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Summary 
 
This Final Report covers the entire activities during the 2010/2011 fiscal year. At the same time it 
includes activities for the fourth quarter (1 July-30 September) of 2011. Five groups of activities listed 
below are described with their deliverables as expected in the objectives of the project. 

The highlight of year-1 of the Wetland Global Carbon Survey Project is demonstrated by the 
implementation of Tropical Wetlands Initiatives for Climate Adaptation and Mitigation (TWINCAM) 
which are directly linked to IPCC processes, where wetland ecosystems will receive more attention in 
inventory methodologies of greenhouse gases. In addition, a global collaborative network of scientists 
has been well established, with strong representation from Indonesia, Mexico, the U.S.A. and 
elsewhere. 

The capacity to understand and assess wetland ecosystem C stocks was developed for numerous 
partners in Indonesia and Mexico throughout the course of the project implementation. Capacity 
building was initiated with a training workshop to understand the role of ecosystem C in IPCC processes 
and UNFCCC initiatives (including REDD+) and how to implement sampling protocols for ecosystem C 
stock assessments. Sample and data collections have been completed throughout Indonesia and 
Mexico, and analysis is underway and will continue towards the end of 2011. This ensures prolific years 
to come in terms of delivering scientific products through seminars, workshops, and publications of 
reports and papers.  

The approved budget for year 1 has not been completely spent at the end of the fourth quarter due to 
late start of the project. However, the entire budget has been committed towards the end of 2011. 
Therefore, it is proposed to extend the project until 31 December 2011 with no cost.  
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1. Introduction 
 
1.1 Background 
Wetlands have increasingly become global and national interests, especially in the arena of climate 
change mitigation and adaptation. The implementation of the Tropical Wetlands Initiatives for Climate 
Adaptation and Mitigation (TWINCAM) under the Wetland Global Carbon Survey Project supported by 
USAID is both relevant and timely. It is so appropriate that in a relatively short period it has gained wide 
attention and participation.  

Global communities such as the Blue Carbon Working Group organized by Conservation International 
and the IUCN, who are interested in issues around coastal ecosystems (including mangroves) share 
common interests that require integration. The Working Group seeks further collaboration for more 
effective impacts on the policy community.  The TWINCAM project is well positioned to foster such 
collaborations and facilitate science-policy dialogue at regional, national and global levels.   

Moreover, the outcomes of the project could be integrated into Intergovernmental Panel on Climate 
Change (IPCC) activities. The IPCC is now engaging a process to supplement the existing 2006 IPCC 
Guidelines for National Greenhouse Gases Inventory.  The Supplement is specifically targeted for the 
wetlands chapter and will be completed in October 2013. 

At national levels, the REDD+ mechanism has been piloted in several countries including those harboring 
large wetland areas covering freshwater peat swamp forest and mangroves. The fact that these 
countries do not have the capacity to assess carbon assets has challenged the TWINCAM to be more 
pro-active in promoting the approach, protocol and analysis of the data. Understanding the breadth and 
wealth of carbon pools will certainly improve country’s policy formulation and negotiation power in the 
global arena. 

Producing information on C stocks of some of the largest terrestrial C pools on earth has been driving 
year-1 activities. Subsequently, the data will be made available as they are of great value to policy and 
decision makers related to MRV, REDD+ and land use planning for tropical wetlands. The regional and 
modeling approaches used in this project helps refine our methods at each stage, and will update with 
new developments in remote sensing technology.  

Although the adaptation front has not been fully explored, it is now the right time to use the existing 
information on C-stocks and GHG emissions from wetlands to evaluate the disturbance regimes. 
Changing land management or development trajectories of tropical wetlands as an adaptive measure to 
climate change may be considered. This could lessen vulnerabilities to the adverse effects of climate 
change and be financed through C conservation incentives such as REDD+.  TWINCAM is expected to 
weigh adaptation and mitigation strategies equally. 

Our intensive work has mainly been implemented in Indonesia and Mexico, and shared with other 
tropical countries that contain extensive wetland areas such as Bangladesh, India, Mozambique, 
Cameroon and Gabon.  Output has been shared through open communication, workshops, 
consultations and desk studies through literature review. Counterparts in these and several other 
Central and South American countries have been identified for the establishment of future project sites.  
To make the study truly global in context, the processes within IPCC will have to be backed up with 
ground work to assess emission factors and their underlying causes to enable development of effective 
mitigation strategies.  
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1.2 Goals and Objectives 
In international policy circles, at national levels and in early demonstration REDD+ activities, monitoring, 
reporting and verification (MRV) of emissions reductions are major technical hurdles to the 
implementation of the new international REDD+ scheme. Lack of regionally and nationally appropriate 
default values for the IPCC equation preclude so called Tier 2 and 3 accounting and this is particularly 
acute in tropical wetlands.   

The overall goal of this project is to support the development of the international REDD+ mechanism in 
wetlands and significantly reduce this constraint throughout the tropics through better characterization 
of C stocks in intact tropical wetlands and in the land cover types that are replacing them.    

There are three sub-goals that will contribute to achieving the overall success of the project: 
1. Advance the science and knowledge of MRV and GHG emissions specific to tropical wetlands by 

facilitating scientific consensus, conducting collaborative research, and sharing expertise for 
mapping and spatial data analysis in support of measuring and reporting. This will include intensive 
activities such as developing more accurate and efficient methods and analytical approaches for 
wetland forest and mangrove inventories, as well as field and remote sensing studies to determine 
temporal and spatial dimensions of tropical peat forest dynamics needed for effective MRV.  

2. Creating regional networks of permanently delineated and established forest plots and professional 
staff to conduct collaborative field research targeted to fill critical gaps in knowledge of wetland 
carbon stocks in the Southeast Asia region. Other key knowledge gaps to be addressed are the 
factors that influence the quantity and composition of GHG emissions from wetland conversion. 
These networks and activities are targeted to identify and address information deficiencies of 
carbon inventories, baseline assessments, and monitoring needed to implement REDD+ strategies.   

3. Build capacity of regional academic and research counterparts for scientific inquiry and research 
related to climate change.  Inform the general public and policy makers on the interrelated issues of 
carbon stocks, climate change, land use land cover change, and adaptation/mitigation approaches of 
tropical wetlands.  

 
Specific objectives: 
1. Develop efficient and accurate approaches to the quantification of carbon stocks of tropical 

wetlands. 
2. Establish a series of permanent forest plots in tropical wetlands where C stocks can be monitored 

through time in order to quantify changes due to LULUCF and global climate change. This has strong 
potential in capacity building and education. 

3. Quantify C stocks of other common land uses (e.g. oil palm plantations, agriculture, aquaculture, 
Acacia plantations, etc) in tropical wetlands in order to establish past carbon emissions as well as 
baselines for the future. 

4. Based upon intensive field studies and quantitative modeling scale C stocks of tropical wetlands to 
regional/global levels. Map ecosystem C stocks of wetlands in the targeted regions of interest. 

5. Quantify dynamics of peat C and non-CO2 GHGs associated with land cover change at the plot scale 
in intact, degraded, and converted wetlands. The research will focus on the effect of water table 
level and nutrient dynamic changes on soil organic C losses and N2O emissions.  

6. Generate timely scientific and lay reports to promote a better global appreciation of GHG dynamics 
in tropical wetlands, their role in the global C cycle, and potentials for effective climate adaptation 
and mitigation planning.   
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2. Activities and deliverables 
 
2.1 Activity 1: Organization of workshop and Outreach  
During the course of year-1 three workshops/events were organized to equip the partners with 
necessary tools to conduct research, enhance the network and outreach to a wider audience. These 
events are: 
 
Training workshop on the Protocol for C-stocks Assessment, Bogor March 2011 
The workshop which was attended by 21 participants was held in Bogor and designed to equip them, 
the potential partners, with necessary field protocols to do carbon assessments in both mangroves and 
peatlands ecosystems. At the same time it was also meant to explore potential research sites across 
Indonesia. 

The protocol was based on the document (Kauffman and Donato 2011) which will soon be published as 
CIFOR’s Working Paper. It covers, among other details, the basic information to lay out the sampling plot 
(Figure 1) and the activities in each sub-plot. 

 

 
 

Figure 1. Layout of mangrove 0.5 ha plot (inset) and detailed six sub-plots for tree diameter, woody 
debris, and soil samples to be collected in all sub-plots. 

 
Differences between mangrove and peatland study transects are that the plot interval is 50 m (instead 
of 25 m) and the subplot diameter is 10 m (instead of 7 m). Trees are categorized in two groups (below 
and above 5 cm in diameter). Figure 2 shows the measurement of tree diameter of mangrove growing 
on stilt roots.  In addition to vegetation measurements in the six circular subplots, large trees (>50 cm 
diameter at 1.3m height) are measured in 0.5 and 1ha rectangular plots in mangroves and freshwater 
peat swamp forests, respectively.  
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It was also demonstrated how soil samples were collected using open-face auger in mangroves (Figure 
3) and Eijkelkamp auger for peatlands (Figure 4). The key issues in handling the samples related to the 
laboratory analysis for carbon (C), Nitrogen (N) content, and bulk density of the samples at the following 
depth: 0-15cm, 15-30cm, 30-50cm, 50-100cm, 100-300cm was also presented. 
 

 
 
Figure 2. Measuring stem diameter to estimate tree biomass using the appropriate allometric equation 

for the species (Photo: D. Murdiyarso). 
 

 
 
Figure 3. Undisturbed soil sample extracted using open-face auger allowing us to collect from different 

depth by A: Cutting the soil away from auger face. B: Cleaned, flat surface of soil core. C: 
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Measuring and marking the depth intervals. D: Cutting a sample. E: Removal of sample from 
auger. F: Collection of sample in numbered containers (Source: Kauffman and Donato 2011). 

 

 
 

Figure 4. A set of Dutch auger for fibrous soil and Eijkelkamp peat auger 
 

The participants were introduced to another series of measurements on downed woody debris and litter 
found on forest floor. Most litter in mangroves are consumed by crab as soon as they reach the ground, 
therefore, mangroves floors are generally clean (Figure 5).  In peatlands, however, the amount of litter is 
quite significant and distinguished from soil organic materials which compose peat. 

 

 
 

Figure 5. Assessing woody debris density to estimate the biomass of deadwood. Usually, very little forest 
floor litter is observed in mangroves  (Source: Kauffman and Donato 2011). 

 

Having gone through the sampling protocol, the participants presented their experience working in the 
field, methodology they used and expectation to work further in mangroves and peatlands for carbon 
assessment.  The workshop activities led to the development of site specific proposals with coordinated 
agendas and financial support from this project.  
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Based on their proposal, five institutions were selected and commissioned to work in nine sites 
representing mangroves, transitional and freshwater peatland ecosystems. The institutions and sites 
selected are summarized in Table 1. This does not include CIFOR owned site in Berbak National Park, 
Jambi. 

 
Table 1. Selected institutions to carry out commissioned studies under TWINCAM project. 

Institution Location Ecosystem 
Indonesian Institute of Science 
(LIPI) 

Sebangau National Park, 
C. Kalimantan 

Peatlands 

Forest Research and 
Development Agency (FORDA) 

Kubu Raya, 
West Kalimantan 

Mangroves 

Merang REDD Pilot Project 
(MRPP) 

Sembilang National Park, 
South Sumatra  

Mangroves  

University of Tanjungpura Danau Sentarum, 
West Kalimantan 

Peatlands 

University of Papua Bintuni and Aranday 
Teminabuan 
Timika 

Mangroves and Peatlands 
Mangroves and Peatlands 
Mangroves and Peatlands 

 
 
Sampling methodologies workshop and Seminar, Merida and Mexico City 
A workshop on sampling methodology was held in Merida with Mexican partner the Comision Nacional 
de Area Naturales Protegidas (CONAP) before a field practicum in Sian Kaan Biosphere Reserve was 
performed from 9-19 August. 

The workshop and field implementation was followed by 5 different seminars on the objectives and 
preliminary results of this study, held at various venues in Merida and Mexico City with a wide range of 
audiences in collaboration with CONAP, Centro Investigaciones de Ciencias de la Yucatan (CICY) and the 
Comisión Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO).   

These events were coordinated in collaboration with two postdocs (working closely with Dr. María 
Fernanda Adame) and one graduate student from Laboratorio de Producción Primaria (Laboratory of 
Primary Production) CINVESTAV-IPN, Mérida, and Yucatán México focusing on the development of 
adequate study designs for blue carbon/mitigation projects.  The collaboration will be continued 
through the publication process of this important data set. 
 
International workshop on wetlands, Bali 11-14 April 2011 
The workshop was designed to further connect Indonesian scientists to the international scientific 
community and discuss the state-of-science on tropical wetlands. The workshop was attended by 87 
scientists, land managers and policy makers representing 16 countries. It was aimed at taking stock of 
other initiatives, coordinating data sharing among organizations and establishing networks with 
appropriate groups to look for synergistic opportunities.  

Sessions were arranged for keynote presentations, contributed papers, and focused group discussion 
covering six topics including: 

1. GHG flux processes in tropical wetlands,  
2. Land Use/Cover Change (LUCC) and C-stocks change of tropical wetlands,  
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3. Ecosystem modeling – predicting future wetlands scenarios with climate change,  
4. Use of remote sensing – wetlands detection and monitoring,  
5. The Intergovernmental Panel on Climate Change (IPCC) processes in relation to tropical 

wetlands,  
6. Adaptation of wetlands to climate change and human dimensions  

All of the 32 oral presentations and 22 poster abstracts may be found at the following link: 
http://www.forestsclimatechange.org/events/workshop-on-tropical-wetland.html. The workshop 
summary was published as CIFOR’s InfoBrief: 
http://www.cifor.org/publications/pdf_files/infobrief/3512-infobrief.pdf with key messages as follows: 

• Tropical wetlands, especially peatlands and mangroves, are important in global carbon cycling. 
Indonesia has more tropical wetlands than any other country on Earth. 

• Research that addresses critical information gaps and communicates the results on land use and 
carbon dynamics in tropical wetlands is needed to inform sound policy decisions. This work can also 
improve IPCC Guidelines on methodologies for greenhouse gas inventories. 

• Standardized methods and protocols are needed for effective monitoring, reporting and verification 
of emissions from land use and land cover change in tropical wetlands. 

• Low-lying coastal ecological zones are already affected by rising sea levels and other marine -related 
climate change effects. Mangroves are key to both climate change mitigation and adaptation. 

• Conservation and reducing degradation to tropical wetlands are both sound mitigation approaches 
and important adaptation strategies. Mitigation procedures that preserve ecosystem resistance and 
resilience to climate change are recommended as cost-effective and ecologically sound adaptation 
strategies. 

• Ecosystem-based or watershed-wide approaches provide the best lens through which communities 
can assess and manage with changing climate conditions. 

The synthesized working group reports, will be published as a CIFOR’s Working Paper.   
 
UNFCCC SB-34 Side event, Bonn 10 June 2011 
An outreach to wider scientific and policy communities was conducted by organizing a side event in the 
UNFCCC Subsidiary Body Meeting in Bonn. The purpose was to link national and global agenda 
concerning tropical wetlands in both scientific and public policy making processes. 

Four speakers were invited to explore the following issues: 
• Stocks and fluxes of carbon associated with land use change in Southeast Asian tropical peatlands 

Louis Verchot, CIFOR 
• Targeting tropical wetlands for climate adaptation and mitigation 

Matthew Warren, US Department of Agriculture’s Forest Service  
• Development of IPCC guidance on wetlands 

Simon Eggleston, IPCC Task Force on National Greenhouse Gas Inventories 
• Challenges of climate change adaptation in Sundarban mangrove forest of Bangladesh 

S.M. Munjurul Hannan Khan, Government of Bangladesh 

The presentations may be found at: 
http://regserver.unfccc.int/seors/reports/events_list.html?session_id=SB34 

To follow up the interaction with the IPCC, TWINCAM researchers (Daniel Murdiyarso, Boone Kauffman, 
and Lou Verchot) responded to the IPCC call by making themselves available as Coordinating Lead 
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Author and Lead Authors of the upcoming Supplement to the 2006 IPCC Guidelines on Wetlands. This is 
a two-year engagement with timetable and deliverables shown in Table 2. 

Table 2. The IPCC author activities and deliverables for the 2006 IPCC Guidelines Supplement 

Date Activity Remarks/Deliverable 
Nov 2011  1st Author Meeting  To develop zero order draft  
Feb 2012  2nd Author Meeting  To develop first order draft for review  
Apr – May 
2012  

1st Expert Review  8 weeks review by experts  

July 2012  3rd Author Meeting  To consider comments and produce second order draft for 
review  

Oct 2012  Literature cut-off date  Only papers published before this date will be considered  
Oct – Nov 
2012  

2nd Expert & Government 
Review  

8 weeks review by experts and governments  

Feb 2013  4th Author Meeting  To consider comments and produce final draft  
April – 
May 2013  

Government Consideration  Distribute to governments for their consideration prior to 
approval (at least 4 weeks prior to the Panel)  

2013 (tbc)  Adoption/acceptance by 
IPCC 36  

Final draft submitted to IPCC Panel for adoption/acceptance  

Oct 2013  Distribute Guidelines  Distribute document to governments and Parties to UNFCCC 
(before SBSTA39 in December 2013)  

 
2.2 Activity 2: Database development 
In anticipation of, and to facilitate an efficient flow of tropical wetlands data and information, a 
forestCarbon Database has been developed as depository system. Upon registration, visitors can 
identify themselves, sign on, and deposit their data. The format of the database is tailored towards the 
protocol described above as shown in Figure 6. 

 
Figure 6. A four-step registration procedure before the visitors accept the agreement in the disclaimer  
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After the database is created by users, they can use the calculator which employs allometric equations. 
The calculated living and dead, above- and belowground biomass and C-stocks is shown in Figure 7.  

 

 
Figure 7. Calculated C-stocks in the forestCarbon Database 

 
In Indonesia the system has been introduced to Forest Research and Development Agency (FORDA) and 
the National Council for Climate Change (DNPI) as potential users/contributors.  Internationally, the Blue 
Carbon Working Group has been interested to see its potentials. 
 
2.3 Activity 3: Interdisciplinary field, laboratory, remote sensing, and modeling efforts  
 
Field and laboratory work in Indonesia 
Extensive field exercises and surveys have been conducted at the selected sites shown in Figure 8, in 
collaboration with national counterparts including university researchers, government agencies, and 
non-profit organizations. Following the training workshop in Bogor, on-site demonstration and trainings 
were conducted targeting local institutions and critical wetland ecosystems.   

The selected locations harbor forested wetlands, including mangroves (Sembilang, Kubu Raya, 
Teminabuan, Bintuni, and Timika) and freshwater peat forest (D. Sentarum, Sembilang, Teminabuan, 
Aranday, and Timika) ecosystems. CIFOR’s research site in Berbak National Park was also used to 
represent peatland ecosystems. 

Among and between sites, vegetation structure, species distribution, and aboveground biomass C in 
each ecosystem vary considerably. Most alluvial estuarine mangrove stands are dominated by 
Rhizophora apiculata, with Bruguiera gymnorhiza often found further upstream. We rarely encountered 
oceanic species like Avicennia spp. Figure 9 shows an example of healthy mangrove stands in West 
Kalimantan. 
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Figure 8. Sampling sites for mangroves and peatlands ecosystems in Indonesia. 

 
 

 
 
 
Figure 9.  An undisturbed Rhizophora apiculata stand in Kubu Raya Nature Reserve, West Kalimantan 

(Photo: D. Murdiyarso) 
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Large amounts of data on vegetation (species, diameter) have been collected to analyze their 
importance and other characteristics. Figure 10 shows example of the relative dominance, relative 
frequency, and relative density of each species in a mangrove stand in South Sumatra. These characters 
determine the Importance Value Index of each species in the stand. 
 

 
Figure 10. Mangrove species distribution in Sembilang National Park, South Sumatra 

 
 
 
Carbon stocks of living trees consisting of stem and root biomass are presented in Figure 11. This 
example shows that most carbon of this particular species is stored above the ground, and vegetation 
differences can affect patterns of living biomass C distribution.   
 
 

  
 
Figure 11. Aboveground and root C-stocks of two Rhizophora apiculata stands in West Kalimantan giving 

total figures ranging from 300 to520 ton C/ha 
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Soil bulk density, C and N analysis 
A large amount of soil samples have been collected from the study sites across Indonesia and Mexico. 
There are 51 plots and 306 sub-plots with a total number of samples equaling 1908 for Indonesian 
wetlands alone. The distribution of the plots and samples are summarized in Table 3. 

These samples are being analyzed using a new, state of the art induction furnace CNS Analyzer (Figure 
12) located at the Soil Laboratory of Bogor Agricultural University. The equipment was purchased under 
a separate grant from the US State Department. 

 
Table 3.  Number of transect and soil sample collected and being analyzed in the laboratory to estimate 

their C and N content, bulk density and chemical properties 

 
No 

 
Location 

Mangroves Peatlands 
Number of 

plot 
Number of soil 

samples 
Number of 

plot 
Number of 

soil samples 
1 Berbak, Jambi - - 2 80 
2 Sembilang, 

South Sumatra 
6 183 - - 

3 Kubu Raya, 
West Kalimantan 

7 214 - - 

4 Danau Sentarum, 
West Kalimantan 

- - 4 431 

5 Sebangau, 
Central Kalimantan 

- - 4 116 

6 Teminabuan, 
West Papua 

5 113 5 122 

7 Bintuni, 
West Papua 

5 150 - - 

8 Aranday, Bintuni 
West Papua 

- - 5 165 

9 Timika, Papua 4 114 4 120 
 Total 27 874 24 1034 
 

 

 
Figure 12. LECO TruSpec elemental determinator capable of analyzing C, N and S 

14 
 



Remote sensing 
Land-use change in coastal wetlands was studied by our partner the Indiana University. Under the 
leadership of Professor Faiz Rahman, they have developed a novel method of filtering satellite data for 
cloud, aerosol, and view angle effects was used to produce high fidelity MODIS time-series images at 
250-meter spatial resolution. Temporally a three-month resolution for the period of 2000-2010 was 
adopted to detect changes in Enhanced Vegetation Index 2 (EVI2), a measure of vegetation greenness. 
Then using the statistical method of Change-point Analysis, temporal variations in the EVI2 of each pixel 
were tracked as a proxy to any degradation or regrowth of mangroves. 

Four classes of mangroves were identified in four test areas in Kalimantan, Indonesia. Among the four 
sites selected, the Mahakam Delta was the most disturbed, especially during 2001-2004 (Figure 13). 
 

 
 
Figure 13.  Land-use change of mangroves in Mahakam delta in East Kalimantan, Indonesia, from 2000 

to 2010. Four different states of land-use were derived using high-fidelity time series of 
MODIS imagery, at 250 m spatial resolution and quarterly time intervals (Source: Rahman et 
al., 2011, in review)  

 
Modeling  
Modeling is essential for enhancing our understanding of the functioning of tropical wetland 
ecosystems, and for simulating future trajectories and testing for system thresholds. Anthropogenic 
activities such as drainage and land-use change can be integrated in models and their impacts on fluxes 
of greenhouse gas concentrations simulated. Models can also be used to test the response of 
peatlands/mangroves to climate variability, extremes and change and to estimate reference levels and 
greenhouse gas emissions scenarios.  
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The collaboration with the New Hampshire University’s Professor Steve Frolking will simulate carbon 
dynamics in carbon-rich tropical peatlands. By adopting the HPM (The Holocene Peat Model (Frolking et 
al., 2010) that simulates the interaction of carbon, water and vegetation dynamics , the exercise will 
begin with parameterization of peatlands in Berbak National Park, Jambi. Figure 14 shows the structure 
of the model. 

This exercise will involve a Master student from Indonesia, Sofyan Kurnianto who previously and will 
continue to assist the implementation of the project. His recent enrollment at the University of New 
Hampshire under the supervision of Prof Frolking will ensure the modification of the model for tropical 
peatlands. 

 
Figure 14. The Holocene Peat Model (HPM) (after Frolking et al., 2010) simulates the interaction of 

carbon and water and vegetation dynamics in a peatlands (a), and calculates the annual 
peatlands carbon and water balance in one (vertical) dimension (b). 

 
GHG flux measurements 
An Indonesian consultant, Nisa Novita, was hired for a 3 month period for writing up a manual detailing 
field and laboratory procedures for greenhouse gas (GHG) sampling and analysis. She was also in charge 
of updating the manuals for carbon (C) stocks measurements and calculation in mangroves and 
peatlands with a list of available allometric equations from the literature.  

Nisa will start a Ph D at Oregon State University as from January 2012. Her Ph D research will focus on 
how land-use change in tropical wetlands affects the emissions of GHG. With the objective of selecting a 
suitable research site, a field trip to the national park of Danau Sentarum, West Kalimantan was 
organized in June 2011. Danau Sentarum National Park constitutes one of the largest Indonesian peat 
area where peat formation has been thoroughly studied (Anshari et al., 2001; Anshari et al., 2004). Site 
selection criteria include the presence of intact forest and nearby converted lands, a good accessibility 
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and a network of local partners. The site was finally discarded because, close by the research station, 
the peat swamp forest is being selectively logged by local communities and the few nearby converted 
lands are hardly accessible during the dry season. Other candidate sites are currently being evaluated.  

An infra-red gas analyzer was purchased for field monitoring of soil CO2 effluxes. It will be assembled 
with a data logger, a pump and a filter in the coming month. 
 
Field work in Mexico 
The C-stocks sampling in Central and South American tropical wetlands  were carried out between 9 and 
23 August 2011 by sampling mangroves at the Reserva Biosfera de Sian Kaan in the Yucatan Peninsula of 
Mexico.  Nine different coastal wetland stands at the Reserva Biosfera de Sian Kaan were sampled.   This 
included 3 tall mangroves 2 medium mangroves, 2 dwarf mangrove stands, and 2 coastal salt marsh 
communities.  Notably these are among the first ecosystem carbon stock assessments of “Blue Carbon” 
ecosystems in Latin America.  This work is of great value for climate change mitigation and adaptation 
approaches such as REDD+.    

In order to sample the mangroves it was necessary to develop standard protocols for the determination 
of ecosystem carbon stocks for coastal ecosystems of Mexico – Mangrove and Salt marshes (Manglares 
and Pastos or Pantanales) (see Figure 15).  This was due to the dramatic differences in the structure of 
the dwarf mangrove stands which required development of different sampling protocols to efficiently 
sample stand composition and carbon stocks of these ecosystems. 

It was also found that the mangroves of Mexico have distinctive organic horizons (histic epipedons) in all 
stands.  In the tall forest mangroves depth of the organic soils at times exceeded 85 cm.  In the dwarf 
mangroves, soil organic layers were as thin as 15 cm in depth.  Aboveground biomass was quite high in 
the tall mangroves.  The dwarf mangroves were much lower in aboveground biomass but had many 
unique characteristics that provide a number of ecosystem services of mangroves.   Interestingly, the 
composition of sites does not differ among the stands.   Laboratory analyses of soil and aboveground 
pools are currently underway. 
 

 
 
Figure 15. Tall mangrove (left) and dwarf mangrove ( “mangle chaparro”, right), Sian Kaan Biosphere 

Reserve, Quntana Roo Mexico.  The dramatic differences in aboveground structure 
necessitated development of the standard protocols for sampling the dwarf mangrove.   
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2.4 Activity 4: Assemble/combine data sets into policy relevant reports, maps and other 
information sources accessible to the public 

 
Some policy relevant documents are delivered in year-1. These include the InfoBrief mentioned above 
which has been circulated in various national and international events as well as posting in the website. 
Other documents that will be distributed during COP17 in Durban, December 2011 are the Working 
Papers on “Protocols for the Measurement, Monitoring, and Reporting of Structure, Biomass, and 
Carbon Stocks in Mangrove Forests” and “Tropical wetlands for climate change adaptation and 
mitigation: science and policy imperatives” 

Following the writing workshop to be held on 15-16 December, the upcoming C-stocks data from the 
laboratory analysis and the sub sequence papers will be published in open scientific journals. This will 
eventually be picked up in the IPCC processes related to the IPCC’s emission factor database. To ensure 
that the quotation will take place, the publication should be in the public domain before October 2012 
(see Table 2).  
 
2.5 Activity 5: Inferring carbon densities from the maps using pedotransfer and 

allometric functions.  
 
The initial remote sensing, modeling and data synthesis carried out in year-1 will be elaborated in year-
2. The failure in recruiting a remote sensing specialist in year-1 encourages us to hire a consultant to 
help with inferring our data in tabular fashion into spatially explicit information early in 2012. 

The scope of work will be global in nature with detailed assessments and discussions in hotspot areas. 
The October 2012 IPCC “deadline” for the supplement of guidelines to GHG inventories will be a 
milestone where TWINCAM activities will be widely recognized. 
 
 
3. Budget Summary 

A separate Financial Report is prepared alongside with this Technical Report. In general, it is categorized 
in the following items:  

• Coordination 
• Field Implementation 
• Research Collaboration 
• Tech Transfer/ Institution Strengthening 
• Equipment/ Supplies/ Services 
• Administration Support 
• Administration Fees 

To date the budget spent during the course of year-1 is 72%. The remaining budget will be spent for the 
ongoing soil sample analysis, writing workshop in December 2011, and printing/publications. 
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