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Emissions from tropical deforestation and forest degradation play an important role in the 

carbon cycle, but current estimates of emissions have high uncertainties both at the regional 

and global scale. Remote sensing data play a crucial role to improve estimates of tropical 

deforestation but mapping other forest disturbances such as selective logging and shifting 

cultivation is more difficult. However, mapping such changes is important particularly in 

regions for which net forest cover has reportedly increased but changes in forest density and 

condition are unknown. In this study, we assessed the forest cover changes in the province 

Nghe An located in North Central Vietnam over the past 20 years (1990 – 2010) using dense 

Landsat time series.  

To fill data gaps and also to improve the accuracy of the change detection, we processed 

composite image time series from the rain and dry season. To create spectral signatures we 

sampled training data randomly across the study area stratified by forest ecoregions. With 

means of the Random Forest decision tree classifier, we classified the predicted models to the 

temporal image composites for each season as well as for both rain and dry season covering a 

5-year time period. The overall accuracies of the classified image composites range from 

67.52% to 83.89%.  

Afterwards, the maps with the highest overall accuracies of each time period have been post-

classified to receive forest area changes and hence the activity data for the carbon stock 

change estimation. The resulting forest area change maps cover the years 1990-1995, 1995-

2000, 2000-2005, and 2005-2010. Independent samples have been collected randomly, 

stratified by the map classes, for each forest cover change map. The area-adjusted user’s 

accuracies range from 20% for mapped forest degradation in the years 1995-2000 to 78% for 

mapped forest loss in the years 2000-2005. The results of the post-classification yield a 

decrease in intact forests of 52,226 ha (1.53% ± 8.24% CI), degraded forests have increased 

by 134,551 ha (3.93% ± 2.54% CI), and a forest loss of 8,634 ha (0.25 ± 0.09% CI) between 

1990 and 2010. 

We conducted a forest carbon stock change analysis based on the standard methods of the 

IPCC. On account of the lack of measurement data from the study site we used both national-



derived values and default values from the IPCC as input emission factors in the calculations. 

The estimated forest carbon stock changes yield the following results: For the stable forest 

areas the removals average 215 Mt CO2 with an uncertainty of 54.50%, the average removals 

of the forest regrowth areas are 10 Mt CO2 and have an uncertainty of 52.38%, the emissions 

from areas with forests degraded average 7 Mt CO2 with an average uncertainty of 54.50%, 

and the emissions caused by forest loss areas average 3.5 Mt CO2 and yield an uncertainty of 

46.00%. 

The objective of the study is to extent existing analyses in the context of forest cover change 

detection conducted in complex, mountainous terrains with small-scale land use patches. The 

innovative character of the research is to capture forest degradation in a highly dynamic area 

dominated by swidden cultivation as well as the estimation of forest carbon stock changes.  

 

Keywords: carbon stock change, Landsat, time series, forest cover change detection, forest 

degradation, land-use change, remote sensing, Random Forest, Central Vietnam  


