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Abstract 

This project seeks to quantify the rate and extent of Nepal’s forest transition and identify 
significantly associated socioeconomic variables. The project has three overarching 
objectives: 1) Build a comprehensive database of Middle Hills forest cover change since 
1990; 2) Identify the physiographic and socioeconomic variables associated with forest cover 
change and quantify their respective influences; and 3) Assess how foreign labor migration 
and remittances correlate to forest cover change across the Middle Hills and at a sample of 
community forest sites. Objectives are realized at two nested scales: the Middle Hills, and 
local community forests in the Middle Hills. 

 
At the Middle Hills scale, specific research objectives include: 
1. Build comprehensive database of forest cover change in the Middle Hills since 1990, 

and produce maps of forest cover history (disturbance and recovery) at district and 
VDC scales.  

2. Integrate forest dynamics data with demographic and socioeconomic data from the 
Central Bureau of Statistics to identify physiographic and socioeconomic variables 
associated with forest dynamics at district and VDC scales. 

3. Quantify how the geographic distribution of economic migration and remittances are 
correlated with spatially-explicit forest cover dynamics.  

 
At the local scale, specific research objectives include: 
1. Identify a sample of sites mapped as showing forest regrowth or stagnation through 

this period for more intensive study.  
2. Conduct focus group discussions and household interviews in these sample sites to 

examine how forest management practices, economic migration, and remittances have 
changed. 

 
The 7.3 magnitude earthquake in Nepal on April 25, 2015 and its aftershocks delayed the 
startup of this project. In addition, Dr. Jamon Van Den Hock accepted a new position at 
Oregon State University and moved to Corvallis in June 2015. These challenges slowed 
progress in 2015 but the project is proceeding well and we expect to have publishable results 
within two years. 
 

Approach Adopted: 

Multi-disciplinary, field and modeling approach in involving three teams: (1) building a 
comprehensive database of forest cover change in the Middle Hills over the last 25 years; (2) 
Identifying the physiographic and socioeconomic variables associated with forest cover 
change and quantify their respective influences; (3) Field work team. 
 
Accomplishments in Year 1: 

 

1. Building a comprehensive database of forest cover change in the Middle Hills over the 
last 25 years (Kaspar Hurni, Jamon Van Den Hock, and Jefferson Fox) 

 
This year our work was devoted to three main components: collecting existing forest cover 
data; conducting an extensive literature review of topographic illumination correction 
methods; and transitioning illumination correction algorithms to the Google Earth Engine 
environment for automated processing and validation.  
 
We have compiled existing Landsat-derived forest cover maps generated by ICIMOD, which 
cover the whole of Nepal for the years 1984, 1990, and 2010. Information on the 
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classification approach of the 2010 map can be found in Uddin et al. (2015) while for the 
maps of the two other dates no information on the methodology or accuracy is available. The 
2010 map is based on Landsat TM images and they used an object oriented classification 
approach with a decision tree to map the land cover. The overall accuracy is 85.13%, with 
user and producer accuracies ranging between 60% and 100%. They used SRTM data “to 
understand the variation in topography”, but did not apply atmospheric or terrain illumination 
correction. Most likely this was not the case for the maps of 1984 and 1990 and, indeed, the 
land cover changes depicted between the 1990 and 2010 maps do not align with the trends 
identified by the research team in several reference sites across the study area. Whether this is 
due to the lack of atmospheric and terrain illumination correction, differences in the 
classification approach, or the issues related to a post-classification comparison is unclear (Lu 

et al. 2004). However, while these maps are not reliable for mapping forest cover changes, 
they are helpful as an initial broad-level assessment of forest cover change patterns for the 
three periods. 
 
To improve on existing forest cover change mapping attempts in terms of temporal resolution 
as well as classification accuracy, we reviewed over 100 research articles that address the 
effects of topographic illumination correction techniques, mostly applied in combination with 
some form of atmospheric correction. Only few studies investigate how different 
combinations of topographic and atmospheric corrections affect the corrected image. In a 
recent article Vanonckelen et al. (2014) indicate that certain combinations of atmospheric and 
topographic techniques can be superior to others, but overall the topographic correction had a 
larger impact on the result. Choosing an appropriate topographic correction approach should 
therefore be prioritized. Correction methods based on the non-Lambertian assumption (e.g. 
Minnaert correction, C-correction) were found to be superior to corrections based on the 
Lambertian assumption (e.g. cosine correction) as the latter results in strong overcorrections 
for steep and sun-averted slopes. More appropriate for forested terrain, but less often applied 
in the articles we reviewed, are physically based approaches that account for vegetation 
structure, such as the sun-Canopy-Sensor correction approach. Our review suggests that 
nearly all of extant assessments focus on a single image date without concern for how 
illumination correction approaches affect the outcome of two-date change mapping let alone 
time series-based disturbance detection algorithms such as LandTrendr and Vegetation 
Change Tracker (i.e., area and rate of change as well as dates of disturbance). We are excited 
to be the first group to perform such an evaluation. 
 
We are also planning to contextualize the effect of topographic illumination correction on 
forest cover change with regard to conditions of forest resource use in Nepal’s Middle Hills. 
That is, given that topographic illumination correction techniques may be assumed to have the 
greatest effect in rugged regions, such rugged and remote regions are also where timber or 
fuelwood harvesting is the least likely. This means that though the application of topographic 
illumination correction techniques may improve forest cover change accuracy in rugged 
lands, this improvement may have little relevance for understanding social-ecological drivers 
of forest cover change. We are looking forward to conducting this assessment and gauging the 
‘practical’ significance of topographic illumination corrections. 
 
We are currently developing terrain illumination correction algorithms on the Google Earth 
Engine platform, which will be made open-source for the broader NASA remote sensing 
community to access and extend. As soon as disturbance detection algorithms (LandTrendr, in 
particular) are made publicly available through Google Earth Engine – current estimates are 
Summer 2016 -- we will direct the illumination-corrected output from our algorithms into 
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disturbance detection algorithms for rapid and accurate assessment of annual forest cover 
change across Nepal since 1990. 
 
Once our forest cover change maps are finalized, we will work with landslide modeling 
efforts to improve local-level landslide forecasting ability. A current limitation in assessing 
the spatially variable effects of large scale natural disasters like the earthquake in early 2015 
that destroyed hundreds of villages throughout the Middle Hills of Nepal is the lack of 
information on slope stability. Given that above ground vegetation correlates with root depth 
and positively affects slope stability, we intend to post-process our forest cover change maps 
into tree root maps for input to landslide models with collaborators at NASA GSFC and 
elsewhere. 
 
Finally, funding from our LCLUC grant will go towards supporting two of Co-I Van Den 
Hoek’s Geography graduate students at Oregon State University. Both students will begin 
their studies in September 2017 and are eager to contribute to remote sensing and spatial 
modeling analyses. 
 
2. Identifying the physiographic and socioeconomic variables associated with forest cover 

change and quantify their respective influence (Jefferson Fox, Ram Chhetri, Pitamber 
Sharma, and Kaspar Hurni) 

 
In September 2015, P.I. Jefferson Fox visited and with the assistance of Drs. Ram Chhetri and 
Pitamber Sharma at Resources Himalaya went to the National Geographic Information 
Infrastructure Project in the Survey Department of Ministry of Land Reform and Management 
to acquire digital boundary files for the 39 districts that compose the Middle Hills and the 
1,991 Village Development Committees (VDS) that make up these districts. Fox also visited 
the Central Bureau of Statistics and acquired the 1981 and 2001 national census data 
compiled at district scales, and the 2011 census compiled at VDC scale. We are currently 
converting the 2011 data into machine readable format. 
 
3. Field work team (Jeff Fox, Jamon Van Den Hock, Ram Chhetri, and Pitamber Sharma) 

 

We are in the process of developing a schedule for a 4-week trip to Nepal this during which 
PI Fox and Co-I Van Den Hoek will work alongside our collaborators at Resources Himalaya 
to identify potential districts for interview data collection on community forestry user group 
history and perceptions and social-environmental drivers of forest cover change. 
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