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1 PROJECT DETAILS 

1.1 Summary Description of the Implementation Status of the Project  
This grouped project started in 2010 with the goal of restoring mangrove ecosystems in the Indian 

Sundarbans. The project activity instances aimed to bring 4004 ha under restoration over five years – 

from 2010 to 2015 – through planting and enhancing natural regeneration and restoration. At the time 

of this third verification, all of the project activities have been implemented as described in the PD and 

the area under implementation remains at 4,404 ha as validated and verified during the first 

verification.  

Main activities implemented by NEWS include: 

1) Site and species selection; 

2) Seed selection and raising seedlings and saplings in tree nurseries; 

3) Planting by communities and NEWS, and the maintenance of the planted seedlings; 

4) Training in raising of seedlings, and maintenance/tending of restored sites.  

For a detailed description of activities, please refer to the Project Description. The restoration 

campaigns planned and undertaken for the instances are summarized in the table below. The areas 

subject to this verification have been planted and restored within a 5-year period from 2010 to 2014 

and a few of the existing validated mudflats (not representing new instances) increased because of 

natural stabilization throughout the different monitoring periods.  

The areas are stratified into two baseline strata and 4 monitoring strata. The baseline strata distinguish 

one stratum without pre-existing biomass during the year of plantation whereas the so-called dwarf 

mangrove baseline stratum is characterized by pre-existing shrubby (dwarf) mangroves and some 

scattered pre-existing trees which were restored through gap plantation and protection by NEWS. The 

monitoring stratum 4 is synonymous to this dwarf baseline stratum. Monitoring strata 1-3 reflect 

different growing conditions with stratum 1 being the best performing plantations and stratum 3 

reflecting the poorest performing sites in terms of mortality or insignificant growth performance. For 

stratum 3, no carbon from tree biomass is accounted during this third verification.  

 

Table 1 NEWS plantation and restoration areas subject to this 3rd monitoring period 2018 - 2021 

Year of 

plantation/ 

restoration start 

Areas of project instances  

Zone Zero baseline 

stratum and 

 Zero baseline 

stratum and 

Zero baseline 

stratum and 

Dwarf mangrove 

baseline stratum 
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monitoring 

stratum 1 (ha)  

monitoring 

stratum 2 (ha) 

monitoring 

stratum 3 (ha) 

and monitoring 

stratum 4 (ha) 

Bidya 155.3 41.7 0.0 10.5 

Matla 805.2 182.2 86.6 566.0 

Raimongal 69.2 65.2 42.5 15.4 

Sagar 146.9 465.1 597.7 177.1 

Saptamukhani 193.6 289.1 186.2 308.3 

Sub total  1,370.3 1,043.3 913.0 1,077.4 

Total area 1st 

project 

instances 

 4403.9 

 

NEWS has actually already planted and restored (including natural regeneration) a total of 4,675 ha. 

These additional 271.1 ha will be added to the validated project area as 2nd instances during the next 

(4th) verification.  

In addition, a fifth stratum is incorporated into the general NEWS project management and 

implementation, however, this stratum is excluded from the carbon project areas being not eligible 

under the VCS ARR project activity since these areas are already established mangrove forests at 

project start which are further protected by NEWS (in fact many of these forests will only survive 

because NEWS is working in the surrounding areas creating larger mangrove forest corridors).  

The total GHG emission reductions or removals generated in this third monitoring period 01-04-2018 to 

30-04-2021 are 399,773 tCO2-e. With a buffer pool of 10% (39,977tCO2-e) for this monitoring period, 

this results in a total of 359,796  tCO2-e. 

Additional information on the restoration project: https://youtu.be/uA6j_-aEz7Q and 

https://livelihoods.eu/interview-with-ajanta-dey-news/  

 

1.2 Sectoral Scope and Project Type 
The project falls under the VCS sectoral scope 14: “Agriculture, Forestry and Other Land Use” as 

Afforestation, Reforestation and Revegetation (ARR) AFOLU project category. The project is a grouped 

project.  

1.3 Project Proponent 

Organization name Livelihoods Fund 

Contact person Danny Torres 

Title Head of climate impact 

https://youtu.be/uA6j_-aEz7Q
https://livelihoods.eu/interview-with-ajanta-dey-news/
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Address Deskopolitan, 226 Boulevard Voltaire, 75011 Paris, France 

Telephone +33 7 60 48 10 83 

Email dtorres@livelihoods-venture.com 

1.4 Other Entities Involved in the Project 

Organization name Nature Environment and Wildlife Society (NEWS) 

Role in the Project Project development and implementation 

Contact person Ajanta Dey 

Title Joint Secretary and Project Director 

Address 10, Chowringhee Terrace; Kolkata - 700020; West Bengal; India 

Telephone +91 33 22234148 

Email ajanta@naturewildlife.org 

 

Organization name UNIQUE forestry and land use  

Role in the Project Forest monitoring and carbon certification support  

Contact person Matthias Seebauer 

Title Head of MRV UNIQUE 

Address Schnewlinstr. 10,79098 Freiburg, Germany 

Telephone +497612085340 

Email www.unique-landuse.de 

1.5 Project Start Date 
The start date of the project activity is 28-09-2010. 

1.6 Project Crediting Period 
Project crediting period: 28-09-2010 – 27-09-30 

mailto:ajanta@naturewildlife.org
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Total numbers of years: 20 years  

1.7 Project Location 
The grouped project is located in West Bengal district, India,  in the South of the Dampier Hodges line, 

between the following coordinates:  

Latitude: 21° 30´ - 22°45´ N  

Longitude: 88°00´-89°05´ E 

The project’s outer boundary and the first project activity instances are shown in the map below (Figure 

1). 

  

Figure 1 Outer project boundary in thick yellow line; first project activity instances in red  

The project area for this monitoring period encompasses 478 plantation and restoration plots/sites. 

The project area is divided into different zones to organize the activities and NEWS field 

coordination. This is summarized in the table below. 

 

Table 2 Zonal distribution of the NEWS project area (project activity instances) 

Zone No of 
restoration 

plots/sites  

Total area (ha) Average size (ha) 

Bidya 51 207.5 5.5 
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Matla 164 1640.0 11.2 

Raimongal 58 192.3 3.8 

Sagar 51 1386.9 25.8 

Saptamukhani 154 977.2 6.6 

Total 478 4403.9 9.8 

 

The geographic locations and boundaries of each discrete site/parcel is determined using a GPS, and 

are identified with a unique number and geographic coordinate.  The details of each plot of land subject 

to planting/restoration are enclosed in the supporting documentation. The location of the planting 

plots/sites in each village with detailed information are contained in Google Earth image (kml file) or 

shapefiles. 

1.8 Title and Reference of Methodology 
AR-AM0014: Afforestation and reforestation of degraded mangrove habitats (Version 3.01). 

A/R methodological tools: 

 “Combined tool to identify the baseline scenario and demonstrate additionality in A/R  CDM 

project activities” (Version 01) 

 “Estimation of non-CO2 GHG emissions resulting from burning of biomass attributable to an 

A/R CDM project activity” (Version 04.0) 

 “Estimation of carbon stocks and change in carbon stocks in dead wood and litter in A/R CDM 

project activities” (Version 03.0) 

 “Estimation of carbon stocks and change in carbon stocks of trees and shrubs in A/R CDM 

project activities” (Version 04.1) 

 “Estimation of the increase in GHG emissions attributable to displacement of pre-project 

agricultural activities in A/R CDM project activity” (Version 02.0) 

Other methodological A/R CDM tools which are applied:  

 Demonstrating appropriateness of allometric equations for estimation of aboveground tree 

biomass in A/R CDM project activities (Version 01.0.0) 

 Calculation of the number of sample plots for measurements within A/R CDM project activities 

(Version 2.1.0) 

                                                 

1 https://cdm.unfccc.int/methodologies/DB/KMH6O8T6RL3P5XKNBQE2N359QG7KOE 
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1.9 Participation under other GHG Programs 
This project started validation process under A/R CDM. Then the project proponent decided to switch 

from the CDM process to the validation and verification process under the VCS. Hence, the project is 

listed as ‘unvalidated’ project on the UNFCCC website2 since the validation was not completed. 

1.10 Other Forms of Credit  
Not applicable 

1.11 Sustainable Development 
In India, there are as such no sustainable development provisions based on mangrove specifically, but 

the Government of India has instrumented some specific laws for overall mangrove ecosystem 

protection. 

The Ministry of Environment & Forests, Govt. of India adopted the National MAB (Man and Biosphere) 

program and declared the Sundarban as the Sundarban Biosphere Reserve in 1989 which is very much 

correlated with the SDGs 13 (climate action), 14 (Life below water), 15 (Life on land).  

The Environment (Protection) Act, 1986 has had a crucial role in the conservation and management of 

mangrove ecosystems. It declares a Coastal Regulation Zone in which industrial and other activities 

such as discharge of untreated water and effluents, dumping of waste, land reclamation and bunding 

are restricted in order to protect the coastal environment.  

The Forest Survey of India, comes out with a report every two years, on behalf of Ministry of 

Environment , Forests and Climate Change , Government of India, where all the protected, non -

protected forest covers are mapped and documented. 

Nature Environment and Wildlife Society (NEWS) and Livelihoods contribute to these sustainable 

development goals by working together with the local communities of the Sundarbans to restore heavily 

disturbed and shrinking mangrove forests. Launched in 2011, the project planted more than 16 million 

mangroves to strengthen the existing man-made embankments that protect the communities’ homes 

and farmlands from flooding. It also restored local biodiversity, as mangroves are nurseries for fish, 

mollusks, and crustaceans, which brings additional economic and nutritional value to the communities 

that are impacted by this project. The project is ensuring the safety of the local population by 

reinforcing the existing dykes since mangroves are among the strongest natural barriers against 

cyclones and hurricanes. The new mangroves also produce timber and increase food supply, as 

villagers are now able to earn extra income by selling the crabs, shrimps, and molluscs mollusks that 

mangrove forests harbor. Thanks to the restoration of mangroves launched, fish, birds, shrimps, and 

other crustaceans are back. Today, the project area counts more than 500 crab collectors instead of 50 

before the project was launched, in one afforested island alone and a big bird colony.  

                                                 
2 http://cdm.unfccc.int/Projects/Validation/DB/OHBNWZ0ZO8WGG9LNQM6R28S8OQSPIO/view.html  
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In 2018, Livelihoods helped NEWS create Badabon Harvest brand with a group of marginalized farmers 

to help them improve their revenues through livestock breeding, the commercialization of organic 

products, improvement of agricultural practices and fish farming. By generates economic opportunities 

for the farmers by linking to markets such as Kolkata, this brand helps couple nature conservation with 

economic benefits to the farmers, thus complying with several Sustainable Development Goals . 

Additional information on the restoration project: https://youtu.be/uA6j_-aEz7Q  

Additional information on the Badabon Harvest and the economic benefits (see also below under 2.3): 

https://livelihoods.eu/interview-with-ajanta-dey-news/  

 

2  SAFEGUARDS 

2.1 No Net Harm 

The activities in the project have significant environmental benefit leading to a countable benefit in 

socio-economic status of the local communities. It provides a bio-shield against storms and cyclones, 

dissuades wind and wave energy, and thus protect the embankment which is the lifeline of the people 

of Sundarban. Besides, it provides shrimp, crabs to the system, produces honey, promotes tourism and 

augmenting livelihood activities among the local communities dependent on the natural resources. 

Therefore, there are no negative environmental and socio-economic impact in regard to the project 

activity. See also below under 2.2, 2.3 and the sources provided therein.  

2.2 Local Stakeholder Consultation 

NEWS established a Community Stewardship Approach which is now the heart of the whole program 

working with the communities. Community Stewardship approach has been initiated in 59 Gram 

Panchayats under 14 blocks of Sundarbans in South 24 Parganas, West Bengal. In this program, 

stewards from the community were identified, based on their leadership skills, participation in group 

meetings and engagement in different sustainable livelihood practices. Special emphasis was laid on 

their willingness & passion to protect and restore the mangrove plantations in the mud  flats. Their role 

was not limited to patrolling only. It was their task to spread awareness and motivate the entire 

community to join hands in the protection of mangroves through prevention of grazing, illegal fishing 

and felling for fire wood. 

Ajanta Dey, Joint Secretary & Programme Director of NEWS (https://livelihoods.eu/interview-with-

ajanta-dey-news/): 

“At the beginning it was not easy: we had to convince the marginalized communities in the 

Sundarbans to join the programme. We spent months discussing closely with the communities 

to explain to them the dimensions of the project, select the areas to restore, select the 

mangroves species, prepare the nurseries before plantati on. We also spent a lot of time 

https://youtu.be/uA6j_-aEz7Q
https://livelihoods.eu/interview-with-ajanta-dey-news/
https://livelihoods.eu/interview-with-ajanta-dey-news/
https://livelihoods.eu/interview-with-ajanta-dey-news/
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structuring our work to implement growth surveillance, reporting and make sure we had the 

right framework to succeed in our mission in the long run.  

During the first four years, the inhabitants of the project’s area, specifi cally women, invested a 

lot of time and dedication to prepare the nurseries, transport and plant the trees, water them 

during the dry seasons and protect them as they grew.  

Today, when the village inhabitants visit the mangroves, they are all dressed in green sarees, to 

show they are on “mangrove watch”, forming a green brigade. They fill in their reports, watch 

how the trees grow, check their viability. What strongly stands out after 10 years of project 

implementation is how proud and strongly involved they remain. We count more than 300 

mangrove representatives who are fully integrated in the programme and have become the real 

actors of mangrove restoration.” 

Now as part of the ongoing communication and consultation the following procedures are conducted 

with local stakeholders prior to verification: 

 Consultation with the local communities, Meeting in person with the local government 

representatives, formal and informal invitation to the related local stakeholders to get engaged 

in the verification process. Particularly the Mangrove stewards are mobilized in each of the 

targeted areas to physically support during surveillance, plot measurements etc.  

 Preparation of meeting resolution during communication with the stakeholders and 

photographic documentation of the conducted meetings are generally kept as documentation 

for stakeholder consultation and interaction. 

 Phone interaction with the stakeholders and face to face formal and informal meetings on 

update of activities during the verification process 

 The discussions are conducted at various levels - local communities esp. women, Mangrove 

Stewards, Panchayat representatives, Zonal Managers (NEWS), Mangrove Officers and Program 

Director. It must be stressed that this is not a stand-alone process only for verification, but a 

standard approach maintained in the project through WhatsApp, Conference calls, zoom calls 

etc. over smart phones.  

 Sharing of the photographs and published articles in local language for outreach.  The 

increasing number of storms and cyclones represent a real threat to the livelihoods in the 

project and the Sundarbans as a whole and NEWS represents in most cases the first ‘lifeline’ 

for the communities in the project in terms of communication, first aid and long-term support, 

in particular the massive importance of mangroves to protect the embankments  against 

catastrophic cyclone events (see the short documentary done in the aftermath of storm Aila by 

NEWS – LINK (warning video contains disturbing scenes)) 

 The following information is shared with local communities specifically with regards to the 

verification process: 

https://www.youtube.com/watch?v=NyLitrvMFno


 Monitoring Report: VCS Version 4.0 

11 

 

o The purpose of the mangrove forest inventory 

o The design of the measurement system, i.e. layout of sample plots, design of the 

sample plots, the equipment and technologies used to locate the sample plots and 

perform the mangrove tree measurement, the data collection during the sample plot 

assessment, the process of recording the data during the mangrove measurement  

o Purpose and preparation of the field audit of the VVB to ensure interaction with local 

community members at the selected VVB sites. 

Inputs received during ongoing communication and details on any updates to the project design  

This project represents a community-led mangrove restoration program where NEWS is involving 

and handing over mangrove management, protection and monitoring to community members 

through the Community Stewardship Approach (see description here: http://naturewildlife.org/wp-

content/uploads/2016/08/Success-story-Community-Stewardship-Approach-1-1-1.pdf). As 

communities implement the project, inputs have been taken into consideration to further 

strengthen the long-term conservation effort of the project. One of the most relevant inputs leading 

to an additional project component was the fact that communities are sensible about the long-term 

benefits of mangrove restoration, however, given the livelihoods conditions in the Sundarbans, also 

more short-term benefits are in dire need. This led to the design of the Badabon Harvest brand 

program supporting also income generating activities on the islands focusing on agricultural 

production and value chain creation.  

 

 

2.3 AFOLU-Specific Safeguards 
 

The safeguards have been addressed primarily through the stakeholder’s consultation process 

described in section 2.2 above. This project represents an exceptional community based, pro-

poor project with significant biodiversity and socio-economic impacts.  

It was entirely built with the local communities and adapted to their local needs. Consultations 

with local communities almost on a daily basis is vital for the success of the project. Therefore, 

maintaining transparency, sharing information on the progress of the project and conflict 

resolution through discussion with the communities, local Government and other stakeholders 

are always part of the standard community communication and consultation process including 

obtaining the free, prior and informed consent.  

Necessary permissions were taken from Panchayat Pradhan to avoid violation of land use rights 

prior to the plantation. The Panchayat Pradhan acts as custodian of the land use rights esp. 

related to social forestry. During this monitoring period no conflicts or dispute situations 

occurred. 

http://naturewildlife.org/wp-content/uploads/2016/08/Success-story-Community-Stewardship-Approach-1-1-1.pdf
http://naturewildlife.org/wp-content/uploads/2016/08/Success-story-Community-Stewardship-Approach-1-1-1.pdf
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The community-led implementation design with the Community-Stewardship-Approach and 

involvement of the Panchayat Pradhan ensured from the beginning that risks to local 

stakeholders due to project implementation and mitigation measures are jointly identified and 

discussed during community meetings. These mechanisms for continuous communication with 

all stakeholders including grievance redress procedures were agreed and implemented through 

continuous community project engagement and communication up to the management level of 

the project. Community members can approach the mangrove stewards and field project staff 

and raise issues. Field staff can immediately address (by responding to) some of the issues 

raised if feasible or bring them to the attention of project management at the project office in 

Kolkata for further discussion and redress.  

Risks to local stakeholders due to project implementation and mitigation measures – jointly 

identified and discussed during community meetings are summarized systematically in the 

table below: 

 

Table 3 Summary Risks to Local Stakeholders based on VCS Standard 4.2:  

VCS Standard Project summary 

Natural and 

human-induced 

risks to local 

stakeholder well- 

being expected 

during the project 

lifetime and 

measures needed 

to mitigate these 

risks 

No risks identified, only positive impacts: 

The activities in the project have significant environmental benefit 

leading to acountable benefit in socio-economic status of the local 

communities. The planted and restored mangrove mudflats provide 

a bio-shield against storms and cyclones, dissuade wind and wave 

energy, and thus protect the embankment which is the lifeline of 

the people of the Sundarbans. Besides, it provides shrimp, crabs to 

the system, produces honey, promotes tourism and augmenting 

livelihood activities among the local communities dependent on the 

natural resources. 

Ajanta Dey, Joint Secretary & Programme Director of NEWS 

(https://livelihoods.eu/interview-with-ajanta-dey-news/): 

“What is key about the Livelihoods Carbon Funds projects is that 

beyond carbon impact, they generate strong impact for biodiversity 

preservation and the livelihoods of local communities. The 

challenge ahead of us was huge: we had to rebuild an entire 

ecosystem of mangroves, that constitutes a natural barrier against 

flooding, but that is also rich in biodiversity. The Sundarbans 

provide a unique ecosystem and a rich wildlife habitat that was 

getting threatened and particularly depleted in the biosphere 

region.” 
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The area has experienced severe cyclone events with significant 

loss and damage among the local communities. NEWS is always 

present with their network to support the local communities in the 

aftermath of those events. Since most of the plantations have 

grown into almost 10-year old forests, there is increasing evidence 

that this project represents an important bio-shield for those 

communities living adjacent to these restored riverbanks and 

mudflats and very little damage is done to the trees. See the 

following success story: https://livelihoods.eu/amphan-

sundarbans-india-mangroves-bio-shield/ 

Risks for local 

stakeholders to 

participate in the 

project, including 

project design and 

consultation. 

Risks should 

include trade-offs 

with food security, 

land loss, loss of 

yields and climate 

change 

adaptation.  

No direct risks, or trade-offs were identified during ongoing 

consultations. However, communities also need short term benefits 

as opposed to the large indirect and long-term impacts of 

mangrove restoration including the adaptation to CC and coastal 

protection. As a response to this in 2018, Livelihoods helped NEWS 

to create the Badabon Harvest brand with marginalized farmers to 

help them improve their revenues through livestock breeding, the 

commercialization of organic products, improvement of agricultural 

practices and fish farming. By generating economic opportunities 

for the farmers and linking to markets such as Kolkata, this brand 

helps coupling nature conservation with economic benefits to the 

farmers, thus complying with several Sustainable Development 

Goals. 

Ajanta Dey on income generation activities: 

“In exchange of their time spent to pilot the mangroves growth, we 

decided to run a program to develop economic opportunities for 

them and facilitate connections with the Kolkata market where 

there was a strong demand for fresh, natural and organically 

cultivated food. In 2018, we created the Badabon Harvest brand 

with a group of marginalized farmers, essentially the mangrove 

stewards, to help them improve their revenues through livestock 

breeding, organic products commercialization, improvement of 

agricultural practices, fish farming etc. This was a profound 

transformation for NEWS: we now had a different approach from 

research-based nature conservation to field action-based 

conservation linked livelihood development along with facilitating 

the developing of business activities. Through the Badabon Harvest 

brand, their own company, the farmers now sell their products to 

the Kolkata market, and this has been achieved thanks to the 



 Monitoring Report: VCS Version 4.0 

14 

 

Livelihoods support which managed to link mangrove restoration 

with strong economic opportunities for the local communities.” 

The project 

proponent or any 

other entity 

involved in project 

design or 

implementation 

shall not be 

involved in any 

form of 

discrimination or 

sexual 

harassment. 

As laid out in the Charta of the Livelihoods Fund, one of the shared 

vision and objective of projects is the improvement of livelihoods of 

communities with a special focus on the condition and status of 

women and young girls.  

NEWS as project implementer actively promotes the status and 

involvement of women in the project. As part of the community-

driven approach explained in detail above, there is a special focus 

on selecting women as ‘change agents’ and Community-Stewards 

for the mangrove areas.  

See success story: https://naturewildlife.org/wp-

content/uploads/2016/03/success-story-3.pdf  

In addition, as explained in more detail in the PD, the entire project 

implementation from nursery establishment, raising mangrove 

seedlings and planting was done by organized self-help groups of 

women from the different communities.  

So far no incident of any form of discrimination or sexual 

harassment has been reported in the project so far.  

The management 

teams involved in 

the project shall 

have expertise 

and prior 

experience 

implementing land 

management and 

carbon projects 

with community 

engagement at 

the project scale.  

NEWS is one of the leading organizations in India dealing with 

community-based mangrove restoration projects. Apart from this 

project, NEWS is implementing various other restoration projects 

with various national as well as international donors. See NEWS 

project pipeline: https://naturewildlife.org/livelihoods-natural-

resource-management/  

This project has been jointly developed by the Livelihoods Fund and 

NEWS since 2010 as one of the first projects of the first Fund LCF1. 

Since then, the project management team of NEWS have attended 

various carbon project trainings and exchange visits to other 

mangrove carbon projects. Livelihoods has already implemented 

numerous land-based carbon projects and gained in depth 

experience and expertise.  

 

 

 

https://naturewildlife/
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3 IMPLEMENTATION STATUS 

3.1 Implementation Status of the Project Activity 
 

After the 2nd verification, a re-classification and re-delineation took place which led to the definition of 

478 mangrove planting and restoration plots.  

The project accounting area is comprised of numerous mudflats along the different tributaries and river 

systems of the Sundarbans delta. The mudflats are typically very narrow and long in nature and are 

therefore subject to the impacts of the rivers systems in terms of flow changes impacting emergences 

as well as degradation of these areas unless they are stabilized by plants, in particular mangroves. 

 

 

Figure 2 Snapshot of the project mangrove restoration mudflats in the Sundarbans  

 

In terms of project implementation and management a particular mudflat is identified and selected as 

project area following a defined scientific as well as consultative process outlines in detail in the PD. 

Once identified and registered, this mudflat receives a unique plot ID which is then subject to the 

community-based project planting, restoration and management approach. The example below shows 

the plot ID M22 which is the entire mudflat now managed and monitored by the adjacent community 

together with NEWS. From a carbon accounting perspective, this mudflat M22 represents one activity 
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instance. Within most activity instances in the project, a delineation into sub-plots is necessary 

accounting for the 2 different existing baseline strata, the dwarf baseline stratum where communities 

plant mangroves and protect the degraded (dwarf) mangroves to restore forests , and newly emerged 

parts of the mudflat without any baseline biomass where communities plant mangroves and where 

additional natural regeneration of mangroves appears only after the stabilization effort of the project 

(with the active planting of pioneer mangrove species).  In many cases a plot (with one ID) has been split 

into two or more sub-plots including a re-delineation due to an updated stratification into the 

monitoring strata described below under section .4.3.  

 

 

Figure 3 Example of sub-division of one activity instance (plot M22) in the project 

 

After more than 10 years of implementation, many of the restored mudflats show signs of further land 

stabilization along the river lines as indicated in the Figure above which sometimes lead to the 

establishment of sub-plots (only if significant in size). This shows the tremendous impact the project 

has on land stabilization. These new sub-plots would be added as new activity instances into this 

grouped project once the total of these new instances is significant.  
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The status of the project area at the end of this 3rd monitoring period remains constant compared to 

the validated area of 4,404 ha. New activity instances (271 ha) will be added as part of the forth 

verification.  

 

3.2 Deviations 

2.3.1 Methodology Deviations 

There are no deviations from the methodology. 

2.3.2 Project Description Deviations 

The re-stratification, delineation and division of existing plots into different plot IDs implied to deviate 

from the initial idea of permanent sampling points (PSPs) to temporary sampling points (RSPs). For the 

mangrove inventory of this monitoring period a new set of these sapling points were randomly selected 

based on the different areas and biomass/ carbon densities and variability within the project strata. 

The process of the inventory itself did not deviate from the initial monitoring plan. An updated SOP for 

the monitoring has been prepared since the 2nd monitoring period.  

3.3 Grouped Projects 
This project is a grouped project. No new activity instances have been added to the project during this 

monitoring period as NEWS will register an additional 271 ha as 2nd instances during the next (fourth) 

verification.  

4 DATA AND PARAMETERS 

4.1 Data and Parameters Available at Validation 

Data / Parameter ΔCBSL,t 

Data unit t CO2-e 

Description Baseline net GHG removals by sinks in year t 

Source of data Calculated 

Value applied 0 

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

The project area is stratified into zero baseline and dwarf 

mangrove baseline stratum considering as shrubs according to 

the AR CDM tool “Estimation of carbon stocks and change in 

carbon stocks of trees and shrubs in A/R CDM project activities”. 

Based on this, no removals by sinks are assumed  

 Purpose of Data Calculation of ex-ante and ex-post baseline emissions 

Comments - 
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Data / Parameter CFTREE 

Data unit t C (t d.m.)-1 

Description Carbon fraction of tree biomass 

Source of data Default value of AR CDM tool “Estimation of carbon stocks and 

change in carbon stocks of trees and shrubs in A/R CDM project 

activities” is applied. 

Value applied 0.47 

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

According to AR-TOOL14, the above default value (0.47) should 

be used unless transparent and verifiable information can be 

provided to justify a different value. 

 Purpose of Data Determination of project emission/removals 

Comments - 

 

Data / Parameter Rj 

Data unit Dimensionless 

Description Root-shoot ratio for tree species j 

Source of data Application of the following equation from the AR-TOOL14:  

Rj=exp[-1.085+0.9256*ln(AGB)]/AGB 

Where AGB is the above-ground tree biomass per hectare (in t 

d.m. ha-1) 

Value applied See database 

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

According to AR-TOOL14, root-shoot ratio for tree species shall be 

calculated with the formula:  

Rj=exp[-1.085+0.9256*ln(AGB)]/AGB 

 Purpose of Data Calculation of project emission removals  

Comments - 

 

Data / Parameter fj(x1,l,x2,l,x3,l,...) 

Data unit t d.m (tone of dry matter) 

Description Above-ground biomass of the tree returned by the allometric 

equation for species j relating the measurements of tree i to the 

above-ground biomass of the tree. 
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Source of data For ex-ante: Ray et al. (2011)3 biomass allometric equation 

For ex-post: biomass allometric equation from Komiyama et al., 

2005 as cited in CIFOR, 2012 - based on the geographical 

location and the size of the trees.  

Value applied For ex-ante: AGB = 1.3799*(H)0.687*(DBH)0.955 

Where:  

AGB = Above-ground biomass; t d.m 

DBH = Diameter at breast height; cm 

H = Height (m) 

 

For ex-post for trees: AGB = 0.251*ρ*DBH2.46 

Where:  

AGB = Above-ground biomass; t d.m 

DBH = Diameter at breast height; cm 

ρ = wood density; g/cm3  

For ex-post for saplings: Ln(AGB)=b0+b1*Ln(D30) 

Where:  

AGB = Above-ground biomass; t d.m 

D = Diameter at height of 30cm from the ground; cm 

b0 = 4.310 

b1  = 1.124 

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

Both allometric equations are appropriate as determined by the 

A/R Methodological Tool “Demonstrating appropriateness of 

allometric equations for estimation of aboveground tree biomass 

in A/R CDM project activities” 

 Purpose of Data Calculation of project emission removals  

Comments - 

 

Data / Parameter dSOCt 

Data unit t C ha-1 yr-1 

Description The rate of change in SOC stocks within the project boundary, in 

year t. 

Source of data Default value obtained from project methodology: AR-AM0014 

Value applied 1.62 

                                                 
3 Ray, R. Ganguly, D., Chowdhury, C., Dey, M., Das, S., Dutta, M.K., Mandal, S.K. (1011). Carbon sequestration and annual 

increase of carbon stock in a mangrove forest. Atmospheric  Environment 45 (2011) 5016-5024. 
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Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

Default value based on the“IPCC 2013 Supplement to the 2006 

guidelines: Wetlands” 4 

 Purpose of Data Calculation of project emission removals  

Comments  

 

Data / Parameter 
EFCH4,i 

Data unit g CH4 (kg dry matter burnt)-1 

Description Emission factor for CH4 in stratum i 

Source of data CDM A/R Methodological Tool “Estimation of non-CO2 GHG 

emissions resulting from burning of biomass attributable to an 

A/R CDM project activity” (Version 04.0.0) 

Value applied A default value of 6.8 from the above CDM A/R Methodological 

Tool is used. 

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

A default value is used since values are not available from 

sources numbered a., b., and c. described below. According to 

the above CDM A/R Methodological Tool, values may be selected 

from the following sources, in order of preference: 

1) Regional/national inventories e.g. national forest 

inventory, national GHG inventory; 

2) Inventory from neighbouring countries with similar 

conditions; 

3) Globally available data applicable to the project site 

or to the region/country where the site is located; 

4) Default values 

 Purpose of Data Calculation of ex-post project emissions 

Comments - 

 

Data / Parameter EFN2O,i 

Data unit g N2O (kg dry matter burnt)-1 

Description Emission factor for N2O in stratum i 

                                                 
4  http://www.ipcc.ch/meetings/session37/Doc_8b_Rev_2_Accepted_Report_Wetlands.pdf 
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Source of data CDM A/R Methodological Tool “Estimation of non-CO2 GHG 

emissions resulting from burning of biomass attributable to an 

A/R CDM project activity” (Version 04.0.0) 

Value applied A default value of 0.2 from the above CDM A/R Methodological 

Tool is used. 

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

A default value is used since values are not available from 

sources numbered a., b., and c. described below. According to 

the above CDM A/R Methodological Tool, values may be selected 

from the following sources, in order of preference: 

1) Regional/national inventories e.g. national forest 

inventory, national GHG inventory; 

2) Inventory from neighbouring countries with similar 

conditions; 

3) Globally available data applicable to the project site 

or to the region/country where the site is located; 

4) Default values; 

 Purpose of Data Calculation of ex-post project emissions 

Comments - 

 

Data / Parameter GWPCH4 

Data unit Dimensionless 

Description Global warming potential for CH4 

Source of data CDM A/R Methodological Tool “Estimation of non-CO2 GHG 

emissions resulting from burning of biomass attributable to an 

A/R CDM project activity” (Version 04.0.0) 

Value applied 21 

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

Default value 

 Purpose of Data Calculation of ex-post project emissions 

Comments - 

 

Data / Parameter GWPN2O 

Data unit Dimensionless 

Description Global warming potential for N2O 
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Source of data CDM A/R Methodological Tool “Estimation of non-CO2 GHG 

emissions resulting from burning of biomass attributable to an 

A/R CDM project activity” (Version 04.0.0) 

Value applied 310 

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

Default value 

 Purpose of Data Calculation of ex-post project emissions 

Comments - 

 

Data / Parameter COMFi 

Data unit Dimensionless 

Description Combustion factor for stratum i 

Source of data CDM A/R Methodological Tool “Estimation of non-CO2 GHG 

emissions resulting from burning of biomass attributable to an 

A/R CDM project activity” (Version 04.0.0) 

Value applied The corresponding default according to the age is used, unless 

transparent and verifiable information can be provided to justify 

a different value:  

Mean age (years) Default value 

3-5  0.46 

6-10  0.67 

11-17  0.50 

18 and above 0.32 

 

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

A default value is used since values are not available from 

sources numbered a., b., and c. described below. Default 

emission factor for tropical forest from the CDM A/R tool. 

According to the above CDM A/R Methodological Tool, values 

may be selected from the following sources, in order of 

preference: 

1) Project-specific calculation, regional/national 

inventories e.g. national forest inventory, national 

GHG inventory; 

2) Inventory from neighbouring countries with similar 

conditions; 



 Monitoring Report: VCS Version 4.0 

23 

 

3) Globally available data applicable to the project site 

or to the region/country where the site is located 

4) Default values 

 Purpose of Data Calculation of ex-post project emissions 

Comments - 

 

Data / Parameter E 

Data unit t d.m. (or t d.m. ha-1) 

Description Acceptable margin of error (i.e. one-half the confidence interval) 

in estimation of biomass stock within the project boundary 

Source of data AR-TOOL14 

Value applied 10% of the mean value of biomass stock 

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

N/A 

 Purpose of Data Calculation of ex-post project emissions 

Comments - 

 

Data / Parameter tval 

Data unit Dimensionless 

Description Two-sided Student’s t-value at infinite degrees of freedom for the 

required confidence level 

Source of data AR-TOOL14 

Value applied According to the student’s t-distribution table, 1.645 for 

confidence level 90% and infinite degrees of freedom 

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

N/A 

 Purpose of Data Calculation of ex-post project emissions 

Comments The value used is for the 90% confidence level for determination 

of biomass stock prescribed in the A/R CDM project activities 

since a different confidence level is not prescribed in the 

methodology. 
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Data / Parameter DFDW 

Data unit Percent 

Description Conservative default factor expressing carbon stock in dead 

wood as a percentage of carbon stock in tree biomass 

Source of data A/R Methodological tool “Estimation of carbon stocks and 

change in carbon stocks in dead wood and litter in A/R CDM 

project activities 

Value applied 6% 

Justification of choice of 

data or description of 

measurement methods 

and procedures applied 

Default value depending on the biome, elevation and 

precipitation of the area. The tool recommended this value 

unless transparent and verifiable information can be provided to 

justify a different value. 

 Purpose of Data Calculation of ex-post project emissions 

Comments - 

 

4.2 Data and Parameters Monitored 

Data / Parameter Ai 

Data unit Ha 

Description Area of tree biomass stratum i  

Source of data GIS and GPS 

Description of 

measurement methods 

and procedures to be 

applied 

Areas in project area is tracked in the field using the GPS. Each 

planting area is tracked as a standard procedure of the baseline 

and monitoring inventory. 

Frequency of 

monitoring/recording 

Before the start of the project (planting) and adjusted thereafter 

every three years since the year of the initial verification 

Value monitored See project database and project shape files. Total area is 4,597 ha 

Monitoring equipment GPS (Garmin), GPS Smartphones, QGIS software 

QA/QC procedures to be 

applied 

Field teams are trained in the proper use of GPS/GIS application, 

and they are all fully aware of all procedures and the importance of 

collecting data as accurately as possible. 

Purpose of the data Calculation of project emissions 

Calculation method Use of GIS tool 

Comments - 
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Data / Parameter ni 

Data unit Dimensionless 

Description Number of sample plots in stratum i 

Source of data Calculated 

Description of 

measurement methods 

and procedures to be 

applied 

N/A 

Frequency of 

monitoring/recording 

ni is calculated for each monitoring event, at least every five 

years. 

Value monitored The following values are estimated from the first project activity 

instance: 

Stratum ni 

1 18 

2 11 

3 0 (no decrease stratum for biomass) 

4 19 

 

Monitoring equipment N/A 

QA/QC procedures to be 

applied 

N/A 

Purpose of the data Calculation of project emissions/removals 

Calculation method The calculation method is described in the tool “Calculation of 

the number of sample plots for measurements within A/R CDM 

project activities” (version 02.1.0)5 

Comments - 

 

Data / Parameter wi 

Data unit Dimensionless 

Description Relative weight of the area of stratum i, the area of the stratum i 

divided by the project area. 

Source of data Calculated as the area of the stratum i divided by the project 

area. 

                                                 
5 Annex 15 of the Executive Board report at its 58th meeting. 
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Description of 

measurement methods 

and procedures to be 

applied 

N/A 

Frequency of 

monitoring/recording 

Calculated for each monitoring event, at least every five years 

Value monitored The following values are estimated from  the first project 

instance: 

Stratum wi 

1 0.38 

2 0.29 

3 0 (no decrease stratum for biomass) 

4 0.33 

 

Monitoring equipment N/A 

QA/QC procedures to be 

applied 

N/A 

Purpose of the data Calculation of project emissions/removals 

Calculation method Area of the stratum i divided by the project area 

Comments - 

 

Data / Parameter si 

Data unit t d.m. (or t d.m. ha-1) 

Description Estimated standard deviation of biomass stock in stratum i 

Source of data Inventory or default value 

Description of 

measurement methods 

and procedures to be 

applied 

N/A 

Frequency of 

monitoring/recording 

si is calculated for each monitoring event, at least every five 

years 

Value monitored The following values are estimated from the first project activity 

instance: 

Stratum si 

1 75.37 
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2 96.40 

3 0 (no decrease stratum for biomass) 

4 57.30 

 

Monitoring equipment N/A 

QA/QC procedures to be 

applied 

N/A 

Purpose of the data Calculation of project emissions/removals 

Calculation method Excel or tool available to calculate standard deviation 

Comments - 

 

Data / Parameter APLOT,i 

Data unit Ha 

Description Size of sample plot in stratum i 

Source of data Field measurement 

Description of 

measurement methods 

and procedures to be 

applied 

After calculating the number of sample plots required to achieve 

the desired precision level (90/10) a stratified random selection 

is carried out. A circular sub-plot design of 2 m radius are used in 

this monitoring period  

Frequency of 

monitoring/recording 

Every three years since the year of the initial verification 

Value monitored 0.0013 (2m radius) 

Monitoring equipment N/A 

QA/QC procedures to be 

applied 

Field teams are trained in all inventory procedures including 

layout of plots – as described in the Pilot Inventory, Sampling & 

Monitoring Plan. Field-team members are fully aware of all 

procedures and the importance of collecting data as accurately 

as possible. Finally, a quality check is undertaken as part of 

inventory to identify and correct errors if any. 

Purpose of the data Calculation of project emission removals 

Calculation method The estimate is size is based on the expected density (trees/ha) 

in each stratum, with the objective of having around 15 trees per 

sample plot. 

Comments - 
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Data / Parameter ABURN,i,t 

Data unit Ha 

Description Area burnt in stratum i 

Source of data Field measurement, remote sensing measurement or any other 

spatial information available 

Description of 

measurement methods 

and procedures to be 

applied 

The area is delineated on the ground using GPS, or 

georeferenced remote sensing data or from any other spatial 

information available. 

Frequency of 

monitoring/recording 

The area burnt is measured whenever forest fire has occurred.  

Value monitored N/A, wildfires did not occur in any mangrove forests in the 

Sundarbans in this monitoring period 

Monitoring equipment GPS  

QA/QC procedures to be 

applied 

Field teams are trained in the correct use of GPS. They are also 

made fully aware of all procedures and the importance of 

collecting data as accurately as possible.  

Purpose of the data Calculation of project emissions/removals 

Calculation method N/A 

Comments Applicable only if wild fires occurs. 

 

Data / Parameter Xi 

Data unit Variable 

Description Variables measured per tree for the calculation of above-ground 

biomass applying an allometric equation: DBH, height, D30,  

Source of data Measured 

Description of 

measurement methods 

and procedures to be 

applied 

DBH and D30 readings are taken from a caliper/ diameter tape 

at 1.3 m along the stem (for DBH) or at 30 cm from the ground 

for D30.  

Height – readings are taken on calibrated pole placed along the 

longitudinal axis of the tree.   

Frequency of 

monitoring/recording 

Measured every monitoring event, at least every five years 

Value monitored n.a. 

Monitoring equipment DBH and D30, a caliper/ diameter tape is used.  

Height, a calibrated pole is used.   
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QA/QC procedures to be 

applied 

Field teams are trained in all inventory procedures including 

correct measurement – as described in the Pilot Inventory, 

Sampling & Monitoring Plan. Field-team members are fully aware 

of all procedures and the importance of collecting data as 

accurately as possible. Finally, a quality check is undertaken as 

part of inventory to identify and correct errors if any. 

Purpose of the data Calculation of project emissions/removals 

Calculation method n.a. 

Comments -  

 

Data / Parameter T 

Data unit Year 

Description Time period elapsed between two successive estimations of 

carbon stock in a carbon pool  

Source of data Recorded time 

Description of 

measurement methods 

and procedures to be 

applied 

N/A 

Frequency of 

monitoring/recording 

N/A 

Value monitored N/A 

Monitoring equipment N/A 

QA/QC procedures to be 

applied 

N/A 

Purpose of the data Calculation of project emission removals 

Calculation method N/A 

Comments If the two successive estimations of carbon stock in a carbon 

pool are carried out at different points of time in year t2 and t1, 

(e.g. in the month of April in year t1 and in the month of 

September in year t2), then a fractional value will be assigned to 

T 

4.3 Monitoring Plan 
Organizational structure 
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Institutionally, a permanent NEWS Carbon Survey Team has been set up consisting of 4 field teams 

made of 2-3 zonal field officers – under the supervision of the project coordinator (Mrs Ajanta Dey) and 

carbon monitoring coordinator (Mr. Sourav Bera). These teams undertook all boundary demarcation 

surveys in the project to ensure consistency in measurements and implemented the carbon monitoring 

inventory of random sampling points (RSPs). Further, NEWS and Livelihoods have set up a stringent 

verification system with external tree audits including annual boundary verification and revision, if 

required.  

The organizational structure of the monitoring is divided into two layers. The first layer is represented 

by the NEWS field staff who are trained to perform the forest inventory, boundary tracking with GPS, 

socio-economic monitoring and forest establishment monitoring (survival rate, nursery monitoring, etc.). 

More than 20 field officers of NEWS are responsible for the different zones of the project areas ranging 

from the western region to the central parts of the Indian Sundarbans. Generally they are part of the 

communities and are well acquainted with the specific conditions within the different planting areas. 

The forest inventory and monitoring surveys are conducted by them in the field (as part of the carbon 

survey teams). All results are directly brought to the main office of NEWS in Kolkata - the second layer 

of the organizational structure of monitoring of the project. Ajanta Dey and the NEWS technical 

program coordinators are responsible for the technical implementation of the whole project. In the main 

office, the data are processed, analyzed and archived following standard operation procedures and 

good practice guidelines e.g. Pilot Inventory, Sampling & Monitoring Plan. To ensure reliability of the 

results, the NEWS technical program coordinators will periodically crosscheck the data in the field as 

an independent survey. It is envisaged to at least verify 10% of the data after each inventory or survey 

conducted.  

Monitoring include the following aspects:  

Establishment of survival counts and replanting 

The establishment and management of the restored plots/sites will be monitored as part of the carbon 

monitoring plan. Regular plantation audits are conducted by NEWS and an external auditor. This include 

the following tasks: 

 Selecting randomly and verifying the GPS location of at least 10% of the plots/sites planted during 

a particular planting season; 

 Comparing the trees planted with the trees recorded in the planting plans; 

 Assessing the survival (in %) of the mangrove seedlings and preparation of a report with the 

findings considering a minimum precision of 10% at the 90% confidence level. Replanting of 

mangroves is only necessary if the optimal tree density of 2,500 trees per ha is not achieved due to 

very high natural mortality. This has to be decided on a site-by-site basis due to the varying local 

tidal and ecological conditions.  

 Area verification: the area of the restored plots/sites are verified using GPS in the field as well as 

through Google Earth imagery analysis.  
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Livelihoods Standard Monitoring  

The Livelihoods Fund has established a standard monitoring process for all Livelihoods projects. For 

this project, an extensive monitoring training was conducted in October 2013 – focused on Standard 

Operating Procedures (SOPs) for monitoring carbon in land based carbon projects. Generic SOP 

documents related to various procedures throughout the whole monitoring process were elaborated. 

From this a NEWS Pilot Inventory Sampling Monitoring Plan for this project has been compiled. The full 

monitoring SOP is available as supporting documentation; a short summary is illustrated in the Figure 3 

below.  

 

Figure 4 Standard monitoring process for Livelihoods projects 

Geographic coordinates of the project boundary 

All project areas subject to mangrove plantations and restoration under this project activity will be 

delineated using GPS tracking function. For this, an extensive training has been conducted and up-to-

date GPS portable devices purchased (i.e. Garmin etrex). Each planting plot, having been assigned a 

unique ID, is tracked and the tracks are downloaded and recorded as Google Earth kml file, and as gpx 

file. This allows for further processing of the tracks in GIS.  

Monitoring of the project boundary comprise the following activities: 

 Review of entire project boundary to assess on-going afforestation/restoration activities, 

successes/failures – site by site. 

 Geo-referencing (latitude and longitude) of each plot subject to planting/restoration as part of 

the NEWS project using GPS and GIS applications. 
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 Periodic checking that the project boundaries correspond to the defined boundaries and are 

consistent with the eligibility analysis. 

 There will be periodic verifications of the project boundary during the crediting period. If there 

are boundary changes due to natural causes (pests, diseases, fire, etc.) or anthropogenic 

damages (harvests, or deforestation), these areas will be located and their extent determined 

to facilitate assessment of the carbon loss. Such areas will be treated as different strata from 

those initially established. The modified boundaries will be reported to the VVB during the 

subsequent verification.  

 Areas where planting failed or the use of the land changed will also be documented. 

 Ultimately, analysis of the field information obtained using a GIS system (QGIS) to calculate the 

areas subject to restoration/tree planting plan, and those affected by disturbances will be 

carried out. 

All NEWS staff members have received a 3-days training in GPS boundary demarcation (GPS tracking), 

data processing, data analyzing and data archiving. During this training, a standard operating 

procedure in geographic boundary demarcation was elaborated. The resultant report: ‘GPS data 

collection, downloading, processing and management report: Sundarbans mangrove project, NEWS, 

Kolkata’ is available upon request.  

Identification and monitoring of strata 

Initial stratification of the areas has been done ex-ante. It has to be kept in mind that the Sundarbans 

is a dynamic region, with short- and long-term changes in forest cover and biomass occurrence due to 

changes in hydrology, sedimentation, disease, and human factors. Thus, a stratification employed today 

may not be relevant in the future as vegetation communities and lands might have spatially shifted. 

Therefore, final factors considered for the stratification will be the differences in the estimated sinks for 

each mangrove species species/ species group as the project develops. For this reason, strata will be 

monitored periodically. If a change in the number and area of the project strata occurs, the sampling 

framework will be adjusted accordingly through the following procedure for strata monitoring and 

sampling framework: 

The stratification is based on the initial baseline strata defined for the pre-project biomass 

stratification, and the growth and survival performance of mangroves after the first 4 years of project 

implementation as shown below (Figure 3):   
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Figure 5 Stratification of the project area 

 

The growth and survival performance was assessed during several tree audits and each plot/sites was 

categorized according to when the planted mangroves were established and the growth performance 

(speed of biomass accumulation). Hence, four strata are defined from the two baseline strata as 

described below and in Table 1:   

Stratum 1 – Fast growth: This stratum represents plantation areas with observed higher rates of 

growth, with plantation dated between 2010 and 2012, where significant growth began in the same 

year of planting. No baseline pre-project biomass was present at project start date. 

Stratum 2 – Medium growth: This stratum represents plantation areas which were established within 

the first four years. However, due to higher mortality and replanting activities growth significantly 

started between 2013 and 2014. No baseline pre-project biomass was present at project start date. 

Stratum 3 – Slow growth: This stratum includes plantation areas with a slow rate of growth, where many 

of the planted trees did not initially survive well and the growth is slow in comparison with the first two 

strata. For the second verification, tree biomass in this stratum will be accounted as zero carbon, due 

the insignificant increase of biomass. No baseline pre-project biomass was present at project start 

date. 

Strata 4 – Restoration: This stratum comprises all areas where NEWS is promoting and managing the 

regeneration and restoration of existing degraded mangroves patches. It includes both planting in gaps 

to create larger mangrove corridors as well as protection and management of natural regeneration and 

poorly surviving community plantations. For stratum 4, pre-project shrubby vegetation is included in the 

baseline (after exclusion of all areas already representing a mangrove forest).  

 

Table 4 NEWS project area stratification  

Growth stratification

Pre-project biomass 
stratification 

NEWS Project
Total NEWS 

project area of  
the f irst 

instances 

Zero baseline 
biomass

Stratum 1

- Fast growth  

Stratum 2

- Medium growth

Stratum 3 

- Slow growth 

Dwarf  baseline 
biomass

Stratum 4

- Restoration
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Stratum Total area (ha) 

Stratum 1 – Fast growth 1,370 

Stratum 2 – Medium growth 1,043 

Stratum 3 – Slow growth 913 

Stratum 4 – Restoration 1,077 

Total 4,404 

 

A re-stratification might be necessary after each monitoring of the project, if changes that significantly 

affect biomass distributions occurs. 

The NEWS project databases shall be updated periodically capturing the following information:  

 Unexpected disturbance occurring during the crediting period; 

 Unexpected disturbances occurring during the crediting period (changes in hydrology, 

sedimentation, disease, and human factors), which affect differently different parts of an 

originally homogeneous stratum; 

 Forest establishment (planting, re-replanting) if implemented at different intensities, dates and 

spatial locations from those stated in the PD. 

Mangrove carbon inventory  

This is undertaken to determine carbon stock change for the verification of the project. Such inventory 

will be undertaken at each verification event. Below is a summary of the process; for details, refer to 

the inventory SOP: ‘2018-02-23 NEWS_2nd Verification Inventory Sampling & Monitoring Plan’, which is 

available as supporting documentation. 

Sampling design and sampling size 

The sampling design aim to meet the precision requirements outlined in the methodology, i.e., the 

targeted precision level for biomass estimation shall be ± 20% of the mean at a 90% confidence level. 

The basic sampling design is chosen in light of the high within-plot variability along a typical gradient in 

the area from lower to upper mudflats. This necessitates use of a cluster sampling approach.  

The Mangrove Forest Management Guidelines (FAO 1994)6 and the Protocols for the measurement, 

monitoring and reporting of structure, biomass and carbon stocks in mangrove forest (CIFOR, 2012) 7 

have been used as a guidance to establish the sampling design. The mangrove forest inventory applies 

random sample plots with 3 sub-plots. Each sub-plot has either a 2 m or 3 m radius. During this 

                                                 
6 http://www.archive.org/details/mangroveforestma034845mbp  
7 http://www.bluecarbonportal.org/wp-content/uploads/2012/08/USDA_Protocols_measurement-monitoring-
reporting_carbon-stocks_2011.pdf 

http://www.archive.org/details/mangroveforestma034845mbp
http://www.bluecarbonportal.org/wp-content/uploads/2012/08/USDA_Protocols_measurement-monitoring-reporting_carbon-stocks_2011.pdf
http://www.bluecarbonportal.org/wp-content/uploads/2012/08/USDA_Protocols_measurement-monitoring-reporting_carbon-stocks_2011.pdf
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monitoring period, only trees within a 2 m radius were measured and accounted. The plots are 

randomly laid out within the NEWS mangrove restoration sites.  

The sampling approach used is stratified random sampling. Random sampling is recommended as a 

good practice in forest inventory when land parcels involved in a project are small, irregularly shaped, or 

narrow. These conditions exist is this project. 

In the first stage, all planting plots subject to monitoring are assigned to the project specific strata. In 

the second stage from each stratum a representative number of sample plots is picked randomly. Once 

established, the sample of planting plots is permanent throughout the lifetime of the project.   

The survey sample size is determined based on the variability of biomass within the samples and the 

precision level required in the methodology: 20% error with 90% level of statistical confidence. In other 

words, the sampling strategy aim to achieve an error with a mean value of 20% or less and that there is 

a 90% level of statistical confidence that the true amount of carbon sequestered is the claimed 

amount.  

The AR CDM Tool “Calculation of the number of sample plots for measurements within A/R CDM project 

activities” (Version 01)8 as well as the Winrock Sampling Calculator (Walker et al. 2007) is used to 

estimate the number of permanent sample plots needed. This applies to project total as well as number 

of plots per stratum for monitoring changes in carbon pools at a desired precision level and to 

determine the plot locations. The sample size follows method I , i.e. samples drawn without replacement 

of the tool, and considers no information on costs is available or the costs are assumed as constant for 

all strata. 

Plot design  

The size of the circular plots is determined with the aim of finding an optimal size so that the plot 

contains an average of 15-25 sample trees for a reliable statistical analysis. The estimation of the plot 

size is based on the latest tree audit which documents the planting densities in the project. Based on 

this, the average area occupied per tree is calculated (m²/ha), from which the area for 15 trees 

required in a sample plot of 3 sub-plots is calculated.  

Due to the large variability in tree density in the project, two circles have been defined. The first circle 

with 2 m of radius is selected for measurement if more than 15 trees are found inside that radius. If 

the tree number is less than 15, the circle of 3 m radius around is measured. This is illustrated in 

Figure 4, and the detailed plot layout is illustrated in Figure 5. During this monitoring period, only trees 

within a 2 m radius were measured and accounted.  

                                                 

8 http://cdm.unfccc.int/EB/031/eb31_repan15.pdf  

http://cdm.unfccc.int/EB/031/eb31_repan15.pdf
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1. – Count the number of trees present in the 2 m (radius) circle  

  

  

Complete the inventory of 

the trees within the 2 m 
circle  

Complete the inventory of the trees 
within the 3 m circle 

 

 

Figure 6 Procedure to determine circle radius of each sub-plot 

 

Small circle (2 m) 

Big circle (3 m) 

>15 

trees 
<15 

trees 
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Figure 7 NEWS Carbon inventory plot layout 

The starting point for the measurement is sub-plot in the center (denoted as C), i.e., Sub-plot A in the 

figure above. The distance between the sub-plots is 50 m. The default orientation of the three sup-plots 

is west to east as show above. Rotation of any of the sub-plots on both sides of the center sub-plot is 

undertaken around the center sub-plot if the plot falls outside the plantation/restored site. This is 

shown illustrated in Figure 6 below. 
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 No rotation necessary 
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Figure 8 Different conditions of sample plot layouts in the field 

 

Plot selection & location 

The locations of the layout of the point centers of each sub-plots (W-E direction) is randomly selected 

using GIS software, e.g. Quantum GIS. Also coordinates of W-E and N-S points at 50 m from the center 

sub-plots are generated using computer/GIS software. This way, the efforts of measuring 50 m distance 

at certain azimuth in field is reduced. Figure7 and 8 shows an example of location and layout of plots 

including the case where rotation is required.  
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Figure 9 Example of the sub-plots directly selected (W-C-E) 

 

Figure 10 Example of sub-plot with a non-eligible western plot 

The sample plot selection and location equally follows the guidance of the “Calculation of the number 

of sample plots for measurements within A/R CDM project activities” (Version 01) to ensure that: 
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 The planting plots assigned as permanent sample plots are evenly distributed in the stratum. 

This is done by weighting the sample plots according to the shares of that stratum compared to 

the total project area, and  

 The sample plots will be located randomly in each stratum. To ensure that the process of 

random selection is unbiased, GIS software is used to randomly select the location of sample 

plots in each plantation area.  

Data collection 

A detailed description of the NEWS carbon inventory procedures can be found in the SOPs (supporting 

documentation) including standard operating procedures on work safety, field  measurement planning 

and organization, navigating in the field, and tree measurement procedures, etc.  

In the field, several parameters were assessed/measured. The parameters relevant for the carbon 

monitoring are the following: 

 Species code 

 Origin: Classification of the tree according to the origin of the tree: Pre-existing tree, Planted 

tree or Natural regeneration.  

 Size: Classification between trees and saplings. 

 DBH: Diameter at breast height (1.3). Only measured in trees.  

 D30: Diameter of stem at 30 cm aboveground level: Only measured in saplings. 

 Total Height: Total tree height of the tree or sapling. 

For navigation and data entry of tree and plot variables, a smartphone based inventory application was 

specifically designed for this project. A snapshot of the interface of the mobile application is shown 

below: 
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Figure 11 Screenshots from the Android based mangrove tree inventory App  
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Procedures for internal auditing and Quality Assurance/Quality Control 

As stated in the IPCC GPG for LULUCF (page 4.111) monitoring requires provisions for quality assurance 

(QA) and quality control (QC) to be implemented via a QA/QC plan.  For this project, QA/QC procedures 

cover the following aspects: 

 Collecting reliable field measurements; 

 Verifying methods used to collect field data; 

 Verifying data entry and analysis techniques; and 

 Data maintenance and archiving.  

Procedures to ensure reliable field measurements 

Collecting reliable field measurement data is an important step in the quality assurance plan. Those 

responsible for the measurement work will be trained in all aspects of the field data collection and data 

analyses. It is good practice for all Livelihoods Projects to develop Standard Operating Procedures 

(SOPs) for each step of the field measurements, which should be adhered to at all times. These SOPs 

describe in detail all steps to be taken of the field measurements and contain provisions for 

documentation for verification purposes so that future field personnel can check past results and 

repeat the measurements in a consistent manner. The following are measures to ensure the collection 

and maintenance of reliable field data: 

 Field-team members are fully aware of all procedures and the importance of collecting data as 

accurately as possible; 

 Field teams install test plots if needed in the field and measure all pertinent components  using 

the SOPs to estimate measurement errors; 

 Field teams are trained in all aspects of field measurements including correct application of 

tools and recording. Documentation is provided to show that field team are trained. The 

document will list all names of the field team and the project leader will certify that the team is 

trained; 

 New staff adequately trained. 

A monitoring training where all relevant monitoring SOPs have been introduced and extensively trained 

was held as part of the pilot inventory. A standard training agenda was used which can be found in the 

annex of the SOPs.  

Procedures to verify field data collection 

To verify that plots have been installed and the measurements taken correctly, it is good practice to re-

measure independently 10% of the originally measured plots to compare the measurements. The 

following quality targets should be achieved for the re-measurements compared to the original 

measurements: 
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 Missed or extra trees: no error within the plot 

 Tree species or groups: no error 

 DBH of tree measurements: < ± 0.5 cm or 3 % whichever is greater 

 Height measurements: < ± 10% 

At the end of the field work 10% of the plots is independently checked. Field data collected at this stage 

is compared with the original data. Any errors found will be corrected and recorded. Errors discovered 

will be expressed as a percentage of all plots that have been re-checked to provide an estimate of the 

measurement error. 

Data maintenance and storage 

Because of the relatively long-term nature of the project activities, data archiving (maintenance and 

storage) will be an important component of the work. Data archiving should take several forms and 

copies of all data should be made readily available/accessible to project participants. 

Copies (electronic) of all field data, data analyses, and models; estimates of the changes in carbon 

stocks and corresponding calculations and models used; any GIS products; and copies of the 

measuring and monitoring reports should all be stored in a dedicated and safe place, preferably offsite.  

Given the time frame over which the project activity will be implemented, and the pace of production of 

updated versions of software and new hardware for storing data, it is recommended that the electronic 

copies of the data and report be updated periodically or converted to a format that could be accessed 

by any future software application. Copies of all raw data, reports of analysis and supporting 

spreadsheets will be stored in a dedicated long-term electronic archive for at least 2 years after the end 

of the last crediting period in 2030. 
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5 QUANTIFICATION OF GHG EMISSION 

REDUCTIONS AND REMOVALS 

5.1 Baseline Emissions 
The baseline net GHG removals by sinks are therefore calculated using Equation 1 of the methodology  

AR-AM0014: 

∆𝐶𝐵𝑆𝐿,𝑡 = ∆𝐶𝑇𝑅𝐸𝐸−𝐵𝑆𝐿 ,𝑡 + ∆𝐶𝑆𝐻𝑅𝑈𝐵−𝐵𝑆𝐿,𝑡 + ∆𝐶𝐷𝑊−𝐵𝑆𝐿 ,𝑡 

Where:  

ΔCBSL,t  = Baseline net GHG removals by sinks in year t; t CO2-e  

ΔCTREE_BSL,t  = Change in carbon stock in baseline tree biomass within the project 

boundary in year t; t CO2-e 

ΔCSHRUB_BSL,,t  = Change in carbon stock in baseline shrub biomass within the 

project boundary in year t; t CO2-e 

ΔCDW_BSL,t  = Change in carbon stock in baseline dead wood biomass within the 

project boundary, in year t; t CO2-e 

As indicated in Section 3.1 of the PD, there are two baseline strata distinguished in this project: zero 

baseline biomass and dwarf mangrove baseline biomass.  

Zero Baseline Biomass (project strata 1-3):  

The carbon stocks and carbon stock changes of trees and shrubs in the baseline is estimated as zero 

following the conditions outlined in chapter 5 of the A/R Methodological tool “Estimation of carbon 

stocks and change in carbon stocks of trees and shrubs in A/R CDM project activities” (Version 04.1). 

The existence of baseline trees is monitored throughout the crediting period of the project activity 

consistent with the baseline scenario. 

Dwarf mangrove baseline biomass (project stratum 4): 

Apart from establishing new mangrove plantation, a core activity in this project is to restore degraded 

mangrove ‘chars’ through community based protection and management. Therefore, a large share of 

the project areas is characterized by pre-existing vegetation prior to project start. The origin of this pre-

project biomass is either from natural regeneration or community plantation with poor survival rates. 

Most of this vegetation is characterized as shrubby or dwarf mangroves which normally occur in 

degrading areas where nutrients, freshwater, and inundation by tides are all limited. Any mangrove 

species can be dwarfed, with trees generally limited in height to approximately 1 meter or less. Apart 

from this, also scattered pre-existing mangrove trees are present on such areas.  

Therefore, a classification method for the year 2010 was applied to first identify and conservatively 

exclude ‘normal’ mangrove forest patches from these areas (which are classified as stratum 5 and 
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excluded from this carbon project) and then further assess the crown cover of the dwarf (shrub) 

vegetation as well as the crown cover of any scattered pre-existing mangrove trees. See PD, section 3.1 

for further description of the baseline classification method.  

Shrub baseline biomass 

Shrub carbon stock changes in this stratum have been estimated as zero as explained in PD. Baseline 

carbon stocks in shrubs are calculated following the equation of the AR-TOOL14 “Estimation of carbon 

stocks and change in carbon stocks of trees and shrubs in A/R CDM project activities” (Version 4.1): 

𝐶𝑆𝐻𝑅𝑈𝐵;𝑇 =
44

12
∗ 𝐶𝐹𝑠 ∗ (1 + 𝑅𝑠

∑ 𝐴𝑆𝐻𝑅𝑈𝐵 ,𝑖 ∗ 𝑏𝑆𝐻𝑅𝑈𝐵,𝑖) 

 

𝑏𝑆𝐻𝑅𝑈𝐵,𝑡 = 𝐵𝐷𝑅𝑆𝐹 ∗ 𝑏𝑓𝑜𝑟𝑒𝑠𝑡 ∗ 𝑐𝑐𝑆𝐻𝑅𝑈𝐵 

 

Where:  

CSHRUB,t   = Carbon stock in shrubs within the project boundary in the baseline;  t CO2e 

CFS  = Carbon fraction of shrub biomass, tC (t d.m.)-1 

Rs   = Root-shot ratio for shrubs; dimensionless 

ASHRUB,i   =Area of shrub biomass estimation stratum i, ha 

bSHRUB,i  = Shrub biomass per hectare in shrub biomass estimation stratum i, t d.m.ha-1 

BDRSF  = Ratio of shrub biomass per hectare in land having a shrub crown cover of 1.0 and the 

default above-ground biomass content per hectare in forest in the region where the 

project is located. 

bFOREST  = Default above-ground biomass content in forest in the region/country where the A/R 

CDM project activity is located, t d.m.ha-1 

CCSHRUB  = Crown cover of shrubs in shrub biomass estimation stratum i at the time of 

estimation, expressed as a fraction 

Crown cover (CCSHRUB):  

Following the shrub classification (see PD), 72.43% of the stratum 4 project areas are covered with 

shrubs. 

bFOREST: 

There are 14 research sites distributed across the Indian Sundarbans (Western, Central and Eastern 
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zone) which are subject to various scientific studies on mangrove vegetation and soil carbon (see Mitra 

et al., 2014)9. The average value of aboveground biomass of these stations is used, i.e.:  

bFOREST = 116.8 t d.m. ha-1 

For the following parameters, default values taken from the tool AR-TOOL14 are applied:  

Parameter  Denotation  Value  

Carbon fraction of shrub biomass 
CFs 0.47 

Root-shot ratio for shrubs 
Rs 0.4 

Ratio of shrub biomass per hectare in land 

having a shrub crown cover of 1.0 

BDRSF 0.1 

 

Pre-existing tree baseline biomass 

The estimation of carbon stock in pre-project tree biomass was done following equation 20 and 21 of 

the methodological tool “Estimation of carbon stocks and change in carbon stocks of trees and shrubs 

in A/R CDM project activities (Version 04.1): 

𝐶𝑇𝑅𝐸𝐸_𝐵𝑆𝐿 = ∑ 𝐶𝑇𝑅𝐸𝐸_𝐵𝑆𝐿 ,𝑖 ,
𝑖 =1

 

𝐶𝑇𝑅𝐸𝐸_𝐵𝐿𝑆𝑖 =
44

12
× 𝐶𝐹𝑇𝑅𝐸𝐸 × 𝑏𝐹𝑂𝑅𝐸𝑆𝑇 × (1 + 𝑅𝑇𝑅𝐸𝐸 ) × 𝐶𝐶𝑇𝑅𝐸𝐸_𝐵𝐿𝑆𝑖 × 𝐴𝑖 

 

Where: 

CTREE_BSL = Carbon stock in pre-project tree biomass; t CO2-e 

CTREE_BSL,i = Carbon stock in pre-project tree biomass in stratum i; t CO2-e 

CFTREE  = Carbon fraction of tree biomass (tC (t.d.m.)-1 

bforest = Mean above-ground biomass in forest in the region orcountry where the A/R CDM 

project is located; t d.m.ha-1 

RTREE  = Root-shoot ratio for trees in the baseline; dimensionless 

CCTREE_BSL,i = Crown cover of trees in baseline stratum i, at the start of the A/R CDM project activity, 

expressed as a fraction; dimensionless 

                                                 
9 Mitra, A.; Zaman, S (2014). Carbon sequestration by coastal Floral Community. Teri 
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Ai = Area of baseline stratum i, delineated on the basis of tree crown cover at the start of 

the A/R CDM project activity; ha 

Crown cover (CCtree) 

According to the crown cover analysis, the crown cover of pre-existing trees in baseline represents 

2.63% of the area in stratum 4.  

bFOREST: 

The same value as for the shrubs baseline was applied. 

bFOREST = 116.8 t d.m. ha-1 

 

 

For the following parameters, default values taken from the tool AR-TOOL14 are applied:  

Parameter  Denotation  Value  

Carbon fraction of tree biomass 
CFT 0.47 

Root-shot ratio for tree 
RT 0.25 

 

Dead wood of pre-existing trees in the baseline 

According to the methodological tool “Estimation of carbon stocks and change in carbon stocks in dead 

wood and litter in AR CDM project activities (Version 03.00), when there are pre-existent trees in the 

baseline, dead wood carbon shall be accounted as baseline carbon.  

The baseline carbon in dead wood is calculated using the conservative default-factor based method 

included in AR-TOOL12. The following equation is applied: 

CDW,i,t = CTREE,i,t * DFDW     

Where: 

CDW,i,t = Carbon stock in dead wood in stratum i at a given point of time in 

year t; t CO2-e; 

CTREE,i,t = Carbon stock in trees biomass in stratum i at a point of time in year t; 

t CO2-e; 

DFDW = Conservative default factor expressing carbon stock in dead wood as 

a percentage of carbon stock in tree biomass; per cent. 
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As stated in the PD, the conservative default factor for dead wood biomass for this project according to 

the corresponding biome, elevation and annual precipitation is 6% of carbon stock of pre-existing tree 

biomass. Hence, this value is applied. 

As result of all calculations, the pre-existing baseline carbon estimation for the first project activity 

instances is summarized in the table below: 

 

Table 5 Calculation of pre-existing bassline carbon stocks in trees and shrubs 

Year Areas 

planted/ 

restored 

per year 

(ha) 

CTREE_BSL 

Pre-existing 

biomass of 

trees (t CO2-e) 

CDW_BSL 

Dead wood pre-

existing trees 

(t CO2-e) 

CSHRUB_BSL 

Pre-existing 

shrub biomass 

(t CO2-e) 

CBSL_TOTAL 

Total biomass 

baseline 

(t CO2e) 

2010 
350.5 1,143.66 69 3,527.6 4,740 

2011 
436.8 372.62 22 1,149.3 1,544 

2012 
936.8 1,332.56 80 4,110.2 5,523 

2013 
1,181.6 1,150.54 69 3,548.8 4,768 

2014 
1,498.2 3,132.81 188 9,663.1 12,984 

2015 
0 0 0 0.0 0 

 

Changes in the carbon stocks in baseline dead wood biomass (ΔCDW_BSL,t) 

As demonstrated in PD, baseline of living biomass is accounted as zero in the zero baseline stratums. 

Consequently, changes in carbon stocks in dead wood in the baseline are also accounted for as zero.  

Change in carbon stocks in the Stratum 4 baseline tree and shrub biomass including dead wood within 

the project boundary in this stratum can be estimated as zero for the same reasons as described for 

the zero baseline stratum (see PD).  

5.2 Project Emissions 
The actual net GHG removals by sinks have been calculated using equation 2 of the methodology: AR-

AM0014: Afforestation and reforestation of degraded mangrove habitats (Version 03.0), as described 

below. 

ΔCACTUAL,t = ΔCP,t – GHGE,t     

Where:  
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ΔCACTUAL,t = Annual actual net greenhouse gas removals by sinks at time t; t CO2-

e yr-1 

ΔCP,t = Change in carbon stocks in project, occurring in the selected carbon 

pools, at time t; t CO2-e yr-1 

GHGE,t = Increase of non-CO2 GHG emissions within the project boundary as 

a result of the implementation of the A/R CDM project activity, in year 

t, t CO2-e 

Change in the carbon stocks in project have been calculated using equation 3 of the methodology:  

ΔCP,t = ΔCTREE_PROJ,t + ΔCSHRUB_PROJ,t + ΔCSOC_PROJ,t  

Where:  

ΔCP,t = Change in carbon stocks in project, occurring in the selected carbon 

pools, at time t; t CO2-e yr-1 

ΔCTREE_PROJ,t = Change in carbon stock in tree biomass in project in year t, as 

estimated in AR-TOOL14; t CO2-e yr-1 

ΔCSHRUB_PROJ,t = Change in carbon stock in shrub biomass in project in year t, as 

estimated in AR-TOOL14; t CO2-e yr-1 

ΔCSOC_PROJ,t = Change in carbon stock in the soil organic carbon (SOC) pool within 

the project boundary, as estimated in AR-AM0014, in year t; t CO2-e yr-

1 

Estimation of carbon stock changes in trees and shrubs  

Carbon stock changes of trees and shrubs are estimated applying the AR-Tool ‘A/R 

Methodological tool: Estimation of carbon stocks and change in carbon stocks of trees and shrubs 

in A/R CDM project activities’ (Version 04.1)10.  

Estimation of carbon stock change in trees 

The following sections and equations of the tool are applied:  

                                                 
10 http://cdm.unfccc.int/methodologies/ARmethodologies/tools/ar-am-tool-14-v4.1.pdf  

http://cdm.unfccc.int/methodologies/ARmethodologies/tools/ar-am-tool-14-v4.1.pdf
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The following equations of the methodology have been applied:  

tTREEB ,TREEtTREE, *CF* 
12

44
 C 

   

BTREE, t = bTREE, t * A    

  x w  ∑
M

1i

it,TREE,itTREE,



 bb    

Where: 

CTREE, t = Carbon stock in tree biomass within the project boundary at a point 

in time in year t; t CO2-e.  

CFTREE = Carbon fraction of tree biomass; t C (t d.m.)-1. 

BTREE, t = Total tree biomass within the project boundary at a given point in 

time in year t; t d.m. 

bTREE, t = Mean tree biomass per hectare within the project boundary at a 

given point in time in year t; t d.m. ha-1 

A = Project area; ha 

wi = Ratio of the area of stratum i to the sum of areas of tree biomass 

estimation strata (Ai/A), dimensionless 

Chapter 8: Estimating carbon stock in trees at a point of time

8.1. Estimation by measurement of sample plots

8.1.1. Stratified random sampling 

Mean carbon stock in trees within the tree biomass 
estimation strata and the associated uncertainty are 
estimated by applying euqations 12-15 of the tool
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bTREE ,t,i = Mean tree biomass per hectare in stratum i at a given point in time 

in year t; t d.m. ha-1 

Determination of tree biomass 

Therefore, the following allometric equations have been selected and applied for trees and saplings 

respectively for this monitoring period: 

Size Equation R² N (sample 
trees used 
to derive the 
equation)  

Source 

Tree AGB = 0.251*ρ*DBH2.46 0.98 104 (Komiyama et al., 

2005 as cited in 

CIFOR, 2012)11 

Sapling  

(A .  Germinans) 

Ln(AGB)=b0+b1*Ln(D30) 

b0 = 4.310 

b1 = 3.960 

0.984 21 Ross et al., (2001) 

Sapling 

(R.  Mangle) 

Ln(AGB)=b0+b1*Ln(D30) 

b0 = 3.960 

b1 = 1.481 

0.925 52 Ross et al., (2001) 

Where: 

AGB = Above ground biomass (kg) 

ρ = Wood density, g/cm3  

DBH = Diameter at Breast Height, cm  

D30 = diameters of the sapling measured at 30 cm from the ground  

b0 = Intercept of the regression equation  

b1 = slope of coefficient  

Ross et al (2001) presents different coefficients of intercept and slope depending on the three different 

species they take into consideration. According to the tool “Demonstrating appropriateness of 

allometric equations for estimation of aboveground tree biomass in A/R CDM project activities” (version 

1.0.0), an allometric equation is appropriate if the equation was derived from a data set of at least 30 

sample trees, and the value of coefficient of determination (R2) obtained was not less than 0.85. Both 

of the allometric equations used have a higher coefficient of determination, but the sample trees of the 

A. germinans equation is lower than 30. Therefore, for the final biomass calculation of saplings in the 

                                                 
11 Zinne et al (2011), 2012. Protocols for the measurement, monitoring and reporting of structure, biomass and carbon stocks 
in mangrove forest: http://www.cifor.org/library/3749/protocols-for-the-measurement-monitoring-and-reporting-of-
structure-biomass-and-carbon-stocks-in-mangrove-forests/  

http://www.cifor.org/library/3749/protocols-for-the-measurement-monitoring-and-reporting-of-structure-biomass-and-carbon-stocks-in-mangrove-forests/
http://www.cifor.org/library/3749/protocols-for-the-measurement-monitoring-and-reporting-of-structure-biomass-and-carbon-stocks-in-mangrove-forests/
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project, the average of the results of the two species most used was applied (see Excel 2021-07-17 

NEWS_ex-post carbon calculations) 

Wood density, ρ 

Specific values for several species of planted genus were applied in order to get a higher accuracy in 

the calculations. Zanne et al (2011)12 presented a table with different examples of densities of 

mangroves, with a classification based on four priorities: 

1) Specie from India 

2) Specie from Asia 

3) Genus from India 

4) Genus from Asia 

Taking this list as basis, wood density of the species of the project has been calculated.  In addition for 

this monitoring period the values of Hossain et al. 2019 were added representing regional values. A site 

average of all the values was taken if species could not be matched.  

Table 6 Wood density of project relevant mangrove species (Zanne et al. 2011) and updated 

with Hossain et al. 2019) 

Scientific name Wood density (gcm-3) 

Aegiceras Cornienlatum 0.51 

Aegilitis Rotumdifolia 0.51 

Avicennia Alba 0.605 

Avicennia Marina 0.648 

Avicennia Officinalis 0.605 

Bruguiera Gymnorrhiza 0.764 

Bruguiera Parviflora/Cylindrica 0.764 

Cer iops Decandra 0.770 

Cer iops Tagal 0.770 

Excoecaria Agallocha 0.405 

Soneratia alba 0.529 

Soneratia Apetala 0.529 

Soneratia Griffithii 0.529 

 

Root-to-shoot ratio, Rj: 

The default equation from Appendix 1 of the Tool AR-TOOL14 is applied: 

Rj: 
𝑒(−1.085+0.9256×𝑙𝑛𝑏)

𝑏
 

                                                 
12 Zanne et al (2011) Global wood density database.  
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Where, 

b is the AGB tree biomass in t d.m. ha-1 

 

CFTREE:  

A default value of 0.47 for CFTREE is applied – taken from AR CDM tool “Estimation of carbon stocks and 

change in carbon stocks of trees and shrubs in A/R CDM project activities”. 

 

Carbon stock change in shrubs 

The project area will be reforested with mangrove trees only. Due to the small size of overall vegetation 

in the project area, shrub vegetation is conservatively not estimated in this verification. It may be 

included in subsequent verifications if it becomes significant.  

 

Carbon stock change in dead wood 

The change in carbon stock in dead wood is calculated using the conservative default-factor based 

method included in AR-TOOL12. The following equation is applied: 

CDW,i,t = CTREE,i,t * DFDW     

Where: 

CDW,i,t = Carbon stock in dead wood in stratum i at a given point of time in 

year t; t CO2-e; 

CTREE,i,t = Carbon stock in trees biomass in stratum i at a point of time in year t; 

t CO2-e; 

DFDW = Conservative default factor expressing carbon stock in dead wood as 

a percentage of carbon stock in tree biomass; per cent.  

As stated in the PD, the conservative default factor for dead wood biomass for this project as 

influenced by the biome, elevation and annual precipitation is 6% of carbon stock in tree biomass. 

Hence, this value is applied. 

The actual net GHG removals by sink have been calculated based on the forest inventory data, which 

were collected as described in section 4.3. The change in the carbon stocks in project were calculated 

using equation 3 of the methodology as described in the preceding sections. The calculation is 

available in the Excel file “2021-07-17 NEWS_ex-post carbon calculations”.  

Trees (BTREE) 
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Stratum Area (ha) wi bTREE.t3 

t d.m. 

ha-1 

BTREE.t3 

t d.m. 

CTREE.t3 

t CO2-e 

1 1,370 0.39  

86.6 

 

302,259 

 

520,893 2 1,043 0.30 

4 1,077 0.31 

Total 3,491 1 

 

Calculation of uncertainty 

This was done following the guidance of Appendix 2 of the A/R Methodological Tool. The values are 

presented in the table below:  

Stratum si 

t d.m. 

ha-1 

ni uc % uc mean  

t CO2-e 

uc Discount t 

CO2-e 

1 75.37 18 22.5%% 117,324 87,993 

2 96.40 11 

4 57.30 19 

Total 78.82 48 

 

Total ΔCTREE_PROJ,t for this monitoring period: 432,900tCO2-e. 

 

Estimation of changes in soil organic carbon stocks 

Changes in carbon stocks in the SOC pool is calculated as indicate in the Methodology AR-AM0014: 

∆𝑆𝑂𝐶𝑃𝑅𝑂𝐽,𝑡 =
44

12
∗ ∑ 𝐴𝑃𝐿𝐴𝑁𝑇,𝑡

𝑡

𝑡=1

∗ 𝑑𝑆𝑂𝐶𝑡 ∗ 1𝑦𝑒𝑎𝑟 

Where:  

∆𝑆𝑂𝐶𝑃𝑅𝑂𝐽,𝑡   = Change in SOC stock within the project boundary, in year t; t CO2-e 

𝐴𝑃𝐿𝐴𝑁𝑇,𝑡    = Area planted in year t, ha 

𝑑𝑆𝑂𝐶𝑡    = The rate of change in SOC stocks within the project boundary, in year t, tCha-1yr-1. 



 Monitoring Report: VCS Version 4.0 

56 

 

Following the same criteria as outlined in the PD for ex-ante calculations, 1.62 tCha-1 has been applied 

as dSOC. This value is published in 2013 for mangroves by the IPCC in a specific supplement for 

wetlands to the 2006 guidelines (see PD).  

As indicated in the IPCC supplement for wetlands, where activity results in patchy or patches of 

biomass, the emission factor of 1.62 tCha-1/yr. can only be applied when the mangrove cover is at least 

10% of the overall area.  

For the NEWS project strata, a periodical assessment of the surviving tree density is performed by the 

NEWS field teams (see Excel file ‘SUNDARBAN_VCS_2021’). This assessment is used to identify all 

plots where the survival rate is below 20% (for conservative reasons) which implies to be excluded from 

the IPCC dSOC default value. Based on this, 412.58 ha have been excluded for each year of the 

monitoring period.  

For this monitoring period, a 3-year and 1 month period is used to calculate the actual soil organic 

carbon stock changes of the project.  

Table 7 Calculation of SOC change for this monitoring period  

Year Corrected 

SOC area 
strata 1-3 

(ha) 

(months 
accounted) 

ΔSOC 

strata 1-3 
(t CO2-e) 

SOC area 

stratum 4 
(ha)  

(months 

accounted) 

ΔSOC 

stratum 4 
(t CO2-e) 

Total 

ΔSOC 
strata 1-4 
(t CO2-e) 

2018 2,914 (9) 12,982.0 1,077 (9) 4,799.8 17,781.8 

2019 2,914  (12) 17,309.3 1,077 (12) 6,399.7 23,709.0 

2020 2,914  (12) 17,309.3 1,077 (12) 6,399.7 23,709.0 

2021 2,914  (4) 5,769.8 1,077 (4) 2,133.2 7,903.0 

Total 73102.9 

 

Change in carbon stocks of trees 

According to the tool AR-TOOL14 A/R Methodological tool ‘Estimation of carbon stocks and change in 

carbon stocks of trees and shrubs in A/R CDM project activities’ (Version 04.1) at the third verification 

CTREE, t3 is set equal to the carbon stock in the second verification. Based on this, the following table 

shows the change in carbon stock during the period between two points of time t3 (second verification 

excluding pre-existing trees) and t4. The Excel sheet ‘2022-10-02 NEWS_ex-post carbon 

calculations_corrected_M3’ details the full calculation of emission reductions for this monitoring period 

and is available upon request.  

Table 8 Change in carbon stocks during the period between two points of time t3 (third 

verification period) and t4 
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Monitoring 

period 

Area strata 
1,2 and 4 

included in 

year t 

(ha)13 

CTREE_PROJ_D

ISCOUNT; t3 

(t CO2-e) 

CDW_PROJ;t3 

(t CO2-e) 

CTREE_PROJ_D

ISCOUNT; t4 

(t CO2-e) 

CDW_PROJ;t4 

(t CO2-e) 

ΔCTREE+DW_

PROJ; (t4-t3) 

(t CO2-e) 

2018 -

2021 

3,383 133,146.8 7,988.8 432,900.5 25,974.0 326,670.0 

 

Next, the actual net greenhouse gas removals by sinks for the different years of the monitoring period 

are summarized below, separately for trees (including dead wood) and soil organic carbon as well as 

totals. In addition the cumulative months of project implementation are shown, starting with 9 months 

in 2018 and ending with 4 months in 2021 until the end of this monitoring period 30-04-2021.  

Table 9 actual net greenhouse gas removals by sinks for the different years of the monitoring 

period 

Year Monitoring 
period (cum. 

months) 

Actual tree net 
GHG removals by 

sinks, in year t; (t 

CO2-e) 

 Actual SOC net 
GHG removals by 

sinks, in year t; (t 

CO2-e) 

Actual total net 
GHG removals by 

sinks, in year t; (t 

CO2-e) 

2018 9 79,460 17,782 97242 

2019 21 105,947 23,709 129656 

2020 33 105,947 23,709 129656 

2021 37 35,316 7,903 43219 

Total 37 326,670 73,103 399,773 

 

5.3 Leakage 
As demonstrated in section 3.3 of the Project Description, leakage due displacement of agricultural 

activities in the areas of this project can be accounted as zero.  

Table 10 GHG emissions due to leakage, in year t 

Project year LKt 

t CO2-e 

2015 0 

2016 0 

2017 0 

2018 0 

                                                 
13 Project stratum 3 is not considered for accounting of biomass for this monitoring period.   
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Total 0 

5.4 Net GHG Emission Reductions and Removals 
The net anthropogenic GHG emission reductions and removals are calculated using equation 6 of the 

methodology AR-AM0014: 

∆C𝐴𝑅−𝐶𝐷𝑀 ,𝑡 = ∆CACTUAL,t − ∆CBSL,t − LK t 

 Where: 

∆CAR−CDM,t    = Net anthropogenic GHG removals by sinks, in year t; t CO2-e 

∆CACTUAL,t   = Actual net GHG removals by sinks, in year t; t CO2-e 

∆CBSL,t  = Baseline net GHG removals by sinks, in year t; t CO2-e 

LK t  = GHG emissions due to leakage, in year t; t CO2-e 

The net change in carbon stocks for the project activity instances are shown below.  

Table 11 Total NEWS project net change in carbon stocks for this monitoring period  

Year  Baseline 

emission

s or  

removals 

(tCO2e) 

Project 

emissions or 

removals 

(tCO2e) 

Leakage 

emission

s (tCO2e) 

Net GHG 

emission 

reductions or 

removals 

(tCO2e) 

Buffer pool 

allocation 

10% 

VCUs eligible for 

issuance 

201

8 

0 97,242 0 97,242 9,724 87,518 

201

9 

0 129,656 0 129,656 12,966 116,690 

202

0 

0 129,656 0 129,656 12,966 116,690 

202

1 

0 43,219 0 43,219 4,322 38,897 

Total 0 399,773 0 399,773 39,977 359,796 

 


