Short Note

Wildfire trends in Nepal based on MODIS burnt-area data

S. Khanal'

ire, a commonly used traditional tool across

South-Asia to support activities such as
agricultural land and pasture management,
often becomes uncontrolled, escapes those land-
use mainly during dry season (Sharma, 2008).
Nepal has experienced occasional extreme fire
events in recent years including trans-boundary
wildfire and haze pollution (GoN, 2010). Fire is
recognized as an important ecosystem process
globally (Hurteau et al., 2014). Though, fire had a
key role in evolution as well as current distribution
of current ecosystem, human activities and
climate change have resulted in changes in fire
regimes globally making some ecosystems more
threatened due to altered fire activities (Pausas
and Keeley, 2009). In case of Nepal as well,
human-induced forest fire is considered as one of
the main reasons for changes in forest ecosystems
and loss of biodiversity (HMGN/MFSC, 2002).

Wide range of challenges related to institutional,
policy and legal frameworks have been identified
as lacking for wildfire disaster management in
Nepal (GoN/MFSC, 2010). Increasing fire events
has been identified as one of the impacts of
climate change (GoN/MoE, 2010) and, thus, more
frequent and severe fire events can be expected in
future. Lack of sufficient fire statistics for Nepal
has also been recognized (Bajracharya, 2001).
Understanding fire regime is important in order to
make decisions regarding fire management. Thus,
information such as hot spots of fire activity, the
spatio-temporal pattern of fire distribution as well
as the total amount of burnt-area across Nepal are
some of the essential information for planning
and implementing fire management activities.
However, detecting as well as monitoring the
impact of fire on vegetation over large and often
remote geographical area is challenging. Use of
satellite data offers a feasible option to monitor
forestfire at anational scale as frequent and intense
field validation is impractical due to difficult
terrain, weather conditions and importantly huge

amount of cost and time involved. Satellite-
based observations have been used to quantify
spatio-temporal distribution of fire up to global
scale (Dwyer et al., 2000; Giglio et al., 2006). In
this study, I used MODIS-based estimates of the
burnt-area data to examine the spatio-temporal
pattern of the fire activity across Nepal.

This study covered the area of Nepal (26° 20° 53
—30"26’ 517 N latitudes and 80°3” 30” — 88° 12’
5 E longitudes). The information on fire activity
across Nepal was derived from the MODIS-
based estimate of the time series burnt-area. The
MODIS burnt-area product (MCD45A 1collection
5.1) which is a monthly 500 m spatial resolution
gridded burnt-area product (Boschetti et al.,
2009) was used for the purpose. The product
is based on bi-directional reflectance (BRDF)
model-based change detection approach to map
burnt-areas (Roy et al., 2006). The algorithm used
detects the approximate date of burn based on the
observed changes in daily MODIS reflectance
product. Each of the date of burn has associated
quality assessment information. Using MODIS
package (Matteo et al., 2013), monthly data from
the MODIS tiles h24v05, h24v06, h25v05 and
h25v06 were downloaded from USGSLPDAAC
(United States Geological Survey Land Processes
Distributed Active Archive Center), re-projected,
clipped and converted to Geotiff format. In this
analysis, pixels belonging to all confidence levels
(1 to 4) were considered.

Since, climate is generally understood as a key
parameter in initiating and driving fire events, the
burnt-area from MODIS were compared against
the climate data. Understanding climatic control
on fire regime across Nepal is essential in order
to understand the climate-fire relationship as well
as for predicting how the fire-hazard may behave
in the future with altered climate. The climatic
datasets were acquired from World Clim which
is a set of global climate layers in the form of
1 km spatial resolution raster grids (Hijmans et
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al., 2005). The monthly average temperature and
rainfall layers were downloaded, re-projected
and clipped to Nepal extent using raster package
(Hijmans, 2015) in R (R Core Team, 2013).

Burn frequency was obtained as a count of how
many times a pixel was burnt annually (Figure
1). It is clearly visible that the fire is dominant
as well as frequent in the Western Nepal as
compared to the Central and the Eastern Nepal.
In particular, the fire events are more frequent
as well as extensive in the mid-western Churia
region. Since, it is recognized that uncontrolled
fires can make a serious threat to Churia and
higher elevation area (GoN/MFSC, 2014), the
results suggest that fire management activity has
to put primary focus in this region. The histogram
in inset shows the distribution of pixels by their
burn frequency. The pixels recorded as burnt
more than 10 times during the study period are, in
fact, few (less than 50) compared to others.
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Fig. 1: Map showing the number of times
each pixel burnt during 2001-2014 with
the histogram of pixels in inset

The analysis examined the monthly burnt-area
over the study period from 2001 to 2014 (Figure
2). It can be observed that the period between
July to October has too low fire activity while
the other months have higher fire activity. The
analysis showed April as the month with the
largest burnt-area during the study period.
Comparing the pattern of burnt-area versus mean
monthly precipitation and temperature provided
a valid backup to the general understating on
fires in Nepal. From June to August, the rainfall
in Nepal is higher, thus the fire activity is lower.
However, from November onwards, the average
rainfall amount declines while the temperature
starts to rise, providing suitable condition for
fire to happen. The ecological explanation to this
trend could be fuel accumulation following high

vegetation growth during rainy season, followed
by dry and hot periods making condition favorable
for burning.
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Fig. 2: Box-plot of burnt-area (000 ha)
by months, and mean monthly ppt. (mm)
and temp. (°C * 10)

Annual burnt-area also varies distinctly with some
years having much higher values as compared
to others (Figure 3). On an average, during the
study period, the mean burnt-area over Nepal is
around 372,000 ha with the range of less than
163,000 ha to 760,000 ha. During the analysis
period, 2001, 2009 and 2012 had the peak burnt-
area. Those years were reported to have high
fire incidences in the news headlines. In 2012,
more than 220 forest fire events were reported
across Nepal (BBC, 2012). Similarly, NASA also
reported large—scale forest fire in 2009 (NASA,
2009). While calculating the annual burnt-area,
all the pixels burnt more than once in a calendar
year were summed up to get the annual burnt-
area. Thus, there is some likely overlap, if an area
experiences fire events more than once in a year.
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Fig. 3: Annual burnt-area (in ‘000 ha)
during 2001-2014
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This study provided a general insight into spatio-
temporal pattern of fire activity in Nepal, and
attempted to relate the observed trends in the
burnt-area with the climate data. Analysis of the
number of times a pixel burnt as an indicator of
spatial pattern of fire activity showed that the
Western Nepal experienced more frequent fires.
The burnt-area varied annually with some years
having larger burnt-area. The monthly trend
also varied during December- May experiencing
larger fire activity with the peak in April. The
comparison of the monthly burnt-area with the
average precipitation and temperature conditions
revealed the strong relationship of climatic
variables with fire activity. Given the importance
of understanding fire activity pattern over space
and time for management intervention, future
research should focus on providing more in-depth
understating on fire regime in Nepal. This can be
achieved by integrating observations from other
satellites, validating MODIS burnt-area, using
field data and including better climatological data
in the analyses.
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