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Methodology for Monitoring and Setting Indonesia’s Baselines for Deforestation and Forest Degradation 
1. Objective of Study
The report presented here will cover the following two topics:

•
Study 1: Methods for measuring and monitoring the state and change of forest carbon stocks 

•
Study 2: Quantification of past (reference scenario) and future (projected business as usual) baseline carbon emissions, with a focus on CO2 emissions only
2. IPCC Guidance on Emission Inventories
2.1 Approaches and Tiers
The 2006 IPCC Guidelines for National Greenhouse Gas Inventories for Agriculture, Forestry and Other Land Uses (AFOLU) and the 2003 IPCC Good Practice Guidance for Land Use, Land Use Change and Forestry (GPG-LULUCF) refers to specific sources of emissions/removals of greenhouse gases. For the purposes of this report for Indonesia, the following categories of land cover/land use conversions are considered:

· Forest Land Converted to Crop Land, Forest Land Converted to Grass Land, Forest Land Converted to Settlements, and Forest Land Converted to Other Land are equated to deforestation.
· Forest Land Remaining Forest Land is equated to forest degradation
The IPCC Guidelines refer to two basic inputs with which to calculate greenhouse gas inventories: activity data and emissions factors. Activity data refer to the extent of an emission/removal category, and in the case of deforestation and forest degradation refers to the areal extent of those categories, presented in hectares—referred to here as area change data. Emission factors refer to emissions or removals of greenhouse gases per unit activity, e.g. tons carbon dioxide emitted per hectare of deforestation.  Emissions and removals resulting from land conversion are manifested in changes in ecosystem carbon stocks, and for consistency with the IPCC Guidelines, we use units of metric tonnes of carbon per hectare (t C ha-1), to express emission factors for deforestation and forest degradation.

The AFOLU guidelines define a methodology for assessing the activity data or the change in area of different land categories. The guidelines describe three different approaches for the area change component: 
· Approach 1 identifies the total net area change for each land category, but does not provide information on the nature and area of conversions between land uses;

· Approach 2 involves tracking of land conversions between categories. Both approaches 1 and 2 provide “net” area changes. 
· Approach 3 extends Approach 2 by using spatially explicit land conversion information; thus allowing for an estimation of both “gross” and “net” changes.  Because the global interest is on reducing emissions from deforestation, Approach 3 that gives gross deforestation is the only practical approach that can be used for REDD implementation.  

The emission factors are derived from assessments of the changes in carbon stocks in the various carbon pools of a forest.  Carbon stock information can be obtained at different Tier levels (1-3): 
· Tier 1 uses IPCC default values (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), and 
· Tier 3 national inventory-type data of carbon stocks in different pools and assessment of any change in pools through repeated measurements. 

Tier 1 requires no new data collection to generate estimates of forest biomass and is unlikely to deliver the accurate and precise measures of performance. Default values for forest biomass and forest biomass mean annual increment (MAI) are obtained from the IPCC Emission Factor Data Base (EFDB), corresponding to broad continental forest types. Tier 1 estimates thus provide limited resolution of how forest biomass varies sub-nationally and have a large error range (~ +/- 30-50%).  The lack of limited spatial resolution is important because deforestation and degradation tend to be localized and may affect subsets of forest that differ consistently from a larger scale average. Tier 1 also uses simplified assumptions to calculate emissions. For deforestation, Tier 1 uses the simplified assumption of instantaneous emissions from woody vegetation, litter and dead wood. To estimate emissions from degradation, Tier 1 applies the gain-loss method using a default MAI combined with losses reported from wood removals and disturbances, with transfers of biomass to dead organic matter estimated using default equations.
At the other extreme, Tier 3 is the most rigorous approach with the highest level of effort, using actual inventories with repeated measures of permanent plots to directly measure changes in forest biomass. Tier 3 often focuses on measurements of trees only, and uses region/forest specific default data for the other pools. Unlike Tier 1, Tier 3 does not assume immediate emissions from deforestation, instead modeling transfers and releases among pools that more accurately reflect how emissions are realized over time. To estimate emissions from degradation, in contrast to Tier 1, Tier 3 uses the stock difference approach where change in forest biomass stocks is directly estimated from repeated measures.  The Tier 3 method requires long-term commitments of resources and personnel, generally involving the establishment of a permanent organization to house the program. The Tier 3 approach can thus be prohibitively expensive in the developing country context, particularly where only a single objective (estimating emissions of greenhouse gases) supports the implementation costs.

Tier 2 is akin to Tier 1 in employing static forest biomass information, but improves on that approach by using country-specific data (i.e. collected within the national boundary), and by resolving forest biomass at finer scales through the delineation of more detailed strata. Also, like Tier 3, Tier 2 can modify the Tier 1 assumption that carbon stocks in woody vegetation, litter and deadwood are immediately emitted following deforestation (i.e. that stocks after conversion are zero), and instead develop disturbance matrices that model retention, transfers (e.g. from woody biomass to dead wood/litter) and releases (e.g. through decomposition and burning) among pools. For degradation, Tier 2, absent repeated measures from a representative inventory, uses the gain-loss method using locally-derived data on mean annual increment. Done well, a Tier 2 approach can yield significant improvements over Tier 1 in precision achieved, and though not as precise as repeated measures using permanent plots that can focus directly on stock change and increment, Tier 2 does not require the sustained institutional backing and more intensive logistics (detailed permanent plot locations) and data archiving demanded by Tier 3.

A summary of which approach can be used for the activity data and which Tier for the emission factors for estimating gross emissions of CO2 from deforestation and degradation is shown in the shaded boxes of the following table. 

	Approach for activity data: Area change
	Tiers for emission factors: change in C stocks

	1. Non-spatial country statistics (e.g. FAO )—generally gives net change in forest area
	1. IPCC default values

	2. Based on maps, surveys, and other national statistical data
	2. Country specific data for key factors 

	3.Spatially specific data

· From interpretation of remote sensing data

· b. National inventory of permanent plots with repeated measurements
	3.National inventory of key carbon stocks, repeated measurements of key stocks through time 


Although a country could use a Tier 1 method for obtaining data on forest carbon stocks, the uncertainty level would be very high and thus any estimate of CO2 emissions would also be highly uncertain.  Tier 3 method for obtaining emissions factors practically calls for a national inventory of forest lands ,including repeated measurements of permanent plots, with the number and placement of the plots statistically derived to achieve a certain confidence level.  To achieve a high confidence level for a country like Indonesia would be extremely costly.  For example, in the USA, there are more than 175,000 permanent plots to monitor about 256 million ha of forest, measured on a 5-year cycle with a total budget of about $60 million per year.  This USA example is designed to address other issues related to forests (volume growing stock, annual growth, etc.) and only measures the carbon pool in trees with high confidence.
In these methods, the focus will be on obtaining data with low uncertainty for both area change and the emissions factors—in practice the methodology here will focus on methods for a high level Tier 2 for emissions factors.

2.2 Carbon Pools

The IPCC AFOLU recognizes five forest pools that store carbon:  aboveground biomass, below ground biomass, litter, dead wood, and soil. In all cases the carbon pool that changes the most when forests are cleared or degraded is aboveground biomass and there are three destinations for the stored carbon – dead wood, wood products or the atmosphere. 

The key emission factor will be related to change in carbon stock of aboveground biomass and if this pool is estimated to a high level of certainty, then the overall certainty in emissions estimates would be high.  

2.3 Experience with Monitoring Emissions and Developing Baselines 

All Annex 1 countries are required to submit on a regular basis a national inventory of GHG emissions from all sectors.  The AFOLU sector has methods and reporting requirements for deforestation and forest degradation (mostly from timber harvesting) and thus theoretically there is experience by Annex 1 countries in doing such emissions estimates.  However, in many industrialized countries who have ground-based national forest inventories in place, they tend to analyze the inventory data for net emissions and report as such for the forestry sector.
Technical assistance has been provided to many developing countries from organizations such as UNDP, US EPA and US DOE to perform a GHG emissions inventory for the AFOLU sector often using IPCC Approach 1 combined with Tier 1 data for the most part.

Some experience has been gained for developing baseline projections of carbon emissions at the project scale in several countries Latin America
.  Of note is The Nature Conservancy’s Noel Kempff project in Bolivia that developed and implemented baseline methodologies for both stopping logging and deforestation—these methodologies have since been certified by SGS,

3. Definitions of Relevant Terms
3.1 Forest

The estimation of deforestation is affected by the definitions of ‘forest’ versus ‘non-forest’ area that vary widely in terms of tree size, area, and canopy density. Forest definitions are myriad, however, common to most definitions are threshold parameters including minimum area, minimum height and minimum level of crown cover. In its forest resource assessment of 2005, the FAO  uses a minimum cover of 10%, height of 5m and area of 0.5ha. However, the FAO approach of a single worldwide value excludes variability in ecological conditions and differing perceptions of forests.

For the purpose of the Kyoto Protocol , it was determined that Parties should select a single value of crown area, tree height and area to define forests within their national boundaries. Selection must be from within the following ranges, with the understanding that young stands that have not yet reached the necessary cover or height are included as forest:

· Forest area: 
0.05 to 1 ha

· Potential to reach a minimum height at maturity in situ of 2-5 m.  

· Tree crown cover (or equivalent stocking level): 
10 to 30 %

Under this definition a forest can contain anything from 10% to 100% tree cover; it is only when cover falls below the minimum crown cover as designated by a given country that land is classified as non-forest. To date, Indonesia defines forests with a minimum crown cover of 30%.  However, consistency in forest classifications through time for all REDD activities is critical for integrating different types of information including remote sensing analysis. 

3.1.1 Stratification of Indonesian forests

Forests should to be stratified into classes that have significance for carbon measurements (e.g., forest type, forest status). These classes might be different than the current classification that the Ministry is using (see Table 2).

Classes that are needed for carbon measurements need to be stratified according to function, elevation, species type, or other factors.  Therefore two different typologies are proposed here. 

1. In Table 3 (proposed by Rizaldi Boer) Indonesia forests are classified mainly according to function, disturbance, and hydrology.  There are four main functional types (production, conservation, protection, and conversion), within which are two disturbance classes (primary [propose use term intact rather than primary] and secondary), and last three classes based on hydrology (up land or “dry land”, swamp forests including peatswamps, and coastal mangroves), as described below. 

2. In Table 4, a different classification is shown that is based on elevation and rainfall data. 

Table 2: Ministry of Forestry classes 

	Forested area: 
	

	
	Primary dry land forest

	
	Secondary dry land forest

	
	Primary swampy forest

	
	Secondary swampy forest

	
	Primary mangrove forest

	
	Secondary mangrove forest

	
	Plantation forest

	Non Forested area: 
	

	
	Shrub/bush 

	
	Swampy bush 

	
	Savannah 

	
	Estate 

	
	Dry land agriculture 

	
	Dry land agriculture and shrub 

	
	Transmigration 

	
	Wet land 

	
	Brackish water 

	
	Opened land 

	
	Mining area 

	
	Settlement area 

	
	Water body 

	
	Swamp 

	
	Airport 

	Unavailable Data: 
	

	 
	Cloudy 

	
	None 


Table 3: Proposed classification of forests by Rizaldi Boer.
	A
	
	
	Production forest

	
	A1
	
	Natural Forest

	
	
	A1.1
	Non Disturbed

	
	
	
	Primary dry land forest

	
	
	
	Primary swampy forest 

	
	
	
	Primary mangrove forest

	
	
	A1.2
	Disturbed Forest

	
	
	
	Secondary dry land forest

	
	
	
	Secondary swampy forest

	
	
	
	Secondary mangrove forest

	
	A2
	
	Plantation Forest

	
	
	A2.1
	Non Disturbed

	
	
	A2.2
	Disturbed

	B
	
	
	Conservation Forest

	
	B1
	
	Natural Forest

	
	
	B1.1
	Non Disturbed

	
	
	
	Primary dry land forest

	
	
	
	Primary swampy forest 

	
	
	
	Primary mangrove forest

	
	
	B1.2
	Disturbed Forest

	
	
	
	Secondary dry land forest

	
	
	
	Secondary swampy forest

	
	
	
	Secondary mangrove forest

	C
	
	
	Protection Forest

	
	C1
	
	Natural Forest

	
	
	C1.1
	Non Disturbed

	
	
	
	Primary dry land forest

	
	
	
	Primary swampy forest)

	
	
	
	Primary mangrove forest

	
	
	C1.2
	Disturbed Forest

	
	
	
	Secondary dry land forest

	
	
	
	Secondary swampy forest 

	
	
	
	Secondary mangrove forest

	D
	
	
	Conversion Forest

	
	D1
	
	Natural Forest

	
	
	D1.1
	Non Disturbed

	
	
	
	Primary dry land forest

	
	
	
	Primary swamp forest

	
	
	
	Primary mangrove forest

	
	
	D1.2
	Disturbed Forest

	
	
	
	Secondary dry land forest

	
	
	
	Secondary swamp forest

	
	
	
	Secondary mangrove forest

	
	
	D1.3
	Non Forest Cover

	E
	
	
	Forested APL (Area Penggunaan Lain)

	
	E1
	
	Natural Forest

	
	
	E1.1
	Non Disturbed

	
	
	
	Primary dry land forest

	
	
	
	Primary swamp forest

	
	
	
	Primary mangrove forest

	
	
	E1.2
	Disturbed Forest

	
	
	
	Secondary dry land forest

	
	
	
	Secondary swampy forest

	
	
	
	Secondary mangrove forest


Table 4: Proposed classification based on elevation and rainfall (by WRI).  

	Forest Type 
	Peat
	Elevation (m) 
	Rainfall, cm/yr

	Primary forest
	No
	0-600
	<200

	 
	
	0-600
	200-300

	 
	
	0-600
	300-400

	 
	
	0-600
	>400

	 
	 
	600-1000
	<200

	 
	
	600-1000
	200-300

	 
	
	600-1000
	300-400

	 
	 
	600-1000
	>400

	 
	 
	1000-2000
	<200

	 
	
	1000-2000
	200-300

	 
	
	1000-2000
	300-400

	 
	 
	1000-2000
	>400

	 
	
	>2000
	<200

	 
	
	>2000
	200-300

	 
	
	>2000
	300-400

	 
	
	>2000
	>400

	Primary forest
	Yes
	0-600
	<200

	 
	
	0-600
	200-300

	 
	
	0-600
	300-400

	 
	
	0-600
	>400

	Secondary Forest
	No
	0-600
	<200

	 
	
	0-600
	200-300

	 
	
	0-600
	300-400

	 
	
	0-600
	>400

	 
	 
	600-1000
	<200

	 
	
	600-1000
	200-300

	 
	
	600-1000
	300-400

	 
	 
	600-1000
	>400

	 
	 
	1000-2000
	<200

	 
	
	1000-2000
	200-300

	 
	
	1000-2000
	300-400

	 
	 
	1000-2000
	>400

	 
	
	>2000
	<200

	 
	
	>2000
	200-300

	 
	
	>2000
	300-400

	 
	
	>2000
	>400

	Secondary Forest
	Yes
	0-600
	<200

	 
	
	0-600
	200-300

	 
	
	0-600
	300-400

	 
	 
	0-600
	>400


3.2 Deforestation

Most definitions characterize deforestation as the long-term or permanent conversion of land from forested to non-forested. Under Decision 11/CP.7 the UNFCCC defined deforestation as follows: 

‘Deforestation is the direct, human-induced conversion of forested land to non-forested land’. 

Effectively this means a reduction in crown cover from above the threshold for forest definition to below this threshold.  For example, if a country defines a forest as having a crown cover greater than 30%, then deforestation would not be recorded until the crown cover was reduced below this limit.  Yet other countries may define a forest as one with a crown cover of 20% or even 10% and thus deforestation would not be recorded until the crown cover was reduced below these limits.  
Deforestation causes a change in land cover and in land use.  Common   e.g conversion of forests to annual cropland, conversion to perennial plants (oil palm, shrubs), conversion to slash-and-burn (shifting cultivation) lands, and conversion to urban lands or other human infrastructure.

3.3 Degradation

Where there are emissions from forests caused by a decrease in canopy cover that does not qualify as deforestation, it is termed as degradation. Therefore, estimations of degraded areas will be affected by the definition of a “degraded forest”, which is not standardized.

The IPCC special report on ‘Definitions and Methodological Options to Inventory Emissions from Direct Human-Induced Degradation of Forests and Devegetation of Other Vegetation Types’ (2003) suggested the following characterization for degradation:

‘A direct, human-induced, long-term loss (persisting for X years or more) or at least Y% of forest carbon stocks [and forest values] since time T and not qualifying as deforestation’.

where X and Y are undefined.

In terms of changes in carbon stocks, degradation therefore would represent a measurable, sustained, human-induced decrease in canopy cover, with measured cover remaining above the threshold for definition of forest.  The question to resolve is what are the values of X and Y.  
Degradation presents a much broader land cover change than deforestation. Technically, a land cover change would be termed ‘degradation’ if canopy cover dropped from e.g., 100% to 85%, or 50% to 40%, or 90% to 35%. In reality, monitoring of degradation will be limited by the technical capacity to sense and record the change in canopy cover, so that small changes will likely not be apparent unless they produce a systematic pattern in the imagery.

Many activities cause degradation of carbon stocks in forests but not all of them can be monitored well with high certainty, and not all of them need to be monitored using remote sensing data, though being able to use such data would give more confidence to reported emissions from degradation.  To develop a monitoring system for degradation, it is first necessary that the causes of degradation be identified and the likely impact on the carbon stocks be assessed.  

· Area of forests undergoing selective logging (both legal and illegal) with the presence of gaps, roads, and log decks are likely to be observable in remote sensing imagery, especially the network of roads and log decks. The gaps in the canopy caused by harvesting of trees have been detected in imagery such as Landsat using more sophisticated analytical techniques of my frequently collected imagery, and the task is somewhat easier to detect when the logging activity is more intense (i.e. higher number of trees logged).  A combination of legal logging followed by illegal activities in the same concession is likely to cause more degradation and more change in canopy characteristics, and an increased chance that this could be monitored with Landsat type imagery and interpretation. The reduction in carbon stocks from selective logging can also be estimated with reasonable certainty without the use satellite imagery using of methods given in the IPCC AFOLU.  Legal and illegal selective logging is the most common form of change in carbon stocks of forests remaining as forests in Indonesia.

· Degradation of carbon stocks by forest fires will be more difficult to monitor with existing imagery and little to no data exist on the changes in carbon stocks.  Depending on the severity and extent of fires, the impact on the carbon stocks could vary widely.  In practically all cases for tropical forests, the cause of fire will be human induced as there are little to no dry electric storms in tropical humid forest areas.  In Indonesia, fires in the peat-swamps are a major source of GHG emissions.  However, these fires occur in the peat after illegal logging and clearing because the peat swamps are drained as part of the illegal logging and clearing activities.  As the peat areas are drained they become dry and when fire escapes into the peat areas in the dry season intense fires result.  In non-cleared and non-degraded peat-swamps, fires do little damage as the peat remains wet even into the dry season.

· Degradation by over exploitation for fuel wood or other local uses of wood often followed by animal grazing that prevents regeneration, a situation more common in drier forest areas, is likely not to be detectable from satellite image interpretation unless the rate of degradation was intense causing larger changes in the canopy.  This form of degradation is not likely to be a major issue in Indonesia.  

3.4 Reference Scenario versus Baseline Projection

Estimating reductions in emissions from deforestation and degradation caused by national or regional interventions requires developing a reference scenario, or baseline, against which future emissions can be compared.  This reference case or baseline could be either strictly based on historical emissions or be based on a future projection of emissions. 
Here, the reference scenario represents historical emissions and the baseline, or BAU (business as usual) represents projected emissions. The two are related, as the BAU projection will be based on both past emissions (historical emissions) as well as future emissions resulting from planned development activities. A reference scenario of emissions involves combining estimates of the change in forest cover at the national level over some historical period and estimates of the carbon stocks for preferably the same period and their change caused by deforestation and degradation.  
A baseline projection of emissions into the future is more difficult to estimate and likely to be uncertain because future rates of land-cover change are subject to many socio-economic and political factors that are difficult to predict over the long term.  Baseline projections of rates of land cover change can be made based on historical data for some recent past period or on economic models of likely planned development.  These are being produced by the team developing the strategies for abating land use changes and their future BAU scenarios for each land use change by land use type and province. Spatial modeling approaches
 can incorporate such projections of rate of change and, based on existing patterns of land cover change, can project the spatial pattern of change as well.  A method for combining the future estimated BAU projections of land use change (planned and unplanned) with spatial modeling will be developed to better match the areas undergoing change with appropriate carbon stocks to improve the certainty of the resulting emissions estimates.
3.5 Benchmark map
Any national program to reduce emissions from deforestation and degradation will need to have an initial forest cover map to represent the point from which all future changes will be monitored so as to measure only gross deforestation going forward. This initial map forest cover map is referred to as a benchmark map. If the forest cover map changes each time an assessment is made of the rate of deforestation/degradation, a clear picture of changes in gross deforestation will not develop.  This implies that an agreement will be needed by countries on deciding on a benchmark year against which all future deforestation and degradation will be measured. It seems logical that this could be for 2005, given that this is the year when discussions on the topic of REDD started in the COPs.  The use of a benchmark map will clearly show where gross deforestation is occurring, and clearly show where non-forest land is reverting to forests if at some stage in the future this information becomes relevant.  
The use of a benchmark map also makes monitoring deforestation (and some degradation) a simpler task.  The interpretation of the remote sensing imagery needs to identify only the pixels that changed compared to the benchmark map.  The benchmark map would then be updated at the start of each new analysis event so that one is just monitoring the loss of forest cover from the original benchmark map.

The forest cover benchmark map would show where forests exist and how they are stratified –i.e data layers of various forest types (see above for types in Indonesia).  The stratification would also be able to show the location of the likely planned changes, as well as monitor the unplanned changes. 
4. Methods for Monitoring and Estimating Emissions for Indonesia:
4.1. Area Change (both deforestation and degradation)

4.1.1 Data and methodology available to date
The Ministry of Forestry (MoF) has extensive data collections. The MoF has carried out detailed mapping over the years (see table 6) and recently embarked on a monitoring framework (FOMAS).

Table 6: Maps available for Indonesian forests
	Land cover based on imagery from 1985-87
	RePPProT
	 
	 

	Land cover 1986 (Sumatra only)
	Biotrop, 1986 / ICRAF
	1986
	 

	Land cover 1988
	WCMC (based on RePPProT)
	1988
	9 classes

	Land cover 1993
	NFI
	1993
	12 classes

	Land cover 1993
	IGBP / USGS / Global Eco
	1993
	18 classes (IGBP), 33 (Global ecology), 14 (USGS)

	Land cover 1997 (published 1998)
	NFI / Holmes, World Bank 
	1995/6
	3 classes

	Land cover 1996
	TREES project
	 
	 

	Land cover 2000 (published 2001)
	MOF (23 classes, landsat based, 204 image, 1 image per scene)
	 
	23 classes

	Forest recalculation 2000
	MOF (forest/non-forest)
	 
	2 classes

	Land cover (published 2002)
	MOF/FWI/CI
	2002
	23 classes

	Land cover (published 2002)
	TREES project
	2003
	 


In addition the Ministry has apparently 1,000 field plot data from data permanent plots that were established in 1993 with the National forest Inventory.
So data on forest are available in Indonesia, however data on forest cover changes over time are not readily available. The data in Table 6 are all created as a one time mapping exercise with the objective of creating maps to facilitate better planning and forest management. To create these maps cost considerable time and effort to gather all information and do the interpretation (experts are needed). Therefore maps as difficult as archipelago wide land cover maps take often 2 years to produce. These maps often do not have an uniform date over the entire map, a map of 2000 might have data sources ranging from 1999 to2002. Some of the maps produced in the 80ies and early 90ies have a widely ranging date sources. The widely variety of dates can have considerable influence on the calculation of yearly change. 

Change detection needs a dedicated Monitoring program. Monitoring is more then one-time mapping. Spatial monitoring of forest implies systematic periodic assessments of state of the forest within pre-established boundaries (e.g. national boundaries, provincial boundaries, protected areas). Monitoring thus needs assessment of the state of the forest at different times, assess the changes between the time steps of or in a certain feature (e.g. National park or road). Therefore Remote sensed images (RS) and GIS technologies are needed in order to make precise overlays between time steps considering specific boundaries (e.g. National Parks), and store and analyze the data.
Spatial monitoring of forest can be carried out on different spatial and temporal scales depending on what to monitor and the goal of the monitoring exercise. A national overview that is needed for National carbon accounting likely has to occur annually. Choosing the right remote sensing data up front is key. Different monitoring objectives require different data features. Fire monitoring, for instance, requires frequent data, while selection of selective logging or road construction require less frequent data but more area coverage. Thus, the user has to choose between frequency, area extent, and resolution.

For a successful REDD mechanism two features need to be monitored: deforestation and degradation. 
Methods for monitoring deforestation

Deforestation statistics are created by change detection between time periods of forest monitoring. Forest monitoring is a systematic assessment of the status of forest features within pre-established boundaries (e.g. protected areas, forest concessions). Remote Sensing (RS) technology provides data about change while geographic information systems (GIS) data provide the reference data (e.g., logging concession boundaries, protected areas) for the analysis, as well as the technical tools to overlay, store and analyze the data. Forest clear-cuts, intensive selective logging, fires, road building, habitat fragmentation, biomass and forest productivity are examples of what can be monitored using GIS/RS. 

While forest monitoring is focused on change detection, forest mapping aims to display the best information on spatial distribution of a feature (e.g., forest types) at a certain point in time with the resources available. Change detection is sometimes erroneously performed by comparing different maps, often not created with change detection in mind, in time. This is not a valid practice as the comparison of two maps created using different methods for different purposes will have many more errors of omission (failing to identify areas of change) and errors of commission (identifying as changed areas that did not change) than methods designed with change detection in time. If change detection is one of the purposes for mapping, this should be specified beforehand and mapping should employ different methods (often more automated, less subjective).

The main methods for measuring deforestation are outlined below.

A. Change detection by comparing maps

Until recently, deforestation statistics for Indonesia have been calculated by change detection by comparing different maps in time (e.g. the RePPProT map of 1990 and the Ministry of Forestry maps for 2000 and 2003). Map comparison has been employed to measure deforestation because until recently no other spatially explicit information was available.
B. MODIS/TM Monitoring 2000-20005

South Dakota State University and the World Resources Institute have partnered with the Ministry of Forestry to set up a systematic forest monitoring system that performs repeated measurements of forest cover with the same satellites and methods. The system employs NASA MODIS and Landsat satellite information to provide estimates of deforestation (clear-cuts) on an annual basis. Currently, change data are available for 2000-2005. This system was set up specifically for monitoring and change detection at the national level.  

The MODIS/TM method used has 4 steps:

· Pre-processing MODIS data

MODIS images are composited to select best cloud-free surface cover observations over a given period of time, such as a month, using daily imagery as inputs to provide a cloud-free mosaic.
· Reference data for training the algorithm

To train the MODIS dataset an analyst’s input is needed only once to map change (forest loss) and no change (all other land cover dynamics). This can be mapped using MODIS browse images.

· Implementing the mapping algorithm

A decision tree mapping algorithm is used to relate the reference training data to the MODIS annual imagery. 
· Validation data

MODIS data, most pixels represent mosaics of land cover features. Therefore validation of MODIS results is performed using high-resolution imagery. Based on optimal allocation stratified sampling criteria, a block size of 20km is defined and 88 blocks were then analyzed using Landsat image pairs for nominal 2000 and 2005 dates. Analysts from the Indonesian Ministry of Forestry, who have significant experience in mapping forest cover with Landsat data, interpreted the image pairs for mapping forest cover and deforested areas per sample block.

C. NOAAA-AVHRR/TM Monitoring 1990-2000

The previously explained method can also be used with NOAAA-AVHRR (1.1 km pixel resolution) and Landsat TM data. The advantage of NOAAA-AVHRRR is that it is recorded since the mid 1980s, and thus makes it possible to go back in time and produce change statistics for the period 1990-2000 that are comparable with the 2000-20005 data. This will produce an estimate of tree cover change that is highly accurate at much lower cost.  Partners (SDSU, World Bank and WRI) working together now to produce this new data before December 2007. 

Methods for monitoring degradation

Forest degradation may affect a much larger area of forest than deforestation (clearcuts), according to recent studies. Research indicates that land use affecting forests in the Amazon extends beyond deforestation; selective logging and other canopy damage may damage double the land area of forest than once believed (Foley et al 2007
; Asner et al 2006
). Asner et al calculate that logging increases by 25 percent the carbon losses of the Amazon forests from deforestation alone.

In Indonesia selective logging has been the largest factor in forest cover change for over 20 years
. The findings in the Amazon are thus likely also valid for Indonesia or maybe even of more importance than in the Amazon as a greater proportion of trees in Indonesian forests have commercial value. =
Degradation is thus important for estimating carbon emissions from land use change, but is far more difficult to detect than deforestation . Several methods are examined here that could be used to estimate the extent of degradation. The methods revisited here range from intensive spatially explicit methods generalized methods to estimate degradation.  

A. Asner Method

The Carnegie Landsat Analysis System (CLAS)
 developed by Gregory Asner, Stanford University uses pattern recognition alorithms to map forest disturbances using Landsat ETM+ satellite imagery.

The CLAS system detects and quantifies the amount of selective logging using automated image analysis for the detection of forest canopy openings,  surface debris, and bare soil exposed by forest disturbances by utilizing pattern-recognition techniques. CLAS provides detailed measurements of forest-canopy damage at a spatial resolution of 30m, and it does so over millions of square kilometers of forest. This method may be time intensive and expensive to operate, but may provide the most detailed and accurate assessment of forest degradation.
B. The Intact Forest landscape method.

The World Resources Institute program Global Forest Watch developed methods to identify Intact Forest Landscapes (IFL), forest areas absent of disturbances visible on satellite imagery (roads, clearings, etc) and large enough to retain native biodiversity and withstand disturbance. This definition is based on the concepts of ecological integrity and intactness. An inverse of these areas could be used to estimate the extent of degraded forest areas. A global version of this dataset, the World Intact Forest Landscapes, was released by GFW Russia partners in 2006 and is available online at http://www.intactforests.org/. 

In this analysis, the forest landscape is divided in two sub-categories: 

· intact forests: fully-stocked (tree cover can be anything between 10% and 100% but must be undisturbed, e.g. there has been no timber extraction) 

· non-intact forests: not fully-stocked (tree cover must be higher than 10% to qualify as a forest under the existing UNFCCC rules, but in our definition this forest may have undergone some level of timber exploitation). 

This distinction can be used as a proxy for degradation. Since there is yet no forest degradation definition the adoption of the ‘intact’ criterion is important as a technical and practical method. The intact forest concept is powerful since disturbance is easier to identify from satellite imagery than the characteristics of a degraded forest. 

Two categories of criteria were used, one for assessing the intensity of human influence and the other for assessing fragmentation. 

To find areas with a minimum of human influence, an “inverse” logic was applied to identify intact areas by first assuming the entire forest zone could be intact, and then systematically excluding areas with disturbance, e.g. indications of agriculture clearing, logging, and road development. In this way areas are systematically identified and eliminated from the study area, reducing it down to the point where no more evidence of disturbance could be found. 

In summary, areas with evidence of the following types of human influence were excluded:

· Settlements. A buffer zone of 1 km was applied; 

· Infrastructure used for communication between settlements or for industrial development of natural resources, including roads, railways, navigable waterways, pipelines and power transmission lines. A buffer zone of 1 km in each direction was applied;

· Agriculture;

· Industrial activities during the last 30-70 years, such as logging, mining, recent agriculture, etc.;

· Artificial forest restoration, tree plantations;

· Intensive wildfires during the last 30-70 years, but only if adjacent to infrastructure.

An IFL should be large enough to maintain most the natural values and functions of a self-sustaining forest landscape, including the following:

· Natural disturbance processes at different scales (wild fires, storms, pest attacks, etc);

· Viable populations of plants and animals, including wide-ranging predators and prey; 

· Water cycle regulation at local scale

· Spatial patterns of ecosystems and habitats;

· Resistance to influences from adjoining disturbed or fragmented areas.

Therefore a size criteria should be applied considering: 

· No smaller than a Y km2
· No narrower than X km at the broadest place (measured as the diameter of a largest circle that can be fitted inside the boundaries of a patch)
· No narrower than Z km in corridors or appendages to areas that meet the above criteria. 
This definition could be easily adapted any purpose to tropical ecosystems. This method has currently been used to produce the 2005 world intact forest landscapes (www.intactforest.org) in which criteria are defined as Y = 500km2, x = 10 km, Z =2 km. However,  these X, Y, and Z factors were set to identify the largest intact forest areas highly buffered from disturbances. For the purposes of carbon accounting, a smaller forest area threshold of undisturbed forests such as 1,000 hectares may be more appropriate, as the 50,000 ha forest limit in the GFW study would define many primary though fragmented forest areas as non-intact.

The intact forest landscape method can utilize existing data such as the World Intact Forest Landscapes dataset, but be expanded to also include smaller areas of intact forests. This was done for Canada by Global Forest Watch where undisturbed areas 5,000 ha and greater were mapped.  Modifying the criteria for intactness could be very time intensive and expensive, but could be very useful to monitor and protect primary forests important for many ecosystem services beyond carbon sequestration.

C. MODIS Vegetation Continuous Fields (VCF) data

The MODIS VCF data assigns a percentage of tree canopy cover for every pixel (500m resolution currently, but soon 250m will be available) based on analysis of MODIS satellite data. The VCF dataset has global coverage and is because tree cover is expressed as a percentage, it is independent of varying forest definitions. 
To analyze forest degradation in Indonesia, it was assumed that tree-cover percentage would differ between the different categories of primary forest and secondary forest as proposed in Rizaldi Boers classification (Table 3)  To test this we used MODIS 2004 VCF data in combination with land-zone categories and the land use/cover maps from the Ministry of Forestry in 2003. 
The following steps were taken to analyze VCF data to estimate forest degradation.

1. Pre-processing to eliminate errors, and ensure similar projection..

2. Intersect the land zone allocation dataset with the land-cover dataset. 
3. Then, the resulting dataset was dissolved by land allocation category and land cover type to merge similar classes.  At this stage, we obtained the 30 categories as defined in Table 3 (Rizaldi table to match land units closer to carbon measurements) were obtained. The last steps were required to define forest from non-forest.

4. The 2004 ModisVCF dataset represents the percentage of tree cover. To define an appropriate threshold to eliminate non-forest from the analysis, it was decided to calculate the statistics for land areas with >30% tree cover. The classes were defined by upper and lower thresholds of two same types but at different successional stage (e.g. Primary Dry Forest in Production forest versus Secondary Dry forest in Production forest).  
D. Detailed satellite assessment of logging concessions 
The Ministry of Forestry has recently acquired detailed SPOT satellite images (< 10 meter resolution). With these images canopy gaps can be identified. By comparing logged forests, (annual cutting blocks) with known extraction rates reported to MoF and known dates of logging from primary forests (ensure these are undisturbed forests) a volume of timber extraction can be established. This would allow for the generation of statistics for the carbon content of forests recently logged and forest blocks that had recuperation time. This number can then be universally applied on all known cutting blocks of a certain age. In this case there is a need to know exactly where and when cutting blocks were logged.  
E. Self reporting on extraction by companies

Another method for estimating degradation would be self reporting from logging companies on how much wood (m3/ha) they extract from their concessions (the logging intensity in Indonesia is estimated to be of 20 m3/ha, ITTO 1997). If a company would report on the amount of m3/ha extracted in each annual logging block, then these volumes could be converted to carbon measurements. To ensure that the concessionaires provide accurate numbers, random testing with detailed satellite images could be carried out in production forests. In the logging areas to ensure that not more than the reported m3/ha would be extracted by the companies (thus verifying self reporting), and in other areas nearby to ensure that areas outside the logging block do not suffer from extra extraction. This would require a detailed sampling design on logging blocks and surrounding areas. This self-reporting would link very well with FSC certification. FSC certified companies who participate in a very reporting system should be reliable for the production of trustworthy data.
4.1.2 Additional data required to meet IPCC standards 
4.1.3 Uncertainty/accuracy assessment

4.1.4 Improvements for future assessments
4.2. Carbon Content

4.2.1 Existing methods and data for estimating carbon stocks
4.2.1.1 Fate of Carbon Pools as a Result of Deforestation and Degradation

A forest is composed of pools of carbon stored in the living trees above and belowground, in dead matter including standing dead trees, down woody debris and litter, in non-tree understory vegetation and in soil organic carbon. When trees are cut down there are three destinations for the stored carbon – dead wood, wood products or the atmosphere. 

In all cases following deforestation and degradation, the carbon stock in living trees decreases. 

· Where degradation has occurred, this is often followed by a recovery unless continued anthropogenic pressure or altered ecologic conditions precludes tree regrowth. 

· The decreased tree carbon stock can result in either increased dead wood, increased wood products or immediate emissions. 

· Dead wood stocks may be allowed to decompose over time or may, after a given period, be burned leading to further emissions. 

· Wood products over time decompose, burn, or are retired to land fill. 

· Where deforestation occurs, trees can be replaced by non-tree vegetation such as pasture or crops. In this case the soil carbon stocks are generally not sustained. 

· Where a fallow cycle results, then periods of crops are interspersed with periods of forest regrowth that may or may not reach the threshold for definition as forest.

Figure. 4-1 below illustrates potential fates of existing forest carbon stocks after deforestation.
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4.2.1.2 Methods for deciding which carbon pools to include 

For estimating emissions from deforestation, data on aboveground biomass and belowground biomass of forests should ideally be included.  Country specific data for these two pools, covering all major forested areas by sub-national unit, would result in emissions estimates with low uncertainty. 

Of the five forest carbon pools, the decision on which carbon pools to include as part of a REDD accounting scheme for Indonesia should be governed by the following factors:

· Available financial resources

· Availability of existing data

· Ease and cost of obtaining country level data
· The principle of conservativeness

Above all is the principle of conservativeness. This principle ensures that decreases in emissions are not overestimated. For all monitoring events, time zero and all subsequent estimations must include exactly the same carbon pools. Conservativeness also allows for pools to be omitted except for the dominant tree carbon pool. For example, if dead wood or wood products are omitted, then the assumption must be that all of the carbon sequestered in the trees that are cut down is emitted immediately. Likewise, if CO2 is emitted from the soil, then a source of emissions is potentially excluded but as long as it is excluded consistently between the baseline and later estimations, then no exaggeration of emissions occurs.

The second deciding factor should be the relative importance of the expected change in each of the carbon pools caused by deforestation and degradation. In all cases, it will make sense to focus any new country-specific measurements on the tree pool, as trees are relatively easy to monitor and will always represent a significant proportion of the total carbon stock. 
The decision on whether or not to include the remaining carbon pools (dead wood, litter, understory vegetation, soil organic carbon) will depend on their contributions to the total change in carbon stock, and thus emissions in the past and future, and the cost of measuring and estimating them. For example, in Indonesia where deforestation occurs on peat swamp forests, emissions from peat (a combination of belowground tree biomass and soil organic carbon) should be estimated as it is likely that these emissions are as high if not higher than emissions from clearing the trees alone. On the other hand, if a pool (e.g., litter) represents a small component of the total carbon stock (less than 5%), including this pool may not be worth the investment to include and monitor it.  It should be noted that for estimating emissions from deforestation on peat swamp forests, it is not necessary or practical to relate peat emissions to the change in peat carbon stocks as this can be estimated only with data collected over decadal time scales and even then, the precision of measurements is relatively low. Given the process by which peat loses carbon through oxidation by drainage and burning, peat emissions should be related instead to the depth of drainage or burning.
The magnitude of carbon pools may also vary by forest type/strata within a country.  For example, it is possible that forest type A in a given country could have relatively high carbon stocks in the dead wood and litter pools, whereas forest type B in the country could have low quantities in these pools. In this case, it would make sense to include the dead wood and litter pools in forest A but not in forest B, as the emissions from deforestation would be higher in A than in B. However, whichever pools are chosen to be estimated in each stratum at time zero must also be tracked in subsequent estimations.
4.2.1.3 Existing data available for estimating carbon stocks in Indonesia
A. Continental-scale biomass maps have been created in the past for Africa
 and Asia
. A map of carbon stocks for Indonesia is shown in Figure x and was extracted from the most updated map reflecting forest conditions in the year 2000. Although the resolution of these maps is coarse (1 km? what is resolution?), the underlying data used to create them were based on regional and national datasets. For example, weather station point data from each country were used to interpolate precipitation and climatic index maps, and country-specific forest inventory data were used for calibration.  Therefore, these coninent-wide maps are basically low level Tier 2 estimates of biomass carbon. Uncertainty in the estimations is not quantified.
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B. Estimates of carbon stocks from research studies 
Yamakura et al. 1986 developed allometric equations to predict aboveground biomass in lowland Dipterocarp forests in East Kalimantan (Table x) and estimated aboveground biomass for mature, building and gap growth stages (Table x). These equations can be used to predict forest biomass from inventory plots where diameter and height are measured.

Table x. Allometric equations developed for Dipterocarp forests in East Kalimantan.

	Variable
	Equation
	R2

	Height (m) to DBH (cm)
	1/H = 1/(1.757D) + 1/88.43
	0.85

	Stem biomass (kg) 
	Ws=2.903 x 10-2 (D2H)0.9813
	0.99

	Branch biomass (kg)
	Wb=0.1192 ws1.059
	0.90

	Leaf biomass (kg)
	WL = 9.146 x 10-2 w(s+b)0.7266
	0.92

	
	
	


Table x. Aboveground-plant-biomass estimates for three growth stages for dipterocarp forests in East Kalimantan. (all aboveground living included)
	Phase
	Biomass (t/ha)

	Mature
	649.643

	Building
	141.490

	Gap
	26.499


Other pools for Indonesian forests (CIFOR,ICRAF)
Soil C map from FAO 
C. Volume data from logging records. 

D. For degradation by selective logging—need extent of concessions and log extraction rates –m3/ha and area of logging block per concessions per year—need to get area logged per year and at what rate of log extraction.  Any data on mean annual increment of stand after logging?

Extent of concessions: WRI produce a map of concessions 

Area logged per year: concessions are typically granted for 20 years, so assume 1/20 of total concession area is logged per year

Extraction rates: FAO and Ministry of Forestry, 1996: 50 m3/ha for undisturbed peat forest and 25 m3/ha for logged over peat forest, plus see table in peat section below. Need extraction rate data for non-peat areas.

4.2.2 Additional data required to meet IPCC standards
What would be required for a Tier 2 estimate, how would an inventory program be developed, etc.
Fate of carbon pools on clearing and how addressed for Tier 2 method
4.2.3 Uncertainty in carbon estimates
Uncertainty is not estimated for Asia biomass maps, uncertainty in inventory data can be calculated based on propagation of errors method in IPCC:

Indonesia has very little, if any, forest inventory data, with 1200 forest plots distributed throughout the whole country. From FAO FRA 2005, Indonesia’s total forest area is 88,495,000 ha and its total carbon stocks are 6,725,000,000 t C, or an average carbon stock of 76 t C/ha
.
	Extent of forest and other wooded land

	FRA 2005 categories
	Area (1000 hectares)

	
	1990
	2000
	2005

	Forest
	116,567
	97,852
	88,495

	Other wooded land
	-
	-
	-

	Forest and other wooded land
	116,567
	97,852
	88,495

	Other land
	64,590
	83,305
	92,662

	...of which with tree cover
	7,857
	9,051
	9,648

	Total land area
	181,157
	181,157
	181,157

	Inland water bodies
	9,300
	9,300
	9,300

	Total area of country
	190,457
	190,457
	190,457

	Carbon stock in forest and other wooded land

	FRA 2005 categories
	Carbon (million metric tonnes)

	
	Forest
	Other wooded land

	
	1990
	2000
	2005
	1990
	2000
	2005

	Carbon in above-ground biomass
	11,426
	6,842
	4,434
	-
	-
	-

	Carbon in below-ground biomass
	3,770
	2,258
	1,463
	-
	-
	-

	Carbon in living biomass
	15,196
	9,100
	5,897
	-
	-
	-

	Carbon in dead wood
	1,672
	1,001
	649
	-
	-
	-

	Carbon in litter
	240
	202
	179
	-
	-
	-

	Carbon in dead wood and litter
	1,912
	1,203
	828
	-
	-
	-

	Soil carbon
	-
	-
	-
	-
	-
	-

	Total
	17,108
	10,303
	6,725
	-
	-
	-


Data source: FAO, Global Forest Resources Assessment 2005.

Data source: FAO, Global Forest Resources Assessment 2005.

4.2.4 Improvements to narrow the uncertainty range for carbon measurements
a. For reference case analysis to match location of deforestation with corresponding carbon stocks—little can be done to improve the uncertainty range.  

For baseline projection and ongoing future monitoring system, a lot can be done to improve the accuracy and precision of emission estimates.—more details to come—link the additional measurements to those strata undergoing the most change.  
Improve by comparing spectral characteristics of pre and post clearing and then collect original data—either by new measurements of field plots in key strata likely to undergo change or by use of 3D aerial imagery plots (more details to come).
Link the area cleared by each of the strata (WRI or RB) and province with the biomass carbon map (produce the data of land and forest area following the five main categories defined in TGHK (Tata guna hutan kesepakatan) or Padu Serasi).  The results will be provided on a provincial basis by island by forest type basis including the estimated weighted carbon stock in each land/forest category (the detail analysis or more detail aggregation of the data should be kept in the database).  

4.3 Emissions from peat swamp forests—special case for Indonesia
a. Area change—clearing, fire, drainage—all of which can happen over different time frames

i. Accuracy assessment
b. Emissions/change in carbon stocks from fire, draining and clearing
ii. Uncertainty estimate
Under natural conditions, the depth of the water table in peatlands is near the peat surface. Vegetation accumulates under these waterlogged conditions, and peat forms very gradually over time (<1-2 mm/yr). Over the past decade, vast areas of peat forests in Indonesia have been destroyed due to degradation from logging pressure, clearing for agriculture, and burning from past land use change. Drainage and burning are the two main factors that influence peat CO2 emissions. Aboveground emissions from land clearing can also be significant.
CO2 emissions from peat drainage

Peat drainage causes a lowering of the water table, which results in a release of CO2 into the atmosphere from peat oxidation. Hooijer et al. (2006) relates depth of peat drainage to CO2 emissions (Figure x); this relation shows a CO2 emission of 0.91 t/ha/yr for each centimeter that the average water table is lowered. The relation was derived primarily from long-term monitoring of peat subsidence in drained peatlands combined with peat carbon content and bulk density analysis. This method filters the contribution of peat compaction from the total subsidence rate, and the remainder is attributed to CO2 emission (Wosten et al. 1997, Wosten and Ritzema 2001). Although long-term monitoring of peat subsidence produces the most accurate and reliable data, it yields only few measurement points. Due to a lack of a large enough population of observations, a linear relation between drainage depth and CO2 emission was fitted through the data (blue line shown in Figure x) whereas the actual relation is known to be non-linear. In the drainage depth range most common in southeast Asian peatlands (between 0.5 and 1 meter), the relation is supported by results from numerous gas emission monitoring studies in peatlands (black data points shown in Figure x). 
If a conservative drainage depth of 0.8 meters is assumed (Hooijer et al. 2006 estimate a minimum of 0.8, likely of 0.95 m and maximum of 1.05 for drainage depth for plantations and agricultural land use), CO2 emissions from draining one million hectares of peatland (as was done in Central Kalimantan for the Mega Rice Project, or MRP) are estimated to be 73 million tons of CO2 per year.

If field measurements are made, uncertainty in the drainage depth value can be estimated by quantifying the 95% confidence interval around the mean drainage depth measured. Where expert judgement is used instead, the following rules apply
:

· Where experts only provide an upper and a lower limiting value, assume the probability density function is uniform and that the range corresponds to the 95% confidence interval.

· Where experts also provide a most likely value, assume a triangular probability density function using the most likely values as the mode and assuming that the upper and lower limiting values each exclude 2.5% of the population. The distribution need not be symmetrical.

Provide methods for quantifying uncertainty in CO2 emissions vs. drainage depth relation
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CO2 emissions from peat burning 

As peat drains, it dries out and becomes more susceptible to burning. If the depth of peat burned can be measured or estimated, this information can be combined with the area of peat burned (derived from remote sensing imagery) to estimate a total volume of peat burned. Volume is then converted to mass using an estimate of peat bulk density (about 0.1 g cm-3 or t m-3 on average).

In the well-publicized 1997 fires in Indonesia, the average depth of peat burned from 43 measurements taken in Central Kalimantan was 0.5 meters, resulting in a release of approximately 0.12 Gt carbon in the MRP area alone, or approximately 444 t CO2 per hectare
. 

Muraleedharan et al. (2000) measured emissions from the combustion of peat sampled from the Belait district of Brunei Darussalam on the island of Borneo. Emissions were measured at temperatures characteristic of the smouldering stage of combustion and are shown in Table x.

Table x. Emissions from the combustion of peat.

	Temp. (deg. C)
	480
	600

	Component
	Emission (mg kg-1 peat)

	CO2
	185,000
	149,591

	CH4
	5,785
	11,338


. 
CO2 emissions from land clearing
CO2 emissions in peat areas are caused not only by peat oxidation and burning, but also by clearing and sometimes burning the aboveground biomass to prepare it for another land use. Mean aboveground biomass stocks measured in 28 peat swamp forest plots in Central Kalimantan were 223.1 t/ha, or 111.56 t C/ha
. Pools measured included trees >5 cm, saplings, herbaceous vegetation and dead wood. 
Before land is cleared, some biomass may be logged and end up in long-term wood products. In Indonesia, it is estimated that 25% of the total volume removed in logging operations ends up in long-term wood products (Winjum et al. 1998). In peat swamp forests, the volume of timber available for harvest has been reported as ~31 m3/ha (Table x).
Biomass remaining on site after logging is typically burned; emissions from aboveground biomass burning can be estimated using the revised IPCC 1996 Guidelines for LULUCF.
Provide methods for quantifying uncertainty
Table x
. The total number of stems (N) and volume (V, in m3) of some types of wood within a peat swamp forest area of 600 ha in Kapuas Regency, Central Kalimantan. 
	Type of Wood
	Diameter class (cm)

	
	20-29
	30-39
	40-49
	>50
	Total

	
	N
	V
	N
	V
	N
	V
	N
	V
	N
	V

	A. Protected Wood
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Jelutung
	 
	 
	37
	36.42
	48
	77.69
	15
	41.84
	100
	156

	Total A
	 
	 
	37
	36.42
	48
	77.69
	15
	41.84
	100
	156

	B. Wood Types allowed for cutting
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1. Meranti types
	 
	 
	 
	 
	 
	 
	 
	 
	
	 

	a. Meranti rawa
	104
	40
	185
	134
	310
	521
	99
	281
	698
	976

	b. Gerunggang
	67
	24
	170
	123
	281
	451
	89
	243
	607
	842

	c. Alau
	115
	7
	22
	23
	59
	94
	19
	51
	115
	174

	Total B 1
	186
	71
	377
	279
	650
	1,067
	207
	574
	1,420
	1,992

	2. Miscellaneous
	 
	 
	 
	 
	 
	 
	 
	 
	
	 

	a. Mentibu
	155
	58
	281
	215
	619
	836
	200
	450
	1,255
	1,560

	b. Terentang
	67
	25
	163
	122
	270
	434
	86
	234
	586
	814

	c. Kapur Naga
	37
	13
	74
	60
	127
	205
	40
	110
	278
	388

	d. Ketiau
	15
	7
	37
	31
	87
	140
	28
	75
	167
	252

	e. Tanah-tanah
	37
	13
	81
	67
	117
	188
	37
	101
	272
	369

	Total B 2
	311
	116
	636
	495
	1,220
	1,802
	391
	970
	2,558
	3,383

	3. Exclusive type
	 
	 
	 
	 
	 
	 
	 
	 
	
	 

	a. Ramin
	1,079
	642
	2,527
	1,689
	3,609
	6,958
	1,173
	3,747
	8,388
	13,036

	Total B 3
	1,079
	642
	2,527
	1,689
	3,609
	6,958
	1,173
	3,747
	8,388
	13,036

	Total B
	1,576
	829
	3,540
	2,464
	5,479
	9,827
	1,771
	5,291
	12,366
	18,411

	Total (A+B)
	1,576
	829
	3,577
	2,500
	5,527
	9,905
	1,786
	5,333
	12,466
	18,567

	Average/ha
	3
	1
	6
	4
	9
	17
	3
	9
	21
	31

	Ramin volume (%)
	 
	5
	 
	13
	 
	53
	 
	29
	 
	100

	Total ramin stem (%)
	12.86
	 
	30.13
	 
	43.03
	 
	13.98
	 
	100
	 

	Source: Data PT. Inhutani III (ex. HPH PT. Sumber Alam Ramin)
	
	
	
	


4.4 Reducing the uncertainty of the emissions estimate in the reference scenario
To be able to determine if real reductions against the reference scenario have taken place at future monitoring periods, it is important that the uncertainty bounds around the reference scenario estimate be small.  When estimates of carbon emissions from deforestation are analyzed, the effort often focuses on producing highly accurate estimates of the changes in area.  The area change is then multiplied by carbon stocks of forests based on highly uncertain biome wide, national level, or IPCC default estimates.  However it is just as important to have estimates of carbon stocks with high certainty as it is to have highly accurate land cover data to result in an overall emission estimate that also has high certainty. 

What is the likely impact of having low or high uncertainty around the reference or baseline emission estimates?  The uncertainty for the reference case emissions is likely to be high if a country, for instance, uses a Tier 1 estimates for the carbon stocks.  If the reference case emissions are highly uncertain then it may be difficult in the future to show a real change, even if future estimates of emissions have low uncertainty as illustrated below.  If the overall uncertainty is +/- 40% as shown in this figure based on Tier 1 data for C stocks it can be seen that at time 2, even if the uncertainty bound is now reduced to 11% it significantly overlaps with the reference case estimate and it would be hard to say that a real change had taken place.  If however, for the reference case Tier 2 data were used for the emission estimate resulting in an overall uncertainty +/-15%, then a much stronger case can be made that the Time 2 estimate is different from the reference case and a real reduction has taken place.
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Table x shows that even if activity data are monitored extremely accurately, uncertainty around emissions from deforestation in Indonesia will remain high until uncertainty in the carbon component is reduced.
	Remote Sensing Uncertainty
	Carbon Stock Uncertainty
	Total Uncertainty

	5%
	30%
	30%

	5%
	20%
	21%

	5%
	10%
	11%


5. Results of Applying Measurements and Monitoring Methods in Indonesia:

5.1. Change detection

Deforestation

A. Change detection by comparing maps

In Table 7 (Mulisatra & Boccucci) and Figure 1, the results of comparing maps are shown. Again this is not a very valid method. In this exercise there is considerable problems with the dates, especially with the 1990 map. The 1990 map was made form a wide-variety of dates and thus the calculation of the deforestation rate can vary. If instead of the 9 years between 1990-2000 it would take 14 years (1986-2001) the yearly change in that periods would drop from the mentioned 950 thousand ha to 610 thousand ha, or if there would be only 8 years in between (1992- 1999) it would be 1 million ha per year loss. 

There is thus uncertainty in the yearly loss as established in Indonesia with the change detection by mapping. The increase in the rate between 1900-2000 and 2000-2003 though seems an established fact, although the increase could be anything from doubling between 1990-200 and 2000- 2003 or a 5 fold increase.
In Table 8 the difficulties with comparing maps are illustrated. These maps were not made to be used as a change detection tool. By comparing the different maps there is a wide variety of changes that are likely not reflected in changes in the real world. As illustration of the problems with change detection the change in total area (20 million ha) or the 5 fold increase in 3 year of the timber estates are illustrative. 
B. MODIS/TM Monitoring 2000-20005

In table 9 and Figure 2, the results of the MODIS/TM monitoring are shown. This technique only detects clear-cuts and so can not be compared to the results of the comparing maps (which as noted before is anyhow not a very valid method). The clear-cut area is increasing per year and is accelerating after 2003 and reached over a million ha./yr in 2005. 
Degradation
C. Asner Method
This methods is not tried. This would require extensive fieldwork and the use of the Carnegie Landsat Analysis System.
D. The Intact Forest landscape method.
A map of entire Indonesia IFL does exist (www.intactforest.org), see map 1. However, these maps have a minimum criteria an intact forest area of 500 km2.
E. The MODIS tree-cover data

From table 10 it is clear that it is difficult to differentiate between primary and degraded forests using MODIS VCF tree cover data using the classification as proposed by Rizaldi. Further tests and refinements in the methods are currently on-going. However, current results do not look good for an unequivocal separation between primary and degraded forest. 

F. Detailed satellite assessment on logging concessions 
Some tests were carried out by Forest Watch Indonesia (FWI) and WRI on Kalimantan-Tengah logging concessions with TM data. However, TM (30 by 30 m) might not be enough for detailed assessments. SPOT (5 by 5 m) or airplanes need to be used
G. Self reporting on extraction by companies—same as previous
Table 5: Change detection by comparing maps. Reclassifying the 23 classes of 2000 and 2003 into forest/non-forest, and compared to the 1990 (report) data. 
	Forest Cover 1990 
	  112,810,325 
	 Change/Year 
	 Time 
	 Period 

	 Forest Cover 2000 
	  104,282,156 
	 947,574 
	 1990-2000 
	 9 

	Forest Cover 2003
	    91,958,000 
	 3,081,039 
	 2000-2003 
	 4 
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Figure 1: Change detection by comparing maps

Table 8: Change in forest cover because of different interpretation
	 
	Area in ha
	Percent Increase/Decrease

	Land use/Cover 
	2000
	2003
	

	airport 
	 
	13,946
	 

	Bare land 
	1,401,163
	2,643,845
	188.7

	brush 
	30,800,741
	15,152,270
	49.2

	primary dry land forest 
	82,026,305
	37,094,484
	45.2

	primary mangrove forest 
	2,881,737
	1,838,505
	63.8

	primary swamp forest 
	17,420,659
	5,687,802
	32.6

	secondary dry land forest 
	7,004,277
	36,109,840
	515.5

	settlement 
	141,836
	2,373,350
	1673.3

	timber estate 
	26,285
	3,972,580
	15113.5

	Unknown
	 
	35,430
	 

	Total
	172,270,826
	187,257,321
	108.7


Table 9: MODIS and TM clear-cut change detection

	Clear-cut ha/yr  
	 
	
	
	
	
	

	2000-2001
	2001-2002
	2002-2003
	2003-2004
	2004-2005
	2000-2005
	Change per year

	 220,100 
	 668,400 
	 693,500 
	 879,300 
	 1,181,700 
	 3,643,100 
	 728,620 
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Figure 2: Change detection MODIS/TM 2000-2005
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Map 1 Intact forest Landscapes for Western Indonesia
Table 10: MODIS tree-cover data for different forest types based on Rizaldi Boer’s scheme
	
	
	
	Average of the percentage of tree cover
	Standard Deviation
	Area in Ha

	Production
	Primary
	Dry forest
	61
	19
	11,540,238.00

	
	
	Swamp
	58
	17
	2,769,328.00

	
	
	mangrove
	65
	18
	307,731.00

	
	Secondary
	Dry forest
	65
	13
	17,253,496.00

	
	
	Swamp
	71
	11
	3,914,012.00

	
	
	mangrove
	0
	0
	300,092.00

	Protection
	Primary
	Dry forest
	64
	17
	6,766,949.00

	
	
	Swamp
	50
	21
	948,057.00

	
	
	mangrove
	30
	16
	444,262.00

	
	Secondary
	Dry forest
	10
	21
	2,245,616.00

	
	
	Swamp
	56
	18
	440,319.00

	
	
	mangrove
	18
	19
	60,809.00

	Conservation
	Primary
	Dry forest
	61
	19
	14,361,481.00

	
	
	Swamp
	49
	20
	362,691.00

	
	
	mangrove
	44
	25
	323,558.00

	
	Secondary
	Dry forest
	36
	32
	8,533,171.00

	
	
	Swamp
	48
	16
	523,013.00

	
	
	mangrove
	26
	14
	259,790.00

	Conversion
	Primary
	Dry forest
	63
	17
	3,451,618.00

	
	
	Swamp
	62
	15
	1,318,824.00

	
	
	mangrove
	65
	13
	319,461.00

	
	Secondary
	Dry forest
	59
	17
	3,357,174.00

	
	
	Swamp
	41
	21
	1,601,294.00

	
	
	mangrove
	0
	0
	174,931.00

	NFA
	Primary
	Dry forest
	74
	11
	709,357.00

	
	
	Swamp
	37
	27
	154,045.00

	
	
	mangrove
	0
	0
	100,809.00

	
	Secondary
	Dry forest
	31
	30
	4,400,435.00

	
	
	Swamp
	51
	17
	962,019.00

	
	
	mangrove
	0
	0
	298,251.00


5.2. C stocks and emissions estimates

5.2.1 Emissions from deforestation 

· Overlay forest strata map with C map and estimate area weighted C stocks for each forest strata by province (eliminate peat swamp forests from analysis here as he forest C map does not do a good job for these forest types?)

· Results of overlay of deforested areas from RS imagery with C map , stratify by the two classification schemes

· Report area weighted C stocks of deforested areas

· Apply IPCC method for estimating emissions from deforestation (area x [Ctime1-Ctime2]); address impact of dealing with fate of carbon stocks (immediately oxidized vs delay decomposition; burned on and off site; soil carbon loss of mineral soil based on IPCC methods if have underlying data base [e.g. FAO soil C map])

5.2.2 Emissions from degradation—selective harvesting
· Use results from E Kalimantan field work on damage, skid trails, log extraction etc.—this is basically the method given in IPCC –apply methods and data to extraction rates/annual increment by province and main forest strata
5.2.3 Emissions from peat swamp forests—special case for Indonesia

5.2.3.1 Area change—clearing, fire, drainage—all of which can happen over different time frames

iii. Accuracy assessment—WRI
5.2.3.2 Emissions from peatswamp from fire, draining and clearing

6. Institutional Arrangements. 

6.1 A credible monitoring system

Five steps are essential to ensure an effective and functional forest monitoring system: 

1. Clear understanding of responsibilities—who does what when

2. Regular and timely reporting of accurate and precise data, 

3. Access to data between different groups inside the ministry, government and  stakeholders, 

4. Using the data to have improved decision 

5. Using the data to enforce laws. 

Some of the components would be:

· Technological capability to generate, store and update the RS/GIS data; this often requires advanced computer capabilities and specialized software for imagery and GIS analysis, interpretation and manipulation. This is under way and partly done in Indonesia.

· Human capital to generate, manipulate, apply and interpret the data; as well as capability to translate data in user-friendly format to end-users. Indonesia has the basic capacities but needs some more training on several levels

· An initial assessment of existing information and identification of data gaps to reconcile data with features of interest: forest change in a national park cannot be monitored if there is no information on the boundaries of the park. This assessment includes an evaluation of the quality and accuracy of the data: extraction of a valuable species cannot be effectively monitored if the forest composition data is inaccurate or outdated. This is already done in Indonesia

· Filling data gaps by creating the data needed (i.e. digitizing features from satellite imagery; purchasing satellite imagery) or identifying and defining surrogate indicators to assess features data (i.e. using incidence of fire as indicator of human activities in certain forest types). This is also on its way in Indonesia

· Information obtained through remote sensing (RS)  sources may be less detailed than intensive fieldwork; ground verification is usually needed to verify and calibrate the remote sensing data. A combination RS data and fieldwork will produce the most accurate information. Indonesia has ground plots and these could be used when of sufficient quality.

· Effective venues to channel the information to end users in easy, user-friendly format such as websites, paper maps, posters or CDs. Critical information should be channeled in a speedy manner so that allows rapid response and action. 

Currently, the Ministry is working on this in a program called Forest Monitoring and Assessment System, FOMAS. The results of FOMAS so far are the 2000-2005 new estimates of clear-cut (MODIS/TM), the systematic organization and making available of data (production of Data CDs), the digitizing of important boundary data, and the assessment of needs and missing data. The continuation of a program alike FOMAS or building on this program would be an important step in credibility and capacity for REDD mechanism (DISCLAIMER: this report is co-written by WRI, one of the partners in FOMAS).

To have a credible system several data sources and systems have to be used and integrated, and it should be cost efficient. Here an example how different system could work together. All the prices are exclusive of capacity building. Capacity building though is essential to have credible products.

· Annual MODIS/TM updates. This will give reliable archipelago wide deforestation data (cost around 200,000 US$)

· Systematic Detailed more frequent maps of change in specific areas. This will likely be radar or very detailed data like SPOT IKONOS or so. (cost around 300,000 US$ depending on size of areas, and thus data needed,  that need specific attention) 

· Wall-to-wall mapping as is now done by the Ministry every 3-5 years.  If relying on TM this would cost for data would be 100,000 US$. 

· Unsystematic very detailed satellite information to guide fieldwork and precise measurements like Airplane (Winrock) or other very detailed data  (300,000 US$) 

· In order to ensure trust in the data from remote sensing, sites have to be visited frequently and inventory taken with photographs and GPS points. This should be especially focused on change regions (see annex 4 for some of the data needed from forest inventories). This will generate a set of information on a wide range of forest and tree parameters (e.g. cover, growth, volume per management-areas/ecological-zone/protection-area, commercial species volume, carbon and biomass, NTFP etc). It will also assess the state of forest resources, the ways in which they are managed and used, and their contribution to food security and poverty alleviation. (cost unknown ?) 

It is essential that monitoring data is further analyzed and distributed and linked with existing knowledge and information. It is eminent that different departments in the Ministry of Forestry have to work together to process the information and analyze. Although BAPLAN is likely one of the main departments to take a lead, other departments have a big role to play in the processing and further analyses of the data. Therefore a good Forest management information is part of a critical system needed.

· Yearly standard operation to update forest management units.  Forest management units from logging, plantations need to be yearly updated and archived.

· An accessible archive of all forest use allocation permits and its boundaries will be an important step to contribute solving existing use conflicts. This archive has to be accessible throughout the ministry of forestry so different departments can work together. This will need to go d hardware and software infrastructure in the Ministry.

· Publicly accessible, unambiguous, legally binding information will support and direct enforcement efforts (see Annex 5 for some of the data needed). Currently MoF does not have one central and legally binding archive or a registry where all government issued forest land use permits w and its boundaries are referenced. . 

· The disclosure policy will provide the foundation for public access to forest information and for public scrutiny of MoF decisions and policies ). MoF has signaled that most FOMAS data will be deemed suitable for public access. 
· Part of information is publicly available. In order to have recognized and trusted data much of the information has to be available so accountability and scrutiny can happen. 
6.2 Cost and Effort of a Monitoring system

The optimal system thus has a mix of activities, some are annual others only every 3 years. Some like forest assessment/inventory are continuous. 

There is a pay-off between detail of measuring & monitoring and between possible carbon credits payments.  The possible carbon payments are not clear yet, but it is clear that a country with highly reliable figures and a Tier 3 approach might get more money from carbon credits than a country only with Tier 1. The system as proposed here would cost around 1 million a year (excluding forest inventory), however new satellite systems come on line in the future with less cost. 

It is not yet clear if this is a reasonable cost if only carbon would be involved. Although in the next paragraph a quick calculation on possible income from carbon credits puts the possible income on 1.5 billion  US$ per year. However, good forest management has other advantages, it will ensure Sustainable Forest Management (SFM), with its associated improvement of  ecosystem services for the people of Indonesia,  higher prices for Indonesian timber on the international markets,   capture of more revenue from the timber industry.. The government of Indonesia should consider these other aspects too in their decision to create a reliable forest monitoring system.
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