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CHAPTER ONE 

INTRODUCTION TO AND USE OF THE GUIDELINES 
Reducing emissions from deforestation and forest degradation (REDD) has gained major 
attention in international climate negotiations. Evolving discussions on REDD have brought 
forests to the forefront of both climate-change mitigation and adaptation. Among others, 
successful REDD programs require reliable, accurate, and cost-effective methods for 
measurement and monitoring of forest carbon storage. Despite the involvement of several 
academic research and development organizations in Nepal, common, reliable, and user-
friendly forest carbon measurement methodologies are still lacking.  

’Forest Carbon stock Measurement: Guidelines for measuring carbon stocks in community-
managed forests’ was prepared by the technical team of Asia Network for Sustainable 
Agriculture and Bioresources (ANSAB) in consultation with the Project Management Unit- 
ICIMOD; international and national experts; and key stakeholders. It is a product of the REDD 
pilot project ‘Design and setting up of a governance and payment system for Nepal’s 
Community Forest Management under Reducing Emissions from Deforestation and Forest 
Degradation’, an initiative implemented by the Asia Network for Sustainable Agriculture and 
Bioresources (ANSAB), International Centre for Integrated Mountain Development (ICIMOD), 
and Federation of Community Forest Users, Nepal(FECOFUN) with financial support from the 
Norwegian Agency for Development Cooperation (NORAD). 

The guidelines describe methods, procedures, and steps for measuring organic carbon stored 
by forest land-use systems. They introduce globally accepted equipment, instruments, 
methodologies, procedures, and standards for forest carbon measurement and offer a detailed 
recipe for using them more efficiently and effectively. In other words, blended methods and 
procedures are presented coherently to make them applicable to a wide range of eco-regions 
and management regimes. The guidelines offer guidance on defining participatory boundaries 
with the help of remote-sensing maps and tools, as well as a complete set of procedures on 
application of remote sensing, GIS, and ground inventory. They provide, in short, precise, 
accurate, reliable, and user-friendly methodologies for forest carbon measurement which are 
adapted to Nepal’s specificities.  

1.1 Objectives of the guidelines 
The guidelines are broadly intended to be a reference for measuring and monitoring forest 
carbon stocks. Also, they aim to provide a set of carbon measurement procedures applicable 



 

 2  Guidelines for Measuring Carbon Stocks in Community-Managed Forests 

to the forestry and agroforestry land-use systems of Nepal. The guidelines are expected to 
meet international standards as defined by the Intergovernmental Panel on Climate Change 
(IPCC) and Voluntary Carbon Standards (VCS). They seek to offer a range of flexible 
methodologies for measuring, monitoring, and estimating forest carbon with several options 
applicable to forests from different ecological and management regimes. In addition, they are 
intended to serve as user-friendly training material for forest users.  

1.2 Organization of the guidelines 
The methodology and procedures to be used to estimate carbon stocks and their changes over 
time in forests are simple step-by-step procedures using standard carbon inventory principles 
and techniques.  

The procedures used emphasize the training of forest technicians and local resource persons 
(LRPs). Procedures are based on data collection and analysis of carbon accumulating in the 
above-ground biomass; below-ground biomass, litter, and soil carbon of forests using verifiable 
state-of-the-art methods (see Figure 1). 

 

Figure 1: Forest carbon measurement process 

Chapter one of the guidelines introduces this book and project, lists the objectives of the 
guidelines, gives the brief organization of this book, and discusses the preparation process for 
the guidelines. Chapter two of the guidelines describes processes of delineation, stratification, 
and boundary mapping of the project area; explains a pilot inventory for variance calculation; 
and a method for calculation of optimal sample plots. Chapter three describes the layout, the 
size, and the shapes of the permanent sample plots used during the collection of data on 
forest carbon measurement. It also details the various carbon pools measured in the forest. 
Chapter four is mainly concerned with the planning and management of field measurement 
activities. This chapter provides a list of equipment required to measure carbon in the field. 

1 • Delineation of project boundaries

2 • Stratification and boundary mapping of stratum

3 • Pilot inventory for variance estimation

4 • Capacity building and orientation of the locals

5 • Field measurements in the permanent plots (AGB, BGB, soil, dead wood, herbs & litter)

6 • Data analysis (calculation of carbon stock density)

7 • Leakage analysis belt and monitoring

8 • Report preparation
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Similarly, it gives a clear idea about managing the team so that work is carried out smoothly in 
the field. Chapter five is about permanent plot navigation and forest carbon stock 
measurement. Further measurements of leaves, herbs and grass, soil organic carbon, and 
saplings and trees are discussed in detail under sub headings. Chapter six describes the 
analysis of various carbon pools measured in the forests. Analysis of above-ground tree 
biomass, below-ground biomass, leaf litter, herbs, and soil organic carbon is explained in 
detail. Chapter seven attempts to clarify the concept of leakage in the REDD projects. It 
provides an idea of identifying leakage belts and methods of leakage monitoring and lists the 
ways of reducing leakage. Chapter eight is focused on quality assurance (QA) and quality 
control (QC). It discusses the QA and QC to be maintained during measurement, laboratory 
analysis of samples, data entry, and analysis.  

1.3 Preparation process 
The process for preparing the guidelines involved various methods such as discussions, 
interactions, and consultations with experts, practitioners, and users. A logical succession of 
steps was followed throughout the preparation.  

a. Overview of desk appraisal 
The process began with an in-depth review of the relevant literature which included the 
following. 

- A Guide to Monitoring Carbon Storage in Forestry and Agro-forestry Projects 
(MacDicken1997) 

- Complementary methodologies developed by international organizations such as the 
Intergovernmental Panel on Climate Change (IPCC) and the Voluntary Carbon Standard 
(VCS) (Eggleston et al. 2006; VCS 2007) 

- Nepal-specific community-forest management best practices (Dahal et al. 2004; Banskota 
et al., 2007; Karky and Banskota 2007) 

- Measurement methodologies applied in the country by the WWF/Winrock International 
(Gurung 2008) 

- Guidelines for Inventory of Community Forests, Nepal, by Department of Forests 
(CPFD2008). 

 
After careful comparison of the different international standards to be followed for forest 
carbon estimation, the carbon fraction (CF) 0.47 default value (IPCC 2006) described in Table 1 
is proposed to convert the biomass value of standing trees into carbon stock. 
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Table 1 : Comparison of summary processes for forest carbon estimation 

Methods IPCC (2006) Pearson et al (2007) MacDicken (1997) VCS (2007) and 
CCB (2008) 

Criteria for 
stratification 

Climate zone, ecotype, soil 
type, management regime 
within land- use types 

Vegetation, soil, 
topography 

Land-use, vegetation, 
slope, drainage, 
elevation, proximity to 
settlement 

According to the 
guidance 
provided by IPCC 

Carbon pools 
to measure 

Above-ground biomass, 
below- ground biomass, 
dead wood, litter, and soil 
organic matter), as well as 
emissions of non-CO2 
gases 

Above-ground 
biomass, below-
ground biomass, 
dead wood, litter, soil 
organic carbon, and 
wood products 

Above-ground 
biomass/necromass, 
below-ground biomass 
(tree roots), soil 
carbon and  standing 
litter crop 

Consider  the 
same pools 
covered under 
the IPCC 
guidelines 

Methods / 
values for 
estimation 

Allometric equations for 
trees 
Ratio of BGB to AGB for 
tropical dry forest 
0.56 for < 20 tons AGB/ ha 
0.28 for > 20 tons AGB/ ha 
Carbon fraction (CF): 0.47 
(default value for all parts) 

Allometric equations 
for trees, destructive 
harvesting for shrubs, 
herbs and litter 
Root : Shoot ratio 
BGB = exp(-1.0587 + 
0.8836 x in AGB) 
Carbon content = 0.5  
(50% of total biomass) 

Equation for moist 
climate, annual rainfall  
(1,500 – 4,000 mm) 
y = 38.4908 – 11.7883 
D + 1.1926 D² 
Root : Shoot ratio = 
0.10 or0.15 
Carbon content = 0.5  
(50% of total biomass) 

According to the 
guidance 
provided by IPCC 

Source: Gurung (2008) 

b. Individual expert consultations 
The draft guidelines were reviewed by three individual experts; namely, Professor S.P. Singh, 
Former Vice Chancellor, Garhwal University – Ecologist India; Dr. Steven De Greze, Terra Global 
Capital, USA; and Dr. Meine van Noordwijk, World Agroforestry Center (ICRAF). 

c. Organizational expert consultations 
In order to ensure that the guidelines would be acknowledged and deemed to be legitimate by 
the government, they were also submitted for review to the Department of Forest Research 
and Survey (DFRS) and the REDD - Forestry and Climate Change Cell- of the Ministry of Forest 
and Soil Conservation. Their inputs and comments have been incorporated into this book.  

d. Input collection and interaction with stakeholders 
As part of the preparation process, inputs, comments, feedback, and suggestions were 
collected through organizing a stakeholder consultation workshop. A total of 27 experts from 
the government, I/NGOs, academic institutions, and civil society organizations took part in the 
workshop. Experts from the DFRS and REDD Cell presented their findings from reviewing the 
guidelines. Comments and input from the workshop were incorporated into the guidelines and 
given back to the experts for final review.  
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How to setup GPS (GPS Map 60CSx, Garmin)   
¶ Go to the Main Menu page by pressing the Page Key 

(There are six pages: Satellite page, Trip composer,  
Map page, Compass, Altimeter and Main Menu). 

¶ Highlight Setup Menu and press Enter Key. When  
the setup page is displayed, highlight the System icon 
and press Enter again. 

¶ Set the following system setup using the Roger Key: 
GPS –Normal 
WAAS/EGNOS – Disabled 
Battery Type – Alkaline 
Text Language – English 
External Power Lost – Turn Off 
Proximity Alarms – On 

¶ Quit this page using the Quit Key. 
 

CHAPTER TWO 

BOUNDARY MAPPING AND PILOT INVENTORY 
The first step in forest carbon measurement is delineation of the project boundaries which is 
then followed by making a pilot inventory. Each activity is discussed in detail in subsequent 
paragraphs.  

2.1 Delineation of project boundaries 

Spatial boundaries of the particular area need to be clearly defined to facilitate accurate 
measuring, monitoring, accounting, and verification. A watershed might be a natural entity of 
a spatial project area. Spatial boundaries can take the form of permanent boundary markers, 
e.g., rivers and /or creeks, mountain ridges; spatially explicit boundaries (identified with global 
positioning system -[GPS] apparatus); and/or other methods. Many tools are available for 
identifying and delineating project area boundaries; and these include remote sensing, e.g., 
satellite images from optical or radar sensor systems; aerial photos; GPS; topographic maps; 
and land records. Larger areas across the landscape can be defined by specific boundary 
descriptions using GPS-based coordinates on topographic maps or by using satellite images.  

Box 1: Procedure for handling a GPS receiver 

 

 

 
 
 

 

 

 

 
 

Software such as geographical information systems (GIS), ARC hydro extension of ARC GIS 
(ESRI software) or the BASINS extension tool for ARC view software are used to delineate 
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Unit setup (GPS Map 60CSx, Garmin)   

Setting up the unit is an important step and can be done as per the 
following instructions. 
In the Set-up Menu page, highlight the Units icon, and press Enter. 
Set the following Units Set up using the Roger Key.  
¶ Position Format – Users UPS (choose a coordinate system  
      according to your working area) 
¶ Map Datum – WGS 84 (It is a description of the geographic  
      location for surveying, mapping, and navigation.) 
¶ Distance/Speed – Matrices 
¶ Elevation (vert. Speed) – Meter 
¶ Depth – Meter 
¶ Temperature – Celsius/Fahrenheit 
¶ Pressure - Millibars 

 

watershed areas of spatial project boundaries. Contour lines and data on drainage networks 
are commonly available to define watershed boundaries of specific project areas. For this 
purpose, high resolution satellite images (e.g., Geo eye 0.5m resolution) are extremely useful if 
they can be obtained. GPS points are used for geo-referencing as required for increased 
accuracy and precision on satellite images and GIS data: available satellite images and global 
positioning systems (GPS Map 60CSx, Garmin) are used for verification. 

Box 2: Procedure for setting up the unit 
 

 

 

 

 

 

 

 

2.2 Forest boundary delineation 
Individual forest blocks within the project area are mapped jointly by GIS experts, forest 
technicians, and members of community forest user groups (CFUGs) in a participatory way. 
High-resolution satellite images printed on a large scale are used to find the different land-
cover and natural boundaries and to trace individual forest blocks easily. GPS (GPS Map 60CSx, 
Garmin) tracking is carried out to delineate different management methods for forests in 
confusing areas, i.e., where the natural boundary cannot be clearly observed.  

If high-resolution satellite images are unavailable, GPS tracking is the most accurate and 
efficient alternative method for boundary delineation, even if the process is time consuming. 
The procedures for marking current location and delineating the forest boundary using GPS are 
described in Box 3 and Box 4 respectively. Each forest block should be traced onto base maps 
first and then digitized on Arc View or ARC GIS software for data input. The data tracking from 
the GPS receiver is downloaded as a shape file, e.g., DNR Garmin software can be used. The 
areas of individual forest blocks are estimated after digitizing and editing the data 
downloaded.  
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Box 3: Process for marking the current location 

Marking the current location (GPS Map 60CSx,  
Garmin)   
¶ To quickly capture your current location, press  

and hold the Mark Key until the Mark  
Waypoint page appears. 

¶ At the top of the screen, a 3 digit Waypoint  
name appears as a default:  highlight it and 
press the Enter key. 

¶ Use the Rocker to enter the name of the 
Captured Waypoint and press OK on the 
keyboard (You can also edit the  Waypoint and manually load new Waypoints using this page). 
Press OK at the bottom right of the Mark Waypoint page and then press quit to exit. 

¶ To find the Waypoint press Find Key to open the Find Menu. 
¶ Highlight the Waypoints’ icon and press Enter. 
¶ Highlight any Waypoint and press Enter, information on the Waypoint selected is displayed. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Box 4: Process for marking the current location and delineating the forest boundary using GPS 
 

  

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Delineating the forest boundary using GPS (GPS Map  
60CSx, Garmin)   
Tracks are used to depict line and polygon features. 
¶ To setup a track log press twice on the Menu key to  

open the Main Menu page. 
¶ Select the Tracks’ icon and press Enter to open the Track 

page. 
¶ Highlight the Setup button, and Press Enter to open the  

Track Log Setup page and setup the following. 
Record Method – Distance 
Interval – 5m 
Color - Transparent 

¶ To survey CFUG boundaries select On in the Track Log and press 
Enter once: similarly, after tracking select Off in the Track Log and 
press Enter once. 

¶ To save the entire Track Log, open the Track page 
and activate the Save Button. A message asks if  
you want to save the entire track. Select Yes and 
press Enter to save the track.  

¶ Tip: You can rename the track in the same way  
used for saving Waypoints. 

¶ Press OK and exit from this page. 
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2.3 Stratification of the project area 
Once the project area has been delineated, it is essential to collect basic information on 
features such as land use and land cover as well as data on the vegetation and topography. 
Data for the project area (e.g., watershed area) can be geo-referenced and traced onto a base 
map. A base map specifies the details of the project area by indicating the different land-use 
categories (forest, water bodies, open land, agricultural land, and so forth) and is developed 
with high-resolution satellite images preferably. Strata are areas distinctly different from each 
other in forest types, density, and species; and as such they will have different amounts of 
carbon stored. 

To make strata as homogeneous as possible, a forest within the project area is divided into 
different layers or blocks. Remote-sensing software (ERDAS Imagine, Definiens Developer or 
ILWIS) is used for land-cover classification and forest stratification.  

A preliminary field visit is organized within the entire study area to improve the accuracy and 
precision of the representation. Strata and sub-strata are identified using the expert 
knowledge of local foresters. The entire project area can be stratified into approximately 
homogeneous units on the basis of the following parameters. 

¶ Forest types -Tropical sal (Shorea robusta) forest, tropical evergreen forest, subtropical 
deciduous hill forest, and temperate forest are regarded as forest types. 

¶ Dominant tree species -Sites containing a dominant tree species are regarded as one-
stratum types. 

¶ Stocking density of trees -Within a dominant type, sites are separated further if they 
differ substantially in stocking density. Remote-sensing analysis is used to identify forest 
areas which differ in tree density. ‘Sparse’ and ‘dense’ can, for example, be major types of 
forests. 

Photo 2: Tracking the forest boundary 
using GPS 

Photo 1: Participatory delineation of the community forest 
boundary using high-resolution satellite images 
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¶ Age of trees - Sites with distinct age classes are stratified further, as carbon sequestration 
differs markedly with the age of the stand. 

¶ Aspect and position of hill slopes - Within a dominant forest type, sites differing in aspect 
and position on a hill slope are also stratified further because the rate of carbon 
sequestration varies in relation to these factors. For example, a stand on the south aspect 
would have far greater productivity than one on the north aspect. 

¶ Altitude - Forest blocks are selected within altitudinal ranges above mean sea level as 
vegetation types differ according to altitudinal variation. It is sensible to design elevation 
strata that represent forests within a 300-500m range in altitude. 

¶ Physical boundary- The boundary of the forest block is determined on the basis of easily 
visualized boundaries (i.e., rivers, roads, ridges, and so on). 

¶ Site quality- Site quality tells us how much timber a forest can potentially produce. The 
productivity of forest land is defined in terms of the maximum amount of volume that the 
land can produce over a given amount of time. Site quality is measured as an index 
related to this timber productivity.  

2.4 Pilot inventory for variance estimation 
A preliminary inventory then needs to be completed to estimate the variance of the carbon 
stock in each forest stratum and to provide a basis for calculating the number of permanent 
plots required for the inventory. It is carried out by laying 10 to 15 circular plots randomly in 
each forest block and/or stratum within the project boundary. Random selection is important 
in order to cover the natural variability present within the different forest blocks and /or 
stratum. The plot size is dependent on tree density (MacDicken 1997). Possible plot sizes are 
presented in Table 2. The default plot dimension is 250 m2 with 8.92 m radius as this surface is 
suitable for moderate to dense vegetation (MacDicken 1997). 

A carbon inventory is more complex to carry out than a traditional forest survey because a 
different variance may be associated with each carbon pool (MacDicken 1997). Therefore, all 
trees above and equal to 5 cm in diameter at breast height (DBH) within sample plots have to 
be measured and recorded on the data sheet (Karky and Banskota 2007;Karky 2008). A sample 
datasheet for a pilot inventory is given in Annex 1. 
Table 2: Plot radius for carbon inventory plots 

Plot size 
[m2] 

Plot radius 
[m] 

Typical area per tree 
[m2] 

Tree density 

100 5.64 0 to 15 Very dense vegetation, stands with large numbers of 
stems small in diameter, uniform distribution of 
larger stems 

250 8.92 15 to 40 Moderately dense woody vegetation 
500 12.62 40 to 70 Moderately sparse woody vegetation 

666.7 14.56 70 to 100 Sparse woody vegetation 
1000 17.84 More than 100 Very sparse vegetation 

Source: MacDicken (1997) 
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2.5 Calculation of optimal sampling intensity and number of permanent sample plots 
It is impossible to measure every tree within a forest. Statistical sampling theory explains how 
measuring only a fraction of the trees provides a measure of the biomass that is good enough 
to be used in carbon accounting. To quantify what ’good enough’ means, it is important to 
distinguish between two concepts: accuracy and precision.  

Accuracy refers to how close a measured quantity is to its actual value, whereas precision 
expresses how reproducible a measurement is. Ideally, measuring biomass is both accurate 
and precise. One can imagine, however, a measurement technique that yields very different 
values every time a measurement is taken, but which provides accurate measurements when 
large numbers of individual measurements are averaged. Such a technique would be accurate 
but not precise. In contrast, a technique that continuously reproduces values within a narrow 
range but which are far from the actual values will be precise but not accurate. The measured 
values will be characterized by a systematic bias.  

In classic sampling theory, the accuracy of a measurement system is established by setting a 
(often arbitrary) reference standard and repeatedly measuring this reference standard and 
calculating how far the measurements are to the set reference. The precision is usually 
quantified practically, using the width of the confidence interval around the mean, while the 
accuracy is quantified by the difference between the measured mean and the reference level. 
For forest inventories, the reference measurement could be carried out by a team of truly 
experienced foresters, and the precision of a field crew can be tested by comparing the 
biomass values from the experienced foresters with that of the field crew. The precision of a 
forest inventory can be tested by performing multiple forest biomass inventories within the 
same forest stratum. 

In other words, measurements that are ’good enough’ are both accurate– meaning that 
measurements should be identical to measurements carried out by a team of truly 
experienced foresters – and precise – meaning that the width of the confidence interval 
around the mean should be sufficiently small. As a rule of thumb, one half of the width of the 
95% confidence interval around the mean divided by the mean should be less than 10% within 
a stratum. If it is greater than that, more samples should be taken within that stratum, or the 
stratum should be split into two more homogeneous strata. The problem with this approach is 
that one needs to know the standard deviation of the measurements to know how many 
samples one needs, and, to know the standard deviation, one has to have carried out the 
measurements. In practice, it is best to adapt the sampling design and number of samples 
iteratively (see procedure below). 

In these guidelines, sample plots are established on a permanent basis to estimate changes in 
the forest carbon stock, as using permanent plots is more accurate statistically for recording 
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tree growth than resampling the forest blocks or strata every time. Permanent plots that are 
known to local managers, however, have the potential to be managed differently and may end 
up with more carbon stock than their surroundings. The existence of this possible bias can be 
checked by conducting comparative measurements in the surrounding area in subsequent 
evaluation. Permanent plots are also labeled inconspicuously to minimize the risk.  

It is important to note that, by dividing the project area into relatively homogeneous strata, 
one can increase the accuracy and precision of measuring and estimating carbon. A stratified 
sampling design decreases the costs of monitoring because it diminishes the number of 
sampling plots required to acquire a set precision compared to a non-stratified sampling 
design. A stratified sampling design will allocate a greater number of plots in strata that have 
greater variability and, therefore, focus the sampling efforts in areas in which more accuracy is 
needed. Please note that a sampling design in which a single-stratum approach is used for 
every stratum will yield a greater number of plots than the multiple-strata sampling design 
described below. This is because a single-stratum sampling design for every stratum will result 
in the required precision on every stratum. On the other hand, the multiple stratum approach 
will result in the required precision only in the full area, which is a less stringent requirement. 
The following procedure is carried out to calculate the sampling intensity (number of 
permanent sample plots) required for an above-ground forest biomass inventory. 

Step 1. Identify the required precision level. A required precision with a value of 10% of the 
mean, calculated as the half-width of the 95% confidence interval, is frequently used. 

Step 2. Select the location of the 10-15 preliminary sampling plots per forest stratum – the 
selection can be either completely random, or can be a random selection from a pre-
set rectangular grid of sampling plots. Plots can be laid out or distributed randomly 
within each stratum using a standard sampling method or software like Hawths’ tool of 
ARC GIS (for more details please visit www.spatialecology.com). 

Step 3. Estimate carbon stock per tree, per plot, per ha, and mean carbon stock per ha for 
each of the preliminary sampling plots. 

Step 4. Calculate the standard deviation of carbon [Mg C ha-1] for all the plots. 
Step 5. Calculate the number of plots required using the following statistical eq. (i) for multiple 

strata: ὔ =  ; ὔ = …………………………………… eq. (i) 

where,  
ὔ = maximum possible number of sample plots in the project area [dimensionless]; 
ὃ = total size of all strata, e.g. the total project area [ha]; 
ὃὖ = sample plot size (constant for all strata) [ha]; 
ὔ  = maximum possible number of sample plots in stratum Ὥ [dimensionless]; 
Ὥ = index for stratum [dimensionless];and 
ὃ  = the size of each stratum Ὥ [ha]. 
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With the above information, the total sample size (minimal number of sample plots to be 
established and measured) in all the strata can be estimated as eq. (ii): 

ὲ = В Ͻ
Ͻ В Ͻ

…………………………………… eq. (ii) 

where,  
ὲ = total number of sample plots (total number of sample plots required) in the 

project area[dimensionless]; 
Ὥ = project strata number from 1 until ὒ [dimensionless]; 
ὒ = total number of strata [dimensionless]; 
ὔ  = maximum possible number of sample plots in stratum Ὥ [dimensionless]; 
ί  = standard deviation for each stratum Ὥ [dimensionless]; 
ὔ = maximum possible number of sample plots in the project area dimensionless]; 
Ὁ = desired level of precision;  
ὸ = sample statistic from the t-distribution for the 95% confidence level:ὸ is usually 

set at 2 since  sample size is unknown [dimensionless];and 

The following eq. (iii) can be used to distribute the total number of sample plots over the 
different strata: 

ὲ = ὲ Ͻ Ͻ
В Ͻ

…………………………………… eq. (iii) 

where, 
ὲ  = number of sample plots for stratum Ὥ [dimensionless]; 
Ὥ = project strata number from 1 until ὒ [dimensionless]; 
ὲ = total number of sample plots (total number of sample plots required) in the 

project area [dimensionless]; 
ὔ  = maximum possible number of sample plots in stratum Ὥ [dimensionless]; 
ί  = standard deviation for each stratum Ὥ [dimensionless]; and 
ὒ = the total number of strata [dimensionless]. 

Step 6. Visit the field to measure the biomass on the number of sample plots derived in step 5. 
Step 7. Calculate the true relative half-width of the confidence interval around the mean for 

each stratum and compare these to the required values of 10%. If the required 
precision of 10% is not attained, either split or merge the strata or update the number 
of samples required to get the required precision based on the standard deviation 
from all the sampling plots. 

Repeat steps 5-7 until the required precision is attained or by following the adaptive sampling 
design as described in Section 2.6. UNFCCC (2009) provides an alternative method for 
calculating the number of sample plots for carbon measurement activities. 
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2.6 Adaptive sampling design 
Adaptive sampling is a strategy for maximizing the value of biomass inventory samples by 
continuously adapting the number of samples taken in each forest stratum. Adaptive sampling 
design works well when sampling individuals are spatially clustered, elusive, or hard to detect. 
Additionally, adaptive sampling is robust in situations where variability is difficult to estimate 
before sampling, and it is, therefore, an ideal sampling strategy for forest biomass inventories. 
Adaptive sampling contrasts with conventional sampling techniques, such as stratified random 
sampling, in which all of the sample units are selected prior to the actual inventory. In adaptive 
sampling, an initial set of sampling units (plots) is selected, either randomly or through a 
systematic approach, but plot distribution over individual strata is continuously optimized. 
Plots are added repeatedly until the desired precision is attained. The basic steps for an 
adaptive sampling strategy are as follows. 

1. Stratify the forest based on elevation classes, forest types, visible stocking (i.e., trees per 
ha), and aspect. Select 3 to 5 forest strata. 

2. Obtain information on variability. When no previous data from biomass inventories are 
available, the variability of the biomass stock density must be obtained from the literature 
or from a preliminary survey. When part of the inventory has been carried out already, 
however, all plots sampled in previous iterations should be used for calculating the number 
of sample plots required. 

3. Use the procedure mentioned in these guidelines to obtain the number of plots required 
per stratum. 

4. In one iteration step, measure about 25% of the total plots required by the sampling design, 
evenly distributed over each stratum. 

5. Estimate biomass stock, variability, and precision for the entire forest and for each 
individual stratum. Sampling precision can be obtained using the following formula:   

ὖὶὩὧὭίὭέὲ ὰὩὺὩὰ =  . ,  %..................................eq. (iv) 

where, ὛὉ   is the standard error of the stratified mean,ὢ  is the stratified mean, and ὲ is 
the number of sample plots. 

6. If the desired precision is met, sampling can be finalized. 
7. If the precision is relatively large in at least one stratum (e.g., precisions greater than 30%), 

revision of the stratification by splitting forest strata into more homogeneous sub-strata, or 
merging smaller strata to attain more samples within a stratum should be considered. Re-
calculate the biomass stock, variability, and precision for the new strata as explained in step 
4. 

8. Re-calculate the plots required based on the empirically measured precision levels and the 
newest stratification following the procedures mentioned in these guidelines. Repeat steps 
2 through 6 until the desired precision over every stratum is attained. 
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It is possible that steps 7 and 8 may result in either more, less, or the same number of plots 
allocated for one or more strata. 

Figure 2 summarizes the adaptive sampling design concept. In addition, Table 3 contains an 
example of a 4-iteration sampling design. Assume a forest with 2 strata and for which 
variability data were obtained from the literature. The required number of sample plots based 
on the literature data is 32 and 64 for each of the two strata. After sampling 25% of the 
required samples in the first iteration of the sampling, the variability was re-calculated, and 
the sampling design re-evaluated. The precision of the dense stratum was fairly large (55%) 
and, therefore, this stratum was divided into a ’dense coniferous’ and a ’dense deciduous’ 
stratum (Figure 3). After a second field campaign, the precision was re-calculated based on all 
49 available samples. The sampling design was re-evaluated again, and the next set of 
sampling locations was set. At the end of the last iteration the total precision attained was 10% 
and sampling ended. 

Figure 2: Adaptive sampling procedure 
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Table 3: Description of an adaptive sample design at various iterations 

Iteration Stratum 
Total number of 

sample plots 
required 

Sample plots 
measured during 

iteration 

Total sample 
plots already 

measured at the 
end of iteration 

Precision 
attained at the 
end of iteration 

1 Sparse 32 8 8 25% 
Dense 64 16 16 55% 
Total 86 24 24 35% 

2 Sparse 20 5 13 15% 
Dense - coniferous 46 12 20 35% 
Dense - deciduous 30 8 16 35% 
Total 96 25 49 25% 

3 Sparse 21 5 18 11% 
Dense - coniferous 32 8 28 17% 

Dense - deciduous 26 9 25 17% 
Total 79 22 71 15% 

4 Sparse 21 3 21 11% 

 

Dense - coniferous 32 4 32 12% 

 

Dense - deciduous 26 1 26 12% 

  Total 79 8 79 10% 

 
(a)                                                                                   (b) 
Figure 3: Illustration of stratification during the adaptive sampling process 

Note that sample biomass inventory plots from previous sampling locations should always be 
retained when calculating variability: if new strata are added, however, the strata of the 
existing sample biomass inventory plots must be re-evaluated. 

I I 

II 

III II 



 

Guidelines for Measuring Carbon Stocks in Community-Managed Forests                                                        16   

CHAPTER THREE 

PERMANENT PLOT DISTRIBUTION AND LAYOUT 
Establishing permanent plots with appropriate sizes and shapes is another task to be 
completed for forest carbon measurement.  

3.1 Permanent plots 
The number of permanent sample 
plots is dependent on the size and 
types of forest stratum. Plots used 
must be of the same size as those used 
in the pilot survey. A base map is used 
to produce locations of random sample 
plots. Plots are laid out or distributed 
randomly within each stratum using 
standard sampling methods or 
software (e.g., Hawths’ tool of Arc GIS) 
as shown in Figure 4 (details on 
Hawths’ tool can be obtained from 
www.spatialecology.com). Coordinates 
of each plot are also generated. The plots’ coordinates are then loaded into the GPS; e.g., 
using DNR Garmin software. Cemented or wooden pillars marked with permanent paint are 
used to fix the center of each plot permanently. The marking in the center of the plots has 
proved to be very valuable in annual monitoring as GPS alone could give a few meters of 
difference in locating the center of the permanent plot for subsequent measurements.  

 
 

3.2 Size and shape of sample plots 
Forest carbon measurement can be carried out in 
both rectangular and circular plots. Nevertheless, 
circular samples are recommended for the study 
because they are relatively easy to establish. As 
discussed previously, the radius of each plot is 
dependent on the density of the forest, the 
default being an 8.92 m radius for moderately 
dense vegetation. As illustrated in Figure 5, 

Figure 4: Map showing the distribution of permanent plots 

Photo 3: Laying out a 0.56 m plot 
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Wood products

several sub plots are established within each plot for specific purposes: inside of the 8.92 m 
radius plot, a sub plot with a 5.64 m radius is established for saplings; a sub-plot with a 1 m 
radius is established for counting regeneration; and a sub plot with a 0.56 m radius is 
established for sampling leaf litter, herbs, grass, and soil. 

 
Figure 5: Sampling design of circular plot (default size) 

3.3 Carbon pools to measure 

The following carbons pools (also see 
Figure 6) will be measured in forest carbon 
estimation. 

a) Above-ground tree biomass (AGTB) 

b) Above-ground sapling biomass (AGSB) 

c) Below-ground biomass (BB) 

d) Soil organic carbon (SOC) 

e) Leaf litter, herbs, and grass (LHG) 

f) Dead wood and fallen stumps (DW) 

If the necromass portion of the carbon pool is not significant in the area due to frequent 
removal of dead wood for use as fuel by local communities, this pool should not be measured. 

Figure 6: Various forest carbon pools 
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CHAPTER FOUR 

PLANNING AND PREPARATION OF FIELD MEASUREMENT 
Thorough planning is imperative for efficient fieldwork: it helps to avoid mistakes, to recognize 
hidden opportunities, and, more generally, to ensure that operations run as smoothly as 
possible. A good planning process also enables the working group to understand more clearly 
what they have to accomplish and when they are expected to accomplish it.  

Before going to the field to establish plots on a new site, a sufficient number of field teams 
should be formed (middle level forest technicians, local resource persons, and community 
forest users’ group [CFUG] members), instruments and materials should be procured, 
responsibilities should be delegated, field work should be scheduled, appointments should be 
made with the user group, forms for recording field data should be photocopied, and maps 
should be printed. These activities are explained in detail in the paragraphs below.  

4.1 Gathering and organization of equipment 
Gathering the materials required before moving to the field is crucial. All instruments and 
pieces of equipment should be collected early enough so that they can be prepared, checked, 
and calibrated in advance. The operational team has to ensure that every instrument is 
functioning, so that fieldwork can take place without any disturbance. A complete checklist 
should be prepared so that no materials are left behind: this checklist will also be useful during 
fieldwork as the team moves from one location to the other. 
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Photo 4: Equipment used during forest carbon measurement 
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A sample check list is given in Photo 4 and Table 4. The principal features of and methodology 
for using advanced equipment is given in Annex 2. 

Table 4: List of instruments and materials required to carry out forest carbon measurement 
S.N. Items Purpose 
1. GPS Boundary survey, stratification, and locating plots 
2. Base map Plot navigation 

Permanent plot establishment 
3. Rope For plot boundary delineation 
4. Linear tape For locating plot boundary and for distance measurement 
5. Chalk For marking the trees within the boundaries temporarily before permanent 

tagging and for ensuring they are measured.  
6. Metal tags for tree For permanent marking of trees 
7. Metal tag for plot For showing  the direction to the permanent plot from different vantage points 
8. Enamel For numbering metal tags 
9. Brush For numbering metal tags 
10. Hammer For fixing metal tags on tree 
11. Cemented pillar For setting up the plot center 
12. Khanti (spade) For digging soil 
13. Nails For placing the tags 

Leaf litter and herb/grass collection 
14. Plastic bags  White plastic bags to collect samples and big plastic bags to collect and weigh 

herbs, grass, and leaf litter 
15. Cloth bags for leaflets 

and twigs 
Herbs, grass, and leaf litter should be collected in clothbags since plastic bags 
may get torn. 

16. Knife or sickle For cutting herbs and grass 
17. Weighing machine For weighing herbs, grass, and leaf litter 
18. Scissors For cutting herbs and grass 

Soil sample collection 
19. Metal scale For measuring soil depth 
20. Soil sample core For collecting soil samples from various depths 
21. White cloth or masking 

tape 
For tightening the soil core so that no soil comes out 

22. Soil sample hammer For bearing down on the soil core while collecting sample 
23. Weighing machine For weighing samples 
24. Kuto (trowel) For taking out soil core from the soil depth 

Height and diameter measurement 
25. Linear tape For measuring the distance between the tree and the measurer; and to 

establish the plots 
26. Diameter tape For measuring the diameter of the tree at breast height 
27. Clinometer For measuring the ground slope, top, and bottom angle to the tree 

28. Vertex IV and 
transponder 

For measuring tree height and establishing circular plots without the use of 
tapes and clinometers. 

29. Callipers Can be used instead of a diameter tape to measure the diameter of trees. 
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4.2 Human resource management 
After gathering all the equipment and materials required for forest carbon measurement, 
another important element is team formation and training-cum-orientation. Forest carbon 
measurement should be carried out with care to ensure the collection of complete data. Once 
the data collecting team leaves one location, it is not practical to revisit the area at a later date 
to collect missing data. Hence, a well-trained and well-managed team is needed. 
The participation of local persons is also a must since building the capacity of and transferring  
knowledge to local and indigenous communities are an intrinsic part of REDD in order to make 
it efficient and effective. The following paragraphs describe how to form and train a good data-
collection team.  

4.2.1 Team formation 
A good team should be formed and trained well in advance of their first field operation to 
ensure a satisfactory standard for data collection. Generally, each field team should have 3-5 
members for the pilot inventory (data collection sheet for the pilot inventory is given in Annex 
1) and 6-8 members for the detailed inventory (data collection sheet for the detailed inventory 
is available in Annex 3); and one of them must be a person who knows the details of the 
methodology; has read these guidelines thoroughly; is able to operate all the equipment 
properly; takes a copy of the guidelines along to the site; and comprehends the importance of 
even the tiniest detail of the work described here. Teams should include at least one forest 
technician who has a thorough knowledge of carbon measurement; and two is the ideal 
because a second forest technician in the team helps to speed up operations. The remaining 
crew members should be local resource persons. The local resource persons taking part in 
forest carbon measurement should have primary-level education at least; more educated 
team members would further ease the measurement process. Table 5 describes the details of 
the work to be carried out by various crew members.  

Table 5: Responsibilities of team members for forest carbon measurement 
Team 

member 
Title Responsibilities Equipment/ materials to be used 

1 Team 
leader 

Navigation to the plot center GPS or compass and tape 
Determine the plot edge and trees 
within the plots 

Vertex IV or linear tape or measuring rope 

Measurement of tree height Vertex IV o clinometer and linear tape 
Supervision of the team and assurance of 
the quality of work 

 

Inventory, quality assurance and 
calibration of equipment before going to 
the field and after laying out each plot  

Checklist of equipment and materials 
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Team 
member 

Title Responsibilities Equipment/ materials to be used 

2 & 3 Samplers Collection, measurement, sample 
preparation for herbs, grass, litter, and 
soil 

Polybags, cloth bags, knife or sickle, 
weighing machine, metal scale, soil 
sampling core, soil sampling hammer, 
‘kuto’ (trowel)and marking/price tags 

Mark plot center with permanent marker ‘Khanti’ (shovel) and plot center marker 
(e.g., RCC pillar, PVC pipe) 

4 Plot layer Temporarily marking trees Chalk 
Laying out inner/core plots for sapling 
and seedling records 

Rope, linear tape 

Counting seedlings in the innermost sub-
plot 

 

5 Tree 
marker 

Numbering trees with permanent 
marker or numbering metal stamps. 

Metal tags for trees, metal tags for plots, 
enamel, brush, hammer, nails 

6 Diameter 
measurer 

Diameter measurement DBH tape 
Assist team leader in determining the 
edge of the plot 

Vertex IV, tape, clinometer, slope 
correction table 

7 Record 
keeper 

Record keeping of all the measurements 
carried out within the plot 

Forms, pen, pencil 

Key: RCC=reinforced concrete cement; PVC= polyvinyl chloride 

4.2.2 Orientation program 
Data collection has to be good enough and no compromises can be made. For that all the crew 
members taking part in forest carbon measurement should understand the basic ideas behind 
forest carbon measurement and how to use all the materials and equipment. To train the team 
properly, a one-day orientation program should be organized. Orientation should be carried 
out in two sessions, a theoretical one and a practical one in the field. Major activities to be 
carried out during the orientation program in general are listed in Table 6 and described 
subsequently.  

Table 6: Major activities during the orientation program 
S.N. Activities Time allocation 
1.  Introduction to forest carbon measurement 15 minutes 
2.  Importance of forest carbon measurement 15 minutes 
3.  Forest carbon measurement procedures 30 minutes 
4.  Demonstration and use of equipment and materials 30 minutes 
5.  Field demonstration 2 hrs 
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In the first session all participants should 
be given classroom orientation on the 
importance of carrying out forest carbon 
measurement, the principles of forest 
carbon measurement, and standards of 
forest measurement. Every activity to be 
performed in the field should also be 
explained sequentially and in a very clear 
manner. In the classroom all the materials 
and equipment used during forest 
measurement should be demonstrated. 
Participants will get a clearer idea of use of 
materials and equipment once everything 
is demonstrated in the field.  

Once classroom orientation is over, the 
whole crew should move to the field. Then 
all the activities explained in the classroom 
should be demonstrated. Care should be 
taken that all participants are actively 
taking part in the field demonstration. It is 
important to execute all the activities in 
sequence, i.e., plot navigation, plot 
establishment, herb and/or grass 
collection, leaf litter collection, soil sample collection, plot center marking, tree marking, 
diameter measurement, and measurement of tree height.  

4.2.3 Detailed field measurement planning 
After all the equipment and materials have been gathered and the team given orientation on 
field measurement, the next key step is preparing a detailed action plan for field measurement 
activities depending upon the funds and human resources available. Planning should be 
carried out in a participatory manner. Date, meeting points, contact person, and target CFUGs 
are agreed during the planning. A sample table (Table 7) can be helpful in the planning.  

Table 7: Sample table for planning purposes 
Date Name of CFUG Meeting point Key contact person 
25thAugust, 2010 Birenchowk Birenchowk Bazar Rana B.K. (9849XXXXXX) 
    

Photo 5: Orientation for local resource persons 

Photo 6: Field demonstration 
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Navigating to permanent sample plots in the 
field using GPS (GPS Map 60CSx, Garmin) 
¶ Press the Find key, highlight Waypoints and press 

Enter. 
¶ When the waypoints’ list appears, highlight the 

Waypoint involved and press Enter. 
¶ When the waypoint page is displayed, highlight 

GO TO and press Enter. On the map page you can 
see the direction and distance between you and 
the waypoint. You can approach the point on the 
ground following these instructions. 

¶ When you arrive near the radius of the point 
sought the GPS gives you the information by 
beeping until you reach the exact center of the 
plot.   

Tree 12 

Tree 13 
Tree 14 

stone 

Reference Bearing 
[degree] 

Distance 
[meter] 

Tree 12 2 12.7 

Tree 13 136 13.1 

Stone 176 10.5 
Tree 14 
 

254 8.6 

in the plot on the inventory form’s plot reference section 

plot center 

12 

13 

14 

stone 

CHAPTER FIVE 

PERMANENT PLOT NAVIGATION AND FIELD MEASUREMENT 
After the team is properly oriented and ready to carry out measurement activities, it has to 
navigate to the place where the permanent plot has been established. As soon as the team 
reaches the plot, it needs to collect data about the different carbon pools. Examples of 
datasheets for recording measurements are provided in Annex 3. 

5.1 Permanent plot navigation 
After loading sample plot locations on 
to the GPS receiver (as described in 
Section 3.1), sample plots are navigated 
to in the field by using a GPS receiver. To 
navigate permanent plots the Go To 
function is used. Proximity should be set 
up so that the center point of the sample 
plot for every waypoint can be 
approached. A base map would be 
helpful for field placement of plot 
locations on a map or image. Details of 
navigation to permanent plots are given 
in Box 5. If the location of the 
permanent sample plot lies on 
inaccessible and impractical terrain such 
as cliffs, roads, rivers, or cultivated land, 
the position of the plot center will be 
relocated according to the compass 
bearing as referenced in Annex 4.  

5.2 Center point marking and 
referencing 

Center points of all plots must be 
marked permanently in the field using 
marks such as concrete pillars, metal 
rods, pipes, or stone poles. No matter 

Box 5: Details for navigating to permanent plots 

Figure 7: Referencing the center of the plot on the datasheet 
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what object is used for marking the center, there is always a risk that it will be moved or 
removed. Therefore, the distances and bearing between the center and at least 3-4 permanent 
reference points (stones or trees) should be recorded. The references should be distributed 
around the center. 

The sketch of the plot center references, their distances, and bearings to the center must be 
recorded and shown on the inventory form. Besides showing the location of such references, 
the plot layout sketch must also indicate the geographical orientation of the plot. In addition, 
easily recognizable landmarks should be marked on a sketch of the plot layout (Figure 7).  

5.3 Slope correction 
The next step after determining the center of a plot is to delineate 
its boundary as prescribed in section 3.2. While placing a permanent 
sample plot, care must be taken to do a correction for any slopes in 
the area. A Clinometer can be used to measure slope angles. Most 
standard forestry compasses also contain a slope measure (Sylva 
compasses). A calculator can be used in the field to make the simple 
trigonometric calculation (distance on the sloping ground is equal to 
the cosine of the angle of the slope divided by the desired radius) 
necessary to determine the slope. Alternatively, a chart (attached in 
Annex 5) with horizontal distances calculated according to the slope 
angle could be taken to the field.  

5.4 Forest carbon stock measurement 
After slope correction, the major work of carbon 
measurement starts. Here, leaf litter, herbs, and grass; 
above-ground sapling biomass, and regeneration; dead 
wood and stumps; soil organic carbon; and above-ground 
tree biomass are measured. Detailed methods are 
explained under the following sub-headings.  

5.4.1 Leaf litter, herbs, and grass (LHG) 
One circular sub plot of 1 square meter (0.56 m radius) in size is established at the center of 
each nested plot. All the litter (dead leaves, twigs, and so forth) within the 1 m2sub plots are 
collected and weighed. Approximately 100 g of evenly mixed sub-samples are brought to the 
laboratory to determine moisture content, from which total dry mass can then be calculated. 
Likewise, herbs and grass (all non woody plants) within the plots are collected by clipping all 
the vegetation down to ground level, weighing it (please see Box 6 to ensure correct weight 
measurement), placing in a sample weighing bag and bringing it to the laboratory to determine 
the oven dry weight of the biomass.  

Photo 7: Measuring slope 

Photo 8: Collecting leaf litter 
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5.4.2 Above-ground sapling biomass, and regeneration (AGSB) 
The goal of quantifying regeneration data is to analyze the regeneration status of the project 
area. This helps to plan processes for further forest enhancement and sustainable 
management practices. 

Nested sub plots having a 5.64 m radius inside larger plots are established for sapling 
measurement. Smaller nested sub plots having a 1 m radius inside the larger nested plots are 
established for assessing regeneration. Saplings with diameters of > 1 cm to < 5 cm are 
measured at 1.3 m above ground level, while saplings smaller than 1 cm in diameter at 1.3 m 
above ground level are counted as regeneration. 

5.4.3 Dead wood and stumps (DWS) 

In most cases dead wood is less abundant than live trees. Standing dead trees, fallen stems, 
and fallen branches with a diameter at breast height (DBH) and/or diameter җр ŎƳ ǎƘƻǳƭŘ ōŜ 
measured within the whole 250m2 plot, branches with diameters of 2-4 cm should be 
measured within the 100 m2 plots, and thinner branches should only be measured within the 1 
m2 plot. A common datasheet for deadwood measurement is presented in Annex 3, Section7. 

5.4.3.1 Logged trees 
Stumps may be dead or alive. If a stump is taller than 1.3 m, it should be measured in the same 
way as standing dead trees. If it is less than 1.3 m tall, the diameter should be measured as 
close as possible to the top. In addition, the height of the stump and the state of the 
deadwood should be recorded. 

1. Note down the height and the circumference of a logged tree stump on the dead-wood 
measurement form. 

2. Assign and note down the decay class of the tree. Use a machete to determine the 
decomposition class, using the following guidelines. 
CLASS 1 Sound wood: a machete/knife/khukuri cannot sink into the wood in a single strike 
CLASS 2 Intermediate wood: a machete/knife/khukuri sinks partly into the piece in a single 
strike 
CLASS 3 Rotten/crumbly wood: a machete/knife/khukuri cuts through the piece in a single 
strike 
 

Calibration weight for the scale: Calibration of the weighing machine ensures error free weight 
measurement of samples. A weight of known mass can be carried into the inventory site and its mass 
should be checked on the scale each time the electric machine is switched on. If the weight of known 
mass is accurately measured by the scale the sample weighing process should be continued. 
Otherwise, the machine should be re-set and the scale recalibrated.  

 

Box 6: Things to be considered while using a weighing machine 
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5.4.3.2 Standing dead tree 
Standing dead trees are important carbon sinks and also carbon sources which need to be 
accounted for. The inventory process should also include this component using the data sheet 
given in Annex 3, Section 7. 

CLASS 1 Tree with branches and twigs but without leaves 
CLASS 2 Tree with no twigs, but with small and large branches 
CLASS 3 Tree with large branches only 
CLASS 4 Bole (trunk) only, no branches 

5.4.3.3 Downed and dead wood 
Fallen branches and stems should be divided into sections of roughly one meter and the exact 
length and diameter at the middle of each section should be recorded. For stems and / or 
branch fragments that are less than 1 metre long, the length and diameter at the middle 
should be measured. Standards to be used while measuring standing and fallen dead wood 
and stumps are summarized in Figure 8. 

 
Figure 8: Measurement of standing and fallen dead wood and stumps 

5.4.4 Soil organic carbon (SOC) 
Soil organic carbon will be determined 
through samples collected from the default 
depth prescribed by the IPCC (2006). Near 
the center of all plots and/or sub-plots a 
single pit of up to 30 cm in depth is dug to 
best represent forest types in terms of slope, 
aspect, vegetation, density, and cover. The 
location of the hole is decided based on 
foresters’ knowledge of the area. For the 
purpose of estimating bulk density, three 
individual soil samples of approximately 100 or 300 cm3, one each from three depths (0-10 cm, 
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Photo 9: Collection of a soil sample 
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10-20 cm, and 20-30 cm) are collected with the help of a standardized 100 or 300 cm3 metal 
soil sampling corer. Similarly, one composite sample is collected mixing soils from all the three 
layers in order to determine concentrations of organic carbon and then weighed at a precision 
of 0.1g. Around 100g of composite sample are collected from one plot.  

It is important not to modify the soil bulk density in any way during sampling. For this, a trench 
can be dug with a spade and a sample collected sideways. The following steps can serve as a 
guide for collecting soil samples. 
¶ Dig a trench with a spade or other similar equipment. 
¶ Orient yourself to the surface dug. 
¶ Wood or plastic planks can be used to smoothen the exposed surface. 
¶ Use a fine brush to remove any material from the exposed soil surface. 
¶ Insert a core at three subsequent depths. 
¶ Once the soil corer has been inserted into the soil to the desired depth, it is removed 

from the ground by pulling it outwards.  
¶ The top and bottom (or bottom only depending on the coring tool used) of the core 

should be trimmed to be even with the rims. When taking cores for measurements of 
bulk density, care should be taken to avoid any loss of soil from the cores; if any 
material is lost, resampling will be needed. 

All material collected in the corners and composite soil samples should be placed into sample 
bags which are labelled appropriately. All samples should be then transported to the 
laboratory for further analysis. 

In addition, it is highly recommended to use a soil standard to quantify the analytical errors 
made by the soil laboratory. This ‘standard soil’ should be considered as a reference when 
multiple labs, technicians, and time periods are involved in soil carbon analysis. A large volume 
of ‘standard soil’ sample must be collected from random forest soil. The volume of soil 
collected must be sufficient so that small ‘check samples’ can be included every time soil 
samples are sent to the lab for the whole duration of the project. As a rule of thumb, one 
‘check sample’ should be included for every 10 true samples. For example, if 300 plots are 
measured every year of a 50-year project, and one soil sample of 100 g is send to the lab for 
every plot, in total 0.10 x 300 x 50 x 100 = 150 kg of ‘standard soil’ is necessary. Including 
losses through handling, about 300 kg of standard soil must be collected. 
After collection of the 300 kg of standard soil, the standard soil should be well mixed, possibly 
by using a mechanical mixer such as a cement mixer. If a mixer is not available or cannot be 
rented, manual mixing can be done, but it should be done very thoroughly and in small 
batches that are constantly mixed together and split again. To check the homogeneity of 
mixing, 10-20 samples of the standard soil should be sent to the laboratory in one batch. 
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5.4.5 Above-ground tree biomass (AGTB) 
The DBH (at 1.3m) and height of individual 
trees greater than or equal to 5cm DBH are 
measured in each permanent circular 250m2 
plot that is 8.92m in radius using diameter 
tape, clinometers and linear tape, starting 
from the edge and working inwards, and 
marking each tree to prevent accidentally  
counting it twice. Highly sensitive equipment 
such as Vertex IV and Transponder can also 
be used to measure tree height directly. The 
application procedure is presented in Annex 
2. Each tree is recorded individually, 
together with its species’ name if 
identification is possible. Trees on the border 
must be included if > 50% of their basal area 
falls within the plot and excluded if < 50% of 
their basal area falls outside the plot. Trees 
overhanging into the plot are excluded, but 
trees with their trunks inside the sampling 
plot and branches outside are included. For 
trees of an unusual shape, a standard 
forestry practice should be adopted (Karky and Banskota 2007; MacDicken 1997) before all 
sampling operations and applied to all plots. 

Diameter at breast height (DBH) is the basic measurement standard for trees. This 
measurement is recorded for all trees. (Note that, for stems with irregularities, measurement 
is carried out according to the principles illustrated in Figure 9.) For stems that fork from the 
ground, each individual stem is measured separately: to indicate that they are part of the same 
tree, however, they are numbered by adding a letter suffix. For example, stems 12a and 12b 
would both be part of tree number 12. Care should be taken to ensure that the diameter tape 
is put around the stem exactly at the indicated point of measurement. 

Photo 11: Measuring tree diameter at breast height 

Photo 10: Measuring top angle of tree 


