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Abstract

Uncontrolled forest fire is an important driver of forest degradation throughout the country. Recurrent
forest fires severely damage and prohibit regeneration and growth of seedlings, destroy non-timber
forest products and, in some cases, encourage invasive species. Although quantitative information is
not available, forest fires are definitely degrading biodiversity, enhancing soil erosion and inducing
floods and landslides due to the destruction of the natural vegetation in Nepal. In this study, we
scrutinized forest fires activity in Nepal using the Moderate Resolution Imaging Spectroradiometer
(MODIS) active fire datasets. We assessed fire magnitude, distribution, seasonality and risk zone in
diverse geographical area. MODIS data from 2000 to 2013 revealed an average 2159 fire counts per
year with the highest during 2012. Fire season in Nepal extends from January to June with the peak
during April. Using Kernel density model, identified hotspot regions of fire in diverse regions of
Nepal. Multi-collinearity diagnostic procedure was implemented by examining tolerance and
Variance Inflation Factor (VIF). VIF values for each of the predictor were below two, which suggests
low or moderate multi-collinearity. These results on forest fires will be useful to stakeholders to
address the impact of forest fire in Nepal.
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Introduction, scope and main objectives

Uncontrolled forest fire is an important driver of forest degradation throughout the country. Recurrent
forest fires severely damage and prohibit regeneration and growth of seedlings, destroy non-timber
forest products and, in some cases, encourage invasive species (MFSC 2010).

The spatial pattern of forest fire occurrence is a key factor in understanding forest fire dynamics, and
presence of a forest fire is determined by several biotic and non-biotic factors, however, the effects of
each factor vary between ecosystems and within spatial and temporal scales (Yang et al, 2007). Climatic
regime determines the region’s vegetation and hence, plays a dominant role in creating fire prone areas.
An increase in temperature increases the chances of fire, whereas rainfall and humidity have the
opposite effect (M.G.R. Cannel, 1999). A detailed understanding of the spatial patterns of natural and
human-induced processes is important to be able to identify forest fire prone areas.

The use of the GIS approach facilitates in integrating several variables in order to establish and focus on
the problem. At the same time, it makes possible to update or retrieve spatial information in different
ways included in the database, to develop various models. It has been stated that when it comes to
spatial decision aid, the analytical capability of the GIS has to be enhanced in respect of semi-structured
problems involving subjective judgments (Beedasy!l et al, 1999).

In this study, an effort was made to access forest fire prone area using GIS. Incidence of forest fire in the
area from 2000-2013 were acquired from the FIRMS(Fire information for resource management



system),which integrates remote sensing and GIS technologies to deliver global MODIS hotspot fire
location and burned area information to natural resource managers and other stakeholders around the
world. This major objective of this study was to find out spatial and temporal distribution of forest fire
in Nepal.

Study Area

Whole country Nepal was chosen for the study extends 885
Km from east to west and 145-241 km from north-south. It lies
between latitudes 26°.22° and 30° 27°N, and longitudes 80°
40’ and 88° 12°E (fig 1). Nepal is divided into three
physiographic areas: Mountain, Hill and Terai. Climatic zones
vary from tropical to Artic zone corresponding to the
altitudes which varies from 57m to 8,848m.

Source: http://worldjournos.com/detail.php
Figure 1 Study Area

Methodology

Data collection and analysis
Moderate Resolution Imaging

Spectroradiometer (MODIS) active fire Data

datasets were extracted through FIRMS [Elseliife Add to ARCGIS Clipping
(ftp://bal.geog.umd.edu/Collection51) in NASA

Shape (*.shp) format) dated from 2000 to

2013 A.D. And a digital layer data of
Nepal was extracted from Department of
Survey, Nepal. Data obtained from

MODIS were imported in ArcGIS 10.2.2
and area for each polygon according to [, Analysis Merge Projection
year (or month) basis was calculated to
identify the magnitude for each year. To

identify the temporal distribution, centroid

point for each polygon was calculated

using ArcGIS and point for each Figure 2 Methodological process
year/month was counted. Following

working flow was adopted for analysis (fig 2).

Fire Sensitive Zonation:

Kernel density model were used to find out the high medium and low risk zone. KDE has been
widely used for hotspot analysis and detection. The objective of KDE is to produce a smooth density
surface of point events over space by computing event intensity as density estimation (Xie ZX et al,
2008, Serra-Sogas et al, 2008)

Development of fire burnt areas model:

Digital elevation model, distance of sun from earth according to burn date, longitude, latitude and
aspect were used to find out the regression. Slope and aspect image were generated using the DEM
data. Aspect and slope plays a vital role in spreading of the fire. Fire travels most rapidly up-slopes
and least rapidly down-slope. Southern slopes are more vulnerable to catching fire.

To ensure whether there are colinearity between the variables or not, collinearity diagnostic procedure
was implemented. Multicollinearity was assessed by examining tolerance and Variance Inflation
Factor (VIF). All variables in the linear relationship have small tolerance. The Variance Inflation
Factor (VIF) measures the impact of collinearity among the variables in a regression model. The
Variance Inflation Factor (VIF) is 1/Tolerance, it is always greater than or equal to 1. There is no
formal VIF value for determining presence of Multicollinearity. The higher the value of VIF the
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greater is the degree of collinearity. In regression analyses, burnt area was considered as dependent
variables whereas other remaining variables were considered as independent variables.

Rule of Thumb: If any of the VIF values exceeds 5 or 10, it implies that the associated regression
coefficients are poorly estimated because of multicollinearity (Montgomery, 2001).

Results

Magnitude of Burnt Area in Nepal

A total of 30220 hotspots were recorded
over the study area. About 65 percent of the Total Area Burnt/hac
hotspot ~ falls under Mid-Western
Development Region. A total of 13,
09,969.714 hectares were burnt throughout = §

200000

the period. Mean and standard deviation of g
the fire is 43,461.0821 and 6, 71,056.600 = < %0 N
respectively. 0

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

Although the maximum number of forest
fire was in 2012 the area were burnt more in
2009 covering (11.63%) 1, 52,408.14
hectares (fig 3). The minimum loss was 43, Figure 3 Total area burnt per year
278.21 hectares in 2013

Fire Distribution in Nepal

Temporal changes of fire frequency for the 1 2960 1287 3518
whole area were investigated on a monthly 7 2865

and yearly basis from 2000-2013.Monthly
changes were studied for each year. The
annual fire occurrence during the recent 14
years (2000-2013) is shown in fig 4. The | 102
total yearly number of fires recorded within 1
Nepal substantially from around 1052 at
the start of the study period (2000). Fig 4
shows that the most fires occurred in 4
different years in 2003, 2005, 2009 and Figure 4 Fire counts per year
2012. Total 2865, 3260, 3287 and 3518

2274

. 2000 194971885 1897 1858
1498

Fire Counts

1198

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year

fires were occurred in 2003, 2005, 2009 1200
and 2012 respectively. These 4 different 1000
years contribute 42.78% of the total fires. 800
There was a large inter-annual variation in 600
average monthly patterns of fire 400
occurrence; the most significant being o
April which had the highest number of Januar | Febru Septe | Octob | Nove

March | April | May | June

fires (fig 5). y |y mber | er | mber
‘—Average 1345| 181 | 3959 | 953 | 4945 598 | 14 | 2275 4867 13533

Counts

Dec

From Fig 6 it is possible to determine the

month(s) with the highest fire incidence. In Figure 5 Average counts of forest fire per month
Nepal, fires were most mainly in three

months March, April and May had a noticeable number of fires but only few fires in September,
October and November.



During the study period, over
7280 fires were detected in
alpine pasture (fig 7); over
24.09% of the total fire
records. The number of fire
detection was in  Alpine
pasture because local herders
set fire intentionally to get new
succulent grass for the
livestock. After alpine pasture
the number were high in Hill
Sal forest and chir-pine forest
respectively with the lowest
incidence in Riverine forest.

As already mentioned above
in  High  Mountain  the
frequency is very high
because of alpine pasture .The
most interesting part is that in
Terai there is low occurrences
of forest fire as compared to
Himalayan areas (fig 8).

Seasonality of fires

The times that fires occur
with monthly for the 14 years
period from 2000-2013 was
analyzed. For all years
combined, a total of 73.86%
of fires occurred between
January to June. The
transitional period before and
after the monsoon (the first
two months and the last
month of the dry-season)
experienced fewer fires. Fig
9 shows that in hot and dry
season the number of forest
fire is wvery high which
reached 22323 counts.

Fire sensitive zone in
Nepal

The forest risk map is shown
in figure 10. The whole area
was characterized as high,

medium and low fire risk
areas. The highest
concentration was located

alone the mid-western and
far-western part of Nepal
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Figure 6 Monthly distribution of forest fire in Nepal
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which occupies 8, 70,134.44
hectares, medium fire risk zone

Legend
occupies 44, 88,297.79 hectares, Risk Zone
and low fire risk zone occupies e 2

- isk_Zonat
61,52,535.18 hectares. Fig 10 ——

shows that fire with high risk zone
is in the Mid-western development
region while there is low risk zone
in Eastern region of Nepal.

Low
MEDIUM

03060 120 180
e Kilometers

Figure 10 Fire sensitive zone of Nepal

Table 1 Sensitive zone calculated from the result of Kernel density Estimation presents the graduation of
colors showing the degree of intensity of fires

Risk Value Color Area(hac)
High Red 870134.44
Medium Blue 4488297.79
Low Yellow 6152535.18

Multicollinearity regression:

Both the values of the Wald F and y2 test statistics are statistically significant if a significance level
of 5% is used. Hence, there is sufficient evidence to conclude that burn date, distance between sun
and earth, aspect of the burned surface, longitude and latitude of the burned area influence the fire
sensitive area. This finding is supported by the significant z test statistic values for the significance of
the individual parameters.

Table 2 Regression

Statistic Value Den. DF Num. DF P Value
Adjusted Wald F 171.1924 5 30204 0
Wald Chi-square 856.0752 5 0
Estimated Regression Weights
By using the results above, the estimated model may be expressed as
Sensitive area= 5734955-61.5*BD+400237.95*DSE+31.4*A-0.77*LOG-1.62*|ati
=6135161.01 m?
Therefore total sensitive forest fire area is 6135161.01 square meters.
Table 3 Estimated Regression Weights
Parameter Estimate Standard Error z Value P Value
Intercept 5734955.53 18.6369 0
Burn Date -61.5176 35.2828 -1.7436 0.0812
Distance from 400237.96 1.3287 0.1839
A:::ct 31.4465 3.0061 10.4609 0
Longitude -0.779 0.0379 -20.5456 0
Latitude -1.6208 0.071 -22.8155 0




In table 4, burn date was taken as dependent variables whereas all other remaining variables were
taken as independent variables. According to thumb rule if any of the VIF values exceeds 5 or 10, it
implies that the associated regression coefficients are poorly estimated because of multicollinearity so
according to the above result VIF values are not more than 2 that mean there is low correlation
between all the above variables.

Table 4 Coefficients

Model Collinearity Statistics
Tolerance VIF
Burn Date 0.985 1.015
Distance from sun 0.992 1.008
Aspect 0.999 1.001
Longitude 0.868 1.152
Latitude 0.871 1.148
Discussion

The use of remote sensing fire data

Fires influence global change and tropical ecosystems through their impact on land-cover dynamics,
atmospheric composition, and the global carbon cycle. As such, many institutions are interested in the
use of satellites to monitor and quantify fire occurrence in a variety of landscapes. However, the
major issue in the use of remotely detected fire data is limitations of the derived products and the
incidence of omission errors (Eva & Lambin, 1998). Oversight of fires was likely if the duration of a
fire was shorter than six hours, since fire observations are made four times a day from the Terra AM
(10:30 and 22:30). In a survey to test fire detectability by MODIS, (Jin et al, 2003) recorded twice as
many fires on the ground as were registered by MODIS. Whether this is the case for the data gathered
for the Nepal is not known. However, significant fires, both in distribution and frequency were
investigated using MODIS. Furthermore, one of the strengths of MODIS is the synoptic source of
information derived from regular observation in a precise time frame from satellite (Reeves et al,
2006). Yearly changes in the number of fires in the Nepal indicated that a significantly higher number
of fires were recorded during 2009 but high areas were burnt in 2012 but the fire records used in this
study could not discriminate between controlled and uncontrolled burning.

Temporal distribution of forest fire

Many studies have shown that late dry-season burning has more significant impacts on vegetation
cover than burning in the early season (Bucini & Lambin, 2002). For example, in a study in the
Kruger National Park, South Africa, the severity of fires was shown to be greatest at the end loads
(Govender et al, 2006). Additionally, the significant factor is always fuel moisture content, which is
generally lower during the dry-season and therefore material is more flammable (van Wilgen et al,
2004).Here the result too shows that most of the fires were in hot and dry season. Meanwhile in
Higher Himalayan there is maximum intentional fire in dry season the reason could be that weather is
perfect for the local herders to migrate in pasture land during dry season.

Distribution of forest fire in relation to physiographic zone

The forest or pasture may be deliberately set on fire by mountain people to induce succulent grass
growth for domestic animals. In addition to this, natural vegetative systems sometimes get extensively
damaged when fires spread uncontrollably from burning operations carried out in the adjoining
agricultural fields. Another common practise is the burning of wild grass or undergrowth to search for
wild animals. Unextinguished campfires of trekkers, shepherd camps or roadside charcoal panners
may also spread and cause forest fires. Unextinguished cigarette butts and matchsticks are other



important causes of accidental forest fires, especially in areas of dry forests. Besides, lightning or
sparks from electric poles in dry areas also causes fires. Up to 90 per cent of the Himalayan forest fire
is caused by reckless anthropogenic activities (Bajracharya [undated], Chetri, 1994).

Since the establishment of Langtang National Park in 1970 there have been more frequent and intense
fires caused by banning of local fire management regimes (Campbell, 1999). The local people used
fire to improve grazing on pastures and in secondary scrub forest areas. After the ban on controlled
burning, the resulting flush of growth produced not only grasses, but also provided perfect conditions
for many types of wild flowers to flourish. The limitation of the study was that because of lack of data
this study couldn’t distinguish whether the fire was actually in forested land or non-forested land that
could be the reason which shows high number of intense fire in alpine pasture.

Risk zone of Nepal

Forest fires generally occur from November to June. High atmospheric temperatures, dryness and at
times prolonged winter offer favourable circumstance for a fire to start. The severity of the fire varies
greatly depending upon fire weather, fuel conditions, and physiographic. Once the monsoon is
established, usually by the middle of June, the fire problem gradually disappears. It is important to
learn that monsoon rainfall is greater in Eastern Indian Himalaya than in its western counterpart
(Khawas B, 2007).My study too shows that there is maximum numbers of fire in western region and
very low in eastern region.

Regression Model Development:

We detected inflated standard errors by looking at the variance inflation factor (VIF), as
multicollinearity is indicated by fluctuating standard errors. Generally, VIF values greater than ten
may indicate multicollinearity among variables. VIF values for each the predictors were below two,
which suggests low or moderate multicollinearity. This means that means any one of them could play
vital role in forest fire without the dependence of other. Correlation analyses among the different
variables indicated that a low correlation in independent variables. The adjusted model confirms that
the explanatory variables are closely related to the dependent variables.

Conclusion

The study has analysed forest fire in Nepal in the period 2000-2013 using information from MODIS
data. Based on GIS techniques, the study shows that there were 30220 hotspots throughout the study
period. The year 2005, 2009 and 2012 forest fires left historically largest annual burnt area in Nepal
due to severe fire occurrence. Three active fire periods in March, April and May also triggered the
largest burnt area under drought conditions whose averages were 395.9, 953 and 494.5 counts. Out of
30220 hotspots in Nepal 7283 hotspots were in Alpine pasture areas. A total of 73.86% of fires
occurred between January to June that is on hot and dry season. Most of the fires were found at
Himalayan regions due to alpine pasture; 24.09% fires were detected in alpine pasture. After alpine
pasture the number were high in Hill Sal forest and chir-pine forest respectively with the lowest
incidence in Riverine forest. Fire with high risk zone was mostly in the Mid-western development
region while there is low risk area in Eastern region of Nepal because there is high precipitation in
eastern development region. These results on forest fires will be useful to forest managers and
stakeholders to address the impact of forest fire in Nepal.
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