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Background material 

 GOFC-GOLD. 2014. Sourcebook. Section 2.3.   

 UNFCCC Decisions: 

● Decisions of the Conference of the Parties (COP). 
http://unfccc.int/documentation/decisions/items/3597.php#beg 

● UNFCCC. 2009. Methodological guidance for REDD+. 
http://unfccc.int/resource/docs/2009/cop15/eng/11a01.pdf#page=11   

● UNFCCC. 2012. Decision 12/CP17. 
http://unfccc.int/resource/docs/2011/cop17/eng/09a02.pdf#page=16   

● UNFCCC. 2013. Decision 1/CP18. 
http://unfccc.int/resource/docs/2012/cop18/eng/08a01.pdf#page=6 

 GFOI. 2014. Integrating Remote-sensing and Ground-based Observations for 
Estimation of Emissions and Removals of Greenhouse Gases in Forests: 
Methods and Guidance from the Global Forest Observation Initiative (MGD).  

http://unfccc.int/documentation/decisions/items/3597.php#beg
http://unfccc.int/resource/docs/2009/cop15/eng/11a01.pdf
http://unfccc.int/resource/docs/2011/cop17/eng/09a02.pdf
http://unfccc.int/resource/docs/2012/cop18/eng/08a01.pdf
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Outline of lecture 

1. Changes in C stocks from deforestation and forest degradation by  
selective logging  

2. IPCC Tiers for estimating emission factors (EFs) 

3. Emission factors using stock-difference and gain-loss methods 

4. Estimating emission factors for deforestation 

i. Strategies 

ii. Stratification of lands 

iii. Carbon pools  

iv. Collecting data for estimating C stocks: field measurements 

v. Estimating C stocks  and developing EFs 

vi. Sources of error and quality assurance/quality control 

5. Estimating emission factors for forest degradation by selective logging 

i. Strategies 

ii. Collecting data for estimating the EFs: field measurements 

iii. Estimating EFs and total emissions 

iv. How to estimate gains through regrowth of logged areas 
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Changes in C stocks from deforestation (1/2)  

Potential C storage in wood products 

CO2 and non-CO2 emissions from combustion and decomposition of dead biomass and soil 

Future land use 
C stocks 

Deforestation 

Pre-deforestation 
 C stocks 
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• Magnitude of change varies by pool 
• Need to know initial C stocks of all 

selected pools of forest and 
postdeforestation land cover/use 

• Changes occur over different time 
frames for different pools 
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C emissions in selective logging (degradation) 

 Selective logging is 
diffuse across the 
forest area—only a 
few trees are 
felled. 

• Difficult to capture 
C stock changes 
with biomass 
assessments 

 It can cause 
significant 
emissions because 
it covers large 
areas. 
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 The Intergovernmental Panel on Climate Change (IPCC) refers 

to three general tiers for estimating emissions/removals of 

GHGs. 

 The tiers represent different levels of methodological 

complexity: 

● Tier 1 is the basic method 

● Tier 2 uses country-specific data 

● Tier 3 is the most demanding in terms of complexity and data 
requirements  

 Nations are encouraged to use higher tiers for the 
measurement of significant C sinks / emission sources: 

● Assess significance of selective logging activities 

 

 

IPCC Tiers for estimating emission factors 

(EFs) 
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Tier 1 Tier 2 Tier 3 

Data granularity Default values for broad 
continental forest types 

Country-specific Region/forest specific 

Data Sources IPCC Emission Factor 
Data Base (EFDB) 

Country-specific 
data for key factors 
(e.g. from field 
measurements) 

Comprehensive field 
sampling repeated at 
regular time intervals, 
soils data, and use of 
locally calibrated 
models 

Cost & 
Uncertainty 

Low cost and High 
uncertainty 

Medium to low cost 
and uncertainty 

High cost and Low 
uncertainty 

Fate of pools post 
deforestation 

Assume immediate 
emissions at time of 
event—i.e. committed 
emissions 

Can use disturbance 
matrices to model 
retention, transfers, 
and releases 

Model transfers and 
releases among pools 
to reflect emissions 
through time 

Characteristics of different IPCC Tiers 
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Estimating emission factors: stock-difference 

𝐸𝐹 = 𝐶𝑏𝑖𝑜,𝑝𝑟𝑒 − 𝐶𝑏𝑖𝑜,𝑝𝑜𝑠𝑡 − 𝐶𝑤𝑝 + {[𝐶𝑆0−𝐶𝑆𝐷]/𝐷} ×
44

12
+ 𝐸𝑂𝑡ℎ 

Where: 

EF   = Emission factor, t CO2-e ha-1 

Cbio,pre   = C stock in biomass prior to forest change, t C ha-1 

Cbio,post   = C stock in biomass post-deforestation, t C ha-1 

CSO   = Initial or reference soil organic carbon,  

CSD   = Soil organic carbon at default time D, t C ha-1 

D                       =Default time period to transition to a new equilibrium 

value (20 year) 

Cwp                     = Carbon stored in long term wood products, t C ha-1 

44/12   = Conversion factor for C to CO2 

Eoth   = Emissions of non-CO2 gases, such as CH4 & N2O 

                 released during burning, t CO2-e ha-1  

 Most commonly applied for estimating emissions from deforestation 
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Estimating emission factors: gain-loss 

𝐸𝐹 = ∆𝐶𝐺 − ∆𝐶𝐿 ×
44

12
+ 𝐸𝑂𝑡ℎ 

Where: 

 

EF   = Emission factor (t CO2-e ha-1 ) 

ΔCG   = Carbon stock gains in all pools (t C ha-1) 

ΔCL   = Carbon stock losses in all pools (t C ha-1) 

44/12   = Conversion factor for C to CO2 

Eoth                = Emissions of non-CO2 gases, such as CH4 & 

N2O released during burning, t CO2-e ha-1  

 

 Particularly useful for estimating emissions from forest degradation 
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Comparison of stock-difference and gain-loss 

  Stock-Difference Gain-Loss  

Description Difference in C stocks in a 

particular pool in pre- and 

post–forest cover change 

Net balance of additions to 

and removals from a carbon 

pool 

Data 

requirements 

Data needed on forest 

carbon stocks in key pools 

before and after conversion 

Annual data needed on C 

losses and gains, e.g., 

annual tree harvest volume 

and annual rates of forest 

growth post–tree removals 

Applications Appropriate for deforestation 

and afforestation and for 

reforestation  

Appropriate for forest 

degradation caused by tree 

harvest and the regrowth of 

carbon stocks 

postdisturbance 
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Which carbon 

pools to include in 

the monitoring 

plan? 

How to 

measure the 

carbon pools? 

How to 

stratify C 

stocks? 
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 Strategies for estimating stocks in forest carbon pools must be 

planned based on an assessment of the quality, quantity, and 

availability of existing data and whether new data need to be 

collected  

 Criteria that existing data need to meet are: 

● The data are less than 10 years old 

● The data are derived from multiple measurement plots 

● All species must be included in inventories 

● Minimum diameter at breast height (DBH) is 20 cm or less  

● Data are sampled from a good coverage of strata  

 

  

 

 

Strategies for estimating emission factors 
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Stratification and sampling approach 

 

 The Plans should  cost-effective while producing results with 
low uncertainty. 

 One needs to select pools to include and sampling methods. 

 Sampling plans should be designed to meet a targeted or 
required level of certainty for newly collected data and to meet 
international standards. Common sampling designs are: 

● Cluster sampling—can reduce sampling costs 

● Stratified sampling—allows for specification of sample size for 
specific strata 

● Systematic sampling—long history of use in forestry 

 Consult a biometrician with experience in forestry. 
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Purpose of stratification 

 The purpose of stratification is 

to organize a heterogeneous 

area into subpopulations or 

“strata” that form relatively 

homogenous units. 

 If stratum sample sizes are 

chosen properly, the estimated 

mean is more precise than 

simple random sample. 
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Stratification plan 

1. Develop initial stratification plan based on biophysical or 

human factors that influence the distribution of carbon 

stocks, such as: 

o Land use 

o Vegetation/forest Type 

o Elevation/slope 

o Drainage 

o Proximity to human infrastructure 

2. Collect preliminary data on carbon stocks. 

 (~10 plots per stratum) 
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NFI Strata of Ethiopia  



Module 2.3 Estimating emission factors for forest cover change (deforestation and forest degradation) 

REDD+ training materials by GOFC-GOLD, Wageningen University, World Bank FCPF 
23 

Stratification of lands 

 

Stratification by carbon stocks: 

●Stratifying by carbon stock reduces sampling effort 
required to achieve targeted precision level 

 

Stratification by threat: 

● Stratifying by threat focuses on measuring and 
monitoring in areas where changes are most likely 
to occur 
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 Biomes of Ethiopia  and EF ( Friis and Sebsebe, 2010) 
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Five forest carbon pools 

Dead wood Aboveground 
live  biomass 

Soil organic 
matter 

Belowground live 
biomass 

Litter 
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Which carbon pools to monitor (1/2) 

Choosing which C pools to monitor depends on: 
 

● What EF you are developing (e.g., deforestation or 

degradation) 

● Magnitude of pool 

● Rate of change of pools in response to human disturbance 

● Expected direction of change 

● Costs to measure  

● Methods available to measure 

● Attainable accuracy and precision 
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Which Carbon Pools to monitor (2/2) 

Which C pools should be selected? In general, all those pools representing 5% or 
more of total should be included: 

● The aboveground and below ground tree carbon pool 

● Standing and lying dead wood, because it can represent up to 10% of 

the total carbon pool 

● Understory in a mature forest is often negligible—less than 2–3% of the 

total; in a secondary forest this can be a larger proportion—up to 5% of 

the total 

● The soil carbon pool should be included if the forest conversion is to 

agriculture or roads or other land uses with high soil disturbance (e.g., 

mining); if converted to pasture soil, C pool can be ignored 

● The soil C pool should be included if deforestation occurs on peat swamp 

forests   
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Traditional field measurements 

 Measure different carbon 

pools within strata. 

 Repeat measurements in 

many sample plots across 

landscape, using to a 

stratification strategy. 
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Methods for field measurements 

 Methods for field measurements must 

be developed and documented prior 

to sampling. 

 Methods must be standardized to 

ensure measurements are 

implemented consistently between 

field crews and inventories. 

 For example, Winrock Standard 

Operating Procedures (SOPs) for 

Terrestrial Carbon Measurements can 

be used to measure carbon stocks of 

forests and other land cover types. 

 Ethiopia uses FAO’s NFI procedure  
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Developing EFs at Tier 1 

 Biomass C stock maps can be useful for an IPCC Tier 1–type emission 
factor for deforestation, although Biomass C stock maps are 
constantly improving. (The map shown here is an improvement over 
the IPCC Tier 1 values.) 

 EFs can be developed using biomass C stock maps, which provide 
estimates of carbon stocks by each strata (described in this module’s 
section 4.ii) and used with the stock-difference method. 

 

Developed by S. Saatchi 2013, in collaboration with Winrock and Applied GeoSolutions;  

map at 250 m resolution. 
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Procedure for calculating average forest carbon stocks 

 Measurements of carbon pools are recorded in the field. 

 Models and conversion factors are used to estimate carbon stocks 

in each major pool based on field measurements. 

 Statistical analysis is used to calculate average forest carbon 

stocks based on plot data. 
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Data analysis 

 Trees often have predictable relationships 

among their height, diameter, and roots. 

 Mathematical formulas are available or can 

be developed to express these 

relationships. 

 Forest field data can be applied to these 

mathematical formulas to indirectly 

estimate biomass. 

 Biomass estimates can be converted to 

carbon using the conversion factor of 1 

unit biomass = 0.5 unit of C. 

 44/12 = Conversion factor for C to CO2. 
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Estimate aboveground biomass carbon 

using allometric equations 
 

 An allometric equation describes the relationship 
between a readily measureable variable and mass 
(biomass) of tree. 

 

 There are many equations published for forests 
worldwide based on DBH or a combination of DBH, 
species wood density, and height. 

 

 Local regression equations may exist in literature but 
would need to be verified with local data or through 
destructive sampling. 
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Validating existing allometric equations  

Chave et al. (2005) equation based on DBH and wood 
density—includes large data set 

An example of validating existing equations with 
destructive sampling of local trees 
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Estimating belowground biomass carbon 

 Belowground tree biomass (roots) is rarely measured. A root-to-shoot 
ratio can be  applied instead, such as those from IPCC. 
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Estimating soil carbon 

Soil carbon 

pool 
Tier 1 Tier 2 Tier 3 

Organic 

carbon in 

mineral soil 

Default reference 

C stocks and stock 

change factors 

from IPCC 

Country-specific data on 

reference C stocks & 

stock change factors 

Validated model 

complemented by 

measures, or direct 

measures of stock 

change through 

monitoring 

networks 

 

Organic 

carbon in 

organic soil 

Default emission 

factor from IPCC 

Country-specific data on 

emission factors 

Validated model 

complemented by 

measures, or direct 

measures of stock 

change 

 

What about soil C?  IPCC guidelines for the different Tiers for 
estimating soil carbon changes in deforested areas are:   
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Tier 2 approach for soil carbon 

 Tier 2 approach for soil carbon stocks and change: 

● Reference or initial soil carbon stock to 30 cm obtained from 

field soil sampling—need samples for estimating both bulk 

density (in g/cm3) and carbon content (in %) 

● Change in soil carbon stock = [𝐶𝑆0−𝐶𝑆𝐷]/𝐷, where:  

● CSO = Initial or reference soil organic carbon, t C ha-1 

● CSD = Soil organic carbon at default time D, t C ha-1 

● D     = Default time period to transition to a new equilibrium 
value (20 year) 

● CSD = CSO*FLU*FMG*FI, where the F parameters are stock change 
factors related to land use system, soil management regime, and 
organic matter inputs  (from IPCC, 2006, AFOLU GL) 
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F stock change factors (future land use) 

 Example values of F stock change factors (all are 
dimensionless): 

● FLU= factor for land use; FMG= factor for management regime; 

and FI= factor for input of organic matter 
 

Converted to:    FLU  FMG,    FI 

i. Conversion to permanent agriculture   0.48  1.0  1.0 

(assumes continuous cultivation for 20 yr, 
full annual tillage, and <30% of ground 
covered with residues, and medium 
inputs typical of annual crops). 

ii. Conversion to unpaved roads:   0.82  1.0  0.92 

(assumes idle land that is set aside with no 
further tillage, substantial initial soil 
disturbance and < 30% of surface covered 
by residues and low inputs). 

iii. Shifting cultivation      0.65/0.80 1.0  1.0 

(short and long fallow) 
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From sample plots to estimating total 

biomass C 

 Biomass estimates from sample plots are scaled up to 
calculate carbon in each biomass pool: 

1. Estimate biomass stocks for each pool  

2. Scale each sample to per hectare level 

3. Convert biomass values to carbon values 

4. Calculate average and 95% confidence interval of carbon 

stock in each pool within each stratum  

5. Sum mean stock per pool 
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Outline of lecture 

1. Changes in C stocks from deforestation and forest degradation by  
selective logging  

2. IPCC Tiers for estimating emission factors (EFs) 

3. Emission factors using stock-difference and gain-loss methods 

4. Estimating emission factors for deforestation 

i. Strategies 

ii. Stratification of lands 

iii. Carbon pools  

iv. Collecting data for estimating C stocks – field measurements 

v. Estimating C stocks  and developing EFs 

vi. Sources of error and Quality assurance/Quality control 

5. Estimating emission factors for forest degradation by selective logging 

i. Strategies 

ii. Collecting data for estimating the EFs – field measurements 

iii. Estimating EFs and total emissions 

iv. How to estimate gains through regrowth of logged areas 
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Sources of error 

 There are three main sources of error: 

● Sampling error 

● Measurement error 

● Model or Regression error 

 Total error is the sum of these sources. 
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Quality assurance / Quality control (1/2) 

To minimize error, data collection and analysis should 
include quality assurance/quality control (QA/QC) 
measures for:  

● Collecting reliable field measurements 

● Verifying methods used to collect field data 

● Verifying data entry and analysis techniques 

● Maintaining and archiving data 
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Outline of lecture 

1. Changes in C stocks from deforestation and forest degradation by  
selective logging  

2. IPCC Tiers for estimating emission factors (EFs) 

3. Emission factors using stock-difference and gain-loss methods 

4. Estimating emission factors for deforestation 

i. Strategies 

ii. Stratification of lands 

iii. Carbon pools  

iv. Collecting data for estimating C stocks – field measurements 

v. Estimating C stocks  and developing EFs 

vi. Sources of error and Quality assurance/Quality control 

5. Estimating emission factors for forest degradation by selective logging 

i. Strategies 

ii. Collecting data for estimating the EFs – field measurements 

iii. Estimating EFs and total emissions 

iv. How to estimate gains through regrowth of logged areas 
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Strategies for estimating EFs 

 Forest lands undergoing selective logging activities must be 
identified. 

 Sampling must take place very soon after felling timber 
trees—if possible while timber tree is still in the forest 

● Hard to assess damage if not sampled quickly 

● Avoids miscounting from regrowth 

● Reduces uncertainty from key parameters (DBH, Llog) 

 Sampling plans should be designed to meet a targeted or 
required level of certainty and to meet international standard 
of representative, unbiased, consistent, transparent, and 
verifiable. 
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Outline of lecture 

1. Changes in C stocks from deforestation and forest degradation by  
selective logging  

2. IPCC Tiers for estimating emission factors (EFs) 

3. Emission factors using stock-difference and gain-loss methods 

4. Estimating emission factors for deforestation 

i. Strategies 

ii. Stratification of lands 

iii. Carbon pools  

iv. Collecting data for estimating C stocks – field measurements 

v. Estimating C stocks  and developing EFs 

vi. Sources of error and Quality assurance/Quality control 

5. Estimating emission factors for forest degradation by selective logging 

i. Strategies 

ii. Collecting data for estimating the EFs – field measurements 

iii. Estimating EFs and total emissions 

iv. How to estimate gains through regrowth of logged areas 
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 Carbon losses—or EF—due to selective logging are 
estimated as:  

 EF (t C/m3) = ELE + LDF + LIF 
 

Where: 
• ELE = extracted log emissions (t C/m3 extracted) 

• LDF = logging damage factor: dead biomass carbon left 
behind in gap from felled tree and incidental damage (t C/m3 
extracted) 

• LIF = logging infrastructure factor: dead biomass carbon 
caused by construction of infrastructure (t C/m3)  

 Field data are collected  from multiple logging gaps (>100 
plots) to quantify each of these factors—the steps to collect 
data are given next. (See Pearson, Brown, and Casarim 
2014) 

Estimating EF for selective logging (1/2) 
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Outline of lecture 

1. Changes in C stocks from deforestation and forest degradation by  
selective logging  

2. IPCC Tiers for estimating emission factors (EFs) 

3. Emission factors using stock-difference and gain-loss methods 

4. Estimating emission factors for deforestation 

i. Strategies 

ii. Stratification of lands 

iii. Carbon pools  

iv. Collecting data for estimating C stocks – field measurements 

v. Estimating C stocks  and developing EFs 

vi. Sources of error and Quality assurance/Quality control 

5. Estimating emission factors for forest degradation by selective logging 

i. Strategies 

ii. Collecting data for estimating the EFs – field measurements 

iii. Estimating EFs and total emissions 

iv. How to estimate gains through regrowth of logged areas 
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In summary 

 The IPCC recommends that it is good practice to use higher Tiers for 
the measurement of significant sources/sinks. 

 The stock-difference method is most commonly applied for estimating 
emissions from deforestation. 

 The gain-loss method is the most suitable method to estimate 
emissions form forest degradation. 

 Allometric equations that link tree variables (DBH, height, wood 
density) to tree biomass are used to estimate C emissions from 
deforestation. 

 Emissions from forest degradation can be estimated by summing 
emissions from extracted logs, logging damage, and infrastructure 
damage. 

 The use of SOPs and quality assessment/quality control are important 
to ensure the quality of estimates and to minimize errors. 
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Country examples and exercises 

Country example 

 Estimating emission factors (biomass and soil) for forest cover change in 
Guyana  

 

Exercises 

 Tutorial on how to estimate EFs: 

● Estimating Emissions from Deforestation 

● Estimating Emissions from Degradation by Logging 
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Recommended modules as follow-up 

 Module 2.4 to learn about involving communities / local 
experts in monitoring changes in forest area and carbon 
stocks. 

 Module 2.5 to estimate carbon emissions from 
deforestation and forest degradation 

 Modules 3.1 to 3.3 to proceed REDD+ assessment and 
reporting. 
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