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Abstract:
In the study conducted, an analysis of forest fires occurring
in the state of Meghalaya is presented using Geospatial
tools is carried. A hotspot analysis is performed to visualize
the area over which these fires mostly occur along with
mapping of the forest cover type and forest type of the
state to find which classes of forest cover/type is under the
most destruction. The technique is implemented on the
whole state using a 10x10 sq.km grid over the area. The fire
point data is from Forest Survey of India (FSI) website taken
over the course of 5 years (2010-14) in the months of
January to April and the land use/land cover classification is
performed on Landsat 8 imagery with 30m spatial
resolution. The most important input parameters
considered in the study are Aster DEM (©ASTER GDEM
which is a joint product of METI and NASA) with spatial
reference, the latitude and longitude of the scenes along
with input point feature class which specifies the location
of the forest fires in the state. Getis Ord Gi* tool of ArcGIS
v10 is used on the point data to find out the hotspot areas,
point density tool to calculate the density of the points and
spatial join to calculate the fire intensity on a 10x10 sq.km
grid overlaid on the state. The results show that the
northern and the western part of the state are most prone
to forest fires with relatively lesser amount in the other
regions. This analysis can help the respective departments
to formulate a plan to mitigate and control the fires
occurring in this area which may or may not be the result
of anthropogenic factors but which degrades the forest
nonetheless.
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Introduction
One of the major sources of disturbance which have been occurring since the formation of Earth and shaping landscape
structure and patterns and also ultimately leading to the the species composition of ecosystems is fire. The ecological role of
fire is one of the most influential factors in plant community development, soil nutrient availability and also for having
biological diversity. Forest and wild land fire are considered vital natural processes initiating natural exercises of vegetation
succession. However uncontrolled and misuse of fire can cause tremendous adverse impacts on the environment and the
human society (Roy P.S., 2003)
Forest fires or wildfires are a common occurrence in the state of Meghalaya due to both natural and anthropogenic factors
along with the factor of climate change. The natives of this area have been practicing the age-old shifting cultivation known
as Jhum for the sole reason that the terrain is hilly and lack of alluvial soil (except the Brahmaputra and Barak valley) forces
them to shift to other places due to lack of soil nutrients. Recent findings have showed that this technique has a pattern of its
own but this slash-and-burn procedure has its negative effects too. It causes wildfires which are not much in control and
destroy the ecosystem at a large scale. It is one of the primary reasons for soil erosion and habitat loss.
Being one of the world’s major biodiversity hotspots, these kind of destruction has to be monitored and assessed for the sole
purpose of arriving at solution to minimize the effect and to showcase the harmful effects of Jhum culture and to construct a
sustainable agriculture in the region.
The major aim of this study therefore is to identify the burnt areas from Forest Survey of India (FSI) data which is taken from
MODIS imagery and use Landsat imagery to verify the findings (Landsat data does not offer the required temporal data for
monitoring forest fires). By mapping the forest fire hotspots the aim is to map when and where the risk is higher and to what
extent the land use and land cover patterns are able to explain the fire occurrences.

Methodology
To analyze the forest fire occurrence in the state of Meghalaya, fire intensity was calculated and also hotspot analysis was
carried out to find out the areas which are hotspots of the forest fire occurrences according to the data.
After calculating the intensities of forest fire occurrences, fishnet was created over the whole area to get the state into a
proper grid and the fire points which were taken from the data provided by the Forest Fire of India on their website which is
in turn calculated from the Moderate Resolution Imaging Spectroradiometer (MODIS) satellite’s observations.
Hotspot analysis was done by using the Getis Ord Gi* equation which is used by the Hotspot analysis tool in the Mapping
Clusters tab of the Spatial Statistics toolbox in ArcGIS 10.1.The Hotspot analysis tool gives the output as a Z-score and no
further calculations becomes important as it becomes evident by the highest number of Z-score value gets highlighted as the
Hotspot and the one with the lower Z-scores becomes the Coldspots.

Fig: 1 Getis Ord Gi* equation (Source: ArcGIS help website)
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But to infer other factors which might be attributing to the occurrence of the forest fires ASTER DEM which is a product of
METI and NASA is used to calculate slope and aspect, drainage. Land use patterns also plays an important role is spreading of
a fire over a region so LANDSAT 8 dataset of 2014 was used which were also of the months January-April of the year 2014.

Data Processing and Analysis
Introduction
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According to the reports published by NESAC on the days of 8 to 11 March, 2014 a number of forest fires have already
occurred in the state indicating that the state is prone to forest fires in the moths of January to April which is considered to be
the driest part of the year.
To analyze and map these distributions of forest fires over the years many factors were calculated.
Slope and Aspect
ASTER GDEM which is a joint product of METI and NASA was downloaded which is of 30 m spatial resolution and was
extracted by masking with the help of the Extract by Mask tool in ArcGIS 10.1 and with the spatial extent taken from the
shapefile of the state of Meghalaya downloaded from DIVA-GIS website. This DEM was then used to calculate slope which was
found to be highest in the southwest part of the state (76.56 degrees from horizontal) in ArcGIS 10.1 (see appendix Fig 2)
which is primarily a plateau region and is characterized with getting the highest amount of rainfall in the world. The slope
raster layer was then further reclassified in five sub groups based on predefined slope classes in the software. According to
British Columbia, slope is the factor which has the highest impact upon the spread of a fire as more steeper the slope is the
more it will spread. On the uphill side, the fuel for the fire is more abundant than on the ground level as they tend to get drier
there along with the convective heat pushing the fire uphill. Along with this aspect also plays a major role (see appendix Fig 3).
The southern side of the terrain tends to get more sunshine and which in turn dries the soil and the vegetation relatively
quickly providing ample amount of fuel for the fire. Moreover on the southern facing sides, the temperature will be high, the
humidity less providing the perfect conditions for a quick fire and spread.
Drainage
The ASTER DEM was also used to calculate the drainage in the area. The stream ordering tool in ArcGIS 10.1’s ArcHydro
extension uses the Strahler system for ordering the streams generated and the generated streams were then classified into 7
orders of streams (see appendix Fig.4). Drainage also plays a major role in the spread of fire. The V-shaped steep valleys
creates a great condition for the spread of fire but the streams also acts a natural fire breaks and stops the fire from
spreading.
Land Use / Land Cover
Land use was also considered as a factor as the people do farm using Jhum farming which naturally tends to leave behind a lot
of dry materials and dry soil. Land use is the way in which and the purpose for which human beings employ the land and its
resources. Land cover by contrast the physical state of the land surface as in as in cropland, mountains or forests (Meyer
1995:25). Many parts of the area are covered by Pine forests which serve as a good fuel for fire. The LULC classification was
carried out the Landsat 8 dataset of January to April 2014 and in total 12 classes was created (see appendix Fig.5)
Table 1
Land Use/Land Cover Classes
1. Jhum

7. Open Forest

2. Water

8. Sandbar

3. Dense Forest

9. Open Land

4. Built up

10. Scrubland

5. Agriculture

11. Tree Patches

6. Plantation

12. Fallow Land
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Fire Intensity Mapping
For the analysis of Forest Fires in the state Forest Fire data of 5 years (2010-14) in the months of January-April was collected
from Forest Survey of India’s website which had the coordinates of the recorded fires and was then projected to UTM zone
46 as the coordinates given were in GCS (see appendix Fig.6), fishnet of 10*10 km were then created around the region and
the points were overlaid on it and by using the Spatial Join tool in ArcGIS 10.1. The output grid was then reclassified into 5
classes depending upon the upper and lower values which gave the intensity of fire occurrence over the years (see appendix
Fig.7)
Hotspot Analysis
The spatially joined fishnet raster grid was then used to calculate Hotspots and Coldspots based upon the Euclidean distance
and Fixed Distance Band. The Hotspot Analysis tool in ArcGIS uses the Getis Ord Gi* formula to generate Z-scores for each of
the grid boxes and accordingly the output raster grid was reclassified 5 classes viz., Nil, Below Average, Average, Above
Average, High (see appendix Fig 8).

Discussion
By the above mentioned procedures it was very much evident that the over the years Forest Fire occurrences have been high
in the districts of Garo hills, Ribhoi with some occurrences in Jaintia Hill district. Although the exact factors contributing for
the forest fires in the same areas was out of the scope of this study but it can be definitely said that most of the fires are
originating in these districts which have Open Forest type land cover and the slope is also quite low. But according to the
slope calculated the highest slope is in the central part of the state which is the Meghalaya plateau and is world famous for
receiving the highest amount of rainfall so fire occurrence is minimal there. The area which are found to be the hotspots have
slope of maximum 40 degrees and South facing aspect and there are no such major streams in the region which also
facilitates the spread of the fire.

Conclusion
This study was aimed at mapping and analyzing the patterns of the forest fires in the state over 5 years so that it can help the
State government in formularizing plans according to it so that the management of the fires can become easier. Though the
reasons for these fires can be both anthropogenic and natural but by looking at the history of agricultural practices and the
climate of the state, the anthropogenic factors can be the main reason behind them. But whatever the reasons are, they are
of doubt making havoc over the ecology of the state and also making it easier for invasive species to grow putting the natural
and endemic species in danger.
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Appendix

Fig: 1 Study Area
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Fig: 2 Slope Map
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Fig: 3 Aspect Map

Page 7 of 12

th

15 Esri India User Conference 2014

Fig: 4 Drainage Map
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Fig: 5 Land Use/Land Cover Map
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Fig: 6 Fire points on Meghalaya
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Fig 7 Fire Intensity Maps
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Fig 8 Hotspot maps
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