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5. Analysis of MRV System for REDD+ 

5.1. Objectives of the MRV System 
The objectives of the MRV (measurement, reporting and verification) system in REDD+ are to measure 
and provide forest carbon stock data arising from REDD+ activities and valid enough for credit trading, etc. 
and to build a system for verifying the reliability of said data. The scope of MRV in the REDD+ 
mechanism is broad and complex. On conditions for greenhouse gas inventory reporting in the United 
Nations Framework Convention on Climate Change with REDD+ terminology, the following five factors 
are important (Haruto Tanabe (2010)):  

(1) Transparency : methods and data used for calculating forest carbon stocks must be clarified in a 
manner that is verifiable by third parties.  

(2) Consistency : it is necessary to prepare data using a consistent methodology for all target years in 
order to enable increases and decreases in the forest carbon stock to be 
appropriately assessed.  

(3) Comparability : it is necessary to enable calculation results to be compared between countries 
according to internationally agreed items concerning methodology for calculating 
forest carbon stock, etc.  

(4) Completeness : it is necessary to ensure that there are no leaks in the calculation and reporting of all 
target forest carbon stocks.  

(5) Accuracy : it is necessary to conduct calculation in such a way that forest carbon stocks are not 
over-estimated or under-estimated and uncertainty (error) is minimized.    

Various models of MRV system that satisfy these conditions can be considered. Here, by integrating the 
outcomes of research and development outcomes hitherto achieved in the Study, assuming that the MRV 
system comprises forest resources survey for supporting overall forest resources management (not only 
REDD+) policy and monitoring changes in forest resources, the entire system was examined.  

Moreover, the following agencies are considered as users of the data geared to MRV system construction:  

- Central government agency : management of nationwide forest resources  
- Provincial level agencies : management of provincial forest resources  
- District level agencies : management of district level resources  
- Villagers (landowners) : gauging of resource reserves in terms of the parties engaged in forest 

management 
- Emissions traders : gauging of resource reserves as REDD+ stakeholders  

Furthermore, users here refer to online use (searching for data on computers, etc.) and offline (using 
outputted maps, etc.) use of related information (data) in various forms, and the purpose of the MRV 
system exists in satisfying these user needs. Figure 5-1 shows the overall concept and objectives of the 
MRV system.  
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Figure 5-1  Concept and Objective of the MRV System in REDD+ 
 

5.2. Configuration of MRV System Conditions 
The following items have been configured as required conditions in the MRV system.  

(1) As a rule the system shall comply with IPCC guidelines and guidance criteria, etc.   

(2) It shall be a study system that is based on the major (Level 1) six-fold classification of land use 
categories (①  forest, ②  cropland, ③  grassland, ④  wetlands, ⑤  settlements, and ⑥  other 
land) necessary for gauging the forest carbon stock based on the mode of land use in REDD+. Here, 
the following definition that is adopted in Lao PDR is applied when referring to forest.  

<Definition of forest in Lao PDR> 

- Tree height: 5 m or higher 
- Crown density: 20% or higher  
- Area: 0.5ha or greater  

(3) It shall be possible to gauge changes in land use divisions. (Yearly monitoring is desirable, however, 
realistically, monitoring frequency of once every two years, which is internationally discussed as the 
MRV frequency for developing nations, is assumed).   

(4) It shall be possible to gauge five (or six) types of carbon pool: ① above-ground biomass, ② 
belowground biomass, ③ dead wood, ④ litter, ⑤ soil, and ⑥ cut timber products). In the Study, 
since emphasis has been placed on gauging the above-ground and belowground biomass, default 
values shall be used for other categories with a low degree of contribution to emissions for the time 
being, and they shall not be included in the examination in this section.  

(5) It shall be possible to provide data according to the needs (use level) of MRV system users. (Data are 
provided at levels of detail according to the national level, sub-national (provincial) level and project 
level (districts, villages and projects, etc.).  

(6) A quality control mechanism shall be incorporated. Accuracy is an important element, however, 
consideration shall also be given to the stable guarantee of accuracy.  

(7) The system shall be economically valid. (Remote sensing technology using satellite images, etc. is 
combined with filed survey. Existing data, etc. are utilized as much as possible.).  

(8) The system shall have reasonable technical viability.    

(9) The system shall be reasonable in terms of operation and schedule.   

(10) The system shall enable basic data that are used, prepared and collected within routine forest 
management operations, etc. to be stored and consolidated.   
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(11) In addition to information measurement, collection and monitoring functions for forest management, 
the system shall be equipped with policy support functions based on future forecasting of forest 
depletion and changes in land use.   

5.3. Conceptual Design of MRV System 
Functional requirements of the MRV system have been specifically configured according to each item as 
follows.  

(1) Classification survey of the five categories of land use 

1) Land use/cover survey utilizing medium resolution satellite images  

- Use of LANDSAT (ground resolution 30 m), SPOT (ground resolution 10 m and 20 m) and 
ALOS/AVNIR2, etc. satellite images  

- Preparation of provincial land use/cover survey maps  
- Integration of provincial level survey data into national level survey  

2) Preparation of initial inventory data for the forest GIS database 

- Preparation of GIS base map (basic topographical map data for forest management) using 
ALOS/PRISM images   

- Ortho images (resolution 2.5 m (ALOS/PRISM) or 10 m (ALOS/AVNIR2, etc.) 
- Preparation of DSM (DEM) (20 m interval grid, SRTM3 (90 m) /GDEM (30 m)) 

3) Configuration of forest resources management compartments in units of basins (parcels)  

- Automatic configuration of forest resources management compartments in basin units using DSM 
(DEM)   

- Correction and utilization of existing DEM such as SRTM3 and GDEM  
- Configuration of a forest resources management compartment manual in differing types of area, for 

example, flatland, limestone rock and so on  

4) Implementation of tree height measurement at sample points (parcel units) geared to improving the 
accuracy of forest carbon stock estimation and enhancing the efficiency of forest site surveying  

- Use of stereo images such as ALOS/PRISM, etc.  
- Use of existing aerial photographs  

5) Preparation of forest compartment maps on the project level 

- Preparation of detailed forest compartment maps (small basin forest compartments) using 
ALOS/AVNIR2 and ALOS/PRISM, etc.  

- Forest resources management based on forest compartment maps/forest registers  

6) Collection of ground truth in land use/cover maps based on field surveys   

- System building for enhancing the accuracy of initially prepared land use/cover maps  

7) Configuration of ground truth based on existing materials such as aerial photographs and 
topographical maps, etc.  

- System building for enhancing the accuracy of past satellite image analysis in setting baseline for 
forest carbon stock, etc.  

- Use of existing aerial photographs and topographical maps, etc. from the 1990s and 2000s  

8) Forest survey for estimating carbon stocks and inventorying land use/cover  

- Construction of the sampling survey structure in forest survey  
- Standardization of the forest plot survey method   
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9) Preparation of land use/cover maps based on multi-temporal satellite image analysis for analyzing the 
forest carbon stock baseline (four periods are preferable) 

- Land use/cover survey according to forest resources management compartments (parcels)  
- Survey of forest types (or biomass classes) 
- Quantitative survey of crown density   

10) Baseline setting for forest carbon stock 

(2) Monitoring of changes in land use categories 

Ideally speaking, it is desirable to conduct monitoring once per year, however, realistically, monitoring 
once every two years shall be considered. (Meanwhile, it will be necessary to carefully observe discussions 
on the most appropriate monitoring frequency within the international debate on the REDD+ mechanism).  

1) Establishment of a system for monitoring land use changes using low resolution satellite imagery 
(MODIS, etc.)  

2) Monitoring that uses medium resolution satellite imagery in areas where the above changes are large 

3) Integration of information on land use changes based on the accumulation of data (for example, 
materials used in application for authorizations, etc.) prepared or collected in routine forest 
management work and data obtained in field surveys   

(3) Monitoring of the five (six)-type carbon pool 

1) Construction of a mechanism for improving the accuracy of survey of forest types referred to as 
biomass classes)  

2) Configuration of default values regarding carbon pools other than above-ground and belowground 
biomass  

(4) Construction of a quality control mechanism 

(5) Provision of data according to the level of MRV system user needs 

A GIS system capable of providing data according to user needs on the national, sub-national (provincial) 
and project (separate project, district or village) levels is considered with the following elements:  

1) An aggregate statistics system for forest resources, land use/cover and forest carbon stocks, etc. on the 
national level based on a grid (lattice of 10 km intervals roughly aligned with the FAO standard 
survey grid).  

2) Aggregate statistics indicating land use changes in units of catchment areas on differing levels  

3) Aggregate statistics based on area divisions of conservation forest, protected forest and productive 
forest  

4) Management and aggregate statistics of projects for forest plantations based on forest compartment 
maps and forest registers  

5) Management of land use planning (zoning information, land allocation) data   

6) Management of land tenors (in Lao PDR, since forest land registration is hardly implemented at all, 
land divisions comprise large-scale compartments of concessions, etc. Moreover, it will be necessary 
to adopt the villages, etc. to which REDD+ credits are allocated as land tenor owners and so on).   

(6) Realization of an economically valid system 

The following kind of survey system is constructed through combining satellite remote sensing technology 
and ground surveying, etc.  

1) Construction of a survey system based on use of medium resolution (30~10 m) satellite imagery 

2) Improvement in efficiency of field surveying (forest survey) based on use of ALOS/PRISM and 
ALOS/AVNIR2, etc.   
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3) Improvement in efficiency and accuracy of field survey based on combination of forest survey and 
three-dimensional measurement such as ALOS/PRISM, etc.   

(7) Technically valid system  

1) The envisaged scope of software and equipment 
2) The scope of operable technology  
3) Mechanism that appropriately combines digital technology and analog technology  

(8) A valid system in terms of operation and schedule  

1) The system should allow for automatic processing as much as possible and enable monitoring work to 
be completed in a reasonable time (it should be possible to survey the entire area in around two years).  

2) Operation and processing should be possible with the envisaged equipment and personnel 
(appropriate configuration of functions on the central (FIPD), provincial (PAFO) and district (DAFO) 
levels).   

(9) Preparation of policy support functions based on future forecasting of forest depletion and land use 
changes, etc.   

1) Based not only on satellite image analysis and field survey data but also socioeconomic survey data, 
development activity and infrastructure development data, etc., the system shall be able to conduct 
future forecasting of medium to long-term changes in forest cover and policy support of REDD+ and 
forest management.  

2) Functions for forecasting future changes in forest cover and land use based on Monte Carlo simulation 
using the CA model should be prepared.   

3) Mechanism for setting and collecting geospatial data, socioeconomic survey data and social 
infrastructure data, etc. necessary for conducting simulation analysis of future forecasts  

(10) Preparation of reporting functions in the REDD+ mechanism 

1) In national level reports, grid sample points (10 km x 10 km) and provincial unit statistical totals 
(including transitions and output of distribution maps) according to the report grid (grid of 1 longitude 
and latitude degree (equivalent to 25 km)) of the FAO Global Forest Resources Assessment   

2) On the provincial level, preparation of reports (output of distribution maps) showing land use/cover 
and forest carbon stock totals (including transitions) according to administrative district (village), 
main watershed and level 

3) On the project and district levels, preparation of reports (output of distribution maps) showing land 
use/cover and forest carbon stock totals (including transitions) according to administrative district 
(village), watershed and level 

4) On the village level, preparation of reports (output of distribution maps including transitions) showing 
land use/cover and forest carbon stock totals according to watershed (inside the administrative 
district) and level 

Moreover, since data in administrative boundaries are frequently not based on accurate survey, it may be 
necessary to upgrade data as the need arises.  

Also, according to GOFC-GOLD (2009), the standard contents that should be reported on changes in forest 
carbon stock based on forest depletion are as indicated in Table 5-1, and details regarding these will be 
configured while referring to available materials. The contents that should be reported are broadly divided 
into items concerning greenhouse gases (forest carbon stock) and items concerning land use.  

(11) Preparation of verification functions in the REDD+ mechanism 

The purpose of verification in the REDD+ mechanism is to independently assess the accuracy of reported 
data in order to build the reliability of information on forest carbon stock (IPCC, 2003). The following 
items can be considered regarding the system for conducting verification.  
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1) Prepare and disclose materials concerning the data processing method and analysis method and secure 
accountability and transparency.  

2) Verification based on internal audit 
3) Verification by third party agencies, etc.  

In construction of the MRV system, in the initial stage it is necessary to advance examination of concrete 
methods and specifications while considering the adopted method of verification (MacDicken (1997), 
etc.)).   

Table 5-1  Standard Report Contents in IPCC Guidance (GOFC-GOLD, 2009)  
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5.4. Designing of the Forest GIS Database for the MRV System  
In order to realize the MRV system, it is necessary to establish the necessary environment comprising 
forest resources information preparation technology, GIS and image processing system and data 
communications facilities, etc. and at the same time prepare the personnel and setup for operation. Here, 
based on the outcomes obtained in the Study, examination was conducted on the major items concerning 
geospatial information preparation and forest GIS database preparation geared to the core REDD+ and 
forest resources management.  

5.4.1. Preparation of Basic Data 

(1) Preparation of basic land use/cover maps (wall-to-wall maps) 

As was summarized in Chapter 2, land use/cover maps prepared using remote sensing technology that is 
fundamental to monitoring forest carbon stocks are as follows.  

➣ Based on medium resolution satellite images by LANDSAT and SPOT, etc., prepare wall-to-wall land 
use/cover maps.   

➣ Adopt 30 m as the standard ground resolution. (Satisfy the forest definition of 5.5 pixels per 0.5 
hectares)  

➣ Adopt the following categories for land use and land cover maps (raster data) (if the land use 
categories described in section 5.2 are regarded as Level 1 items, these categories are Level 2 items):  

- Current Forest 
- Unstocked Forest 
- Grass Land 
- Ray 
- Agricultural Land 
- Rocky Land 
- Water 
- Residential Area 
- Other 

➣ Classification of forest type (provisional biomass class): Rich, Medium, Poor (as there is thought to be 
a correlation with tree crown density and tree height classes, develop a related indicator).  

➣ Configuration of a network of land use and ground forest sample survey points  

As part of the quality control mechanism for verification in the MRV system, use satellite images to 
configure a ground truth survey network for securing quality (improving quality) of land use/cover 
maps and estimating forest carbon stocks.   

➣ Configuration of the tree height measurement network at sample points using three-dimensional 
images from ALOS/PRISM, etc.   

(2) Preparation of forest degradation assessment maps (wall-to-wall maps)  

➣ Using LANDSAT and SPOT images, etc., prepare forest degradation maps indicating forest 
degradation zones and so on. (Further research needs to be advanced concerning the mapping of forest 
degradation).   

(3) Preparation of initial data for the forest GIS database 

➣ Preparation of forest GIS base maps using ALOS/PRISM images, etc. 
➣ ALOS/PRISM ortho images (2.5 m resolution) 
➣ DSM/DEM preparation (20 m grid), SRTM3/GDEM correction and utilization 
➣ Preparation of forest resource management base maps (roads, bridges, rivers, water areas, public 

facilities, paddies, permanent cropland, villages) in units of watersheds 
➣ Forest management classification maps (protected forest, conservation forest, productive forest) 

(Figure 5-2)   
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Figure 5-2  Forest Management Classification Map as the Envisaged Data Source  
(Example of Pakxeng District in Louangphabang Province)   

 
5.4.2. Configuration of the National Level Reporting Framework 

Reporting in the MRV system is primarily based on forms, however, when examining measures for forest 
resources management and so on, it is effective to construct a reporting framework that is linked to maps, 
etc. Examination on the reporting framework was conducted as described below.  

➣ Configuration of a grid roughly corresponding to the sampling framework of the FAO global forest 
survey but with higher density   

The FAO grid is configured to 1 degree intervals (longitude and latitude) and statistics on forest resources 
are reported over range of 10 km x 10 km including intersections. However, if this system were applied to 
Lao PDR, as the number of sample points would be extremely limited, it is necessary to configure a more 
detailed grid. One method for doing this is to configure a grid with interval size of around 0.125 degrees 
(corresponding to an arc length of around 10 km in Lao PDR). In this case, from a practical viewpoint, it is 
better to adopt a map projection coordinate system such as the UTM coordinate system rather than a 
geographical coordinate system based on longitude and latitude. Figure 5-3 shows the 10 km grid for the 
whole of Lao PDR and an image display of totaled results.  

 

Figure 5-3  10 km Interval Grid and Image of Totaled Results 
 

Forest management 
classification 

Protected Forest 
Conservation Forest 

Productive Forest 
Regenerated forest 

Stocked forest 
Residential Land 



5-9 

5.4.3. Construction of Database for Forest Management on the Provincial Level  

(1) Configuration of the forest management system in units of watersheds 

The MRV system mainly constitutes measurements and data management on the provincial level. In the 
current situation, since hardly any accurate boundary data are prepared in units of villages, here the 
watershed boundaries and administrative boundaries were configured as the basic units of forest 
management, and the corresponding system was examined as indicated below.  

Figure 5-4 indicates the network of major rivers in Lao PDR superimposed over provincial boundaries. 
Watersheds are divided according to administrative boundaries, for example, the Mekong River is Level 0, 
followed by Levels 1 and 2, and the smallest management compartments (forest parcels) are configured 
according to villages.  

 

Figure 5-4  Major River Network and Provincial Boundaries in Lao PDR 
(edited from forest GIS data prepared by the FIPD) 

 
(2) Configuration of automatic/semi-automatic preparation of watershed division maps using DSM/DEM 

When preparing watershed division maps for forest management, DSM, etc. prepared from topographical 
maps (basically on a reduced scale of 1/100,000), SRTM3, ASTER/GDEM and ALOS/PRISM are used. 
Moreover, when preparing watershed boundary lines, (preparation of polygon data), two possible methods 
can be considered, namely the manual method in which ridge lines and valley lines are read from contour 
lines on topographical maps, etc. and their positions are digitized, and the method in which topographical 
analysis is conducted from DSM/DEM data, ridge lines and valley lines are extracted and water catchment 
area boundaries are mapped by automatic processing.  

Here, data on forest management units (compartments) were prepared on a trial basis using data from two 
pilot survey areas. 

1) Trial preparation of watershed boundary polygon based on DEM data 

Figure 5-5 shows a black and white representation of SRTM3 DEM (grid numerical elevation data at 90 m 
intervals) elevation in the pilot survey areas of Louangphabang Province and Khamkeut District in 
Bolikhamxai Province. SRTM3 DEM elevation data is reputed to be accurate to around 30 m (RMSE), 
however, on checking quality based on the difference with measured elevation by ALOS/PRISM 
three-dimensional photogrammetry described later, accuracy was found to be roughly 15~20 m (RMSE) in 
almost all areas apart from areas of precipitous limestone terrain, thus making it sufficiently accurate to 
extract watershed boundaries. However, in the said areas of precipitous limestone terrain, since major 
differences of 100~150 m were sometimes displayed, it was necessary to make partial corrections in use.  

Mekong River 

Other Major Rivers 

Provincial Boundaries 
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Figure 5-5  SRTM3 DEM for Louangphabang Province and Khamkeut District in Bolikhamxai Province 
 
In order to verify the validity of watershed boundary mapping from such DEM data, an experiment was 
conducted to prepare watershed boundaries by the following three methods:  

- Method using watershed boundary automatic extraction software    

- Method by which watershed boundaries are mapped upon interpreting images enhancing the 
topographical features of DEM data  

- Manual method by which watershed boundaries are mapped through three-dimensional 
photogrammetry using ALOS/PRISM and a digital plotter (only implemented in Khamkeut District in 
Bolikhamxai Province)    

(A) Method using software for automatically extracting watershed boundaries from DEM data  

Hydrological analysis software is one of the software applications available for conducting GIS spatial 
analysis. This includes a function for preparing water catchment areas and river system data from DEM 
data at optional points, and this was used in the experiment. The procedure for conducting watershed 
analysis is generally as follows:  

- Filling of depressions (parts where water accumulates and doesn’t run off) on DEM data  
- Calculation of unit streamline directions on each DEM grid  
- Calculation of streamlines from each grid 
- Calculation of the river network  
- Calculation of basin boundaries (polygon data) based on configuration of minimum watershed area  

Figures 5-6~5-9 show an example of forest management compartments prepared for units of watersheds 
upon applying software to SRTM3 data for automatically extracting watershed boundaries.   
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Figure 5-6  Watershed Boundary Analysis Results and Main River Network in Louangphabang Province 
 
The area of Louangphabang Province is approximately 20,000 km2 and this is divided into 1,100 small 
watersheds (with area ranging from 92~1 km2 and average area of 17.5 km2). As is shown in Figure 5-6, 
the watershed boundaries vary according to the extent of valley density. Upon dividing each watershed into 
a left bank and right bank, the final forest management area is divided into approximately 2,000 
compartments (approximately 10 km2 (1,000 ha) per compartment).  

The method that uses the watershed automatic extraction software is extremely efficient and generally 
provides good results, however, because the mapping accuracy of watershed boundaries is dependent on 
the quality of DEM and the accuracy of extraction declines especially on flatland, it is inevitably necessary 
to conduct correction by the manual method using topographical maps, etc.  

(B) Method by which watershed boundaries are mapped upon interpreting images enhancing the 
topographical features of DEM data 

Figure 5-7 shows an example in which watershed boundaries in Louangphabang Province have been mapped 
upon preparing a map from DEM data in which topographical features have been enhanced (red relief image 
map) and interpreting the said image. The mapping method provides good results, however, the mapping 
process is time-consuming. 

 

Figure 5-7  Image of Topographical Feature Enhancement and Watershed Division Map Prepared  
by the Manual Method for Louangphabang Province (Level 3 is only shown for Pakxeng District)  
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2) Comparison of watershed boundary mapping methods 

In order to examine the merits and demerits of forest management compartment (watershed boundary) 
mapping using DEM data, an experimented was conducted on Khamkeut District in Bolikhamxai 
Province). 

Figure 5-8 shows the results of watershed boundary automatic extraction using the SRTM3 DEM and 
watershed analysis software indicated in ① (targeting the south of Khamkeut District), and concerning the 
limestone mountain area, it shows the watershed division map based on the manual method of correcting by 
means of ALOS/PRISM image three-dimensional photogrammetry and conducting supplementary 
configuration of flatland compartments by superimposing satellite images, etc., and the results of the 
manual method entailing watershed boundary mapping based on three-dimensional photogrammetry using 
the ALOS/PRISM and a digital plotter.  

 

 

(a) Results based on the automatic 
watershed division method 

(b) Results based  
on the manual method 

(c) Watershed division map based  
on ALOS/PRISM images 

Figure 5-8  Experimental Results of Forest Management Compartment Configuration based  
on Watershed Division Methods (Khamkeut District in Bolikhamxai Province) 

 

Assuming the results obtained by the manual method to be the most valid, these experimental results were 
compared with the results of other methods, thereby producing the following results.  

- In mountain areas, there is no major disparity regarding major watershed boundaries in any of the 
methods.  

- In the automatic watershed division method, due to the effects of error in the used DEM elevation 
data, there are parts of the flatland that require correction of compartment lines. 

- In the automatic watershed division method, on inclined surfaces, etc. with low valley density, since 
compartments become too large, it is necessary to conduct finer division and so on.  

- The size of compartments varies with the density and size of valleys according to the topographical 
and geological conditions. As a result, compartments are too small on mountainous land close to 
flatland (villages), whereas single compartments (watersheds) become too large in mountainous land 
away from inhabited areas. Such a result is valid in terms of forest management.  

- Upon superimposing the existing SRTM3 DEM on the ALOS/PRISM three-dimensional image using 
a digital plotter and checking the difference, accuracy of the SRTM3 DEM was found to be roughly 
15~20 m (RMSE) in almost all areas apart from areas of precipitous limestone terrain, thus making it 
sufficiently accurate to extract watershed boundaries. However, in the said areas of precipitous 
limestone terrain, since major differences of 100~150 m were sometimes displayed, it was necessary 
to make partial corrections in use.   

Number of  
compartments : 125 
Mean area : 19.4 km2 

Number of  
compartments : 191 
Mean area : 23.0 km2

Legend 
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- Watershed boundary mapping by the three-dimensional photogrammetry of ALOS/PRISM, etc. is 
thought to be the ideal method in terms of both accuracy and flexibility for selecting the compartment 
boundaries. However, since configuration of forest management compartments by the manual method 
requires a lot of man-hours, it is necessary to conduct fine-tuning in application.   

- It is effective to superimpose satellite images and 1/100,000 topographical maps, etc. onto flow line 
maps prepared from DEM data, configure watershed divisions and forest management compartments 
of flatland and check results. Figure 5-9 shows an example of this.  

(a) Superimposition of flow lines  
and watershed boundaries  

(b) Superimposition of topographical map  
and watershed boundaries  

(c) Superimposition on satellite image  

Figure 5-9  Compartment Line Determination and Inspection Method  
in Preparation of Watershed Boundaries using DEM  

 
- The area of the villages is roughly 10~20km2 according to data obtained in the village boundary 

survey in Louangphabang Province. In the experimental data example shown in Figure 5-8, the mean 
area is approximately 20 km2. The question of how large to make the appropriate forest management 
compartment is an issue that will require further examination.  

- In areas of flatland forest, plains and limestone plateaus, etc., it is necessary to have criteria for 
configuring management areas in consideration of river systems, terrain, roads, land use, 
administrative boundaries and management area boundaries, etc.   

(3) Preparation of a database of forest management units (compartments) attributes   

Attribute data (see the table) are conferred to watershed boundary graphic data prepared as forest 
management compartments, and the data required for reporting on each compartment are managed as the 
forest register.  

Table 5-2 shows the items (draft) that can be considered for the attribute data table of forest management 
compartments. Since it will be difficult to prepare data for all the items shown here and there will be items 
with deficient data, these contents are here presented as a primary proposal.  
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Moreover, in mounting onto the GIS, detailed examination is required concerning criteria, etc. for the 
coding of data items. (Rows have been transcribed in consideration of display).  

Table 5-2  (Draft) Items of the Attribute Data Table for Forest Management Compartments on the Provincial Level 

Compartment ID 
Province ID 
District ID 
Village ID 
Other ID (land manager or owner) 
Watershed level 0ID 
Watershed level 1 ID 
Watershed level 2 ID 
Watershed level 3 ID 
Watershed level 4 ID 
Compartment area 

Compartment location and 
properties  

Longitude 
Latitude 
UTMX 
UTMY 
Elevation 
Mean slope 
Aspect 

Survey year and month (1)

 

L
and use/cover categories 

Level 1 Level 2 Level 3
Forest 1 Current Forest

Forest 2 Unstocked Forest
Forest Plantation

Cropland Agricultural Land
Ray 

Grassland Grass Land

Marshland Water
Wetland 

Settlement  Residential Area

Other land Rocky Land
Other Land

 Forest management division 
Protected forest, Conservation forest, 
Productive forest, Other type  

Name

 

F
orest division inform

ation 
Main tree species in forest (optional)
Forest type classification  
Crown density  
Forest division (rich, medium, poor)

Tree height  
Forest plot survey tree height
Tree height based on satellite 
photogrammetry, etc.  

Forest age 
Forest soil, geology, level 
Forest degradation information 
Village name
Forest survey plot No.   

 

C
arbon pool 

Above-ground biomass 
(Belowground biomass) 
(Dead wood)
(Litter) 
(Soil) 
(Other) 

Monitoring survey  S
urvey 

results

Year Type of change in land use/cover
Year Type of change in land use/cover
  

 Survey year (2) 
 Survey year (3)  
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Moreover, within the data indicated in the attribute data table, forest survey data, etc. are managed with 
links to data stored in other databases as the need requires. The same also applied to the results of 
monitoring survey.  

The attribute data table is added to with each survey, thus enabling land use/cover changes over time in 
each forest management compartment to be monitored and reported.  

(4) Output image of forest management GIS on the provincial level  

Figures 5-10 and 5-11 show output images of forest management GIS report materials on the provincial 
level. The various data managed as attribute data are used in order to prepare report materials from 
Thematic maps and support forest management policy.  

 

Figure 5-10  Superimposition of the Watershed Division Map and Land Use/Cover Maps  
for Three Periods in Louangphabang Province   

 

 

Figure 5-11  Preparation of Forest Management Thematic Map (example of map showing changes  
in land use/cover forest area in each compartment)  

 
5.4.4. Preparation of Forest GIS Database for Forest Management on the Project Level 

and District Level, etc. 

Forest management databases on the project level and district level, etc. are effective when registering as 
voluntary carbon offsets in REDD+. Contents of such databases have been examined as described below.  

(1) Preparation of forest GIS base map 

Regarding the form of forest GIS databases in forest management of narrower areas on the project level and 
district level, etc., it is possible that the size of the forest management compartments will become smaller, 
however, forest management compartments based on watersheds examined on the provincial level are 
assumed. Preparation of basic data for forest GIS databases is basically as follows.  

- Prepare a forest GIS simple base map on a scale of around 1/25,000 using ALOS/PRISM, etc. 
- Assume catchments areas or finely divided regions as the forest management compartments.  

Figure 5-12 shows the example of a base map that selects a relatively small forest compartment boundary 
that was prepared last fiscal year. The size of this management compartment is adjusted according to the 
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objectives and targets of the project and forest management. As a rule, each watershed boundary is 
assumed to be a management compartment boundary.  

 

Figure 5-12  Example of a Forest Compartment Base Map  
 
(2) Interpreting and measurement of tree height and forest type, etc. in forest compartments 

In addition to preparing the forest GIS base map, attribute data such as mean tree height and forest type in 
each management compartment are interpreted and measured. Figure 5-13 shows the image derived from 
materials prepared in last year’s Study.   

 

Figure 5-13  Measurement of Average Tree Height in the Forest Management Compartment  
 
(3) Preparation of attribute data table 

The attribute data in forest management compartments (forest compartments and parcels) are the same as 
attribute data in management compartments on the provincial level as shown in Table 5-2.  

(4) Preparation of forest GIS Thematic maps on the project and district levels, etc.   

Using the forest GIS functions, it is possible to map various data that are recorded as attribute data.  

Moreover, since it is likely that users on the project level and district level lack resources and training for 
information processing, paper maps should basically be adopted in output and distribution activities. 
Moreover, it is necessary to conduct training and education on how to use maps.  

Figure 5-14 shows images of thematic maps.   

Legend 

Red lines: Tree height 
measurement locations
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(a) Tree height distribution map (b) Carbon stock distribution map 

Figure 5-14  Images of Forest Management Thematic Maps on the Project and District Levels, etc.  
 

5.5. How to Measure Forest Carbon Stock 
In the MRV system, it is also necessary to configure the forest carbon stock measurement method and 
method for monitoring changes in carbon stock over time. The main items are as follows.  

(1) Preparation of land use/cover maps utilizing LANDSAT and SPOT images, etc.   

Consolidate the basic items concerning how to prepare land use/cover maps, which provide the basis for 
monitoring the forest carbon stock (see Chapter 2 in this report). 

(2) Technical criteria for forest survey on site 

Compile the technical criteria for forest survey (see Chapter 4, Section 4.1). 

(3) Preparation of technical criteria for the forest carbon stock calculation model   

Compile criteria concerning the model and technique for calculating the forest carbon stock (see Chapter 4, 
Sections 4.2, 4.3, 4.4 and 4.5).   

(4) Method of estimation of forest carbon stocks other than above-ground and belowground biomass 

Consolidate methods upon assuming that default values will be used for carbon stocks other than 
above-ground and belowground biomass for the immediate future.  

5.6. Design of the Deforestation and Forest Degradation Forecasting 
Simulation System   

Assuming that a simulation system for forecasting future forest cover is incorporated into the MRV system, 
it is necessary to consolidate the technical criteria for it. The major items are as indicated below.  

(1) Method for configuring the reference scenario for forest cover change 

Compile the method for configuring the reference scenario for changes in forest cover on the national level, 
provincial level and project level, etc. (see Chapter 3, Sections 3.2 and 3.3).   

(2) Method of future simulation analysis of forest cover change 

- Select the forest cover change simulation model, for example, the MCA model, etc. 
- Geographical and socioeconomic data items collected and used in simulation analysis  
- Geographical area targeted by simulation analysis (see Chapter 3 Section 3.4)   

5.7. Construction of the Forest Monitoring System  
After setting the reference scenario for forest cover, it is necessary to continuously monitor changes in the 
forest carbon stocks targeted by REDD+ on the national level, provincial level and project level, etc. For 

Tree height 
distribution map 
[Legend] 
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this purpose, it is necessary to construct a measurement and reporting system which includes the following 
items:  

- As a method for conducting wide area monitoring on the national level, it is possible to utilize 
high-frequency observation (low resolution) satellite images such as MODIS, etc. (see Chapter 7).  

- Construction of a mechanism for integrating into the MRV system data related to the implementation 
of routine management and measures in the forest targeted by REDD+ 

5.8. Construction of an Integrated System  
The ideal MRV system comprehensively integrates all the functions that have been mentioned so far. For 
that purpose, not only is it necessary to technically prepare each function but also enhance the 
organizational operation level.  

5.9. Construction of the Verification System 
Concerning requirements of the verification system, it is necessary to secure transparency of techniques and 
criteria, build a system for conducting organized internal audit, adopt audits by external third parties and so 
on.  

When constructing the MRV system, it is necessary to examine the overall techniques and technical 
criteria, etc. while considering the eventual verification method.  

5.10. Summary  
So far we have studied the REDD+ MRV system as an integrated system comprising the results of 
technical development and survey conducted in the Study. As may be gathered from the contents of this 
chapter, in order to implement the MRV system, it is necessary to determine the detailed techniques and 
criteria while examining the validity of each item. Such examination of the overall technical structure and 
arrangement of issues in the MRV system is useful for constructing an effective REDD+ mechanism, and it 
will be necessary to construct the MRV system while advancing more detailed study on the items that are 
indicated in this chapter.   




