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Executive Summary
Carbon-rich tropical wetland ecosystems including mangroves and peatlands are considered as high
priorities in climate change adaptation and mitigation strategies throughout the world. This is for at least
4 reasons: (1) they have exceptionally high carbon stocks – among the highest of any ecosystem on
earth; (2) their rates of land cover change/deforestation are the highest in the tropics; (3) their emissions
from land cover change far exceed emissions from land conversion of upland forests; and (4) wetlands
provide a number of ecosystem services that are vital to the sustainability of local communities,
livelihoods, and infrastructure.
This report summarizes the activities of the Sustainable Wetlands Adaptation and Mitigation Program
(SWAMP) throughout 2012/2013 Fiscal Year. To meet the objectives the workplan was executed in
collaboration with partners in three continents covering 14 countries and involving numerous
individuals.
Quantification of greenhouse gas emissions arising from intact wetland forests and sites that have
undergone land cover change has been largely implemented in Indonesia, Thailand, India,
Mozambique, Dominican Republic, and Honduras. Within these countries more than 50 plots have
been established.
Modeling of carbon dynamics was implemented for inland and coastal peatlands. The modified
Holocene Peat Model is capable of simulating peat accumulation rate and carbon capture over a long
period of time. Land-use change and fire events in the past 50-100 years have reduced the peat mass
by 50% in both inland and coastal peatlands when compared to the current mass of around 2000 Mg
C ha-1.
Significant progress is demonstrated in our global wetlands carbon mapping exercise. Based on the
moderate resolution satellite imageries tropical wetland carbon was estimated over an area of 1.5
million km2. The total volume of tropical peat is estimated to 7000 km3. Further verification in a number
of “hotspots” is still needed, especially with regard to the peat depth.
During this period we are able to work in new frontiers in terms of scientific novelty and governance
settings by which impact pathways may be explored and materialized. Belowground biomass, sea level
rise, land accretion are among the least understood topics. Combining field measurements and
development of modeling tools is demonstrated and will be further improved.
As an integral part of all research and technical transfer more than 150 people have been trained an
informed regarding the importance of wetlands for climate change adaptation and mitigation. Working
with these partners in Asia (India, Thailand, Cambodia, Vietnam, Malaysia, Philippines and Indonesia),
Latin America (Peru, Brazil, Bolivia, Honduras, Dominican Republic); and Africa (Mozambique,
Tanzania, and Kenya) has been effective at influencing high profile stakeholders, such as the IPCC
and UNFCCC. The SWAMP team has been significantly involved in the development of the new IPCC
Guidelines that is supplemented with wetlands guidelines previously considered as insufficient.
Likewise, after an intense interaction with scientific community on high-carbon reservoirs including
wetlands, the UNFCCC is likely putting wetlands on their agenda and into negotiations soon.
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1 Background
Tropical wetlands provide a broad array of ecosystem services. These ecosystems are often highly
productive and harbor a unique assemblage of aquatic and terrestrial biodiversity. Among the least
studied ecosystem service of tropical peatland and mangrove forests function as significant global sinks
and sources of atmospheric carbon. Because of the accumulation of carbon over several millennia,
these areas are among the largest terrestrial carbon stocks on Earth (Donato et al., 2011; Murdiyarso
et al., 2010a). Mangroves and especially tropical peat forests contain exceptionally large carbon stores
due to a combination of large trees and deep organic-rich soils. Mangroves have carbon stocks 3 to 4
times greater than upland forests while the carbon stocks of freshwater peat forests may be 5-10 times
that of uplands. Despite covering only about 0.25% of the Earth's land surface, tropical peatlands
contain around 3% of the global soil carbon stocks and at least 20% of global peat carbon (Page et al.,
2004; Page and Banks, 2007). Sustaining tropical wetlands is important because their loss can create
significant positive feedbacks to global climate change.
Carbon pools of coastal wetlands are poorly described at present. Especially relevant is their potential
role in climate change mitigation strategies. The ocean’s vegetated habitats, especially mangroves, salt
marshes, and sea grasses cover <0.05% of the sea bed but account for >50% and as much as 71% of
all carbon storage in ocean sediments. They comprise only 0.05% of the plant biomass on land but
store a comparable amount of C per year as tropical forests, thus ranking among the largest carbon
sinks on the planet (Nellemann et al., 2009).
Currently, on average, between 1-7% of blue carbon sinks are being lost annually to land use change.
These are rates exceeding the loss of tropical forests. Halting degradation and restoring both the lost
marine carbon sinks and slowing deforestation of tropical forests could result in mitigating emissions
by up to 25%. The loss of the carbon sinks and their crucial role in managing climate health, food
security, and economic development in the coastal zones is an eminent threat. Addressing these
threats is one of the biggest current gaps under climate change mitigation efforts (Nellemann et al.,
2009).
Carbon accounting has been particularly difficult in wetlands because of limited information on carbon
stocks and fluxes and on emissions and removals of other greenhouse gases, particularly methane
(CH4) and nitrous oxide (N2O). Wetlands generally have a larger portion of their carbon stores below
ground than upland systems, which makes quantification more problematic (Hergoualc’h and Verchot,
2011).
In the IPCC 2003 Good Practice Guidance for LULUCF, wetlands were treated in an annex because
of limited information. The 2006 revised National Greenhouse Gas Inventory Guidelines finally provided
a general consensus set of methods for GHG accounting in these ecosystems, but these methods are
incomplete (Murdiyarso et al., 2010b). However, from 2013 onward countries can use the 2013
Supplement of the 2006 IPCC Guidelines for National GHG Inventory for wetlands provided that
countries have country specific emission factors for managed wetlands (Murdiyarso et al., 2013),
otherwise they have to adopt default values provided in the guidelines.
As more countries take on emissions reduction commitments and as the international REDD+
mechanism gets underway, it is important to improve our knowledge of the carbon stocks and fluxes of
these ecosystems. Our studies address the importance of generating site-specific emission factors and
activity data. These way project developers can reduce uncertainties in estimating total GHG emissions
and enhance the credibility of data and improve the level of certainty.
Equally important is to understand the effects of land-use change and management on carbon stocks
in wetlands. From a carbon accounting viewpoint within a Reduced Emissions from Deforestation and
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Degradation (REDD+) mechanism, this is needed to set reference emissions levels for avoided
conversion types of projects. Because wetlands are productive and often sparsely populated, it has
been popular recently to convert these areas to industrial or smallholder plantation crops in the tropics.
Current expansion of oil palm, Acacia, and even rubber plantations in Southeast Asia are responsible
for great changes in wetland carbon stocks and increased GHG emissions. Conversion of carbon-rich
mangroves to shrimp farms (aquaculture) has resulted in the deforestation rates of mangroves to be
the highest of all tropical forest types (Murdiyarso et al., 2013).

2 Goal and objectives
The overall goal of SWAMP is to provide policy makers with credible scientific information needed to
make sound decisions regarding the role of tropical wetlands in climate change adaptation and
mitigation strategies. To achieve this goal the program has been implemented in a multi-disciplinary
fashion to respond to a variety of national and international needs.
To achieve the goal, projects were designed with the following inter-related objectives:
1. To quantify GHG emissions arising from intact tropical forested wetlands and wetland sites that
have undergone land cover change
2. To assess carbon stocks of the representative tropical forested wetlands as a basis for
quantifying change
3. To develop ecosystem carbon dynamics modeling tools suitable for up-scaling to landscape and
country levels when combined with remotely sensed and spatially explicit land-use and landcover change data
4. To build the capacity of policy and technical communities by interacting with them through
various media, training workshops, and collaborative studies

3 Project description
Projects have been implemented to meet the objectives and linked with the global mechanisms of
climate change mitigation strategies, such REDD+ and Nationally Appropriate Mitigation Actions
(NAMAs). Recently adopted in COP19, the international mechanism on “Loss and Damage” due to
climate change would be appropriate for adaptation strategies. In addition, this project continues to
strive in informing policy makers on how to develop long-term National Adaptation Plans (NAPs) for
developing countries and National Adaptation Program of Actions (NAPAs) to be implemented
immediately in least developed countries.
In this phase of SWAMP, studies were expanded to cover more sites and countries in South and
Southeast Asia, east Africa, Latin America and the Caribbean. Having focused on mitigation aspects
and in undisturbed wetlands in the first phase, in this phase we also studied disturbed and managed
wetlands. In addition, we also explored the role of wetlands for adaptation to climate change. Projects
related to sea level rise and sedimentation rates have been initiated.
The resources provided by the United States Agency for International Development (USAID) have been
well spent for mitigation related aspects; especially to assess carbon stocks and fluxes from tropical
wetlands to derive appropriate emission factors. Extensive studies on modeling, remote sensing and
capacity building activities also occurred throughout project implementation period.
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Extensive works in Asia involving national and regional training workshops were followed by intensive
studies in Indonesia, India, and Thailand. While the extensive research in Latin America and the
Caribbean were intensified with field work in the Dominican Republic, Honduras, and Peruvian Amazon.
The involvement of Kenya, Tanzania, and Mozambique extensive work in east Africa has led to
intensive work in the Zambezi Delta of Mozambique. These sites will combine studies of stocks,
emissions, and expansion of temporal and spatial scales through modeling and remote sensing.
Results of these studies will have global application and relevance. Extensive study locations will
include quantification of carbon stocks and emissions via a stock change approach. This phase will
include establishment of global network of carbon inventory plots.
A great deal of time and resources have been used by SWAMP staff to participate in the writing and
completion of the 2013 Wetlands Supplement to the 2006 IPCC Guidelines. Staff members also heavily
involved in the UNFCCC/SBSTA process in this reporting period.

4 Collaboration between CIFOR and US Forest Service
The conceptualization and implementation of activities under SWAMP have drawn from expertise from
CIFOR and the US Forest Service (USFS). CIFOR is recognized as a global leader in interdisciplinary
forest research and application collaborating with governments, scientists, and NGOs throughout the
world. As the largest forest related research organization in the world, the USFS contributes scientific
expertise and practical knowledge of land management globally, as well as strong ties with USAID
Missions and with US Embassies in many of the countries targeted by SWAMP. USFS – International
Programs engages scientists from the USFS – Research and Development effectively leveraging
ongoing carbon cycle research within the context of SWAMP.
The USFS and CIFOR are working closely with both USAID and the Department of State and have
sought to tie bilateral and regional efforts to SWAMP wherever possible. This partnership therefore
magnifies the long-term impact of SWAMP and establishes linkages to ongoing development
assistance and policy initiatives supported by the US Government. In 2012 we used this arrangement
to support a CIFOR staff member to conduct a Master of Science degree at the University of New
Hampshire, Durham, on tropical peat accumulation modeling.
With each organization receiving support from USAID/E3 Bureau, it is important to highlight both the
specific mechanisms for this collaboration and the focus of collaborative efforts. CIFOR and USFS
share all planning, reporting and proposal documents, hold regular phone conferences, and have had
annual face-to-face planning meetings. The planning meeting of this reporting period was conducted
on 1 – 3 November, 2012 in Berkeley, California.
As the SWAMP program has grown with very significant interest by many tropical countries, it remains
challenging to respond to all requests and opportunities that arise. CIFOR and USFS have formulated
a process for setting priorities and establishing clear scheduling and coordination mechanisms. As a
result, joint operational work plans were developed for each of the three continents. These operational
plans are mostly focused on joint activities under SWAMP between USFS and CIFOR. However, some
activities are also identified which are implemented by only one of our organizations (often with
additional resources from sources other than USAID/E3) but contribute to overall SWAMP objectives.
The joint activities implemented in this reporting period are summarized in Table 1.
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Table 1. Geographical coverage of joint SWAMP activities implemented in 2012-2013.
Objective

GHG flux
USFS

CIFOR

USFS

CIFOR

USFS

Capacity building &
Outreach
CIFOR

USFS













Malaysia





Philippines





Region

CIFOR

Modeling and
LUCC

C-stocks

Asia-Pacific
Cambodia
India
Indonesia













Thailand









Vietnam









Africa
Kenya



Mozambique



Tanzania









Latin America &
the Caribbean
Honduras



Mexico




Peru
Dominican Rep.























5 Project Outputs
GHG emissions arising from intact and disturbed peatlands
Intensive research studies were initiated
in two countries, Indonesia and Peru. In
Indonesia, the study was located at
Tanjung Puting National Park in Central
Kalimantan. The research is focusing on
peat swamp forest conversion to oil palm
plantations. The research involves a PhD
and two MSc students from Indonesia.
Soil fluxes of CO2, CH4 and N2O were
monitored monthly over a one year period
using static and dynamic permanent
chambers. Soil respiration was partitioned
into its auto- and heterotrophic
Figure 1. Soil respiration from three plots in the forest
components using the trenching method.
Soil respiration rate in the forest displayed
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a high spatial and seasonal variability
(Figure 1) whereas in the oil palm
plantations it was relatively steady over
time (Figure 2). The contribution of
heterotrophic to total soil respiration
amounted to 53% in the forest and 7482% in the oil palm plantations. Mean
daily N2O flux in the forest (1.74 g N-N2O
ha-1 d-1) was significantly lower compared
to that in the oil palm plantation (10.01 g
N-N2O ha-1 d-1). On the contrary mean
daily CH4 emissions were significantly
higher in the forest (289.12 g C-CH4 ha-1 Figure 2. Soil respiration from three plots in oil palm plantation
d-1) than in the oil palm plantation (10.84
g C-CH4 ha-1 d-1).
In Peru, the research on peat is still in a preliminary stage after identifying ideal sites where a set of
research questions may be raised in connection with land-use decisions by policy makers and land
managers. Among the variety of existing peat ecosystem types in the region, the study will focus on
Aguajales which are swamp forests dominated by Buruti palms (Mauritia flexuosa). Major threats on
this ecosystem such as overharvesting of M. flexuosa were identified and an experimental design for
evaluating the impacts on soil GHG fluxes developed.
Carbon stocks and change in mangrove ecosystems
Above and belowground carbon stocks were measured
in intact and converted sites of varying ages. The field
activities were carried out in Trang Province, Thailand;
Bhitarakanika Sanctuary of Odisha State, India; and
Kubu Raya District in West Kalimantan Province,
Indonesia; Dominican Republic and Honduras.
Figure 3 represents the approach to estimate carbon
loss during a period of time provided that the records of
harvesting or forest conversions are available.
In Trang Province, Thailand the field comparisons were
made between intact mangroves and scrimp ponds.
The work in Odisha, India will lead to the development
of baseline, although limited measurement in heavily
disturbed ecosystem was made.
Measurements in Indonesia were specially designed to
generate new data on belowground biomass.
Excavation of mangrove root systems was carried out
to improve the allometric equations which are generally
based on the diameter of trees and used root/shoot
ratio.

Figure 3. Stock change approach is used to
estimate emissions rate during a period of time
or from one land cover to another during known
period of time

Having completed an extensive measurement campaign across the Indonesian archipelago we are
now in a better position to develop scenarios of land-use change or activity data and the associated
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emission factors. Figure 4 shows carbon stocks in mangrove ecosystems representing different
exposure to land-use policy and population pressure. However, it is generally consistent that most of
carbon is stored belowground.

Figure 4. Above and belowground C-stocks in various mangrove ecosystems in Indonesian islands of Sumatra
(Sembilang), Java (Cilacap), Kalimantan (Kubu Raya and Tanjung Puting), Sulawesi (Bunaken), and Papua
(Teminabuan, Bintuni, and Timika)

A regional workshop was held in Maputo (October, 2012) to assess the state of carbon cycle science,
current research and issues in East Africa. The Workshop Report1 has provided a platform for
developing a regional initiative to advance the science and build regional capacity.
Modeling of ecosystems C-dynamics and C-mapping of tropical peatlands
Modeling. By adopting the Holocene Peat Model (HPM), which has been successfully applied to
northern peatlands (Frolking et al., 2010), an in-depth study was carried out in tropical peat swamp
forests in Tanjung Puting and Berbak National Park, Jambi, Indonesia. HPMTrop, a one-dimensional,
non-linear, dynamic model was developed and executed with a monthly time step to simulate annual
mass remaining in peat soils as a balance between vegetation inputs and decomposition. The model
is able to potentially predict surface accretion and subsidence.
The outputs indicate that HPMTrop is capable of reconstructing carbon accumulation as results are
generally consistent with the field observations. The simulated long-term accumulation rate for inland
and coastal peatlands is shown in Figure 5 (top) which is equivalent to carbon accumulation rates of
0.26 and 0.63 Mg C ha-1 y-1 Figure 5 (bottom).

West Indian Ocean – Mangrove and Carbon Assessment Regional Workshop 29-31 Oct. 2012 Report. Western Indian Ocean
Mangrove Network and U.S. Forest Service. 22 pg.
1
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The resulted peat carbon stocks at the end of
the simulations for inland and coastal
peatlands were 3,270 and 3,150 Mg C ha-1,
respectively (Figure 6, top). The simulated
carbon loss for the coastal scenario caused by
forest conversion to oil palm plantation with
periodic burning was 1,500 Mg C ha-1 over 100
years, which is equivalent to ~3,000 years of
peat accumulation (zoomed out: Figure 6,
bottom).
Global wetlands mapping. Global maps of
soil wetness, inundations and distributions of
wetlands are only available at coarse scale.
Existing global maps are derived from multisatellite approaches, relying on microwave
data for inundation mapping. This study is
unique as we use topography, climate,
hydrological modeling, landform and timeseries of soil surface wetness derived from Figure 5. The simulated apparent peat accumulation rate
moderate scale optical satellite images to map (mm y-1) (top) and carbon accumulation rate (bottom) for
inundation areas, wetlands and peatlands for coastal and inland peatlands
the global tropical and sub-tropical regions. A
rule based expert system is used for
identifying various wetland classes bound to
different landscape positions with threshold of
water balances.
The input data is intelligible, and rules are
constructed from logical and empirical
relations between the land surface and the
occurrence of wetland classes. The derived
maps of wetlands and peatlands correspond
to existing maps of wetlands over various
regions. Bogs are less well captured, due
partly to many peat-domes being degraded by
human management with subsequent losses
of natural forms, wetness and inundation
regimes.
The tropical areas of wetlands and peatlands
are estimated to be 4 and 1.5 million km2
respectively. The total volume of tropical peat
is estimated to 7000 km3. The maps have not
been possible to validate, but the physically
anchored input data are candidates for
improved classifications of soils, wetlands and
peatlands using statistical classifications and
locally identified reference sites.

Figure 6. Simulated peat mass accumulation for coastal
peatlands over 5,000 years and inland peatland over 13,000
years, with conversion to oil palm and periodic burning in
the last 100 years of the simulation
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(a)

(b)

(c)

Figure 7. (a) wetland map over Central Congo Basin, with (generalized) wetlands as defined in (Bwangoy et al.,
2010) – outlined in purple, the wet soil score increases from yellow to green to blue, (b) the wetland classes,
dark blue is open water, light blue includes riverine, floodplain and flood-out wetlands and (c) the peatland depth
map, Light purple areas have no depth (surficial peat), light green to dark green represent 1 to 7 m depth, and
light blue to dark blue 8 to 45 m depth (only bogs).

Capacity building and outreach
Training workshops. Conducting in-field workshops
has become a standard practice of all field work
campaigns that are launched in each country. The
beneficiaries are typically the participants who get the
knowledge necessary to continue the practice of
establishing ecosystem carbon stock inventories needed
for participation in REDD+ or other NAMAs.
During the reporting period we organized two regional
workshops (Latin America and Southeast Asia and three
national workshops (India, Dominican Republic and Figure 8. Participants and resource person of the
Honduras). Around 150 people were exposed to the Training Workshop in Bhubaneshwar, India
methodological and policy-relevant issues associated with peatland and mangroves ecosystems,
climate change adaptation and mitigation. In addition, The trainings of technicians and mid-level line
officers responsible for carbon monitoring.More than 50 plots were established and thousands of
samples were collected for laboratory analysis. We will continue to work with in-country scientists and
graduate students to build on the science capacity through data analysis, writing exercises, and
presentations in international fora and publications. Along this line, we emphasize recruitment of
women who remain underrepresented in the fields of climate change mitigation and adaptation.
Learning Network. Linkages between universities in the USA, Australia, Singapore, The Netherlands
and key countries such as Indonesia, Vietnam, India, Dominican Republic, Peru, and Mexico are being
cultivated. Such links should generate opportunities for young scholars from developing countries to
undertake postgraduate studies in the universities abroad in the fields of forest ecology, modeling, and
remote sensing. Data generated by trainees and partners from well-designed field activities that include
resource personnel and facilitators generally lead to data sets that generate new science questions
that lead to further studies.
The training materials is undergoing further improvement before it is finally launched as teaching
toolbox that serves a wide ranging audience. The SWAMP Toolbox that we are developing can be used
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in the training for trainers. We hope to incorporate the training curricula into university teaching
materials.
Wetlands ecosystems are challenging topic to be explored. Besides their rich carbon stocks wetlands
have been considered to be the next destination for large scale conversions in many developing
countries. Presentations and discussions conducted by SWAMP staff members with key policy makers
and the private sector on various occasions has generated a lot of interests.
Furthermore, SWAMP continues with its very high profile interactions with those interested in forest
and climate change; among others, the International Blue Carbon Science and Policy Working Groups.
Web-based dataset. To ensure data sharing and
exchange, the SWAMP Forest Carbon Database has
been developed. After going through robust scrutiny,
data will be entered in the database and then available
for policy and decision makers making decisions related
to REDD+ measurement, reporting and verification
(MRV). Project-based reference levels may also be
developed for tropical wetlands. The existing web-based
data repository system hosts published data and the
relevant and legal links to the sources. The Forest
Carbon Database hosted by the SWAMP website in
CIFOR (Figure 9) takes the form of meta-database.
Public access is possible by providing general viewing
facilities. It is utmost important that to avoid violation of
Intellectual Property Rights only published data from
peer-reviewed journals are posted.

Figure 9. SWAMP Forest Carbon Database
(FCD) hosted at CIFOR website is an interactive
system featuring the description of the site, the
size of carbon pool and a simple calculator

In cases where data is entered and data is accessed, users are required to register to obtain a
password. Step-by-step procedures are provided on-line to both enter and access data. To date dozens
of users have registered but actual data sharing has not been observed. It is expected that through
networking among partners the database will be effectively utilized.

6 Highlights of the regional and global impacts
Asia
The five IPCC carbon pools (aboveground,
belowground, soil, litter, and deadwood) were adopted
to capture the important carbon stocks across a wide
range of ecosystems.However, the information on
belowground carbon of many wetlands ecosystems is
lacking. We are pioneering research in Rhizophora and
nipah palm ecosystems to generate carbon stocks and
improve widely adopted allometric equations.
When countries are adopting the new IPCC Guidelines
for National GHG Inventories for wetlands, such
numbers will be adopted to reduce the uncertainties in
estimating national emissions or project-based Figure 10. Rhizophora root excavation in West
Kalimantan, Indonesia to improve biomass
activities.
equations
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SWAMP activities in Indonesia have catalyzed several major initiatives funded by the USAID-IFACS
program focusing on the climate mitigation potential, C storage, and mapping of peat swamps and
mangrove forests. The first was a series of Climate Mitigation and Carbon Stock Assessment
workshops held in five IFACS project landscapes from November 2012 to February 2013. Workshops
were conducted in Sarmi and Timika, Papua; Kayong Utara and Ketapang, West Kalimantan (Borneo);
and Aceh Selatan, Sumatra. Materials and protocols developed by the SWAMP program formed a
core components of the workshop curriculum, and field data collected during the workshops will
contribute to the growing SWAMP database of C storage in Indonesian peatland and mangroves. A
total of 128 participants completed the 7 day workshops, representing government agencies, NGOs,
universities, and the private sector.
Africa
As part of SWAMP Africa activities, USFS has leveraged
additional funds from USAID/Africa and USAID/
Mozambique to establish in-depth research programs in
Mozambique and East Africa. Since 2012 in
Mozambique, USFS has been working in close
collaboration with WWF, the University of Eduardo
Mondlane (UEM), and the Government of Mozambique
to quantify carbon stocks in the Zambezi River Delta. In
October 2012, a total of 12 mangrove plots in the
northern part of the Zambezi Delta, including areas
within the Marromeu Reserve, plots were sampled using
an approach based on SWAMP’s protocol. (Figure 11).
An additional 40 plots were sampled in September 2013
in the southern portion of the Delta.
Figure 11. Map of six camping sites and
USFS collaborated with the Center for Applied associated plots (plots are rendered in different
colors to distinguish canopy height classes) in
Geographic Information Science at University North
Zambezi Delta
Carolina-Charlotte (USA) to develop a tool for efficiently
and effectively determining sample plot locations within a delta. USFS is also working with NASA to
integrate remote sensing technologies into mangrove carbon sampling to map mangrove extent and
accurately stratify mangrove deltas for sampling methodologies. This work was presented at the
Western Indian Ocean Marine Science Symposium (November, 2013).
As part of the Mozambique partnership, USFS helped UEM successfully receive funding, with additional
funds from the National Science Foundation, is planning to build a regional carbon laboratory. The
analytical capacity built at UEM will boost the collaboration among local university and agency scientists
with their international counterparts.
In 2014, USFS will expand the Mozambique work into Tanzania and Kenya to further validate the
science, tools and methodologies for the region. Partners for the regional effort include the Western
Indian Ocean Mangrove Network (WIOMN), the Kenya Marine and Fisheries Research Institute
(KMFRI), the Institute of Marine Sciences at the University of Dar-es-Salaam, and the governments of
Kenya and Tanzania. The intent of the regional project is to focus on aspects of the mangrove carbon
cycle that are of relevant to interdisciplinary REDD+ Programs.

13

Latin America and the Caribbean
New frontiers have been opened in the Peruvian Amazon where
we are collaborating with the Instituto de Investigaciones de las
sAmazonas Peruanas (IIAP). The identification of the Quistococha
site near Iquitos, north of Peru and the Tupac Amaru site, near
Pucallpa led to an exploratory assessment to develop research
questions concerning the threats of land conversions.The sites are
dominated by unique aguajales ecosystems with magnificent
Buruti palm which are important for local livelihood. The
ecosystems are rich in organic carbon accumulated below ground
for thousands of years.
GHG flux measurement, and above and belowground biomass
measurements are underway by employing infrared gas analysis,
gas chromatography. Terrestrial, as well as LiDAR and other
remote sensing are being employed to assess vegetation
communities and mapping wetland ecosystems.
Fieldwork and training in Mexico has involved two important
mangrove sites: Sian Ka’an and La Encrucijada. Fieldwork in Sian Figure 12. Healthy Buruti palm
Ka’an was conducted in 2011 and a report of results published in (Mauritia flexuosa)
2013 (Adame et al., 2013). In 2012, an additional field campaign
and training workshop were held. Soil samples have been
processed and analysis of results is progressing.
The USFS and partners have begun to establish an intensive monitoring site in the mangroves of La
Encrucijada reserve in the State of Chiapas. The USFS will work with CONABIO, CONANP, ECOSUR,
PMN, University of Delaware, and other institutions to establish the site based on the existing
infrastructure and interest. This site will include an eddy flux tower in the tallest mangrove ecosystem
in Mexico, and an extensive network of permanent sample plots in the area of the tower and beyond.
IPCC processes
Five of SWAMP staff have been actively involved in a
significant global undertaking in one of the IPCC
processes to develop the
Wetland Supplement for the 2006 IPCC Guidelines
which was incomplete for with a number of wetland ecosystems including those in the tropics. In their
roles as Coordinating Lead Author (CLA), Lead Author (LA), and Contributing Author (CA) of various
chapters addressing peatlands and mangroves, SWAMP leadership has been very prominent.
The assessment on the literature and report development was started three years ago and completed
in October 2013, and marked by the adoption of the new guidelines by the IPCC Bureau in Batumi,
Georgia.
One of the strategic roles that SWAMP played was to scrutinize our work and our partners work
regarding the default emission factors needed by the Guidelines. The IPCC work also encourages us
to focus on important issues, especially to deliver country specific and higher tier emission factors,
which are in high demand.
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UNFCCC processes
Another high profile engagement that SWAMP carried
out in this reporting period occurred when we are invited
by the UNFCCC Secretariat to a Convention workshop
organized by the SBSTA, (Subsidiary Body on Scientific
and Technical Advice). The workshop on “High Creservoirs not covered by other agenda items under the Convention” was held by the UNFCCC
Secretariat in Bonn, 24-25 October 2013. The workshop was very timely in light of the new IPCC
Guidelines adopted one week before the workshop.
The purpose of the workshop was to inform the UNFCCC climate change delegates of the values of
high C ecosystems and to convince them that these ecosystems should receive more attention given
their large carbon stocks and potential emissions arising from land use change. The workshop was
held at the request set forth by the Parties at the 2012 COP in Doha, Qatar. Ecosystems included in
this workshop were tropical peatlands, mangroves and other coastal ecosystems, temperate peatlands
and permafrost ecosystems.
The event was also important to promote the synergies of climate change adaptation and mitigation
strategies through conservation of wetlands ecosystems. SWAMP confirmed its availability at the
Convention to assist with any adaptation work that is to be implemented.
Research findings and new knowledge generated by SWAMP and its partners were shared with the
Secretariat and the delegates. It was expected that high C-reservoirs in wetlands will be included in the
Convention agenda.

7 Project staffing
Name

Institution

Position

Objective

Country/Region

Louis Verchot

CIFOR

Principal scientist

1, 2, 3, 4

All

Daniel Murdiyarso

CIFOR

Principal scientist

1, 2, 3, 4

All

J. Boone Kauffman

CIFOR/OSU

Senior Associate

1, 2, 3, 4

All

Kristell Hergoualc’h

CIFOR

Scientist

1, 2, 4

Indonesia, Peru

Joko Purbopuspito

CIFOR

Post doc

2, 4

Asia, Mozambique

Rupesh Bhomia

CIFOR/OSU

Post doc

1, 4

India, Peru

Nisa Novita

CIFOR

PhD student

1, 2, 4

Indonesia

Jeffrey van Lent

CIFOR

PhD student

1, 2, 4

Peru

Jose Gonzalez de Tanago

CIFOR

PhD student

2, 4

Peru

Reza Nugroho

CIFOR

MSc student

1, 4

Indonesia

Dede Hendry Tryanto

CIFOR

MSc student

1, 4

Indonesia

Sofyan Kurnianto

CIFOR

MSc student

2, 3, 4

Indonesia

Sigit Sasmito

CIFOR

Research assistant

2, 4

Asia

Yasuke Okimoto

CIFOR

Visiting scientist

2, 4

Asia

Thomas Gumbricht

CIFOR

Consultant

3, 4

All

Cynthia Mackie

USFS

Lead Scientist

4

All
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Randy Kolka

USFS

Lead Scientist

2, 3, 4

IPCC liaison

Richard Birdsey

USFS

Senior Scientist

1, 4

Mexico

Erik Lilleskov

USFS

Senior Scientist

1, 4

Andean countries

John Hribljan

USFS

Post doc

1

Latin America

Richard MacKenzie

USFS

Scientist

2, 4

Asia-Pacific

Patra Foulk

USFS

Technician

4

Asia-Pacific

Matthew Warren

USFS

Post doc

2, 4

Indonesia

Christina Stringer

USFS

Post Doc

Carl Trettin

USFS

Senior Scientist

2, 4

Africa

Darcy Nelson

USFS

Program Coord

4

Asia

Jason Ko

USFS

Program Coord

4

Africa

Erin Carey

USFS

Program Coord

4

Latin America

Christa Anderson

USFS

Program Coord

4

All

Africa

Goal: 1. GHG fluxes, 2. C-stocks, 3. Modeling C-dynamics, 4. Capacity building & outreach

The activity of staff to meet the goal of the program and objectives of the individual project during the
reporting is summarized in Appendix 1 for publications of research results. Appendix 2 summarizes our
active participation in meetings and scientific seminars and conferences, where we gave presentations.
For capacity building activities, staff are heavily involved in the planning as well as implementation of
training workshops which is summarized in Appendix 3. Appendix 4 is a list of our international partners.
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Appendix 1. List of Paper, Report, Poster Published/Submitted/Prepared in 2012-2013
No

Authors

Title

Publication

1

Warren MW, Kauffman JB, Murdiyarso D, Anshari
G, Hergoualc'h KH, Kurnianto S, Purbopuspito J,
Gusmayanti E, Afifudin M, Rahajoe J, Alhamd L,
Limin S and Iswandi A

A cost-efficient method to assess carbon
stocks in tropical peat soil.

Biogeosciences 9: 4477–4485. 2012.

2

Pendleton L, Donato DC, Crooks S, Murray BC,
Jenkins WA, Sifleet S, Baldera A, Craft C,
Fourqurean JW, Kauffman JB, Marbà N, Megonigal
P, Pidgeon E and Bilbao-Bastida V

Estimating global ‘‘blue carbon’’ emissions
from conversion and degradation of
vegetated coastal ecosystems.

PLoS ONE 7(9): e43542

3

Adame MF, Kauffman JB, Medina I, Gamboa JN,
Torres O, Caamal J, Reza M and Herrera-Silveira
JA

Carbon stocks of tropical coastal wetlands
within the karstic oligotrophic landscape of
the Mexican Caribbean

PLoS ONE 8(2): e56569.
doi:10.1371/journal.pone.0056569.
2013.

4

Murdiyarso D, Kauffman JB and Verchot LV.

Climate change mitigation strategies
should include tropical wetlands

Carbon Management. 4(5):509-517.
2103

5

Hergoualc’h K and Verchot LV

Greenhouse gas emission factors for land
use and land-use change in Southeast
Asian peatlands

Mitig Adapt Strateg Glob Change DOI
10.1007/s11027-013-9511-x. 2013

6

Kauffman JB, Heider C, Norfolk J and Payton F

Carbon Stocks of mangroves and
emissions associated with conversion.

Ecological Applications. Submitted.
2013.

7

Purbopuspito P, Murdiyarso D, Warren M,
Kauffman B, Krisnawati H, Taberina S, Manuri S
and Sasmito SD

Mangrove forests across Indonesian
archipelago: their potential role in
mitigating climate change.

In preparation. 2013.

8

Kauffman JB, Donato DC and Adame MF

Protocolo para la medición, monitoreo y
reporte de la estructura, biomasa y
reservas de carbon de los manglares.

Working Paper No.117, CIFOR. 2013

9

Murdiyarso D, Purbopuspito J, Sasmito SD, Warren
M, Kauffman JB, Kurnianto S, Krisnawati H,
Taberina S and Manuri S

Indonesian mangroves survey: their roles
in climate change adaptation and
mitigation.

Proceedings of Regional Symposium on
Mangrove Ecosystem Management in
Southeast Asia. JICA/Ministry of
Forestry, Indonesia. pp. 66-70

doi:10.1371/journal.pone.0043542.
2012.
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10

Okimoto Y, Nose A, Oshima K, Tateda Y and
Murdiyarso D.

Dissolved organic carbon supply to the
coastal ecosystems: Ecological roles of
rehabilitated mangrove.

Proceedings of Regional Symposium on
Mangrove Ecosystem Management in
Southeast Asia. JICA/Ministry of
Forestry, Indonesia. [Poster].

11

Kurnianto S, Warren MW, Talbot J, Kaufman JB,
Frolking S and Murdiyarso D.

Long-term carbon accumulation in tropical
peat swamp forests in Indonesia

EOS Trans. AGU, 93(52), Fall Meet.
Suppl., abstract PP11D-2042. [Poster].
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Appendix 2. Scientific meetings participated in 2012-2013
No

SWAMP’s member and presentation

Event

Organizer, Venue and Date

1

Kauffman JB. Blue Carbon: A new tool for coastal
community development in the Dominican Republic.

Public presentation

Counterpart International. Washington,
DC, 12 October 2012

2

Hergoualc’h K. Greenhouse gas emissions
associated with land-use change in tropical peat
swamp forests.

Landscape Ecology Conference

IUFRO, Concepción, Chile, 5-9
November 2012

3

Murdiyarso D. Why should wetlands be part of
climate change mitigation strategies?

Landscape Ecology Conference

IUFRO, Concepción, Chile, 5-9
November 2012

6

Purbopuspito J. Mangrove assessments in
Indonesia and Vietnam.

Fist ASEAN Congress on Mangroves

ASEAN, Manila 3-7 December 2012

7

Kauffman JB. Mitigation through coastal marine
ecosystem management.

Side Events of the UNFCCC Climate
Change Conference

EU/IUCN. Doha, Qatar 26 November – 8
December 2012

8

Hergoualc’h K, Verchot LV, Warren M. CIFOR
biophysical research on tropical peatlands.

International Indonesia Peatland
Conversations

Indonesian Climate Change Center.
Bandung, 25-27 February 2013

9

Murdiyarso D, Sasmito SD, Okimoto Y. Mangroves
Survey: The roles in climate change adaptation and
mitigation

Regional Symposium on Mangrove
Ecosystem Management in Southeast
Asia.

JICA/Ministry of Forestry. Surabaya,
Indonesia

10

Kauffman JB. C dynamics of Mangroves and peat
swamp forest.

The Kalimantan Wetlands and Climate
Change Study. Public Lecture.

Mulawarman University, Samarinda, 4
March 2013

11

Kauffman JB. C-dynamics of Peat Swamp Forests
and Mangroves.

International Workshop on Forestry and
Local People.

Tanjungpura Pura, Pontianak, March 56, 2013

12

Novita N, Kauffman JB, and Hergoualc’h K.
Greenhouse gases (CO2, CH4 & N2O) fluxes and
carbon stocks associated with land-use change in
Tanjung Puting National Park, Central Borneo.

US Forest Service International Program
Seminar

Washington D.C., 25 March 2013

13

Kurnianto S, Frolking S, Warren MW, Talbot J,
Hergoualc’h K, Varner R, Murdiyarso D, Kauffman
JB. Modeling long term carbon accumulation in
tropical peat swamp forests: preliminary results.

Annual Mer Bleue Peatland Carbon
Science Meeting.

McGill University, Montreal, Canada, 2-5
March 2013

21

14

Hergoualc’h K and Verchot LV. SEA tropical
peatlands: GHG emissions in the LULUCF sector

Workshop ‘Towards sustainable land
management practices for peatlands –
special focus on drained areas’

FAO, Rome, Italy, 7–9 May 2013

15

Gumbricht T. The use of medium resolution satellite
imageries to estimate global wetlands extent and
volume.

Workshop ‘Towards sustainable land
management practices for peatlands –
special focus on drained areas’

FAO, Rome, Italy, 7–9 May 2013.

16

Kurnianto S, Frolking S, Warren M, Hergoualc’h K,
Talbot J, Kauffman JB, Varner R, Murdiyarso D.
Modeling carbon accumulation dynamics in tropical
peat swamp forests

Association for Tropical Biology and
Conservation (ATBC) conference

Association for Tropical Biology and
Conservation (ATBC), Costa Rica, 23-27
June 2013

17

Sasmito SD. Surabaya city development and
coastal region conservation: a preliminary
assessment using multi-temporal and spectral
satellite imageries

Symposium on Coastal cities, marine
resources, and climate change in the
coral triangle: sustainability and climate
change

Research Center for Climate ChangeUniversity of Indonesia, Jakarta, 3-5 July
2013

18

Okimoto Y, Murdiyarso D. Thinning Practices In
Rehabilitated Mangroves: Opportunity To Synergize
Climate Change Mitigation And Adaptation

7th International Conference on Asian and
the Pacific Coast

APAC, Bali 24-26 September 2013

19

Novita, N., Hergoualc’h, K., Kauffman, J. B. Soil
CO2 flux associated with land use change in the
tropical peatland of Tanjung Puting National Park,
Indonesia

International Union of Soil Science (IUSS)
global soil carbon conference

Madison, Wisconsin, USA, 3-6 June
2013
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Appendix 3. Training Workshop organized in 2012-2013
No
1

Staff involved and Event

Venue and date

Partners and Participants

Rich Birdsey

Florida, USA, January
2013

 USAID Sustainable Landscapes program
 Mexico-Norway Project
 Forestry Mexican Institutions

Abu Dhabi, UAE
14 January 2013

 UNDP
 The Environment Agency of Abu Dhabi, UAE
 Scientist and practitioners from East Africa, Middle East
and Asia

Lima, Peru, 26-27
February 2013






 Bangkok, Thailand, 2425 April 2013
 Trang, Thailand, 29
April-8 May 2013

 USAID/Regional Development Mission for Asia’s (RDMA)
Low Emissions Asian Development (LEAD) program
 Researcher, private sector and government policy maker
from South East Asia countries

Daniel Murdiyarso, Joko Purbopuspito, Rich
MacKenzie, Rupesh Bhomia

 Odisha, India,

Training on Mangrove Carbon Stock
Assessment

 Gupti, India,

 Science Foundation for Tribal and Rural Resource
Development (SFTRRD)
 Orissa University of Agriculture & Technology (OUAT)
 Forest Survey India
 Conservator of the State of Odisha

Mangrove Flux Tower Training
2

Boone Kauffman
Blue Carbon in the Gulf of Persia and Arabian
Sea

3

Erik Lilleskov, Boone Kauffman, Kristell
Hergoualc’h
Sustainable Wetlands Adaptation and
Mitigation Program in South America

4

Daniel Murdiyarso, Joko Purbopuspito, Rich
MacKenzie
Regional Training on Mangrove Forest
Carbon Assessments

5

15-17 May 2013

20-30 May 2013
4

Maputo, Mozambique,
April, 2012

 Univ. Eduardo Mondlane (UEM)
 WWF

Jason Ko and Carl Trettin

Maputo, Mozambique,

The West Indian Ocean Mangrove Carbon
Regional Workshop

29-31 November 2012

 West Indian Ocean Marine Sciences Association
(WIOMSA)
 University of Eduardo Mondlane (UEM)

Carl Trettin and C. Stringer

Marromeu, Mozambique,
Sept. 2013

Carl Trettin, Matthew Warren, Jason Ko
SWAMP sampling protocols

6

7

Department of State SilvaCarbon
Michigan Technological University
University of Maryland
Scientist and practitioners from Peru, Bolivia, Brazil

Training carbon stock assessment

 Univ. Eduardo Mondlane (UEM)
 WWF
 GoM Ministry Natural Resources
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8

Matthew W. Warren

Mimika, Indonesia

Mangrove and Peatland C-stocks assessment
workshop

November 2012-February
2013

USAID Indonesia Forestry and Climate Support Project
(IFACS)
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Appendix 4. List of 2013 Key Partners
No

Name

Institution

Country

Interests

1

Dr. Gordon Ajonina

Cameroon Wildlife Conservation Society (CWCS)

Cameroon

Mangrove carbon

2

Prof. P Das

 Science Foundation for Tribal and Rural Resource Development
(SFTRRD)
 Orissa University of Agriculture & Technology (OUAT)

India

Mangrove conservation

3

Dr. Subhankar Sen
Gupta

Forest Survey of India, Ministry of Environment and Forests, Gov. of
India

India

Forestry

4

Dr. Rekha Pai

Ministry of Environment and Forests, Gov. of India

India

Forestry

5

Dr. AK Sahoo

 Science Foundation for Tribal and Rural Resource Development
(SFTRRD)
 Orissa University of Agriculture & Technology (OUAT)

India

Mangrove conservation

6

Dr. JD Sharma

Wildlife Warden, Odisha

India

Wildlife and wetlands

7

Dr. Gusti Anshari

Center for Wetlands People and Biodiversity

Indonesia

Tropical peatlands

Tanjungpura University, Pontianak, Indonesia
8

Dr. Andreas A
Hutahaean

Agency of Research for Marine and Fisheries, Ministry of Fishery
and Marine Affair, Indonesia

Indonesia

Marine Biogeochemistry

9

Terry L. Kepel, MSc.

Agency of Research for Marine and Fisheries, Ministry of Fishery
and Marine Affair, Indonesia

Indonesia

Marine ecology

10

Dr. Haruni Krisnawati

Indonesian Ministry of Forestry

Indonesia

Forest biometrics and
ecology

Indonesia

Tropical Wetlands

Forest Research and Development Agency
Bogor, Indonesia
11

Dr. Sartji Taberima

University of Papua
Manokwari, Indonesia

12

Dr. Agus Kristijono

Indonesian Agency for The Assessment and application of
Technology

Indonesia

Radar technology

13

Dr. Nana Sudiana

Indonesian Agency for The Assessment and application of
Technology

Indonesia

Radar technology
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14

Dr. Dada Nurjaman

Indonesian Agency for The Assessment and application of
Technology

Indonesia

Radar technology

15

Dr. Jared Bosire

 Western Indian Ocean Mangrove Network (WIOMN)
 Kenya Marine and Fisheries Research Institute (KMFRI)

Kenya

Mangrove management

16

Dr. James Kairo

Kenya Marine and Fisheries Research Institute (KMFRI)

Kenya

Mangrove management

17

Dr. Trevor Jones

Blue Ventures Conservation

Madagascar

Mangrove carbon

18

Dr. Maria Fernanda
Adame

 Centro de Investigación y Estudios Avanzados (CINVESTAV)
 Australian Rivers Institute, Nathan Campus, Griffith University
Brisbane, Queensland, Australia

Mexico

Coastal wetland
ecosystems

19

Prof. Salamão
Bandeira

Department of Biology, University of Eduardo Mondlane (UEM)

Mozambique

Mangrove carbon

20

Asst. Prof. Celia
Macamao

Department of Biology, University of Eduardo Mondlane (UEM)

Mozambique

Mangrove carbon

21

Mr. Rito Mabunda

World Wildlife Fund – Mozambique

Mozambique

Mangrove ecosystem
services

22

Dr. Dennis Del
Castillo

AdministrationInstituto de Investigación de las amazonas Peruanas
(IIAP)

Peru

Forestry and fishery

23

Dr. Dan Friess

National University of Singapore

Singapore

Mangrove ecosystem

24

Prof. Richard Lucas

Inst. Geography and Earth Science, Aberystwyth Univ.

UK

Mangrove Remote
Sensing

25

Dr. Rodney Chimner

Michigan Technological University

USA

Wetland ecosystems

School of Forest Resources and Environmental Science
Houghton, MI USA
26

Dr. Xavier Comas

Florida Atlantic University

USA

Tropical peatlands

27

Prof. Steve Frolking

University of New Hampshire

USA

Peatlands and modeling

USA

Blue carbon and
environmental economist

Institute for the Study of Earth, Oceans and Space
Durham, NH USA
28

Dr. L. Pendleton

Duke University's Nicholas Institute for Environmental Policy
Solutions

26

29

Dr. Wenwu Tang

Univ. North Carolina – Charlotte

USA

GIS Applications

30

Dr. Chandra Giri

U.S. Geological Survey

USA

Mangrove Remote
Sensing

31

Dr. Temiloa Fatoyinbo

Goddard Space Flight Center, National Aeronautics and Space

USA

Mangrove Remote
Sensing

32

Prof. Lee Slater

Rutgers University

USA

Near-Surface Geophysics
(peatland ecosystem)

33

Neil Terry

Rutgers University

USA

Near-Surface Geophysics
(peatland ecosystem)

34

Dr. Viên Ngọc Nam

Nong Lam University, Vietnam

Vietnam

Mangrove ecosystems
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