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1. Outline of the Study 

1.1. Background of the Study 
REDD+ refers to efforts and initiatives for the reduction of greenhouse gas (GHG) emissions through 
vigorously increasing forest carbon stocks based on reducing the deforestation and forest degradation of 
forests and implementing afforestation programs and forest conservation (reduction of deforestation and 
forest degradation based on appropriate forest management) in developing countries. It is anticipated that 
the reduction of GHG emissions enabled by such efforts can be treated as carbon credits in the same way as  
carbon credits from use of renewable energies and improvement of energy efficiency, and consequently be  
used for carbon offsetting, etc.  

This Study geared to construction of REDD+ has been implemented since fiscal 2009 against the following 
background. 

(1) Reducing emissions from deforestation and forest degradation (REDD) in developing countries was 
made an important issue in rulemaking geared to the second phase of the Kyoto Protocol in the Bali 
Action Plan that was agreed at COP13 (December 2007, Bali). At COP15 (December 2009, 
Copenhagen), realizing the importance of REDD, the Parties made reference to establishment of a 
REDD system and established guidance on its methodology, while they adopted the REDD+ 
Partnership at a subsequent conference in Oslo. In this way, the approach to REDD+ has been 
strengthened and accelerated over the years. 

(2) At COP16 in Cancun (December 2010), based on awareness of the importance of REDD+ and the 
need to urgently respond to it, the Parties discussed methods for REDD+ financing, the offset 
mechanism, safeguards for local villages including biodiversity by NGOs, and feasibility based on 
various approaches. 

(3) Regarding the global approach to REDD+, as the movement shifts from the preparatory stage to the 
implementation stage, contents are evolving from projects specific to technology development and 
capacity building to projects geared to the concrete reduction of deforestation and forest degradation 
and testing of the REDD+ MRV system via substantive activities. Within this trend, projects 
purporting to conduct authentication by third parties such as the VCS, etc. are emerging. 

(4) In Japan, the Forestry Agency implemented the Program to Support Understanding of Tropical 
Forests specifically geared to developing a model of tropical forest monitoring and measurement 
utilizing remote sensing technology in fiscal 2008. In the effort to establish the REDD+ system, based 
on awareness that a broader and more comprehensive approach is needed, the Study on the 
Strengthening of Methodological and Technological Approaches for Reducing Deforestation and 
Forest Degradation within the REDD Implementation Framework (this Study) was launched in fiscal 
2009, and various activities targeting Lao PDR have subsequently been implemented. 

(5) As a result, in the Study activities for fiscal 2009, applicable monitoring technology geared to the 
early realization of the REDD+ scheme was developed for the Forest Inventory and Planning Division 
(FIPD), Department of Forestry, Ministry of Agriculture and Forestry of Lao PDR (the implementing 
agency for the REDD+ scheme in Lao PDR), advice was given on the REDD implementation setup, 
proposals were made on the forest carbon stock calculation method, and support was provided for 
reinforcing practical initiatives geared to checking deforestation and forest degradation. Moreover, 
with a view to achieving the early realization of the REDD+ system, upon setting two pilot 
sub-national (provincial) survey areas of differing conditions, technology was developed utilizing 
medium resolution (ground resolution of around 10~30 m) remote sensing technology such as 
LANDSAT and SPOT, etc., geographical information systems (GIS) and ground survey, and support 
was conducted with a view to conducting forest survey and constructing an appropriate forest 
management system. Also, in addition to developing a technique for configuring a baseline for 
alteration in forest carbon stocks based on analyzing multitemporal changes in land use and changes 
in geographical, social and economic environment, technology for simulating and analyzing changes 
in land use based on future forecasting of deforestation was developed with the goal of supporting 
various REDD+ policies. Furthermore, via the above activities, technology transfer and human 



 

1-2 

capacity development were carried out, thereby building a store of technical prowess and enhancing 
practical work capacity. 

(6) Furthermore, in order to clarify the implementation method and position of the Study in fiscal 2010, it 
is intended to display the (draft) implementation flow of the overall Study over five years including 
fiscal 2009 based around the key components of REDD+ consulting, technology development, 
technology transfer and human capacity development, and to extend the achievements of the activities 
to other parts of Indochina, etc. 

1.2. Objectives and Basic Policy of the Study in Fiscal 2010 
1.2.1. Objectives of the Study 

In fiscal 2010, as was also the case in fiscal 2009, the Study objectives were configured as follows with the 
emphasis on reinforcing the REDD+ setup in the target country of Lao PDR. 

① With respect to government agencies and associated research agencies in the forest and forestry 
sector, which are the implementing agencies for the REDD+ mechanism, implement technical 
development regarding state of forest survey techniques, building of basic information on forest 
resources including calculation of forest carbon stock, and techniques for forecasting future changes 
in forest cover, etc. and offer support on the field level.  

② Conduct technical development that utilizes the latest remote sensing technology and GIS and support 
construction of a forest monitoring setup geared to the early realization of the REDD+ system.  

③ Via the various activities, conduct technology transfer and human capacity development with a view 
to building a store of technical prowess and enhancing practical work capacity in the target country.  

④ Through implementing activities in Lao PDR and Vietnam, contribute to the strengthening of the 
REDD+ setup over a wide area in Indochina.   

Figure 1-1 shows the overall strategy for building the REDD+ mechanism in developing countries 
indicated at the start of the Study in fiscal 2009. The Study mainly aims to conduct technical development 
linked to Phase 1 of this.  

 

Figure 1-1  Outline of the Overall REDD+ Mechanism Construction Strategy  
(taken from the fiscal 2009 report with partial addition and editing) 
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③ Construction of an appropriate incentive distribution system
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② Preparation of forest survey and forest GIS 
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1.2.2. Study Implementation Policy  

The Study was implemented in line with the following implementation policies.  

① In order to contribute to the early realization of the REDD+ mechanism, rather than implementing 
work specific to single technology development, adopt a comprehensive technology approach geared 
to realization of the REDD+ system in consideration of the current conditions of the forest sector in 
the target country. In particular, seek consistency with other projects, etc. related to REDD+. 

② Concerning technology development, based mainly on improvement of the deforestation and forest 
degradation analysis model utilizing remote sensing technology and field survey, gauge the current 
conditions of forests and changes in forest distribution and land use between the past and present in 
the target country.   

③ Forecast future deforestation based on historical data trends derived from inventory of land use 
transitions, etc. based on socioeconomic surveys and remote sensing. At the same time, implement 
future forecasting via factor analysis of deforestation and forest degradation. Also, design a basic 
forest GIS that will provide the template for the REDD+ system in future. 

④ Concerning the handling of forests, deforestation and forest degradation, apply definitions as 
stipulated in forest law in the target country. Adhere to AFOLU sector thinking on deforestation and 
forest degradation as given in the Good Practice Guidance for Land Use, Land-Use Change and 
Forestry (GPG-LULUC) and the 2006 IPCC Guidelines for National Greenhouse Gas Inventories 
(2006 IPCC Guideline).  

⑤ Areas that cannot be covered by the Study will be handled as far as possible based on the knowledge 
and research outputs accumulated in the work so far.    

⑥ In the technology transfer and human capacity development / capacity development, implement 
training in Japan and provide a forum for discussion such as OJT, workshops and technical seminars, 
etc. concerning areas most suited to needs in the target country. Moreover, share and disclose the 
various experiences, knowledge and outcomes, etc. accumulated from the initiatives through the entire 
Study. 

1.3. Signing of MOU 
1.3.1. Renewal of the MOU with Lao PDR 

In launching the Study, the MOU that was signed with the Department of Forestry, Ministry of Agriculture 
and Forestry of Lao PDR in fiscal 2009 was renewed as follows. (See the appendices for the contents of the 
MOU and the organizational structure of the Ministry of Agriculture and Forestry).  

- MOU signatory agency : Department of Forestry, Ministry of Agriculture and Forestry (Department of 
Forestry: DOF) 

- MOU signing date : July 20, 2010  
- Counterpart agency : Forest Inventory and Planning Division (FIPD)  
- MOU effective term : 1 year 
- English project name : The Study on the Strengthening of Methodological and Technological 

Approaches for Reducing Deforestation and Forest Degradation within the 
REDD Implementation Framework: Application in Lao P.D.R. 

Figure 1-2 shows the commemorative photograph taken at the time of MOU renewal by Dr. Silavanh the 
Director General of the Department of Forestry and Mr. Koichiro Otsuki the President of Asia Air Survey 
Co., Ltd. at the Department of Forestry of the Ministry of Agriculture and Forestry of Lao PDR.  
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Figure 1-2  Signing Ceremony for MOU Renewal at the Department of Forestry,  
Ministry of Agriculture and Forestry of Lao PDR 

 
1.3.2. Signing of MOU with Vietnam 

The Study this year includes follow-up of countries where similar studies were implemented in the past. An 
MOU for technical cooperation was signed with the Forest Inventory and Planning Institute, Directorate of 
Forestry, the Ministry of Agriculture and Rural Development of Vietnam, which was the target country of 
the Project to Support Understanding of Tropical Forests implemented in fiscal 2008. (See the appendices 
for the contents of the MOU). 

- MOU signatory agency : Forest Inventory and Planning Institute, Directorate of Forestry, the Ministry 
of Agriculture and Rural Development 

- MOU signing date : July 19, 2010  
- Counterpart agency : Forest Inventory and Planning Institute (FIPI)  
- MOU effective term : 1 year 
- English project name : The Study on the Strengthening of Methodological and Technological 

Approaches for Reducing Deforestation and Forest Degradation within the 
REDD Implementation Framework 

- Contents of cooperation : Participation of forestry officers in workshops in Lao PDR  
Participation of forestry officers in training in Japan and Lao PDR  

Figure 1-3 shows the commemorative photograph taken at the time of MOU signing by Mr. Ngo Ut the 
Director General of the Forest Inventory and Planning Institute and Mr. Koichiro Otsuki the President of Asia 
Air Survey Co., Ltd. at the Directorate of Forestry, the Ministry of Agriculture and Rural Development of 
Vietnam.  

 

 

Figure 1-3  Signing Ceremony for MOU Signing at the Directorate of Forestry,  
the Ministry of Agriculture and Rural Development of Vietnam 
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1.4. Establishment and Staging of the Advisory Committee  
The Advisory Committee for the Program to Support Deforestation Reduction Initiatives in Developing 
Countries (hereafter called the Advisory Committee) comprising academic experts from related fields was 
established and provided advice and guidance, etc. concerning policies, issues and outcomes, etc. in the 
Study. Table 1-1 shows the members of the Advisory Committee (chairperson: Dr. Haruo Sawada, 
Professor at the Institute of Industrial Science, the University of Tokyo). As is shown in the records shown 
in the appendices, the Advisory Committee was staged three times in total.  

Table 1-1  Advisory Committee Members (Japanese alphabetical order) 

Name Affiliation  

Dr. Masahiro AMANO 
Professor, Faculty of Human Sciences, Environmental Planning 
Laboratory, Waseda University 

Mr. Kazuya ANDOH 
Director of General Affairs, Japan Overseas Forestry Consultants 
Association (JOFCA), Japan 

Dr. Makoto INOUE 
Professor, Global Forest Environmental Studies, Department of Global 
Agricultural Sciences, Graduate School of Agricultural and Life 
Sciences, The University of Tokyo  

Mr. Hiroyuki KANAZAWA 
Director, Japan International Forestry Promotion and Cooperation 
Center (JIFPRO), Japan 

Dr. Yoshiyuki KIYONO 
Director, Department of Plant Ecology, Forestry and Forest Products 
Research Institute (FFPRI), Japan 

Dr. Haruo SAWADA 
(chairperson) 

Professor, Applied Remote Sensing, International Center for Urban 
Safety Engineering, Institute of Industrial Science, The University of 
Tokyo  

Dr. Kimihiko HYAKUMURA 
Policy Researcher, Forest Conservation Project, Institute for Global 
Environmental Strategies (IGES), Japan 

Dr. Yasumasa HIRATA 
Head, Climate Change office, Bureau of Climate Change, Forestry and 
Forest Products Research Institute (FFPRI), Japan 

 
 

1.5. Outline of Pilot Survey Areas 
In Lao PDR, as was the case in fiscal 2009, activities were implemented upon configuring two pilot survey 
areas, which are mentioned throughout this report. Figure 1-4 shows the geographical location of these 
areas, while the following sections given an outline description of them.   

(1) Louangphabang Province (entire province) 

- This province is located approximately 250 km north of the national capital Vientiane. The provincial 
capital is Louangphabang. 

- Area : Approximately 20,000 km2  
- Altitude : 200~2300 m 
- Pakxeng District : Area approximately 1,600 km2 

A test site of 10 km x 10 km was configured within the district. In fiscal 2010, 20 
villages were chosen as targets for the village survey. 

- This area is experiencing extreme deforestation and forest degradation as a result of excessive human 
activities (slash and burn shifting cultivation). 

(2) Khamkeut District in Bolikhamxai Province 

- This district is located approximately 250 km east of the national capital Vientiane. The district capital 
is Laksao. 

- Area : Approximately 4,400 km2  
- Altitude : 400~2000 m 
- A test site of 10 km x 10 km was configured within the district. 
- This district contains abundant forest resources including natural forests, and human activities here 

include paddies, slash and burn cultivation, pasturage, dams and mines. There is a risk that the district 
will suffer from deforestation and forest degradation, both legal and illegal.  
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Figure 1-4  Geographical Location of the Two Pilot Survey Areas 
 
 

1.6. Outline of the Study in Fiscal 2010 and Achievements So Far  
1.6.1. Outline of the Study in Fiscal 2010  

Figure 1-5 shows the outline of the Study in fiscal 2010 following on from the achievements of fiscal 2009. 
The main items for studying are as follows:  

✓ Visual interpretation of pan-sharpened images by ALOS/AVNIR2 for verifying accuracy of land 
use/cover maps  

✓ Accuracy verification of land use/cover maps utilizing medium resolution satellite images such as 
LANDSAT, etc. and field surveys   

✓ Development of forest biomass classing techniques 
✓ Additional preparation of land use/cover maps in five periods for future forecasting of forest cover   
✓ Ray state analysis 
✓ Village survey for conducting future forecasting simulation and analysis of forest cover (Pakxeng 

District, 20 villages)   
✓ Future simulation of forest cover in differing scenarios based on the MCA model (Pakxeng District)   
✓ Future simulation and analysis of forest cover on the provincial level (Louangphabang Province) 
✓ Forest survey geared to preparation of a forest carbon stock calculation model  
✓ Analysis of the relationship between forest carbon stock and tree height 
✓ Analysis of tree height measurement accuracy based on ALOS/PRISM   
✓ Development of a surface Tier 2 level forest carbon stock estimation technique based on tree height 

measurement, forest biomass classing and limited forest survey   
✓ Design of forest management compartments and forest GIS database   
✓ MRV system design 
✓ Technology transfer and human capacity development activities  

Test Site (10 x 10 km) 

Pakxeng District (20 target villages) 

Louangphabang Province 

Test Site (10 x 10 km)

Khamkeut District

Bolikhamxai Province 

Vientiane Prefecture 
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Figure 1-5  Outline of the Study in Fiscal 2009 and 2010 
 
 
1.6.2. Overview of Study Achievements up to Fiscal 2010  

Study achievements in this fiscal year are described in detail in Chapters 2 through 6 of this report. The 
following sections give an outline description of the achievements in fiscal 2009 as well as 2010.  

(1) Development of deforestation and forest degradation analysis technology using remote sensing  

① Selection of the satellite images used 

In order to efficiently and accurately survey the condition of forest resources from the past until present 
over the broad area of Lao PDR, it is essential to utilize remote sensing technology based on satellite 
images, etc. In the Project, upon considering the REDD+ requirements for the ongoing observation of 
forest resources and monitoring of changes from the 1990s until present and into the future, the size and 
ground resolution of the target area, availability of data, processing and analysis cost (time) and so on, it 
was decided to adopt the wall-to-wall survey approach (covering the entire target area) primarily using 
medium resolution (ground resolution of 30~10 m) satellite images by LANDSAT, SPOT, ALOS/PRISM 
and ALOS/AVNIR2. The technical study was advanced based on this (see Figure 1-6).  

Achievements  
in fiscal 2010 

Achievements 
in fiscal 2009 

Development  
of deforestation  

trend analysis and 
future forecasting 

simulation analysis 
techniques 

- Reference 
scenario analysis  

- Survey in three 
villages  

- Trial 
implementation of 
factor analysis and 
future forecasting 
of deforestation 
and forest 
degradation 

- Village survey in 20 
villages  

- Forest cover future 
forecasting 
simulation analysis 
on the provincial 
and district levels 

Development of 
deforestation and 
forest degradation 

analysis technology 
using remote 

sensing technology 

- Land use/cover 
maps for three 
periods  

- Forest degradation 
maps 

- Preparation of land 
use/cover maps 
for five periods  

- Accuracy 
verification  

- Ray state analysis 
- Biomass 

classification - Forest GIS database 
(draft) 

- Designing of MRV 
system (integrated)

Preparation of  
a forest  

GIS database 

- Preparation of 
forest GIS base 
maps in test areas

Technology  
transfer and  

human capacity 
development 

- Workshops 
- Technical training 
- Field survey OJT 
- Training in Japan
- Technical manuals

- Workshops 
- Training 
- Follow-up 

seminars  
- Training in Japan
- Preparation of 

technical manuals 
- Follow-up in 

Vietnam 

Development of 
a forest carbon 
stock estimation 

technique 

- Estimation of forest 
carbon stock on 
the provincial Tier 
1 level  

- Estimation of Tier 
3 forest carbon 
stock in test areas 

- Forest survey
- Development of 

the Tier 2 carbon 
stock calculation 
model  

- Analysis of tree 
height 
measurement 
accuracy 
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Figure 1-6  Relation between Ground Resolution of Satellite Images and Observation Frequency 
 
 
② Configuration of land use/cover classification categories 

In the survey of forest resources, deforestation and forest degradation and forest carbon stock, etc. 
necessary for REDD+, first the approach that entails grasping forest state based on survey of land use/cover 
and monitoring of changes (IGES (2003, 2006)) is adopted. In the Project too, based on similar thinking, it 
was decided to prepare land use/cover maps upon combining remote sensing technology with field surveys. 
In Lao PDR, so far the FIPD has implemented national forest survey surveys once every five years. In the 
Project, while bearing in mind the land use categories (six main headings) required for gauging forest 
carbon stock based on land use modes in the IPCC guidelines, etc., 11 definitions and classifications 
(medium classifications) of forest suitable for gauging deforestation and forest degradation based on 
satellite image analysis were established.  

③ Setting of pilot survey areas 

The demonstration experiment for preparing land use/cover maps using satellite images was implemented 
in the pilot survey areas comprising the entire area of Louangphabang Province (approximately 20,000 
km2) and Khamkeut District in Bolikhamxai Province (approximately 4,400km2).  

④ Collection of appropriate satellite images 

Satellite images taken during season just after the end of the rainy season (October to December), which is 
suitable for conducting forest analysis, in the three periods of the 1990s, 2002 and present, were selected as 
the analysis targets necessary for configuring the reference scenario in REDD+. However, because the 
target area is so large, it contains many mountainous parts and there is heavily influenced by cloud and mist 
cover and so on, it was only possible to actually obtain the following satellite images of the target area, i.e. 
LANDSAT 1992~1993, LANDSAT 2000, and SPOT with partial LANDSAT for 2006~2007. The dry 
season in Lao PDR lasts from November to May and there is a good likelihood that satellite images 
relatively unaffected by cloud cover can be obtained even in mountainous areas between February and 
April, however, since this is also the season when smoke from burnt fields greatly manifests as systematic 
noise, there is difficulty in analyzing images. In particular, image quality analysis has shown that the 
impact from this is especially large in valleys where deforestation and forest degradation are most 
pronounced.  

⑤ Image processing for land use/cover classification 

Analysis of satellite images is broadly grouped into two types, i.e. geographical and map projection 
(geometric) correction for correcting image distortions arising from topographical effect, and analysis of 
spectral characteristics (electromagnetic features of each ground object) obtained from images over four to 
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eight electromagnetic wavelengths (electromagnetic waves divided according to wavelength into blue, 
green, red, near-infrared and intermediate-infrared groups or bands).  

The necessary technical system was constructed out of the following components: geometric correction, 
preprocessing, multispectral analyses based on the ISODATA method, classification and lebeling of land 
use/cover categories, integration into land use/cover maps, correction of classification results considering 
change over time patterns and topographical information, supplementation based on field survey and visual 
interpretation of images and so on (see Chapter 2, Section 2.2).   

⑥ Verification of accuracy of land use/cover maps 

Accuracy verification of wide-ranging land use/cover maps was implemented through combining field 
survey with image interpretation. Within this, pan-sharpened ALOS/AVNIR2 ortho images were prepared 
and underwent color adjustment, field surveys were implemented, and the accuracy verification of land 
use/cover maps was implemented based on visual interpretation of the pan-sharpened AVNIR2 images as 
reference data.  

Based on the results of the field surveys, visual interpretation of land use/cover at 2 km grid points 
configured on pan-sharpened AVNIR2 images was implemented. High-level image interpreters were 
recruited to conduct the visual interpretation, while multiple interpreters conducted checking in order to 
ascertain the interpretation accuracy (see Figure 1-7 and Figure 1-8, and Chapter 2 Section 2.3 for details).  

 

Figure 1-7  Land Use/Cover Map of Louangphabang Province Prepared based on Analysis of SPOT Satellite 
Images, etc. and Results of Visual Interpretation of Pan-sharpened ALOS/AVNIR2 Images   

 
 

 

Figure 1-8  Land Use/Cover Map of Khamkeut District in Bolikhamxai Province Prepared based  
on Analysis of LANDSAT Satellite Images, etc. and Results of Visual Interpretation 

of Pan-sharpened ALOS/AVNIR2 Images  
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The land use/cover data interpreted and prepared in this way comprised a total of 4,804 grid points in 
Louangphabang Province, and the degree of coincidence (matching accuracy) based on comparison with 
land use/cover maps prepared through analysis of LANDSAT and SPOT images was 86 percent (see Table 
1-2). Similarly, data for Khamkeut District in Bolikhamxai Province amounted to 975 points with a degree 
of coincidence of 88 percent (see Table 1-3). Based on these findings, the land use/cover maps that were 
prepared in fiscal 2009 were deemed to satisfy the accuracy requirement for REDD+.   

Table 1-2  Results of Verifying Classification Accuracy of Land Use/Cover Maps for Louangphabang Province  

 
Interpretation (Class Code) 

Total 
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Accuracy 1 2 3 4 5 6 7 8 
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1 Current Forest 2066 311 1 2 1 111 2381 87%
2 Unstocked Forest 332 1814 5 6 3 1 69 2161 84%
3 Ray 1 13 166 3 7 183 91%
4 Crop Land  1 3 30  34 88%
5 Grass Land 1 1 10 1 12 83%
6 Others  2 8  10 80%
7 Water  23  23 100%
8 Cloud   0 

Total 2400 2142 175 38 10 15 24 188 4804 
Producer Accuracy 86% 85% 95% 79% 100% 53% 96%   
Over All Accuracy    86%

*The number of "Cloud" isn't included in the number of "Total". 

 
Table 1-3  Results of Verifying Classification Accuracy of Land Use/Cover Maps  

for Khamkeut District in Bolikhamxai Province 

 
Interpretation (Class Code) 

Total 
Users 

Accuracy 1 2 3 4 5 6 7 8 
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1 Current Forest 516 18 4 83 538 96%
2 Unstocked Forest 74 271 2 2 1 2 30 352 77%
3 Ray 2 26 1 2 29 90%
4 Crop Land  2 1 20 1  24 83%
5 Grass Land 1 1 2 5  9 56%
6 Others  1 13  14 93%
7 Water  1 8  9 89%
8 Cloud   0 

Total 593 294 29 24 5 20 10 115 975 
Producer Accuracy 87% 92% 90% 83% 100% 65% 80%   
Over All Accuracy    88%

*The number of "Cloud" isn't included in the number of "Total". 

 
 
From the above analysis results, the following conclusions were obtained.  

- Through applying the land use/cover mapping technique developed in the Project by combining 
relatively complex image processing, error correction, field survey and supplementary image 
interpretation, it is possible to prepare land use/cover maps with accuracy of 80~90 percent.  

- The multitemporal land use/cover maps prepared in this way can be utilized to conduct deforestation 
and forest degradation analysis, land use change and future forecasting analysis, forest carbon stock 
estimation and reference scenario configuration, etc. (see Chapter 2 Section 2.3.4 and Chapter 3).   

- When preparing land use/cover maps, it is not enough to simply analyze spectral characteristics on 
image processing software; rather it is important to consider and apply various data processing 
methods for correcting noise upon understanding local characteristics in terms of terrain, geology, 
vegetation and land use, etc.   

- Visual interpretation of images is a technology that integrates the various know-how and experience 
of technicians. In the Project, standardization of interpretation is sought through consolidating such 
technology as the image interpretation key. Furthermore, even better outcomes can be achieved 
through appropriately combining image interpretation technology with various image analysis 
technologies.   
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⑦ Analysis of forest degradation  

According to the GOFC-GOLD Source Book, the main causes of forest degradation are given as slash and 
burnt cultivation, mountain fires and tree thinning. Of these, since burnt fields are discussed in the section 
on preparation of land use/cover maps, analysis was implemented on forest degradation arising from tree 
thinning with the following results.   

- Targeting Khamkeut District in Bolikhamxai Province, LANDSAT images from three periods were 
used in applying the FCD-H analysis method, which combines a vegetation index, a soil index and a 
shadow index into a single index, and the resulting values were analyzed.   

- On comparing FCD-H images observed in differing periods, there were points (areas) where values 
fell compared to other periods. It wasn’t possible to confirm this on the ground because the areas 
concerned were inaccessible to site survey, however, it is possible that some form of small-scale tree 
cutting, etc. was conducted in the areas concerned. However, since such areas are tiny zones of less 
than 0.5 ha, the data are eliminated in the land use/cover map preparation. Accordingly, in order to 
analyze deforestation caused by imperceptible tree felling, it is necessary to conduct analysis such as 
FCD-H analysis that focuses on forest degradation.  

- In satellite imagery analysis, points of suspected tree felling over small areas are recognized as zones, 
and it is deemed more effective to treat them as forest degradation zones rather than as individual 
areas of degradation.   

- It will be necessary to continue examining the forest degradation monitoring method while conducting 
repeated observations of degradation on the ground.  

⑧ Preparation of biomass classing data 

Various methods described as Tier1~Tier3 are available for estimating forest carbon stock. One such 
method is to simply seek the stock of carbon of land used as forest from land use/cover maps and forest 
survey data. However, although this method is effective for seeking the mean carbon stock of areas classed 
as forest, it is not suited to monitoring localized deforestation and forest degradation and carbon stocks. 
Therefore, here an indicator referred to as “biomass class” was examined in order to conduct more detailed 
wall-to-wall analysis of deforestation and forest degradation.  

The biomass class may be described as an indicator of forest richness obtained from satellite imagery, and 
it is a consolidated indicator based on tree height, tree crown density and tree species, etc.  

Biomass classes were divided into High, Medium and Low, and the ALOS/AVNIR2 pan-sharpened images 
of the interpretation ground control points (areas) of the areas measured for tree height by ALOS/PRISM 
were classed by interpretation technicians who interpreted the size of tree crowns, tree texture and color, 
etc. (see Figure 1-9, right side).  

Next, satellite images (LANDSAT or SPOT images) were first divided into segments according to 
object-oriented classification, the biomass class at the interpretation ground control points (areas) was 
decided by visual interpretation, and then statistics were calculated to determine the classification by 
maximum likelihood estimation based on classification using spectral characteristics as the training data. 
Based on the obtained statistics, all areas (pixels) of the satellite images were classified according to the 
biomass classes (see Figure 1-9, left side). Since the rate of matching between visual interpretation results 
in biomass class analysis and image classification is slightly low at around 60 percent, it will be necessary 
to develop technology with a view to improving the matching rate in future.  

By applying such biomass classes to multitemporal satellite images, it is possible to analyze changes over 
time. Targeting Khamkeut District in Bolikhamxai Province, where the classification accuracy of each 
biomass class was relatively high, biomass classing of the Current Forest over three phases was 
implemented, and the results are as shown in Figure 1-10. Moreover, changes in the area of biomass classes 
over the three phases were analyzed.  

Moreover, if the relationship between tree height and biomass quantity at forest survey points designated as 
interpretation ground control points can be established, it is possible to trace changes in the forest carbon 
stock. 
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Figure 1-9  Results of Biomass Classing (Khamkeut District in Bolikhamxai Province) 
(Left: image classification results, Right: Visual interpretation results) 

 
 

 

Figure 1-10  Biomass Classes in Three Phases (Khamkeut District in Bolikhamxai Province) 
(Observed dates: (from left) December 27, 1993, November 4, 2000, November 7, 2007) 

 
 
(2) Trend analysis of deforestation and forecasting of forest cover change  

In implementing REDD+, in addition to surveying forest resources and monitoring changes over time, it is 
urgently necessary to establish monitoring and measurement methods and appropriate modeling technique 
for evaluating and forecasting future impacts on deforestation and forest degradation. As a method for 
grasping trends in forest changes from the past till present, the GOFC-GOLD Sourcebook proposes three 
approaches to grasping changes over time in land use. Furthermore, Parker et al consolidated thinking on 
REDD and proposed a configuration technique on three reference levels, i.e. historical baseline, historical 
adjustment baseline and estimation baseline (GCP 2009). In the REDD scheme, since it is necessary to 
identify the forest carbon stock and location (in geographic space), an approach that utilizes GIS, etc. 
mapping technology is required. However, for a country such as Lao PDR, which does not have a store of 
past data, this is an extremely tough requirement. It is recognized that the remote sensing and GIS 
technologies required for this approach are effective for monitoring changes in forest cover in developing 
countries, however, because such countries do not possess consolidated data on socioeconomic conditions, 
etc., it is pointed out that consolidated modeling is still not appropriate. Therefore, in the Study, accepting 
that restrictions exist on data acquisition, trend analysis of forest cover changes on the micro and meso 
levels and forest cover changes viewed from spatial information was conducted using each Sourcebook 
approach, and a modeling technique for forecasting forest cover using GIS was developed.  
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As a result, the following outcomes were achieved.  

① Trend analysis of forest cover change on the national level based on existing statistical data  

Trend analysis of forest cover change based on existing statistics in Lao PDR was implemented on a trial 
basis using FAO data and Lao PDR inventory data. From the results (Figure 1-11), three simple mitigation 
scenarios were configured and forest carbon stock and CO2 emissions arising from deforestation were 
calculated in order to roughly ascertain how many credits will arise in the event where REDD is 
implemented. According to this rough calculation, if the deforestation rate on the national level in Lao PDR 
can be mitigated by 5 percent, benefits corresponding to 1.0~1.2 billion yen per year will be generated.   
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Figure 1-11  Trend Analysis of Forest Cover Change on the National Level Using Existing Data  
 
 
② Trend analysis of forest cover change in the pilot survey area using results of satellite image analysis   

Historical trend analysis of forest cover change using land use/cover maps based on remote sensing 
technology was implemented targeting three periods (1993, 2000 and 2007) for the entire area of 
Louangphabang Province, and five periods (1993, 1996, 2000, 2004 and 2007) for Pakxeng District (see 
Figure 1-12).  

As a result, over the entire area of Louangphabang Province, Current Forest was depleted by 14.6 percent 
and Unstocked Forest increased by 14.5 percent between 1993 and 2007, indicating a strong trend of 
deforestation. In Pakxeng District too, Current Forest was depleted by 19.8 percent and Unstocked Forest 
increased by 19.7 percent, indicating a deforestation rate even higher than in Louangphabang Province. In 
Pakxeng District, the area ratio of Current Forest was overtaken by Unstocked Forest sometime around 
2004~2005. Upon assuming the REDD program is implemented under BAU conditions and configuring 
three simple mitigation scenarios, the FRA2010 setting for biomass carbon stock was used to estimate the 
extent of REDD credits in Louangphabang Province. As a result, in the case where deforestation in 
Louangphabang Province is limited by 1,040 ha per year (5 percent mitigation scenario), it was calculated 
that credits of approximately 290 million yen can be generated.  
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（Louangphabang Province） (Pakxeng District) 

Figure 1-12  Historical Trends of Forest Cover Change in Louangphabang Province and Pakxeng District 
 
 
③ Future simulation of forest cover change on the village, district and provincial levels  

In implementing the REDD+ program, it is essential to configure a sound reference scenario under the 
BAU (Business-as-usual) scenario. In setting the reference scenario, the spatial simulation model has the 
advantage of being able to provide visual and quantitative information depicting the impacts that different 
policies have on deforestation rate and patterns and CO2 emissions. Moreover, because the spatial 
simulation model can forecast forest cover changes under differing scenarios, it is effective for forming 
consensus between stakeholders on REDD+ scheme implementation policy. In the Study, the forest cover 
change process was elucidated and the reference scenario was configured using spatial analysis and 
simulation model based on the MCA (Markov-cellular automata) spatial simulation model.  

In the fiscal 2009 Study, village surveys were implemented on a trial basis in four villages in Pakxeng 
District in order to grasp the mechanism of forest cover change (Figure 1-13).  

Also, forest cover change simulation was implemented on a trial basis on two spatial scales, i.e. district 
level and village level. In this trial simulation, since the target area of analysis was too small, it wasn’t 
possible to grasp the overall trend of forest cover change and good results couldn’t be obtained (Figure 
1-14). In consideration of these results, in the Study activities for fiscal 2010, the survey target area was 
expanded to cover 20 villages in Pakxeng District. Also, in the forest cover change simulation, two spatial 
scales were set, i.e. the province level (Louangphabang Province) and the district level (Pakxeng District), 
and future forest cover change was forecast on both spatial scales. 

In setting the reference scenario, the forecasting model was constructed under three differing scenarios 
(BAU scenario, pessimistic scenario and optimistic scenario) and simulation of the future forest cover 
change up to 2014 was implemented in each one. 

In the Markov progression process, which is a key component of MCA modeling, transitional probability is 
used to grasp changes over time in the state of land use/cover classes.   

Village 
Ban 

Vang O 
Ban 

HouaysaOu 
Ban Pho 

Ban 
Natkham

Area (ha) 1,203.7 1,151.0 1,004.3 2,533.6

Households 71 39 45 85

Population 379 207 204 527

Figure 1-13  Results of GPS Surveying of Village Boundaries and Cultivated Land  
and Village Surveys in 4 Villages (Fiscal 2009 survey) 

Current Forest 

Unstocked Forest 

Ray 
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Figure 1-14  Results of Land Use/Cover Change Simulation in the 4 Villages, 2010~2013 (partial) 
 
 
Concerning change in spatial state, land use/cover changes are forecast through relationships with decisive 
factors and transitional potential maps based on Cellular Automata (CA). An advantage of the MCA 
approach is that it enables GIS and remote sensing data to be effectively utilized. In particular, concerning 
topographical and natural conditions and socioeconomic information, it is possible to define initial 
conditions, set parameters for the MCA model, calculate the transition probability and stipulate proximity 
rules for the transition potential map.  

In the Study, land use/cover change modeling was conducted in order to clarify the effects of human 
activities on forest change. Regarding the acquisition of socioeconomic data, which is an obstacle to 
application in developing countries, village surveys were conducted and local data such as land use/cover 
changes and their causes were obtained from the local inhabitants and inputted into the simulation model. 
In this way, in areas where there was a shortage of data, an integrated land use/cover change modeling 
approach combining satellite image analysis data and village surveys geared to acquiring socioeconomic 
data was adopted.  

 Land use/cover map over 5 periods (1993~2007)   Altitude and distances from city centers, roads and rivers 

Figure 1-15  Topographical and Natural Conditions Data used  
in Forest Cover Simulation Analysis in Pakxeng District  

 
 
Since Pakxeng District has no store of village data, in the Study, provisional village data were prepared by 
combining village point position data created from topographical maps, watershed data created from digital 
elevation model (DEM), and Thiessen Polygon data for modelling the impact scope of villages based on the 
point position data. Using the prepared village data and village household survey data, a Choropleth map 
was prepared and used as the socioeconomic variable data (see Figure 1-16).  

As a result of spatial analysis of forest cover changes, it was found that a similar pattern of forest cover 
change occurred in the three periods of 1993~1996, 1996~2000 and 2000~2004 and in particular that 
deforestation is occurring over the entire area of Pakxeng District. Specifically, it was found that the 
construction of new roads leading to the center of the district from the north-western, eastern and southern 
parts is accelerating the deforestation trend.  
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In analysis of the transitional potential map (see Figure 1-17), which shows how certain land use/cover 
classes shift to other classes, it was ascertained that distances from unpaved roads and rivers have an 
impact on deforestation. It was also inferred that deforestation is linked to rice production and other 
agricultural activities.  

 Rice production and wood fuel consumption (2000, 2007)  CF→UF,CF→NF,UF→CF,UF→NF  

Figure 1-16  Socioeconomic Data obtained  
in the Survey of 20 Villages (Example)   

Figure 1-17  Transition Potential Map 

 
 
In verification of the simulation model, comparison was implemented between the results of forest cover 
simulation in 2007 and the forest cover map that was prepared from satellite images in the same year. It 
was ascertained that planar forecasts of Unstocked Forest are relatively good and that, in the area 
comparison, the actual areas of Unstocked Forest and Current Forest show extremely high concordance 
with the simulation results. The general kappa statistical quantity in the MCA model is 0.73, thus 
confirming that the model can simulate future forest cover changes on the district level with sufficient 
accuracy.  

Using the MCA model calibrated around 2007, simulation was implemented on future forest cover changes 
up to 2013 based on three scenarios (BAU scenario, pessimistic scenario and optimistic scenario) (see 
Figure 1-18). In the simulation of future forest cover change in the BAU scenario and pessimistic scenario, 
it was forecast that future deforestation will mainly occur in the northwest, east and south of Pakxeng 
District. Transition potential map analysis indicated that deforestation is impacted by distances from 
unpaved roads and rivers, however, the simulation predicted that future deforestation will occur in Current 
Forest parts (especially the northwest of Pakxeng District) not even close to unpaved roads or rivers. In the 
pessimistic scenario, existing roads and dam construction plans are incorporated into the model as 
deforestation inducing factors, and it is guessed that construction of new roads within Current Forest areas 
will further accelerate deforestation in future.  

 
<BAU scenario> <Pessimistic scenario> <Optimistic scenario> 

Figure 1-18  Results of Forest Cover Simulation Analysis under Three Scenarios in Pakxeng District 
(Simulation up to 2013 with 2007 as reference) 
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Similarly, with respect to the entire area of Louangphabang Province, simulation of future forest cover 
change up to 2014 was implemented for the three scenarios using socioeconomic data, topographical and 
natural data and forest cover change maps (see Chapter 3).  
As a result, in the BAU scenario, it was projected that Current Forest will decline to 8,811km2 and 
Unstocked Forest will increase to 10,279km2 by 2014. Moreover, deforestation will primarily occur around 
Louangphabang City, inhabited areas around arterial roads and areas along major rivers. Against a 
background of rising population in Louangphabang Province, in view of the simulation result that the 
Current Forest area will decrease in future, this suggests that pressure will grow on forest resources in line 
with future social infrastructure development and points to the possibility that rural life based on 
self-sufficiency will be threatened in future.  
In the BAU scenario and pessimistic scenario, it was projected that the past trend of forest cover change 
will continue in future, however, in the optimistic scenario, it was predicted that the implementation of 
appropriate forest conservation policies will boost Current Forest.  

④ Effects and prospects of simulation analysis 

Although the results of simulation contain some uncertainty, it has been confirmed that future forecasts of 
forest cover change can be made with a certain degree of accuracy on both the sub-national level and 
project level. Since the simulation of future forest cover change using the MCA model is applicable to the 
configuration of REL (reference emissions level) in REDD+ projects, this Study can lead to the 
development of a practical REL configuration method in Lao PDR. Moreover, the results of future forest 
cover change simulation in Louangphabang Province and Pakxeng District in this Study can be used as data 
for selecting project sites in the preparatory activities for the REDD+ program in Lao PDR.  

In the Study, simulation of future forest cover change on the provincial level was implemented using forest 
cover maps for three periods (1993, 2000 and 2007), however, in order to enhance accuracy of the 
simulation model, it is necessary to have forest cover maps and corresponding data of natural conditions 
and socioeconomic conditions from at least four periods. Therefore, it will be necessary for the FIPD to 
build a database containing forest cover maps and corresponding data of natural conditions and 
socioeconomic conditions in a format that can be used in the simulation model. Also, it will be necessary to 
prepare administrative data from matching provinces and districts as well as information concerning future 
development plans of roads, power transmission-lines and dams, etc. and relocation plans of villages.  

(3) Development of forest carbon stock estimation technology 

Technology development was implemented on a technique for estimating forest carbon stock, which is 
necessary for REDD+, and so far the following results have been obtained.   

① Tier 1 forest carbon stock estimation technique 

In the pilot survey area of Louangphabang Province, forest carbon stock estimation maps were prepared 
using the land use/cover maps compiled for three periods from satellite image analysis and the FRA2000 
Ecological Zone (FAO) (see Figure 1-19).   

 
<1993> <2000> <2007> 

Figure 1-19  Tier 1Forest Carbon Stock Estimation Maps using Land Use/Cover Maps and Ecological Zone  
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② Development of the Tier 3 forest carbon stock measurement model  

In the test sites (10 km x 10 km) of Louangphabang Province and Khamkeut District in Bolikhamxai 
Province, forest GIS base maps were prepared using ALOS/PRISM stereo images and digital plotter, and a 
technique was established for measuring tree heights in each forest compartment and preparing tree height 
distribution maps. Furthermore, using the allometry method for estimating forest carbon stock, the 
technique was developed for calculating forest carbon stock in each forest compartment and preparing Tier 
3 level forest carbon stock distribution maps (see Figure 1-20, achievements in fiscal 2009).  

<Forest compartment map (tree height data)> <Forest carbon stock estimation map> 
Figure 1-20  Tree Height Class Map and Carbon Stock Estimation Map by Forest Compartment  

(Louangphabang Province10 x10 km test site) 
 
③ Establishment of forest survey technique  

In addition to implementing forest survey in the two pilot survey areas, the measurement method, field 
survey note books and tree species identification method, etc. were standardized and the plot survey 
technique was established. 

④ Development of the Tier 2 forest carbon stock monitoring method on the provincial and district levels  

This fiscal year, technology development (Tier 2-1 and Tier 2-2 methods) was carried out in order to 
improve the accuracy of estimating forest carbon stock on the provincial and district levels. The main 
achievements were as follows. 

- Standardization of forest survey  

Forest survey is necessary in order to examine the relationship between forest carbon stock and tree 
heights, measure the accuracy of tree height measurement by ALOS/PRISM, and analyze correlation of 
ALOS/AVNIR2 biomass classes and LANDAT/TM satellite images, etc. The standard forest survey 
method, which is widely used in general forest surveying, was adopted and plots were measured as 20 m x 
20 m. However, plots of 10 m x 10 m were adopted in cases where the average tree height was less than 10 
m.  

A navigation system entailing laptop PC, GPS and GIS software was used in order to gain access to the 
pre-selected candidate survey areas. Satellite images and topographical maps were displayed on the PC 
screen in order to confirm current position, the shortest route to the survey plot was selected and forest 
conditions in the local area were confirmed. A GPS model suited to forest survey was used. Moreover, a 
portable GPS logger (GPS receiver specially intended for saving movement locus) was also used for taking 
records of the survey. Forest inventories were implemented at 20 locations in the two pilot survey areas.    

- Calculation of forest survey forest carbon stock 

The forest carbon stock at each location was calculated from the results of the forest survey. Concerning 
the allometry formula for computing forest carbon stock, the formula which is applicable to all kinds of 
tropical forests stated in the IPCC GPG-LULUCF, was used. The formula is applicable to all species of 
tropical trees with diameter at breast height in the range of 5~148 cm in tropical lowland areas with annual 
rainfall of between 2,000~4,000 mm. In this formula, first the above-ground biomass is calculated from the 

Tree class map 
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diameter at breast height, followed by the belowground biomass, in order to give the total biomass. This is 
then multiplied by the carbon coefficient in order to give the forest carbon stock. Incidentally, trees with a 
confirmed diameter of less than 4 cm were omitted from this allometry calculation.  

- Correlation analysis of forest carbon stock and mean upper-stories tree height 

The forest carbon stock (CS: Carbon Stock) – tree height model was constructed upon conducting 
correlation analysis between forest carbon stock and mean upper-stories tree height at each forest survey 
location. Both the correlation coefficient R2 based on exponential approximation and that based on linear 
approximation showed high levels of 0.92 and 0.80 respectively, indicating a high degree of correlation 
between the two elements (see Figure 1-21).  
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Figure 1-21  Relationship between Tree Height and Forest Carbon Stock (exponential approximation) 
 
 
- Development of a more detailed forest carbon stock monitoring method than estimation based on land 

use/cover maps   

In the Study, medium-resolution LANDSAT/TM satellite images are mainly used for conducting land 
use/cover classification and analysis on the provincial level. It is also possible to seek the mean level of 
forest biomass and estimate the Tier 2 carbon stock from these land use/cover maps and forest survey.  

However, in Lao PDR, since many forest areas are inaccessible, it takes a lot of time and effort to 
implement detailed forest inventories. Accordingly, technology development was carried out with a view to 
applying satellite remote sensing technology and classing forest areas according to biomass quantity, 
thereby realizing the efficient estimation of Tier 2 (and higher) forest carbon stock and estimating carbon 
stock without requiring a lot of forest survey points.  

For this purpose, it was first necessary to clarify the relationship between satellite images and forest. 
Correlations were analyzed between forest stand factors obtained from the forest survey results, in 
particular tree height, forest carbon stock = biomass quantity, number of standing trees, diameter at breast 
height (DBH) and LANDSAT/TM spectral characteristics.  

As a result, there was found to be a negative correlation between the LANDSAT/TM spectral 
characteristics and stand factors such as upper-stories tree height, forest carbon stock (= biomass) and DBH 
This indicated that the Current Forest could be divided into a number of even more detailed classifications.  

Next, tree height measurements based on ALOS/PRISM were carried out at 2 km grid intersections over 
the Current Forest (see Figure 1-22). 



 

1-20 

 

Figure 1-22  Tree Height Measurement Results based on ALOS/PRISM and Digital Plotter  
 
 
As a result, the average tree height obtained from measured data in Khamkeut District in Bolikhamxai 
Province was found to be 27.8 m, higher than the 19.2 m in Louangphabang Province. This corresponds to 
the current condition of forest in both provinces indicating that Bolikhamxai Province has a higher ratio of 
forest with high biomass.  

Moreover, in Louangphabang Province, whereas the most frequent tree height class is 15~20 m, this is 
30~35 m in Khamkeut District in Bolikhamxai Province, again expressing the difference in forest 
conditions between the two provinces.  

Furthermore, the forest carbon stock-tree height model (relational expression) obtained from the forest 
survey was applied to average tree heights in each biomass class configured from the relationship between 
visually interpreted biomass classes at 2 km grid intersections using ALOS/AVNIR2 and the results of 
stand tree height measurements at the same 2 km grid intersections. By doing so, the average forest carbon 
stock in each biomass class was configured and applied to a biomass class image in order to create a forest 
carbon estimation map.  

High, 26.8 

Medium, 24.1 

Low, 18.4 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

P
R

IS
M

M
ea

su
re

d
 T

re
e 

H
ei

g
ht

 (
m

)

AVNIR2 Interpreted Biomass Class
 

Figure 1-23  Relationship between Biomass Class and Tree Height 
 
 
- Experiment to analyze accuracy of tree height measurement based on ALOS/PRISM images 

The accuracy of PRISM tree height measurements was verified through comparing PRISM measured 
heights with actually measured tree heights in the forest survey plots. As a result, the maximum error in 
tree height measurement was 6.4 m and the mean square error was 3.9 m, giving measurement accuracy 
almost equal to the theoretical accuracy and demonstration experiment results obtained in past research and 
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development. More detailed analysis results showed that the PRISM measured tree heights are higher than 
actually measured tree heights in cases of shorter trees. Conversely, the opposite trend was found in the 
case of tall trees. Incidentally, the mean value of PRISM tree height measurements was found to be almost 
the same as the mean value of actually measured tree heights regarding the trees targeted for verification 
here. Accordingly, although tree height measurements by PRISM may contain a slightly large measurement 
error of up to 6.4 m when looking at results for individual trees, mean tree heights measured by PRISM are 
almost the same as mean actually measured tree heights, indicating that PRISM offers ample measurement 
accuracy for mapping tree height distribution (average tree height) over wide areas.  

In past verification of tree height measurement accuracy, since it was necessary to have actually measured 
trees for reference data, verification was implemented using forest in locations where the ground was 
relatively easy to estimate (alongside roads or places where the ground is visible). However, since the 
ground tends to be hidden by trees, it is difficult to estimate ground when measuring tree height in forest 
areas. Therefore, it was decided to verify the accuracy of tree height measurements at points where it was 
difficult to estimate the ground.  

In verifying accuracy, 146 locations indicating forest conditions before and after tree cutting were selected 
from ALOS/PRISM images from two periods, and tree height measurement accuracy in locations where it 
was difficult to estimate the ground was calculated through comparing the results of ground and tree height 
measurements. As a result, the measured accuracy of estimated ground height displayed a mean square 
error of 4.4 m compared to the visually ascertainable ground height, and the accuracy of tree height 
measurements in locations where it was difficult to estimate the ground showed a mean square error of 5.1 
m from the results of tree crown and ground height measurements.  

Furthermore, analysis was conducted on the relationship between topographical incline angle and accuracy 
of PRISM measured tree height. As a result, it was found that accuracy is basically better when measuring 
on flat land with little inclinations and it tends to deteriorate as the angle of inclination increases. This is 
thought to be due to difference in the measured position of tree crown and ground. In order to estimate the 
height of ground that is covered by trees as accurately as possible and stabilize the measurement accuracy, 
it is necessary to build experience by conducting repeated training of tree height measurement and to grasp 
topography over a wide range rather than just the target measurement area.  

- Preparation of forest carbon estimation maps 

Forest carbon estimation maps were prepared by applying the mean forest carbon stock according to each 
biomass class to the biomass classing maps created from satellite imagery analysis. Moreover, concerning 
Louangphabang Province, since the classification accuracy of the biomass class image was low at less than 
60 percent, the forest carbon estimation maps were only prepared this time for Khamkeut District in 
Bolikhamxai Province where the classification accuracy was more than 60 percent (see Figure 1-24 and 
Chapter 4).  

 

Figure 1-24  Forest Carbon Stock Estimation Map (Bolikhamxai Province, 1993, 2000, 2007)  
 
 
On comparing the three images from 1993, 2000 and 2007, it can be seen that the area of high forest carbon 
stock in the northeast of the area is declining.  
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Upon compiling the results of forest and forest carbon stock from the three periods based on the biomass 
classing method (Tier 2-2 method) and comparing the results estimated using ordinary forest survey and 
IPCC forest carbon stock calculation allometry method (Tier 2-1 method), it was found that the forest 
carbon stock estimated from upper-stories tree height measurement and biomass classes showed the same 
value as the forest carbon stock calculated from forest survey DBH (see Table 1-4).  

- Summary of forest carbon stock estimation enhancement using results of tree height, satellite imagery 
and ground survey   

The results of analysis in the forest survey pointed to a strong correlation between tree height, biomass, 
forest carbon stock and DBH. Accordingly, a forest carbon stock-tree height model was made and the 
approach of grasping forest carbon stock from tree heights was conducted. The resulting values were 
similar to the results of estimating by general forest survey and the IPCC allometry formula for forest 
carbon stock. This points to the possibility of a survey method that greatly reduces the required amount of 
forest survey work through estimating the forest carbon stock by tree height measurement and biomass 
classing.  

 
Table 1-4  Movements in Forest Area and Forest Carbon Stock (Khamkeut District in Bolikhamxai Province) 

Biomass 

class 

Forest area 

(upper row: ha, lower row: %) 

Forest carbon stock 

(upper row: Mt C ha, lower row: %) 

Forest carbon stock based on IPCC 

allometry (Mt C) 

1993 2000 2007 1993 2000 2007 1993 2000 2007 

High 
76,414 58,196 49,541 31 24 20   

26.4 21.8 19.5 36.5 30.3 27.9 

Medium 
136,412 142,817 132,875 42 44 41 

47.1 53.5 52.4 49.4 56.5 56.7 

Low 
76,820 65,963 71,074 12 10 11 

26.5 24.7 28.0 14.1 13.2 15.4

Total 289,646 266,976 253,490 85 78 72 83 76 72 

Decline rate 

between 

years 

1993-2000 2000-2007 1993-2007 1993-2000 2000-2007 1993-2007 1993-2000 2000-2007 1993-2007 

7.8% 5.1% 12.5% 8.4% 7.4% 15.2% 7.8% 5.1% 12.5%

 
 
In order to measure tree height, it is generally necessary to conduct forest survey. Aerial photogrammetry 
technology is known as a method that uses remote sensing technology. This entails using pair photographs 
that enable stereoscopic viewing and measuring the difference of parallax in order to measure tree height. 
However, in developing countries, it is difficult to acquire state-of-the-art aerial photographs. Even if they 
do exist, using aerial photographs to measure tree heights on the provincial and district levels is not realistic 
due to the incurred cost and effort. For this reason, technology was developed to measure tree height from 
the sky by using satellite remote sensing technology. Using ALOS/PRISM images that enable high 
resolution and stereoscopic vision, tree heights were measured and accuracy in comparison with actual tree 
height measurements based on forest survey was verified with good results.  

As a method for measuring tree heights over an entire province, 2 km grid intersections were set and a 
sampling method entailing measurement of mean tree height of forest stand at these intersection points was 
adopted. This technique can efficiently measure tree heights over a wide scope and is effective for 
conducting forest analysis on the provincial level.  

Forest survey results were used for preparing the forest carbon stock-tree height model. Almost all the 
forest types surveyed here were evergreen broad-leaved forests. However, various other forest types 
(deciduous broad-leaved forest, coniferous forest, mixed forest) exist in other areas. Accordingly, although 
this model can be applied to the target area of the Study, it will be necessary to conduct forest survey in 
each area in order to prepare models suited to other areas.    

Care is also required concerning forest tree crown density. In the target area of the Study here, the forest 
stand was almost entirely closed, although multiple layer forests exist in some parts. In addition to the 



 

1-23 

abovementioned area-department forest inventories, it is necessary to conduct forest survey and prepare a 
forest carbon stock-tree height model according to the forest stand profile.  

Tree height measurement based on ALOS/PRISM supplements tree height measurement based on forest 
survey and aerial photographs and could even replace many such techniques. However, it is necessary to 
conduct training in order to impart technology and it is essential to have knowledge concerning forests and 
aerial photogrammetry. Having said that, it is not as difficult as satellite remote sensing analysis (for 
example, semi-automatic classification of land use), which requires expert knowledge and trial and error in 
order to enhance accuracy, and it is a useful technology for forest survey. 

(4) Examination of the MRV System 

① Objective of MRV 

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. 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. 

② Design of MRV system  

In order to realize the MRV system, it is necessary to consolidate various elements and design the system in 
stages. Here, the required elements were set and consolidated upon conducting conceptual design, etc.  

③ Designing of forest GIS database for the MRV system   

Realization of the MRV system requires construction of the environment comprising forest resources 
information preparation technology, GIS and image processing system and data communication facilities, 
etc. as well as the personnel and setup for operating this environment. Here, based on the outputs achieved 
in the Project, design was conducted on the primary components regarding geospatial information 
preparation and forest GIS database preparation geared to the core REDD+ and forest resources 
management.  

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. Here, the following design was conducted.   

- Reporting on the national level 

A higher density grid roughly corresponding to the sampling frame of the FAO global forest survey was 
proposed. 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 
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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 (see Figure 1-25).  

 
Figure 1-25  10 x 10 km Grid System in National Level Reporting (Draft)  

 
 
- Forest management compartments on the provincial level 

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. 

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 compartments were 
prepared on a trial basis using data from two pilot survey areas (see Figure 1-26)  

Attribute data (table) are added 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. 
Draft items of the attribute data table of forest management compartments are described (See Chapter 5).   

 

 
Figure 1-26  Example Trial Forest Management Compartments based on Units  

of Watershed Management in the Pilot Survey Area 

Major River :

 

Water catchment area :
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- Reporting on the project level  

The contents of forest management databases on the project level and district level, etc. were examined as 
they are deemed effective when registering as voluntary carbon offsets in REDD+. Here, it was decided to 
prepare a forest GIS base map through conducting measurement, etc. based on ALOS/PRISM. 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 catchment areas or finely divided regions as the forest management compartments  

(see Figure 1-27).  

 

 

Figure 1-27  Example of a Forest Compartment Base Map (10 x 10 km test area) 
 
 
④ Construction of other elements 

In building the MRV system, it is necessary to construct broad-ranging elements including design of the 
forest carbon stock estimation method and simulation system for forecasting future deforestation and forest 
degradation, construction of the forest monitoring system, an integrated system and the verification system, 
etc. 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 examination on each 
necessary item.  

(5) Capacity building activities  

The various capacity building activities, which are a central pillar of the Study, were implemented in the 
shape of workshops, technical training, OJT and training in Japan, etc. (see Chapter 6).  

Legend 
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1.6.3. Features of the Study 

Figure 1-28 summarizes the features of the Study. It can be seen that a consolidated effort is made in order 
to develop the technology for MRV system elements necessary for realizing REDD+.  
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Figure 1-28  Features of the Study 




