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Abstract Monitoring and management of forest fire is
imperative in India where 50% of forest cover is prone to
the fire. The study aims for applying the geospatial tech-
nology towards forest fire characterization and evaluation
of relationship with meteorological thematic layers. Spatial
analysis of forest fires in the state of Arunachal Pradesh
was carried out based upon the decadal (2008-2016) forest
fire count datasets, which was assessed for spatial vari-
ability over the known Himalayan biodiversity hotspot in
diverse geographical and socio-economic gradients. Result
suggested that Kameng districts had maximum fire inci-
dences (25.2%) whereas it has 15.2% of state forest,
established the districts as ‘forest fire hotspot’ in the state.
Maximum number of incidences (88%) occurred in areas
of low elevation (< 1500 m). There was high correlation
with socio-economy where 42.3% forest fire points falls in
high poverty index areas and 73% of fire incidences in the
areas having population density 6-50. All districts showed
high fire incidences, therefore an urgent intervention is
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greatly required by the policy makers towards conservation
and management of forest fire prevention and control by
adopting focused intervention, strategic allocation of lim-
ited resources in potent areas in order to safeguard Hima-
layan region of highest biodiversity.

Keywords Arunachal Pradesh - Cramer’s V coefficient -
Forest fire incidences - Meteorological data - Socio-
economy - Topographical data

1 Introduction

Fire is one among major threats for the world’s forests
which leads to tremendous loss to the bio-diversity and
changes in several ecosystems [1, 2]. Forest fire destroys
millions of hectares of the world’s forests every year,
amounts to loss of human property and wildlife apart from
release of tons of carbon to the atmosphere, raises costs on
fire suppression and prevention heavily, and damage to
other environmental, recreational and amenity values
[3, 4]. Forest fires are largely found within the tropics as
revealed from the study of satellite imagery which manifest
maximum of fire events in this region [5].

Forest fire frequency, occurrence and its extent of spread
worldwide can be characterized by weather and climatic
condition [6], landscape fuel characteristics [7], ignition
agents [8], and anthropogenic factors [9]. Forest fire fre-
quency in India has greatly increased in last few decades due
to drought, hot weather, and accumulated Chir Pine (Pinus
roxburghii) needles which are inflammable due to its high-
resin content and provide an abundant source of fuel for these
wildfires. During year 2016, forest fire incidences have
increased by 55% as per report by the Parliamentary
Standing Committee on Science and Technology in India.
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Various studies showed that in India human activity is
generally the major cause of forest fires whereas its spread
and extent largely depends upon the severity of weather
condition [9]. People practice, clearing and burning forests
as a part of shifting cultivation system [10], which is an old
practice still prevailing in north-eastern Indian states [11].
Local communities having poor socio-economic conditions
who live along the fringes of the forest continue to burn
forests to support their livelihood by producing fodder and
agriculture [10] and to facilitate the collection of non-
timber forest products [12—14].

Arunachal Pradesh, with a forest cover of 80.3% of the
geographic area known for Himalayan biodiversity [15].
Particularly, the north-eastern Region of Indian states of
Assam, Arunachal Pradesh, Manipur, Mizoram, Tripura,
Nagaland and Meghalaya where shifting cultivation is still
in vogue extensively practiced by more than 100 tribal
ethnic minorities due to their weak socio economic con-
dition and poverty [16, 17]. As temperature increases
during the summer, land is cleared by slash-and-burn
shifting cultivation method.

Apart from topographical and metrological factors,
forest fire incidences largely depends upon shifting culti-
vation practice (anthropogenic factor) and it is a major
cause of forest degradation both qualitatively and quanti-
tatively in Arunachal Pradesh. The availability of historical
forest fire data is useful and can be utilized for manage-
ment, planning and prevention of forest fires [18, 19].
Temporal and spatial trend of forest fire incidences and its
topographic relationship with other parameters such as
elevation, poverty and population density etc. provide
insight into various issues which would help in solving
problems for effective future planning and making strate-
gies to minimize the forest losses.

Geospatial techniques such as remote sensing and GIS
are powerful tools to evaluate the forest fire risks and fire
trend analysis [20, 21]. Few studies have addressed the
issues of forest fire trend and its relationship with the
driving factors. Reddy et al. [22] studied forest fires extent
and burnt area in the states of Andhra Pradesh, India using
Advanced Wide Field Sensor (AWIiFS) satellite remote
sensing data. Compared analysis was carried out with
respect to different forest types, protected areas (PAs) and
elevation to demarcate and identify the fire-affected areas.
The results exhibit that about 19% of forest area were burnt
in the state during 2009. Reddy et al. [23] carried the study
for whole India using Resourcesat-2 AWiFS data. They
evaluated spatial and temporal patterns of fire occurrence,
total burnt area and CO, emissions covering natural veg-
etation types and PAs of India. The total burnt area for the
year 2014 in the forest, scrub and grasslands were found as
48,765.45, 6540.97 and 1821.33 sq km, respectively
whereas total CO, emissions was estimated to be 98.11 Tg
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and it was suggested that PAs need strict fire management
systems for climate change mitigation and biodiversity
conservation. Rahman and Rashid [24] studied the tree
damage due to ice storm in City of Norman, Oklahoma
utilizing the data integrated airborne laser scanning (ALS)
and geographic information systems (GIS). The analysis
revealed approximately 9% of the urban trees is damaged
due to storm. Saarinen et al. [25] carried out study in
southern Finland demonstrated the capability of LiDAR for
evaluating the probability of wind-induced forest damage
(PDAM) and GIS was incorporated in the analysis, which
revealed that open-access LiDAR data sets can be utilized
to map PDAM without field data which provides significant
information helps in forest planning.

Badrinath et al. [26] have studied forest fire incidence
for the state of Kerala in India with Defense Meteorolog-
ical Satellite (DMSP-OLS) having night-time active forest
fire detection capabilities and compared DMSP-OLS-
derived night-time fire products with synchronous Moder-
ate Resolution Imaging Spectro-radiometer (MODIS)-
derived daytime fire products and validated the study with
AWIFS satellite imagery. Results showed a good correla-
tion between AWIiFS derived burnt areas, DMSP-OLS-
derived fire counts and MODIS-derived fire products.
Giriraj et al. [27] have studied 9 years night-time Advanced
Along Track Scanning Radiometer (A) ATSR satellite data
to identify high fire prone zones for India. The study
revealed that during 1997-2005 the Central Highlands,
Eastern Highlands, Central Plateau and Chhota Nagpur—
of Deccan peninsula of India were the most affected and
accounted for approximately 36% of the total fire
incidences.

Ahmad and Goparaju [20] have studied fire incidence
utilizing Forest Survey of India (FSI) forest fire data sets
over the Jharkhand state of India between the years 2005
and 2016 and identified forest fire hotspot districts. One of
the highest forest fire districts was analyzed based on grid
with 2 km spacing. The study revealed that west Singhb-
hum district; Jharkhand had 30% of total forest fire con-
taining 17% of the state forest cover. The study also
highlights north-west of Pansuan dam of Porhat forest
division of west Singhbhum district exhibit very high fre-
quency forest fire grids. Vadrevu et al. [28] had evaluated
the vegetation fire activity in India by using MODIS active
fire datasets and evaluated various fire regime attributes in
terms of fire frequency, seasonality, intensity and the type
of vegetation affected in various diverse geographical
regions.

The present study area was Arunachal Pradesh state
which is also known for rich Himalayan biodiversity hot-
spot. The study has utilized the 9 years forest fire data
(point data of location forest fire) and analyzed it on GIS
platform towards visualization and evaluation of spatial
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and temporal dimension of fire pattern with objectives of
studying temporal variation and to analyze forest fire
events and its distribution across different vegetation types,
topographical gradient and socioeconomic and demo-
graphic condition. It was further aimed to perform statis-
tical analysis by Cramer V coefficient methodology using
meteorological datasets to analyze its correlation with
forest fire incidences and to generate fire hotspots for
effective monitoring and strategic resource allocation.

2 Materials and methods
2.1 The study area

The study area is spread over entire Arunachal Pradesh
state with geographical area 83,743 Km? having 1.38
million populations out of which 68.8% is the tribal pop-
ulation. Its geographical expansion is from 26°37'23"N to
29°27'30"N latitude and 91°32'36”E to 97°24'42"E longi-
tude (Fig. 1). The major rivers are Kameng, Subansiri,
Siang, Dibang, Lohit and Noa-Dihing. The state has heavy
topographic variation of altitude from 60 to 7000 m from
the mean sea level (MSL). The climate of the state shows
tremendous variation with the elevation. The low altitude
(< 1500 m) shows humid subtropical climate whereas high
altitude and very high altitude areas have a subtropical
highland climate and alpine climate, respectively. The state
receives annual rainfall of 2000-5000 mm, while 70-80%
rainfall occurs during the month of May and October.

Shifting cultivation is the major agriculture practice where
land is cleared for growing crops by first clearing of trees
and vegetation and then burning it thereafter. This area was
chosen as it has alarming forest fire incidences and
Himalayan ecology is very fragile. A research work in the
said area will greatly help in maneuvering damages
through forest fire and will significantly help in safe-
guarding the ecology.

2.2 Data preprocessing and analysis
Data used, attributes and rationale of using it (Table 1).
2.2.1 Forest fire analysis

Administrative boundary of state and districts were
downloaded from DIVA GIS. To analyze the forest fire
spatial and temporal trend during years 2008-2016 forest
fire data was downloaded from FSI, which uses MODIS for
active forest fire detection, which is a key instrument on
Terra and Aqua satellites. Terra MODIS and Aqua MODIS
having 36 spectral bands or groups of wavelengths view
whole earth’s surface every one to 2 days.

The forest fire point file downloaded from FSI was in
MS-EXCEL format with each location having its latitude
and longitude. It was exported into vector point shape file
(year wise) using ArcGIS software. The spatial pattern of
forest fire was evaluated based upon the point density
module of ‘Spatial Analyst’ tool of the software in terms of
magnitude per unit area from existing fire point features
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Table 1 Data and attributes adopted in the study

S. Data used Attributes Rationale
no.
. MODIS Forest fire detection 36 spectral bands
2. ASTER-DEM Topography (elevation and 30 m spatial resolution with 20 m and 30 m
slope) accuracy for vertical and horizontal data with 95%
CI
3. SPOT4 Vegetation 1 km resolution
National centers for environmental Meteorology Datasets such as maximum temperature, minimum
prediction—climate forecast system temperature, precipitation, wind velocity, relative
reanalysis humidity and solar radiation are available on daily
basis
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Fig. 2 Poverty map

that fall within a neighborhood around each cell.
The ‘Calculate Density’ tool creates a spatial pattern of
forest fire density map from fire point features and was
classified from the least dense forest fire to most dense
forest fire. Finally, by this process maps were generated
showing forest fire hotspots area. Hotspot means areas with
high forest fire magnitude per unit area.
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2.2.2 Topographical data

Advanced Space-borne Thermal Emission and Reflection
Radiometer (ASTER) DEM with 30 m spatial resolution
was downloaded from the USGS with having 20 m accu-
racy at 95% confidence interval (CI) for vertical data and
30 m at 95% CI for horizontal data. Spatial Analyst tool
was utilized to generate thematic layer such as elevation
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and slope, which was extracted corresponding to fire
incidences.

2.2.3 Socio-economic and demographic data

Methodology adopted by Nair et al. [29] was used for gen-
erating poverty map, which was brought in GIS domain
(Fig. 2). The population density map was generated with the
help of map.' Poverty index and population density index
map data corresponding to fire incidences was utilized

(Fig. 3).
2.2.4 Vegetation data

The SPOT4 satellite based vegetation cover derived from
‘Vegetation instrument’ having 1 km resolution is VEGA
2000 dataset and was utilized in the study (Fig. 4). VEGA
2000 project uses legend defined by FAO Land Cover
Classification System (LCCS). The regional partner plays
key role in describing the land cover classes based on
regional expertise knowledge to standardized classification

! Details are at http://www.demographie.net/atlas2001/Densite.gif.

approach. South central Asian regional datasets covering
Indian region was utilized. The fire events in each vege-
tation was analyzed separately.

2.2.5 Meteorological data

The National Centers for Environmental Prediction (NCEP)
Climate Forecast System Reanalysis (CFSR) provides
meteorological datasets such as maximum temperature,
minimum temperature, precipitation, wind velocity, relative
humidity and solar radiation on daily basis up to the year
2014. The 36 years meteorological data (Station Id: 283947)
near to the forest fire hot spot from 1979 to 2014 on daily
basis was downloaded and exported into ArcGIS shape file
for further analysis. Above six weather parameters were
averaged and evaluated month wise from November to June.
The objective was to investigate the relationship of forest fire
with these meteorological parameters.

2.3 Statistical analysis

The relationship of driving factors in terms of metrological
data with forest fire was evaluated based upon CVC to find
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Vegetation classification of Arunachal Pradesh
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correlation between forest fire frequency (month wise) and
metrologicalparameters. CVC value was calculated using
Eq. (1), Liebetrau [30]

¢* _ ©/n

V= 1
min(k— 1, r—1) min(k—1,r—1) (m

where o is the coefficient of contingency, ¥ is derived from
Pearson’s Chi-squared test, n is the grand total of
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Fig. 6 Monthly forest fire frequency from 2008 to 2016

observations and k represent number of columns and r
represent number of rows in the month wise forest fire
frequency. CVC was preferred over other statistical
methods such as simple Pearson correlation coefficient due
to the advantages of topology and therefore extracting the
correlation coefficient between two sets of stochastic
variables was significant and trouble-free.
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3 Results
3.1 Forest fire frequency assessment

(a) Year wise Annual frequency of forest fire during
2008-2016 was studied. Total occurrence of forest
fire was 4429 out of which maximum 777 forest fire
was found in the year 2009 and lowest (293) during
year 2016 (Fig. 5).

(b)  Month wise The forest fire frequency was analyzed
monthly; it was found 73% of forest fire occurred in
the month of March and April, during the beginning
of summer season during the years 2008-2016
(Fig. 6).

(c) District wise forest fire frequency analysis The
district wise analysis of forest fire data revealed that
East and West Kameng, West Siang and Papum Pare
districts had 25.2, 17.8 and 10.8% of fire incidences,
respectively (Fig. 7).

Forest fire percentage and forest cover percentage based
upon FSI 2015 report for each district was compared.
Kameng districts surround 15.2% of forest cover of Aru-
nachal Pradesh and it had 25.2% of fire incidences. West
Siang district has 10.1% forest cover but had 17.8% inci-
dences, while Dibang valley is least affected district from
forest fire (2.6%) even though it is second highest district in
terms of forest cover (13.9%).

3.2 Forest fire hotspot analysis

In the study, forest fire hotspot was extracted and spatial
pattern of forest fire was integrated for the period of
2008-2016. Point Density sub-module of the Spatial
Analyst tool of ArcGIS were used for generating density
raster values based on utilizing all fire points. These raster
values were stretched with colour representing fire fre-
quency values. In this map, high values represented by
colour red, medium value by yellow and low value by
green (Fig. 8). Most of the southern Arunachal Pradesh
was affected by the forest fire and it is maximum for
Kameng districts. The increasing availability of detailed
and accurate spatial datasets of forest fire enables us to
identify forest fire hotspot and its extent and capability in
management and prevention of forest fire [32].

3.3 Forest fire incidences and vegetation cover

The number of forest fire incidences during years
2008-2016 analysis with vegetation types resulted tropical
lowland forests, broadleaved, evergreen, < 1000 m vege-
tation class maximum (35%) incidences. Evergreen shrub-
land and regrowth, abandoned shifting cultivation,

30.00 m Forest fire % (During 2008-2016)
m Forest fire incidences % (FSI, 2015 )
25.00
20.00
15.00
10.00
5.00
0.00
S 2 37 & & 5 24 2} S
F & & S
& o & S O N
¢ & S F o & & & @
&N $ & &
& s
<

Fig. 7 District wise forest fire and forest cover percentage

extensive shifting cultivation class had 22% fire incidences
whereas tropical and sub-tropical mountain forests,
broadleaved, evergreen > 1000 m had 17.6%. The under-
standing of forest fire events with respect to various veg-
etation types is important in term of risk evaluation and in
term of its consequences for the ecosystem [31-34].

3.4 Meteorological data analysis

The meteorological station data was used to analyze the
relationship with forest fire. The nearest meteorological
station (Point data-283947) recorded for all the six
parameters from 1st January 1979 to 31st December 2014
on daily basis. The average monthly data from November
to June was studied (Table 2). Further, monthly trend
analysis of meteorological parameters was done based
upon forest fire frequency using CVC methodology
(Table 3).

The CVC values of relative humidity, precipitation,
solar radiation and maximum temperature were found in
the range of (0.32-0.40), demonstrating strong correlation
with forest fire incidences. Wang et al. [35] described,
CVC greater than 0.3 shows strong relationships with
driving factors. Similar finding has been observed by
Ahmad et al. [36].

3.5 Topography data analysis

The maximum percentage of fire incidences (88%) occur-
red in lower elevation (< 1500 m) whereas 50% of forest
fire occurred where slopes were less than 20 degrees. Wind
velocity and temperature are influenced by the elevation
and it is an important physiographic factor which affects
the fire susceptibility [37]. Forest fire usually spreads faster
in uphill than downhill thus steeper the slope faster the fire
movement [38].
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Fig. 8 Forest fire hotspot map using fire points over the period of 2008-2016
Table 2 Meteorological Months — met. parameters | Dec. Jan. Feb. March  April May June
monthly average data for the
years 1979-2014 Maximum temperature (°C)  19.57 1449 1278 1429  17.06 19.46 2245 2359
Minimum temperature (°C) 12.26 6.27 4.85 6.65 9.12 11.83 14.67 17.52
Precipitation (mm) 11.91 2.20 2.89 5.11 7.01 10.58 15.34 22.67
Wind velocity (m/s) 2.08 2.48 2.36 2.24 2.33 2.25 1.97 1.73
Relative humidity (fraction) 0.829 0.754 0.788 0.796 0.778 0.814 0.844 0.892
Solar radiation (MJ/m?) 1392  11.50 11.57 12,00 13.67 1567 17.78 1491

Table 3 CVC values of forest
fire driving factors

Meteorological parameters (driving factors)

Crammer’s V coefficient (CVC)

Maximum temperature
Minimum temperature
Precipitation

Solar radiation

Wind velocity
Relative humidity

0.32
0.27
0.34
0.38
0.16
0.40

3.6 Socio economy and demography data

Based upon the literature of Nair et al. [29] on poverty, it has
categorized poverty index into five classes of very low (0-1),
low (1-2), medium (2-3), high (3—4) and very high (4-5).
The evaluation of forest fire counts reveals 42.3% (Fig. 9)
forest fire points belong to high to very high poverty index
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area. The similar research finding was observed by Mercer
and Prestemon [39] which showed a positive correlation
between poverty and wildfire intensity. The population
density map categorized into four classes (Fig. 10), which
revealed 73% of forest fire occurs in the area where popu-
lation density is 650 (Second category). Southern Aruna-
chal Pradesh has more population (Fig. 3).
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Forest fire counts in different types of vegetation in Arunachal
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Fig. 9 The forest fire frequency of different type of vegetation class.
Vegetation types. a Coniferous mountain forests, ever-
green > 1000 m. b Temperate mountain forests, broadleaved, ever-
green > 1000 m. ¢ Tropical and sub-tropical mountain forests,
broadleaved, evergreen > 1000 m. d Tropical lowland forests, broad-
leaved, evergreen, < 1000 m. e Tropical mixed deciduous and dry
deciduous forests. f Forest mosaics and degraded/fragmented forests.
g Evergreen shrub land and regrowth/abandoned shifting cultivation/
extensive shifting cultivation. h Deciduous shrub land/Mosaics of
deciduous shrub cover and cropping. i Alpine grassland/grassland at
high altitudes > 2500 m. j Mosaic of cropping, regrowth or other
natural vegetation/intensive shifting cultivation. k Cropland, irrigated,
inundated or flooded
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Fig. 10 The forest fire frequency and population density relationship

4 Conclusion

Spatial analysis of forest fires was carried out decadal
(2008-2016) forest fire counts datasets. Fire counts were
assessed for spatial variability over the known Himalayan
biodiversity hotspot in diverse geographical, vegetation,
topographical, demographic and socio-economic gradients
dominated by tribal population whereas the point density
based forest fire hotspot was generated to understand the
overall spatial pattern. Monthly meteorological datasets
showed a positive correlation with monthly forest fire
counts as revealed by CVC statistical methods. And, with

vegetation categories maximum number of forest fires
occurred in tropical low land forests, broadleaved, ever-
green, < 1000 m vegetation class (35%), while maximum
number of fires (88%) was found in low elevation
(< 1500 m). The study has reinforced the relationship
between forest fire incidences and poverty as 42.3% inci-
dences occurred in high to very high poverty index area.
Further, a strong correlation was established with metro-
logical parameters such as relative humidity, precipitation,
solar radiation and maximum temperature with forest fire,
while minimum temperature and wind velocity were found
to be nearly unrelated.

It may be concluded that the spatial technology has
tremendous potential in environment monitoring and
assessment for forest fire incidences study and can be
potentially used towards strategic resource allocation. The
fire points (MODIS) and various vegetation types (SPOT-
4) were used in this analysis which has spatial resolution of
1-km thus compromises the strength of the study. Had there
been datasets with better resolution, results would be of
much significance. Therefore, high resolution datasets will
be required in future studies.

The state of Arunachal Pradesh is Himalayan biodiver-
sity hotspot retain more than 60% tribal population most of
them belong to low poverty indices. Majority of them
practice shifting cultivation for their livelihood. The gov-
ernment bodies, NGO, local administration should initiate
such program and involve them in various forest conser-
vation activity through empowered village forest manage-
ment committees (VFMCs) on the line of joint forest
management (JFM), which in turn will enhance the
livelihood opportunities and will reduce dependency on
forest resources in greater extent.
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