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2. Development of a Forest Monitoring System utilizing Remote 
Sensing Technology 

2.1. Outline of Technology Development Concerning Remote Sensing 

As the land use/cover maps prepared from satellite image classifications provide the basis for ① 
estimating deforestation and forest degradation, ② estimating wall-to-wall forest carbon stocks, ③ 
obtaining base data for simulation of future deforestation, and ④ setting the reference level, etc., it is 
extremely important to guarantee the accuracy of such maps. In the Study activity last year, using medium 
resolution satellite images (LANDSAT/TM and SPOT images), land use/cover maps were prepared (Figure 
2-1 and Figure 2-2) through combining digital image processing and field survey with visual interpretation. 
Moreover, concerning the land use/cover maps for 2007, ALOS/PRISM tree height measurement data 
(setting verification points: 150) were used to verify the classification accuracy of Current Forest and 
Unstocked Forest, which account for the majority area of land use/cover maps, indicating that maps are 
classified with approximately 90 percent accuracy. However, as the area and categories (Current Forest and 
Unstocked Forest) of land use/cover maps were limited, in this year of the Study, accuracy verification was 
implemented on all classification categories through comparing the results of pan-sharpened 
ALOS/AVNIR2 visual interpretation results and the land use/cover maps that were prepared in the previous 
fiscal year for the entire areas of Louangphabang Province and Khamkeut District in Bolikhamxai 
Province.   

Next, forest biomass classing was carried out on Current Forest in order to estimate wall-to-wall forest 
carbon stocks with a high degree of accuracy. The objective was, through imparting mean carbon quantity 
according to each biomass class, to estimate carbon quantity over the target area and to assess deforestation 
as a qualitative forest change rather than as a quantitative change in areas by converting it into carbon 
quantity. To do this, pan-sharpened ALOS/AVNIR2 visual interpretation is carried out in order to define 
biomass classes (High, Medium, and Low) and a method that uses this as training data in order to 
statistically class biomass based on satellite image classification is carried out.  

In addition to the abovementioned data analysis and new analysis, land use/cover maps from two periods 
were additionally prepared in order to resolve the spacing issue of land use/cover maps that had been an 
issue for future forecasting in the previous year. In the future forecasting conducted in the previous year, 
land use/cover maps from three periods spaced at seven-year intervals were used, however, in 
Louangphabang Province, where land uses such as slash and burnt cultivation complexly vary over small 
blocks, this interval was too long and led to disparity between future projections and actual changes. 
Accordingly, in this chapter, land use/cover maps from two more periods were additionally prepared in 
order to conduct more accurate future forecasting based on land use/cover maps from five periods spaced at 
intervals of three or four years.  
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Figure 2-1  Land Use/Cover Maps Prepared Last Year (Louangphabang Province)  
(Left: 1993, Center: 2000, Right: 2007) 

 
 

 

Figure 2-2  Land Use/Cover Maps Prepared Last Year (Khamkeut District in Bolikhamxai Province) 
(Left: 1993, Center: 2000, Right: 2007) 
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2.2. Land Use/Cover Map Preparation Method 
The method for preparing land use/cover maps in the Study last year is quoted as follows from last year’s 
report with partial additions and modifications.   

 
2.2.1. Satellite Images used in Land Use/Cover Map Preparation 

In two pilot survey areas (Louangphabang Province and Khamkeut District in Bolikhamxai Province), 
LANDSAT/TM and SPOT images were used to prepare land use/cover maps for three periods. Table 
2-1 shows the used images. In selecting the images, ① search was conducted during the period 
immediately after the rainy season (October~December) before the start of defoliation when the 
impact of moisture vapor in the atmosphere is small in the pilot survey areas, and ② images from the 
same period were selected to reduce the occurrence of classification error arising from different timing 
of images for conducting multi-temporal comparison, however, in cases where images from the period 
in question were not available, the most recent images were selected.  

Table 2-1  Data used in Analysis 

Target Area First Period Second Period  Third Period 

Louangphabang 
Province 

LANDSAT/TM-5 

February 15, 1992 

November 29, 1992 

March 28, 1993 

December 25, 1993 

(Ground resolution 30 m) 

LANDSAT/TM-7 

October 26, 2000 

November 2, 2000 

(Ground resolution 30 m) 

LANDSAT/TM-5 

November 27, 2006 

(Ground resolution 30 m) 

 

SPOT-4 

October 21, 2007 (1) 

October 21, 2007 (2) 

November 27, 2007 

(Ground resolution 20 m) 

 

SPOT-5 

December 22, 2007 

(Ground resolution 10 m) 

Khamkeut District, 
Bolikhamxai 
Province 

LANDSAT/TM-5 

December 27, 1993 

(Ground resolution 30 m) 

LANDSAT/TM-7 

November 4, 2000 

(Ground resolution 30 m) 

LANDSAT/TM-7 

November 7, 2007 

(Ground resolution 30 m) 

 
Figure 2-3 shows the results of conducting geometric correction and topographical correction of the 
satellite images shown in the table. The figure for Louangphabang Province shows the outcome of 
conducting mosaic processing. 
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Figure 2-3  LANDSAT/TM and SPOT Images in the Pilot Survey Areas 
 
2.2.2. Configuration of Land Use/Cover Map Classification Categories 

Forest classification definitions and classification categories suited to estimating of carbon stock due 
to deforestation and forest degradation based on satellite image analysis were established as shown in 
Table 2-2, while taking consistency with existing forest survey maps prepared by the FIPD in Lao 
PDR into account. The classification categories were defined to each correspond with land use/cover 
map categories obtained through image analysis.   

 

28/Mar/93 

25/Dec/93 

15/Feb/92 

29/Nov/92 

02/Nov/00

26/Oct/00

21/Oct/07 

27/Nov/06 

22/Dec/07 

27/Nov/07 

Louangphabang Province 

Khamkeut District, Bolikhamxai Province 

21/Oct/07 
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Table 2-2  Land Use/Cover Categories based on Satellite Image Analysis 

ID Land Cover 
Land Use 

Definition 
Classification Categories 
of Existing Maps (FIPD)Level 1 Level 2 

1 
Current 
Forest 

Current  
Forest 

Current 
Forest 

Forest area with tree heights of 5 m 
or more, crown density of 20% or 
more and area of 0.5 ha or more.  
This includes evergreen and 
deciduous broad-leaved trees, 
conifers and mixed forest (mixed 
bamboo forest).   

11. Dry Evergreen Forest 
13. Mixed Deciduous 
15. Dry Dipterocarp 
16. Galley Forest 
17. Coniferous Forest 
18. Mixed Broad-Leaved 

and Coniferous  

2 Plantation 1 Plantation1

Plantations containing tall trees 
valuable for timber processing, etc. 
These include teak, eucalyptus, 
rubber trees and agalloch, etc.  

19. Forest Plantation 

3 
Unstocked 

Forest 

Potential  
Forest 

Unstocked 
Forest 

Forest that meets one of the 
conditions out of tree height of less 
than 5 m and crown density of less 
than 20%. In Lao PDR, this mainly 
comprises burnt field land and 
fallow burnt field forest after Ray. 

22. Unstocked Forest 
31. Savannah 
32. Scrub 

4 Bamboo  Bamboo 
Bamboo forest. Moreover, this is 
pure bamboo forest, not mixed with 
broad-leaved trees.   

21. Bamboo 

5 Ray  Ray 

Cleared forest due to slash and 
burnt cultivation, upland rice 
cultivated land, land abandoned 
immediately after slash and burnt 
cultivation. Land where forest is 
regrowing at least one year after 
slash and burnt cultivation is 
classified as Unstocked Forest.  

24. Ray 

6 Crop Land 

Permanent  
Agriculture 

Crop Land
Constantly used paddies and fields 41. Rice Paddy 

43. Other Agricultural Land

7 Plantation2 Plantation2

Plantation with relatively short trees 
where seeds are harvested and 
utilized; for example, coffee, tea, 
cocoa, cotton, etc.  

42. Agricultural Plantation 

8 Grass Land 

Other  
Land Use 

Grass 
Land 

Permanent grassland due to climate 
or human factors, where trees 
cannot be expected to take root or 
will be extremely slow.  

52. Grassland 

9 Others Others 

Built-up areas, roads, rocks, etc.  51. Rock 
53. Swamp 
54. Urban or Built up area 
55. Other Land 

10  ater Water Water Ocean, rivers, lakes, etc.  61. Water 

11 Cloud Cloud Cloud Cloud and cloud shadow 56. Cloud/Cloud shadow 
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2.2.3. Analysis Flow of Satellite Images used for Land Use/Cover Map Preparation 

Figure 2-4 shows the overall flow of satellite image analysis conducted for preparation of land 
use/cover maps. Each category in the figure is explained in the following paragraphs. 

 

Figure 2-4  Analysis Flow of Satellite Images used for Land Use/Cover Map Preparation 
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(1) Image preprocessing 

① Geometric correction (ortho correction) 

Because the pilot survey areas comprise mountainous zones, satellite images tend to become distorted 
and it is necessary to carry out geometric correction in order to compare image analysis results from 
different sensors between multiple periods. Also, in topographical effect correction utilizing 
processing DEM (Digital Elevation Model), since it is necessary for satellite image and DEM position 
information to be consistent, geometric correction using ASTER/GDEM (hereafter referred to as 
GDEM) was implemented. Table 2-3 shows the features of GDEM.   

Table 2-3  Features of ASTER/GDEM 

Data Source  ASTER 

Preparing and distributing agency  
Japanese Ministry of Economy, Trade and 
Industry, United States NASA  

Start of distribution  2009~ 

Data acquisition period 2000~ ongoing 

Elevation point interval  30m 

DEM height accuracy (standard deviation) 7m～14  

DEM covered area 
North latitude 83 degrees ~ South latitude 83 
degrees  

Source:  ASTER Global Digital Elevation Model features: http://www.ersdac.or.jp/GDEM/J/2.html 
 

Louangphabang Province Khamkeut District in Bolikhamxai Province 

Figure 2-5  Elevation Distribution of the Pilot Survey Areas (prepared from GDEM) 
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In geometric correction, first a red relief image map (see Figure 2-6) for clearly showing the detailed 
asperity of the terrain in relief was prepared from GDEM. Basically, this was used together with the 
latest satellite image from the third period in order to conduct geometric correction of the reference 
image. In cases where satellite images from the third period contained a lot of clouds, geometric 
correction was conducted using satellite images from other periods. In geometric correction of satellite 
images from the first and second periods, the geometrically corrected satellite image from the third 
period was used as reference data. Moreover, GCP was configured to the ratio of one point per 100 
km2 so that the residual error (root mean square error) following geometric correction was kept to no 
more than 1 pixel.   

Louangphabang Province Khamkeut District in Bolikhamxai Province 

Figure 2-6  Red Relief image maps prepared from GDEM 
 
② Cloud and cloud shadow mask 

Cloud and cloud shadow masking was carried out using geometrically corrected satellite images. Since 
cloud and could shadow reduce classification accuracy when conducting image classification and so 
on, the objective is to remove them from the analysis target by masking the affected range. Masking 
was conducted by visual interpretation.  

③ Topographic effect correction  

In cases where the target area is mountainous land, differences in sunlight conditions depending on the 
orientation of slope are keenly expressed as light and dark on satellite images and represent a major 
obstacle to analysis. This influence is called the topographic effect. As a simple topographic effect 
correction method, the method that utilizes DEM data for the target area can be expected to produce a 
considerably high correction effect. In the Study, the following topographic effect correction method 
known as the Minnaert method was adopted. Moreover, the used DEM was the GDEM used in 
geometric calculation.   
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The model expression in the Minnaert method is as shown in Expression (2.1) below. 

 


coscos

cos





i

Do
Dc

 (2.1) 

Where,  
Dc: Radiance value after correction  
Do: Radiance value before correction  
i: Angle of incidence of the sun    
ε: Sensor angle of reflection 
k: Minnaert coefficient  
cos i = cos θ・cos e＋sin θ・sin e・cos (Φ-A) 

Where,  
e: Incline angle of inclination  
Φ: Incline orientation  
Θ: Zenith angle of the sun 
A: Angle of orientation of the sun  
cos ε = cos T・cos e＋sin T・sin e・cos (Φ-ψ) 

Where,  
e: Incline angle of inclination  
Φ: Incline orientation  
Θ: Zenith angle of the sun 
Ψ: Angle of orientation of the sensor 

(2) Multispectral analyses  

Multispectral analyses (spectral characteristics analysis) based on the following decision tree 
classification model was conducted with respect to Digital Number of (pixel numerical data in each 
band) of preprocessed satellite images.    

① Vegetation and non-vegetation classification 

The NDVI (Normalized Difference Vegetation Index) was sought from satellite image data, and 
classification of vegetation areas (categories 1~4, 7 and 8 out of the land use/cover categories 
indicated in Table 2-2) and non-vegetation areas (ID categories 5, 6, 9 and 10) was conducted by 
binarization.  

② Classification by the ISODATA method  

Vegetated and non-vegetated areas were classified into 60 classes by unsupervised classification 
which is the ISODATA method. Next, the classes were given meaning upon comparing the field 
survey results, local truth data based on ALOS/PRISM data and the color of satellite images and 
determining the land use/cover categories of each class. In particular, since Current Forest and 
Unstocked Forest can be classed according to tree height, meaning was given while actively referring 
to the results of tree height measurements based on ALOS/PRISM data.  

Moreover, classes that clearly contained multiple land uses in the original classification were given 
meaning upon conducting renewed classification. Furthermore, since the three categories of Bamboo, 
Plantation 1 and Plantation 2 are difficult to demarcate from other categories on images, it was 
decided to include them in other classifications without applying any meaning at this stage.   

③ Integration of classification results 

The results of classifying satellite images of vegetated areas and non-vegetated areas by the 
ISODATA method were consolidated into single land use/cover maps. 
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(3) Scene mosaicing 

Since Louangphabang Province is covered by multiple scenes (images), the results of classification 
conducted in units of scenes were joined in a mosaic of ridge lines and valley lines in order to give 
province-wide classification results.  

(4) Correction of classification results in consideration of change patterns over time   

Fluctuations in classification results arising from seasonal changes and wrong classifications in 
analysis of satellite images are an impediment to the clear grasping of deforestation and changes in 
land use/cover over time. However, due to satellite images being observed on various days, for 
example because conditions such as atmospheric status differ even if the period is the same, it is 
difficult to totally eliminate fluctuations even when results have been obtained according to unified 
image classification rules. Therefore, classification results were corrected upon taking patterns of 
change in land use/cover into account. Specifically, combinations of land use/cover patterns as a result 
of image analysis from three periods were aggregated and classified as land use/cover changes, while 
pixels indicating unnatural change patterns were viewed as seasonal changes or miss-classifications 
and these were corrected to become natural land use/cover changes upon looking at results from the 
periods before and after. Table 2-4 shows the thinking on correction processing.  

Table 2-4  Correction of Classification Results Considering Patterns of Change Over Time 

 
Single-data classification Multi-temporal classification 

1992,1993 2000 2006,2007 1992,1993 200  2006,2007 

1 U F F F F F 

2   C R C C C 

3 C R R C C   

  C R C C C C 

5 C O C C C C 

6 O R O O O O 

7 O C O O O O 

8   O R O O O 

9   O   O O   

10 C F  R F  

11 C U  R U  

12  C F  R F 

13  C U  R U 
F : Current Forest  U : Unstocked Forest  R : Ray  C : Crop Land  O : Other 
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2.3. Accuracy Analysis of Land Use/Cover Maps 
Accuracy analysis of land use/cover maps corresponds to the part surrounded by the black frame in the 
monitoring system flow shown in Figure 2-7. This will be an extremely important process for making use 
of land use/cover maps as base data in the future.   

 

Figure 2-7  Relationship of Land Use/Cover Map Accuracy Analysis and Monitoring System Flow 
 
2.3.1. Objective and Flow of Accuracy Analysis of Land Use/Cover Maps 

The objective here was to grasp the classification accuracy of the land use/cover maps that were prepared 
based on LANDSAT/TM and SPOT images for the purpose of estimating deforestation and forest 
degradation on the provincial level in last year’s Study, and to evaluate the validity of land use/cover maps 
and the classification method.  

Figure 2-8 shows the flow for analyzing the accuracy of land use/cover maps.  

 

Figure 2-8  Accuracy Analysis of Land Use/Cover Maps  
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2.3.2. Accuracy Analysis Method of Land Use/Cover Maps 

(1) Preparation of ortho pan-sharpened ALOS/AVNIR2 images for visual interpretation  

In order to verify the accuracy of land use/cover maps prepared last year using LANDSAT/TM or SPOT 
images (resolution 30 m), ortho pan-sharpened ALOS/AVNIR2 images (hereafter referred to as 
ALOS/AVNIR2 images) with resolution of 2.5 m were prepared. Figure 2-9 shows the procedure for 
preparing ALOS/AVNIR2 images.  

First, pan-sharpening using simultaneously observed ALOS/AVNIR2 (multi band images) and PRISM 
(pan-chromatic images) was conducted, and then ortho correction was carried out using ALOS-RPC files 
(PRISM precise geometric model) and ASTER GDEM in reference to LANDSAT/TM or SPOT images. 
Furthermore, radiometric correction was implemented to make it easier to ascertain land use and land cover 
conditions on the prepared images. Table 2-5 shows the specifications of the used ALOS data, Figure 2-10 
shows the scope, and Figure 2-11 shows the ALOS/AVNIR2 images that underwent radiometric and ortho 
correction.  

 

AVNIR2 PRISM

Radiometric correction

Pan-sharpened 
ALOS/AVNIR2 image 

Color correction with false color 
base to enable land use/land 
cover to be clearly conf irmed

Using ALOS-RPC model and 
ASTER-DEM

Ortho correction

Pan-sharpening 

 

Figure 2-9  ALOS/AVNIR2 Image Preparation Procedure 
 

Table 2-5  Used ALOS Data Specifications 

Target Area 
Scene Observation 

Date 
Sensor Name Path Frame 

Louangphabang Province

2008/11/13 

AVNIR2 (resolution 10 m) 

 
PRISM (resolution 2.5 m)

129 3180～3210 

2010/1/18 130 3180～3210 

2010/5/7 131 3180～3210 

Khamkeut District in 
Bolikhamxai Province 

2009/9/9 125 3220～3240 

2009/10/8 124 3230～3240 
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Figure 2-10  ALOS Data Coverage 
 

Figure 2-11  ALOS/AVNIR2 Images after Radiometric Correction  

Louangphabang Province Khamkeut District  
in Bolikhamxai Province 

Louangphabang Province Khamkeut District  
in Bolikhamxai Province 

AVNIR2 Area 
AVNIR2 Area 
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(2) Field survey for verification of accuracy of land use/cover maps  

A general survey centering on main roads in Louangphabang Province and Khamkeut District in 
Bolikhamxai Province was carried out between July 21~31, 2010 with the aim of verifying the accuracy of 
land use/cover maps prepared using LANDSAT/TM images in fiscal 2009. Moreover, coinciding with the 
forest survey that was implemented in December 2010, supplementary confirmation of general conditions 
was implemented around the survey plots. Figure 2-12 shows the reconnaissance route followed in July 
2010.  

Prior to conducting the general survey, the reconnaissance route was configured with a view to covering the 
major land uses and different forest types as much as possible, and ALOS/AVNIR2 images, 
LANDSAT/TM images and land use/cover maps, etc. were readied for the main locations (see Figure 
2-13). These image data were stored on a laptop PC and collated with GPS to enable checking on the 
ground (Figure 2-14). Concerning classifications on land use/cover maps, photographs were taken at 
representative points along the reconnaissance route.  

As a result of the rough survey, it was found that the land use/cover maps based on LANDSAT/TM 
images, etc. have been prepared with generally high accuracy with respect to the major classifications such 
as Current Forest, Unstocked Forest and Ray (Figure 2-15). Also, it was confirmed that land use/cover 
maps based on LANDSAT/TM images, etc. can be verified assuming the interpreted results of 
ALOS/AVNIR2 images to be truth data.  

 

Figure 2-12  General Survey Reconnaissance Route Map (July 21~31, 2011) 
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Figure 2-13  Examples of General Survey Documents (ALOS/AVNIR2 and LANDSAT/TM images, etc.) 
 

Figure 2-14  Implementation of General Survey using ALOS/AVNIR2 and LANDSAT/TM images, etc. 

Index map 

AAALLLOOOSSS///AAAVVVNNNIIIRRR222 iiimmmaaagggeeesss 

LLLaaannnddd uuussseee///cccooovvveeerrr mmmaaapppsss LLLAAANNNDDDSSSAAATTT///TTTMMM   iiimmmaaagggeeesss   



 

2-16 

 

Current Forest 
Evergreen broad-leaved forest with tree heights 
of 20 m or higher 
(Louangphabang Province) 

Current Forest 
Evergreen broad-leaved forest with tree heights 
of 15 m or higher  
Protected forests around communities  
(Louangphabang Province) 

Current Forest 
Evergreen broad-leaved forest with tree heights 
of 30 m or higher 
Concentrated in the area around Nakai Dam  
(Bolikhamxai Province)  

Current Forest 
Evergreen broad-leaved forest with tree heights 
of approximately 15 m 
(Bolikhamxai Province) 

Unstocked Forest 
Unstocked forest distributed over entire inclines 
(Louangphabang Province) 

Unstocked Forest 
Unstocked forest on the lower part of inclines 
Current Forest distributed over the upper part of 
adjacent inclines (Bolikhamxai Province) 

Figure 2-15  Local Condition of Main Classifications according to General Survey (1) 
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Ray 
Vegetation recovery following slash and burnt 
cultivation or abandoned cultivation can be seen. 
(Louangphabang Province) 

Ray, Crop Land 
Ray and Crop Land are distributed in a mosaic 
pattern.  
(Louangphabang Province) 

Ray 
Cultivated land widely distributed over inclined 
faces.  
(Louangphabang Province) 

Ray 
Land immediately following slash and burnt 
cultivation or abandoned cultivation 
(Bolikhamxai Province) 

Crop Land 
Paddy cultivated land in flat areas. Current Forest 
and Unstocked Forest are distributed on inclined 
land to the rear.   
(Louangphabang Province) 

Crop Land 
Paddy cultivated land in flat areas  
(Bolikhamxai Province) 

Figure 2-15  Local Condition of Main Classifications according to General Survey (1) 
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(3) Visual interpretation based on ALOS/AVNIR2 images  

① Configuration of interpretation locations 

In interpreting ALOS/AVNIR2 images, in consideration of general characteristics in Lao PDR, intersection 
points on a 2 km grid displayed on a 1:100,000 scale map of Lao PDR were configured on ALOS/AVNIR2 
images of Louangphabang Province and Khamkeut District in Bolikhamxai Province. Figure 2-16 shows 
the 2 km grid points. 

 

 

Figure 2-16  Distribution Map of 2 km Grid Points  
(the background map in the upper layer is a topographical map on a scale of 1:100,000)  

Louangphabang Province：5526 

Expanded 

 

The red frame 
shows the 
topographical 
outline on  
a scale of 
1:100,000 

 

Khamkeut District  
in Bolikhamxai Province: 1296 

Expanded 
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② Interpretation of ALOS/AVNIR2 images 

Visual interpretation based on ALOS/AVNIR2 was implemented according to the following procedure on 
land use conditions at the abovementioned 2 km grid points. All the interpreting work was conducted on 
PC using GIS, and the interpreted results were outputted as reproducible digital data.  

- Display LANDSAT/TM images and ALOS/AVNIR2 images overlaid with 2 km grid points on the 
PC display.  

- Confirm that the 2 km grid points are in the same positions on both images (Figure 2-17).  

- Interpret land use conditions at each point paying attention to texture, color and tree crown size, etc. 
on ALOS/AVNIR2 images.  

- Confer interpretation classes as attribute data.  

- Organize the results of interpretation as point data (GIS data) possessing positional coordinates.    

Incidentally, the 11 categories used in land use/cover maps in fiscal 2009 (Current Forest, Plantation 1, 
Unstocked Forest, Bamboo, Ray, Crop Land, Plantation 2, Grass Land, Others, Water, Cloud) were 
adopted as the interpretation categories (see Table 2-2).  

When conducting the interpretation, in addition to paying ample attention to positional accuracy of the 2 
km grid points, image acquisition year and season, cloud and shadow, etc., effort was made to enhance 
accuracy through referring to thematic maps (topographical maps, land cover maps, geological maps, etc.) 
and materials such as Google Earth, etc. as needed (see Figure 2-18). The final results from the visual 
interpretation were inspected for overall consistency and interpretation categories by staff who had been 
involved in the general survey. Figure 2-19 shows the contents of the prepared grid point data, while Table 
2-6 shows the final interpretation results (number of 2 km grid points under each interpretation category).   

 

Figure 2-17  Example of Interpretation Grid Points Displayed on LANDSAT/TM and ALOS/AVNIR2 Images 

ALOS/AVNIR2 LANDSAT/TM 
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9標高段彩図

FIPD土地利用図

Google Earth

地質図

Ecological Zone
 

Figure 2-18  Interpretation Reference Materials  
 
 

 

Figure 2-19  Contents of Interpretation Results Data based on ALOS/AVNIR2 Images 
 
 

Table 2-6  Contents of Interpretation Results Data based on ALOS/AVNIR2 Images  
(number of 2 km grid points) 

Classification 
Code 

Classification 
Louangphabang 

Province 
Khamkeut District in 

Bolikhamxai Province 
1 Current Forest 2,400 593 
3 Unstocked Forest 2,142 294 
5 Ray 175 29 
6 Crop Land 38 24 
8 Grass Land 10 5 
9 Others 15 20 

10 Water 24 10 
11 Cloud 188 115 

Total 
(number of points with cloud excluded) 

4,992 
(4,804) 

1,090 
(975) 

Elevation tint map 

FIPD land use map Geological map
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2.3.3. Accuracy Analysis Results 

The land use/cover maps for Louangphabang Province and Khamkeut District in Bolikhamxai Province 
that were prepared in last year’s Study from SPOT (including some LANDSAT/TM) images observed in 
2007 were compared with the visual interpretation findings from the 2009 ALOS/AVNIR2 images divided 
into a 2 km grid (Louangphabang Province: 4,804 points, and Khamkeut District in Bolikhamxai Province: 
975 points). Figure 2-20 and Figure 2-21 show the results of visual interpretation on the land use/cover 
maps and at the 2 km grid points. 

 

Figure 2-20  Louangphabang Province Land Use/Cover Map and Visual Interpretation Results 
 

 

Figure 2-21  Khamkeut District in Bolikhamxai Province Land Use/Cover Map  
and Visual Interpretation Results 

Legend

Interpretation Result

Current Forest

Unstocked Forest

Ray

Crop Land

Grass Land

Others

Water

Nodata Cloud

Nodata Shadow of Cloud

Nodata Out of Area

Legend

Interpretation Result

Current Forest

Unstocked Forest

Ray

Crop Land

Grass Land

Others

Water

Nodata Cloud

Nodata Shadow of Cloud

Nodata Out of Area
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Table 2-7 and Table 2-8 show the results of accuracy verification obtained in this manner. The overall 
accuracy is 86 percent for Louangphabang Province and 88 percent for Khamkeut District in Bolikhamxai 
Province. In terms of each individual classification category, accuracy is generally between 80~90 percent, 
indicating an accurate level of classification in the land use/cover maps.  

Table 2-7  Classification Accuracy of the Louangphabang Province Land Use/Cover Map 

Interpretation(Class Code) 

Total 
Users 

Accuracy 1 2 3 4 5 6 7 8 

C
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ss
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e 
&
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d 
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e)
 

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 "Clouds" isn't included in the number of "Total". 
 

Table 2-8  Classification Accuracy of the Khamkeut District in Bolikhamxai Province Land Use/Cover Map 

Interpretation(Class Code)
Total 

Users 
Accuracy1 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 "Clouds" isn't included in the number of "Total". 
 
From the tables it can be seen that numerous wrong classifications occur regarding Current Forest and 
Unstocked Forest. These are compiled into Figure 2-22. The color of points in the figure is the result of 
image analysis classification. There are verification points that were classified as different categories in the 
visual interpretation. Whereas these are distributed evenly over the whole of Louangphabang Province, 
they are concentrated into the south of Khamkeut District in Bolikhamxai Province. Numerous points can 
be seen around land use boundaries in particular. In Khamkeut District in Bolikhamxai Province, because 
there is little slash and burn cultivation and few cases of land uses over small areas, there are not many 
wrongly classified areas in the northern mountainous area. Meanwhile, in Louangphabang Province, there 
is a widespread distribution of wrong classifications because there is a lot of slash and burn cultivation and 
numerous cases of land uses over small areas. 
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Figure 2-22  Visual Interpretation Locations deemed to be Wrongly Classified  
on Land Use/Cover Maps as a Result of Accuracy Verification  

(Colors indicate image analysis classifications, deemed to be wrongly classified in visual interpretation) 
 
From the figure, the wrongly classified areas show no major difference in texture and only a slight disparity 
in color on LANDSAT/TM. On the ALOS/AVNIR2 images too, it can be seen that wrong classifications 
occur in locations that are hard to identify.  

 

Figure 2-23  Example of Wrong Classification  
(1st and 3rd from the left: LANDSAT/TM, 2nd and 4th from the left: ALOS/AVNIR2) 

(Left pair: image classification is Unstocked Forest, visual interpretation is Current Forest 
Right pair: image classification is Current Forest, visual interpretation is Unstocked Forest)  

 

Legend

Classification Analysis

Current Forest

Unstocked Forest

Other
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2.3.4. Summary and Future Issues 

As the accuracy verification of the land use/cover maps of the two districts using the results of visual 
interpretation of ALOS/AVNIR2 images (entailing field survey) indicated that the land use/cover maps 
prepared from 2007 satellite images had high accuracy of 86 percent and 88 percent respectively, the 
validity of the land use/cover maps and classification method was demonstrated. Since the satellite images 
from 1993 and 2000 were also classified using this method, it is thought that the land use/cover maps from 
three periods for Louangphabang Province and Khamkeut District in Bolikhamxai Province are accurate 
too. Table 2-9 compiles the area changes in land use/cover maps from the three periods that were prepared 
in the Study last year.  

Table 2-9  Changes Over Time in Land Use/Cover Maps Obtained from Satellite Image Analysis  

Louangphabang 

Class 
1992,1993 Ratio of 

change 
2000 Ratio of 

change 
2006,2007 

ha % ha % ha % 
Current Forest 1,280,031 64.2 -5.77 1,164,989 58.4 -8.86 988,139 49.5
Plantation1 593 0.0 0.01 817 0.0 0.01 1,083 0.1
Unstocked Forest 597,689 30.0 6.81 733,455 36.8 7.75 888,073 44.5
Bamboo 133 0.0 0.00 136 0.0 0.00 136 0.0
Ray 90,370 4.5 -1.25 65,370 3.3 0.62 77,738 3.9
Crop Land 6,365 0.3 -0.01 6,072 0.3 0.54 16,811 0.8
Plantation2 0 0.0 0.00 0 0.0 0.00 0 0.0
Grass Land 6,916 0.3 0.00 6,995 0.4 0.03 7,538 0.4
Others 4,209 0.2 0.05 5,190 0.3 0.00 5,173 0.3
Water 8,711 0.4 0.16 11,994 0.6 -0.08 10,327 0.5
Total 1,995,017 - - 1,995,017 - - 1,995,017 - 
Bolikhamxai 

Class 
1993 Ratio of 

change 
2000 Ratio of 

change 
2007 

ha % ha % ha % 
Current Forest 296,010 67.4 -4.99 274,083 62.4 -3.46 258,877 59.0
Plantation1 0 0.0 0.00 4 0.0 0.13 561 0.1
Unstocked Forest 118,524 27.0 4.10 136,535 31.1 2.73 148,504 33.8
Bamboo 65 0.0 0.00 65 0.0 0.00 65 0.0
Ray 9,760 2.2 0.26 10,889 2.5 -0.07 10,587 2.4
Crop Land 6,712 1.5 -0.07 6,424 1.5 0.73 9,613 2.2
Plantation2 0 0.0 0.00 0 0.0 0.00 0 0.0
Grass Land 3,216 0.7 0.53 5,523 1.3 -0.28 4,281 1.0
Others 2,506 0.6 0.13 3,058 0.7 0.18 3,833 0.9
Water 2,291 0.5 0.05 2,501 0.6 0.06 2,762 0.6
Total 439,083 - - 439,083 - - 439,083 - 

 
Moreover, in the Study, since land use/cover maps were prepared only for the pilot survey areas of 
Louangphabang Province and Khamkeut District in Bolikhamxai Province, a future issue will concern how 
to classify land uses and forest types that don’t exist in these areas (Plantation 2: tea and coffee plantations, 
etc.). 
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2.4. Forest Biomass Classing  
2.4.1. Objective of Forest Biomass Classing 

Forest biomass classes were devised in order to evaluate in detail the distribution and changes of forest 
carbon stocks. Figure 2-24 shows the status of biomass classes within red frame on the forest monitoring 
system.   

 

Figure 2-24  Relation of Forest Biomass Classes to the Monitoring System Flow  
 
2.4.2. Biomass Classing Method 

(1) Biomass classing based on visual interpretation 

Forest biomass classing based on visual interpretation of ALOS/AVNIR2 images was carried out on 2 km 
grid points that were deemed to be Current Forest in the said images. In classing biomass, the interpretation 
criteria indicated in Table 2-10 focusing on tree crown size, texture and color, etc. in the ALOS/AVNIR2 
images were configured based on the truth data obtained from the field surveys in July 2010 (see Figure 
2-25 and Figure 2-26). When conducting the visual interpretation, in addition to paying ample attention to 
positional accuracy of the 2 km grid points, photographed year and season, cloud and shadow, etc., 
reference was made to materials such as Google Earth, etc. as needed. The results from the visual 
interpretation were finally inspected by staff who had been involved in the general survey. Figure 2-27, 
Figure 2-28 and Figure 2-29 show typical images of the three biomass classes.   
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TM 2007/11 AVNIR-2 2009/09

Land use/cover 2007 Ground Photo 2010/07

SPOT,TM 2007/10-12 AVNIR-2 2010/05

Land use/cover 2007 Ground Photo 2010/07

Biomass class: High 
(Upper level tree height: 35~40m)  

Biomass class: Medium 
(Upper level tree height: 20~25m) 

Figure 2-25  Example of Biomass Classes based on Field Survey (July 2010) (1)   
 

SPOT,TM 2007/10-12 AVNIR-2 2010/05

Land use/cover 2007 Ground Photo 2010/07
Land use/cover 2007

Ground Photo 2010/07

AVNIR-2 2010/05SPOT,TM 2007/10-12

Biomass class: Low 
(Upper level tree height: 15~20m) 

Biomass class: Low 
(Upper level tree height: 10~15m) 

Figure 2-26  Example of Biomass Classes based on Field Survey (July 2010) (2) 
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Table 2-10  Visual Interpretation Criteria for Biomass Classes using ALOS/AVNIR2 Images   

Biomass Class Tree Crown Size* Texture 
Color in 

ALOS/AVNIR2
Color in 

LANDSAT/TM 
Distribution, etc. 

Current 
Forest 

High  
(old-growth 
forest)  

The tree crown 
can be clearly 
discerned. Tree 
crown diameter is 
generally 8 m or 
more.  

Rough. The 
tree crown 
has asperity 
(irregularity). 

Darker red ~ 
Gunmetal gray 

Dark red 

Frequently found 
around the 
national border in 
Bolikhamxai and 
the provincial 
boundary (east 
side) of 
Louangphabang  

Medium  
(secondary 
forest)  

The tree crown 
can be discerned. 
Tree crown 
diameter is 
generally 3~8 m. 

Slightly 
rough 
(between 
high and low)

Dark red Red 

Also found around 
communities, used 
as common-forest. 
Lots of high trees 
still remain.  

Low  
(secondary 
young forest) 

The tree crown 
cannot be clearly 
discerned. Tree 
crown diameter is 
generally less than 
3 m. 

Fine Red Reddish pink  

Found close to 
cultivated land 
and communities 
as well as around 
Ray, etc.  

* Tree crown size was estimated based on comparison with circles  
(radius approximately 31 m, roughly equivalent to 1 pixel on LANDSAT/TM images).  

 

 

Figure 2-27  Example of High Biomass Class (old-growth forest)  
Circles around the center of the image have a radius of approximately 31 m 

 

LANDSAT/TM ALOS/AVNIR2 
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Figure 2-28  Example of Medium Biomass Class (secondary forest) 
Circles around the center of the image have a radius of approximately 31 m 

 
 

 

Figure 2-29  Example of Low Biomass Class (secondary young forest) 
Circles around the center of the image have a radius of approximately 31 m 

LANDSAT/TM ALOS/AVNIR2 

ALOS/AVNIR2 LANDSAT/TM
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(2) Biomass classing based on image multispectral analyses   

Biomass classing based on satellite image analysis was conducted according to objects. Unlike 
interpretation of land use categories at points, this is done to conform with the results of biomass class 
visual interpretation classified according to objects (zones). For classifying objects, eCognition Developer 
was used. Figure 2-30 indicates the flow of biomass classing.  

Visual interpretation 
results

 (High, Medium, Low)

Biomass 
classing results

Object preparation 
(SP = 10) 

Training data 
preparation 

Current Forest 
Satellite Images 

(2007)

Maximum-likelihood 
classification 

 

Figure 2-30  Biomass Classing Flow 
 
2.4.3. Results and Accuracy of Biomass Classing 

Targeting the 2007 SPOT and LANDSAT/TM images of Current Forest areas used to make the land 
use/cover maps of Louangphabang Province and Khamkeut District in Bolikhamxai Province, 
segmentation (SP = 10) by eCognition Developer was carried out. Next, training data for each biomass 
class were prepared in reference to the results of visual interpretation, and the biomass classes were 
classified by the maximum-likelihood method based on the training data. The results are shown in Figure 
2-31 and Figure 2-32. Next, Table 2-11 shows the results of analyzing the degree of coincidence upon 
comparing the visually interpreted biomass classes and biomass classes resulting from image (spectral) 
classification of LANDSAT / TM image of the same locations.   
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Figure 2-31  Biomass Classing Results (Louangphabang Province) 
(Left: image classification results, Right: Visual interpretation results)  

 

 

Figure 2-32  Biomass Classing Results (Khamkeut District in Bolikhamxai Province) 
(Left: image classification results, Right: Visual interpretation results)  

Legend

Interpretation Result
Current Forest High

Current Forest Medium

Current Forest Low

Legend
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Medium

Low

Legend

High

Medium

Low

Legend

Interpretation Result
Current Forest High

Current Forest Medium

Current Forest Low
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Table 2-11  Accuracy Analysis of Biomass Classing Results 

Louangphabang 

 
Interpretation 

Total 
Users 

Accuracy 
Class
RatioHigh Medium Low 

Class 

High 63 50 72 185 34% 10%

Medium 65 107 266 438 24% 24%

Low 77 180 922 1179 78% 65%

Total 205 337 1260 1802 

Producers Accuracy 31% 32% 73%

Over All Accuracy 61% 

Class Ratio 11% 19% 70%

Bolikhamxai 

 
Interpretation 

Total 
Users 

Accuracy 
Class
RatioHigh Medium Low 

Class 

High 68 29 8 105 65% 21%

Medium 48 171 40 259 66% 53%

Low 6 67 54 127 43% 26%

Total 122 267 102 491 

Producers Accuracy 56% 64% 53%

Over All Accuracy 60% 

Class Ratio 25% 54% 21%

 
As is indicated in Table 2-11, overall accuracy was approximately 60 percent in both Louangphabang 
Province and Khamkeut District in Bolikhamxai Province. Looking at the results of accuracy analysis 
regarding each biomass class, whereas the accuracy for each class in Khamkeut District in Bolikhamxai 
Province was generally between 50~60 percent, it was approximately 30 percent for the High and Medium 
classes and 75 percent for the Low class in Louangphabang Province. Figure 2-33 shows the relationship of 
biomass classes at visually interpreted locations (Louangphabang Province: 1,802 points, Khamkeut 
District in Bolikhamxai Province: 491 points) with the band DN values (mean values) of satellite images.    
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Figure 2-33  Biomass Classes at Visually Interpreted Locations and Band DN Values of Satellite Images 
(Left: Louangphabang Province, Right: Khamkeut District in Bolikhamxai Province) 

(There is no evaluation for band 1 in Louangphabang Province because it is a SPOT image)  
 
As is shown in the figure, DN values for Bands 1~3 do not show great disparity, while disparity in biomass 
classes can be seen in Bands 4 and 5. However, looking at the scope of 1σ expressed by the length of bars 
stretching up and down from each band DN value, wrong classifications are apt to occur because of large 
overlapping of each biomass class. This is thought to be the reason why the accuracy of biomass classing 
based on image classification was around 60 percent. Moreover, as to why the High and Medium classing 
accuracy was so low in Louangphabang Province, the following reasons are considered: ① Compared to 
Khamkeut District in Bolikhamxai Province, since there are more small pockets of land used for slash and 
burnt cultivation and so on in Louangphabang Province, it was not possible to fully evaluate this small area 
land use using visual interpretation objects; ② Since Louangphabang Province is expansive and images 
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from five periods were analyzed, differences in the observation periods impacted the classifications; ③ 
The parameters of segmentation according to object classification were smaller than the visually interpreted 
objects; and ④ Inconsistency arose between the visual interpretation and image classification results due 
to the effects of haze. In any case, there is need to develop technology in order to mitigate inconsistencies 
between biomass classes.  

2.4.4. Biomass Classing using Multi-temporal Images 

Targeting Khamkeut District in Bolikhamxai Province where the accuracy of each biomass class was 
relatively high, biomass classing was implemented on Current Forest from two past periods (2000 and 
1993). The same method that was used in 2007 was adopted. The results of biomass classing in 2007 were 
referred to as training data for the maximum-likelihood method. Figure 2-34 shows the results of Current 
Forest biomass classing from the three periods.  

 

Figure 2-34  Biomass Classes from Three Periods (Khamkeut District in Bolikhamxai Province) 
(Left: observed December 27, 1993, Center: observed November 4, 2000, Right: observed November 7, 2007) 

 
Focusing on the areas of each biomass class from 1993, changes in the biomass classes of the same areas in 
2000 and 2007 were estimated. The results are compiled into Table 2-12 and Figure 2-35. 

Table 2-12  Changes over Time in Biomass Classes from 1993 

Bolikhamxai 

 

1993 
Area of
Change

2000 
Area of 
Change 

2007 

Area (ha) 
Class 
Ratio 

Area (ha)
Class 
Ratio 

Area (ha) 
Class 
Ratio 

Biomass 
Class 

High 76,414 26% -37,459 38,955 23% -10,891 28,064 22%

Medium 136,412 47% -44,337 92,076 54% -24,659 67,417 54%

Low 76,820 27% -35,973 40,847 24% -11,045 29,802 24%

Total 289,646 100% -117,768 171,878 100% -46,595 125,283 100%

Legend

High

Medium

Low
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Figure 2-35  Changes over Time in Biomass Classes from 1993 
 
Area decreased over time in each of the biomass classes from 1993, however, the reasons for this differed 
according to the area concerned. The High biomass area decreased (including transition to the lower class) 
due to deforestation and forest degradation caused by tree cutting, etc., however, the decrease in areas 
classed as Medium and Low was due to not only deforestation and forest degradation but also tree growth 
that resulted in forest recovery from Low to Medium and Medium to High respectively. Concerning the 
reasons for changes in biomass classes, more detailed analysis will be needed.  

Table 2-13 and Figure 2-36 show the summarized results of changes in biomass class areas over the three 
periods.  

Table 2-13  Changes over Time in Biomass Classes over Three Periods 

Bolikhamxai 

 

1993 
Area of
Change

2000 
Area of 
Change 

2007 

Area (ha) 
Class 
Ratio 

Area (ha)
Class 
Ratio 

Area (ha) 
Class 
Ratio 

Biomass 
Class 

High 76,414 26% -18,218 58,196 22% -8,656 49,541 20%

Medium 136,412 47% 6,404 142,817 53% -9,941 132,875 52%

Low 76,820 27% -10,857 65,963 25% 5,111 71,074 28%

Total 289,646 100% -22,670 266,976 100% -13,486 253,490 100%
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Figure 2-36  Changes over Time in Biomass Classes over Three Periods 
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The figure indicates that only the area classed as High declined, whereas the Medium and Low areas 
showed no major change over the three periods. From this it is assumed that, in Khamkeut District in 
Bolikhamxai Province, the area of deforestation and forest degradation exceeded the area of forest recovery 
(Medium→High) in areas classed as High, while ① the area of decrease in Medium and Low classed 
areas due to deforestation and forest degradation was roughly the same as ② the area of increase due to 
forest degradation (High→Medium, Medium→Low) + ③ the area of increase resulting from forest 
recovery. 

2.4.5. Summary and Future Issues 

Compared to visual interpretation, the degree of coincidence in biomass classing was around 60 percent. As 
was consolidated in this chapter, it was possible to obtain the area of each class as information for grasping 
the wall-to-wall carbon stock. In Chapter 4, this area of biomass classing is utilized in order to estimate 
carbon stock in Khamkeut District in Bolikhamxai Province. 

The forest biomass classing based on visual interpretation carried out in this chapter shows a lot of 
overlapping with the DN values in each band of the satellite images. As is shown in Chapter 4 Table 4-11 
and Figure 4-35, since there is also a lot of overlapping with tree height data, it will be necessary in future 
to conduct classing in such a way that overlapping is reduced. Moreover, in Louangphabang Province, 
where small pockets of land uses exist, it is necessary to display caution regarding the size of visually 
interpreted objects. Furthermore, it will be necessary to review the method of biomass classing based on 
image classification. 

2.5. Additional Preparation of Land Use/Cover Maps for Forecasting 
Future Changes in Forest Cover 

In the Study this fiscal year, with the aim of forecasting future changes in forest cover in Pakxeng District 
in Louangphabang Province, land use/cover maps from two periods were prepared in addition to the land 
use/cover maps from three periods that were made last year. The red frame in Figure 2-37 shows the status 
of this in the contents of this year’s monitoring system flow.  

 

Figure 2-37  Preparation of Additional Land Use/Cover Maps and Position in the Monitoring System Flow 
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2.5.1. Objective of Additional Land Use/Cover Map Preparation 

In the future forecasting carried out last fiscal year, the interval between the periods selected to prepare 
land use/cover maps was seven years, however, since this was too long to properly examine slash and burnt 
cultivation and other small-scale land uses in Louangphabang Province, there was a likelihood that 
disparity would arise between future forecasts and actual changes. Therefore, land use/cover maps from an 
additional two periods were prepared in order to arrive at more accurate future forecasts based on land 
use/cover maps for five periods at intervals of three or four years. The maps were prepared for Pakxeng 
District, which was targeted for village survey in the study of 2010.   

2.5.2. Method of Additional Land Use/Cover Map Preparation 

The additional land use/cover maps in Pakxeng District were prepared from the LANDSAT/TM images 
shown in Table 2-14 and Figure 2-38. As with the land use/cover maps prepared for the original three 
periods, the additional maps were prepared using the method described in Section 2.2.  

Table 2-14  Additional Satellite Image Data 

Target Area First additional period Second additional period  

Pakxeng District LANDSAT/TM-5 

October 30, 1996 

November 24, 1996  

(Ground resolution 30 m) 

LANDSAT/TM-5 

November 14, 2004 

December 7, 2004  

(Ground resolution 30 m) 

 

 

Figure 2-38  Additional Satellite Images for Analysis 
 

Table 2-15  Satellite Image Data Used in Last Year’s Study 

Target Area First period Second period Third period 

Pakxeng District LANDSAT/TM-5 

February 15, 1992 

March 28, 1993 

December 25, 1993 

(Ground resolution 30 m) 

LANDSAT/TM-7 

October 26, 2000 

November 2, 2000  

(Ground resolution 30 m) 

LANDSAT/TM-5 

November 27, 2006 

(Ground resolution 30 m) 

SPOT-4 

October 21, 2007 

November 27, 2007 

(Ground resolution 20 m) 

 

14/Nov/04

7/Dec/04

24/Nov/96 

30/Oct/96 
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2.5.3. Results of Land Use/Cover Map Preparation  

Figure 2-39 and Figure 2-40 show the land use/cover maps that were prepared by classifying satellite 
images of Pakxeng District for five periods at three- and four-year intervals as shown in Table 2-14 and 
Table 2-15.  

LANDSAT 1993 Classification Result 

LANDSAT 1996 Classification Result 

LANDSAT 2000 Classification Result 

Figure 2-39  Results of Land Use/Cover Map Preparation for Five Periods (1) 



 

2-37 

 

LANDSAT 2004 Classification Result 

LANDSAT 2007 Classification Result 

Figure 2-40  Results of Land Use/Cover Map Preparation for Five Periods (2) 
 
Table 2-16 shows changes in the area of each land use category in the land use/cover maps prepared for the 
five periods.  

Table 2-16  Area Changes in Land Use/Cover Maps for Five Periods 

Land Use 
1993 ratio of  

change 
1996 ratio of

change
2000 ratio of 

change
2004 ratio of 

change 
2007 

ha ratio ha ratio ha ratio ha ratio ha ratio
Current 
Forest 101,566 62.2% -3.0% 96,648 59.2% -3.8% 90,483 55.4% -8.0% 77,387 47.4% -6.0% 67,643 41.4%
Plantation1 19 0.0% 0.0% 19 0.0% 0.0% 29 0.0% 0.0% 29 0.0% 0.0% 29 0.0%
Unstocked 
Forest 53,101 32.5% 4.4% 60,328 36.9% 4.1% 67,027 41.0% 8.3% 80,622 49.4% 4.4% 87,788 53.8%
Bamboo 29 0.0% 0.0% 29 0.0% 0.0% 29 0.0% 0.0% 29 0.0% 0.0% 29 0.0%
Ray 6,614 4.0% -1.0% 5,028 3.1% -0.6% 4,007 2.5% -0.4% 3,352 2.1% 1.5% 5,728 3.5%
Crop Land 99 0.1% 0.0% 57 0.0% 0.0% 35 0.0% 0.0% 36 0.0% 0.1% 250 0.2%
Plantation2 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0%
Grass Land 1,419 0.9% -0.6% 362 0.2% 0.2% 638 0.4% 0.2% 1,032 0.6% -0.2% 768 0.5%
Others 107 0.1% 0.1% 240 0.1% 0.1% 378 0.2% -0.1% 282 0.2% 0.1% 371 0.2%
Water 360 0.2% 0.1% 602 0.4% 0.1% 687 0.4% -0.1% 545 0.3% 0.1% 708 0.4%
Total 163,313 163,313 163,313 163,313  163,313

 
From the table it can be seen that Current Forest is continuing to decrease at a ratio of approximately 3~8 
percent every three or four years, while Unstocked Forest is increasing at a similar ratio. Moreover, the area 
of Ray shows no major change and accounts for approximately 2~4 percent of land in Pax Xeng District.  

These land use/cover maps for five periods are used to conduct the future forecasting described in Chapter 
3.  
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2.5.4. Estimating the State of Field Burning 

From the local hearings, it was found that field burning is carried out around once every seven years, 
however, the cycle has been getting shorter in recent years. In Lao PDR, field burning is the major cause of 
deforestation and forest degradation, and the shortening of the field burning cycle causes surface soil to run 
off, thereby impeding the recovery of forests. Here, in order to estimate the state of field burning, which is 
a cause of deforestation and forest degradation, focus was placed on Ray areas (6,614ha) in the satellite 
image of Pakxeng District in Louangphabang Province for 1993, and subsequent changes in Ray land were 
estimated from the land use/cover maps for the four other periods. Table 2-17 shows the results.  

Table 2-17  Changes in Land Use of Ray (Slash and Burnt Fields) since 1993 

Land Use 
1993 ratio of 

change 
1996 ratio of

change
2000 ratio of 

change
2004 ratio of 

change 
2007 

ha ratio ha ratio ha ratio ha ratio ha ratio 
Current 
Forest 0 0.0% 42.4% 2,256 42.4% -7.3% 2,276 35.1% 1.5% 2,364 36.5% -12.7% 1,510 23.9%
Plantation1 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0%
Unstocked 
Forest 0 0.0% 50.3% 2,677 50.3% 7.8% 3,768 58.1% -0.3% 3,739 57.8% 8.4% 4,186 66.1%
Bamboo 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0%
Ray 6,614 100.0% -93.9% 322 6.1% -0.9% 335 5.2% -0.8% 281 4.3% 3.6% 504 8.0%
Crop Land 0 0.0% 0.0% 3 0.0% 0.2% 14 0.2% 0.0% 11 0.2% 0.3% 30 0.5%
Plantation2 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0%
Grass Land 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 3 0.0% 0.0% 0 0.0%
Others 0 0.0% 0.7% 36 0.7% 0.2% 59 0.9% -0.3% 41 0.6% 0.4% 66 1.0%
Water 0 0.0% 0.5% 27 0.5% 0.1% 38 0.6% 0.0% 35 0.5% 0.0% 34 0.5%
Total 6,614 5,320 6,490 6,474 6,330 

* Totals are inconsistent due to the existence of cloud and cloud shadow areas.   
 
The areas that were Ray in 1993 were almost all classified differently (mostly Current Forest and 
Unstocked Forest) by 1996. It can be seen that Current Forest subsequently decreased while Unstocked 
Forest increased. Changes over the five periods in the area of Ray as well as Current Forest and Unstocked 
Forest, which account for a high ratio of area, are shown in graph form in Figure 2-41. 
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Figure 2-41  Changes in Ray (Slash and Burnt Field) Land Use from 1993  
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Land that was Ray in 1993 had recovered to Current Forest and Unstocked Forest by 1996, and there was 
little difference in the ratio of these two classifications. After 1996, Current Forest decreased while 
Unstocked Forest increased. Concerning the decline in Current Forest, it is possible that forest in recovery 
has been gradually reused for slash and burnt cultivation. Regarding the increase in Unstocked Forest, it is 
possible that the cycle of sifting cultivation is faster than the speed of forest recovery. Meanwhile, looking 
at changes over time in Ray, since there was no major increase from 1996 onwards, it is guessed that sifting 
cultivation takes place constantly and in small plots rather than periodically over large areas.  

Furthermore, Table 2-18 shows before and after land use/cover maps for areas classified as Ray in maps 
from certain periods (see Table 2-18). For each year, the table indicates land use/cover conditions , area 
(ha) and ratio (%) of each land use and the ratio of land that changes to Ray in the next period. For 
example, the 2,328ha of Current Forest and 3,119ha of Unstocked Forest in 2004 became Ray on the land 
use/cover map for 2007.  

Table 2-18  Land Use Conditions before Change to Ray (Burnt Field) 

Land Use 
1993 1996 2000 2004 

ha ratio ha ratio ha ratio ha ratio 

Current Forest  1,974 52.9% 1,741 56.2% 1,413 42.5% 2,328 41.2%

Plantation1  0 0.0% 0 0.0% 0 0.0% 0 0.0%

Unstocked Forest  1,287 34.5% 1,134 36.6% 1,691 50.9% 3,119 55.1%

Bamboo  0 0.0% 0 0.0% 0 0.0% 0 0.0%

Ray  322 8.6% 197 6.4% 197 5.9% 177 3.1%

Crop Land  8 0.2% 11 0.3% 6 0.2% 3 0.0%

Plantation2  0 0.0% 0 0.0% 0 0.0% 0 0.0%

Grass Land  134 3.6% 0 0.0% 1 0.0% 0 0.0%

Others  5 0.1% 11 0.4% 10 0.3% 10 0.2%

Water  4 0.1% 3 0.1% 5 0.1% 20 0.3%

Total  3,734 3096 3,322 5,656 

* Due to the existence of cloud and cloud shadow areas on the land use/cover maps from the previous period, total 
area does not coincide with Ray area from the next period.   

 
Focusing on Current Forest and Unstocked Forest, which are the main land uses that change to Ray, Figure 
2-42 shows changes in their area ratio.  
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Figure 2-42  Movements in Land Use before Change to Ray (Burnt Field) 
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It can be seen that much of the land that was Ray on the land use/cover maps for 1996 was converted from 
Current Forest in 1993. After that, the ratio of Current Forest out of land changing to Ray declined, whereas 
the ratio of Unstocked Forest increased. As is shown in Table 2-16, since the area of Ray has not changed 
greatly and the area ratio of Current Forest has decreased as shown in Figure 2-41 and Figure 2-42, it is 
possible that the cycle between field burning has shortened and the time taken for forest to recover has 
increased due to soil runoff. 

Also, it is thought that government measures such as the limitation of slash and burnt cultivation and 
prohibition of forest cutting have impacted the state of Ray.  

2.6. Summary of Remote Sensing Analysis 

In this chapter, the following activities were conducted: ① verification of accuracy of the land use/cover 
maps that were prepared last fiscal year, ② biomass classing of forest, and ③ preparation of land 
use/cover maps for an additional two periods. The results are compiled below. 

In the accuracy verification of land use/cover maps prepared last year, the results of visual interpretation of 
pan-sharpened ALOS/AVNIR2 images were compared against land use/cover maps for 2007 and the 
classification method for land use/cover maps and satellite images was evaluated. As a result, since the 
classification accuracy of land use/cover maps was high at approximately 90 percent, the validity of the 
land use/cover maps and classification method were demonstrated. Accordingly, it may be said that the 
land use/cover maps for Louangphabang Province and Khamkeut District in Bolikhamxai Province from 
1993 and 2000, which were prepared using the same method, similarly have valid accuracy.  

It is thus considered effective to apply this method to the preparation of land use/cover maps in other areas. 
However, in the Study, since land use/cover maps were prepared only for the pilot survey areas of 
Louangphabang Province and Khamkeut District in Bolikhamxai Province, a future issue will concern how 
to classify land uses and forest types that don’t exist in these areas (Plantation 2: tea and coffee plantations, 
etc.). 

Concerning the biomass classing of forests, biomass classes (High, Medium, Low) were decided based on 
visual interpretation of pan-sharpened ALOS/AVNIR2 images and, using this as training data, a method for 
conducting mechanical biomass classing based on satellite image classification was examined. As a result, 
the degree of coincidence of the biomass classes was around 60 percent compared to the visual 
interpretation, and it was possible to obtain the area of each class. As a result, it was possible to estimate 
wall-to-wall forest carbon stocks. 

The forest biomass classing based on visual interpretation carried out in this chapter shows some 
overlapping with the DN values of each band in the satellite images. As is shown in Chapter 4, since there 
is also some overlapping with tree height data, it will be necessary in future to examine a classing method 
that reduces such overlapping. Moreover, in Louangphabang Province, where small pockets of land uses 
exist, it will be necessary to standardize the size of visually interpreted objects and develop technology for 
converting visual interpretation into quantitative indicators and so on. Furthermore, after the improved 
biomass classes have been attained, it will be necessary to review the method of biomass classing based on 
image classification. 

In the preparation of additional land use/cover maps for two periods, using last year’s method that was 
found to enable classification with high accuracy, additional maps were prepared upon classifying 
LANDSAT/TM images for Pakxeng District in Louangphabang Province. As a result, land use/cover maps 
for 1996 and 2004 were prepared, thus providing land use/cover maps for five periods in total (when 
combined with the existing maps for 1993, 2000 and 2007) at intervals of three or four years. Doing this 
has made it possible to conduct even more accurate future forecasts. 

Moreover, using the land use/cover maps for the said five periods, the state of slash and burnt cultivation, 
which is the major cause of deforestation and forest degradation in Lao PDR, was estimated. As a result, 
trends of shorter sifting intervals and extension of the forest recovery period were ascertained.  




