Mapping deforestation and forest degradation using
CLASIite approach in Eastern Churia of Nepal
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Monitoring deforestation and forest degradation is essential for forest conservation
and sustainable management. Those activities have become more relevant in order
to get reference emission level required for Reducing emissions from deforestation
and forest degradation (REDD) initiative. The study aimed to assess forest
degradation and deforestation in the Churia region of Eastern Nepal using CLASIite
approach. This approach is based on Spectral Mixture Analysis and provides
highly automated technique for forest cover, deforestation and forest degradation
mapping. The Landsat imageries of 2002 and 2013 were processed for estimation
of deforestation and forest degradation. The validation of results based on the
high-resolution multi-temporal Google Earth imageries and the field sample plots
indicated that CLASIite approach could be feasible approach to monitor forests for
deforestation and degradation. The results can be further improved by including
more frequent time-series observation from Landsat.
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he importance of forest resources has been

well understood because of their important
services to the society such as supporting rural
livelihood, carbon storage, climate change
mitigation, and biodiversity conservation. The
issue of forest conservation is more directly
relevant in the case of Nepal, as forest resources
are significant for ecosystem balance and people’s
livelihood (Birch et al., 2014). Further, because of
pertinent issue of deforestation and degradation
(Panta et al., 2008) timely monitoring forest
resources is very essential. Successful design and
implementation of programs to reduce emissions
from deforestation and forest degradation and
promote reforestation (REDD+) would require
periodic monitoring of deforestation and forest
degradation (Goetz et al., 2015; Herold and
Johns, 2007).

Nepal is divided into five physiographic regions:
High Himalaya, High Mountain, Middle
Mountain, Siwaliks or Churia and Terai (LRMP,
1986). Churia is a belt of hilly region stretching
from East to West in the entire length of Southern
Nepal. This region is ecologically diverse, and
as it provides several ecosystem services to the
areas downstream, it has direct influence on the
quality of the environment. However, the Churia
Hills are structurally weak (Khanal, 1989) since

this area is the youngest mountain range in the
Himalayas and have high potential of erosion
hazards. The significance of Churia conservation
has been highlighted for quite some time. For
instance, Gurung and Khanal (1986) reported
the significant land use change in Churia, and
recommended for detailed study of forestry
among other sectors. According to the latest forest
resource assessment (2010-2014) results, this
region has 73.0% (1,384,445 ha) of the total area
under forests; majority of the forest area (76%)
falling outside the protected areas with the annual
rate of forest cover change of —0.21% between
the period 2001-2010 (DFRS, 2014).

Till now, much focus has been given to quantify
and monitor deforestation, but the understanding
as well as mapping of spatial distribution of
forest degradation has remained far behind.
Furthermore, for deforestation monitoring,
several standard methods have been tested and
are available for user community. However,
getting reliable estimates of forest degradation
remains a challenge (DeFries et al., 2007).
Forest degradation is generically defined as the
“reduced capacity of a forest to provide goods
and services” (FAO, 2002). Some major causes of
forest degradation can be one or the combination
of processes such as selective logging, conversion
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of land cover and natural disturbances (such as
landslide, fire, flood etc.). Thus, the time-scale of
processes leading to forest degradation can range
from few years to a few decades. Grainger (1993)
has defined forest degradation as a process leading
to a “temporary or permanent deterioration in the
density or structure of vegetation cover or its
species composition”. The ultimate consequence
of degradation is, therefore, reduced productivity
of forests due to impact of disturbances. Reduction
in the canopy cover is observed to indicate forest
degradation while the estimates of forest canopy
cover is estimated on the basis of remotely sensed
observations (Wang et al., 2005; Souza et al.,
2003).

This study was conducted under the broad theme
of the Department of Forest Research and Survey
(DFRS) to map and monitor Nepal’s forests
with advanced forest monitoring technology.
Given the challenges associated with mapping
forest degradation, it is very essential to validate
and apply the available forest degradation
and deforestation monitoring approaches. The
outcome of such studies has a high relevance to
decide on the robust approach that can be applied
for other parts of Nepal and also to integrate forest
assessment systems for periodic monitoring of
deforestation and forest degradation. CLASIite
has been demonstrated as an applicable tool
to support REDD+ initiative for reliable forest
cover estimation in order to support sub-national
to national reference levels (Reimer et al., 2015).
However, most of the studies on applicability
of CLASIite approach has been conducted on
ecosystems much different than in Nepal (Allnutt
etal. 2013; Bryanetal. 2013; Carlson etal. 2012).
This study examined the applicability of CLASIite
approach for assessment of deforestation and
forest degradation in Nepal’s Churia forest.

Materials and methods
Study area

The study area encompasses the Churia in the
Eastern Development Region (EDR) of Nepal
(Fig. 1). The major portions of the Churia belt in
the EDR are located in Siraha, Udayapur, Saptari,
Sunsari, Morang, Dhankuta, Jhapa and Ilam
districts.

18

Fig. 1: Map showing the Churia in the Eastern
Development Region of Nepal

Method for forest degradation monitoring

Different methods have been tried for forest
degradation monitoring ranging from use of
LiDAR (Jubanski et al., 2013), RADAR (Ryan
et al.,, 2012) and Landsat time series analysis
(Healey et al., 2005).

The Spectral Mixture Analysis (SMA) approach
has been developed to extract information at
sub-pixel level. It decomposes mixed pixels into
fractions of end-members, and has been proposed
to overcome the mixed pixel problem found in
degraded forests (Souza et al., 2003). The SMA
approach (Equation 1) has been applied with
SPOT Satellite data (Souza et al., 2003) and
Landsat data (Asner et al., 2005; Souza et al.,
2005; Negron-Juarez et al., 2011) with varying
success for purposes ranging from canopy gap
detection and biomass estimation to delineation
of logged areas.

R, = leﬁR:’,b'!'eb ....................... (1)
Where,
R, = Reflectance for each band b in the image,
N = No. of end-members,
f. = Fraction of end member “i”
R,b = Reflectance of end-member “i” in band b,
and

e, = Unmodeled residual.

Souza et al. (2005) developed Normalized
Difference Fraction Index (NDFI) to combine
the information from SMA significant for forest
degradation monitoring into one band, and
attained 94% accuracy in detecting forest arcas
with canopy damage. Intact forests have high
NDFI values because of higher green vegetation
while non-photosynthetic vegetation as well as
soil fraction increase as forests are degraded, and
thus NDFI values become lower.
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One of the tools that support the implementation
of SMA is CLASIite program. It includes a set
of tools that automate radiometric correction
and use Monte Carlo Unmixing (MCU) to
produce estimates of the percentage cover of
soil, photosynthetic vegetation (PV), and non-
photosynthetic vegetation (NPV) in every image
pixel (Asner et al., 2009). Thus, the output
raster would have three fractional cover classes:
i) Photosynthetic vegetation (PV) i.e. Live
vegetation 1ii) Non-photosynthetic vegetation
(NPV) i.e. Dead or senescent vegetation and iii)
Bare substrate (S) i.e. Soil. We used CLASIite
version 3.2 package (CLASIlite Team, 2014) for
the purpose of our study. Default threshold values
were used for the estimation of forest as well
as detection of forest cover loss (deforestation)
and degradation (areas of persistent forest
disturbance).

Datasets used

Landsat images were selected in two time periods
for detecting deforestation and forest degradation.
The available scenes were filtered to be within
close months and have the least cloud cover as
much as possible. The details on the Landsat
scenes used in the analysis are presented in Table
1, while the footprints of those scenes are shown
in Fig. 2.

The resulting deforestation and degradation
outputs were generalized by filtering the pixel
groups that were less than 0.5 hectare. This
was done in order to avoid the scattered pixels

HOUE

and also to identify larger areas that underwent
through changes so that the implementation
agencies could identify the areas requiring
restoration interventions with the help of the
outputs obtained.

Table 1: Details on the Landsat images used

Path- Cloud

Row Date Cover

Satellite  Sensor

Landsat 7 ETM+ 139-041 2002-12-16  8.62
140-041 2002-12-23  3.88
Landsat 8 OLI/TIRS 139-041 2013-12-06  5.86

140-041 2013-11-11  5.22
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Fig. 2: Footprint of Landsat scenes over the
study area. The images shown are fractional
cover derived from Landsat 8 of 2013

Results and discussion

The outputs from the analysis provided the map
of the areas that had deforestation and forest
degradation between 2002-2013 (Fig. 3).
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Fig. 3: Map showing the deforested and degraded areas in the studied Churia region

between 2002-2013
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The district-wise area of deforestation and
degradation in the Churia region was calculated.
For comparison, the data from Hansen et al.
(2013) was used which has analyzed time series
Landsat images to estimate global-level forest
extent and change from 2000 to 2013. The result
for the study area extent is presented in the Table
2, so as to make general comparison. The last
column is the deforestation estimated based on
Hansen et al., 2013. However, it is important to
note that the analysis was done at global scale,
and thus requires local-level validation. Udayapur
district was found to have the highest area of
deforestation and forest degradation (Table 2).

Table 2: District-wise area of forest degradation
and deforestation estimated

Deforestation Degradation Deforestation

District ha) (Hansen
(ha) (ha) (et )al( . 2013)
Dhankuta 27.36 17.01 1.44
Ilam 95.22 111.51 137.07
Jhapa 28.71 61.47 36.81
Morang 28.35 228.15 36.09
Saptari 242.64 254.61 352.35
Siraha 921.33 500.31 412.83
Sunsari 96.39 171.54 13.68
Udayapur 2,904.48 1,420.11 680.31

The degradation and deforestation map produced
was validated in the field using 40 sample sites.
Those plots were generated randomly over the
detected deforestation and degradation sites. The
deforested areas were also cross-examined using
the available high-resolution multi-temporal
imageries. Several examples of interesting
observations of deforestation were made. One
of the examples is presented in Figure 4. The
forest cover loss was more clearly detected (Fig.
Sa,b,c) as compared to the forest degradation as
it required more field observation to identify why
a certain pixel was recorded under the category
of degraded areas. The observations indicated
that the areas identified as degraded had some
major characteristics of disturbance such as the
areas with lopped-trees, the areas with selective
logging and the areas covered by dense invasive
shrubs (Fig. 5a,b,c). Some natural disturbances
on those sites included landslide, fire impact and
river deposition.
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Fig. 4: Example of a deforestation site mapped
in Sukrebaray area of Jhapa District on the
Google Image of Nov 2002 (upper panel) and
Dec 2013 (lower panel). The polygon with
white boundary in the lower panel shows the
mapped deforested area.
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Fig. 5¢c

Fig. 5a,b,c: Degraded forest observed at the
North of Bengari in Saptari District. The
area in the Fig. 5b (Apr, 2014) and the white
polygons show the mapped degraded sites
since May, 2003 (Fig. 5a). Field observation
indicated trees removed and the area covered
with dense invasive shrubs (Fig. 5c).

Spectral libraries derived from extensive field
databases and satellite imageries have been used
to represent tropical forests ranging from lowlands
to mountain ecosystems in the newer version
of the CLASIlite Software Package (CLASIite
Team, 2014). This could be the reason behind the
interesting performance of the package in spite of
being originally developed for different ecosystem
than a mountainous country like Nepal. However,
future studies should test and identify proper
threshold of parameters and select the best ones
based on the validation results. Further, there are
always challenges associated with shadows in the
case of a mountainous country like Nepal. These
issues can be potentially addressed through more
frequent time-series observations of cloud-free
satellite imageries.

Conclusion

The findings from this study indicate that
CLASIite-based analysis can be one potential
approach to monitor forests for deforestation
and forest degradation. In this study, some areas
that underwent through such changes could not
be accounted for due to the lack of information
induced by clouds and shadows in the
mountainous regions. This issue can be possibly
minimized by incorporating cloud-free image
composites. However based on validation with
high-resolution multi-temporal Google Earth
Imageries and as observed in some interesting

examples of changes, the approach seems to
be promising and would need further in-depth
analysis. The results can be potentially further
improved by including more frequent time-series
observations which are becoming more practical
option with the availability of newer images
including Landsat. The information generated
through this study are expected to be useful for
identifying the deforested areas and or degraded
forest areas on the one hand and for identifying
the areas to be reforested or planted on the other
hand.
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