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Currently 5 carbon pools have to be reported under the UNFCCC: 

Above-ground Biomass 
Below-ground Biomass 

Dead Wood 
Litter 

Soil Organic Matter (SOM) 

Biomass 

Dead Organic Matter (DOM) 

mineral soils 
organic soils 

Carbon Pools 

A sixth pool can be voluntarily reported: 

•  Harvested Wood Product (HWP) 



Carbon Pools 



Emissions and removals of CO2 for the AFOLU Sector, based on 
changes in ecosystem C stocks, are estimated for each land-use 
category (including both land remaining in a land-use category as 

well as land converted to another land use). 

Applying the same equation to each land-use category results in 

ΔCAFOLU = ΔCFL + ΔCCL + ΔCGL + ΔCWL + ΔCSL + ΔCOL 

Carbon Stock Changes in Land-Use 
categories 



•  For each land-use category, carbon stock changes are 
estimated for all strata or subdivisions of land area 

•  Subdivisions should be done according to differences in the 
carbon dynamic and in the magnitude of ecosystem C stocks 
(e.g. forest typology, ecotype, soil type, management regime 
etc.) within a land-use category. 

Carbon Stock Changes in Land-Use 
categories 



Carbon fluxes 

Carbon stock changes 
within a stratum are 
estimated by considering 
carbon cycle processes 
between the five carbon 
pools 



The carbon cycle includes changes in carbon stocks due to both 
continuous processes (i.e., growth, decay) and discrete events 
(i.e., disturbances like harvest, fire, insect outbreaks, land-use 

change and other events). 

Continuous processes can affect carbon stocks in all areas in 
each year, while discrete events (i.e., disturbances) cause 

emissions and redistribute ecosystem carbon in specific areas 
(i.e., where the disturbance occurs) and in the year of the event. 

Carbon fluxes 



Carbon stock changes are summarized by the following equation 

ΔCLUi = ΔCAB + ΔCBB + ΔCDW + ΔCLI + ΔCSO + ΔCHWP 

Stock Change in Carbon Pools 



Tier Level 
FRAMEWORK OF TIER STRUCTURE FOR AFOLU METHODS 

Tier 1 methods are designed to be the simplest to use, for which 
equations and default parameter values (e.g., emission and stock 
change factors) are provided by IPCC. Country-specific activity data are 
needed, but there are often globally available sources of activity data 
estimates (e.g. FAO), although these data are usually spatially coarse. 

Tier 2 can use the same methodological approach as Tier 1 but applies 
emission and stock change factors that are based on country- or region-
specific data, for the most important land-use or livestock categories. 
Higher temporal and spatial resolution and more disaggregated activity 
data are typically used in Tier 2. 

At Tier 3, higher order methods are used, including models and 
inventory measurement systems tailored to address national 
circumstances, repeated over time, and driven by high-resolution activity 
data and disaggregated at sub-national level. 



Tier 1 

Because of limitations to deriving default data sets for supporting 
estimates of some stock changes, Tier 1 methods include several 
simplifying assumptions: 

• change in below-ground biomass C stocks are assumed to be zero 
under Tier 1 (under Tier 2, country-specific data on ratios of below-
ground to above-ground biomass can be used to estimate below-ground 
stock changes); 

• under Tier 1, dead wood and litter pools are often lumped together as 
‘dead organic matter’; and 

• dead organic matter stocks are assumed to be zero for non-forest 
land-use categories under Tier 1. For Forest Land converted to another 
land use, default values for estimating dead organic matter losses are 
provided in Tier 1. 



Tier 1 

• Disturbances may also have long-lasting effects, such as decay of 
burnt trees. For practicality, Tier 1 assumes that all post-disturbance 
emissions (less removal of harvested wood products) are estimated as 
part of the disturbance event, i.e., in the year of the disturbance. 
For example, rather than estimating the decay of dead organic matter 
left after a disturbance over a period of several years, all lost biomass is 
estimated as oxidized in the year of the event. 

• Under Tier 1, it is assumed that the average transfer rate into dead 
organic matter (dead wood and litter) is equal to the average transfer 
rate out of dead organic matter, so that the net stock change is zero. 
Countries experiencing significant changes in forest types or 
disturbance or management regimes should use higher Tier 



Carbon stock changes estimation 

• All estimates of changes in carbon stocks, i.e., growth, internal 
transfers and emissions, are in units of carbon to make all calculations 
consistent. 

Carbon gains (removals and transfer to the accounted pool) have a 
positive sign (+) while losses (emissions and transfers from the 
accounted pool) have negative sign (-) 

Data on biomass stocks, increments, harvests, etc. can initially be in 
units of dry matter that need to be converted in units of carbon before 
using for carbon stock changes estimation. 

• However, emissions and removals are then converted in Gg of 
CO2equivalent to make these comparable with the GHG fluxes of other 
sectors. The conversion factor is 

So that removals are negative quantities while emissions are positive 



Carbon stock changes estimation 
• There are two fundamentally different and equally valid approaches to 
estimating stock changes: 

1)  the process-based approach, which estimates the net balance of 
additions to and subtraction from a carbon stock; 

2)  the stock-based approach, which estimates the difference in carbon 
stocks at two points in time. 

2 1 



Carbon stock changes estimation 

If the C stock changes are estimated on a per hectare basis, then the 
value is multiplied by the total area within each stratum to obtain the 
total stock change estimate for the pool 

When using the Stock-Difference Method, it is important to ensure that 
the area of land in that category at times t1 and t2 is identical 

It is good practice to use the area at the end of the inventory 
period (t2) to define the area of land remaining in the land-use category 



In applying the Gain-Loss or Stock-Difference Methods, the relevant 
area is the area of land remaining in the relevant category at the end of 
the year. 

The length of time that land remains in a conversion category after a 
change in land use is by default 20 years (other periods may be used at 
higher Tiers according to national circumstances). 

Under default assumptions therefore land will be transferred from a 
conversion category to a remaining category after it has been in a given 
land use for 20 years.  

Stock changes that are completed within 1 year after conversion will be 
related to the area converted annually and the relevant land areas need 
to be treated as a sub-category within the conversion category. 

Carbon stock changes estimation 



Gains and Losses method 

Where: 

∆C = Annual carbon stock change in the pool, tonnes C yr-1 

∆CG = Annual gain of carbon, tonnes C yr-1 

∆CL = Annual loss of carbon, tonnes C yr-1 



Stock Change method 

Where: 

∆C = Annual carbon stock change in the pool, tonnes C yr-1 

C1 = Carbon stock in the pool at time t1, tonnes C 

C2 = Carbon stock in the pool at time t2, tonnes C 



Changes in Living Biomass 

Biomass is present in both aboveground and below-ground parts of 
annual and perennial plants. 

Biomass associated with annual and perennial herbaceous (i.e., non-
woody) plants and tissues (e.g. leaves) is relatively ephemeral, i.e., it 
decays and regenerates annually or every few years. So emissions from 
decay are balanced by removals due to re-growth making overall net C 
stocks in biomass rather stable in the long term. 

Thus, the methods focus on stock changes in biomass associated with 
woody plants and trees, which can accumulate large amounts of carbon 
over their lifespan 



Changes in Living Biomass 

Increases in the biomass pools are due to photosynthesis; 

While losses are caused by; 
 - human activities (i.e. harvesting) and disturbances (mainly 
 fires); 
 - natural processes (i.e. disturbances) and mortality 

For inventory purposes, changes in C stock in biomass are estimated for 
 (i)   land remaining in the same land-use category; 
  (ii) land converted to a new land-use category.  

All emissions and removals associated with a land-use change are 
reported in the new land-use category. 



The Gain-Loss Method requires the biomass carbon loss to be 
subtracted from the biomass carbon gain (increment). 

For Tier 1 method default values for calculation of increment and 
losses are provided in the 2006 IPCC Guidelines. Higher tier methods 
use country-specific data. 
For all tiers, country-specific activity data are required, although for Tier 
1 these can be obtained from global databases (e.g. FAO statistics). 

Changes in Living Biomass 



Changes in Living Biomass 



Changes in Living Biomass 





Changes in Living Biomass 



Changes in Living Biomass 



Changes in Living Biomass 



Changes in Living Biomass 



Changes in Living Biomass 



Changes in Living Biomass 



The Stock-Difference Method requires biomass carbon stock 
inventories for a given land area, at two points in time. 

Annual biomass change is the difference between the biomass stock at 
time t2 and time t1, divided by the number of years between the 
inventories. 
Factors are provided in the 2006 IPCC Guidelines to convert fresh wood 
volume to carbon mass units 

Changes in Living Biomass 



Check for Mass consistency 



It is good practice to develop and use a disturbance matrix (Table 2.1) 
for each biomass, dead organic matter and soil carbon pool, the 
proportion of the carbon remaining in that pool, and the proportions 
transferred to other pools, to harvested wood products and to the 
atmosphere, during the disturbance event. 

The proportions in each row always sum to 1 to ensure conservation of 
carbon. The value entered in cell A is the proportion of above-ground 
biomass remaining after a disturbance (or 1 – fd) and the remainder is 
added to cells B and C in the case of fire, and B, C, and E in the case of 
harvest. 

The Tier 1 assumption is that all of fd is emitted in the year of 
disturbance: therefore the value entered in cell F is fd. 

Check for Mass consistency 



The Tier 1 assumption for both dead wood and litter pools for all land-
use categories is that their stocks are not changing over time if the land 
remains within the same land-use category 

Changes in Dead Organic Matter 





Changes in Dead Organic Matter 



Changes in Dead Organic Matter 



Changes in Dead Organic Matter 



Changes in Dead Organic Matter 



Changes in Dead Organic Matter 



Changes in Dead Organic Matter 



Changes in Dead Organic Matter 

Inventories using a Tier 1 method assume that all carbon contained in 
biomass killed during a land-use conversion event (less harvested 
products that are removed) is emitted directly to the atmosphere and 
none is added to dead wood and litter pools. 

Tier 1 methods also assume that dead wood and litter pool carbon 
losses occur entirely in the year of the transition. 

The Tier 1 assumption is that DOM pools in non-forest land categories 
after the conversion are zero, i.e., they contain no carbon. 



Changes in Soil Organic Matter 



Changes in Soil Organic Matter 



Changes in Soil Organic Matter 









Changes in Soil Organic Matter 



Thank for your attention 
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