
LULUCF Sector estimation and reporting of C stock change in Living Biomass 

This compendium has resulted as a follow-up of the 5th workshop style training, held between, 2-4 

October 2018, in Ankara, Turkey, as part of the “Technical Assistance for Developed Analytical Basis 

for Land Use, Land Use Change and Forestry (LULUCF) Sector” project identification no. 

EuropeAid/136031/IH/SER/TR (LULUCF-TR).  

It mainly represents Turkey’s needs for estimation and reporting carbon stock change in living biomass 

and associated emissions/removals for national GHG inventory for LULUCF sector. This compendium 

may serve GHG inventory compilers, UNFCCC reviewers, authorities (concerned with mitigation, 

among others), improving national systems and developing national capacity. 

This compendium includes spreadsheet practices for a number of situations relevant for Turkey 

handed over to participants at the 5th workshop style training.  

Introduction 

Decision 24/CP19 and 2006 IPCC Guidelines require reporting CO2 emissions and removals associated 

to six C pools for all land use categories. Reporting requirements are summarized below based 2006 

IPCC Guidelines (e.g. decision trees in Figure 2.21, Figure 2.3, Figure 2.4 and Figure 2.5) and training 

material available from the UNFCCC ERT training sessions2, as follows:  

 

Overview of C stock change in Living Biomass 

Tier 1 method 

Tier 1 methods include several simplifying assumptions, like:  

a) no-change in aboveground biomass (e.g. for annual crops for Croplands, Grasslands); 
b) no change in below-ground living biomass (i.e. Forest land); 
c) default “large scale and time averaged” values for major climate zones; 

                                                           
1 In the table or figure identifier, first number represents the chapter in the AFOLU volume of IPCC 2006 
Guidelines, e.g. “4.” is Chapter 4 Forestland. 
2 a) Mandatory categories and pools under the Convention (for both Tier 1 and Tier 2); b) Wetlands pools to be 
reported under Tier 1; c) Wetlands pools to be reported under Tier 1 



d) all post-disturbance emissions are estimated as part of the disturbance event, i.e., in 
the year of the disturbance (with exception of removal for harvested wood products). 

  

Tier 2 and Tier 3 methods 

Depending the level of detail of national data, two methods can be applied for any C 

pool, as follows:  

Gain-Loss method requires values of the net annual increment (excl. mortality) as 

“gain” and removals of wood from forest as “loss” for the estimated year (sum of 

harvest, firewood collection and disturbances). Although easy to apply this method, 

the two parameters needed usually show high uncertainty, especially a) for loss which 

does not capture entire amount of wood collection and b) because of unavailability or 

generally inconsistent expansion and conversion factors between gains and loss (to 

expand from volume to entire standing biomass). 

 

Stock-Difference method needs the stock of wood volume in two moments in time 

(e.g. every 5 years, or less, or more). Method considers implicitly the increment and 

loss over the period. Main advantage is that wood volume is measured with much 

higher precision by national forest inventories, while the effect of biomass conversion 

of expansion factors balances out when applied to stock. Main disadvantage is that a 

annualization of the sink over assessed period is required. Although, implementation 

of this method requires spatially explicit tracking of land to ensure that lands converted 



from and to forest are considered in the estimation of C stock change of the concerned 

land category (i.e. in case of estimation of C stock change on certain remaining land, 

the changes in biomass pool on land subject to conversions are reported under 

respective conversions). In using these methods, Chapter 4: Forest Land from Vol. 4 

AFOLU of 2006 IPCC Guidelines provides default values for all parameters need under 

low tiers. 

Methods to convert volume indicators to biomass and carbon content 

For GHG inventory, conversion of “volume” to “biomass” may be achieved by constant 

values of biomass expansion factors and wood density values, or by linear or non-linear 

functions. IPCC 2006 Guidelines provides under Tier 1 default biomass conversion and 

expansion factors (BCEF) to convert growing stock volume, net annual increment or 

wood and fuelwood removal (harvest) on climate zone and forest types (Table 4.5). 

Absolute density of wood ranges between 200 and 1100kg/m3, upon genus mainly 

(Table 4.13 and 4.14). When volume is provided as over-bark, or include branches, 

density of bark and juvenile wood are by default assumed equal to that of mature 

wood. To reconstruct entire living biomass pools, a unique set of root-to-shoot ratio is 

provided by IPCC 2006 Guidelines for annual net increment, growing stock or wood 

removals (Table 4.4). C fraction in biomass compartments also vary around 0.47-0.51 

(Table 4.3). Expansion and conversion of volume to biomass may be easily affected by 

errors when there is mismatch between volume definition and expansion factors used 

(e.g. if different minimal diameters included in the pools used to estimate the values), 

for which reason country specific factors and functions consistent with forestry-used 

data are highly recommended.  

C stock change in Living Biomass in perennial woody crops, including their 

conversions within Cropland and with other land use categories 

Biomass stock or increment in perennial woody crops (e.g. orchards, vineyards and 

fruit bushes) are not subject to regular monitoring, while occasional assessments 

nowadays available are highly uncertain as based on generalizing assumptions. Their 

intensive management which influence biomass stock at maturity, mainly consists in 

trimming interventions on crown and duration of exploitation, i.e. length of maturity 

cycle (N, in years). Since less is known on actual biomass stock dynamics in perennial 

woody crops we can assume there is an annually constant build-up over a period of 

maximum N-1 years (i.e. annual constant rate of accumulation until a known ABG value 

at maturity, in tC/ha), while in the Nth year the woody crop is dismantled (i.e. entire 

amount of biomass is removed and C content is emitted to atmosphere). Since ABG 

value is not easily available, a default value is provided by the 2006 IPCC Guidelines 

(Table 5.1). Thus, an constant annual bioaccumulation rate (in tC/ha/yr) can be 

determined as ratio of ABG/(N-1), if assumed that build-up lasts N-1 years, i.e. 



distributed uniformly over the length of the transition period. If the build-up lasts for 

a period less than N-1 years (K<N-1, K in years), annual bioaccumulation rate is 

estimated as ABG/K while for the remaining years of the management cycle (N-1-K) 

annual accumulation rate will be set to zero (so there if full balance of the annual 

accumulations rates over the cycle and final loss). Thus, in estimating GHG inventory if 

area stays constant between previous and current year, there is no net C stock change 

(or rather “gain” equals “losses”).  

If perennial woody crops area is increasing in a year, for that year an annual biomass 

accumulation rate is applied to the new area. If area decreases in a year, a loss 

corresponding to ABG is applied for lost area in the year of dismantling or conversion. 

Generalized model for calculation of C stock change in Living Biomass in land use 

conversions 

Estimation of CSC in LB in land conversions follow a generalized calculation pathway 
captured by Eq. 2.15 and Eq. 2.16 in 2006 IPCC Guidelines no matter the conversions 
and type of biomass involved in conversions. CSC estimation includes following formula 
for the first year of transition period: 
 

ΔCB = (ΔCG – ΔCL) + (BAFTER – BBEFORE)*ATO_OTHERS, where: 
 

- two Δ parameters reflect the C stock change in living biomass on the new 
land use, namely ΔCG is the annual increase (“gain”) and ΔCL is the annual 
decrease (“loss”, e.g. by harvest) on land converted to a new category. ΔCG 
includes: a) annual gain by living biomass of vegetation newly established, b) 
annual gain of biomass lasting from previous land use (if trees or bushes are 
kept on the new land, e.g. as belts or isolated trees or sprouts from living 
stumps). ΔCL includes: a) annual losses from new vegetation, b) harvested 
amounts from biomass remaining from previous land use (e.g. removal of wood 
from remnants or from sprouts on living stumps);  
- other two parameters reflect C stock change in living biomass between 
past and future land use: BAFTER is biomass immediately after the conversion and 
BBEFORE is the biomass before the conversion on ATO_OTHERS area subject to 
conversion (sometimes there is no total change of living biomass on area subject to 
conversion, e.g. trees from previous land use may still be present as remnants in the 

new land use but forest definition is not met anymore for some reason). BBEFORE 

includes the biomass lost on ATO_OTHERS area, e.g. aboveground and belowground 

biomass of trees or grass. BAFTER is the initial amount of biomass on new land use 
on ATO_OTHERS area, i.e. biomass of seedling which are planted or living stumps. 
BAFTER can also include the C stock in non-woody living biomass in case of 
conversions to arable croplands (e.g. country specific or default value from Table 
5.9) and grasslands (e.g. country specific or default value Table 6.4). 



For the years to come, starting 2nd year since conversion was initiated during the 

transition period, CSC can be estimated by Gain-Loss or Stock-Difference in case of 

woody vegetation (both for perennial woody croplands and conversion to forest) or set 

to zero gain in case of non-woody vegetation no matter the land category (if a value of 

C stock was included under BAFTER). 
For land conversions many scenarios can be considered depending on the biomass in 

included, depending on the data available. Key thing is to figure out if, and what parts, of Living 
Biomass pool from previous land use is transferred to new land use category.  

All terms, gain, loss or biomass, must be converted to C based on applicable C 
fraction values. 

Generalized formula for estimation of CSC in LB for lands in conversion is: 
 
Transition 

year Formula to be used to estimate CSC in LB 
Warnings  

Year 1  ΔCB = (ΔCG – ΔCL) + (BAFTER – BEFORE)*ATO_OTHERS 

To ensure consistency 
between values of BAFTER and 
BEFORE with the value of 
biomass reported for lands 
involved in conversions  

Year 2-20 ΔCB = ΔCG – ΔCL or ΔCB = (Ct2-Ct1)/(t2-t1) 

To ensure consistency across 
time, especially for C stocks in 
Year1 and Year 2  

 
where:  

ΔCB is the net annual C stock change in living biomass (value to be estimated) 

ΔCG is the annual increase (“gain”)  

ΔCL is the annual decrease (“loss”) 

BAFTER is biomass immediately after the conversion  

BBEFORE is the biomass before the conversion 
ATO_OTHERS is area under conversion or land management change. 

Values can be set to zero.  


