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The UN-REDD Programme, implemented by FAO, UNDP and UNEP, has two components: (i) assisting
developing countries prepare and implement national REDD strategies and mechanisms; (ii) supporting
the development of normative solutions and standardized approaches based on sound science for a
REDD instrument linked with the UNFCCC. The programme helps empower countries to manage their
REDD processes and will facilitate access to financial and technical assistance tailored to the specific
needs of the countries.

The application of UNDP, UNEP and FAO rights-based and participatory approaches will also help ensure
the rights of indigenous and forest-dwelling people are protected and the active involvement of local
communities and relevant stakeholders and institutions in the design and implementation of REDD
plans.

The programme is implemented through the UN Joint Programmes modalities, enabling rapid initiation
of programme implementation and channeling of funds for REDD efforts, building on the in-country
presence of UN agencies as a crucial support structure for countries. The UN-REDD Programme
encourage coordinated and collaborative UN support to countries, thus maximizing efficiencies and
effectiveness of the organizations’ collective input, consistent with the “One UN” approach advocated
by UN members.

Contacts:

Khun Vathana

National REDD+ taskforce
Cambodia

Email: vathana.khun@gmail.com

Mathieu Van Rijn

UN-REDD Programme, Cambodia

Food & Agriculture Organization of the United Nations (FAO)
Email: Mathieu.VanRijn@fao.org

Citation

Cambodia MRV team (2012) Training Workshop on “GHG Inventory Preparation for Forestry”,
Phnom Penh, Cambodia.

Disclaimer

This report is not authoritative information sources — it does not reflect the official position of
FAO and should not be used for official purposes. As part of the UN-REDD Programme, this
report provides information related to the activities of the UN-REDD Programme in Cambodia.
In case readers find any errors in the document or would like to provide comments for improving
their quality, they are encouraged to get in touch with one of the above contacts.
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I. Executive Summary

The first training workshop on “Greenhouse Gas (GHG) Inventory Preparation for Forestry” was
successfully organized by REDED+ Secretariat of the Cambodia UN-REDD National
Programme. The workshop was held at Angkor Paradise Hotel, Siem Reap, from 5-8 November
2012. It brought together 46 participants representing relevant government ministries including
Ministry of Agriculture, Forestry and Fisheries (MAFF); Ministry of Environment (MoE); and
Ministry of Land Management, Urban Planning and Construction (MLMUPC); the Food and
Agriculture Organization of the United Nations (FAQ); universities; research institutions; non-
governmental organizations (NGOs); and local and international experts. The workshop was co-
chaired by His Excellency Chea Sam Ang, National Project Director of Cambodia UN-REDD
National Programme, Deputy Director General of Forestry Administration and Dr. Mathieu
Henry, Lead Technical Officer from FAO headquarters, Rome, Italia.

The workshop aimed to provide an overview on methods and guidance to be applied for
preparing a National Forest Inventory (NFI) and a Greenhouse Gas (GHG) inventory with
transparent, accurate, complete and consistent estimates, to be comparable among countries, and
to provide information on data collection and analysis, and choices among methods for preparing
GHG estimates.

The training workshop provided numerous technical presentations on principles, guidelines and
protocols for reporting GHG emissions for REDD+; updated information on remote
sensing/forest cover maps, NFI and other components of the UN-REDD Programme; and a short
practice with United Nations Framework Convention on Climate Change (UNFCCC) software
for default reporting. Workshop planners had also recorded suggestions and recommendations
from group discussions for future improvement of MRV practice under the Cambodia UN-
REDD National programme. The workshop helped achieve capacity building on forest inventory
and GHG inventory among potential stakeholders and sectors. A network for REDD+ within the
context of MRV related activities has been constructed and should expand widely in the near
future with greater participation in REDD+ activities anticipated.



II. DAY ONE: Tuesday 5-November 2012

Session 1: Conference Opening

At the opening session, the welcoming remarks were delivered by Dr. Matieu Henry, FAO
representative and His Excellency Chea Sam Ang, National Programme Director for Cambodia
UN- REDD.

On behalf of FAO, Dr. Matieu Henry expressed his gratitude and privilege to be a co-chair this
training workshop and honorary delivered a remark to participants. He stressed that the
workshop is part of the national REDD+ process and under the UN-REDD programme support,
in collaboration with our partners. He informed that the global forest resources diminish at an
alarming rate. The rapid decrease of forest cover has serious consequences on the global
environment and lifestyle. Indeed, deforestation and forest degradation contribute to about 17%
of CO2 emissions, the main greenhouse gas responsible for climate change. There are many
alternatives to contribute to the emission reductions and the UN-REDD programme tends to
support the national process to decrease the emissions from the forestry sector. He confirmed
that implementation of the activities in Cambodia under the UN-REDD Programme started less
than a year ago and the team in charge of the implementation of the technical activities to
support the national forest monitoring system is almost fully operational. As a first step, two
parallel processes have been initiated. One process focuses on assessing the national capacities in
order to identify the needs and to evaluate the most adapted options. The second process focuses
on building capacities. Training exercises focus on the three main pillars of the national forest
monitoring system, namely: (1) the GHG inventory, (2) the National forest Inventory, (3) the
satellite forest monitoring system.

While two weeks training has been organized in Brazil last month on the satellite forest
monitoring system, this training workshop focuses on the most important pillar, the GHG
inventory. The training workshop provided (a) an overview on methods and guidance to be
applied for preparing transparent, accurate, complete and consistent estimates, (b) method to
prepare a GHG estimate in general and particularly for the forestry sector, and (c) information on
the status of the preparation of the national communication in Cambodia. He emphasized that
further trainings and workshops will certainly focuses on the NFI, the forest stratification and
biomass assessment, including using tree allometric equations. He recognized this important
training workshop through providing opportunity to share knowledge on GHG estimates,
methods, data availability, current progresses and next steps to be achieved among participants.
He expressed his sincere thank to all participants and whish the workshop be fruitful and
successful.

Next to Dr. Henry, His Excellency Chea Sam Ang, National Programme Director for Cambodia
UN- REDD, gave the plenary address. He noted that Cambodia is in a highly competitive world
with other nations in the region gearing up for carbon trading. China’s national plan is to achieve
a carbon trading scheme by 2013. South Korea has similar plan aimed at 2015. Many countries
are imposing taxes on oil and coal imports or production as part of efforts to reduce their GHG



emissions. “From 2013 onwards, the efforts of all countries in the world are aimed at reducing
GHG. | mention this because we need to be prepare Capacity, he added, is very important for
Cambodia. “We do not yet have the comprehensive capacity in the area of forestry to implement
and carry out this work”. Legal documents, policy and political will are in place towards
sustainable management and utilization of natural and forestry resources. “In the future we
intend to take part in reducing the GHG thru the reduction of the forest degradation and to sell
the carbon credit”. With legal documents in place, “we need to work on the technical affairs at
well”. While Cambodian government is very grateful for assistance from JICA, UNDP, FAO,
DANIDA and others, “we cannot rely on our development partners forever. We need to
strengthen ourselves in the near future”. Other countries are in the carbon market, trading and
learning at the same time while Cambodia does not yet know how to sell carbon credit. “We are
concerned and would like to let you know that trading is merciless. Everyone wants to benefit
from what they buy and sell. | would like to let you know that if we don’t go in the right
direction, our name will be history. The ownership (of land) and capacity must be together”. He
also talked about the need to update NFI knowledge to meet international standards. Many sub-
national inventories have been done, there are codes of practices and manuals, but these
documents seem to be out of date with international standards. “We are sort of out of date
ourselves, trying to update ourselves and update our documents. We need to see what can be
done in Cambodia that can be accepted at the international level. If it is not accepted in the
region or the world, who are we going to sell the carbon credit to?” Cambodia needs to develop
an inventory that works for the country but is acceptable at the international level. There is
concern about choosing something too complicated and beyond the country’s capacity. “We
need to look at our capacity and resource and what we can do. Inventory is technical if we have
trouble with technical affairs, we could be in trouble”. In additionally, he reminded that
developing an implementation plan for forest and GHG inventory depends on participants in the
workshop. “We need to scale up implementation”. Future planning should consider beyond the
resources available at the moment, consider the scope that is needed and decide on additional
resources needed. “We can scale up our resource; update the knowledge at community/local
level. This is the beginning. Full implementation depends on us at the moment”. Finally, he
expressed his admiration to all team members who have made this important training workshop
happened and to participants who are actively participated in the workshop.

After delivery of welcome remarks and opening remarks, a group photo was taken, and the
workshop overview was briefed for participants. The workshop consists of 9 technical sessions,
and each session presentation would be followed by Q&A; and at each day’s end would have a
short group discussion.

Session 2: Basic Principles of GHG Inventory

Initially, Dr. Henry present objective of the GHG Inventory under the UNFCCC. Climate change
is the main environmental crisis in the world. It is result of concentration of greenhouse gases
(GHG) emitted into atmosphere. Nations that are parties to the e United Nations Framework
Convention on Climate Changes must collect quantitative data on GHG emissions and removals
to assess how much human activity in a party country contribute. Dr. Matieu gave a detailed
review of elementary statistical concepts used in estimating GHG estimates. Participating



countries choose how they meet reporting guidelines established by the Intergovernmental Panel
on Climate Change. Countries can either provide yearly GHG inventory on emissions and
removals or National Communication every four years with more generalized information on
national circumstances, historic and projected emissions/removals under various scenarios,
planned mitigation and adaptation, research and public awareness. UNFCCC uses this
information to assess country progress towards commitments and to assess global trends of
anthropogenic emissions and removals.

The Reporting principles and guidelines used for national communication were explained by Dr.
Sandro Federici, FAO. He made a comprehensive description in great depth the five reporting
principles: Transparency, consistency, comparability, completeness and accuracy. Carbon
reporting is only for managed lands since anthropogenic (human caused) emissions are what is
reported. Regarding the elements of a GHG Inventory, he explained that reporting obligations
include NAMAs (National Appropriate Mitigation Actions) every two years. GHGs include
carbon dioxides, methane, nitrous oxides, perfluorocarbons, hydro-fluorocarbons, and sulphur
hexafluorides, along with indirect GHGs: carbon monoxide, nitrogen oxides, non-methane
organic volatile compounds and sulphur oxides. Sectors to report include energy, industrial
processes, product use, agriculture/forestry and other land uses. Three methodologies can be
used: Tier 1 “IPCC default factors” include net change of carbon storage/emissions for each land
use category; Tier 2 is country specific carbon data from field inventory; Tier 3 is highly
disaggregated national inventory that reports carbon stocks in different pools and assesses any
changes in pools.

Session 3: Background of GHG Inventory of Cambodia

GHG Inventory for Cambodian forestry sector was presented by Matieu Van Rijn (program
director, biomass, GERES). Forests are important sector in driving GHG changes. Forests emit
GHG about17% of global emissions from deforestation and forest degradation; store carbon in
wood material and soils about 45% of terrestrial carbon stored in forests, 25% sequestered.
Growing vegetation withdraws CO2 from atmosphere through photosynthesis, returns CO2 to
atmosphere by respiration, decay of organic matter and removal/burning of biomass. Human
activities and natural causes make changing global GHG emission. Natural include forest fires
and growth and decay; human include land conversion for agriculture, logging (harvest),
emissions from factories and vehicles. UNFCCC requires reports on changes in forest and other
woody biomass stock (positive: forest growth/regrowth; negative: degradation and biomass stock
removal); forest and grassland conversion to other uses; abandonment of croplands, pastures and
other managed lands (where carbon may re-accumulate on land and in soil); and CO2 emissions
and removals from soils. Cambodia’s first Communication in 2002 reported its 1994 GHG level;
the 2010 Communication which reports GHG for 2000 level and predicts future trends and
mitigation options is in draft. These indicate land use change in forestry produced negative
emissions (less carbon was emitted than removed) in 1996 of -17,906 and in 2000 of -24,565.67.
The present forestry sink (carbon storage/sequestration) is estimated larger than total GHG
emissions. However, with current practices the forecast is decrease in national emission uptake
to less than 5,000 GHCOZ2e in 2050. Forest conversion is contributing the most to emissions.
GHG can be reduced through improving current management, utilization efficiency and forest



use; enlarging the sequestration surface or sink capacity (reforestation and conservation); and
substitution or reduced use of wood resource.

The National GHG Inventory of Cambodia and the Way Forward was presented by Mr. Uy
Kamal, GHG expert of MRV team. He revealed that in the past national GHG inventory, the
1996 revised software was applied. The software plugs in Tier 1 methodologies to estimate GHG
emissions and removals. Some key issues were encountered during inventories such as lack
activity data, database management system, and inadequate capacity of technical staff in
applying software and inventory improvement planning, and lack of funding for research
activities, etc. He suggested that cooperation with development partners, research institutes,
academic universities, and NGOs is necessary in the context of sharing information/data for
sectoral GHG inventory and funding availability for important research activities and improve
management structure and work. Improving capacity building for local experts by bringing them
regional knowledge and experience including most up-to-date GHG inventory software is not
ignorable. He also recognized the important of a technical advisory group including both
international and local expertise.

Session 4: Inventory Methodologies

IPCC methods for GHG inventory was presented by Dr. Sandro Federici. For forestry, GHG
estimated on 6 carbon pools: (1) Biomass-above ground (stems, stumps, branches, bark, seeds,
foliage); (2) below ground roots; (3). Dead organic matter (DOM) or deadwood (all nonliving
biomass not contained in litter); (4) litter; (5) Soil organic matter (SOM) and (6) harvested wood
products (HWP) with lifetime longer than 1 year. For each land use category, carbon stock
changes are estimated for all strata or subdivisions of land area. Carbon stock changes within a
stratum are estimated by considering carbon cycle processes between the carbon pools. Tier 1
methods simplest to use, equations and default parameter values (e.g., emission and stock change
factors) are provided by IPCC. Country-specific activity data are needed, but can use globally
available sources of activity data estimates (e.g. FAO). Tier 2 applies emission and stock change
factors based on country- or region-specific data for most important land-use categories. Tier 3
used models and inventory measurement systems tailored to address national circumstances,
repeated over time, and driven by high-resolution activity data and disaggregated at sub-national
level. Gain-Loss Method is an IPCC method for subtracting biomass carbon lost from biomass
carbon gain in lieu of more elaborate methods using NFI and other data.



III. DAY TWO: Tuesday 6-November 2012

Session 4 (cont): Inventory Methodologies

IPCC methods for Land representation was presented by Dr. Sandro Federici. He explained the
principles for classifying land: managed/unmanaged; disaggregation of strata to assign emission
factors; complete representation of land across entire time series; consistent application and
representation dates; estimate uncertainties. According to IPCC guideline, land uses are defined
as forestland, cropland, grassland, wetland, settlement, other land. Three general methods for
collecting activity data: (1) data not explicit, no tracking land use through time (2) data provides
land use change through time though not spatially explicit; or (3) data provides land change
through time and spatially explicit. General data sources include national census, surveys and
maps, international datasets, remote sensing, data stored in GIS. “Confusion matrix” table
(technical term for evaluating accuracy of remote sensing classifications by comparing to on-
ground data).

Session 5: Data Compilation and Management

Data compilation, data management and archiving system was presented by Dr. Matieu Henry.
He highlighted the reviewed steps including where to find data (national versus international)
and data archiving. He suggested that engaging data suppliers in inventory compilation, develop
contracts for data supply, and conduct informal updates on methods are the key elements in this
work. Another important presentation was related to institutional arrangements for national
systems. Dr. Sandro Federici explained that we need to have clear assignments to each actor that
cooperate in doing the inventory. We need to clarify which entities, institutions, legal and
procedural arrangements are needed by the NFI functions. There are three phases in institutional
arrangement for national system as such inventory planning, preparation and management.
“Institutional arrangements” are formal arrangements such as regulations, laws, decrees and
Memorandum of understanding (MoU). There are some problems may face with such as conflict
of responsibility (2 or more in charge), vacuum of responsibility (no one in charge), and loops
(entities have other legal entitlements).

Session 6: Software Exercise

Presentation of the data and exercise on the 2006 IPCC software was made by Uy Kamal.
Participants worked through IPCC software with example exercise in forestry sector. The main
software that were highlighted in the workshop are 2006 IPCC software, and the Agriculture and
Land Use National Greenhouse Gas Inventory Software (ALU Software), which was developed
by Colorado State university of the United state of America. The both software are designed for
higher tier (tier 2 or higher) that require comprehensive input data and need integration of
agriculture sector and LULUCF sector together in order to minimize uncertainty and avoid
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double counting.

IV. DAY THREE: Wednesday 7-November 2012

Session 7: Forest Inventory

The first presentation for the third day was about the national forest inventories - status in the
world. Dr. Henry described that the current status of national inventory is very different
throughout the world in term of in steps, variables, focus, sampling strategy, plots (temporary or
permanent, design, shape, size). U.S. and China have done the most frequent NFIs. Canada has
done 4 times; Russia, India, Brazil and Australia about 2-3 times. Greenland, Turkey, most of
Africa and Middle East do not have NFI. Cambodia has several sub-national forest inventories.
Japanese NFI excludes forests on agricultural or residential lands, habitat for bamboo. Forestry
Administration is responsible for all stages of NFI. Italian NFI focuses only on trees on forest
land. Their responsibilities was split between 3 entities among that private company does
archiving and documentation.

Planning for the Cambodia NFI was presented by Dr. David C. Chojnacky, International
Inventory Expert from U.S. He noted that Cambodia UN-REDD has well developed
management/coordination structure and much focus on REDD protocols and processes. He also
paid much attention on operational concerns like field procedures, plot size, GHG measures.
There is vital roles in middle that connect REDD requirements/ management need for NFI
products to field with a strategy and overall inventory design. Without linkage, gaps may be
possible to happen between desired product and field design. He proposed double sampling for
stratification. There need to have two phases. Phase 1 is a remote sensing layer that consistently
classifies landscape into (a) non-forest and (b) forest; phase 2: field plots that subsample phase-1
pixels in some pattern, usually a systematic grid for national-scale inventory. Re-measure every
five years. Could also add LIDAR phase if more frequent sampling desired. Good inventory
design will help determine database; not visa versa. Rather than complex messy database,
possibly work with outside experts to develop online data extraction tools that minimize user
need for complex database manipulation; perhaps train FA employee to manage database as part
of capacity building. He also discussed some of his U.S. work in applying NFI statistics to a
map in Nevada.

Remote Sensing for Assessing Forest Resources and Changes was presented by lan Thomas,
Remote Sensing Specialist. There many sectors use satellite imagery for different purposes
particularly in detecting land mines, hydropower, border mapping, flood response, urban and
land use planning, national defense, population census, topographic maps for Population
Services International to help determine where malaria outbreaks are for delivering malaria nets
and medicine. Forestry sector can share costs with other agencies that also use this technology.
Factors in remote sensing include pixel size, resolution (need fine enough detail to see), price,
spectral color, timing, clouds and seasons, licensing restrictions. Landsat is free but not good
resolution and many satellites are dead. Clouds are a real problem. It is hard to see trees through
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cloud cover. The Landsat satellite only comes through every two weeks, but 80 percent of the
time it is cloudy here. You must either use radar or go under clouds for aerial survey. High
resolution imagery sometimes required to see forest plantation. Satellite imagery options are
matter of cost versus resolution.

Toward Forest cover data preparation for establishment of Historical RELs (Sharing information
and Experience) is another presentation made by Mr. Takeshi Yamase, CAM-REDD of JICA
Cambodia. CAM-REDD is one of the supporting frameworks for implementing Cambodia
REDD+ Roadmap. It has been comparing simulated RELs (Reference Emission Levels) of some
province/provincial cluster, considering appropriate size of "sub-national scale” for REDD-plus
implementation in Cambodia. This method to calculate historical trend of CO2 emissions and
removals could be applied for any scale level such as national and sub-national level. He
proposed that Cambodia REDD+ MRV Team should start simulating various scale of RELs
using existing data, and start discussing the appropriate scale/size/areas for the sub-national level
REDD+ implementation.

A forest area change matrix between 2002 and 2006 and between 2006 and 2010 of for all
provinces should be prepared by FA or MRV Team. CAM-REDD can support this work,
simulation and discussion, he added.

Design of NFI was a presentation made by Mr. Samreth Vanna, multipurpose national forestry
inventory specialist of MRV Team. He made a comparison in FAO rapid survey of 18 countries.
It was founded that 13 countries were collecting data at sub-national level; 15 countries collected
data on publically owned forest and only 8 countries have included private forests. Frequency of
NFI differed from every two to 10 or more years. All Asian countries surveyed are designing
NFI for status and trends of forest resources. He also presented case studies of NFI in Cameroun,
Philippines, Bhutan, Korea and China.

The last presentation was about O Tier for forest land, deforestation and afforestation for
Cambodia. Dr. Sandro Federici highlighted steps include selecting time series for estimate to be
reported, setting land categories to classify under forest degradation or deforestation, defining
subcategories of land converted and defining subdivisions to stratify. For Tier 1 reporting,
default factors are applied for assigning areas of forest categories, subcategories and subdivisions
to IPCC forest types. If spatial data are not available, assign areas based on expert judgment or
based on the proportion of the country area covered by each climate zone. He also presented the
Tier 1 method for estimating GHG. In short, O Tier is basically used default values and where
there is no or very limited local activity data for higher tier.
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V. DAY FOUR: Thursday 8-November 2012

Session 8: Cambodia UN-REDD National Programme

Current status of Cambodian UN-REDD National Programme was presented by Ms. Ly
Sophorn, Deputy Chief Cambodia REDD+ Secretariat. She informed that the Cambodia REDD
programme evaluates 5 activities: deforestation, forest degradation, forest carbon resource
conservation, sustainable forest management and improving forest carbon resource. REDD
programme has included in the national development strategy programme (2009-2013) and the
national forest programme (2010-2029). Cambodia REDD+ Roadmap has been under
development since 2010, and now three REDD pilot projects have been implemented in the
Oddar Meanchey province, Keo Sima protected forest in Mondulkiri province, and the Kulen
Promteb wildlife sanctuary in Seam Reap province. The Cambodia UN-REDD Programme has
received financial and technical support from FAO, the United Nations Development Programme
(UNDP) and the United Nations Environmental Programme (UNEP). It is being implemented by
the General Department of Administration for Nature Protection and Conservation (GDANPC)
of MoE, and the Forestry Administration of the Ministry of Agriculture, Forestry and Fisheries
(MAFF). The UN-REDD National Programme is working on i) national REDD+ Readiness
Management arrangements and stakeholder consultation, ii) national capacity building towards
development of the REDD+ strategy and implementation framework, iii) Sub-national REDD+
capacity building and demonstration, and iv) support to develop the monitoring system.

Session 9: Closing Session

In this session, 3 activities were assigned: round table discussion, certification offering, and
closing remarks. However, due to delay of certificate preparation and late receiving signatures of
top management level, it caused certification ceremony was not available, therefore, it was
suggested to circulate lately. Only round table discussion and closing remarks were offered.

Roundtable discussion

There are two concerns have been discussed among the participants during at the last session.
The first one was focusing on the workshop contribution of workshop to their routine works, and
the second one was about future activities that should be implemented. As institutional feedback
to these concerns, a summary is made as following.

Regarding to the first concern, most participant representatives have acknowledged and highly
evaluated the training workshop as its sharing knowledge and knowhow applied for NFI and
GHG inventory preparation and reporting and its diversity of inventory software such as 2006
IPCC software and ALU software, knowledge on carbon credits and its market mechanism apply
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associate with REDD+ implementation activities, the updating on Cambodia national REDD
programme, CAM-REDD programme and its activities. Some representatives have also
recognized that the training workshop was a good opportunity to build relationship and sharing
experience between among participants, provide capacity building to national and sub-national
level stakeholders including NGOs as both sides need to work together closely. Additionally, the
training workshop brought about national and international knowledge together for participants.

The second concern was also significantly commented. Participant representatives suggested to
collect all existing data and to establish a database management system for NFI, to improve
networking and information sharing information, the training material should be used for
developing manual for university teaching, such training workshop should provide more
opportunity to university students to learn about in order to engage them more actively in its
activities, all training materials should be translated into national khmer language to make more
better for easier understanding. Other ideas were focusing on workshop time management, be
more focus and not lengthy. F And finally, most participants requested that for further training,
and training materials and guideline development for NFI and GHG inventory should be made
available in national khmer language, and future capacity building for key participants is
important.

At the end of the workshop session, on behalf of workshop organizer, Dr. Henry provided a
meaningful closing remark. The preparation of a GHG inventory is not easy because there are
many variables has to be considered and no specific standards and guidelines are available.
There is a need to collect data on the land use area and land use area changes, emission factor
and carbon stock change factor to do a GHG inventory. The As these data are managed by
different institutions, different stakeholders from national and international interests. Strong
institutional collaborations and arrangements are will be necessary to ensure the preparation of
the National the GHG inventory by the government institutions and also the stakeholder NGOs.
A GHG inventory report needs to be submitted by December 2014. The Forestry Administration
is responsible to develop institutional arrangements involved in REDD+: to provide data,
emission factors and activities data that increase transparency, improve robustness of all data and
reduce uncertainty to increase benefits from financial international markets. The workshop
provided the role played by the GHG inventory in meeting UNFCCC commitments and the
reporting principles which are elements of the GHG inventory, along with methods proposed
under IPCC for how to compile data and how to select the appropriate method for different
applications. We also saw how to develop the international GHG inventory, how to use IPCC
software, the status of the GHG inventory in Cambodia, the progress, constraints, the available
data and the missing data. Moreover, we also identified the different approaches to doing a
national inventory and difference alternatives to consider. This training workshop is the part of
Cambodia National REDD+ Road Map. Finally, | want to thank His Excellency Chea Sam Ang
for his participation along with the open and active participation from the involved agencies and
NGOs.
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Appendices

Appendix I: Question and Answers

Q1 (Mr. Cheang Dany from FA): What does robust mean and are there kind of agreement on
method standards and level of robustness for GHG Inventory system?

Al (Dr. Matieu Henry): There is no standard to apply, the UNFCCC provide only guidelines.
This is the responsibility of the country to decide which method to use. Regarding the
robustness of the GHG estimation method, it is robust if by replication of the method or
comparison, you obtain similar estimations. Dr. Sandro Federic added that the principle of
robustness is included in the decision text of the UNFCCC.

Q2 (Mr. Cheang Dany from FA): What is the minimum level of acceptability for the
reporting format? What could be the cost for Cambodia, What is the minimum standard
required for baseline calculation?

A2 (Dr. Sandro Federici): There is no minimum needed but minimum are data are needed
with or without a national forest inventory (some annex | countries do not have NFI
implemented). The NFI can produce more useful data but a cost/benefit analysis has to be
conducted.

Q3: When talking about the Tierl or Tier2 levels are we considering only forest land or do
we consider the forest types?

A3 (Dr. Sandro Federici): The Tier 1 level includes forest types. The Tier 2 level uses
national disaggregation referring to AFOLU categories. Then these broad categories also
contain sub-categories (Most often, one specific country only have 1 or 2 sub-categories
represented).

Q4 (Matieu Henry): Your presentation mentions an increase in Forest Carbon Sink, is it
related to changes in forest definition? Why the 2010 national communication is still a draft?
A4 (Uy Kamal): The national communication is under review and should be finalized by the
end of the year 2012.

Q5 (Yeang Donal): What forest definition is used?

A5 (Mathieu V.R.): The national forest definition has been used. Mr. Leng Chivin added that
actually there is not a formal national definition of the forest. All Cambodia have is a forest
definition for CDM (the one that has been used for the communication).

Q6 (Mr. Leng Chivin from FA): About definition, how do you define forest degradation?
A6 (Mathieu V.R.): The forest degradation corresponds to a reduction of carbon stock but in
that case the forest is remaining forest.

Q7 (Mr. Cheang Dany from FA): How do you consider new form of degradation such as
rubber, palm oil plantations... should be the forest definition based on carbon stock or based
on biodiversity criteria.

A7 (Mathieu V.R.): You can consider these to aspects to define the forest. DR. Sandro F.
made a remark that there has been lot of discussions on how to define forest degradation but
actually this definition is not needed. You only need to consider a forest definition to report
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your GHG emissions due to deforestation, and then you need to consider 6 carbon pools, the
final stage of the wood and/or long term storage of carbon.

Q8: What do you have in mind when you mention wood substitution?
A8 (Mathieu V.R.): Biogas can be one of these alternatives.

Q9 (Dr. Sandro Federici.): Why the forest definition has to be reviewed?

A9 (Dr. Stephane Brun): The review in progress is related to the existing forest definition and
forest classification system in Cambodia. And yes, there is a need to review the possibility of
adjusting some broad definition like considering some ecological criteria that are not yet
considered by the actual definition.

Q10: Where do the equations come from?
A10 (Dr. Sandro Federici): The equations are provided in the IPCC guidelines. IPCC tables
can provide Tier 1 data

Q11: These equations can be used everywhere in the world? What if there is no biomass
inventory in a country

All (Dr. Sandro Federici): The gain loss method will be applied so you do not need
information on carbon stock, most appropriate allometric equations will be used for
estimations.

Q12 (Mr. Leng Chivin, FA): From your experience, emissions for all of the 6 carbon pools
that you have mentioned need to be calculated? What if some are not estimated?

Al12 (Dr. Sandro Federici): In the example of harvest wood product (HWP), at the Tier 1
level, if you assume that instantaneous oxidation does not account, you assume that the
emissions related to this pool is 0. Same case would apply for the Dead Organic Matter and
Soil Organic Matter. When you consider deforestation you can skip the HWP carbon pool
and assume that everything has been loss.

Q13 (Mr. Leng Chivin, FA): For our forest cover assessment what are the consequences of
changes in methodologies and classification?

Al13 (Dr. Sandro Federici): If you have used different methods you need to evaluate the
differences. If you updated your classification you may have to reclassify your whole map or
if it is too complicated you may have to abandon this old map. You can also consider the raw
data used for this map and recreate a new map then check the accuracy of the newly created
map based on the raw data.

Q14: To establish a reference level, what year should be considered?

Al4 (Dr. Sandro Federici): There is no rules related to this, but you should consider the
availability of historical data (and the related consistency), the data on deforestation drivers
can also guide you. Some Annex I countries use 1990 for establishing their Reference level
but if you don’t have accurate data for this period you should consider a different year.

Q15: A good forest cover map is the 2010 one, can with use this date?

A15 (Dr. Sandro Federici): Even if there is no clear rule, 2010 is a too recent year, you
should look at the years 2000s and combine 2-3 additional years (such as 2005 and 2010).
Q16 (Mathieu V.R.): About the confusion matrix, for the calculation of the overall accuracy,
in your example, what is the meaning of the number #5267

A16 (Dr. Sandro Federici): This corresponds to the number of correctly classified pixels.
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Q17 (Mr. Soy Seng, FAO office): What does mean non-carbon dioxide?
A 17 (Dr. Sandro Federici): This is all GHG except the CO2 (such as NO2, CH4).

Q18: Which Institution/Agency should provide land use data, the National Geography
Department or Forestry Administration?

A18 (Dr. Sandro Federici): The country has to decide whether an institution is responsible for
data provision. Institutional agreement needs also to exist for implementing a National
Inventory System. Some approaches are not necessarily required maps and finally there is no
mandatory about the source of the national map. Mathieu V.R. added that a map will always
facilitate verifications and increase the accuracy of your estimations. But, the two previous
Cambodian national communications were not based on any map.

Q19 (Mr. Uy Kamal): What level of data are the most appropriate in the context of REDD+?
A19 (Dr. Sandro Federici): To report emission in the context of REDD+ you have to consider
the best data. You also need to know when and where deforestation is happening, so you need
a Remote Sensing Monitoring system or a Ground level monitoring system for reporting. For
a national communication on GHG emission you can deal without a map but for REDD+ you
need spatio-temporal data, if you don’t have these data it is like being blind.

Q20 (Mr. Samreth Vanna, FA): About the data storage, in the case of the Forestry
Administration we have primary data stored in one place, sometime our data are not properly
prepared for a specific objective such as GHG Inventory. What is the right format to maintain
a database that can be ready for use? Is there any method to compile the data? Is there any
kind of standard for database storage?

A20 (Dr. Matieu Henry): A good archiving system relies on someone responsible for it. Do
you have someone responsible for the database management at the Forestry Administration?
A20 (Mr. Samreth Vanna): There is a responsible for the forest inventory data (no name
mentioned)

Q21: The National Geography Department has the mandate for data management and data
delivery, is that true?
A21 (Mr. Leng Chivin, FA): Yes, it is true but there has not been any cooperation so far.

Q22 (Mr. Samreth VVanna): The absence of cooperation between Ministries is a real situation
in Cambodia and a real constraint. How to overcome this problem?

A22 (Dr. Matieu Henry): You need on archive in each institutions/agencies then MoU or
legal agreement between ministries. Remark (U.K.): In my personal opinion, with the MRV
REDD+ related activities actually implemented, FA is the most relevant agency for archiving
the data.

Q23 (Mr. Uy Kamal) : it is very interesting information on institutional arrangements but |
am not clear about the relationship between the Independent Entities and the other 3 entity
responsible for producing, archiving and ensuring the functioning of the National Inventory
system, is this legal arrangements?

A23 (Dr. Sandro Federici): Yes, these entities have signed specific MoU or legal agreements.

Q24 (Mr. Uy Kamal): In the case of the Climate Change unit of Cambodia, there is a sub-

decree who invite the different ministries to participate in the GHG Inventory but it seems
that there is no further MoU or other legal framework supported.

16



A24 (Dr. Sandro Federici): Then you should move from an invitation to a legal framework.

Q25 (Mr. Samreth VVanna.): In your country what are these entities and what legal framework
exist between them? Is the schedule the same for the GHG inventory and for forest
inventory?

A25 (Dr.Sandro Federici): In Italy, the Ministry of Environment, the protection agency are
responsible and have MoU with the National Statistic office, other regional office and other
agreements with the Forest Services as well. In reality, there is no legal basis, only
agreements. We do have implemented a national forest inventory that should be updated
every 5 years, but due to financing issues the forest service is unable to update it every 5
years. In the case your country do not have a NFI implemented, you should do with what you
have for reporting your GHG emissions.

Q26 (Mr. Soy Seng): What is the difference between Inventory and Census?
A26 (Dr. Sandro Federici): Actually, an inventory is a census; an agricultural inventory is a
census. In the case of the forest it is an inventory and not a census in the sense that a
sampling approach is applied. In the case of the GHG Inventory (which is a census) you
account all emissions related to all your forest but it is based on a sampling.

Q27 (Mr. Uy Kamal): In your country, do you have a specific budget allocated for the GHG
inventory or can you rely on external funding such as GEF?

A27 (Dr. Sandro Federici): Italian GHG inventory can't be supported by GEF; there is a
government budget specific for ensuring the functioning of the different entities (limited but
existing!)

Q28 (Mr. Yeang Donal): In Cambodia, for the NFI design we are facing a challenge related
to the harmonization of data from different plots, is it possible?

A28 (Dr. Matieu Henry): The major problem with the harmonization of different data is
related to an increase of the uncertainty and to the propagation error of the different methods
used for the inventory. Dr. David J.K added that harmonizing the data is maybe not the most
important, what you need is the information of the plot.

Q29 (Mr. Leng Chivin): Is the shape of a plot (such as quadrant) specific to a forest type?
A29 (Dr. David C. Chojnacky): It is not important comparing to the way you design the NFI.
A shape is just a shape. It is just a matter of surface, area. About forest type, yes it will affect
the choice of a specific shape of plot. You can answer this question by testing and comparing
data collected on various sizes of plots.

Q30 (Dr. Stephan Brun): About the hexagonal cells constituting the grids for representing the
plot distribution?

A30 (Dr. Sandro Federici): This type of cell help to avoid having too much plots distributed
outside the country boundaries. Dr. David C. Chojnacky added that it is practical and help to
reach a better distribution of plots.

Q31 (Mr. Uy Kamal): according to the examples of Japan, France, Italy, what explain the
choice of a specific crown cover threshold (10%-30%)?

A31 (Dr. Sandro Federici): The threshold is chosen according to the ecological characteristics
of the forest, it depends of the level of density you observe in your country. It is also
influenced by the sensor you will use to monitor your forest (10% variations of crown cover
can't be detectable by a satellite).
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Q32 (Mr. Matheiu V.R.): When you present a sampling in two phases, how can you estimate
the sampling intensity of the second phase?

A32 (Dr. David C. Chojnacky): A minimum can be set by statistics analysis but it will also
depend of the finance available.

Q33 (Mr. Mathieu V.R.): If you have satellite data available, why use a systematic sampling?
A33 (Dr. David C. Chojnacky): You are right, you can stratify your sampling, and the main
reason to choose a systematic sampling is to design a simple and practical forest inventory.

Q34 (Mr. Kao Dana): How many percentages for sampling intensity are you expecting?
A34 (Mr. Samreth Vanna): Dr. David C. Chojnacky will assist us on the design of a NFI,
double sampling for stratification is proposed, the use of Remote sensing and LIDAR as well.
However the sampling intensity will be highly influenced by finance and time available.

Q35 (Dr. Stephan Brun): Isn’t LIDAR too costly for being used in the context of Cambodia?
A35 (Dr. David C. Chojnacky): Space Lidar will considerably reduce the costs and should be
soon operational.

Q36 (Mr. Leng Chivin): What does "keep it simple" means technically?

A36 (Dr. David C. Chojnacky): Field plots are complicated and right now it seems to me like
enough information is available for the country. So why not choosing something easier to do
and try to limit as much as possible the number of plots. Mr. Yeang Donal made a remark
that for the Oddar Meanchey project we decided also to simplify the field work as we were
thinking to work with the local communities, maybe it is the best option if in the future local
communities are involved in the NFI/MRV.

Q37 (Dr. Sandro Federici): Different sensors can be used for Remote Sensing analysis,
different applications need different strategies?

A37 (lan Tomas): You can use low resolution sensor to identify your area of interest then you
can buy high resolution images to collect accurate data. He added that the national
geographic department is very transparent in the way they provide the data. There is an
official way to access the data. As in Lao, transparency is the rule, the department of forestry
decided to market the Forest Cover 2010 data at fixed price.

Q38 (Dr. Matieu Henry): Can you explain more about the methodology followed for the
National Forest Cover 2010?

A38 (Mr. lan Tomas): In Cambodia, I think it is visual interpretation of Landsat.

Mr. Leng Chivin remarked that he is using visual interpretation to correct the polygons of the
previous year, which constitutes our base map. In term of transparency, the Forestry
Administration has also mandate to report to the FAO Forest Resource Assessment so now
our target is 2015.

Q39 (Dr. Stephane Brun): What about the methodology used in Lao PDR?
A39 (Mr. lan Tomas): There is two phases of interpretation using Remote Sensing (High
Resolution images) and Image Segmentation (eCognition software).

Q40 (Dr. Matieu Henry): With High-Resolution images, are you using Visual Interpretation

or Semi-Automatic classification?
A40 (Mr. lan Tomas): It is a combination as the method is visual recognition of object pixel
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based interpretation. We can say that in that case, the software is reproducing the old
stereoscopic analysis.

Q41 (Dr. Sandro Federici): How has been projected the deforestation, have you been
considering the drivers of deforestation or others data?

A41 (Mr. Takashi Yamase): We've been using only data from forest cover and not have been
considering other data related to the drivers of deforestation.

Q42 (Dr. Matieu Henry): How is it possible to assess the REL for forest degradation?
A42 (Mr. Takashi Yamase): In this study, we are only considering the actual mean Carbon
stock between 2002, 2006 and 2010.

Q43 (Dr. Matieu Henry): Is there national data on forest degradation?
A43 (Mr. Takashi Yamase): There is no data on forest degradation.

Q44 (Dr. Matieu Henry): Have you done comparison with global dataset or national data?
A44 (Mr. Takashi Yamase): We've not yet compared the results of the simulation.

Q45 (Mr. Uy Kamal): Which method could provide the most accurate data? Which could be
the most cost-efficient?

A45 (Mr. Samreth Vanna): Like Dr. David mentioned, a double sampling for stratification
method could reduce the cost of the field work with the use of Remote Sensing. Time and
Human Resources available have to be considered.

Q46 (Dr. Matieu Henry): You mentioned various countries who participated to the FAO rapid
survey in 2007. How did those countries report their biomass stocks if they are not yet able to
measure it? How did they proceed? Regarding biomass calculation, allometric equations may
be used but in the case of Cambodia it seems very limited. Did the countries you mentioned
used allometric equations of volume equations?

A46 (Mr. Samreth VVanna): As far as | know, Philippines have been reporting but they did not
mention how they estimated the biomass.

Q47 (Mr. Yeang Donal): When will be the website ready?
A47 (Ms. Ly Sophorn): Right now we are still in the bidding process for procurement. We do
hope the website will be ready soon.

Q48: Thank you for your clear presentation but what about the expectations?

A48 (Ms. Ly Sophorn): The expectations are to implement the REDD in Cambodia, to bring
income from carbon sells, to develop the strategy for the implementation of the REDD+
Roadmap and also to provide National and Sub-national Capacity building. Other expectation
is to establish the MRV system for the REDD+ policy in Cambodia.

Q49 (Dr. Matieu Henry): About the interaction between the four groups, is there any contact

person, focal point to facilitate the communication between each group?
A49 (Ms. Ly Sophorn): Not yet, Term of Reference is in preparation.
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Appendix II: Agenda

Day 1: Monday, 5 November 2012

Time Topic | Speaker | MC/Facilitator
8:30-9:00 Registration
Session 1: Opening Session
9:00-9:10 -Announcement of Program Mrs. Sar Sophyra
-Invitation of Board of Chairmen
-National Anthem
9:10-9:25 Welcome remarks Dr. Henry
Matieu, Lead
Technical
Officer, FAO
H.E Chea Sam
Ang, NPD,
Cambodia UN
REDD
Programme
9:25-9:35 Group Photo
Session 2: Basic Principle of GHG Inventory
9:35-9:45 Presentation of the content of the | Mr. Uy Kamal Mr. KhunVathana
training Dr. Sandro Federici
9:45-10:25 | Objective of the GHG inventory | Dr. Henry
under the UNFCCC Matieu
10:25-10:40 | Break
10:40-11:20 | Reporting principals and Dr. Sandro Dr. Henry Matieu
guidelines Federici Mr. Leng Chivin
11:20-12:00 | Elements of a GHG Inventory Dr. Sandro
Federici
12:00-13:30 | Lunch

Session 3: Background of GHG Inventory of Cambodia

13:30-14:30 | GHG Inventory for Cambodian Mr. Mathieu Dr. David Chojnacky
forestry sector. Van Rijn Mr. Samreth Vanna
14:30-15:30 | National GHG inventory of Mr. Uy Kamal
Cambodia:
15:30-15:45 | Break
Session 4: GHG Inventory Methodologies
15:45:16:25 | IPCC methods for GHG inventory | Dr. Sandro Dr. David Chojnacky
Federici Mr. Samreth VVanna
16:25-17:00 | Open discussion
18:00-20:00 | Inception Dinner/Cook tail (TBC)

Day 2: Tuesday, 6 November 2012

8:30-9:00 Registration
9:00-9:15 Summary of the first day Mr. Leng Chivin | Mr. Leng Chivin
9:15-9:55 Choice of Method and steps for Dr. Sandro Mr. Mathieu V.R.
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| GHG inventory

| Federici

Session 5: Data compilation and management

9:55-10-35 | Data compilation | Dr.Matieu Henry
10:35-10:40 | Break
10:40-11:20 | Database management and Dr. Henry Mr. Leng Chivin
archiving system Matieu Mr. Mathieu V.R.
11:20-12:00 | National System for GHG Dr. Sandro
Inventory Federici
12:00-13:30 | Lunch
Session 6: Software practise
13:30-14:30 | Presentation of the data for Mr. Uy Kamal Dr. Sandro Federici
exercise (2006 IPCC Software) Mr. Mathieu Dr. Henry Matieu
V.R.
14:30-14:45 | Break
14:45-16:30 | Continue exercise Mr. Uy Kamal Dr. Sandro Federici
Mr. Mathieu Dr. Henry Matieu
V.R.
16:30-17:00 | Open discussion

Day 3: Wednesday, 7 November 2012

8:30-9:00 Registration
9:00-9:15 Summary of the second day | Mr. Leng Chivin | Mr. Mathieu V.R.
Session 7: Forest Inventory Mr. Uy Kamal
9:15-9:45 National forest inventories: status | Dr. Henry
in the world. Matieu
9:45-10:15 Planning for Cambodia National Dr. David
Forest Inventory Chojnacky
10:15-10:45 | Remote Sensing for Assessing lan Thomas
Forest Resources and Changes
10:45-11:00 | Break
11:00-11:30 | Field research: Standard Mr. Samreth Mr. Mathieu V.R.
Operation Procedure of biomass | Vanna Mr. Uy Kamal
inventory
11:30-12:00 | Toward Forest cover data Mr. Takeshi
preparation for establishment of Yamase
Historical REL (Sharing CAM-REDD
information and Experience)
12:00-13:30 | Lunch
13:30-14:00 | REDD+ under the UNFCCC Dr. Henry lan Thomas
reporting framework Matieu Mr. Leng Chivin
14:00-14:30 | O Tier for forest land, Dr. Sandro
deforestation and afforestation for | Federici
Cambodia
14:30-14:45 | Break
14:45-15:15 | Identification of the best method | Dr. Sandro lan Thomas
to monitor REDD+ activities (By | Federici Mr. Leng Chivin
group of 5 person
15:15-16:00 | Estimate Preparation (QA&QC, Dr. Sandro
verification) Description Federici
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| 16:00-17:00 | Open discussion

Day 4: Thursday, 8 November 2012

8:30-9:00 Registration
9:00-9:15 Summary of the third day | Mr. Leng Chivin | Mr. Khun Vathana
Session 8: Cambodia UN-REDD National Programme Dr. Henry Matieu
9:15-9:45 Current Status of Cambodia UN- | Ms. Ly Sophorn | Mr. Uy Kamal
REDD National Programme UN-REDD Mr. Samreth Vanna
Secretariat
9:45-10:20 | Open discussion and workshop
wrap up.
10:20-10:35 | Break

Session 9: Closing Session

10:35-11:20

Certificate and Closing remarks

Dr. Henry
Matieu, Lead
Technical
Officer

H.E Chea
SamAng,

NPD, Cambodia
UN REDD

Programme

Mrs. Sar Sophyra

11:20-12:30

Lunch

End
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Objective of the GHG inventory
under the UNFCCC

Sandro Federici, Matieu Henry

GHG Inventory Preparation for Forestry
November 5-87 2012
Paradise Angkor Vilia Hote!

Why do we need knowledge about anthropogenic

GHG fluxes {emissions and removals)?

+ Climate change is the consequence of a change in the GHG concentration in
the atmosphere due to anthropogenic emissions {mainly CO,, CH, and N,0)

h Climate change is the main ervironmental crisis

+ Quantitative data on anthropogenic GHG emissions and removals are
needed to assess the contribution of human activities to changes in the
GHG concentration in the atmosphere

b Human activities are the main source of GHG

+ Data on GHG fluxes have to be disaggregated by activity/categoryand a
timeseries {e.g. from 1990 till now) is needed to assess trends

h Mitigation policies need to be monitored

I IN-REDD)

Why do we need knowledge about anthropogenic

GHG fluxes {emissions and removals)?

= Miigation potential = guantity of reduction in emissions OR

enhancement in removals

that could be achieved by a country/froject activity in a
timeframe.

E.g. if expected deforestation will cause 10 Mt CO, emissions / year

h the mitigation potential associated with an activity to halt deforestation would be
10 Mt CO,

=|dentifying sources of emissions and sinks of removals (i.e. activity/category, carbon
pool) together with level and trend of emissionsfremovals helps to assess their drivers.

E.g. whether forest tand are converted to grazing land the driver is husbandry for
meat/milkfwvool production for dome stic andfor export.

If GHG fluxes and trend s and their drivers are known expected climate change
L can be forecasted and then adaptation planned

How do we quantify anthropogenic GHG fluxes?

= The amount of GHG emitted or removed from an element {e.g. a carbon pool, a
land category, transport etc.) is not measured directly (over time & space)

E.g. there is not an instrument capable to measure in continuous emissions and
removals from the whole forest land area

An estimate is prepared to quantify emissions or removals produced by a
source orsink in a year

= Anestimate is an approximation, a central value that has been inferred from either a
proxy or a sample or both; it has therefore an associated degree of uncettainty
within a confidence level (a probability)

E.g. the average

The Probability Density Function is the statistical tool used to identify the
distribution of the potential estimate according to probability thresholds.

I, UN-REDD 1T
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An estimate and its uncertainty

The Probability Density Function (PDF) describes the range and relative
likelihood of possible values of an estimate (i.e. its uncertainty); where | is the
central value of the distribution and o is the standard deviation (SD).

Probability density
oo 01 02 03 04

An estimate and its uncertainty

The standard deviation, g, shows how much variation or "dispersion" exists
from the mean (central} value. A low standard deviation Indicates that the data
points tend to be very close to the mean, whereas high standard deviation
Indicates that the data points are spread out over a large range of values.

The standard deviation is the square root of the variance o2 (which is the sum
of the square difference, between each sampled value and the average of the
sampled values, divided by the number of sampled values minus 1}

= ﬂ:‘l(xl — i)z

n—1

The uncertainty formula is % uncertainty
u

}é (95% Confidence Interval width)
= %100

An estimate and its uncertainty

EXAMPLE OF UNCERTAINTY EXPRESSION

95% Confidence Interval

In the GPG2000, the percentage uncertainty is defined as:

12(95% Confidence Interval width)
% s = x100

u

For this example:

V (40)
% uncertainty = <=
u

5 3
x100=2%x100 = 2% x100= 200
n 100

\ Where:
6 = standard deviation
r T T T 1
80 90 100 110 120 G:mzlﬂ
u-20 L ¢ e H+20 1 = the mean of the distribution

Preparing a GHG estimate

To prepare an estimate three elements are needed:

E.g. to estimate aboveground biomass carbon losses due to
harvesting the following elements are needed:

= A rbon losses are proportional
= Activity data on roundwood and fuelwood

= Expansion factors to whole aboveground biomass, including WD and % C
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Preparing a GHG estimate

e Input data may be divided in

Activity Data (AD): significant change yr by yr according to changes in the
activity.

E.g.1 Area subject to a specific management activity such as no-tillage
practice

E.g.2. Harvested timber volume for total forest harvesting

Emission (er Carbon-Stock-Change) factors (EF — CSCF): allow the inference
of emissions/removals from the AD and tend not to change significantly YR by
YR.

Preparing a GHG estimate: the method

The most simple method for estimating GHG fluxes from a source/sink is:

ACTMITY
DATA

S Satellite Natiorial Forest
SHGlnveniory monitoring system Inventor

Activity Data * Emission Factor = annual GHG flux

For C pools
Activity Data * Carbon Stock Change Factor = annual carbon stock change

Or proxy data * factor of correlation with variable to be assessed (i.e. CO,

AminaiAnalrama s ialal

Preparing a GHG estimate: the method

= Assumption: there is a constant relation (the CSCF) between the GHG flux
caused by an activity (e.g. deforestation) and another element of that
activity (e.g. area deforested).

« Itis assumed that the CSCF is, as far as can be judged, an unbiased
estimator of carbon stock of lands before these lands were deforested (in
the case of deforestation).

* Theinference: is the simple multiplication: Activity Data * Constant Factor

>>> So that the variable of interest i.e. CO, emissions/removals is inferred by
the data of a proxy variable

E.g. GHG estimate of deforestation

Assumption: All carbon contained in the forest is lost because
of conversion (this is a reliable assumption)

Activity data = area deforested in the year e.g. 10,000 ha

Carbon stock change factor = average carbon stock contained in the
forest before conversion e.g. 100 tC ha!

Inference = area deforested * average carbon stock contained in the
forest before conversion = 10,000 ha * 100 tC ha™' = 100,000 tC
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IPCC Guidelines

IPCC Guidelines provides default methods for each source/sink category;
{So-called tier 1 methods)

An IPCC default method is based on assumptions and inferences considered as:

-Being robust;

- Applicable in any country in the world;

- With an acceptable level of uncertainties (deemed at
producing accurate assessment of trends).

An IPCC method does not set a standard.

An IPCC method is built on good practices, it provides a viable option, as robust
as possible

Preparing a GHG estimate: the method

What is a standard?

- rigid threshold that excludes everything does not match it;
- fixed element which does not allow every national circumstance to
pass through;

- does not accommodate scientific and technologic progress until the
standard is set at a new level.

A GPG is an instruction that could be followed for achieving the
target (preparing national GHG estimates) by anybody under
any different national circumstances

b gives instructions to the Parties + free to choose their own
way.

Good practices

 ospedale
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GHG-estimate’s methods

What's the best method to be applied?

The method that provides GHG estimates:
¢ with the highest accuracy, and

* Adapted to national Financial, human and technical
capacities

Potentially, there are no limited number of methods for preparing GHG

estimates;

b However, to be used under the UNFCCC, estimates should have
some characteristics (the 5 principles).

IPCC Guidelines

|PCC Good Practice Guidance for LULUCF

2006 IPCC Guidelines for National GHG Inventories

http://www. ipcc-nggip.iges. or. jp/public/2006gl/index. html

Reporting GHG estimates under the UNFCCC

Reporting GHG estimates under the UNFCCC

« Under the UNFCCC there are 2 channels for GHG data acquisition:

(1) GHG Inventory, annually submitted by Annex | Parties only (it is
mandatory ). A GHGI contains information on GHG emissions and
removals, as:

« estimated values and associated uncertainties,
* background data

* information on methods

« their relevance in the national balance,

¢ Information on all activities implemented to ensure a proper and
sustainable development of the GHGI

— Subject to review,

¢ Currently, under the UNFCCC there are 2 channels for GHG data acquisition:

¢ National Communication, submitted by all Parties (however it is
mandatory, every 4 years, for Annex | Parties only). A NC contains
information on:

* national circumstances
« historical emission and removals

* projected emissions and removals under BAU and mitigation-actions
scenarios

* Information on planned and ongoing mitigation and adaptation
policies and measures

* Information on research, cooperation (including capacity building)
and public awareness on climate change

Subject to review
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Future requirements under the UNFCCC.

Coming soon...

+ Annex | Parties should submit:

Abiennial update report on their progress in achieving emission reductions,
including information on implemented mitigation actions, emission reductions
and projected emissions

The first biennial update report due by 1 January 2014 and then every 2 years

Subject to an International assessment and review process that will be
conducted through a technical review of information and a multilateral
assessment of the implementation of quantified economy-wide emissions
reduction targets

Coming soon

* Non-Annex | Farties {consistent with their capabilities and the level of

support provided for reporting) should submit:

+ A biennial update report containing updates of national greenhouse gas
inventories, including a national inventory report and information on
mitigation actions.

+ The first hiennial update reports due by December 2014 and then every
2 years

— Subject An international consultations and analysis will aim to increase
transparency of mitigation actions and their effects, through analysis by
technical experts in consultation with the Party concerned and through
a facdilitative sharing of views, and will resultin a summary report;

I /N-REDD T

Data publication

+ Data are puhlished on the UNFCCC website
http://unfccc.int/national reports/items/1408.ph

+ Data published are official data of the Party

+  Their consistency with other official statistics prepared by the Party under
other national {e.g. statistical yearbook) and international initiative {(e.g.
FRA) has to be ensured

*  Published data are used by the UNFCCC to assessing country progresses
towards commitments and for assessing glohal trends of anthropogenic
emissions and removals; whose trends are the basis for discussions on the
development and implementation of any mitigation and adaptation
instruments
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The purpose of the review

To assist Annex | Parties in improving the quality of their reports
To examine reports consistency with relevant UNFCCC and IPCC guidelines

To ensure that the Conference of the Parties (COF) has adequate and reliable
information on:
+ trends of anthropogenic GHG emissions and removals;
+ mitigation and adaptation needs and ongoing actions.

To ensure comparahility of estimates among countries i.e. that estimates are
transparent, complete, consistent and accurate

Thank you for your attention

I /N-REDD
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Training course on:

GHG estimates for the forest sector

Reporting principles and
guidelines:
Transparency, Consistency, Complefteness,
Comparability, Accuracy
Sandro Federici, Matieu Henry

GHG Inventory Preparation for Forestry
November 5-87 2012
Paradise Angkor Villa Hotel

Content

1.Reporting principles
2.Transparency
3.Consistency
4.Comparability
5.Completeness
6.Accuracy
7.Managed land

I /N-RECD

Reporting principles

The UNFCCC reporting framework has been designed to allow any Party
under any national circumstances to provide an assessment of its
level and trends of anthropopenic emissions and removals.

h Assessments should be comparable to allow:
+ Assess global estimates,

+ Evaluating contribution of each Party to the final goal of the
Convention

UNFCCC Article2: The ultimate objective [...] is to achieve [..]
the stabilization of GHG concentrations in the atmosphere at a

level that would prevent dangerous anthropogenic
interference with the climate system.

Reporting principles

To ensure such a comparability five principles have been set on which
reporting requirements have been designed:

Each estimate, should be compared with other estimates
b of other sectors andfor other countries.

I N-REDD 1T
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Transparency

>> means that the data sources, assumptions and methodologies used for an
inventory should be clearly explained, in order to facilitate the replication and
assessment of the inventory by users of the reported information. The
transparency of inventories is fundamental to the success of the process for
the communication and consideration of the information;

ALL needed information should be provided and structured in a clear way (for
Annex | Parties NIR -national inventory report- and CRF -common reporting
format tables).

An estimated value alone, even if associated with a low uncertainty, is NOT
sufficient.

Transparency

Does the GHG-estimate actually estimate the category as the category has
been defined?

E.g. a forest definition is applied, however data are collected according to
another forest definition, no corrections are applied;

E.g.2. A portion of forest territory subject to human activities is left out.

Does the GHG-estimate represents the correct time period?

E.g. the data cover a portion of the year only,
E.g.2. the data collected in a portion of the year are extrapolated to the whole
year without considering seasonality.

I, UN-REDD

@ ‘E) \\“;5’ Transparency

Input data are consistent with technical requirements of the model
applied?

E.g. net increment is applied while the gross increment is the input data
requested by the model

To answer to all those questions it is fundamental to know how the
estimate has been prepared and which are:

* The assumptions;
+« The inferences;
* The input data.

b ALL the methodological and data information that allows to prepar
the estimation and to reconstruct the estimate.

—

QU=

Transparency

Transparency is the MOST important principle to be followed when
preparing estimates;

*+ Anon-transparent estimate = non-estimate

+  Without transparency, it cannot be assessed whether an
estimate follows good practices and reporting principles.

* There are not national circumstances that may justify a lack of
transparency

I, UN-REDD [
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Consistency

Consistency

>»> means that an annual GHG inventory should be internally consistent for all
reported years in all its elements across sectors, categories and gases.

An inventory is consistent if the same methodologies are used for
b the base and all subsequent years and if consistent data sets are
used to estimate emissions or removals from sources or sinks.

An inventory using different methodologies for different years can be
considered to be consistent if it has been recalculated in a transparent manner,
in accordance with the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories or the GPG for the LULUCF {2003).

Difference among annual GHG emissions and removals must not be
determined by differences in methods used or in the quality of data used

+ Atimeseries of estimates is said consistent if same data quality and
methodology are applied along the timeseries or, when differences
occurs among years, methods are applied to avoid that differences
in data quality and/or methodology are counted as changes in
emissions/removals;

+ Inconsistencies among data and methods of different annual
inventories always result in differences in the amount of reported
estimates and therefore in the trend of the timeseries;

+ Considering that the timeseries of estimates is needed to assess the
impact of implemented policies and measures, inconsistencies may
deeply undermine the efficiency of monitoring mitigation actions.

I /N-RECD

Consistency

+ Toensure consistency, the IPCC guidelines provide different
methods:
> Overlap method: estimates obtained with two different methods
are used to calculate the estimates for the same time period,

> Surrogate data: data fromm a proxy can be used to estimate the
level and trend of emissionsiremovals of the sourcefsink to be
estimated,

Interpolation: spatial and temporal gap-filling;
Extrapolation: spatial and temporal projection;
A combination of those methods;

Or customized approaches

YVYVY

Comparability

Comparahility means:

Estimates of emissions and removals reported should be comparable
among Parties. For that purpose, Parties should use the methodologies
and formats agreed by the COP for making estimations and reporting their
inventories. The allocation of different source/sink categories should
follow the Common Reporting Formats provided by UNFCCC.

IPCC default methods and data build the first step of comparahility {all
countries with same methods and factors);

However higher level of comparability can be achieved by improving
completeness, consistency and accuracy of estimates by applying country-
specific methods and data that better cope with IPCC

I N-REDD 1T
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For REDD+, Parties are requested to use (decision 4/CP.5)
IPCC Good Practice Guidance for LULUCF

2006 IPCC Guidelines for National GHG Inventories

»

| <[>
<[ ><|><
| >[><

Completeness means that an annual GHG inventory covers at least all sources

and sinks, as well as all gases, for which methodologies are provided in IPCC
Guidelines.

b Estimates have to have full spatial (geographical) and time (annual)
coverage

b A timeseries of annual GHG inventory should be provided (to have
trends)

»

The estimate has to fit the category/pool boundaries set by the
definition .

<[>
<[ ><|><
<>

h Are all carbon stocks been included in the pool?

E.g. does dead biomass includes dead standing and ground biomass?
b Are all carbon pools reported?

Live Aboveground — Live Belowground — SOC — litter — Dead wood — H &WP
b Does the estimates cover all the land area?

b Do all the gains and losses occurred in the pool considered?

The estimate has to include all emissions/removals from the category/pool

@9 @@ @@ Accuracy

Accuracy means that emission and removal estimates should be accurate in
the sense that they are systematically neither over nor under true emissions

or removals, as far as can be judged, and that uncertainties are reduced as far
as practicable.

b Appropriate methodologies should be used, in accordance with the
IPCC Guidelines, to promote accuracy in inventories.

Accuracy of inventories tend to improve year by year because at each
b inventory cycle more data and knowledge may be available.
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Accuracy

The final goal when preparing an estimate is to “reproduce” the true value,
without directly measuring it.

b Accuracy measures how far the estimate is from the true value;

b Differences between the true value and the estimate are due to:
{1) biases in the method and in the data,

{2) random errors may cause deviation from the true value {even
if they tend to cancel out)

I LIN-REDD

Accuracy

+  When the true value is unknown, avoiding biases in methods and
input data allows us to have an accurate estimate {an estimate
that coincide with the true value) as far as can be judged
{we assume random errors cancelling out);

¢ Orwhenthe true value is known, even if only for a subset of the
population (this is the case when ground truthing remotely sensed
classified images), it can be used to calculate the accuracy of an
estimate ({i.e. verification).

I /N-RECD
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Accuracy

Inaccuracies may stem from methods, activity data and emissions factors

1. Inaccuracies related to method stem from:

[+ Assumptions; —— '

| Are the assumptions reliable? Have assumptions an impact on calculated
estimates (e.g. equilibrium models)?

+ Inferences;
Do inferences capture real dynamic and magnitude of carbon stocks?

+ Parameters;

Are the parameters appropriate for the selected inferences? Have the
parameters validated?

i\ G\ G

WY O Y Accuracy

2. Inaccuracies related to activity data stem from:

* Definition of the Categories
Do the definitions overlaps? Does the categories cover the all variability?

¢ Classification methodology
Does the methodology avoid double classification of any land?
Does the methodology avoid the exclusion of any land?

+ Data consistency
Are the data in a timeseries consistent each other?

Are the data consistent with method needs?

I N-REDD 1T
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Accuracy

2. Inaccuracies related to activity data stem from:
+ Data co-registration

Are the different sources of data, -e.g. remotely sensed, ground
data- correctly referred to the area where they have been
collected?

+  Sampling design

Are the samples collected in order to properly represent the whole
variability? Are errors minimized?

I LIN-REDD

Accuracy

3. Inaccuracies related to emission factors stem from:
+  Measurement instruments and methods

Are the instruments properly working?
Are instruments properly used?

+ Consistency

Are the factors in a timeseries consistent each other?
Are the factors consistent with method needs?

I /N-RECD
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Accuracy

3. Inaccuracies related to emission factors stem from:

+  Sampling design

Are the samples collected in order to properly represent the whole variability?
Are errors minimized?

+ Association to category/land

Are factors compensating the whole variahility of the category/land to which
they are applied?

G 4\ D
Y & WY

Accuracy

Without considering here biases due to measuring variables

{e.g. systematic errors in the instruments, systematic errors when using the
instruments, systematic errors in the measurement protocol)

b Sampling means measuring a small portion of the whole to derive
information on the whole {this make possible to obtain information in an
economic, feasible, and accurate way;

b The sampling design is one of the most relevant element for achieving
accuracy of estimates;

b Sampling design provides the information on:
How sample are selected {including considerations on re-sampling )?
How mary sample?

I N-REDD P11
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Accuracy

LA VAY

The average value of a set of samples is an unbiased estimator of the
population average if:

L The set of samples have been collected from the population with a
sampling design that ensures that each single element of the population
has a positive probability to be extracted

The sample size is large enough, so that the probability density function

L of the variable represents the actual distribution of frequency and
values (i.e. the variance of the sample is an unbiased estimator of the
variance of the population)

Accuracy

» So, determining sample size is an important issue, samples that are too
large may waste resources, including time, while samples that are too small
may lead to inaccurate results

* In many cases, it is possible to determine the minimum sample size needed
to estimate a variable, such as the population mean p

» The sample mean X is different from the population mean p (which is the
true value and is the limit of the sample mean as sample size grows to
whole population)

Accuracy

This difference between the sample and population means can be thought of
as an error. The margin of error E is the maximum difference between the
observed sample mean and the true value of the population mean that we
wish to have.

E=zar—
2
where:
za = is known as the critical value, the positive z value that is at the vertical
2
boundary for the area of % in the right tail of the standard normal distribution

o =is the population standard deviation
n = is the sample size

I UN-REDD

2
Za
Rearranging the equationn = [%1 that is the sample size necessary to

produce results accurate to a specified confidence level and margin of error
This formula is used when, known o, it is intended to calculate the sample size

needed to estimate the mean value , with a margin error + E with a
confidence level 1-a.

Of course since is very unlikely that you know ¢ you may derive an estimate of
it from a pre-sampling
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W\ Y Accuracy

A 95% confidence level corresponds to a=0.05; therefore each of the tales has
an area of 0.025. the area within the confidence interval to the left and to the
right of the central value has an area of 0.475. In the table of the Standard

Normal (z) Distribution, an area of 0.475 corresponds to a value of 1.96.

Za_
-2-—1.96

)\ G\ i)

\AWACY) Accuracy

Assuming that for both (blue and brown) distributions the

average value is an unbiased estimator, they are both accurate

and therefore reliable/trustable

Of course for the red
distribution the uncertainty is
higher and therefore it is
likely that the country should
prioritize improvements for
that estimate.

Froquency

—nFva
—utvs

Managed lands

Afinal principle that applies to the AFOLU/LULUCF sector is that to
discriminate between natural and anthropogenic emissions and
removals:

bOnIy and all emissions and removals occurring on managed lands
have to be reported;

LAII emissions and removals occurring in unmanaged lands should
not be reported, only area of unmanaged lands should be.

Because in managed lands the direct impact of human activities on the
C stocks dynamic is assumed to be prevalent,

& C emissions from unmanaged lands is assumed to be largely smaller
than that of natural variables.

Managed land is a land with ongoing human activities or, if abandoned,
where annual carbon stocks dynamic is still impacted by previous
human activities.

Thank you for your attention
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Training course on:

GHG estimates for the forest sector

Elements of a GHG Inventory

Sandro Federici, Matieu Henry

GHG Inventory Preparation for Forestry
November 5-87 2012
Paradise Angkor Villa Hotel

Content

. Reporting obligations for non-Annex | Parties

. Greenhouse gases

. Timing for reporting

. Sectors and categories

. AFOLU categories

. Estimates: 3 approaches for land representation
. Methodological choices: Key categories

. Uncertainty analysis

DO~ EWN =

I /N-RECD

Reporting obligations for non-Annex | Parties

New mechanisms for mitigation actions in non-Annex I Parties (Caznzcun
agreemtents)

Naotional oppropriate mitigation octions (NAMAs}

—national communications have to be enhanced + every two years update
reports

— mitigation actions will be measured, reported and verified and subject to
international verification

Policy approaches and positive incentives on issues relating to REDD+

— To implement robust and transparent national forest monitoring system for
reporting of the REDD+ activities.

—To develop resulted-hased actions that are fully measured, reported and
verified {MRV).

— To develop national strategies, policies and measures and capacity building.

Greenhouse gases

As a minimum, inventories have toinclude the following GHGs:

+Carbon dioxide (CO,,
+Methane {CH,)
*Nitrous oxide {N,O)
*Perfluorocarbons (PFCs)

*Hydrofiuorocarbons (HFCs)
*Suiphur hexafluoride (SFg)

Estimates should also include the following indirect GHGs:
Carbon monoxide (CQ), nitrogen oxides (NOx), non-methane
organic volatile compounds (NMVOC) and sulphur oxides (SO,)

I N-REDD 1T
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Timing for reporting

Sectors and categories

« Annual emissions and removals; The inventory must cover the following sectors:
* For a timeseries of year, including the reference level; 1 Enegy
’ 2 2. Industrial Processes and Product Use (IPPU)
* For developing countries, currently expected to be 3. Agriculture, Forestry and Other Land Use (AFOLU)
submitted every 2 years within the biannual update report; 4. Waste

International aviation and marine bunker fuel emissions are not to be included
4, Inventory

: s 3 1.Planning in national totals, but reported separately
* First Biennial Update improvement
Report (BU R) by 2014. Each of these sectors is subdivided into different source/sink categories.
8.1 ) Emissions and removals have to be reported at the most disaggregated level of
. Inventory 2. Preparation .
evaluation each source/sink category

Content of the volume 4 of the IPCC 2006 .
AFOLU categories

CH, and N,O emissions

3A Livestock I Chapt. 10

3Alai_Dairy Cows
3Alaii Other Cattle

Cattle

Buffalo
3B Land ceats
3A1e Camels
Horses
Mules and Asses

3A1 Enteric Fermentation

Other (please specify)
3A Livestock

I n (| Lhapt. 4, 9,0/ 3AZai_Dairy cows
3A2a Cattle
3AZ2aii Othercattle
s 3A2b Buffalo
A / 5
roreoate
3C Aggregate TR

3A2c  Sheep
sources and non 3A2d_Goats
—~r . . 3A2e Camels
C ()1 emissions 3A2 Manure Management }

\__3A2f Horses
sources on land 8| A2

3A2g Mules and Asses

3A2h  Swine

3A2i Poult;

3A2§ Other (please specify)
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AFOLU categories

CO,, CH, and N,O emissions

3C1a Emissions from biomass burning in farest lands

3C1 GHG emissians
from biomass burning

3C1b Emissions from biomass buming in craplands
3C1c Emissions from biomass buming in grasslands
3C1d_Emissions from biomass buming in other land

3C2 Liming
3C3 Urea application

3C Aggregate sources and non-C02 ' 304 Direct N0 Emissions from managed soils
emissions sources on land

305 Indirect N20 Emissions from managed soils

3C6  Indirect N20 Emissions from manure management
\ 3C7 Rice cultivations

3C8 Other [please specify]

301 Harvested Wood Products

302 Other [please specify]

AFOLU categories

C stock Changes, CO,, Emissions and Removals

AR 1a Farest land Rematning Farast land

hi_Craplana cnnvartad tn | arast i ana
Y — SRl Cenaconierisa 1 bl Grassland converted ta Famsr | and
. to Forest land BB Wetlands converted to Forest Land
.. 2BIbiv  Sellermenl cunverted W Furest Lund
3016y OtherLand converted to ForestLand

{thva  Craplana Kamaining Crapiand

ARPBI Caresr | and camvartad to Cropland
S AN2hii  Grassdand canwerted tn Cropland
SBZb  Land Curwerled  f.
s %o Croplond / 2R2bi1E Werlands cnnvarred ta Cropland

_ ANPhiv  Serrlements camverted ta Crapland
302bv  Other Land convertad to Cropland
2RRa  Grasdand Ramatning Grassiand

3N3b1_Forcst | and converted ta 1land

S0 1 e comverred (S Coumtona uunverted o Grusiuns
A._tn Grassliand SBSLiii ands cunverted Lu G U o
\ [thithhv  Latflamants canvartad tn crassiand
St Othoriand cnnvarrod s Grmcand

3B Grasstand

AR land

284u  Wellunds 2Baui Peutlunds rermuicing peatiund
Romaining Wetl ands

YBAuii Fluvded lund rerrmining wuded lund
28B4 Welonds /  3B4b  Land Converted ANAB1 1 and canvertad far peat extraction
tn watianas -~
{_ 3B4bii Land converted to flooded land
AR5a  Sartflamants Ramaining Sattlamants

3NSh | and Canverred ta
_Sarriamants

= Crupland curs
305 Settlements =
< s cul
Vvetlands converted to settiements
APShv Othor i and annvartad o Sottlamants

SBou  OUier lund Rerwining Olher tund
306bi  Forest Lond convarted to Other Lond

e BuREE TR R [ ZB6bLii Cruplund converled W Other Land
A _Oher land SBebiii Grasland cunverled Lu Olher Land

\ ZEabiv g cunverled W Oler Lund
SBebv  Selllernenls cunverled W Olher Land

Estimates: three approaches for land

representation

Different levels of methodological complexity

For Land representation 3 approaches exist:

Approach 1

>>> identifies the total area for each land category - typically from non-spatial
country statistics - but does not provide information on the nature and area
of conversions between land uses, i.e. it only provides “net” area changes
(e.g. deforestation minus forestation).

Estimates: three approaches for land
representation

EXAMPLE OF APPROACH 1: AVAILABLE L\.TN’;BI."-:.ESI.)?\TA WITH COMPLETE NATIONAL COVERAGE
Time 1 Tine: Sl
F = 18 F = 19 Forest Land - +1
G = % G = 1) Grassland = 2
c = 31 c = 2 Cropland - 2
w o= 0 W o= 0 Wetlands - 0
s = 5 s = 8 Seftlements - =3
o = 2 o = 2 Other Land - 0
Sum = 140 Sum = 140 Sum - 0
INote: F = Forest Land, G = Grassland. C = Cropland, W = Wetlands, S = Settlements. O = Other Land. Numbers represent area units (Mha
in this example).
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Estimates: three approaches for land

representation

Approach 2
»>>> involves tracking of land conversions between categories, resulting in a
non-spatially explicit land-use conversion matrix.

Approach 3
>>> extends Approach 2 by using spatially explicit land conversion information,
derived from sampling or wall-to-wall mapping techniques.

Similarly to current requirements under the Kyoto Protocol, it is likely that
under a REDD+ mechanism that land use changes will be required to be
identifiable and traceable in the future.

i.e. it is likely that Approach 3, or Approach 2 with additional information on
land use dynamic, can be useful for REDD+ implementation.

Estimates: three approaches for land
representation

TADLE 3.4
TITTSTRATIVE PYAMPIT OF TANTTATING ALY LANT-TISF CONVPRAION TOR APPROACTI 2
THCTITTNG NATIONATLY DFFTNFD STRATA

Twitial Bamed wne Fiwal landd wve Toamel 20w, Mz Tous larion/Fae asioms
Forest Lana (Unmanaged) Forest Lana (Uzmanaged) s Excinded fom GHG mventory
e Forwnt Luad (Musoued. . T T
"":“ iespnd (M."""E“‘)" @ 2 Inciuded m GHLG mventory
it e Setusais 1 Tucluded in GHG isveatoy
ﬁfﬁaﬁf’_’;‘ omacet. Decen, [Forex ,":;‘}_‘3?,‘3‘“1 Bl Included i GIIG toveamry
(Chatmp, « o1 Included I GHG invenrory
Gusnabund (Uaimproved) Guuaalund g ovad) 2 Taduded i GHG iuveatosy

Fummat Tsunad (Msormazsmd

Urassiand (Ununproved) temparaze conmnental) 1 Included m Ul1G mventory
(Untmp: 1 Included tn GHG toventory

G D Grassland (T o) 17 Included in GIIG inventory
371004 (Improved) FOre T S aacrs. 2 Included tm GHG tnveatory

e )

Estimates: three approaches for land
representation

TABLE 3.6
SIMPLIFIED LAND-USE CONVERSION MATRIX FOR APPROACH 2 EXAMPLY

Net land-use conversion matrix

e Inifial | G c w s o Final sum

F 15 3 1 19

[ 2 80 82

C 2 29

W 0 0

s 1 1 1 s s

o 2 2

Initial sum s | 84 | u 0 5 2 140

Note:

F =Forestland, G =Gmssland C =Cropland. W =Wetlands,
S =Semtlements, O = Other Land
Numbars represent arsa units (Mha in this example)

I, UN-REDD Y]

Estimates: three Tier levels

Different levels of methodological complexity:

For carbon stock changes calculation 3 Tiers:

Tier 1 uses IPCC default factors {i.e. biomass in different forest biomes, carbon
fraction etc.);

Tier 2 requires some country-specific carbon data {i.e. from field inventories,
permanent plots);

Tier 3 highly disaggregated national inventory-type data of carbon stocks in
different pools and assessment of any change in pools through repeated
measurements also supported by modeling.

I UN-REDD T
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Estimates: three Tier levels

Tier 1 methods for all categories are designed to use readily available national
or international statistics in combination with the provided default emission
factors and additional parameters that are provided, and therefore should
be feasible for all countries.

Moving from Tier 1 to Tier 3 should increases the accuracy and precision
of the estimates, but also increases the complexity and the costs of

monitoring.

Methodological choices: Key categories

Key category is used to identify the categories that have a significant influence

on a country’s total inventory of GHG in terms of the absolute level, of
trend, or uncertainty in emissions and removals;

During inventory resource allocation for data collection, methodological

complexity of estimates, quality assurance/quality control,

b the key categories should be prioritized.

Start
Key category
Thel +
_ IsCategory key? —————YES
T
NO
v

Know more detail? Use higher Tiers

(abgtementtechﬂo!ggles) TIER 2 using national

parameters
NO
OR
v
Use default Tier 1 TIER 3 a more detailed
nationally specific
approach

The simplest approach
with default parameters

Uncertainty analysis

Uncertainty estimates are an essential element of a complete inventory;

Uncertainties should be addressed to avoid the potentially severe consequences of
inaccurate information and ensure the monitoring against targets (i.e accurate and
comparable);

When focusing efforts to reduce uncertainty, priority should be given to those inputs
that have the most impact on the overall uncertainty of the inventory.
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Uncertainty analysis

v The IPCC 2006 Guidelines define two approaches to estimating
uncertainties:

> Approach 1: error propagation equations
> Approach 2: Monte Carlo simulations

+ When measurements are not available to quantify uncertainties every
approach is highly affected by expert judgement

+ Approach 1 is simple enough and transparent for the purpose of an
emission inventory

Uncertainty analysis: approach 1

General approach:
+ Consider:
— standard deviations {when measurements are available )

— information by national statistical or other institutes {e.g. verification
data)

— information provided in the IPCC Guidelines

+ Otherwise use an expert judgement

I /N-RECD

Uncertainty analysis: approach 1

Uncertainty analysis: approach 1

Activity data
+ low uncertainty {e.g. 3-5%) to activity data derived from national forest
inventories;

+ medium-high uncertainty {20-50%) related to the data from official statistics
derived from administrative surveys or estimated data

Growlng stock Eri 3.2%
Currant Eni 51.6%
Incrameant
Jalan GHG Inventory Harvast E, 30%
1990-2008 Fira E. 30%
Dralnand grazing | E;, 30%
Maortallty Ey

30%
I |N-REDD YT

Emission factors

IPCC default uncertainty values are L Eoers 30%
used when the emission factor is a R [ 30%
:lhefault \;alue or.f.no ilnfo['mati?nblon DCF Four S
e country specific value is available S 5 —
Sall E 152%

Baslc density Esp 30%

Jtahan GHG Wvantary C Corvarslon Ec 2%
195902008 factor

Uncertainty values are high if emission factors are deduced from model
assumptions (i.e. litter or soils)

I N-REDD 1T
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Uncertainty analysis: approach 1

If uncertain quantities are to be combined hy multiplication {i.e. ADXEF)

Upw=Ur +U, + 40,
where:

Uy = percentage uncertainty in the product of the quantities
U~ =percentage rtainty igted with s sink i

If uncertain quantities are to be combined by addition or subtraction, as when

deriving the overall uncertainty in national estimates:

VU -ES+(, EF+.+(U, -E)

U.=
£ |E,+E,+..+E,|
where:
Ug= percentage uncertainty of the sum
U, = percentage rtainty iated with s Jsink ¢

Y
E;= emission‘removal estimate for sourcefsink

Category by category description

Transparency is the key principle; completeness of information reported is an

essantial requirement to achieve transparency.

The assumptions and methodologies used should be clearly explained for
each source or sink category to ensure transparency;

The uncertainties in the data used for all source and sink categories must be
quantitatively estimated;

Any methodological or data gaps should be documented in a transparent
manner to facilitate an assessment of completeness;

A QA/QC plan is required from each Party, as well as general, for each
source/sink category and specific for key categories, control procedures.

Category by category description

In category description, the information to be reported and documented, for

each category, are:
- Categoryinformation ;
- Methodological information;
- Datainformation;

- Estimate's assessment

®

Category by category description

Sector affiliation;

Gasles);

Relevance (is it o key category 2}

Category description, definition and boundaries;

Related human activities/practices and impacts;

Impacts of indirectly human-induced and natural disturbances;
Historical trends in emissions and removals;

Any other national circumstance;

#
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Category by category description: method

- Method description;
- Reasonsforhaving selected the method;

then, in case of country-specific method, description of:

- Assumptions;

- Equations and related processes;
- Inputs;

- Sensitivity analysis

- Outputs;

- verification

- Reference(s);

Category by category description: method

then, in cose of country -specific methed, description of:
- Parameters and country specific factors
- Unit
- Source and date
- Methods for collecting and elaborating data
- Uncertainty
- @A/QC checks
- Verification with independent datasets;
- References
- Intermediate Qutput Data (outputs by an equation used as inputsin a
next-step equation):
- Unit
- Uncertainty
- QA/QC checks
- Verification with independent datasets;

Category by category description: input data

- Input Data:

- Activity data:
- Emissions factors/carbon stock change factors/other parameters:

- Unit

- Source and date

- Methods for collecting and elaborating data
- Uncertainty

- QA/QC checks

- Verification with independent datasets;

- References

®

Category by category description: example

- Category informotion
- Sector: LULUCF
- Gases: CO, CH, N,0Q
- Relevance: key cotegory
- Category description, definition and boundaries:
- GHG emissions from living biomass, dead erganic matter and soils,
from forest tand remuoining forest tand have been reported.
- Forest definition used by Country is the same definition apptied by
the FAQ for its Global Forest Resource assessment (FAQ FRA 2000},
This definition is consistent with definition given in Decision
16/CMP 1

- The reporting orea boundaries have been identified with the
administrative boundaries of ltalicn regions.

D 75 GO
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Category by category description: example Category by category description: example

-> Category information QCategory information
- Italy’s national circumstances
. " - Italy has committed to 6.5% reduction below base year GHG emission levels
B ) - LULUCF sector is responsible for 87.3 Mt of CO, net removals from the
atmosphere in 2008
[ BY

l r - | | ——
- Forest Area: 8,838,665 ha, 30% ca of national territory
- Steady increase since the 70’s, rate 77.000 ha- yr-1; + 1.7 milion ha from 1985

to 2008
- All forests are managed

Category by category description: example Category by category description: example

- Methodological information:

- A model (for-est) has been used to assess data concerning the growing stock
and the related carbon, estimating the evolution in time of the Italian forest

- Category information
- Related human activities/practices and impacts;

- Information on current forestry activities have been reported. carbon pools, according to the GPG classification and definition: living biomass,
both aboveground and belowground, dead organic matter, including dead wood
- Impacts of indirectly human-induced and natural disturbances; and litter, and soils as soil organic matter;
- Information on fire occurrences have been reported. - It was conceived on an eco-physiological basis since it uses growing stock as

drive variable, growth relationships and measured forest parameters

- Historical trends in emissions and removals; - The model has been applied at regional scale because of availability of forest-
related statistical data at that scale;

- Time series of emissions and removals for different pools and
subcategories have been reported. - Flowchart, equations, uncertainty analysis and verification data of the model

are provided in National Inventory Report.
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Category by category description: example

Category by category description: example

STEP 1. from initicl growing stock volume reported in the First ttalian

Caaveizg s 00 [md he-1]
Notional Forest inventory, for each year, the current increment is computed

Gring s’ ]
with the derivative Richards function, for every specific forest typotogy; R
B oo Exgora en Foners Wune Sk Oyl
AU ML PN Eeyooght u/fek aluc
STEP 2. for each year, E Flowchart of the Ware G ity Muniand e
growing stock per hectare Sooveap Bl s For-est model DS e o
fmiherl} is computed from ANaoagora dlio man [1dm] 2 1
the previous year .growmg eseness| | e fane
stock volume odding the
catcutated current increment  Danidmass [tdm] 3 nmegn dembes [ P
and subtracting fosses due Py e - -
owmna PTETS e ——— I
to harvest, mortality and fire — S e —
occurred in the current year. Dmdumitox [§ Litmvamtox [ Vo [4

Category by category description: example Category by category description: example

- Data Informatinn - Data Information: List of parameters and data source
- National Forest inventories dato were input doto for the forest area, per
region and inventory tyeologies,

Parameter

- Total commercial harvested weod ond forest fires dota have been
pbtained from national statistics,

growling stock Fram Forest Inventery

blon¥ass expanslon factor Fram Forest Inventery
- Biomass Exponsion Factors which expands growing stock volume to wood bask density From Literature
volume of oboveground weody biomass, Root/shoot ratios which
converts growing stock biomass in belowground biomass and Wood
Basic Density for conversions from fresh volume to dry weight have been

used and referred in National inventory Report.

Frem Literature

maxs of aboveground litter Fram Literature {CANIF praject]

sailerganic Coantent From Literature {CONECOFOR praject]

dead mass expanslon factor From Literature {IPCC GPG 2003}




Category by category description: example

Eomarcund Eicmass oy

- Information on dato sources, uncertainty, Ealowground bicmess | 0%, e FIE)

QA/QC checks, references are provided Owmd mass oyt 20.3
Liner %yt 2.9
Seil Oyt 204.7
Arowings rek [ a.2%
Qureniinaemen: Bt ALA%
Hermst By 0%
Fire e, a0y
Oruin and Fusing to 0%
ee iy By 0%
eal Baia 0%
L3 :: 0%
oo s 0%
Lner By e
il e, 132%
asicdumiry [ 30%
Cérnvanicn e a: 2%

Data archiving

The archiving of all information related to the methods and data used for
estimating the emissions/removals from the category is essential.

Al the reference material, estimates and calculation sheets, s well s the
documentation on scientific papers and the bosic dato needed for the
estimates from the categery, should be stored and archived.

This information shafl alse include internal documentation on QA/QC
procedures, external and internat reviews, documentation on annuat key
categoeries and key category identification and planned improvements.

Data archiving

= Apgood archive serves as the “institutional memory”
— qguality of documentation on inventory preparation key issue

— easy access and clarity in the information stored important — single
location
* Starting point for new teams or new team members
— leaming from previous experience and using already developed “tools”
— less duplication of work — efficient use of resources
= Alibrary/data source for the team during preparation

— previous inventory the basis for the next one: check, compare with
previous calculations, references, etc.

= Information base for reviews, enquires, etc.
— transparency
— reproduction of the inventory estimates

Data archiving
* An archiving system needs:
— Aresponsible person
— A database where all information is stored {paper and electronic data):

* The database should be conserved in two separate sites and
composed by two instruments (hard disk and filing cabinet)

= Information stored in the database should be accessible but not
modifiable {i.e. any change/update should be tracked)

S [T a0
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National Greenhouse Gas Inventory: annual inventory process

4 Irorerdory ingrovenernt 1 Flaning

- Quality meetings - Setting qu ality objeetires

- Evaluation of effectvencss of the - Elaboration QA/QC plan
ventory system - Defining processes md wsowwes

- fesessing issues to be subjeet to further - Selecting metho ds andemimion factors
improvements

ntinuous improvement

3, Irvrerdory evaluation 2 Freparation
-Impk me nting Q A activities - Colketing artvity data
Internal mudits - Up dating emzsion factors
Independentaviews - Estmating CGHG emimions and
- Vexifieation wmovals
- Inkmational w view (UE - UNFCCC) - Impkmenting QC checks
- Unotatainty msemment
- fesessmentof ey categories
- fochiring i ntoay m aterial
- Beporting
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Status GHG Inventory for
Cambodian forestry sector
(LULUCF)

Prepared for Training Workshop on ‘GHG
Inventory Preparation for Forestry’
Cambodia UN-REDD National Programme

MRY team|] LULUCF sector | 05 November 2012

Presentation Outline

Forest GHG role explained

Reporting guidelines (LULUCF GHG mechanisms)
Cambodia Forest GHG Situation

Predicted GHG Development

Proposed GHG mitigation options

Potential improvements in Accounting

oy o )

MRY team | LULUCF sector | 05 Nowvember 2012

Forest GHG role explained

e Forests (UNFCCC : ‘Land Use, Land Use Change & Forestry -
LULUCF’) constitute and important sector in driving
Greenhouse Gas (GHG) changes.

e This can be contributed to the fact that forests are both
1) emitting, 2) storing, as well as 3) sequestering GHG's.

- 1) Forest emit GHG to the atmosphere.

e Approx 17.4% of global emissions stem from deforestation and
forest degradation.

- 2) Forests store carbon in woody material and soils.
e Approx 45% of terrestrial carbon is stored in forests.
- 3) Forest sequester GHG from the atmosphere.
¢ Approx 25% of Global GHG emissions on an annual basis.

MRY team| LULUCF sector | 05 November 2012 3

Forest GHG role explained

-

- Growing vegetation withdraws CO2 from the atmosphere
through the process of photosynthesis (Sequestration)

- Carbon dioxide is returned to the atmosphere by the respiration
of the vegetation, the decay of organic matter in soils and litter,
removal and eventually burning of biomass through various
processes (harvest, fuel wood extraction, etc.)

l Gross increment

- Carbon is stored in living
vegetation, dead organic
matter, and soil (Biomass
Carbon Pool)

72N
‘owing stock

N | i it
S | Fellings from forest

Littde [ e Natiral 3.
fall
i

Biomass tont
n forest

Gecompostion, | Litter & soil
o

MRY team| LULUCF sector | 05 November 2012

53



Forest GHG role explained

Forest GHG sector changes relate to both Natural as
Human-induced factors

- Natural:

Forest GHG role explained

- Human-induced:

MRV team | LULUCF sector | 05 November 2012

GHG reporting, Good Practice guidelines GPG
(LULUCF GHG mechanisms)

e UNFCCC requires parties to report in LULUCF sector on:

1. Changes in forest and other woody biomass stocks
- Changes in carbon stocks of forest land remaining forest land
1. Positive changes: Sequestration
2. Negative changes: Forest degradation (negative flux from Carbon pool)
- Calculated using: biomass stock removal, biomass growth of existing forests
and or re-growth of non-forest stands.

2. Forest and grassland conversion
- Conversion of existing forests and natural grasslands to other land
uses, such as agriculture
1. Forest clearing

- A change in Forest cover area, leading to subsequent emissions from the
biomass removal, and the future capacity to sequester carbon.

MRV team | LULUCF sector | 05 November 2012 7

Reporting guidelines (LULUCF GHG mechanisms)

3. Abandonment of croplands, pastures, or other managed
lands
- If managed lands, e.g., croplands and pastures, are
abandoned, carbon may re-accumulate on the land and in the
soil.

- According to the IPCC land abandoned grows at a higher rate
towards their natural state during the first 20 years. Abandoned
lands are not to be subject to ongoing human intervention after
abandonment.

4. Co2 emissions and removals from soils
- Changes in the amount of organic carbon stored in soils
1. Land-use practices affect soil carbon stocks by modifying carbon
inputs to soil as well as the decomposition rate of soil organic
matter.
(This GHG emission source is not addressed in Cambodia’s reporting
to the convention).

MRV team | LULUCF sector | 05 November 2012 8
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Cambodia Forest GHG Situation

+ National Forest (LULUCF) GHG emission
estimations:

- Initial National Communication (2002)
e Reporting 1994 GHG levels

- Second National Communication (2010 draft)
¢ Reporting 2000 levels as well as predicting the trend for future
GHG emission
* Reviewing potential Mitigation options

MRV team| LULUCF sector | 05 November 2012

GHG Emissions

Initial National Communication

- 1994 Greenhouse Gas Inventory of Cambodia (Gg)

Sector and Source

Categories C02 CH4 N20 NOx CcO

V. LAND USE CHANGE

AND FORESTRY

A. Change in forest/woody

biomass -64,850.23

B. Forest/land use change 45,214.27 7477 0.51 18.58 654.2
SUB TOTAL (A+B) -19,635.96 74.77 0.51 18.58 654.20
CO2 EQUIVALENT -19,635.96 | 1,570.08 159.34

TOTAL CO2 EQUIVALENT | -17,906.54

GHG Emissions

¢ Second National Communication
- Emissions Land-Use Change and Forestry for the year 2000 (Gg)

LUCF Greenhouse Gas co2

Source and Sink Emissio

Categories ns CO2 Removals | CH4 | N20 | Total CO2eq
Changes in forest and

woody biomass

stocks -27,208.26 -27,208.26
Forest and grassland

conversion 22,858.73 32.06 | 0.22 23,600.19
Abandonment of

managed lands -20,957.60 -20,957.60
Total 22,858.73 -48,165.86 32.06 | 0.22 -24,565.67

- LULUCEF functions as both source and GHG sink, net sink GHG
estimated at -24565.67 GgCO2e for the year 2000 in the SNC
inventory

Compared to agricultural and LUCF emissions

LULUCEF in the INC and SNC calculated to be a net sink,
larger than the total of GHG emissions

GHG dewelopment AFOLU

15000

u_. M. mm

= INC
(1994)
SNC
(2002)

L
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2000 - 2050 Emission development

However the Business as Usual (BAU) scenario forecasts an

decrease in national emission uptake to less then 5,000 GgCO2e

in 2050.

30000

20000

10000 —/

Emission (Gg CO,e)

-10000 /_/\/‘—,/
20000

-40000

20000 e _—

Baseline GHG emissions LULUCF Cambodia

——Gross GHG Emissions (Gg)

~——Forest and grassland

conversion (Gg)

~—Changes in Biomass stocks
(Gg)
~———~Abandonment (Gg)

GHG mitigation options identified

s AMorestaion -—\

+ The main mechanisms of reducing D
GHG reside in:
1) Improvement of current management, — e
utilisation efficiency, land under forest use antorestation S Forsst management
2) Enlarging sequestration surface, or sink
capacity E»
3) Wood resource substitution and use et
reduction ool
GHG MITIGATION OPTIONS IN SUBSECTOR LAND USE CHANGE & FORESTRY
Measure GHG mitigation option

1. Forest protection and management (Increased efficiency) Reduced Impact Logging (or SFM)
Product corversion and utilization efficiency

REDD+

2. Sink and manage: Afforestation and Reforestation
Agroforestry

3. Carbon substitution or reduction (Increased efficiency) Efficient cookstoves

BioEnergy plantations

&
Agro-forestry

. K
Agricultural
intensification

Total score

i BioknergyRural
Short Rgtation Acacia  electrification

<“ShortRotation
40 Eucalyptus
Reduced Impact
Logging

0 5 10 15
Incremental CO2 abatement costs {$/tCO,e)

A JCF | 25 June 2010 na

20

+ Improved Sawmilling
M Reduced Impact Logging
4 ShortRotation Acacia
< ShortRotation Eucalyptus
+ Rubber plantation
® Agro-forestry
Rural cookstove
=Urban Cookstoves
BioEnergy Rural electrification
+ Agricultural intensification

REDD+

GHG Mitigation Scenario Agro-forestry, Reforestation
of degraded lands, Forest protection through REDD+

0
-5000
-10000
5 s plus REDD+
¢ -15000
§ ~a— plus reforestation
8 -20000 - plus Agro-forestry
73
o B
——BAU
25000 BAU GHG Emissions (Gg)
-30000 -
-35000

- Compared to a predicted uptake of less than 5,000 GgCO2e in 2050
under the BAU baseline scenario, an uptake of over 20,000 GgCQO2e is
estimate to possible with implementation of the mitigation options
Agro-forestry, Reforestation and REDD+

MRV team | LULUCF sector | 05 November 2012 6

56



GHG Inventory Potential Improvements

Data Gaps, Estimations, definition changes..
- Abandonment lands
¢ Included in the GHG emission calculations, but:
- Can we verify there are no ongoing human activities?
- Forest cover changes

* Mathematical model: How do we calculate for i.e. forest definition
changes, changes between categories, increase in forest cover in a

category
Forest Cover (KHa)
Year 1992| 19964 2000 2002| 2006
Evergreen 4040, 3987 3129 3720 3669
Semi-Evergreen| 1535 1505| 1253 1455 1363
Deciduous 4350 4281) 3873 4834| 4692
Inundated 229 219 2121 314] 300
Mangrove 78| 73] 69, 65 60|

MRV taam| LULUCF sactar | S Novambar 2012

Thank you for your attention

MRV taam| LULUCF sactor | U5 Navambar 2012 18

57



Training Workshop on “GHG Inventory Preparation for Forestry”

Presented by Uy Kamal

5-8 November 2012
Angkor Paradise Hotel, Siem Reap,
Cambodia

Outline

1. Background

2. National Level Actors

3. National GHG Inventory Process

4. National GHG Inventory Methodology for SNC
5. Comparing GHG Inventory 1994 and 2000

6. A New GHG Inventory Software Program

7. Major GHG Inventory Problem/Issues

8. Recommendation/Suggestions
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Ratified UNFCCC
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2003 | 2.
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1. Background

»Cambodia ratified the UN Framework Convention on Climate
Change on 18 December 1995. As party to the UNFCCC and
with reference to article 12, Cambodia has committed to prepare
its National Communication (NC), where National GHG
Inventory is an important element of the NC, to the COP of

UNFCCC. 3 g
@ E ay
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2. National Level Actors

2.1 Climate Change Institutional Framework

National Climate
Change Committee

Min. of
Environment

Cambodian Climate
Change Department

Ad hoc Inter-
ministerial Working
Group on Forestry

UNFCCC
Implementation

Vulnerability

& A daptation

_/
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2.2 GHG Inventory Framework

National Climate Change Committee

|

| Ministry of Environment |
I

‘ SNC Project |
I

I | |

GHG GHG UNFCCC
e V&A :
Inventory Mitigation Implementation

| Team Leader }——l Advisor |

Energy sector (Counterpart of MIME) I=

Govt. counterparts from
MIME, MOE, and MPWT

Govt. counterparts from

Agriculture sector (Counterpart of MAFF) H MAFF, and MOE

LUCF sector (Counterpart of MAFF) H

4 2. National Level Actors )

Govt. counterparts from ]

o

3. Process of National GHG Inventory

\\

MAFF and MoE
Waste sector (Counterpart of MoE) Govt. counterparts from
o =5 )

4 N 4 N
3. Process of National GHG Inventory (Con’t) 4. National GHG Inventory Methodology
O The first three Greenh G th ¢ » UNFCCC Software has been used. The software package

e first three Greenhouse Gases are the mos . e
common GHG among others: CO,, CH,, N,O, PFCs, cori? {stsr Of tyhe follow1ng filgs:
HFCs, SF,, and other indirect greenhouse gases such as ¢ START.XLS
SO,, NOx, CO and NMVOC. ¢ OVERVIEW.XLS
* MODULEL.XLS (Ener;
0 The Cambodia's Initial National Communication (INC) o MODULE2.XLS (? d gty) 1P
was prepared from 1999-2001 and subsequently : (e 1?s rigl Fropesses)
submitted to the COP-8 of the UNFCCC in 2002. * MODULE4.XLS (Agriculture)
* MODULES.XLS (LULUCF)
U The Initial National Communication was started in Jan « MODULE6.XLS (Waste)
1999 and submitted to COP-8 of UNFCCC in 2002. - )
» In general, this software uses Tier 1 methodologies for
0 SNC is going to finished in late 2010. estimating GHG emissions and removals for all source
categories described in the Revised 1996 IPCC Guidelines.
) J \-J J
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/
5. Comparing GHG Inv. 1994 and 2000

Total CO,eq (Gg)

GHG Inventory 1994*  GHG Inventory 2000**

Greenhouse Gas by

Source and Sink

Energy 1,881 3,444
Agriculture 10,560 21,112
Land Use Change & Forestry  -17,907 24,565
Waste 273 229
Industry (Cement) 50 -
TOTAL NAT'L CO2-eq. -5,142 220

* Used 1996 IPCC Guideline, UNFCCC Software Version ??? (year?)
** Used Revised 1966 IPCC Guidelines and UNFCCC Software Version 1.3.2 (2007)

» Projection of GHG emissions based on 1994 data: by 2000 Cambodia would
already be a net emitter with total net emissions of approximately 6,244 Gg of
CO2-eqv, and LUCF would be the main source of GHG emissions followed by
\° agriculture by 2020. J

4 N
5. Comparing GHG Inv. 1994 and 2000
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4 N
6. A New GHG Inventory Software Program

The Agriculture and Land Use
(ALU) National Greenhouse
Gas Inventory Software
Program was introduced to
Cambodia GHG Inventory
Team in February 2010 and
have a follow up meeting July
2010 in Phnom Penh.

As result, we have
finished ALU Case study
with much data
assumption due to data

limitation.
@

(6. A New GHG Inventory Software Program\
(Con’t)

ALU required sophisticated data ranging
from climatic data, soil datato
agriculture crop management systems,
which all of these lead to improvement
of input data including national statistic
database.

Cambodia, however, is interested in this
new tool, and intend to use it in the next
National GHG Inventory.

(- J
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7. Major GHG Inventory Issues

¢ Lack of sustainable national GHG inventory system within
the country. The inventory was prepared on a project basis
for National Communications.

e Lack of activity data. e.g., energy balance sheet in the
country, livestock, water management for paddy, soil carbon,
ete....)

¢ Lack of database management system for GHG inventory
¢ Inadequate capacity of local staff

» Lack of financial support to do researches/studies and update
the inventory, establishment of database system and
management

\ J

8. Recommendation/suggestion

¢ Cooperate with the concerned government institutions/NGOs or
OI to promote researches/studies for developing reliable local
activity data and emission factors

¢ Establish data management systems for national GHG inventory
¢ Need more support to build the capacity of local experts

¢ Use on-the-job training approach to build technical capacity of
local experts

¢ Establish the national inventory system/network with the
involvement of concerned government ministries

¢ Widely networking within the regional experts/institutions

a Encourage and Improve national/local expert practice activities

A\

s 2

Proposed workplan for future inventory working groups

National Working Groups —_—_m
on GHG Inventory [ [ romicns Bspene
Energy Industry Agriculture LULUCF Waste

1 Mz. Keo Piseth 1 Leang Sophal 1 Am Pirum | GDANCP/MoE 1 (MoE)

(CCD/GDANCP/MoE (CCD/GDANCP/MO (GDA/MAFF) &FAMAFF 2 RUPP

) B 2. MeasSotheavy 2 3. CompetIC, w
2 MIME (Dept. 2 V. Chanmakaravuth (Livestock Research Ingtitates 4 Dept C (McE)

Energy) (MIME) dept/MAFF) 3 UN-REDD 5. Dept Public
4 ITC 3. ITC 3: RUA Programme, wotk/MoP WT
4 MOPWT 4 4. CCD/GDANCPMOE CAMREDD, etc.

MAFF

) J

Thank You Very Much

(]
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Training course on:
GHG estimates for the forest sector

IPCC methods for carbon stock changes

by Sandro Federici & Matieu Henry

Carbon pools

6 carbon pools have to be reported under the UNFCCC:

Above-ground Biomass a
: Biomass
Below-ground Biomass

Dead Wood } Dead Organic Matter (DOM)
Litter

; , mineral soils
Soil Organic Matter (SOM) organic soils

Harvested Wood Product (HWP)

Aboveground biomass
All biomass of living vegetation, both woody and herbaceous, above the soil
including stems, stumps, branches, bark, seeds, and foliage.

Note: In cases where forest understory is a relatively small component of the
above-ground biomass carbon pool, it is acceptable for the methodologies and
associated dataused in some tiersto exclude it, provided the tiers are used in
a consistent manner throughout the inventory time series.

Belowground biomass

All biomass of live roots. Fine roots of less than (suggested) Zmm diameter are
often excluded because these often cannot be distinguished empirically from
soil organic matter or litter.

B [TE @

dead organic matter (DOM)

Dead wood

Includes all non-living woody biomass not contained in the litter, either
standing, lying on the ground, or in the soil. Dead wood includ es wood lying on
the surface, dead roots, and stumps, largerthan or equal to 10 cm in diameter
{or the diameter specified by the country).

Litter

Includes all non-living biomass with a size greater than the limit for soil organic
matter (suggested 2 mm) and |less than the minimum diameter chosen for
dead wood (e.g. 10 cm), lying dead, in various states of decomposition above
or within the mineral or organic seil. Thisincludes the litterlayer as usually
defined in soil typologies. Live fine roots above the mineral or organic soil {of
less than the minimum diameter limit chosen for below-ground biomass) are
included in litter where they cannot be distinguished from it empirically.
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soil organic matter (SOM}

Soil organic matter

Includes organic carbon in mineral soils to a specified depth chosen by the
country and applied consistently through the time series. Live and dead fine
roots and DON within the soil, that are less than the minimum diameter limit
{suggested 2 mm) for roots and DOM, are included with soil organic matter
where they cannoct be distinguished from it empirically. The default for soil
depthis 30 cm.

Lincludas organic matenal |Iving and non-Iving| within the soil mat e, o perationally defined as a specific
sue fraction le g., all matter passing through a 2 mm sieve|. Soil € stock estimates may also include soil

naiganie C f using a Tier 3 method. CO2 emesions from imirg and urea apphications tosolk are estimated
as fluges using Tier Lor Tier 2 method.

2 Carbon stocks in aiganic soiks are not explitly computed using Twer Lor Tier 2 method, [which estimate
only annual € flux from ogani soiks), but € stocks inorganiksolk can be estimated in a Tier 3 method.
Defintion of aigank soilk forclassfication purposes i provided inChapter 3.

harvested wood products (HWP)

harvested wood products
Any wooden product with a lifetime longer than 1 year

IWPs could be reported applying instantaneous oxidation

carbon stock changes in land use categories

* For each land-use category, carbon stock changes are estimated for all
strota or subdivisions of land area

= Subdivisions should be done according to differencesin the carbon dynamic
and in the magnitude of ecosystemn C stocks {e.g. forest typology, ecotype,
soil type, management regime etc.) within a land-use category.

EQualion22
ANNUAL CARBON STOCK CHANCES FOR A LAND-USE CATECORY AS A SUM OF CHANCES INEACH
STRATTM WITHIN TEF CATEGORY

ACyr = S AC
;

Where
Al — carbon stock clamges fon x Lewd-use (LU calegory as Jefned 1w Equatien 2.1,

i = denotes a specific statmn of sebdivision within the Jand-use category (by aay combination of
spectes, climatic zone, CCOTYDE, MAnaFeCnt omines 012, so¢ Chapter 3). 1=1mon

B [TE @

eueTalized carbos cvele of torves ATOLT ccosvstoms showing the loms
of carbon info and out of dhe system ay well as between ihe five O poals

within the system.
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carbon stock changes

The carbon cycle includes changes in carbon stocks due to
both continuous processes {i.e., growth, decay) and discrete
events {i.e., disturbances like harvest, fire, insect outbreaks,
land-use change and other events).

Continuous processes can affect carbon stocks in all areas in
each year, while discrete events {i.e., disturbances) cause
emissions and redistribute ecosystern carbon in specific areas
{i.e., where the disturbance occurs) and in the year of the
event.

carbon stock changes in carbon pools

Carbon stock changes are summarized by the following equation

AC ; =AC,, +AC, + AC,, + AC + AC+ AC yp
Where
ACLy; = carhon stock changes for a stramm of a land-nse category
Subscripts denote the following carbon pools:
AD = above-ground biomass

NN = bhelow-gronnd hiomass
DW  — deadwood

TI = litter

SO =sails

HWP = harvested wood products

framewaork of tiers for AFOLU methods

Tier 1 methods are designed to be the simplest to use, for which equations
and default parameter values (e.g., emission and stock change factors) are
provided by IPCC. Country-specific activity data are needed, but there are
often globally available sources of activity data estimates {e.g. FAQ), although
these data are usually spatially coarse.

Tier 2 can use the same methodological approach as Tier 1 but applies
emission and stock change factors that are based on country- or region-specific
data, for the most important land-use or livestock categories. Higher temporal
and spatial resolution and more disaggregated activity data are typically used
inTier 2.

At Tier 3, higher order methods are used, including models and inventory
measurement systems tailored to address national circumstances, repeated
over time, and driven by high-resolution activity data and disaggregated at
sub-national level.

Tier 1

Because of limitations to deriving default data sets for supporting estimates of
some stock changes, Tier 1 methods include several simplifying assumptions;

* change in below-ground biomass C stocks are assumed to be zero under Tier
1 {under Tier 2, country-specific data on ratios of below-ground to above-
ground biomass can be used to estimate below-ground stock changes);

» under Tier 1, dead wood and litter pools are often lumped together as ‘dead
organic matter’; and

+ dead organic matter stocks are assumed to be zero for non-forest land-use

categories under Tier 1. For Forest Land converted to another land use, default
values for estimating dead organic matter losses are provided in Tier 1.

[ Gy
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Tier 1

= Disturbances may also have long-lasting effects, such as decay of burnt trees.
For practicality, Tier 1 assumes that all post-disturbance emissions {less
removal of harvested wood products) are estimated as part of the disturbance
event, i.e,, in the year of the disturbance.

Forexample, ratherthan estimating the decay of dead organic matter left after
a disturbance over a period of several years, all lost biomass is estimated as
oxidized in the year of the event.

e Under Tier 1, it is assumed that the average transfer rate into dead organic
matter {dead wood and litter) is equal to the average transfer rate out of dead
organic matter, so that the net stock change is zero.

Countries experiencing significant changes in forest types or disturbance or
management regimes should use higher Tier

CO2 emissions and removals

= All estimates of changes in carbon stocks, i.e., growth, internal transfers and
emissions, are in units of carbon to make all calculations consistent.

Carbon gains {removals and transfer tothe accounted poel) have a positive
sign (+) while losses (emissions and transfers from the accounted pool) have
negative sign (-)

Data on biomass stocks, increments, harvests, etc. can initially be in units of
dry matter that need to be converted in units of carbon before using for
carbon stock changes estimation.

* However, emissions and removals are then converted in Gg of CO,equivalent
to make these comparable with the GHG fluxes of other sectors. The
conversion factor is -44,/12

So that removals are negative quantities while emissions are positive

Carbon stock changes estimation

= There are two fundamentally different and equally valid approaches to
estimating stock changes:

1) the process-hased approach, which estimates the net balance of additions
to and subtraction from a carbon stock;

2) the stock-hased approach, which estimates the difference in carbon stocks
at two points in time.

2 1
Carbon Garbon
A 8 ﬂm Land Use :’I >
Stock in Stock in Z Harvest
year 1 ) Yoar 2 type
\ A N E

Diffaranca hatwasn carion stonks
Qivee smigdionrenmurel

: 5 V
Emigwion'mnioval from sum
lo=ses and Qains

B [TE @

Carbon stock changes estimation

If the C stock changes are estimated on a per hectare basis, then the value is
multiplied by the total area within each stratum to obtain the total stock
change estimate for the pool

When using the Stock-Difference Method, it isimportant to ensure that the
area on which carbon stock at time t, is calculated is identical at that on which
carbon stock has been calculated attime t,

It is good practice to use the area at the end of the inventory
period (t,) to define the area of land remaining in the land-use category

S [T a0
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Gain and loss method

EQUATION 2.4
ANNUAL CARBON STOCK CHANGE IN A GIVEN POOL AS A FUNCTION OF GAINS AND LOSSES
(GAIN-LOSS METHOD)

AC=AC-ACy

Where:
AC = Annual carbon stock change in the pool, tonnes Cyr?
AC, = Annual gain of carbon, tonnes C yr?

AC, = Annual loss of carbon, tonnes C yr?

e [ @»

Stock difference method

EQUATION 2.5
CARBON STOCK CHANGE IN 4 GIVEN POOL AS AN ANNUAL AVERAGE DIFFERENCE BETWEEN
ESTIMATES AT TWO POINTS IN TIME (STOCK-DIFFERENCE METHOD)
(€, -C,)
AC=m—a__A%
(ty-1)

Where:
AC = Annual carbon stock change in the pool, tonnes C yr?
C, = Carbon stock in the pool at time t,, tonnes C

C, = Carbon stock in the pool at time t,, tonnes C

e (= @

Biomass stock changes

Biomass is present in both aboveground and below-ground parts of annual and
perennial plants.

Biomass associated with annual and perennial herbaceous (i.e., non-woody)
plants and tissues (e.g. leaves) is relatively ephemeral, i.e., it decays and
regenerates annually or every few years. So emissions from decay are balanced
by removals due to re-growth making overall net C stocks in biomass rather
stable in the long term.

Thus, the methods focus on stock changes in biomass associated with
woody plants and trees, which can accumulate large amounts of carbon over
their lifespan

Biomass stock changes

Increases in the biomass pools are due to photosynthesis;

While losses are caused by;
- human activities {i.e. harvesting) and disturbances {mainly fires);
- natural processes {i.e. disturbances) and mortality

For inventory purposes, changes in C stock in biomass are estimated for
{i) land remainingin the same land-use category;
{ii) land converted to a new land-use category.

All emissions and removals associated with a land-use change are reported in
the new land-use category.
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gain-loss method

The Gain-Loss Method requires the biomass carbon loss to be subtracted from
the biomass carbon gain {increment).

For Tier 1 method default values for calculation of increment are provided in
the 2006 IPCC Guidelines. Higher tier methods use country-specific data.

For all tiers, country-specific activity data are required, although for Tier 1
these can be obtained from global databases {e.g. FAQ statistics).

gain-loss method

EQUATION2.7
ANNTAL CHANCE IN CARBON STOCKS IN BIOMASS
IN LAND REMAINING IX A PARTICULAR LAND-USE CATEGORY (GAIN-L0ss METHOD)

AC5 =AC; —AC,

Where
AC, = annual change in carbon stocks m biomass (the sum of above ground and below: ground biomass
terms in. Equation 2 3) for each land sub-catagory, considering the total arsa, tonnes Cyr'
AC, = annual increase in carbon stacks dus to biomass growth for 2ach land sub-category. considering
the tofal area. tonnes C _\1"

AC, = anaual decrease i carbon stacks due to biomass lass for each land sub-category, considerng the
total area. tonnes C yr~

gain-loss method

EQUATION 2.9
ANNUAL INCREASE IN BIOMASS CARBON STOCKS DUE TO BIOMASS INCREMENT
IN LAND REMAINING IN THE SAME LAND-USE CATEGORY

ACq =T (4, * Grorur, *CF,))
i

AC,_= anmual increase m bromass carbon stocks due fo bromass growth m land remammag m the same
land-use catagorv by vegetation fype and climatic zonz, tonnes C yr~

A =areaof land remaining m the same land-us2 category, ha

Grorar=mean anmual bromass growth, tonnes d. m. ha' yr?

i =ceological zone (i=1ton)

7 = clunate domsa (=1 tom)
CF = rcarhon fraction of dry matter_tonne C Genn= dm 3!

EqQuaTioN 2.10
AVERAGE ANNUAL INCREMENT IN BIOMASS
Tier1
Gropyr =2 {Gy ¢ (1= R)} Biomass mcrement data (dry matter) ar2 used directly
Tiers 2and 3
Gropy =3 Iy # BCEF; o1+ R)}  Net annual increment data are used to estimate Gy by
applymg a biomass conversion and expansion factor

Grorar = average annual biomass growth above and below-ground, tonnes d. m. ha™ wi

Gw = average annual above-ground biomass growth for a specific woody vagetation type. tonnes d. m.
ha™ wr

R = rauo of below-ground biomass o above-ground biomass for a specific vegstation type. in tonne
d.m. below-ground bicrmass (tonne d m above-ground biomass)™. R must be set to zero if assuming
uo changes of below-ground biomass allocation patterns (Tier 1)

I =average net annual increment for specific vegetation type. m’ha” yr"

BCET; = biomass conversion and expansion factor for conversion of net annual merement 1 volume
(including bark) to above zround biomass growth for specific vegetation typs. tornes above ground
biomass growth (07 net annual incremmt)'r (se= Table 4.5 for Forest Land). If BCEF, values are not
avalable and if the bicmass expansion factor (BEF) and basic wood density (D) values are separately

. estunated. then the llowing couversion can be used I

RCFFR=RFF e D
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gain-loss method

EQuation 2.11
ANNUAL DLUREASE IN CARDON STOURS DUL 10 BIOMASS LOSSLS
IN LAND REMAINING IN THE SAME LAND-USE CATEGORY
ACy = Lyiramomats Lﬁ.dmxd Lot

Where
AC, = mmmapl decrense m o cobim stoeks die o lnonass oss m lind reneining o the sane bnd-use
rategory, tormes Oy !
g s . — nonsal parkoan Tase dua 44 vinad samaneals davas M owd 7Gan Catnatiag 21N
il i — DAL R o R A i ety SRITRAR (0440 (R BN 01 T)

Lewywa = aaaual Taomass carbon Joss due to Sehwood removals, tonmes © yr? (See Cquation 2.03)

AN

= annnal Taamace carhom loscas dus by dhenmhoncse lonnes 1 ;:-" Qe Eomadson 2 14)

EQUATION 2.12
ANNUAL CARBON LOSS IN BIOMASS OF WOOD REMOVALS

Trot v UV BCER; (13 RIS CF)

Where
L oeenz = 80001 cagbon k2sz dve 10 heomess temovals, toaacs C ;.-r‘
H = anmsl wood removals, ronndwoed, o vt

R = ntio of bebow-ground biomass % above-grownd biomass, in torne dm telow-ground biomass
(tomne . above-grcond biomass)”, R nust be set 1o zero if assuuing 1o caangas of below-grouad
numss ellocalson pettens (Taer 1)
CF = carbon fraction of dry matrer, toane C (tonue dm !
BCEFy = biomnss conversion and expaasion factor for conversion of removals m merchantable volune to
Iotal emsss vamovals (melichng bark ) tannes bumiess ramoval (' of remevals | (sa22 Tabla 4 3
fon Forest Lanud) However, :f BUEFg vilues are vot avialable and if the bomass expansion focto for
wood semovals (BEFy) and basic wood deasity (D) vakues are separately astunated, then the
T0LOWING CONVErsIon caa D2 used
RCFFg - RFFze DD
It country-spacific data on roundwood removals are ot avalable, the wwentory experts shonld nse FAO
stattsfies on wood larvest. FAO slaishcal dala om woud lurvest exclude bark. To comvent FAO stabishical wood

harvest dafa watlout bark mio werchentable wood removals meluchg bk mullply by default expanswon factor
of 115

EQUATION 213
ANNUAL CARBON LOSS IN BOEASS OF FUELWOUD REMOY AL

Lt U »BULT s I= W= TG w D[+ T

Where.
Lowwond  anmwal carbon loss dos to fuzlwood remmovals, tones C j,'x'x
FGiw,  =ammual veliae of faelwood removal of whole troes, ' vr*
Pl =amual vehme of felwood remaval a5 trez parts, o }1"

R = atio of bajow-greond biomass £ adove grovad bomass, in toens dm below-ground biomase
(tonne d.m. above-grovid biomass) -, R pnst e set to zero of assaming no chaoges of below-arouad
baenass allocation patiems (Tier 1)

CF =ceebon fraction of dev matter, touus € (tomne d m)”

D =basic woed density. fornes du i’

BCEFg = biomass conversion and sxpansion factar for comversson of remavals i maschaarable volume ro
Livenass removals (ineluding berk), touncs ioenass removal (' of removale)”, (see Tuble 4.5 for
Forest Land) [ BCEFy values are not avaleble and i the biomas expansion facice for wead
ramovals (BEF;) and basic wood deasity (D) valoes ace ssparatelv estmuted, then the tellowiag
conversion can be wsed:

BCEFy =BEFye D

Bicmsss Exparsioa Factors (BEF2) expand marchantable weod semovals to total sbovegronad biomass vohane
o acrment fae nan.merchzniahle componsnts af the ree stand and freast BEF; is dimensianless

EQuanion 2,14
ANNUAL CAR30X LOSSES IN BIOMASS DUE TO DISTURBANCES

Liaotonee = Aamotanes * By ¢ TR0 TE 9 ]

Wleae

Lirtonee = armual other losses of carbon, tonnes C )1" (Note thar ts ¢ 12e antout of biomass that 15
lost from the total biomass. The partitioniug of biomass that 15 transfervad to daad organic matter and
Inomass that s oxidized s released 1o the stmosphere 15 explamed n Fagpations 2 15 and 7 16)

At = 214 affected by dishurbarces. ha yr 1

Dy = average above-ground bomass of Iand areas affecred by disrurbaness, toanss d.m ha

R = mha of below groimd biomass by abava. groumd biomass, m tonma dm- below grond biomass
{toane d m. above ground biomass) *. R must be 521 1o zero if 0 changes of telow ground bicmass
are assuned (Tiee 1)

CF = earbon fiaction of dry mater. foune € (ronres dm )~

fi  fraction of biamass lost in distirhance (52 nata helow)

Note: The parametsr fd defines the propartion of bomass fhat 18 lest from the biomass pool: a stnd-
replacing disturbearee wall kil wll (2 = 1) bnossss whide ae duseel dislurbeee may enly rewove o
portion (a2 = 0.3) of the average biomass C density. Equation 2.14 does not specify the fate of
the carbon removed Som the biomass carbor stock. The Tier | assomption s that all of Ly i, 15
emittad i the vear of distwrbance, Higher Trer methods assume that some of this carboa 15 enertad
) I L &0 | : = PR e
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Stock difference method

The Stock-Difference Method requires biomass carbon stock inventories for a
given land area, at two points in time.

Annual biomass change is the difference between the biomass stock at time t,

and time t,, divided by the number of years between the inventories.

Factors are provided in the 2006 IPCC Guidelines to convert fresh wood
EQUATION 2.8

ANNUAL CHANGE IN CARBON STOCKS IN BIOMASS
IN LAND REMAINING IN THE SAME LAND-USE CATEGORY (STOCK-DIFFERENCE METHOD)

(a)
Where
ACy= annual change in carbon stocks m biomass (the sum of above-ground and below-ground biomass
terms 1n Equation 2.3 ) in land remamning 1 the same category (e.g.. Forest Land Remaining Forest
Land), tonnes C yr'!
C,, = total carbon m biomass for each land sub-category at tiume t, tonnes C
C., =total carbon m biomass for each land sub-category at time t,. tonnes C E' " a #‘_ 4

es associated with land conversion

EQUATION 2.15
ANNUAL CHANGE IN BIOMASS CARBON STOCKS ON LAND CONVERTED TO OTHER LAND-USE
CATFGORY (TIFR 2)

ACp =ACg + ACconyzrsioy —ACL

‘Where:

AC, = annual change in carbon stocks in biomass on land converted to other land-use category. in tonnes
[ef yr"

AC — annual mcrease m carbon stocks i biomass due to growth on land converted to another land-use
category, in tonnes C yr

AC, vemsion = 1utial change in carbon stocks 1n biomass on land converted to other land-use category,
m tonnes C _w"

AC; = annual decrease in biomass carbon stocks due to losses from harvesting. fuel wood gathering and
disturbances on laud converted (o other land-use category. in tommes C yl‘z

Conversion to another land category may be associated with a change in biomass stocks. ¢.g.. part of the biomass

may be withdrawn through land clearing, restockmg or other human-mduced activities. These mtial changes m

carbon stocks in biomass (AC . ) are calculated with the use of Equation 2.16 as follows

Stock changes associated with land conversion

EQUATION 2.16
INITIAL CHANGE IN BIOMASS CARBON STOCKS ON LAND CONVERTED TO ANOTHER LAND
CATEGORY

ACcowrersion = Z{(Burres, — Baerore,) * Mro_ormzss, 1 * CF
i

Where:

AC srvmsion — initial change in biomass carbon stocks on land converted to another land category.

tonnes C vr’1

Barrer, = biomass stocks on land type i immediately after the conversion. tonnes d.m. ha
ngpoggi = biomass stocks on land type i before the conversion. tonnes d.m. ha®
AA'ro_o'mERs, = area of land use i converted to another land-use category in a certain year, ha yr‘1

CF = carbon fraction of dry matter. tonne C (tonnes dm)?!

i =type of land use converted to another land-use category

Mass conservation

TABDLL 2.1
ENAMPLE OF A SIMPLE MAIRIX (TIER 2) FOR 1HE IMPACLS OF DISIURBANCES ON CARBON POOLS

~ Above ground Dead | Litter | Soil Harvested | Atmo Sum of
\ — biomass wood organic wood sphere row
T matter products (must

From: \\ equal 1)
Above ¥ 1
ground
biomass

1

1
Dead wood

1
Soil organic 1
matter

Enter the proportion of each pool on the left side of the marrix thar is transferred 1o the pool at the top of each column.
All of the pools on the left side of the marrix must be fully populated and the values in each row must sum to 1.
Trnpossible tmsitions e blacked out

Note: Letters A to F arc cell labels that arc referenced 1n the text.
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Mass conservation

It is good practice to develop and use a disturbance matrix (Table 2.1) for each
biomass, dead organic matter and soil carbon pool, the proportion of the
carbon remaining in that pool, and the proportions transferred to other pools,
to harvested wood products and to the atmosphere, during the disturbance
event.

The proportions in each row always sum to 1 to ensure conservation of carbon.
The value entered in cell A is the proportion of above-ground

biomass remaining after a disturbance (orl —fd) and the remainder is added
to cells B and Cin the case of fire, and B, C, and E in the case of harvest.

The Tier1 assumpticn isthat all of fd is emitted in the year of disturbance:
therefore the value entered in cell F is fd.

Dead mass stock changes

EQuanon217
ANNUAL CHANGE IN CARBON STOCKS IN DEAD ORGANIC MATTER

ACpgy = ACn;r +AC;

When»
AC oy~ dnaual change i cabon stocks i dead ongezic matter Gneludes dead wood and Litter).
formes O yr J
AC,, = cheaygs m carbon stocks i desed wood Loasies C yr 2
AC, = change m carbon stocks i litter. tonnes € yr'!

The Tier 1 assumption for both dead wood and litter pools for all land-use
categories is that their stocks are not changing over time if the land remains
within the same land-use category

Erwation 1y
ANNUAL CHANGL IN CARBOX STOCKS [N DEAD WOOD OR LITTIR (GAIN-LOSS METIIOD)
ACpoys = A ((DOM,, — DOM ) CF}

Where
ACoom  —aanval change 12 carton stocks 1o e dead wooddeter pool. tornes € :-1""
A =aeaof mamaged land ha

DOM;, = average anmnl teansfar of biomass into the dead woad/liter poo! due o snnual processes
and distorbances, tonnes d.m. La® vr' (see naxt Section for fusther details).

DOM.ee = averas onaval daeay and distrbaace carbon loss out of dead wood or Litter pool. tonnes
dm ha'' n”

CF = carbon fiachon of dry matter tonne C (fonoe d m)’!

®

Dead mass stock changes

Lousrms 230
ANNUAL CARBON IN BIOMASS TRANSFERRED 10O DEAD ORCANIC MATIER
DOM,, = {Lnarm'la + Luts + (L oririance ® S50

Whers:
DOM. = toal carbon 1 biomass transferred wo dead orgame matter, tonnes C yr'
Loty = sl bivmanss carbots s ler lo DOM due 1o aortality, lowmes © yr (See Equalion 2.213

Totwr = ammal binmass carhon transter 1o DOM as slazh toanes © yr'] (See Fanans 7 27)
Liatice = aaial biomass casbon Loss resultuig froen dastusbences, tonmes C vr! (See Equation 2.14)
fora = fmchion of biomss left to decay co: the ground (transferrad to dead crganic nater) from loss

e to distwbance Az shown in Table 2 1 ¢he dishwbanes lasses from the biomass peol are
parntionad ints the Fastioes that ars added to dead woed (eall B in Table 2.1) and to linter {call C)
ara relaased to the atmosphers in the cas2 of fire (cell 1) and, if salvage follows the disturbanca,
transferred to WP (cell E)

Note: If 100t biomass in2remants are conutad (i Equation 2 10, then root biomass loseas st also be
counted m Equations 2.0, and 222,
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Dead mass stock changes

EQUATION 2.21
ANNUAL BIOMASS CARBON LOSS DUE TO MORTALITY

Lmaﬂalily =2(4eGyeCFem)

Where:
Luomliy = annual biomass carbon loss due to mortality. tonnes C yr'I
A =area of land remaining in the same land use, ha
G,, =above-ground biomass growth. tonnes d.m. ha” yr! (see Equation 2.10)
CF = carbon fraction of dry matter, tonne C (tonne d.m )"

m = mortality rate expressed as a fraction of above-ground biomass growth

EQUATION 222
ANNUAL CARBON TRANSFER TO SLASH
Loy =|{H o BCEFg 0 (14 R)| - {H o D] CF

Where:
Ly = annual carbon transfer from above-ground biomass to slash. including dead roots, tonnes C yr*
H = annual wood harvest (wood or fuelwood removal), m’ yr

BCEFy - biomass conversion and expansion factors applicable to wood removals, which transform
merchantable volume of wood removal info above-ground biomass removals, tonnes biomass
removal (i’ of removals)”. If BCEFg values are not available and if BEF and Density values are
separately estimated then the following conversion can be used:

BCEFg = BEFge D

o Dis basic wood density. tonnes dm. m”

(s}

Biomass Expansion Factors (BEFg) expand merchantable wood removals to total
aboveground biomass volume to account for non-merchantable components of
the tree, stand and forest BEFg1s dimenstonless.

R = natic of below-ground biomass to above-ground biomass. in tenne dm. below-ground biomass
(tonnie d m. above-ground biomass)”. R must be set to zero if root biomass increment 1s not included
m Equation 2 10 (Tier 1)

CF = carbon fraction of dry matter, toune C (tonne d.m.)"

Fuelwood gathering that imvolves the remaoval of live tree parts does not generate any additional mput of biomass

tn dsad areanic matrar noalc and 1< nat furthar addraccad hara

Dead mass stock changes

Stock changes associated with land conversion

EQUATION 2.19
ANNUAL CHANGE IN CARBON STOCKS IN DEAD WOOD OR LITTER (STOCK-DIFFERENCE
METHOD)

[A' (DOM, - DOM, )}
T

ACpoys = oCF

‘Where:

AC,,,, =annual change in carbon stocks m dead wood or litter, tonnes C yrt

A =area of managed land. ha

DOM, = dead wood/litter stock at time t; for managed land, tonnes d.m. ha'

DOM, = dead wood/litter stock at time t; for managed land, tonnes d.m. ha'

T = (t;—t;) = time period between time of the second stock estimate and the first stock estimate, yr
CF = carbon fraction of dry matter (default = 0.37 for litter), tonne C (tonne d.m)”

EQUATION 2.23
ANNUAL CHANGE IN CARBON STOCKS IN DEAD WOOD AND LITTER DUE TO LAND CONVERSION

s
TD"
Where:
ACDO\I= annual change m carbon stocks in dezd wood or litter, tonnes C yr’

C, =dead woodlitter stock. under the old land-use category. tonnes C ha™
C, = dead wood/litrer stock, under the new land-use category, tonnes C ha’
A,. =area undergoing conversion from old tn new land-se category. ha

T, = tume period of the transition from old to new land-use category. yr. The Tier | default is 20 years
for carbon stock increases and 1 year for carbon losses
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Stock changes associated with land conversion

Inventories using a Tier 1 method assume that all carbon contained in biomass
killed during aland-use conversion event {less harvested products that are
removed) is emitted directly to the atmosphere and none is added to dead
wood and litter pools.

Tier 1 methods also assume that dead wood and litter pool carbon losses occur
entirely in the year of the transition.

The Tier1 assumption is that DOV poolsin non-forest land categories after
the conversion are zero, i.e., they contain no carbon.

Soil organic matter stock changes

chavges, @ well as the sol NJO Srisions 1ie onganue soils st be chisafied to estuate N;O emissicos
following drawage). Orgaauc scaks are fonnd i wetlands or have been drawned aud convertad to other knd use
Tpes (2.g. Jorast Land. Cropland, Crassland, Sariemenrs). Organse soils ase wdentified o the basis of crirena 1
and I or 1 and 3 kistad below (FAO 1995)

1 Thickress of aezanie hotizon gravter tar of &oital 10 10 em- A horzon of less thas 70 om nst have 17
prreent or more camaic cirbon when mixed o a depth of 20 an

Sods that are pever saturated with water for mare thas a fow days muost contam moee than 20 pescent

organe carbon by weight (1 e, about 23 perocat orgenic matter).

3. Sols are subject to water sateration episoces and has exther:

A A bt 17 pecard cnganic eandyen b sl Goe il 20 el on e szl ) 3 e el e no
clay or

b At least 18 percent orgemic cabon by weipht (30 abow 30 pereent ocmanie atter) 7 the sol hias
S0 v mwre oy,

o Anutennedaate. proporticnal amount of orpawe carbon for intennedzare amowas of clay.

Soil organic matter stock changes

ForaTmioe ? 24
ANNUAL CHANGE IN CARBON STOCKS IN SOILS
A% = 30wt = Lovgunn: + A g

Where
AC,, = nzend chinge Bt caeboan stocks m soils. e © }1'1
A(“w_‘ - auawal chasge & organse casboa stocks 1 muneral soils, tonnes C© yrt
L. = arnnal 1058 of earbon from draned onganee souls, banmes C yrt

AL, g = a0l f1anpe i inorganic earhon stocks from saik tonnsc C yr (ascumed w0 be 0 unless
ising & Tser 3 approach)

For Tier L end 2 methods. soud organee € steeks for muneral souls are computed to a defavlt depth of 30 em.

> [T o

mineral soils

Mineral soiis
For meperal sods, tae default method is based on changes i sol € stocks over & finie penod of tume. The
chaage 15 computed based on € stock atter the managzeenf chenge reletrve to the carbon stock w a reference
condinon (4,2, Batv2 Vagatauon Wat & Lot degradad or wiprovad)y, Tha followmg assuuspaons ar? siads.
(I Over nme, sou organic © r2achss a spatially avarsged. stable vabu2 specific fo a2 <ol clunars,
Innd-use and management pracnces: and
Sl ogame C steck chonges dunug the raustion fo a new equilibnun $OC veows m a linear
tashion

&
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EQUATION 2.25
ANNTIAT CITANGE TN ORGANTC CARNON STOCES TN MINTRAT 2015
SOC, SOC, 3]
ALz ¢ ] Y

eFii, v F, vF A, )

SO - T S0C., .
'

(Notr T 1 il 1 ki ol Tham Gro st oF T 7= 30 yoin sos morion Tadoonw )

Winmne:

- ouls wrt
AC, L —anmual ChAnge (0 PAMDON S106KS In PNl it sannes Oy

50y — 501l 0raamc errtbon $70ck 10 2 16T YOAr OF 90 LIVERIony neae pariod. taass ©

S0OCH =, =0il orzazic <arbon stock ar the bezinuiag of the iyrantory time period. torness ©

SN g st NON oy e cnlenibatin] mang The SO aquation s e box adeae Ui s lomears carum cioneke
and stock chang: factors are cszigned accordusg to the lond vse and mansgement ectivitics aad
cotresponding areas ol euch of G pomts i ae (e = 0 o s =02

T =awanber ol years over @ smirle ovemiosy b peasod g

D - T depeadence of sock cluage Getors which s e defanlt e pecsod for ot 1
wrpinlibmnen SOU Vabias yr Comuenently. 0 ek Bot depesids o sssairoganiooes neads in contga 153
the factors koo Fuw, ond ki [ T exceeds D use the valwe for 1 to obtain an anrwal rate of change
oves the waventony tuae peaod (0-T yenss)

3 = roqrosents the clunate zones 5 the sotl types and @ the cel of mana manent ystemns BUsl e pessa
in 2 couatry.

AW = e melerenes carbon sk Toanes ¢ ha™l (Table * 3]

Fior — stock clhange factos for laad-use systeass o sub-system for a pautculas laad-use, danensionless

[Note: g is substtured Sor Bipon forest soul © caltulation 10 sstimate the mfluence of nataal
(s baned 10 s

Fuic = <00k SHange Martor for manag “apime Mos
Fi = stock ehange factor for supaes of orgasiic metter, dunensionlew
A = tand mea of the stranen beg estimared. ha Al land m the sirarum should bave commicn

baoplysical conditsons (19, clunate and soil Ivpe) and (AnKEenent ustoey SV the wivantony tne
rwernod to be treated for 1 1

organic soils

EQUATION 2.26
ANNUAL CARBON LOSS FROM DRAINED ORGANIKC SOILS (COy)

L\‘.bynr - ‘;"“ ¢ LF),

= annnz) carton loss from drained organic soils. tonnes C yr'

A = Led e of deannesd crgasse sails i chinate type ¢, L

Note: A s the sanee area (F, ) msed to estumate NyO enusssons 1o Chaprer 11, Equations LL.L and 112
IF = amession factor for climata pe ¢ roamas O ha™ vt
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Training course on:
GHG estimates for the forest sector

IPCC methods for non-CO, emissions

by Sandro Federici & Matieu Henry

N,O emissions from managed land

Nitrous oxide is generated in managed soils through microbial processes
{nitrification — aerobic, and denitrification — anaerobic).

Wethodology is based on additions of net N to soils by humans from: synthetic
and organic fertilizers, animal waste or deposited manure, crop residues,

sewage sludge or other orzanic N additions

N,O emissions can occur in the form of direct emissions (directly from the soil
to which N was added/released) or indirect emissions {volatilization and
deposition, or leaching and runoff).

N,O emissions from managed land

Direct and indirect N,O emissions are estimated separately, but same set of
activity data is used.

Direct N, 0 emnissions
IMain N sources
- Synthetic N fertilizers (Fsy)
— organic N applied as fertilizer {animal manure, compost, sewage sludge,
etc) (Foy)
—urine & dung N deposited on pastures by grazing animals (F )
—Nin crop residues (F,,)
— N mineralization from loss of soil organic matter due to changesin land use
or management practices {Fey,,)

— drainage/management of organic soils (Fae

CO, emissions from liming

Liming is used to reduce soil acidity and improve plant growth in managed

systems, particularly agricultural lands and managed forests.

where:

0y~ C Emission= (M e - EF,____ 1+ (Monirnn EFuarnc)

CO,-C Emission = annual C emissions from fime application, tonnes Cyr!

1%

= onnual omount of colcic {imestone (CoCO,} or dolomite

{CaMg(CO,},0 tonnes yrt

(=
dofomite

= emission fuctor, tonne of C per tonne of limestone or

The overall emission factor (EF) for limestone is equal to 0.12 and D.13 for

dolomite.

D 75 GO
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CO, emissions from urea

Adding urea to scils during fertilization leads to a loss of CO, that was fixed in
theindustrial production process.

CO,-C Emission=M . EF

where:
€0,-C Emission = annual C emissions from urea application, tonnes C yrl
M = annual omount of urea fertilisation, tonnes yrl
EF = emission fuctog tenne of C(tonne of urea)?

The overall emission factor (EF) for urea is equal to 0.20, which is equivalent to
the carbon content of urea on an atomic weight basis {20% for CO{NH,),).

emissions from biomass burning

Emissions from fire include not only CO2, but also other GHG, or precursors of
greenhouse gases, that originate from incomplete combustion of the fuel.
These include carbon meonoxide (CO), methane {CH4), non-methane volatile
organic carbon (NWMVOC) and nitrogen (e.g. N20, NOx) species,

In the 2006 Guidelines, fire is treated as a disturbance that impacts not only
the biomass {in particular, above-ground), but also the dead organic matter
{litter and dead wood).

For cropland and grassland having little woody vegetation, reference is usually
made to biomass burning, since biomass is the main pool affected by the fire.

emissions from biomass burning

Coverage of reporting: Emissions need to be reported for all fires on managed
lands. Emissions from wildfires in unmanaged lands do not need to be
reported, unless are followed by aland-use change (become managed land).

Eguivalence {synchrony] of CO2 emissions and removals: CO2 emissions should
be reported where they are not equivalent in the inventory year to COZz
removals. For grassland biomass buming and burning of agriculture residues,
the assumption of eguivalence is generally reasonable. For Forest land
equivalence {synchrony) is generally not applicable.

Fuels available for combustion: elements that reduce the amount of fuels
available for combustion {e.g., from grazing, decay, removal of biofuels,
livestock feed, etc.) should be accounted for. A mass balance approach should
be adopted to account for residues, to avoid underestimation or double

emissions from biomass burning

IWethods and related elements {e.g. decision trees, basic equation, combustion
and emission factors, etc.) are generic across land-use categories

L= AM,.C, .G, 10"

where:
lrie = amaount of greenfouse gos emissions fram fire, tonnes of each GHG e.g., CH, I,0,
et
A = area burned, ha
M, = mass of fuel avollable for combustion, tonnes ha”. This indudes hiomass, ground
litter and deadwoad. When Tier 1 methods are used then fitter and dead wood pools
are assumed 1em, except where there is a jand-use change.
G = cambustion foctar, dimensionkess (default values in Table 2.6)
G = emission factor, g kg’ dry matter bumt (defoult vafues in Table 2.5)

MNote: Where data for MB ond Cf are not avallable, a defoult value for the amount of fuel
actually burnt [the product af M, and C, 1/ @@n be used (Toble 2.4) under Tier 1 methodology

- . > [T o

75



TABLE 2.4
FUEL (DEAD ORGANIC MATTER PLUS LIVE BIOMASS)BIOMASS CONSUMPTION VALUES (TONNES DRY
MATTER HA™) FOR FIRES IN A RANGE OF VEGETATION TYPES
( To be used in Equation 2.27 _ to estimate the product of quantities < Mg+ C¢” _ie. an
absolute amount)

TABLE 2.5
EMISSION FACTORS (g l~:g’l DRY MATTER BURNED) FOR VARIOUS TYPES OF BURNING, VALUES ARE MEANS £ SD AND ARE
BASED ON THE COMPREHENSIVE REVIEW BY ANDREAE AND MERLET (2001)

(To be used as quantity ‘G,s* in Equation 2.27)

Vegertation Type Sub-category Mean SE References o o CH .0 NO.
] 4 N X
Primary tropical forest 23.0 25.8 7.15.66.3,16.17,15
Primary Tropical 7 ; Savanna and 1613 65 23 021 39
Forest (slash and Primary open fropical forest 163.6 521 21, i £05 £ £09 £010 £9.4
burm) Primary tropical moist forest 160.4 11.8 37,73 y - - ) . -
Primary tropieal dry forest = = 66 Agricultural 1515 92 27 0.07 25
All primary tropical forests 119.6 50.7 residues 177 =34 +1.0
Young secondary tropical
Secondary tropical | G5 3) &1 - @ Tropical 1580 104 638 020 16
forest (slash and Intermediate secondary ALl 274 61,35 forest +90 +20 £20 =07
burn) tropical forest (6-10 yrs) - .
Advanced sceondary tropical [ 50 G173 Exira tropical 1569 107 47 026 30
forest (14-17 yrs) forest £131 £37 £19 0,07 £14
All secondary tropical forests 42.2 23.6 66,30
All Tertiary tropical forest 54.1 . 66. 30 Biofuel 1550 78 6.1 0.06 11
g —— o 50 burning £95 £31 %22 06
Savanna Woodland dland 25 - 28 Note: The “extra tropical forest” category includes all other forest types.
(early dry season ; : 3
bumz)*ry - T—— 27 - 57 Note: For combustion of non-woody biomass in Grassland and Cropland, CO; emusstons do not need to be estimated and reported, because it
- 1s assumed that annual CO; removals (through growth) and emussions (whether by decay of fire) by biomass are tn balance (see earlier
All savanna grasslands (mid/late dry season 16 foii P hronyin S 24
—— : - scussion on synchrony in Section 2.4.
TABLE 2.6

COMBUSTION FACTOR VALUES (PROPORTION OF PREFIRE FUEL BIOMASS CONSUMED) FOR
FIRES IN A RANGE OF VEGETATION TYPES

(Values 1in column ‘mean’ are to be used for quantity C¢ in Equation 2.27 )

Vegetation Type Sub-category Mean SD References
Primary tropical forest 0.32 0.12 :685;5126426 3,
Primary Tropical —
Forest (slash and Primary open tropical forest 0.45 0.09 21
burm) Primary tropical moist forest 0.50 0.03 37,73
Primary tropical dry forest 8 = 66
All primary tropical forests 0.36 0.13
Young secondary tropical 0.46 N 61

forest (3-5 yrs)

Secondary tropical =
Y Nop Intermediate secondary

forest (slash and ; 0.67 0.21 61, 35
bum) tropical forest (6-10 yrs)

Advanced secondary tropical

forest (14-17 yrs) 050 010 61.73
All secondary tropical forests 0.55 0.06 56, 66. 34. 30
All Tertiary tropical forest 0.59 - 66, 30
All Shrublands 0.72 0.25

g ’ 22 < 2

Savanna Woodlands Sapanna-woodland 922 28
(early dry season Savanna parkland 0.73 - 57
bums)*

Other savanna woodlands 0.37 0.19 22,29
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Training course on:

GHG estimates for the forest sector

IPCC methods for land representation

by Sandro Federici & Matieu Henry

overview

* AFOLU sector require land representation to estimate emissions and
removals

= (C Stocks Changes
* Biomass, DOVl and 5011

* Non-CO, emissions e.g. from Biomass Burning
* Grassland, forestland, and crop residues

* Emission factors are assigned based |and representation, i.e., stratification
of land
= Typical stratainclude current land use, climate, soil types, ecological
zones, management and, where relevant, past land use

Represent land uses as provided by IPCC {to ensure comparability between
countries in reporting)

— Managed {land influenced by direct human intervention ) and
unmanaged

Further disaggregation by strata as needed to assign emission factors
Complete representation of land across the whole timeseries

Consistent application land representation data
— Definitions and classifications are applied consistently

Estimate uncertainties

B [TE @

Land use definitions

Forest land: |land with woody vegetation, consistent with national definition.
Cropland: arable land {annual and perennial crops), that is not categorized as
forest.

Grassland: Pasture and rangeland (and possibly shrubland), that is not
categorized as forest or cropland.

Wetland: land covered by water all or part of the year, that is not categorized
as forest, cropland or grassland.

Settlement: ‘developed’ land thuman habitation and transportation
infrastrsn:ture], that is not categorized as forest, cropland, grassland or
wetland.

Other land: bare soil, rock, ice, etc. and other unmanaged land not categorized
as forest, cropland, grassland, wetland or settlement.

Further develop definitions to meet national circumstances

7



approaches

Three general methods for collecting activity data

Approach 1: Data that is not spatially explicit and does not track land use
through time

Approach 2: Data that provides land use change through time but is not
spatially explicit

Approach 3: Data that provides land use change through time and is spatially
explicit

Mixed approaches can be used for different regions of the country

P [ @D

Approach 1

Land uses represented within a particular area, such as a political unit
Land use change is not explicitly represented

Categories: Forestland, Cropland, Grassland, Settlements, Wetlands, Other
Lands

Sources:
Maps, surveys, and census

® [T a»

Approach 1
TABLE 3.2
EXAMPLE OF APPROACH 1: AVAILABLE LAND USE DATA WITH COMPLETE NATIONAL COVERAGE
Tine1 Tine: Y
F = 18 F = 19 Forest Land = +1
G = 84 G = 82 Grassland = 2
[of = 31 C = 20 Cropland = -2
w - 0 w = 0 Wetlands = 0
S = 5 5 = 8 Settlements = +3
(o] = 2 [o] = 2 Other Land = 0
Sum = 140 Sum = 140 Sum = 0
ote: F = Forest Land, G = Grassland, C = Cropland. W = Wetlands, S = Settlements, O = Other Land. Numbers represent area units (Mha
kin this example).

Approach 2

Land use and land use change represented within a particular area, such as a
political unit

Emission factors can be assigned to represent rates that vary depending on
prior land use and time since the land use conversion

Categories: 36 categories for land use remaining in a category and conversions
between categories

Cropland, Grassland, Settlements, Wetlands, Cther Lands

Sources
Surveys or census
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Approach 2

TABLE 3.6
SIMPLIFIED LAND-USE CONVERSION MATRIX FOR APPROACH 2 EXAMPLE

Net land-use conversion matrix

o=t B G c w s o Final sum

I3 15 3 1 9

G 2 80 82

C 29 29

w 0 U

B 1 i T 5 3

) 2 2

Tnitial sum I 54 31 7] 5 2 140

Note:

F =Forestland, G =Grassland, C =Cropland W = Wetlands,
S =Settlements. O =OtherLand
Numbers represent area units (Mha in this example).

Approach 3

Spatially-explicit representation of land use and land use change

Similar to Approach Il, emission factors can represent rates that vary by prior
land use and time since the land use conversion

Same as Approach |l, 36 categories of land use remaining in a category and
conversions between categories

Sources
Geo-referenced surveys, map products {e.g., remote sensing data)

Approach 3

Time 1 Time 2

Figure 3A 4.1A Remote sensing can also enable complete coverage of all gnd cells.

| [T b e e
Fs G /e—:?\ gl F =T
SEEEEEE G’,LFF}II‘S__?
GG‘FFCCSS.’ ;GGFFCL\,.S,J)CJ
GGF):]'C, #‘GGFJC(
G B F c E\ EA/G’F c E‘\
HEE*SE B G). clc
(NE Gt

IPCC Climate
Classification

An &
Average <102 7 ' =1
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IPCC Soil
Classification

Forest types

Subdivide by ecological zone
Further subdivide by forest types

Natural forest types and plantation types

Management of forests

Fuelwood gathering

Wood removals

Forest disturbance

Fire, pest, disease, fire

Shifting cultivation

Drainage of organic soils {i.e., Histosols)

Data sources surveys

Existing data from a national census, surveys and map products

Use these data as much as possible Sampling population
Simple random

International datasets and map products Random stratified

Surveys such as FAO Statistics Systematic

Remote sensing products
Temporary and/or permanent sample plots

New data collection Simple random layout of plots (left) and systematic layout (right)
Census, surveys and map products

Should fill gaps in activity data with expert knowledge
Priorities for future data collection

Possibly stored {analyzed, managed) into a Geographic Information System

(GIS)
B (B e




uncertainties

Quantify uncertainties

« Data sources

« Definitions and classifications

« Sampling design and sampling error
* Remote sensing processing

* Interpretation of samples

Reduce uncertainties

* Improve/apply statistically-designed survey, increase sample size

+ Ensure definitions/classifications are consistent and appropriate

* Refine remote sensing processing methods and classification algorithms
* Refine approach/rules for sample interpretation {be objective)

Confusion matrix
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Training course on:

GHG estimates for the forest sector

Data compilation, data
management and archiving
system

Sandro Federici, Matieu Henry

GHG lnven?ory Preparation for Forestry
November 5-8% 2012
Paradise Anglor Villa Hotel

Content

1. Steps in data compilation

2. Principles in data compilation

3. Starting data compilation

4. National/International data compilation

5. Survey/Census data compilation

6. Completeness and consistency data compilation
7. Extrapolation

8. Recalculation

9. Data archiving

I /N-RECD

Steps in data compilation

*Overview of data available in the country;

*Selection of method (including approach and tier) to be applied in
consistency with the IPCC Guidelines;

*Collection and processing of data from different data sources {including from
the IPCC guidelines) at a level of spatial and temporal aggregation as requested
by the model;

b to produce consistent timeseries of data;

*Further analysis of gaps, uncertainties and consequent planning of additional

activities for data collection and/or changes in current activities;

to improve data quality {avoid systematic errors, reduce
b random errors, achieve completeness in time coverage,
synchronizing)

Principles in data compilation

1. Collect the needed data to ‘improve” estimates of key categosies
which are the largest, have the greatest potential to change, or have the
greatest uncertainty;

2. Choose data collection procedures that improve the quality of the inventory
in line with the data quality objectives;

3. Put in place data collection activities {resource prioritisation);

4. Collect data at a level of detail approptiate to the method used;

5. Review data collection activities and methodological needs on a regular
basis;

6. Introduce agreements with data suppliers to support consistent and

continuing information flows.
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Starting data compilation

Where to find the data?

National Institutes of Statistics

Universities and research institutes

Sectoral experts, stakeholder organisations

International organisations publishing statistics e.g., UN, FAO,

Scientific and technical articles in environmental books, journals and reports

International experts
 IPCC Emission Factor Database (http://www.ipcc-nggip.iges.or.jp/EFDB/)

National Inventory Reports from Parties to the UNFCCC

National vs International data compilation

oIt is preferable to use national data since national data sources are
typically more up to date and provide better links to the originators of
the data;

*Countries are encouraged to develop and improve national sources of
data to avoid being reliant on international data;

*Most international datasets rely on nationally-derived data, and in some
cases data from reputable international bodies may be more accessible
and more applicable to the inventory;

*Cross-checking national data sets with any available international data
can help to assess completeness and identify possible problems with
either data set.

Survey/Census data compilation

Survey and census information provide the best data that can be used for
GHG inventories;

Generally these data are compiled by national statistical agencies

OR
relevant ministries for national policy purposes (agriculture and
forestry)
h to comply with international demand for data;

the needs of the inventory can sometimes influence surveys or
censuses;

Unless they can be consistently repeated, surveys only give measurements
relating to one point in time.

I UN-REDD Y]

Literature and measurements data compilation

Literature

Countries should use their own, (if possible) peer-reviewed, published
literature

(should provide the most accurate representation of the country’s practices
and activities);

If there are no country-specific studies available, the inventory compiler can

use:

*Neighbouring countries data or IPCC default factors and data from the

Emission Factor Database,

*Other literature values e.g.,, modelled/estimated data from international

bodies that reflect national circumstances, other countries’ experiences;
Measurements

Ensure the consistency among the data and with selected methods.
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Completeness and consistency data compilation

Gaps in data sets

For a complete and consistent time series, it is necessary to determine the
availability of data for each year.

Missing data for 1 or >1 Year OR the data do not
h represent the year OR do not cover the national
coverage required.

E.g. Time consuming + expensive surveys - such as national forest inventories
- are compiled at intervals of every 5 OR 10 years.

Time series data may need to be inferred to compile a complete annual
estimate for the years between surveys, and for fore- and back- casts.

b Interpolation, Extrapolation, recalculation.

I N-REDD [CYTY

Interpolation

Estimates for the intermediate years in the time series can be developed by
interpolating between the detailed estimates.

Linear Interpolation

>
2 14 o
S 12 /—‘
@
2 40 —— Method '
E = =¢= = Interpolation

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Extrapolation

When detailed estimates have not been prepared for the base year or the
most recent year, it may be necessary to extrapolate from the closest
detailed estimates.

| Simple trend extrapolation simply assumes that the observed trend remains
| constant over the period of extrapolation. 4

L The method should not be used if the change in trend is not constant
over time
OR
over long periods of time without detailed checks to confirm the
continued validity of the trend.

[NSSSSSSSSSSS——————S————— S 1,0

Extrapolation

Linear Extrapolation in AFOLU

[=—e=—Actuai (Periodic) Data) - - = - - Original Extrapolation |
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Extrapolation

Use of surrogate doto

To relate Emissions or removals to underlying activity or other
indicative data;

b then changes in these data are used to simulate the trend.
Expert judgement

Ultimately the basis to inventory estimation;
Expert judgment should be elicited using an appropriate protocol.

Recalculations

The availahility of data is a critical determinant of the appropriate method:

h Changes in data may lead to +/- changes in the estimation process.
b Extrapolated figures can be recalculated when new data become
available.
The ahility of countries to collect data generally improves over time.

E.g. New method can be developed to take advantages of new technologies or
scientific information {e.g remote sensing).

A new categories can he added but the addition of a new category
Requires the calculation of an entire time series;

Estimates should be included in the inventory from the year
emissions or removals start to occur.

Recalculations

Overlgp

The overlap technigque can he used when a new method is introduced
hut data are not available to apply it to the earlier years;

The time series can be constructed by assuming that there is a
consistent relationship between the results of the previously used and
new method;

The emission or removal estimates for those years when the new
method cannot be used directly are developed by proportionally
adjusting the previously developed estimates, based on the relationship
ohserved.

Data archiving

The archiving of all information related to the methods and data used for
estimating the emissions/removals from the category is essential!!!

Al the reference materinl, estimotes and colculation sheets, as welf as the
documentation on scientific popers ond the bosic doto needed for the
estimates from the category, should be stored ond archived.

This information shall also include internal documentation on QA/QC
procedures, external and internal reviews, documentation on annual key
categories and key category identification and planned improvements.

I N-REDD 1T
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Data archiving

+ A good archive serves as the “institutional memory”;
— quality of documentation on inventory preparation key issue;
— easy access and clarity in the information stored important — single
location;
+ Starting point for new teams or new team members;
— learning from previous experience and using already developed “tools”
— less duplication of work — efficient use of resources
+ Alibrary/data source for the team during preparation;
— previous inventory the basis for the next one: check, compare with
previous calculations, references, etc.
+ Information base for reviews, enquires, etc.;
— transparency
— reproduction of the inventory estimates

Data archiving

+ An archiving system needs:

— A responsible person;

— A datahase where all information is stored {paper and electronic data):

»The database should be conserved in two separate sites and
composed by two instruments (hard disk and filing cabinet)

»Information stored in the database should be accessible but not
modifiable {i.e. any change/update should be tracked)

I /N-RECD

Conclusion

>t is important to maintain supply of inventory data;

>Engage data suppliers in the process of inventory compilation and
improvement by involving them in activities such as:

>Assess an initial estimate for the category, pointing out the potentially high
uncertainties and invite potential data suppliers to collaborate to improve
estimates;

»Scientific or statistical workshops on the inventory inputs and outputs to
increase the robustness of the data;

>Specific contracts or agreements for regular data supply;

>Regularfannual informal updates on the methods that use their data;

>Establishment of TORs or MoU to clarify what is needed for the inventory,
how it is derived and provided to the inventory compiler and when.

Example on land use data

— The hasis of estimating and reporting greenhouse gas emissions and
removals from land use and land-use conversions I5:

The claossification of national territory into the six land-use cotegosies (forest
fand, croplond, grossfond, wetlonds, settfements, other fond).

h Further, categories are divided in subcategories:
—Land remaining under the same land use in the last 20-years
—land converted to that land use category

— The categories may be further strotified (e.g., by climate or ecological
zones).

—The categories {and sub-categories) are intended to be identified through
use of Approaches for representing land-use area data before described

I N-REDD 1T
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Example on land use data

—Care needs to be taken in inferring lond use from the lond cover
characteristics and vice versa;

— Countries will use their own definitions of these cotegories, which may or
may not refer to internationally accepted definitions, such as those by FAO,
Ramsar, etc.;

— Countries should describe the methods and definitions used to determine
areas of monoged and unmanaged lands.

— All land definitions and classifications should be specified at the national

level, described in a transparent manner, and be applied consistently over
time.

Example on land use data

Land-use databases:

1. Databases prepared for other purposes

. national databases;
typical sources of data include forest inventories, agricufturofl census ond
other surveys, censuses for urbon ond noturol fand, fand registry
data and maps.

. international databases;
Severof projects have been undertoken to develop internationaf land-use and
fand cover datasets ot regionof to global scales falmost olf ore roster dota).

These daotasets can be used to estimate spatiol distribution of
fand-use categories ond assess refiobility of the existing land-use dotasets.

Example on land use data

Land-use datahases:

2. Collection by sampli

« Sampling techniques for estimating areas and area changes are applied in
situations where direct measurements in the field or assessments by
remote sensing techniques are not feasible or would provide inaccurate
results;

+ Sampling usually involves a set of sampling units that are located on a
regular grid within the inventory area. Where sampling for areas is
repeated at successive occasions, area changes over time can be derived to
construct land-use conversion matrices.

Example on land use data

3. Complete land inventory

+ A complete inventory of land use of all areas in a country will entail
obtaining maps of land use throughout the country at regular intervals.
This can be achieved by using remote sensing techniques.

+ A complete inventory can also be achieved by surveying all landowners.
Inherent problems in the method include obtaining data at scales smaller
than the size of the owner's land as well as difficulties with ensuring
complete coverage with no overlaps.

I UN-REDD [
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Example on land use data

Tools for Data Collection

— Remote sensing techniques

A complete remote sensing systemn (oeriol photogrophs, sateflite imogery
using visible and/or neor-infrared bands, sateflite or airborne rodar imagery
and fidar) for tracking fond use conversions can include many sensor and
dota type combinations at o voriety of resolutions.

— Ground-based surveys

Moy be used to gother and record information on lond use, and for use as
independent ground-truth dato for remote sensing classification.
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Training course on:

GHG estimates for the forest sector

Institutional Arrangements for
National Inventory Systems

Sandro Federici, Matieu Henry

GHG Inventory Preparation for Forestry
November 5-87 2012
Paradise Angkor Villa Hotel

1. Scope of Presentation

2. What is a National Inventory System {NIS)?
3. Institutional Arrangements (1A)

4. 1A for the National System for GHG Inventory
5. Inventory Planning

6. Inventory Preparation

7. Inventory Management

I /N-RECD

Scope of Presentation

* To clarify which kind of entities and
institutional, legal and procedural
arrangements are requested by the National
Inventory System functions

* (to be continued...)

What is a National Inventory System (NIS)?

A National Inventory System (NIS) incorporates all the elements
necessary to estimate GHG emissions and sinks, including
institutional, legal and procedural arrangements

Inventory Planning

Inventory

Inventory
Management

Preparation

High qualitf'inventory that meets needs of

palicy-makers, researchers and public

Practically, the NIS consists of a set of relations between institutions and other subjects
meant to ensure sustainability of the inventory preparation, consistency of reported
estimates, and standard quality results
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Institutional Arrangements (IA) ... Institutional Arrangements (IA)

By IA we mean “institutional, legal and procedural * For each NIS function an appropriate IA (within/among
entity/ies) shall be set up in order to ensure efficient

arrangements” SeCe
performance of the function itself
IA consist of a set of formal arrangements * Animplementing entity must be identified for each of
(such as regulations, directives, laws, decrees, the functions
_ or Memorandums of Understanding) * In order for the entity to perform the assigned
aimed at providing the needed financial function, it must have sufficient capacity in terms of:
and human resources, as well as legal authority - financial and human resources and technical expertise
to ensure that NIS functions - legal authority

will be entirely and efficiently performed

... Institutional Arrangements (IA) Institutional Arrangements (IA)

Be aware of: A well functioning IA identifies (where

available) and/or sets up appropriate*

* Two entities are assigned the same level of power of intervention on entities tO WhiCh it assigns the various NIS
one of the functions. fu nctions_

B Vacuum of Responsibility | :E::::\tie::lty is liable for performing its

« A function is not assigned to any entity.

Bl conflict of Responsibility

| Loops * An “appropriate” entity has at its disposal the necessary
financial resources, facilities, skilled personnel and legal

* An entity is assigned a function that it exerts on another entity, and . . . "
the latter can, in turn, the frst entity. authority to deal with the assigned function.

I UN-REDD 7Y




Institutional Arrangements (IA) for the Functions relating to

National System for GHG Inventory Inventory Planning

1. “Establish and maintain the institutional, legal and

. . procedural arrangements necessary to perform the functions,
Functions to be aSS|gned throuﬂh 1A as appropriate, between the government agencies and other

3 Areas: entities responsible for the performance of all functions”

» Inventory Planning This function applies:
* atthe general level to the entity which sets up the country’s
NIS (e.g. Ministry, Prime Minister Cabinet, Agency)
» Inventory Management * atthe single level to the entity which sets up a single IA with
another entity/ies to perform one of its assigned functions

» Inventory Preparation

(Guidelines for national systems - Decision 19/CMP.1)

... Functions relating to ... Functions relating to

Inventory Planning Inventory Planning
“Establish and maintain” Function at the general level
“Entity “Establish and maintain” Function at the single level

Characteristics of the entity needed to Entlty

“ : F——
perormytne EStabI'_Sh and maintain This entity is responsible for ensuring the
Function

Lol functioning of the NIS, and ithas the Every entity may set up an IA with another entity/ies

: power, at any point in time, to modify any in order to perform one of its assigned functions.
* strong legal authority insufficient/inappropriate/non-
functioning institutional, legal and
procedural arrangement, and/or to add
new institutional, legal and procedural
arrangements, as needed.

* budget determination/allocation
capacity

Every entity that sets up an IA

An entity at high administrative level

Type of needed IA: Institutional-Legal Arrangement T —




... Functions relating to

Inventory Planning

2. “Ensure sufficient capacity for timely performance of the inventory
functions, including data collection for estimating anthropogenic
GHG emissions by sources and removals by sinks and
arrangements for technical competence of the staff involved in the
GHG inventory development process”

Entity

This entity is responsible for
producing the GHG inventory

The same entity that has the
“Establish and maintain” function,

or an entity that is subject to it
and has the needed financial
resources, facilities and technical
expertise to produce the GHG
inventory

Type of needed IA: Institutional-Legal Arrangement

... Functions relating to
Inventory Planning

... Functions relating to

Inventory Planning

3. “Designate a single national entity with overall responsibility
for the national GHG inventory.”

Entity
“Hierarchy” Function: A pyramidal hierarchy which assigns the
overall liability to a single entity.

WHO designs the The same entity that has the “Establish” and “Maintain”
“national entity”? functions, an entity at high administrative level

Characteristics of the WHO is the designed
“national entity”: “national entity”?
« it has legal authority within the
national administration to prepare
the national GHG inventory
« it has financial capacity and
technical expertise

Typically, a ministry/dept/agency.
It is the entity that produces the
GHG inventory (GHG Inventory

Unit)

Type of needed IA: Institutional-Legal Arrangement

... Functions relating to

Inventory Planning

4. “Make available the postal and electronic addresses of the
national entity responsible for the inventory”
Entity
“Identification” Function: Make public the identity of the entity
overall responsible for the GHG

inventory, and provide the channel to
access it.

The entity that produces
the GHG inventory (GHG
Inventory Unit)

Type of needed IA: Institutional-Legal Arrangement

5. “Define and allocate specific responsibilities in the GHG inventory
development process, including those relating to choice of methods, data
collection, particularly activity data and emission factors from statistical
services and other entities, processing and archiving, and QC and QA. In
defining responsibilities, the role of each involved entity shall be specified,
and institutional, legal and procedural arrangements shall be clarified.”

The “Liability” Function applies:

* atthe general level to the entity responsible for the NIS (e.g.
Ministry, Prime Minister Cabinet, Agency)

* atthe single level to each entity to which a single function has
been assigned
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... Functions relating to

Inventory Planning
“Liability” Function at the general level

Entity

A well functioning NIS identifies (where available) and/or
sets up appropriate entities to which it assigns the various
functions. These entities then become responsible for the
functions they have been assigned. Therefore, all needed
functions shall be assigned and responsibilities shall be
unequivocally allocated.

The same entity that
WHO? establishes and maintains the
National Inventory System

Type of needed IA: Institutional-Legal Arrangement =
[ L [ @ |

... Functions relating to

Inventory Planning

6. “Elaborate an inventory QA/QC plan which describes specific
QC procedures to be implemented during the inventory
development process, facilitate the overall QA procedures to
be conducted, to the extent possible, on the entire GHG
inventory and establish quality objectives”

Entity

“Evaluation” Function: Evaluation of the functioning and
outcomes of the GHG inventory

Characteristics of the entity:
« Involved in the inventory development process
* Technical expertise
* Capacity of allocating the necessary budget for
an independent quality assessment

Possibly the entity that
produces the GHG inventory

(GHG Inventory Unit)

Type of needed IA: Institutional-Legal Arrangement

... Functions relating to

“Liability” Function at the single level
Entity

Each entity to which a function has been assigned may set up
IA with other entities in order to obtain all needed elements
for performing the function. Therefore, the entity which

should provide the needed element is responsible for doing so.

The same entity that establishes

WHO? R
and maintains the IA

Type of needed IA: Institutional-Legal Arrangement

... Functions relating to

Inventory Planning

7. “Establish processes for the official consideration and
approval of the inventory, including any recalculations, prior
to its submission and to respond to any issues raised by the
inventory review process”

Entity
“Official status” Function: the system set through IA shall
produce official national statistics

An entity at high administrative
level. The same entity that has the
“Hierarchy” and “Accessibility”
functions.

Type of needed IA: Institutional-Legal Arrangement
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... Functions relating to

Inventory Planning

“As part of its inventory planning, the Party should consider
ways to improve the quality of activity data, emission factors,
methods and other relevant technical elements of
inventories. Information obtained from the implementation
of the QA/QC programme and any review process should be
considered in the improvement of the GHG inventory (and its
national system).”

The “Improvement” Function applies:

* atthe general level to the entity which sets up the NIS (e.g.
Ministry, Prime Minister Cabinet, Agency)

» atthe single level to the entity which sets up a single IA with
another entity/ies to perform one of its assigned functions

... Functions relating to

Inventory Planning

“Improvement” Function at the single level:
Entity

IA should be set up in @ manner that guarantees the improvement of the
IA. It should be ensured that inputs coming from quality assessment
processes (such as the inventory review, the QA and the QC procedures
internal to the process of inventory production) are implemented in the
inventory improvement process.

Every entity that has been
assigned the function that
should be improved.

Type of needed IA: Institutional-Legal Arrangement

... Functions relating to

Inventory Planning

“Improvement” Function at the general level:
Entity
IA should be set up in a manner that guarantees the
improvement of the NIS. It should be ensured that inputs
coming from quality assessment processes (such as the
inventory review, the QA and the QC procedures internal to
the process of inventory production) are implemented in the
inventory improvement process.

The entity which
established and
maintained the NIS

Type of needed IA: Institutional-Legal Arrangement

Functions relating to

Inventory Preparation

9. “Identify key categories following the methods described in

the IPCC Guidelines” R
Entity

“Analysis” Function: the most relevant sources/sinks shall be
identified in order to channel resources and to properly frame
IA (indeed IA are fundamental among entities able to provide
needed data for estimating relevant source/sink, and the
entity entitled to produce the GHG inventory).

WHO? GHG Inventory Unit

Type of needed IA: Procedural Arrangement
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... Functions relating to

Inventory Preparation

10. “Prepare estimates in accordance with the methods
described in the IPCC guidelines, and ensure that appropriate
methods are used to estimate emissions from key categories”

Entity

“Estimating” Function: the estimates of GHG fluxes shall be
prepared in a consistent way with the
adopted good practices.

WHO? GHG Inventory Unit

41F'ype of needed IA: EroceduraI'Arrangement

... Functions relating to

Inventory Preparation

12. “Make a quantitative estimate of inventory uncertainty for
each category and for the inventory in total, following the
IPCC guidelines” P—

Entity
“Assessment” Function: the likelihood of reported GHG values for
fluxes is estimated; this information
should drive further improvements of the
national inventory system.

WHO? GHG Inventory Unit

Type of needed IA: Procedural Arrangement

... Functions relating to

Inventory Preparation

11. “Collect sufficient activity data, process information and
emission factors as are necessary to support the methods
selected for estimating anthropogenic GHG emissions by
sources and removals by sinks”

Entity
“Completeness” Function: the IA shall ensure the needed flux of
information/data/resources for the
production of the national GHG
inventory.

GHG Inventory Unit

'T'!ype of needed IA: Procedural Arrangement

... Functions relating to

Inventory Preparation

13. “Compile the national GHG inventory”

o

'Reporting” Function

WHQO? GHG Inventory Unit

Type of needed IA: Procedural Arrangement

un-keww [J=1Y
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... Functions relating to

Inventory Preparation

14. “Implement inventory QC procedures in accordance with its
QA/QC plan following the IPCC Guidelines”

Entity

“Control” Function: internal routine checks in order to ensure
that no errors will occur during the workflow

WHO? GHG Inventory Unit

?ype of needed IA: Procedural Arrangement

un-keou 150

... Functions relating to

Inventory Preparation

16. “Based on the QA results and QC outputs, the Party shall re-
evaluate the inventory planning process in order to meet the
established quality objectives”

Entity
“Improving” Function: Every entity to which a function has
been assigned has to implement the
outputs coming from quality

assessment procedures (QA, QC and
Every entity to other review processes)

which the function
that should be
improved has been
assigned

Type of needed IA: Procedural Arrangement

I e— v T

... Functions relating to
Inventory Preparation

15. “Provide for a review of the inventory by personnel that have
not been involved in the inventory development, preferably
an independent third party, before the submission of the
inventory, in accordance with the planned QA procedures”

Entity
“Review” Function: external checking of errors and assessment
of transparency, completeness, accuracy,
comparability and consistency of the GHG
inventory.

An external entity (national or
2
WHO? international) with the necessary
technical expertise

Type of needed IA: Procedural Arrangement

un-kevw 35T

Functions relating to
Inventory Management

. "Archive inventory information for each year.
all disaggregated emission factors, activity data, and documentation about
how these factors and data have been generated and aggregated for the
preparation of the inventory. This information shall also include internal
documentation on QA/QC procedures, external and internal reviews,
documentation on annual key categories and key category identification

. : o

and planned inventory improvements m_Entiw

“Archiving” Function: a rigorous system for storing all information
on GHG estimates and processes employed
to achieve them is necessary for ensuring
sustainability of the inventory process.

Possibly the GHG

Inventory Unit
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... Functions relating to

Inventory Management

18. “Provide access to all archived information used by the Party
to prepare the GHG inventory”

Entity

“Accessibility” Function

The same entity that
has the “Archiving”
function

Type of needed IA: Procedural Arrangement

... Functions relating to
Inventory Management

20. “As part of its inventory management, each Party should
make the archived information accessible by collecting and
gathering it at a single location”

Entity

“Security” Function: One single access policy is necessary for
ensuring safe management of stored
information, including tracking access and
potential modification of stored information

WHO? The same entity that has
: the “Archiving” function

?ype of needed IA: Procedural Arrangement

I e— v T

... Functions relating to

Inventory Management

19. “Respond to requests for clarifying inventory information
resulting from the different stages of the review process of
the inventory information, and information on the national
system, in a timely manner”

Enti

“Transparency” Function: Interaction with stakeholders and
sharing of information (Q raised by
stakeholders shall be properly and
timely answered)

WHO? GHG Inventory Unit

Type of needed IA: Procedural Arrangement

I s— oy 5T

Thank you for your attention!!
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Training Workshop on “GHG Inventory Preparation for Forestry”

Exercise Introduction

Uy Kamal

GHG Inventory Preparation for Forestry
November 5-8' 2012
Paradise Angkor Hotel

What is Greenhouse Gas (GHG) Inventory?

* A GHG inventory is an accounting of GHGs emitted to or removed from
the atmosphere over a period of time.

* Policy makers use inventories to establish a baseline for tracking
emission trends, developing mitigation strategies and policies, and
assessing progress.

* Aninventory is usually the first step taken by entities that want to reduce
their GHG emissions.

An inventory can help local governments:

«|dentify the sectors, sources, and activities within their jurisdiction that are

responsible for greenhouse gas emissions

*Understand emission trends

*Quantify the benefits of activities that reduce emissions

*Establish a basis for developing a local action plan

*Track progress in reducing emissions

*Set goals and targets for future reductions

Preparing a GHG estimate: the method

The most simple method for estimating GHG fluxes from a source/sink is:

EMISSION ACTIVITY EMISSION
ESTIMATE DATA FACTOR

:- ‘ e ;

H Satellite National Forest
GHG inventor:
i monitoring system Inventory

Activity Data * Emission Factor = annual GHG flux

For C pools
Activity Data * Carbon Stock Change Factor = annual carbon stock change

Or proxy data * factor of correfation with variable to be assessed (i.e. CO,

Aricainmalramaiala)

Evolution of IPCC Guidelines for National
Greenhouse Gas Inventories

Revised 1996 Guidelines = 2006 Guidelines

LUCF wmmp LULUCF m=p AFOLU
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LUCF LULUCF

H | sto ry Land Use Change and Forestry Land Use, Land-use Change
1996 Revised IPCC Guidelines and Forestry
GPG for LULUCF 2003
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Land-Use Change and Forestry (LUCF) - -
—  Identifies major likely land use sources 997 G“':&"J;::ﬁ;x"“
Management in National
« 2000 Good Practice Guidance and Gas
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— Defines GPG and applies it to 7
Agriculture
. N Good Practice Other Land
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Lorucs =~ anee iy u;l':-‘f.':%ﬁd Harvested Wood Products (" Harvested Wood Products > Wood Products
5 - omstry, il
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reenhouse Gas Inventories 5
~ Now Agricuiture Forestry and Other GPG2000 . Direct N0 from Managed Soils
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i“ 3.A Livestock |+ 3.A.2 Manure Management _

| 3.B.1.a Forest land Remaining Forest Land
| 3 BA Forestland (5 546 | and Converted to Forest Land

3.8.2.a Cropland Remaining Cropland
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3.8.3.a Grassland Remaining Grassland
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7 3.B Land |
/
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National Forest Inventories

Status in the world

Matieu Henry, Sandro Federici

GHG Inventory Preparation for Forestry
November 5-87 2012
Paradise Angkor Villa Hotel

Content

National Forest Inventory: Definition and objectives
The different steps to implement an NFI

Different sampling strategy in the world

Issues to be considered in the context of REDD+
Conclusion

oL b 0
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1. National Forest Inventory: Definition
and objectives

Accurate, up-to-date information about the size,
distribution, composition and condition of our forests
and woodlands is essential for developing and
monitoring policies and guidance to support their
sustainable management. To gather this information
and keep it up to date, we camry out periodic surveys of
forests and woodlands across the country.

NFI definition of Great Britain

1. National Forest Inventory: Definition

and objectives

The national forest inventory is the assessment, at
national scale, of forest variables at a certain point in
time. Repeated inventories may provide trends overtime
of such variables. Among variables the most relevant
has historically been biomass, other carbon stocks are
currently being added to modem inventories as well as
variables related to the socio-economic use of forest.

Proposed NFI definition

I N-REDD 1T
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2. Different elements to be considered

during the design of the NFI

__NF___]
——
[ Natural forest ] [ Naturalforgst and ] m" or M""‘*

— G AT
Forest Forest variables and other or + ‘ti
variables variables e.g. socioeconomic L - Ml -

Pre- No Pre- . ok -
stratification stratification S—

"_' f

- 1 or

Random Systematic ;;
sampling sampling

== 3% - [

[ cluster ] [ No cluster ]

2. Different elements to be considered

during the design of the NFI

[ permanent ] [temporarv ] 11 or t1 + t2
T

[-0-0

¥ K 3 (2
Rectangular Circular plot Quadrate
plot plot

1

- ¥ v )
Small plot size Medium plot size Large plot size
50-1000 m2 1000- 5000 m2 5000- 10000 m2 O or O or

—

Post No Post
stratification stratification

3. Different sampling strategies in the
world

Cambodia:

No NFI ' Several sub-

national forest
inventories

3. Different sampling strategies in the

world

Different sampling strategies used for NFI
strateg

| simple | [ Sstratified | | simple | [ Stratified |
|

) ) ! ¥
[ |l ] Leemanert | remporery | | Il ! J[remparary |

Unpublished data — based on the data collected from 128 countries who have already implemented an NFI
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Different sampling strategies used for NFI

(a) simple random sample design, (b) aligned systematic sample
design, (c) unaligned systematic sample design, (d) unaligned,
clustered, systematic sample design with the same number of
plots but grouped into clusters.

Emanuelli, P. (2010).

NFIl in Salvador

* Permanent sample chsters
“Temporary sample

NFl in Finland
= ¢
im0 1‘%}

Vo

)]

Tomppo, 2005

NFI in Cameroon
FAOQ, 2004

3. Forest Definition— the case of France

NFI Forest Definition:

Forest cover> 10%, minimum land area = 0.5 ha, minimum tree height = 5m in situ.

Un territoire occupant une superficie d'au mois 50 ares, avec des essences
forestiéres [arbres poussant en foréf] capables d'atteindre une hauteur supérieure
& 5m, avec un couvert arboré de plus de 10 % et une largeur moyenne d'au
moins vingt métres. La forét se subdivise en bois et boqueteaux, ne comprend pas
les bosquets, mais inclut les peupleraies.

3. Sampling strategy — the case of

France

123451 4512345
45 3 S 5 180
2 5123451
5 451234512

345123451234

12345123 12

45123 &8 512
23451 288 3451
5123 4 SHAEES"T W2 W
345123451234512

"R

NE WD N
[PURE R S
e L

9 s

w
-

e

All Land Cover/Land Use Classes
Total Forest Area = 15,954 Kha

Systematic Sampling: Aligned
clustered permanent plots

Number of plots = 55,000 plots

Plot size = 1962.5 m? (25 m radius)
First NFI: 1960

NFI cycle= 5 years
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3. Sampling strategy — the case of

France

Photo-interpretation

In the case of linear
vegetation forms

e DA, AR .
55,000 plots systematically located on a
8 10 km2 grid

description du sol mesure des arbres

(fosse pédologiqué

8 (one plot for 1000 ha is analyzed)

2-3 hours to measure 1 plot
by 2-3 technicians

3. Institutions with clear mandate to
implement the NF| — the case of France

Institution with clear mandate to:

Inventory planning = > Institut national de I'information géographique et
forestiere (IGN)

Data collection (RS)=>  IGN

Data collection (field data) = > Division de I'inventaire forestier des différentes
directions interrégionales

Data management and analysis => IGN

QA/QC => IGN

Improvement plan => IGN

Archiving and Documentation => IGN

Uncertainty analysis = > IGN

Hardcopy manuals/books= yes  http://inventaire-forestier.ign.fr/spip/

3. Measured field variables — the case of

France

Age

Canopy cover

Soil properties

Standing Deadwood, Lying dead wood: Decay status

Saplings/Seedlings , Herbs, Biodiversity, Commercial value/timber
Genetics resources, drought

Slope

Data for RS calibration

Rocks cover

Fires, Disturbances, Diseases, Erosion, Grazing, fellings

Shrubs, Moss, Lichens, Litter, Liana, Palm and others, socio-economic
variables, Voids (Roads, lake, water bodies etc.

<< < =<Z=< < <=<=

=
m.

3. Use of remote sensing— the case of

France
Variables assessed using RS are specific for the NFI? Yes
Variables assessed by RS: Land-use/ Land-cover Yes
Variables assessed by RS: Forest classes (stratum) Yes
Variables assessed by RS: Forest area Yes
Variables assessed by RS: Volume No
Variables assessed by RS: Height No
Variables assessed by RS: Deforestation Yes
Variables assessed by RS: Forest degradation No
Variables assessed by RS: Disease No
Variables assessed by RS: Forest Growth No
Type of remote sensing adopted: Photographs Yes
Type of remote sensing adopted: SAR No
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3. Forest Definition— the case of Japan

Forest Definition:

Forest cover> 30%, minimum land area = 0.3 ha, minimum tree height = 5m in situ.

In this law, FOREST shall be defined as listed below. The definition, however, shall
exclude lands used for agriculture, housing, or equivalent purposes and standing
trees and bamboo upon those lands. (1) Lands with trees and bamboo in groups
and standing tree and bamboo upon the lands. (2) Besides the lands mentioned in
the paragraphs, lands that serve as habitats for trees and bamboo.

3. Sampling strategy — the case of Japan

Only Trees in FL

m‘,wo Total Forest Area
= 24,979 Kha
a
> : :
Q Systematic Sampling:
» permanent plot
S N
“s“ Number of plots = 15,675
w° plots

Plot size = 1,000 m?

< First NFI: 1999,
NF| cycle= 5 years

3. Institutions with clear mandate to
implement the NFI — the case of Japan

Institution with clear mandate to:

Inventory planning = > Forestry Agency

Data collection (RS) = > Forestry Agency

Data collection (field data) = > Forestry Agency
Data management and analysis => Forestry Agency
QA/QC => Forestry Agency

Improvement plan => Forestry Agency

Archiving and Documentation => Forestry Agency
Uncertainty analysis = > Forestry Agency

Hardcopy manuals/books= yes

3. Measured field variables — the case of
Japan

Age

Canopy cover

Soil properties

Standing Deadwood, Lying dead wood: Decay status

Shrubs, Herbs, Litter

Genetics resources

Commercial value/timber

Voids (Roads, lake, water bodies etc.), Slope

Disturbances

Diseases, Insects

Fires, Disturbances, Diseases, Erosion, Grazing

Biodiversity, Moss, Lichens, Liana, Palm and others, fellings, socio-
economic variables, Saplings/Seedlings , Data for RS calibration
Rocks cover

<< << <Z< < <<=

'Na'
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3. Plot design — the case of Japan

3. Use of remote sensing— the case of

Japan

The Braun-Blanquet cover
class for i 0

Variables

The variables assessed using RS are specific for the NFI?
Variables assessed by RS:
Variables assessed by RS:
Variables assessed by RS:
Variables assessed by RS:
Variables assessed by RS:
Variables assessed by RS:
Variables assessed by RS:
d by RS:

Land-use

Forest classes (stratum)
Forest area

Volume

Height

Deforestation

Forest degradation

Di

Variables assessed by RS:
Type of remote sensing adopted: Photographs
Type of remote sensing adopted: SAR

Forest Growth

Yes
Yes
Yes
Yes
No
No
Yes
No
No
No

No

3. Forest Definition— the case of Italy

Forest Definition:

Forest cover> 10%, minimum land area = 0.5 ha, minimum tree height = 5m in situ.

Puo trattarsi di formazioni chiuse o aperte. Soprassuoli forestali giovani, anche se
derivati da piantagione, o aree temporaneamente scoperte per cause naturali o per
lintervento dell'uomo, ma suscettibili di ricopertura a breve termine secondo i requisiti
sopra indicati, sono inclusi nella definizione di bosco. Sono inoltre inclusi: vivai
forestali e arboreti da seme (che costituiscono parte integrante del bosco); strade
forestali, fratte tagliate, fasce tagliafuoco e altre piccole aperture del bosco; boschi
inclusi in parchi nazionali, riserve naturali e altre aree protette; barriere frangivento e
fasce boscate di larghezza superiore a 20 m, purche maggiori di 0,5 ha. Sono incluse
anche le piantagioni finalizzate a scopi forestali comprese quelle di alberi da gomma e
le sugherete.

Phase 1 and cover/use classfication

~301,000 sampling points

@andomiy
selected within each square o the gnd

photo-intenretaton

1st phase:

e Phase 2: forest dassdcation and
nbutes

=

Qquaitatve a;

~30,000 5 points randomiy
selected within the stratm of forest

and oher

[ Phase 3. atiibutes measwement

1| ~7.000 samping points selecied

ol -1 ~[.] wahin e stratum o the second

T | phasepoints

3rd phase:
field survey

B0

+ Randomiy selecied pant

1 ForestOWL sample pants selected (1st phase)/vated (2nd and 3rd phase)
1 Forest/OWL notselected in the current phase for field survey

Only Trees in FL

Total Forest Area
=9,149 Kha

Number of forest classes
=23

Stratified Systematic

Random Sampling:

Unaligned permanent plot

Number of plots = 30,000

plots

Plot size = 530 m?

First NFI: 1983,
NFI cycle=5 years
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3. Institutions with clear mandate to

implement the NF| — the case of ltaly

Institution with clear mandate to:

Inventory planning = > National Forest Service

Data collection (RS} = >  National Forest Service, Mountain Information System
Data collection (field data) = >National Forest Service

Data management and analysis => Agricultural Research Council — Forest
Monitoring and Planning Research Unit

QA/QC => Agricultural Research Council — Forest Monitoring and Planning Research
Unit

Improvement plan => University of Siena

Archiving and Documentation => Private company

Uncertainty analysis = > Agricultural Research Council — Forest Monitoring and
Planning Research Unit

Hardcopy manuals/books= yes http://www.sian.it/inventarioforestale/jsp/hom
e.jsp

3. Measured field variables — the case of

Italy

Age

Canopy cover

Soil properties

Standing Deadwood, Lying dead wood: Decay status
Saplings/Seedlings

Genetics resources

Commercial value/timber

Voids (Roads, lake, water bodies etc.), Slope

Data for RS calibration

Rocks cover

Fires, Disturbances, Diseases, Erosion, Grazing
Biodiversity, Shrubs, Herbs, Moss, Lichens, Litter, Liana, Palm and
others, fellings, socio-economic variables

<7z < <<=

z
m.

© Trees (diameter > 4.5 cm)
'y Trees (diameter > 10 cm)
(O Dead wood (min. diameter = 10 cm)
3 felled trees (last year stumps)
@ Regeneration and shrubs (h> 50 cm)

{7+ Forest health

3. Use of remote sensing- the case of
Italy

The variables assessed using RS are specific for the NFI? Yes
Variables assessed by RS: Land-use/ Land-cover/ Elevation/ Slope Yes

ariables assessed by RS: Forest classes {stratum) Yes
Variables assessed by RS: Forest area Yes
Variables assessed by RS: Volume No
Variables assessed by RS: Height No
Variables assessed by RS: Deforestation No
Variables assessed by RS: Forest degradation No
Variables d by RS: Di No

ariables assessed by RS: Forest Growth No
Type of remote sensing adopted: Photographs Yes
Type of remote sensing adopted: SAR No

I UN-REDD [CY-T7)

107



3. Different sampling strategies in the

world — the case of the US

3. Different sampling strategies in the
world — the case of the US

:zTnanent

Phase 3 (P3) ms o _.. .0+ forest plots

Forest Health i B - - -ile (22 km) grid

Phase 2 (P2)

Forest Inventory et e e __::;:f] f;rast plots
—_ - _ - - ....le (5 km) grid

Phase 1 {P1)

Remote Sensing ’T:sk‘:vfl pixels

GROUND

.... .,..mumllllll'liﬁmujmmg.

Phase 1 — Stratification

* Previously stratified photo
points

* Now use satellite imagery to
stratify forest/nonforest and
more

* Post-stratification allows flexible
issue analysis

3. Different sampling strategies in the
world — the case of the US

3. Different sampling strategies in the
world — the case of the US

Phase 2 — Traditional Forest Inventory (@) Subplot (trees and understory)

24.0 ft (7.32 m) radius

© Microplot (seedlings, saplings,
& fuels) 6.8ft (2.07 m) radius
{ :‘5 Macroplot (large trees, misc.)
58.9 ft (17.95 m) radius
+*™ P3 Lichens plot
e 120.0 ft (36.60 m) radius
n P3 Vegetation plot
32 ft? (1.0 m) area
# P3 Soil sampling (point sample)
Down woody material
58.9 ft (17.95 m) transects

Five-Year Cycle
@ vear one

Q vYear Two

© vear Three
Q) vear Four
@ vearFive
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3. Different sampling strategies in the

world — the case of the US

Phase 3 Forest Health Indicators

¢ Crown measures are taken to assess tree health.

¢ Down woody material transects

¢ \Vegetation plots are used to identify all vegetation to the
species level, thus including information on exotic or invasive
plants.

* Soil samples are analyzed for basic soil nutrient parameters.

e Lichen diversity is an indicator of air pollution and old growth
conditions.

¢ Ozone bioindicator plant data are collected separately for air
pollution impacts.

4. |ssues to be considered in the context

of REDD+

FOREST NFI1
% . MAP n DATA
1

, ’i Diameter

il

AE + BEF + WD

\ — )
AGB & CARBON STOCKS
AE: A tric equatil BEF: bi pansion factor, WD: wood density, NFI: National Forest Inventory

4. |ssues to be considered in the context
of REDD+

| 5 REDD+ activities )

T Tir

Sustainable Reduced forest
Management of Fore: degradation

Forest conservation

e NI | | BT s

Enhancement of forest C Reduced deforestation
stock

para 71 /1. CP16

4. |ssues to be considered in the context

of REDD+

Method 1 Method 2

A. Stock - Difference
The difference between C-
stocks gives C emissions

B. Gain-Loss
C-emissions are calculated
from gain minus loss

Land use change C-gain
- Growth

« Enrichment

C stocks, Mg ha'

o) scondmy Mone b FOREST land

C-loss

*Timber harvests
Fuelwood removals
*Charcoal production
Fires

+Grazing
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4. Issues to be considered in the context 4. Issues to be considered in the context

of REDD+ of REDD+

Stratification Stratification

4. |ssues to be considered in the context 4. |ssues to be considered in the context
of REDD+

SonaAr Countries should ensure that noosing a plot conhiguration
i Rk land is not
i o accounted for in more than The plot configuration consists of the plot size and shape
o one category or sub-category, and determines what to measure at each sample plot
opial &y
ey in order to avoid double- I ti
wor Y- counting of land areas. ocation.
(s0e Azzex 3A5) — o,
spodx . )
e Once land use and land-use Rep. of Korea Brazil India
I08ASS (BCOLOGICAL Teopical oot conversion areas have been
i nc | Do established, it is necessary to "
Fotd e e T consider the capacity and
Seveopi eyt need for further stratification. :
Sevoopia b
gy Unless all land-use area and © Main Plot
T——— stratification data are spatially- = ;
o e e explicit (Approach 3), the = . .-
e development of rules for |:|
T alloc'ati:ns to strata may be -
mes e ey e spid S required.
; s SIBDG.=06) References: Kim (2009), de Freitas et al (2006), Pandey (2008)
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5. Conclusion

~
12 Decision

Q S MRV
* $@E> " rechnical
Q :

2823

aa = &
Sub-national [
activities
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Planning for Cambodia National
Forest Inventory

David C. Chojnacky, PhD 3

Forest Biometrician
Virginia Tech
Washington, DC USA

International Consultant:
MRV Team (FA/FAQ)

Funded by: DANIDA
W VirginiaTech

Invent the Future

My Inventory Background

= [nventory fieldwork for summer jobs
during college studies in math and forestry

= PhD/ research interests: NFI design, using
NF| data beyond timber—uwildlife, carbon..

= U.S. NFI: 120,000 plots,
100s of variables, very
complicated database.

= Cambodia opportunity:
simple NFI design.

QOutline

1. Thoughts on importance of NFI in UN-
REDD MRYV process

2. Good starting point: NFI sample design

3. Other topic: USA "
study on mapping [
forest inventory  §.
plot data...method
for combining
statistical & spatial
data

Desig - 0 MR
Carbon Uses
Biodiversity - -

ddliee O POI'Lld =,
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NFI More Than Carbon Inventory

<l

® Biomass and Carbon

® Forest area/land uses

® Timber production/allowable cut
® Biodiversity

® Non-timber forest products #:

® Environmental services

= Environmental problems

® Use/management/local
governance

B Recreation/tourism

“ROADMAP”:
MRV System

® |nventory protocol
compartmentalized
into 13 boxes

® Although 13
important steps...

® No overall
sampling design to
guide connection
of boxes

2 phases: remote Double Sampling for

sensing & field plots Inventory Application

s in the Interior West
Neyman (1938); 1950s Doid . Choiacky

aerial photos/forestry
Chojnacky, USA NFI

Phase 1: consistent
nonforest and forest
classes

Phase 2: field plots
subsample phase 1

Stratification: a Forest

T

I

| I 1 I 5 G s I O O Y
e e

e T T 11 Tt | 1
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J Too Reduce Number Field Plots

iy il i ..add LIDAR Phase
i A | [:::ﬂ';::ﬂ:::_i ! It :}‘_}E::::H
E%H :#:ﬁ:f:ﬁ;*;# :%H:;F :ﬁ:u = Phase 1: Remote
H ;};‘, :*:H::t:ﬁ_i‘—‘1 -J,::E—j { I‘*t . j%s%é:ﬁ:: : = . Sensing
mas L U::::Hj :ﬂ:':ﬁ;ﬁ::H’:::%ﬁ:: ﬁ::;ﬁ?-:i J‘ ::ﬂ = Phase 2: LIDAR
eiin.ceal Jrocasase i BREL NGRS SR\ NED ...subsample phase 1
M A\ Y EF PN = = Phase 3: Field Plots
b SSRESRRL aRaneel e SERre | 100C ...subsample phase 2
orest & _ui%__:. 315 Misolassifiec LIDAR
onforest LI EREEE S SatE o
- et onfore

Monitoring Field Plot Design

®= Permanently established

Ao ® Much info from FA and NGOs on plot

design ...use it!
= Re-measure about every

5 year = Sensitivity analysis to consider reduced

= Perhaps remote sensing plot size, if data readily available.

imagery and/or LIDAR = Plot size large enough'to'

could update inventory sample “pixel” in design ol
between cycles

N N
-

A | t = Measure live/dead b i K
. - 3 - Ny ) it
el R standing/down material&; + < »

of some plots each year
not recommended:;
analysis too complex

multi-purpose variables ¢% ",
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Ancillary or Additional Data

= Cannot directly measure everything...models
& equations needed

= Biomass equations very important equations

= Also, volume equations, site & ecological
classifications, etc

= Very important to
carefully evaluate
all ancillary data;
difficult to accountfg
for prediction
errors

mass (ko)

510 15 @ 25 W B 40 45 50
dbh (cm)

Data
Analysis/Management/Reporting
® |nventory design determines analysis if good
initial design

= However, tree- and plot-level data,
stratification and shear volume of

measurements complicate inventory database

structure

= Alternative is online data
delivery developed by single
entity

= Determine specific reports

Budget

= Cost is limiting factor on number of field
plots that can be sampled

= Cost per plot is a good planning tool

= Will cost per plot
average $100 or $500
or $1000 or more?

" In the U.S., NFI plots
cost $1000 to $4000
depending upon travel
access.

Summary On NFI Planning

= Essential to choose overall sample design...
propose “double sampling for stratification”

= Cost/plot and sample size to plan sample/budget

= Don't over-focus on plot design...use FA/ NGO
experience & keep it simple! .

= Ancillary biomass equations
important; assemble/develop

= Focus on carbon for planning;
identify multi-products soon

= Analysis follows good-design = - &
= Consider online data delivery :5
= Determine reports needed
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Linking Field Plot Data to Maps

= 14,000 plots, 5 km ggid &
= 1,600 forested

Cmcago ¢ &

! E)en rer \/Vashmgtom
YLas Vegas

U OF LAND  MANAGEMENT

Double-Sampling for Stratification
(DSS) Good for Statistical Summary

= DSS can produce
charts and tables of
biomass/carbon, tree
size distribution,
volume by species,
etc.

But can DSS be
extended produce to

spatial statistics for
mapping?

Need to Devise Spatial Variables
from Inventory/Ancillary GIS data

= Cover map was devised from
remote sensing/field data model

= Elevation
= Ecoregion (10 sections for NV)=g,
= Land ownership

= Process is a post stratification:
Spatial variables must be carefully
selected to sufficient sample sizes
(or number plots)

A 4

Cover MOd el I ioh F:rabC.AA
[ Low Prob M-Py

Estimates for L

Low Prob PJ

Mountains near e

[ owProby
I +igh Prob J

LaS Vegas--- [ Low Prob Nontorest
| High Prob Nonforest \
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Carbon Summary for Select Categories

Great Basin Mtns

Mono

SE Great Basin

TypeElevation
Lo

3 Bars = 67% Cl's
J oo S
Hi — ——

0 5 10 15 20 25 30 35 40 45 50 55 60 65
Carbon (Mg/ha)

Nevada
Carbon Map

Carbon Mg/ha ... (extremes)
I CA 25-114..(24- 118)
B M-PJ 2436 .44 - 50)
[ -y 31-45..(31-54)

[ P-J 20-31.(17-31)

Las Vegas Mts.
W 2429.124-33)

%
T "
4 SN
{
K Y
J 15-24..(12-24) N § (-
" {
[ Nonforest . \ "f»
\ »‘
Kilometers »
0 30 60 120 180 240

Cannot Field Sample Nellis Air Force
Base (AFB)

No Mines! ...But other Hazardous:
Bombing Range, Training Maneuvers, etc.
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Nellis AFB Forst Carbon Extrapolated

Questions/Comments?

déﬁojnac@vt.edu

-20
[J20-25
[ [ 2s-30
N I 30- 39
.. - Conifer-Aspen

I

Planning for Cambodia National Forest Inventory

David C. Chojnacky
{(dchojnac@vt.edu)

Yirginia Tech
Department of Forest Resources and Environmental Conservation
Blacksburg, VA, U.S.A.

Presented at:

Training Workshop on “"GHG Inventory Preparation for Forestry”
MRY Team, Cambodia UN-REDD National Programme
Siem Reap Province, Cambodia
5-8 November 2012

presenting...
Wednesday, 7 November 2012
9:45-10:15 (30 min)
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Remote Sensing for Assssing
Forest Resources & Changes

lan Thomas

Landmine_Mapper@hotmail.com

Welcome to the
world of pixels!

Remote Sensing for Assssing s
Forest Resources & Changes

lan Thomas
Landmine_Mapper@hotmail.com

Why Do We Need Remote Sensing?

HYDROPOWER Landmine &
Border Mapping UXO Clearance

National | restry POPULATION
Defense CENSUS

FLOOD RESPONSE

Urban & Landuse Planning
ElC...ete...

What are the factors to think about
when choosing satellite imagery for

b o
=3 Cambodia? F‘i‘ d da r??
e i1 aqaar:
R $ Pricing UAV/Aerial?
ESOLUT|ON

License Restrictions
Timing, Clouds & Seasons

SPECTRAL COLOUR
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So What Resolution Imagery Do We Need? ry Options: Agriculture Paddy Field Example

RSP >

=

Avnir10 meter

5 Comparison
of Satellite Imagery
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High Resolution Imagery
sometimes required to
detect forest plantation

and sometime requires

manual interpretation

Satellite Imagery Options “Cost vs. Resolution”

Resolution

| i Google
1 Ak o

2.5m

5m
Aster

10 b= s

30im * Landsat
50m

250 m

Palsar Asia

Japanese ALOS

: 1&2
Satellite

Prism *

Aster

* Indian Cartosat

lkonos ~ “°TE

* Quickbird "
Geoeye
Radarsat2

SPOT5m
* Rapideye

AVNIR ¥ SPOT 10m

5100's

51,000 C O‘S?

Satellite Imagery Options “Cost vs. Resolution”

Resolution

2.5m
5m
10m
30m
50 m
250 m

lkonos e
ickbird
1 i AN Goosle . Y Qu
Earth  japanese ALOS * lln:;n Cartosat Geoeye *
Satellite -* .
Radarsat2
SPOT5m
* Rapideye
*J- . ‘! + SPOT 10m
I
MODIS
* ‘
Free 5100° $1,000' Cost

Table 2.1.2. Present

ity of optical mid

(10-60 m) sensors.

Cost for data
Nation :-a't‘::l’lte x ::?I"::o'; acquisition |Feature
¥ Verag (archive'?) T —
Images every 16 days
All data to any satellite receiving
USA %ndsal-s 1803]?8’!;’ Kkm? archived at |station. Operating
USGS are free |beyond expected
lifetime.
On April 2003 the
failure of the scan line
All data corrector resulted in
USA Landsat-7 30m srchived at data gaps outside of the
ETM+ 60x180 km? USGS are free central portion of
images, seriously
compromising data
quality
Data is acquired on
15m 60 US$/scene |request and is not
USA/Japan |Tera ASTER | 40,60 km2 | 0.02 US$/km? |routinely collected for
all areas
After an experimental
IRS-P2 LISS- phase, AWIFS images
India 111 & AWIFS 23.5&56m can be acquired on a
routine basis.
;xr:;:t‘:\;ia:lllly Experimental; Brazil
. CBERS-2 uses on-demand images
ChinalBred) HRCCD 200 dg;;';le;g to bolster their
countries | coverage.
ﬁ:g:::; China/ DMC 32m 3000 C/scene Commercial; Brazil uses
Turkey/ UK 160x660 km? |0.03 €/km? alongside Landsat data
Commercial Indonesia &
SPOT-5 10-20 m 2000 C/scene b :
France HRVIR 60x60 km? | 0.5 €/km? Thailand used alongside
Landsat data
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FIPD AVNIR 2010
10 meter

FIPD PRISM 2010
2.5 meter

FIPD RAPIDEYE 2010
5 meter

FIPD Forest Cover 2010
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€S catneiplirerusqsgov

8 MostVistec | Stare on Linkedln _ Getting Started ) subscribe ki Suagested Sies
’

Latest Landsat National Mosaic (

2010-2012)

s

EarthExplorer
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2012 Landsat7

Very good way to monitor concessions

Re-growth back is very fast...very rapid changes. Only two years to three years after clear
cutting disturbance, rapid re-growth of vegetation causes the disturbance to become quite
hard to detect on medium resolution imagery (Aster 15 m, AVNIR 10m).

es &RrovMZOOGZOOB&22001

Clouds are quite a problem... Radar!

el el

Average Cloud Cover (%)

Source: Aruna Ltd Nov 2012

124



01530 60 90 120
e ™ ilometers

What to do? Which methods to use?
http://www.gofcgold.wur.nl/redd/index.php

',u*

Glohnl Ohm-bon of Forest and Land Covar Dynamics
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For Forest Mapping the GOFC-
GOLD Source Book use to
recommend two clear choices
for remote sensing methods:

1. Sub-pixel Analysis 2. Multi-date Image

Segmentation
~ (1) PRE @) Build Automated processing chain (beta version)
. ——rem. | | e
o | | = B wrtoane wansrechua maoe
Correction i FATION DWFERENCING
o B &
p——— m s
st ®
—
oI | G
==L
=l N B
Bolresina el -’ ﬁ )
RS AL

Sub-Pixel Analysis

Segmentation

District ion Results

Sangthong District Sub Pixel Analysis Soil Cover
Using Erdas Imagine 9.2: Percentage per pixel 30 m x 30 m

Landsat 2006

@) EnvI

Normalized Difference Fraction Index
GV —(NPV +Soil)
GVg,... + NPV +Soil
GV
100 - Shade

NDFI =

GVt = -1 <NDFI =1

Landsat Spectral Signatures
NDF] Tow to niodetate

| Moderate tohigh NPV
and Soil
NOF! heéar, |

Reflectance (%)

High GV >
Low/NPV and Sail

.

l;o 950 1450 1950
Wavelength (nm)

Low to moderate GY.

Sub-pixel Analysis (NDFI)
visrin oo il NOt €asy to find the

in Red and Near-Infrared

Spectral Space During “Endpoints”

a Growlng Season

i .. ENVI software was the
s ' best at this method.

/ Get the Information

/‘/\ 4 vm"“""“’”"“wmy

Red Reflectance

Near-dofrared Reflectance
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Evergreen
Forest'

This is the
Amazon & Congo
Not Laos PDR!

Ideal Conditions vs “Difficult Terrain” My be OK @0 Suh-Phead
ﬁ__,’ Analysis in flat aneas of

bodi

:ub-Plx-IAnalylii
Non-Photosynthetic

Canopy shadow can be very
variable between images
depending on time of year
and day and haze

| IdcalCondmonu H:tanraIn )
Solls: Forest

Degr Can Be D

very varied Soil Gonditions
C i inLaos: Terrain Forest

Degradation Can NOT Be Easily Detected

Which software to use?

CArc O} ENVIEX
ESRI G Is

RSECI

B Yrmtde

eCognition

“erdas

S1ENY]

Or Open Source?

Criteria to evaluate the
Remote Sensing Software
Must be flexible.
Must be fully compatible with GIS.
Must be able to automate the processing.

Must be able to implement the GOLD-
GOFC sourcebook methods.

ERDAS
IMAGINE" 9.2

=== e

ERDAS
IMAGINE® 9.2

Erdas has a very powerful Visual
== Modeler Programming Interface.

=ote= R
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Sometimes Now Open Source is the Best!
Monteverdi Index Browser

Status of Evolving Technologies

from the GOFC-GOLD Sourcebook:
“Optical mid-resolution data have been the primary tool for
deforestation monitoring. Other, newer, types of sensors, e.g.
Radar (ERS1/2 SAR, JERS-1, ENVISAT-ASAR and ALOS PALSAR)
and Lidar, are potentially useful and appropriate. Radar, in

particular, alleviates the substantial limitations of optical data in
persistently cloudy parts of the tropics.

Data from Lidar and Radar have been demonstrated to be useful
in project studies, but so far, they are not widely used
operationally for forest monitoring over large areas. Over the
next five years or so, the utility of radar may be enhanced
depending on data acquisition, access and scientific
developments.”
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Greater Angkor Wat Area Lidar

Forest Resources Assessment Nepal

Using SAR Radar Polarimetry & Stereo Analysis ALOS PRISM Triplet Stereo Data

for Forest Biomass Estimation psue NE=REERNe R 9 DeadeB@ o

S H Project

Sal (Shorea robusta} forest dominant in study area. Ipsmb227433080-

Ipsmf227432970~

alpsmn227433025-
& Aot

1 (9 Swed Source

+ [ Ststegy

(£ Procassing Bement

| Order Image Neme Visile Active| SensorType | Widh
1 vokalpsmb227433080-01b1__b v v GOP 14496
2ol alpsmi227432970.01b1__t v v G0P 14498
3 vok alpsmn227433025-0151_n v GoP 14495
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DSM Extraction from ALOS PRISM

Tie 4t Ve Tooh Seah @3 My
oMlelmiEs] slsleia]| WE SIRCIE|L] A Ermme I8 %]
5m
poil
200m
17%m
120m
2w
10m
=&t
218%m TSkm 1280w
S st (5

Tree Height Derived from PRISM DSM and Survey Dept. DEM
BEEOEEERECRRE TR Z] ] [cavfmosni 1[G %]

00k 1.0km 20km 30ku 40km

teiche - 5367 mesers Od sc 342 Chpimg) 240750 UM (WS4 - (435458 665 3395454 508

Tree Height from LiDAR overlay with height from PRISM

D TR B ERCG

i

140750 UTM (WGSSA) (826842258 -qusm}

BIOMASS MAP OF WESTERN TIGER LANDSCAPE NEPAL (ALOS PALSAR HH 2010 - 519)
) A N Above Ground
A Biomass (/ha)

-

20-5

ARECRE[
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The problem of “Saturation”

Model Plot for all years HH, Scene Obs. No. 518 & 519

Madel y=a+b*In(x)+c*In(x)"2

s.U E 3
BU LIRS bl 2 . g =* = -
E R T Tt Pt g fp N, V2
AU~ - w
% * L AIRWTES s & *
-
8§80 |, * BT i - . -
590 " +% ¢ s 4
= Sk 0’ 2
#100 L 3 .
" -
11.0 L Input Data -
120 £ y=a 1b7In{x) 1 c¥In(x)"
N = T S I N S T S A W A I A
0.0 100.0 200.0 300.0 400.0 500.0 600.0
¥ AGB Tons/ha
Regression Variable Results
Variable Value Standard Eror t-ratio Prob(t)
(RAZJ &3 0 296 a -11.9048081672687 0.800288860021644 -14.71020871 0.0
No. of Obs =212 b 1.02008210406182 | 0.348841837462818 2.049906229 0.00354
e -2.83E-02 3.91402536245297E-02 -0.724112339 0.46981

Estimation of Above Ground Forest Biomass in a Tiger Habitat of
the Western Nepal Using ALOS Data and Field Inventory

Conclusions:

L-Band PALSAR data can be used to develop biomass models.
The best-fit model for HH is:

AGB =-17.875 + 0.738 * In (Backscatt. Coeff.) + 0.027 * In
(Backscatt. Coeff.)"2,

The best-fit model for HV is:
HV is AGB =-11.905 + 1.029 * In (Backscatt. Coeff.) - 0.028 * In
(Backscatt. Coeff.)"2.

The biomass model successfully derived a biomass map.
Like any other similar research, use of L Band also has a
constraint in terms of biomass saturation (around 100-150t/ha).

Champasak AVNIR 2007 with Modis Fire Data 2008

?2 st
N\ X &,

Champasak AVNIR 2008 with Modis Fire Data 2008

RS TS
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WGSB1UTY 4 Horm
MODIS FIRMS Fire Occurence 2009 - 2012
Heatmap point occurence of MODIS FIRMS

with a confidence threshold of 70% or greater.

[0 commurity Forest Aveas

B Leavage ot
Oddar Meanchey Prosrce

Terra

GLOBAL CAPITAL

GOUSIC x es or Keyword “ Send feedvack  signin

Earth Engine

Landsat 5 8-Day EVI Composite

Tnese Landsat § composites are made from Leve! L1T onthorectified scenes. using the
computed top-of-atmosphere reflectance. The Enhanced Vegetation Index is generated from
the Near-IR. Red and Blue bands of each scene, and ranges in valve fom -10to 1.0

The composites include ail the scenes in sach B-day pariod beginning from the fist day of the
year and continuing o the 360th day of the year. The last composite of the year, beginning on
day 361, will overlap the first composite of the following year by 3 days All the images from
each 8-day period are includad in the composite, with the mast recent pixel on top.

B2012Google  Terms of Senice  Program Palicies

Nome  DataCatalog Workspace

Data availability (time)
Jan 1, 1984 - Hov 17, 2011
Provider

Google

Tags
landsat, usgs, 15, tm, 8day, e

Privacy  Contsct Us
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swinglet CAM

The easy-to-use flying camera

Ready to fly, easy to deploy, ultra-
lightweight, fully autonomous mini-drone
with built-in 12MP camera,

rewore @

00

Five Square Kilometers in One Hour!

ONES

AllDiog Posts My ficg + Add
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A newbie's guide to UAVs w
Posted by Chisa Andtrsan on March 28, 2009 8t 20000 4 Yiew Moy
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Top Content
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Low Resolution 30 Model of Chavington Crossing 21 July 2011

4
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buildi
local s
promise,

Communities reviewed 2008 and 2012
satellite maps and provided valuable
feedback on the situation on the

ground.

2008

Sharing Data with Communities

2012

[1Maps

# S e
s w i

Economic Land Co

ncession
e

S

New Map Classifications
Government data partial ELCs :123 concessions

Yasothon

~ ; -
TPRT a2 View Cambod) H Map sie

Man gt 92015 Kifablash, Googhe, Map, Mapiing. Tale Atlae - Tams ot Use
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ELC Concessions

Comcssion Geanting (2)
I 1993 t0 2000 (16)
I 2001 w0 2005 (17)
1 2006 o 2008 (62)
. 2009 (23)

=3 2000 02)

W 2011 (5%)

W 2012 13)
General

2 proviece

Diswict

September 2012

Percentage of Economic Land Concession (ELC) in
Protected Areas, Cambodia.

Virachey National Park —

NSOK Protected Forest
Lomphat Wildlife Sanctuary s
Mondulkiri |
Phnom Naml
Phnom Prich Wildlife Sanctuary s
Seima Protected Forest mm

Snoul Wildlite Sanctuary > -

Preah Vihear Protected Forest | INCOMPLﬁSE

Preah Vihear Temple |

Sombo I’rey Kok lemple |
Beng Per (Boeng Peae) Wildlife... m— DMF‘. DATA
Koh Kae
Kulen Promtep Wildlife...
Phnom Kulen National Park WELC%
Angkor Watl
Banteay Chhmar s
Ronicm Daum Sam (1,2 & 3)
Phnom Aural Wildlite Sanctuary
Phnom Sankos Wildlife . m
Southern Cardamoms
P’eam Krasop Wildlife Sanctuary
Botom Sakor National Park
Kirirom National Park =
Ream National I’ark
Preah Monivong/Phnom Bokor s
Central Cardamom Mountains

o 20 40 60

. we

Kratie Province

Phnom

Penh —

o

o 50 100 150 200

] - e
2 My ¢
| -

Mondulkiri Province

Seima Protection Forest
or Eastern

1. Snoul Wildh v

2. Phnom Prich Wildlife Sanctuary

3. Mondulkiri Protected Forest

4. Lomphat Wildlife Sanctuary

5. Phnom Nam Lyr Wildlife Sanctuary
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Seima Protection Forest, Cambodia

WCS Cambodia

Cambodia’s second REDD demonstration
site and the first in a conservation area

> Cambodia
Deforestation in REDD Project Areas (1998-2002-2008-2010-2012)

Reference region includes SPF and similar areas
of permanent forest estate in NE Cambodia

Project

Area ) E
@ P,
s ’ —rm

2 40 Kilomelers.
—_—— Prepared by: WCS.

I Rubber plantation
Bamboo

I Evergreen Forest

I Semi-Evergreen Forest

I Other Forest

1 Deciduous Forest
Wood Shrubland Dry

Wood Shrubland Evergreen

Non Forest

3

I Rubber plantation
Bamboo

I Evergreen Forest

I Semi-Evergreen Forest

I Other Forest

[ Deciduous Forest
Wood Shrubland Dry
Wood Shrubland Evergreen
Non Forest
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I Rubber plantation
Bamboo

[ Evergreen Forest

0 Semi-Evergreen Forest

[ Other Forest

1 Deciduous Forest
Wood Shrubland Dry
Wood Shrubland Evergreen
Non Forest

I Rubber plantation
Bamboo

I Evergreen Forest

I Semi-Evergreen Forest

I Other Forest

1 Deciduous Forest
Wood Shrubland Dry
Wood Shrubland Evergreen
Non Forest
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Sanirong Rubber

Trapeang Prasat

@erra
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.« Trapeang Prasat

Trapear}.j Prasat

_Trapeong Prasat-

By
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Trapeang Prasat

Trapeang Prasat

Trapeang Prasat

Trapeang Prasat
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2 . Overview Map of Biomass Location
Remote Sensing Analysis

Assessing historical rates of deforestation and land-use change

e

1990 2000 2004 2006

Remote sensing analysis may only show land-use change, community | ""“'::::
based data collection is needed to quantify carbon emission reductions. | o s
Domey S CF — - Dhasa oAy o
@Tena Toomsar SerCF | ooy Mhey Thmay et s i~ : ) & i £ riom |

SR CF REDD+ at a quick glance:

* Project site area: 15,649 Hectares.

* Number of CFs: 34

* Biomass Inventory plots completed: 50

HHS completed: 136

* PRAs completed: 34

CF members: 19,000 (Approximate)

Possible applicable standards: VCS, CCB & Plan

Vivo.
&
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L T |
TOWARD FOREST COVER DATA
PREPARATION FOR
ESTABLISHMENT OF HISTORICAL
REL (SHARING INFORMATION AND
EXPERIENCE)

for Training Workshop on
"GHG Inventory Preparation for Forestry "

11:30-12:00, November 07, 2012 (Day 3)
Takeshi YAMASE,

CAM-REDD MRV TA Team
(Asia Air Survey Co., Ltd.)

CAM-REDD is one of the Supporting Frameworks
toward Cambodia REDD+ Roadmap

Cambodia National REDD-plus Roadmap

= Implementation: Cambodia National REDD-plus Taskforce
= Coordination: Cambodia National REDD-plus Taskforce Secretariat

UN-REDD ‘ FAO/TCP-NFI ‘ CAM-REDD ‘
of Japan
REDD ts in
FCPF LEAF Community /
Supporting Protected Forests

Frameworks

INTRODUCTION OF
CASE 1

Case 1

e |

» Simulation / Trial Calculation of RELs
(Reference Emission Levels) of Cambodia
with Different Scale Approach

Subject

» Comparing simulated RELs of some
Province / Provincial Cluster, consider
appropriate size of "sub-national scale" for
REDD-plus implementation in Cambodia.
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e —
Case 1

Tools

* RELNAS (Reference Emission Level for National and
Sub-national scales), a REDD+ Software, developed by
Associate Professor Nophea K. SASAKI, University of
Hyogo, JAPAN ( http://iwww reddplusoft.com/index.php )

oies |

» The Current version of RELNAS is for Exercise Only.
» Deforestation trends for each province are based on
forest cover change between 2002 and 2006.

Top page of RELNAS (image)

Emission Level for NAtional and Sub-national scales (RELNAS)
(The Current Version of RELNAS is for Exercise Only)

Related Papers

Comeren Farm Oafurwetation
Puoportion of et Uhe Heibud for

( Production Farast PF)  pyeh

fi = Bessdon

P chanes

= 2008

Aveamptors

Degradation Aate (V)

[ Buftes Cartoon
003 o2

[

Factors for Simulation

Carbon Stock of Evergreen Forest 176.9tC/ha
Carbon Stock of Semi-evergreen Forest 1254tC/ha
Carbon Stock of Deciduous Forest 150t C /ha
Carbon Stock of Other Forest 876tC/ha
Proportion of land use type / Production Forest (PdF) 0.361
Proportion of land use type / Protected Forest (PrF) 0431
Proportion of land use type / Conversion Forest (CvF) 0.208
Assumption / Degradation Rate of Production Forest (PdF) -0.03 %
Assumption / Degradation Rate of Protected Forest (PrF) -0.01 %
Assumption / Degradation Rate of Conversion Forest (CvF) -0.05 %
Assumption / Buffer Carbon 0.2

- Default values on RELNAS web-site set by Assoc. Prof. N. K.
SASAKI are used for each factor.

Procedure of Simulation

N » Calculate sub-national (provincial) level RELs by each ]
forest type for 10 years cycle (from 2002 to 2011).

/

* Make graphs of each provincial level RELSs.

* Grouping by several conditions.

« Consider appropriate scale for Cambodian RELs
under this simulation / trial calculation.
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Deciduous Forests
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Example: RELs of Some Provinces

* Note:

This map was revised from
the original map of
"Administrative divisions of
Cambodia - Wikipedia, the
free encyclopedia

( http://en.wikipedia.org/wiki/A
dministrative_divisions_of_Ca
mbodia )",

i bissssziil

8 s sors (M. CO2) rom Evergreen Foests

Grouping Sample 1: Watershed Area

8 o (M. CO2) from Do Forests:
* Emssions (M. CO) from Sk Evergroen Forests

s (M. CO3) rom Evmegsmen Ferwsts.

+ Note:
This map was revised from
the original map of
"Administrative divisions of
Cambodia - Wikipedia, the

free encyclopedia

( http://en wikipedia. orgiwiki/A
dministrative_divisions_of_Ca
mbodia )",

Target Area:  Mekong River Watershed Area

Target Area:  Left Bank of Tonlesap River
250"

20.00

15.00

10.00

5.00

Target Area:  Other Small Rivers Watershed Are:

0.00
5.00

Grouping Sample 2: Classification
between forest cover ratio and emissions

Vihear

Emission from 2002 to 2011 (Mt. CO2)
8

Prey Ve
Phnom Penh

-10

Forest Cover Ratio 2006

146



s |
Images of HF, LF, HD and LD

Grouping Sample 2: Provincial Level
RELs of HFLD Provinces
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Grouping Sample 2:
Provincial Cluster Level RELs

Target Area:  HFHD Provinces

masan (s co2) e Ot Ta e

Target Area:  HFLD Pravinces
soad
5000

Hressan (u.co2)lan Kegees Tmess 4000

Hressan (U2 i Bemduous 8 s

S hmsnan (u£02) an Senhe g ece ia e

3000 -
2000 -
1000
000 7

10w EEEEEREEEE |0 BEEELEREEEE

Target Area:  LFLD Provinces
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= Note: || 2000
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Cambodia - Wikipedia, the 1000
free encyclopedia
000 1
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Image of Sub-National Scale for REDD-
plus implementation in Cambodia.

mmrget: 8§ HFHD Provinces 3

., LFHD
LFLD
+ New PSPs

- T—
Image of Sub-National Scale for REDD-
plus implementation in Cambodia.

mTaEEt: 8 HFHD Provinces y
MT& gEt: 8 HFLD Pravinces

0 HFLD

[ HFHD
LFHD
LFLD

- New PSPs

I —
Image of Sub-National Scale for REDD-
plus implementation in Cambodia.

mTarget: 8 HFHD Provinces

Mmmaz 8 HFLD Provinces
Target: Remaining 2 LFHD
and 6 LFLD Provinces

[ HFLD
I HFHD
0 LFHD
I LFLD
- New PSPs

148



. a |
Image of Sub-National Scale for REDD-

plus implementation in Cambodia.

1. These considerations are just trials.

2. So-called “Black Box” is used for these trial calculations,
not actual data. = We should calculate them using
actual data, because FA Cambodia has them.

3. Actual data means “Activity Data” and “Mean Carbon
Stock by Forest Type”.

4. “Activity Data” could be created by RS/GIS unit in FA

Cambodia, because they implemented Forest Cover

Assessment at 2002, 2006 and 2010.

“Mean Carbon Stock by Forest Type” can be calculated

by NFI staff of FA Cambodia, because they

implemented NFI and PSPs survey at 1998, 2000/2001,

2003-2005 and 2011.

o

INTRODUCTION OF
CASE 2

- 5 |
Case 2

[ Twe |
+ Trial Calculation of Historical Trend of Annual CO,
Emissions / Removals in order to Understand

Cambodian Nationwide RELs (Reference Emission
Levels)

Subject

» Implementation to calculate actual RELs of National
level using existing published materials.

Actual Activity Data (LULUCF Data)

- The source of actual activity data is the booklet titled
"CAMBODIA FOREST COVER 2010" issued by KINGDOM OF
CAMBODIA and supported by ITTO and DANIDA in 2011.

- Left: Map of Forest Cover Change between 2006 and 2010
- Right: Map of Forest Cover Change between 2002 and 2010
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Actual Activity Data (LULUCF Data)
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= The source of actual activity data is the booklet titled
"CAMBODIA FOREST COVER 2010" issued by KINGDOM OF
CAMBODIA and supported by ITTO and DANIDAin 2011.

- Left: Result of Forest Pattern Change data 2006 - 2010
- Right: Result of Forest Pattern Change data 2002 - 2010

= |
Actual Mean Carbon Stock by Forest Type

Mean Carbon Stock of Living

Evergreen Forest (EF) 163.8 tCiha £7.8 tCiha
Semi-evergreenForest  (SE) 163.8 tCiha +7.8 tCiha
Deciduaus Forest (DF) 56.2 tCtha 6.7 tCiha
Other Forest {OF) NA tCiha NA tCiha
Non F orest (NF ) A tCiha NA tCitha

- The source of these values is the monograph titled "Tree
Biomass Carbon Stock Estimation using Permanent Sampling
Plot Data in Different Types of Seasonal Forests in Cambodia
(V. Samreth et al. 2012)".

- Mean and standard error values were calculated using PSPs
data of 2nd NFI (2000-2001) and allometric equation
developed by Dr. Kiyono of FFPRI.

Change Matrix between 2006 and 2010

Farest Area Change Matrix hetween 2006 and 2010
Target Area:  Whole Country of the Kingdom of Cambodia

Unit:  hectare

Year 2010

i ‘-“-ﬂ-“-ﬂ-

427 22 5 17,240 153,009

3,408,
E 73 1,274,292 5 528 82,775

4,478,724 8,641 204,611
889,497 117,487

Change Matrix between 2006 and 2010

Carbon Stock Change Factors (CSCF) between 2006 and 2010
Target Area:  Whole Country of the Kingdom of Cambodia

Unit: tCiha

Year 2010
m--z--a--n- s

0o 4076 1638 -tes o |
- 00 1078 1638 -1e3s |

Forest Type

1076 107.6 0o 562 562
s s o -

m=—===——
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Change Matrix between 2006 and 2010

Forest Living Biomass Carbon Stock Change Matrix between 2006 and 2010
Target Area:  Whole Country of the Kingdom of Cambodia

Unit tC

Year 2010

o —“““-_
P

0 0 602 w102 -1asseses |

Year 2006

3766 9,361 [} -485624 -11,499,138
Bl » oo o=
L I
T T I —
Total
T T I o

Change Matrix between 2002 and 2010

Forest Area Change Matrix between 2002 and 2010
Target Area:  Whole Country of the Kingdom of Cambodia

Unit: hectare
Year 2010
el T s 1 o | o [ W |

3339632 12,955 3659 20179
5 | se | 62,389 1,179,487 3,467 17,738 159,101
S| or | 7,397 49010 4338617 28650 410273
5 5
> or | 69,502 19,163 6462 747,988 251,524
[N | 20234 14175 96,010 284,045 6641,919

Total

. » |
Change Matrix between 2006 and 2010

CO, Emission / Removal Matrix between 2006 and 2010
Target Area:  Whole Country of the Kingdom of Cambodia

Unit 1CO,

Year 2010
Forest Type

Year 2006

Black: Removal Red: Emission

.2 |
Change Matrix between 2002 and 2010

Carbon Stock Change Factors (CSCF) between 2002 and 2010
Target Aresa:  Whole Country of the Kingdom of Cambodia

Unit: tC/ha

F t T Vear 2010

ao 'o.o -107.6 -163.8
-107.6

Year 2006
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I
Change Matrix between 2002 and 2010

Unit

Forest Living Biomass Carbon Stock Change Matrix between 2002 and 2010
Year 2010

Target Area:  Whole Country of the Kingdom of Cambodia
c

iuall o —m-m-m--_
) amros 4smao sz [
E3 0 o amen  2wmsae 2500074 [ EEEEIEL
[ or | 789,461 5273476 0 1610130 23057343 _
| o [RIECR 313889 363,164 0 -
I seeme 2ormes sses7e 0

otal
I I R N

Year 2002

Result of National Level REL calculation

Period (year to year)| 2002-2006 2006-2010

Annual CO;, Removals (t CO, / year) 29,090,664 239,119
Annual CO, Emissions (t CO; / year) 58036979 | 49,776,695
Net Total Annual CO; Emissions and Removals (t CO, / year) 28946315 49,537,576

= Not Total Anmual €02
Erssions 3nd Removats
(M CO2/ year)

(w202 year)

R
Change Matrix between 2002 and 2010

CO2 Emission / Removal Matrix between 2002 and 2010
Target Area:  Whole Country of the Kingdom of Cambodia

Year 2010
DF

o
8
&
5
s
s

Black: Removal Red: Emission

I
Findings

1. Annual CO, removal ;smk) of 2006-2010 has decreased drastically
as 8 % of the value of 2002-2006. This gives us a suggestion that
forest carbon stock enhancement such as forest restoration, forest
recovery, afforestation and reforestation would disappeared rapidly
in Cambodia from 2002 to 2010.

2. Annual CO, emissions are also decreasing certainly. This gives us
a suggestlon that deforestation and/or forest degradation would be
also decreasing in Cambodia from 2002 to 2010.

3. Net total annual CO, emissions and removals are increasing
remarkably. This no ztable increase would be caused by drastic
decease of forest carbon stock enhancement.

4. RL (Reference Level) made from right graph would be different
from RL made from left graph in case usm%hlstoncal trend mainly.
This gives us a suggestion that we should handle CO, emissions
and removals separately when we calculate RL/RELs.

5. This method to calculate historical trend of CO, emissions and
removals could be applied for any scale level such as national and
sub-national level.




For Further Steps

1. Cambodia REDD+ MRV Team should start simulating
various scale of RELs using existing data, and also
start discussing/considering the appropriate
scale/size/areas for the sub-national level REDD+
implementation.

2. For instance, forest area change matrix between 2002
and 2006 as well as between 2006 and 2010 of all
provinces should be prepared by FA Cambodia or MRV
Team. CAM-REDD can support this work, simulation
and discussion.

fin

Thank you for your attention
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Design of National Forest Inventory

Samreth Vanna

November 5-8t 2012
Paradise Angkor Hotel

Information on forest and trees

* Number of trees, per species, totally and per hectare

* Volumes, totally, per species and per hectare

* Biomass, totally and per species for the most common species
* Height of trees, totally and per species

* Quality of the trees and damages, i.e. possibilities for
economic utilization in the form of volume (m3), log length etc

* The phenology, i.e. ratio of trees having leaves, fruit or flowers
* The canopy cover of trees
* Specific data on woodlands of interest.

Outlines

¢ Information on forest and trees

¢ Geographical coverage of the Rapid Survey, FAO 2007
¢ Overview of data collected

¢ Frequency

¢ Purpose & main uses

¢ Main users and distribution

¢ Overall information collected

¢ Biomass & Carbon stock

¢ Design Sampling

¢ Develop protocols, accuracy & precision standards
¢ Field measurement plan

¢ Field measurement plan components

¢ Inventory Equipment

« Conclusion

Geographical coverage of the Rapid Survey, FAO 2007

e Bhutan

B A e Malaysia
 Brunei )
Darussalam * Mongolia
e Cambodia e Myanmar
. China  Nepal
*India * Pakistan
-Jlndonesua * Philippines
* Japan .
* Rep. of Korea * S: Ij?nkj
 Laos ¢ Thailan

e Viet Nam
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Overview of data collected

* National level: |7 countries
e Subnational level: | 3c.
* Classes covered:
° Forest :all countries
> Trees outside forest : only 6 c.
° Privately owned: |5 c.
° Publicly owned: 8 c.
o Forest plantations: 12 c.

> Protected areas : 14 c.

Purpose & main uses

» To provide new qualitative and quantitative
information on the state and trends of
forest resources

» Harvesting of timber

* For strategic planning.and macro-level
decision making from the ministry level

» Change of land use

* Meet increasing requests from international
processes and conventions

Frequency

* National level
> Forest area survey:
<5 years: 3 countries
=5 years: 4 countries
210 years: 8 countries
> Bio-phisical data #
range between 2 and 10 years
* Sub National level
> Forest area survey &
Bio-phisical data
# National level (2y, 5y, 10y)

Main users and distribution

International organizations

(13/18)
NGOs Provincial agencies/institutes
(12/18) (14/18)
Private sector State agencies/institutes
(11/18) (15/18)
Forest and land use managers
(17/18)
Distribution:

Hardcopy manuals/books
Web: only 9/18 countries
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Overall information collected

¢ Most recorded:

Geo-physical, Bio-Physical data, Forest extent,
Naturalness, Use of forests, Mapping, Biodiverstity, Policy,
legal and institution framework

¢ Less recorded
Social Services, Biomass, Carbon stock, Status of the forest
and disturbances, Beneficiaries of goods and services, and
economic value

Biomass & Carbon stock

» Recorded in very few countries

FAO 2004

%0m

Prot starting Sort
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_____ National forest inventory I
Philippines :-'
Example of land use sections (LUS) distribution within a plot p— -
Ol = -
wwie] - -

Inventory Design

e systematic sampling method

e Tracts measuring | km x | km were established in a
national grid at 15’ longitude and 15’ latitude.

—e e
AREA
PHASE-L + 1960 21 n"

PHASE -1 ¢ 8760 72

BNAsE n1 41370 o |

¢ Each tract consists of a cluster of 4 rectangular

sample plots measuring 20 m x 250 m. v % PSR
o "*‘."P"“”‘I 4 "; s
e
Phase -IT e

anGENA 62
. o Sewans
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Figure 2 Figure 1 . .
Sampling Design
1 Block center
2 —
® °
i = i Southern Bhutan
: and Central & Eastern Bhutan
! Block cent c.c.
B km e 6km Cluster centre
i - / ®
Sample point
\. .
N o]
1ki
" \Block cefnler 6km 100 m 3KM
—>
Lonrgooe @@y
'\ M Cluster centre
Cluster center ———cC
100m & 100m ” Sampling Design 10om
used in North — western Bhutan North I
Sample point Clust e
uster center Sample point Phase Il, llland IV

Sampling Design (Phase |)

Sampling Design (Phase Il, 111 & 1V)

The National Forest Inventory was done in 4 phases, namely (1) Phase |,
II, 1l and 1V). See map provided in the slide.

In all the phases Cluster Sampling was used with some modification in
the subsequent phases.

In phase | ----- sampling blocks (6 km x 6 km). Each sampling block
consisted of 4 sampling clusters with 2 sample points at each cluster.
The cluster centre are located around the block center in north, east,
south & west direction at a distance of | km from block center.

Each cluster have 2 sample points situated at 100 meter from cluster

center.

The sample points are serially numbered from | to 8 in a clockwise
direction starting from the western sample point of the northern cluster.

» Two point single cluster sampling was adopted.

 This was a slight modification from phase | sampling
design.
¢ The clusters were spaced at 3 km x 3 km distance.

Cluster had two sample points situated at |00 meters
from the cluster center, in north-south direction.

¢ The cluster centers were marked on 1:50,000 grided map
sheets with random start and identified by seria% numbers
and grid reference of the map sheet.
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sampling design(Korea)

Systematic layout of
Permanent Sample Plots

v Total plot : 4,000 plots
v Vegetation and Soil Plot
: 1,000 plots(25%)

Tree Measurements(Korea)

e Tree that are not inventoried consist of
those less than |.0cm in diameter :

* Measured trees are geo-referenced

* Permanent sample plots are maintained

L]

» Growing stock is estimated by using mean
tree volume/ha over forest area

sampling design(Korea)

Field Plot Design

» Sampling unit : cluster plot
consisting of four subplots

Plot size : 0.16ha

subplot : 0.04ha

» Subplot 2,34 :

50m away at azimuth of
360°,120°,240°

from subplot 1

Subplot 2

A

Subplot 1%

Subplot 4 Subptot 3
v
/

Biomass Estimation(Korea)

e All trees are or inventoried .

It is done (in Kyoto protocol report)
Amount of leaves per tree is estimated
Amount of twigs per tree is estimated

Species-wise Wood density is not estimated

Biomass Expansion Factor (BEF) are developed
BEF are not developed for each species

BEF are developed for each forest types

BEF are not developed for each ecological zone
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China NFI: Serve as a powerful information resources and a tool
for forestry and related decision making policies, as well as for

regional, national and international forest statistic.

Sampling Design: PSPs system sampling plots.|998 two stage
sampling(UNDP)
Interval Measurement: 5 years each, 1/5 of provinces every year.
Number of NFl:Total 7 NFls
-NFI 1:1973-1976
-NFI 2:1977-198I
-NFI 3:1984-1988
-NFI 4:1989-1993
-NFI 5:1994-1998
-NFI 6:1999-2003

-NFI 7:2004-2008 (Parameters increased: ecology, forest
health, ecosystem diversity, forest disturbance, forest function.

Inventory Year
NFI | 1973-1976
NFI 2 1977-1981
NFI 3 1984-1988
NFI 4 1989-1993
NFI 5 1994-1998
NFI 6 1999-2003
NFI 7 2004-2008

methods

Random sampling method, temporal
plots.

Systematic sampling using permanent and

temporal plots.

Systematic sampling using permanent and
temporal plots.

Systematic sampling using permanent and
temporal plots.

Two stage stratified sampling

Two stage stratified sampling

No. of field
Plots

140.000

256,000

184,479

227,200

415,000

No. of RS
Plots

RS plot
determined
by the
density &
pattern of
field plot. No
of RS is no
less than 4
times of
number of
field plots.

90,227

106,300

2,844,400

China NFI:

Temporary Plots: Most of province used random sampling

plots(Xiao 2005).

Shape of Plots: Rectangular or Square

Size of Plots: Ranging from 0.08-0.1ha

5 Pools:

-DW: Min. Leng=1,3m, Min. Diameter=10cm

-Carbon in AGB biomass (Pg=10'3g)
-Carbon in BGB biomass (Pg=10'%g)
-Carbon in DW (Pg=10'%g)
RS data sources: Most applicable Lansat 5-TM, Lansat 7-ETM
Output: Official release every 5 years.

Plot and Nest Size (China)

Circular
R lar PI
g Plot ectangular Plot

Diameter

Sapling
DBH = 5-10cm

DBH = 20-50cm

DBH >50

Radius

2m
4m

14m

20m

Side Length

3mx3m

7mx7m
25mx25m

35mx35m

Diagonal
Length

42 m
99 m

353 m

495 m
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Designed Sampling Plots(Cambodia)

DFW-FAO/UNDP
- March 1998 First line Second line Third tine
b b 3
& E a
D.Plots PS(ha) SC(cm) == — o
20m x 60m 0.12 >30
20m x 20m 0.04 10-30 L . I =
10m x10m 0.01 5-10 - -
5m x 5m 0025 Sapling £ £ i
2m x 2m 0.0004 Seediing o I o i
100 m
|| fom  E
> om T
4K Geid tine NS 4Km Grid line EW
Designed Sampling Plots (Cont..)
49.5m

R=2m

R=14m

R=20m

25m 35m

Designed Sampling Plots (Cont..)

o FA-WCS Seima Protection Forest

March-November 2009

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

Large plot —
N Intermediate plot — Small plot —
radius 20 m, )
trees > 50 cm radius 14 m, radius 4 m,
dbh trees 20-50 cm dbh trees 5-20 cm dbh
Designed Sampling Plots (Cont..)
-Oddarmeanchay
-PSPs som
50m
g
100m
D O O p
50m x 50m 0.25 >30
20m x 20m 0.04 >7.5-29.9
__5mx5m 0.0025 sapling
2m x 2m 0.0004 dling
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Designed Sampling Plots (Cont..)

Marking stone*
Subplot 1 Subplot 2
.| (
) l )
m Transect
200m 50m 200m

Designed Sampling Plots (Cont..){Sub national leve

- e
o
oo

| | g =

D. Flots PStha) SC(cm)

|43 3usursedwony

D.Plots PS(ha) SC(cm)
20m x 60m .12 >30
20m x 20m 004 >10-30 30m x 250m 0.75 2 60
| 10mxI0m 001 5.0 10m x 250m 025 30-60
5m x 5m 00025 <8 10m x 50m 0.05 10-30

Parameters to be collected

-Oddar Mean Chay
-PSPs.

Seima Protection Forest

162



Develop protocols, accuracy & precision Develop protocols, accuracy & precision
standards standards

+ Develop Standard Operating Procedures

(SOPs) for all aspects of field and laboratory : .
activities check equipment and measurement with known

quantity samples added blindly

* Laboratory measurements

* Develop formal procedures to verify

methods used to collect field data and * Data entry
ensure same procedures are used over time ' test of out of range values
« Develop techniques to enter and analyze » recheck proportion for errors
data ¢ Archiving
* Develop formal procedures for archiving > off-site storage of data
data

Field measurement plan

e Determine historic/future LU transitions Stratification
> Collaborate with RS/GIS
Determine LU classes where change significant » Reduces
(deforestation, degradat'lon, enhancement) . sampling effort
LU classes where no / little change - not important . .
for REDD+ accounting, sampling intensity may be while maintaining
C|°Wer , e accuracy and
o mr;zgjer:gmphng design for each LU class to be precision in
« Conduct training estimates
* Implement sampling plan
Most land use classes — estimate carbon stocks From GOFC-GOLD 2009

Some land use classes — estimate emission/removals
taking place directly (e.g. selective logging).
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.8 Identify strata where change in
Stratification

forest cover occurred
* Use existing data to identify and divide

X £ ) ) o Roads i
land cover types into relatively et L
homogenous strata I s .

* Requires detailed collaboration with ==

e

remote sensing and GIS team creating

land cover maps
Elevation
B —
4
i

, o
,

Use spatial modeling to identify

Field measurement plan components

« Stratification
» Carbon pool selection
* Plot design and location

» Quality assurance and quality control plans

o Standard operating procedures for

measurement methods, data analysis, data
archiving, etc.

Example of factor maps that are commonly used to assess the threat of
deforestation
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Identifying key carbon pools for measurement
and monitoring

Above Ground
Above Ground e Blomass

Live Trees

AG non-tree woody

AG non-tree non-woody

Identifying key carbon pools for measurement
and monitoring

» Guidance on selection of key carbon pools:
Cost — benefit analysis based on expected net
emissions vs cost of measurement
* Use existing data / preliminary data to do preliminary

analysis of emission factors + costs
> Include all pools that likely significantly changed in
historic period
+ Selected pools could vary by land cover types
> Soil carbon does not have to be measured if land use
to which it is converted does not cause it to
decrease (e.g. forests to grasslands, selective logging)
> All pools included in REL must be included in MRV
plan

Selecting carbon pools for measurement and
monitoring

* Selection of pools depends on:
> Magnitude of pool

o Rate of change of pools in response to human
disturbance

- Expected direction of change

> Cost to measure

> Method available to measure

> Attainable accuracy and precision

Selecting key carbon pools for measurement
and monitoring

» Soils will represent a key category in peat
swamp forests and mangrove forests

» Conversion of forests on mineral soils with
high carbon content to cropland can result
in large emissions from soil

* Dead wood is a key category in old growth
forests
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Plot design: number of plots for other pools if Plot design: size of plots for aboveground tree

needed pool

* Non-tree biomass pools: * Important to sample large trees — most
» Use plot calculator OR carbon in landscape stored in the largest
° # non-tree plots in proportion to # tree plots trees
° For every tree plot, sample: « If large trees are very spread out:

* Single 100 m line transect for dead wood

* 4 sub-plots for herbaceous, forest floor, soil If no mixed SIOPeS, can do large PlOtS

> May result in large variance, but overall carbon > If mixed slopes, can do “clumped” plots
in non-tree pools is small compared to tree pool Need statistical expertise to complete uncertainty
analysis

Plot design: shape of plots Plot design: shape of plots

* Trees * Nested plots
> Large trees: few, very spread out > efficient for regenerating forests with trees
> Small trees: many, close together growing into new size classes

° Plots can be either circular or square

> ‘Rule of thumb’ for determining plot size:~10
stems per nest — but, most important to
adequately sample large trees

166



Plot design: shape of plots
R=2m

49.5m

R=14m

R=20m

25m 35m
7m

Estimate number of sampling plots needed

* Also informs landscape stratification
° The more variable the carbon stocks, the more
plots that are needed to achieve the desired level
of precision
o If stratified area requires more sample plots than
unstratified area, removed one stratum

Estimate number of sampling plots needed

* The number of plots needed is
predetermined to ensure precision

» Estimate variability of carbon stocks from
either existing data or new preliminary data

* 10% of mean at 95% confidence interval is
common and appropriate

* Focus on variance of dominant carbon pool
(i.e. trees)

Estimate number of sampling plots needed

« Estimate variability of carbon stocks from
either existing data or new preliminary data:
o Existing data: forest inventories, scientific studies
> New preliminary data:

¢ Locate ~10 plots within each stratum

¢ Collect field measurements using same methods will use for actual
measurements
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Plot location: distribution of plots

» Sample units must be located without bias =
randomly distribute plots using GIS

» Stratified random
» Stratified systematic-preferred
» Stratified random systematic

¢ Will need assistance to ensure distribution is
statistically correct

Assessing regional default factors and regression
equations

 Can be based on a few, easily measured tree
properties (DBH)

» Can be developed over time — start with
generic allometric equation

* Regional default factors and regression
equations can be developed

Assessing regional default factors and regression
equations

* Need to verify existing allometric equations
for key forest strata

* Can use different allometric equations for
each stratum

* Alternatively, may need to create local
equations

Gathering measurements to establish emission
factors for forest degradation

» Emissions from removals by selective timber
extraction in tropical forests

ATMOSPHERE
A Ry

i Y
S 2ty B
Damage :

Extracted E

i Wood Products
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Thank you

Conclusion

» National Forest Inventory Design need to
consider with well prepare of manual or
guideline for implementation.

* What is sampling design suitable for
Cambodia ?.

169



SRBTUREBARBSSUN-REDD Hger

~b
s ol Ao
HEP WS I MINS{AYMINT REDD+AYEN
1 1

E-mail: sophorn_ly@yahoo.com

BNSFMARSSS REDD (RiRgR

IATEYWTE UM GIYASIG AN UUTZY HTATHTHIAD MyTtyimiey
anamimavh fansiuinnd mwws{pieastinuvimmenisiss
iUt meg mohygréminnasmys

RIRYMNIUATAYTE REDD W18 & §6iImus

- AumAvgwmIm sudign id

- mimAugwmaeiuip

- misfiqpEsmemysipnd

- mippoganipeadrnws sligimn

- mivisasmsmuysininia

nyif REDD (pimsumnidnuinsmityganjegrdigi§ma (voos-
boam) Snrstgnnyifipnding (w09 o-boe)

Ayt mendatsnyl REDD iy Emaniagmysiipms (FCPF)
miiteds Hood, UN-REDD isiizaan Hbood Samamingamn
thiigajfi REDD (REDD+ Partnership) 18118 8eum gili090 !

HI8ANEH REDD § Annugig:iegaginsdw, ininim e gunn i,
fasnpnasgipaius-(pupen regneiomi

i 8 §UiN M yia i REDD (Cambodia REDD+ Roadmap , 10.90)

Enemassmogs

- fgwinsihinungs

- H{IMI JICA

- UN-REDD (UNDAP, FAO, UNEP)
- FCPF

- USAID, EU, LEAF, efc.

#©SS UN-REDD HEeR

- Ayl UN-REDD Ayt imstusigfunwiynminnan
s §uinmpinifl REDD (W090)

« Ayl UN-REDD Ry a{gsim SHulgnle it anis o
i (United Nation) 6§ 8% juns: FAO, UNDP i1 UNEP

o Ayl UN-REDD AHIM HEIFIINW: HE VWA SIGMUmMimi
Roufmynygm isyiaghuTans Snigmoipnd gmutes
HeU iSRRI AY IMTEIn) 8RI8ang

« Ayll UN-REDD Ay tnaedi s iedminfigjants s
mitw Baeusgmea lyfip]vEJuSmigpus ghming g REDD+

170



RSIESII SORSRBFINHESS UN-REDD BB (©8)

© IHIRIMA 9% [ UBIB ISR URN ALY UG mipus ASENASME B2 MifANDITU S SNt AN (R Ba M T REDD+

gamingig REDD+ SOMIGUIBIVAIYAMANg > mangmn B.98 mivtatgg aniag Sue phgh o ingig
> URYMA 9.98 UIRAWEMILU{HURIE UM AME o uming REDD+ Isimu anis 8yt
I{1] 1) u G REDD+ > pungmab.bs minwaiynupiunG iy m (Evaluation of co-
o o = o et benefit)
> panymna.be mLﬁﬁLﬂnimﬁLﬁ]H[ﬂﬁG REDD+ [Sithfith ) . . .
> pungmab.me wgmigoyulh Sumiloailuan G s
> MRYMAD.MmE OAIGAEAMANGINWHUERRLINIMIlA|Y > fungmab.ds mistfarmusnmw gpu gaipueanmi ]
EﬂUG REDD+ ﬁs‘fﬁ REDD+
> rongmng.ds fonitrun-groAdms i REDD+ Sadranimiy|e > aongmob.ds (rn§agiimn famimuinsAnn g g §jy
1f]ut REDD+ tSInAthE gearsgamang M
(88) (BL)
¢ pEmImadeMivIf AP n§ My s REDD+
© IEIIMAMEMIE R uE M IsInA M mA Shmiannngang > RINYMAG.9: UHN{NEUIGNIS S NSt nwminh Sl (MRV/ REL)
iga i REDD+ SnurisausaMOAtAFIWMS B Uy
> PInYMA M.93 Mivtd ﬁ?ﬁftﬂLﬁﬁiﬁiLmﬁ“SFﬁ REDD+STmA > wsngmng.b: srinpdgmusns Spnisnjainbise angm
M > asngmnd.m: A8 gjgihimbgnuismitisipmanapuijpind gy
¢gfwhrunymn REDD+ Bhuifinuigmuing (padlajipndmuhes

> UNYMAM.BE CURYMOHSIFA IR ANA [ oy TG

> aangmn G.ds ifaniddnnipmdmi ilejurdaifanjginaminansim
tantw Shjpuvaaisapniiungmomaigsi REDD+

> nyMnE.b: Mgmivifinpignwminnfigaisgngma fnuafienn
NI REDD+

> RNYgMOE.D: A{gmInIdaaud apminiugntayt ghmmasaSami
Smwgrelghuiunmeg(RUREL) T

171



SYIRMASMSINSHFHESS UN-REDD HER

NEMEEs - ARSIl fimissifayit UN-REDD aymiFm

B099)

« UIGA{AEMININI+AY DM sumiAG§s 085U faMayn
fpai hptismang smnmpmpm:zmmmﬁmm: (ve fa
Agn §h e fzqan giboab

VIR EMINSIEMINIRG+AFE Samis gigminic e
- U[§Bg8nlju uAf anTsHgIFRYIH(GDANCP, FA, FiA)

- g{ffigrugnnyll UN-REDD G5BT msfimmmsmumg‘*h
IUBE IS (RE AN+ (UNDP)
muu}rm[pﬂuﬁmﬂﬁ PEB)S U MI S M oG5 sbnin: onl
fzaqm 80 om f2fnn gilioolb)q Apwin§m imaus
151t @ oam f2g giboal

gRJJE: ﬁgmﬁpwnmmnﬁmssgnjﬁ UN-REDD tsi{ire as 1)
anmy futaiis

. IC:]UB SﬂlnﬁjLHﬂJ’ﬂLmﬁl“WﬂJ’nSni’U'BWSISMIEU[EnUﬂmm
AUS ﬁsmmiﬁﬁ‘ln (CPA Concept Note)

. rmmr:mnnmamaﬁmim(sm) Sunsmirivmaic(ogy)
TJIUJHIIhmmﬁnLnHLUn‘_ﬂLUnUﬁﬁHSEﬂ

« JuBmuaS RS U AYMNUIREHU ANt
REDD+ isingm

- JuBlasmipapsunuas Samig gt

o Ummmmnmmsmmummﬁmm MU 8NUIS
MW AN A REDD+

nau
=3

amnumaglh  Husmuasagnsumoaagmnusinsmitganig

PUARRUS MIMIEY MR

arnsmaEm Ut EeAN MM (ToR) AU [REMIMIUIGATE A

mpmagd - iguanuamunssiinAmn fhgamang (MIERARH]

o

M MU iy m{5Ie AT
. m*wnmmmumHmLmUmrﬂunmmmsmﬁman:mjmn
- AR ApERLmASweSwinnD midim e

- WYUARES fgSwamimnganinanniind Saaipu
fn SudgSwismugdm i

FSHUTINHTSHLY

tat

RGP HIUAT(A S MINIREDD+ Bapefnpwiviivaongls
1UANUAMASIEMINIREDD+AY N
IHUANUAM IS MM NG M s s muminninnsh
N ﬁgfﬁé'@ﬁm% BlimwminnrugieupaaS gLl g
iﬁmmﬂg‘ ’
mitirulteotginimgifiamusuysediu Shusmiidvmaio fn
mueinngassian: Bndfiagnanyii REDD+AyM

migia iR grelibaggmaasinismiaiigrelunme CF §i
cPA

vgRAnIMIvIE aam § i

ewifsdimhimii ufupemanidaprunues Safigpdine
mimi

seoanAMHLT Ui AN WEs uAYS Sagnamangaing
1fi REDD+

mm:mmm;mm;mmhmsmsm&mmnﬁhmr jgmrﬁqmm
MIf NI RAN Shullﬂ.ﬂimimjﬁﬁiéﬁjﬁmﬂ itn

vghRgpeludmpnananidumesinnHgins
HuBUIAIIYMIMIVIGALE

fljﬁL}‘l Shﬁﬁjniﬁmﬁijﬂmmm[Lﬂﬂjﬁﬁﬁ ShELﬂEmhmhﬁhﬁ‘]i
HBiH REDD

ugpyuAims FgSwauEnvmuganndacnippind Saagpy
i 82§ gSwismidmest

ki nﬁ‘n <UAMU Image Interpretation1fu

172



B BHTHRN

173



	Cover Book New-2.pdf
	2. Disclaimer.pdf
	3. Proceeding-GHG Inventory Workshop-Siem Reap-Cambodia.pdf

