenarios is possible by creating parallel projects as alternative 
scenarios and rerunning the calculations with hypothetical data. The alternative scenario could, for 
example, represent the carbon impact of deforestation in the same area. In this example the comparison 
of the project and scenario results would indicate the avoided emissions through project activity. The 
Tier 1 default values enable the creation of hypothetical scenarios quite effortlessly, and a deforestation 
rate can be applied as disturbance rate. 

The FRESCOS Tool is not designed to supplement any particular GHG program, but it can provide 
indicative results for several applications. The FRESCOS Tool can, for example, be used as a basis to 
determine the GHG reduction required by the LULUCF Guidance for GHG Project Accounting (GHG 
Protocol, 2006). The FRESCOS Tool can also be applied for preliminary estimates of the potential of 
forestry project in generating voluntary carbon credits. Similarly, the FRESCOS Tool results can be used 
as a basis for calculating financed emissions according to the Partnership for Carbon Accounting 
Financials (PCAF, 2020) standard. 

 

6. CONCLUDING REMARKS  
As stated at the beginning, this document follows the general principles of the IPCC (2006) tiered 
methodology for estimating carbon sequestration and emissions in the AFOLU sector at the national 
level. The IPCC Guidelines have been applied in a way that is suitable for project level carbon accounting 
in the FRESCOS Tool. The results of the calculations will provide the tool user an understanding of 1) the 
overall carbon balance of a forest asset and 2) the carbon stock development in different forest carbon 
pools under different forest management scenarios. The results can be used as an estimation of the 
current carbon sequestration and future carbon sequestration potential of a forestry project. 
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Annex 1. Illustrative examples of the FRESCOS Tool 

In Annex 1. two examples are given for the use of FRESCOS tool: one at the lower and the other at the 
higher level of accuracies.  
 
The lower level of accuracy 
 

The first example is for a forestry project in Zambia with limited biomass data. For the 
purpose, the lower level of accuracy, and accordingly IPCC Tier 1 default values, are applied. 
The Climate zone, Continent and Region as well as the selected level of accuracy are reported 
as basic information when creating a new project (example view in Picture 4). The forest area 
of 40 hectares (Picture 1) is known to consist of Young secondary plantation <20 years. The 
area is not likely to face any significant disturbances and hence a Disturbance rate of 0.01 is 
selected to capture the impact of natural tree mortality. Podzol is the main soil group in the 
area, which in the IPCC classification falls under HAC-High activity clay soils (IPCC, 2019. 
p.3.49-50). The area is not drained nor converted so other inputs are not needed. 

 

 

Picture 1. Reporting of the inputs for the 40 hectares of remaining land at the lower level of accuracy 

In addition, the forestry project includes 100 hectares of converted land (Picture 2). Similarly to 
the remaining land, the converted land is nowadays considered Young secondary plantation 
<20 years with similar soil conditions. The land-use conversion took place in 2010 when the 
previous Cropland was cleared for Forest Land. Prior to Forest Land, the land had been set aside 
for some years, without land management or Tillage. Vegetation was assumed to be scarce 
creating a Low input for the soil carbon13. 

 
 

 
13 The built-in soil stock change factors can be reviewed from the IPCC (2019) Table 5.5. for Cropland and Table 6.2 for Grassland 
(examples in Annex 9). Factor values are not provided for Forest Land. In case Forest Land is the previous land-use category, the 
stock change values should be developed separately to reflect local conditions and reported manually. 
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Picture 2. Reporting of the inputs for the 100 hectares of converted land at the lower level of accuracy 

 

The results (Picture 3.) show the development of total carbon stocks in the project area. In the 
remaining land, the AGB stock is assumed to remain on the IPCC reference level for the given 
land-use class and continent. However, in converted land the AGB stock gradually increases 
over the conversion period of 20 years to the reference level, which is reached in 2030. Similarly 
the soil carbon stock increases from the initial level to the reference level (40 tC/ha) by 2030.  

The Total carbon storage and the Annual climate impact in the Results page indicate to the 
Project data year whereas the scenario results in the figures provide more detailed figures for 
the 20 years onwards. 
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Picture 3. Carbon stock development in the area of 140 hectares including both remaining and converted 
lands.  
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The higher level of accuracy 

The following example describes an agroforestry project in Brazil. Detailed biomass data is 
available, and hence the higher level of accuracy is applied. However, the data is from 2015, 
which is reported as Project data year (Picture 4).  

 

  
Picture 4. Inputs of basic project data  

The project consists of three areas planted for Eucalyptus grandis in years 2008, 2009 and 2010. 
The Mean annual increment (MAI) is known to be 18 m3/ha and the areas are harvested every 7 
years. The area is not likely to face any other des than natural mortality and hence a Disturbance 
rate of 0.01 is applied. In some of the areas biomass is grown in layers consisting of mixed 
species. In Picture 5 example inputs are shown for a mixed species area with biomass stocks of 
50 and 20 t/ha in the middle and bottom layers. The annual growth rates are estimated to be 3 
and 6 t/ha/a, respectively. Luvisol is known to be the main soil group of the area, and hence 
according to IPCC classification (IPCC, 2019. p.3. 49-50) the soil class is set to HAC-High Activity 
soils. 
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Picture 5. Example inputs for a mixed species area in an agroforestry system where E. grandis is grown 
at the top level  

The areas are harvested every 7 years. Future harvest plan is set to follow the realized historical 
harvestings generating 600 or 1000 metric cubic of harvested wood annually. 10% of harvested 
wood is assumed to be used in sawn wood production, 90% for paper and paperboard 
production (Picture 6). The default wood density was corrected to 0,45 t/m3 according to the 
given basic wood density for E. grandis in FRESCOS Tree species library. In the absence of local 
data, the suggested default utilization rates were used. 



  

2021. Methodology description for the Forest Carbon Sequestration Tool (FRESCOS) 
31 

 

 
Picture 6. Example inputs for HWP calculations for harvested E. grandis 

The example of the Results (Picture 7) shows the carbon stock development as well as the 
development of the annual change over the years. The shape of the graph is determined by 
the harvests every 7 years. 

 

 

Picture 7. Carbon stock development in the area of 25 hectares of remaining agroforestry land 
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Annex 2. IPCC default values for the AGB in agroforestry systems containing perennial species  

(IPCC, 2019, p. 5.8) 
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Annex 3. Example of IPCC default values for the AGB in perennial Cropland monocultures 

 (IPCC, 2019; p. 5.12) 
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Annex 4. Example of IPCC default values for the AGB in Forest Land 

(IPCC, 2019, p. 4.51) 
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Annex 5. IPCC default reference condition soil organic carbon stocks for mineral soils 

 (IPCC, 2019, p. 2.35) 
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Annex 6. Example of emission/removal factors for drained organic soils  

(IPCC, 2013; p. 2.9) 
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Annex 7. CDM default factors for litter and dead wood 
 

DF for litter (CDM, AR-TOOL12, p. 19) 

 

DF for dead wood  (AR-TOOL12, p. 18) 
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Annex 8. Tier 1 default half-lives of HWP commodity classes  

(IPCC, 2019; p. 12.28)  
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Annex 9. Soil carbon stock change factors for Cropland and Grassland 

 

Example of IPCC soil stock change factor values for Cropland (IPCC, 2019; p. 5.27-28) 
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The IPCC soil stock change factor values for Grassland (IPCC, 2019; p. 6.6) 
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