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Project Monitoring ð

Components:
ÅCarbon stocks

ÅLeakage

ÅProject Emissions 

ÅProject implementation

ïForest Establishment

ïForest Management 

ïProject Boundary
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ÅEstimate GHG sequestration or avoided 

emissions by project

ïEstimate changes in carbon stocks 

ïEstimate emissions caused by project

ÅOverall Goal:

ïConservatively estimate changes with low 

uncertainty, minimizing errors
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ÅDetailed monitoring plan will need to be 

created for each component monitored

ïStandard operating procedures for collection

ïExcel data sheets and calculation tools

ïFrequency of collection

ïTools to monitor and reduce error

ïProtocol for data storage

ïProject member responsible for data 

collection, analysis and storage
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ÅAccuracy:

ï agreement between the 

true value and repeated 

measured observations or 

estimations

ÅPrecision
ï illustrates the level of 

agreement among repeated 
measurements of the same 
quantity

Accurate 

but not precise

Precise

but not accurate

Accurate and Precise
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Accurate but 

imprecise

Inaccurate 

but precise

145 180
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Accurate but 

imprecise

Inaccurate 

but precise

118 145 180

123 95 183

121 170 177

118 110 178

120 80 182

Average 120 120 180

95 % confidence 

interval

2.6 45.8 3.2

True mean of 

forest carbon 

stock = 120 t C/ha 
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ÅFor accurate measuring and monitoring, 

boundaries must be clearly defined from 

start of project

ïAlso a requirement for project registration

ÅMonitor to show boundaries do not 

change through project due to 

encroachment, disturbance

Define project boundary
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ÅMaximize the area for carbon credits

ÅEasy and efficient to monitor and verify 

using GPS

ÅExcludes areas that have little to no 

carbon benefit

ÅExcludes areas where baseline carbon 

stocks (and leakage) are more difficult to 

estimate than the potential carbon benefit 

warrants (e.g., villages)

Define project boundary
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ÅProject can vary in size: 10õs ha Ą

1000õs ha

ÅProject can be one contiguous block 
OR many small blocks of land spread 
over a wide area 

ÅOne OR many landowners

ÅOnly includes lands that meet 
eligibility conditions

Define project boundary
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ÅMethods for measuring carbon credits are 
based on  measuring changes in carbon stocks

ÅNot practical to measure everything - so we 
sample

ÅSample subset of land by taking relevant 
measurements of selected pool components in 
plots

ÅNumber of plots measured predetermined to 
ensure both accuracy and precision
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ÅThere is a trade-off between the desired 
precision level of carbon-stock estimates and cost

ÅIn general, the costs will increase with:
ïGreater spatial variability of the carbon stocks

ïThe number of pools that need to be monitored; 

ïPrecision level that is targeted; 

ïFrequency of monitoring; 

ïComplexity of monitoring methods. 

ÅStratification of the project lands into a number 
of relatively homogeneous units can reduce the 
number of plots needed.
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Å If different areas will contain different amounts of 
carbon, ôstratifyõ project = divide area into different 
ôstrataõ

Å Stratify based on factors that will affect CARBON 
stock

Å One stratum can be made up of one large block of 
land or several small blocks of land, as long all of the 
blocks have similar carbon stocks

Baseline strata:

Grazing land ï10,000 ha

Crop land ï8,000 ha

Not part of carbonproject
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Å Will most likely have separate strata for 
baseline and monitoring

Å Must monitor area of each strata over project

Å Area and number of strata may change over 
life of project

Baseline strata:

Grazing land ï10,000 ha

Crop land ï8,000 has

Not part of carbonproject

Project strata:

Agroforestry

Natural forest restoration
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Å Land use

Å Slope

Å Drainage   e.g. flooded, dry

Å Elevation

Å Proximity to villages, towns

Å Age of vegetation  e.g. ôcohortõ

Å Species composition, stand model
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Sampling Design: 
Type of plots
Å Permanent plots

ï Statistically more efficient for 

measurements through time

ï Permit verification

ï Must mark trees to track ingrowth and 

mortality

Å Temporary plots

ï Measurements made only one time

Å Preliminary data

ï Non-tree pools
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Sampling Design: 
Number of plots

Å Number of plots:

ï Identify the desired precision level 

Å ±10 % of the mean is most common

but as low as ±20 % of the mean could 

be used

Å Collect preliminary datato estimate 

variability of carbon stocks
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Sampling Design: 

Number of plots

Å More variable C stocks Ą more plots 

needed for precision level

Å If a stratified project area requires more 

plots than an unstratified area Ą

remove 1+ strata

Å If strata analyzed together Ą C stocks 

in each strata cannot be reported 

separately but fewer plots needed to 

attain precision level
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Sampling Design: 

Number of plots
Å Non-tree biomass pools:

ï Above method can be used

ï OR: # non-tree pools in proportion to 
# tree plots

For example:
ï For every tree plot, sample:

» Single 100 m line transect for dead wood

» 4 sub-plots for herbaceous, forest floor, 
soil

ï May result in large variance, but overall 
amount small in comparison to tree 

carbon stock
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Sampling Design: 

Shape of plots

Å Trees
ï Large trees:few, very spread out

ï Small trees:many, close together
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Sampling Design: 

Shape of plots
Å Nested plots

ï efficient for regenerating forests with 

trees growing into new size classes

ï Plots can be either circular or square

ï ~10 stems per strata ôrule of thumbõ to 
determine plot size

Å Single size plots
ï Requires lower expertise

ï can be efficient where trees will be planted and 
will be single-aged
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Shape of plots

The schematic diagram below represents a three-nest circular sampling plot. 

 

 

 

Large plot ï  

radius 20 m, 
trees > 50 cm 
dbh 

Intermediate plot ï  

 radius 14 m, 
trees 20-50 cm dbh 

Small plot ï 

radius 4 m, 
trees 5-20 cm dbh 
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ÅFor CDM verification and 
certification must occur every five 
years

ÅIt is therefore logical to re-
measure at this time

ÅHowever, for slowly changing 
pools such as soil it will be 
necessary to measure less 
frequently
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Generally:

Carbon = 50% of Biomass
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ÅInstall permanent measuring and 

monitoring plots in a standard design

ïPermanently mark plot center and locate with a 

GPS

Plots marked with 
rebar and PVC, 
trees marked 
with aluminum 
nails and tags
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Estimate carbon pools -

tree biomass

ÅIn each strata, measure 

DBH of appropriate size 

trees

ÅDBH measured at 1.3 m 

above the ground with a 

DBH tape


