Annex 8a_ Background information for Component 8  

BACKGROUND FOR MRV COMPONENT:  

DESIGN AND IMPLEMENT MONITORING, REPORTING, AND VERIFICATION SYSTEM FOR REDD

(IFCA Consolidation Report : Reducing Emissions from Deforestation and Forest Degradation in Indonesia, MoFor, 2008, Chapter 3 )

3.3.1   Concepts 

3.3.1.1    Why is monitoring required? 

Under a REDD mechanism, countries will need to show credible reductions in emissions from deforestation and degradation, measured against the REL at specific intervals in time (e.g. annual or bi-annual). Monitoring will show the success of REDD policies and interventions, which will translate to carbon credits. 
3.3.1.2    What is measured and monitored? 

Measuring and monitoring activities are needed to quantify the CO2 emissions from deforestation and degradation that are then compared to the REL—payment for emissions reductions will occur when a country can show that the real reductions have occurred as measured against the REL

Two major types of data are needed to quantify CO2 emissions from deforestation and degradation:
· Area of forest converted to non forest or area of forest degraded

· Carbon stocks of forests converted to non-forest or degraded
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) use the term “Categories” to refer to specific sources of emissions/removals of greenhouse gases. The following categories are considered under the AFOLU sector and are commonly equated to deforestation:

· Forest Land Converted to Crop Land

· Forest Land Converted to Grass Land

· Forest Land Converted to Settlements

· Forest Land Converted to Wetlands

· Forest Land Converted to Other Land

· A decrease in carbon stocks of Forest Land Remaining Forest Land is commonly equated to forest degradation.
The IPCC AFOLU refer to two basic inputs with which to calculate greenhouse gas emissions or removals:

Activity data refer to an emission/removal category which is quantified in terms of land area in hectares—these data address the area data 
Emission Factors refer to emissions/removals of greenhouse gases per unit activity, e.g. tons carbon dioxide, or equivalent, emitted per hectare of land converted—these factors address the carbon stock data.  
3.3.1.3 How are Activity Data derived?

The GPG_LULUCF and AFOLU guidelines define a methodology for assessing the activity data or the change in area of different land categories. The guidelines describe three approaches for area change (Table 9):
Table 9. A summary of the Approaches that can be used to determine activity data
	Approach for activity data: Area change

	1. Non-spatial country statistics (e.g. FAO) – generally gives net change in forest area

	2. Based on maps, surveys, and other national statistical data

	3.Spatially specific data from interpretation of remote sensing data



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. As this approach only identifies the net change in forest area, it is unsuitable for monitoring deforestation/degradation as it is unable to distinguish between gross and net changes in land cover.  
Approach 2 involves tracking of land conversions between categories. Under Approach 2, the counterbalancing effects of areas of reforestation and deforestation are identifiable.  
Approach 3 extends Approach 2 by using spatially explicit land conversion information; thus allowing for an estimation of both gross and net changes in land categories.  

Approach 3 is the only practical approach that can be used for REDD implementation.  
3.3.1.4 Emission factors
Emissions factors take into consideration three factors:

· gases, 

· pools, and 

· Tiers. 

Each one of these factors will be discussed in this section.

Gases:  Emissions and removals resulting from land conversion are typically determined through the differences in carbon stocks between the initial and final land cover type, reported in metric tons of carbon per hectare (t C/ha) and then converted to metric tons CO2per hectare using the standard IPCC conversion factor.  Deforestation and degradation can also emit non-CO2 gases from decomposition and biomass burning, which have a higher global warming potential than CO2. Default methodologies and factors exist to estimate non-CO2 emissions in the IPCC 2003 GPG-LULUCF and 2006 Guidelines reports.  For REDD, which of these gases will be included remains to be negotiated.

Pools: There are five recognized carbon (C) pools in a forest: 

· aboveground biomass

· belowground biomass; 

· dead wood, 

· litter, and 

· soil. 

A sixth pool: harvested wood products is under discussion. For REDD, which of these pools will be required remains to be negotiated

Tiers:  The assessment of the Emission Factors (changes in carbon stocks) in the various carbon pools of a forest can be obtained at different levels of certainty that are termed Tiers (Table 10).

Table 10.  Summary of the IPCC recommended Tiers that can be used for emission factors.
	Tier
	Data needs/examples of appropriate biomass data

	Tier 1 (basic)
	Default mean annual increment (for degradation) and/or forest biomass stock (for deforestation) values for broad continental forest types—includes six classes for each continental area to encompass differences in elevation and general climatic zone; default values given for all vegetation-based pools

	Tier 2 (intermediate)
	Mean annual increment and/or forest biomass values from existing forest inventories and/or ecological studies.

Default values provided for all non-tree pools

Newly-collected forest biomass data.

	Tier 3 (most demanding)
	Repeated measurements of trees from permanent plots and/or calibrated process models. Can use default data for other pools stratified by in-country regions and forest type, or estimates from process models.


Tier 1 requires no new data collection to generate estimates of the carbon stocks in forests. And values can be obtained from a variety of table given in the IPCC AFOLU report 

Tier 1 data are unlikely to deliver results with sufficient certainty and they also have the potential for bias expressed as over- or under-estimates. Tier 1 estimates thus provide limited resolution of how forest biomass varies sub-nationally and have a large error range (~ +/- 30-70% or more).  Tier 1 also uses simplified assumptions to calculate emissions. 

Tier 2 is similar to Tier 1 in employing static forest biomass information. It 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 forest strata. 

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. Done well, a Tier 2 approach can yield significant improvements over Tier 1 in reducing uncertainties.

Tier 3 is the most rigorous approach. It uses actual inventories with repeated measures of permanent plots to directly measure changes in forest biomass; and/or a number of process models well-parameterized for country specific conditions. Tier 3 can also modify the assumptions about the fate of carbon stocks in woody vegetation following deforestation and degradation and can model transfers and releases among pools that more accurately reflect how emissions are realized over time.

A country may need to consider all carbon pools and greenhouse gases; information on emission sources, and country specific methods and data for key categories. However the principle of conservatism could be applied. In the REDD context, conservatism means that when low uncertainty cannot be achieved, the reported reduction of emissions should be underestimated; or at least the risk of overestimation should be minimized.

Tier 2 is expected to be adequate for commencing engagement with the REDD market but in the long run a complete Tier 3 accounting framework on all GHG emissions can be expected.

3.3.1.5    How are CO2 emissions estimated
The IPCC AFOLU provides details on how CO2 emissions can be estimated.  There are two fundamentally different, but equally valid, approaches to estimating CO2 emissions: 1) the stock-difference approach and 2) gain-loss approach. These approaches can be used to estimate stock changes in any carbon pool (application to the soil pool is limited). 

The stock-difference approach estimates the difference in carbon stocks in a particular pool at two points in time and could be applied to any Tier level of data.  For deforestation where the interest is in gross emissions only, this essentially translates into knowing only the initial carbon stock of the forest.  For degradation, the carbon stock at two points in time would need to be known as shown below: 

Deforestation—CO2 emissions/yr = Area deforested/yr x C stock of forest 

Degradation—CO2 emission/yr  = Area degraded/yr x (C stock non-degraded forest – C stock degraded forest)

Estimating the emissions using the gain-loss method is not likely to be useful for deforestation using Tier 1 or Tier 2 data, but could be used with Tier 3.  The gain-loss method is most useful to estimate emissions for forest degradation using any Tier level of data. Biomass gains would be accounted for with e.g., rates of tree re-growth after removal of biomass (e.g. removal of timber or fuel wood), and biomass losses would be accounted for with data on timber harvests, fuel wood removals, and transfers to the dead organic matter pool, such as woody residues from left after timber harvest.
3.3.1.6    What is Uncertainty?
Estimations of carbon emissions from deforestation/ degradation require not only consideration of area change but also carbon stocks. As described in the previous section, the emissions are estimated as a product of area (obtained from remote sensing data) and a carbon stock value (Tier 1-3 method).  Each tem has errors associated with it and the IPCC AFOLU describes methods for estimating the total uncertainty in the estimated emissions.  Unless both parameters can be estimated with an acceptable level of certainty the least certain measure will affect the overall uncertainty of the assessment.  If the estimates of carbon stocks have high uncertainty and the area change data are at low uncertainty, the resulting emissions estimate will still be highly uncertain. This is shown in Table 11.

Table 11.   Relationship between uncertainty in remote sensing products for area change and uncertainty of carbon stock estimates
. 

	Remote Sensing Uncertainty
	Carbon Stock Uncertainty
	Total Uncertainty

	5%
	30%
	30%

	5%
	20%
	21%

	5%
	10%
	11%


3.3.2   The Situation in Indonesia 

The purpose of this section is to understand how Indonesia is situated with respect to the information required to measure and monitor reductions in emissions against a REL, at an appropriate level of certainty, as interventions would be implemented.  
3.3.2.1   Measuring and monitoring area change
Many individual mapping products for Indonesia have been completed (forest maps of 1986, 2000, 2003 from the Ministry of Forestry). Although quite useful, these maps were not designed for use as systematic monitoring products. Recently, however, the Ministry of Forestry has initiated a systematic forest monitoring program using MODIS/TM satellite imagery to assess deforestation from 2000 to 2006. These data are the principal source used in analyzing the loss of forest that has occurred in each of the forest sectors dealt with in this document.  

The MODIS/TM data used in this analysis only deals with deforestation not degradation. More detailed remote sensing data sources and methods would be required to detect degradation, potentially including high-resolution satellite imagery, radar data, field measurements and other information.  
3.3.2.2   Measuring and monitoring forest carbon stocks 
National Forest Inventory. National inventories of forests, if well designed, can provide data from which high-quality estimates of forest carbon stocks can be made
.  In the mid-1990s, a national forest inventory (NFI) was carried out in Indonesia
.  The focus of the inventory was to build capacity within the Ministry of Forestry to undertake ongoing forest inventory activities and to generate forest resource information for policy formulation and planning at national and provincial levels.  The inventory established plot clusters on a 20 km x 20 km grid and enumerated trees and estimated timber volumes for trees with diameter (dbh) greater than 20 cm.  The report generated stock tables for all forest functional classes and for all provinces.  Permanent plots were also established at the time of the inventory.  At present, there are about 1197 clusters spread all over Indonesia (Table 12).   Provinces in Kalimantan have higher number of cluster than other provinces.

Table 12.  Number of forest monitoring clusters by province

	Province
	Number of clusters
	Province
	Number of clusters

	NAD
	30
	Kalimantan Tengah
	96

	Sumatera Utara
	33
	Kalimantan Timur
	222

	Riau
	90
	Kalimantan Selatan
	37

	Sumatera Barat
	45
	Sulawesi Utara
	21

	Jambi
	47
	Gorontalo
	10

	Bengkulu
	18
	Sulawesi Tengah
	54

	Sumatera Selatan
	44
	Sulawesi Tenggara
	42

	Bangka Belitung
	0
	Sulawesi Barat
	0

	Lampung
	10
	Sulawesi Selatan
	42

	Banten
	3
	Bali
	17

	Jawa Barat
	6
	Nusa Tenggara Barat
	33

	Jawa Tengah
	0
	Nusa Tenggara Timur
	52

	DI Yogyakarta
	0
	Maluku Utara
	0

	Jawa Timur
	4
	Maluku
	49

	Kalimantan Barat
	122
	Papua
	70


This was a large effort, and if the original field data were available, they could provide a good resource for generating estimates of carbon stocks of different forest types, especially protection/conservation forests—tools and models exist for converting such field inventory data to carbon stock estimates using generic allometric regression equations
.  Such inventory data could also be used to provide a first order estimate of the impact of logging on carbon stocks as well because the inventory measured plots in both logged and unlogged forests. However, the data were collected in the early to mid-1990s and so are about 10+ years old and for other forest functional classes may be of limited use.  Furthermore, to make good estimates, access to the original field data would be needed to better address the biomass in the larger trees and the location of the plots.
Other data sources. Other efforts by a variety of organizations, such as CIFOR, universities or NGO’s, are occurring in Indonesia and data on carbon stocks of forests are being collected.  Until there is clarity and consistency in the methods used to collect or convert these various data sources to estimates of carbon stocks in forests the usefulness of these efforts will be limited.  Good first steps towards improving the current situation would be for the Ministry to establish common protocols for its research partners which insisted on including geographic coordinates capable of entry into a GIS data base and the application of  IPCC guidance in the AFOLU and GPG reports..  

Current efforts by the MoFr to collect field data on carbon content in forests need to make clear the methods and standards being used to ensure it is consistent with international trends. This step could then logically lead to a broader working group among partners to coordinate national multi-stakeholder efforts.  

3.3.3   Challenges to achieving readiness  

In order to enhance readiness, the Ministry of Forestry should consider reviving the National Forest Inventory (NFI). The NFI would gain from more plots, especially in those forest classes under most threat of being deforested, or those showing highest deforestation rates in 2000-2005 (Production Forests, Convertible Forests and those not under the jurisdiction of the MoFr). These extra data would improve the accuracy and precision of estimates.

There is little to no data on other carbon pools specific to Indonesia. For example, conversion of forest to non-forest results in losses of soil carbon but data for estimating this source of emissions for Indonesia is lacking. Further data are needed to improve the emission factors for draining and burning peat when peat swamp forests are deforested. For example, data on CO2 emissions from peat swamp forests is needed to determine how emissions vary as a function of the conversion process such as ditching and draining to varying depths. Emissions from fire in peat swamps are based on one study, and clearly more studies are needed on the depth of peat that is consumed in a fire

Forests should be classified into classes that have significance for carbon measurements and can be distinguished from or linked to satellite or aerial imagery. To produce carbon stock estimates that have low uncertainty, categories could be based on biophysical factors (e.g. climate or elevation) and human disturbance factors (e.g. previously logged, mature, young secondary). A potential classification of Indonesian Forests, has been analyzed  in  the IFCA studies to express the variability of forests in these terms. However, this classification has not yet been tested to determine how well it reflects measurable variation in carbon stocks of forests. There are also questions as to whether the categories could be distinguished with available imagery, as the tools and technologies to enable detection of detailed forest classes are still in development. Tools exist that can be used with remote sensing imagery to identify areas being logged but require frequent and high resolution acquisition at least annually for the analysis. Alternatively, the presence of logging associated infrastructure, such as roads and skid trails, can be used to infer the presence of logged forests. Guidance on methods for measuring, monitoring and reporting emissions are presented in a sourcebook of methods and procedures
.

Indonesia is faced with a large challenge if it is to engage in reducing emissions from forest degradation as no experience exists in monitoring and measuring areas of degraded forests on a regular basis and little data exist on the impacts of harvesting on carbon stocks.  The current effort in remote sensing analysis only monitors deforestation—methods exist for monitoring logging
 for example, but they have not been widely used. Clearly to develop a monitoring system for forest degradation would require training and testing of these methods fin Indonesia and the acquisition of more detailed satellite data and air photos.. 

The NFI did place plots in logged and unlogged forests and these data could provide a starting point for developing a method for estimating emissions from timber harvesting using the stock-difference method of accounting.  However, other methods are available that could improve monitoring emissions, for example, CO2 emissions from timber harvesting are highly related to timber extraction rates and practices, and within Indonesia extraction rates vary.  A challenge for Indonesia is to quantify the relationships between harvesting practices and CO2 emissions. Such data could be used to investigate how timber extraction practices might be changed to reduce CO2 emissions from this activity.

� Total error is estimated by the “propagation of errors” method recommended by the IPCC AFOLU.
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