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ABSTRACT

In this study, the authors address the histdiie trendsin Uttarakhand by means dhe Moderate Resolution Imaging
Spectroradi ometer (MODI S) active yre dat aset s-2017Twhieh ascountsl y t ar
total 23534 number of fire points. We evaluated different fire trends that is yearly fire semsnal drifts, district wise trend and on
varied topographical (elevation, slope and aspect) parameters. MODIS active fire counts data fi@D12008iscovered an average
of 1384 fire numbers per year with maximum during the year ZDi& yearly tred of fire counts predicts the cyclicity of four years
from 20022017.Starting from the year 2062017the study finds thatonth of April records maximum fire incidences 7370 followed
by month of May with5597 incidences. Maximum number of fire inciden@¥e wecorded in the Garhwal district. The consequence
of the hotspot analysis advocates that the critical hotspots counts 10415 majorly spread over the lowelatetaca@peThe lower
attribute values of slope and elevation encounters the maximupoletghile the upper topographic values record the cold 3pets.
results of the hotspots and the historic fire trends will be useful to manage the fire regimes in Uttafd&hdndl9% area of the
study area was predicted to be unfier sensitive zonevhich constitutes maximum number of hotsp@@nsequence of the study
suggest that dry climatic conditions, lower slopes and lower elevation regions encounters maximum number of hotspléskdhus, t
aim of the study is to use GIS ground to preparesecfuster map for Uttarakhand.

Keywords: Hotspot, MODIS, Topographic, Zone Mappirigire regimes

1. INTRODUCTION

Wild yres are spread in number of ecosystems both natur.
affect the function and procedures of ecol@Dgnsereau et al., 1993).These fire causes excessive loss to the entire forest ecosystem
and biodiversity and as we know forests are home to more thanthirds of all known land specigSFR, 2015). The quality of
forest is reduced due to long term and recurring impact of fores{¥itemzhao, 2012).According to the source of ignition fireaie
be divided into natural and humamd causedBehavior of fire is typically defined by its spread and intensity @sdes that
influence these two factors are available fuel, moisture and temperature, fuel composition, wind, and top®befilgs ae
categorized in terms of combustible material present and the effect of weather on the fire and can also be classifiefiras brus
bush fire, desert fire, forest fif€uanzhao, 2012).

Uttarakhand is one the fire prone area where forest fires have been consistent and historiqNegge®l6). The usual
fire season in India is from the month of February to-dude. According to the forest department of Uttarakhand, 3399 hectares
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forest cover has been gutted in 1451 forest fire incidents in the state thithge# 2018 Ifttps://www.indiatoday.ijp Current
inclination in forest incidences in state, demands an urgent need to produce aigkfispadvents data sets to identify the
significantfire prone areas.

Remote sensing and GIS based Modis datasets can contribute to a wide aspect to conserve the land from this massive
natural disasterRemote sensing has opened opportunities for @ikt as well as quantitative analysis of forests and other
ecosystems at all geographical and spatial scale remote sensing has also been effectively used in the study monitedtigraof de
forest fire.Understanding the influence of fires on vedetatand topographical paraments requires detailed knowledge of spatial and
temporal gradients and fire occurrences chronidkesirevu et al.,2013). For the similar, Geographical information system (GIS) and
remote sensing (RS) approach with its vast exposure, -tagifjoral multi spectral data abilities provides robust information. In
addition, GIS applications has been used for wild fire manageamehplanning, mapping the spatial distribution of fire events and
associated hazar@Berry et al. 1999; Hamilton et al. 1989; Roy, 2013).

In the present study, we used Moderate resolution Imaging Spectroradiometer (MODIS) active fire data to report the
following questions pertinent to fire trend over last seventeen years their spatial distribution and fire concentréféoeninditri¢s
of Uttarakhand. How are the fire events distributed across different regions of Uttarakhand? Are there any precisandistricts
ecosystems where fires group occurs? Where are the hotspots in the state? When is the peak fire season with retpexcfite repet
incidences? How are the fire hotspots distributed across different topographic inclines and geographical districtsirére the
distributions random? If not, how are they different from random pattern? The above questions have imporguenmense fire
management with respect to spatial process at a given time and in each space. The study will be beneficial to undsnstgutid the
behaviour of the forest fire incidences over certain period of years. To understand the spatial pdittesnsibbe highly beneficial
to locate the critical fire zone sin Uttarakhand

2. STUDY AREA

Uttarakhand statéies in the western part of the great Himalaya rawbe&h occupies total area of 53,897 Krand lies
bet ween 28A4306 N tD7834A2 76 tNo | &1 AQ:2)aTeErenordid fgrest aned i th¢ Jtate gsiB4,651
Km?, which constitute 64.79 % of its total geographical area covered by théS§tRie2015). The state is situated in the northern part
of India and bonds an international boundary with China in the north and Nepal in the east. Physio graphically théstdteidath
into three main zones, t he Hi mat hayatemperatetclenatSih hilly aebiong, arsl trapical  t h
climate in plains with temperature ranging from oo in the higher elevation regions to 43 degrees in the [{&#ifg 2015). The
average rainfall in the state is 1550 mm (SFR, 2015). The nwjestftypes are Tropical Moist Deciduous, Tropical Dry Deciduous,
Sub Tropical Pine, Himalayan Moist temperate, Himalayan Dry Temperate, Sub Alpine and Alpine $36iRs20(5).
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Figure 1: Study Area (Uttarakhand)
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3. METHODOLOGY

The data sets for the present study comprises (i) Active fire points-20d) from MODIS (Moderate Resolution Imaging
Spectroradiometer) in the shapefile format from the given shi#pgi//earthdata.nasa.gov/earthobservadiata/nearealt
time/firms/activefire-data(ii) Simultaneously SRTM digital elevation model (DEM) have been aeduifrom USGS earth
observation site. DEM have been used for the generation of elevation, slope and aspect map of the Uttarakhand. Finallgaktésto
of the fire points taken from the MOIS site overlaid on to the forest density, altitude, slopepeutl @& district level to analyse
relation of these factors in generation and spreading of the forest fire. Month wise data of forest incidences sinc@1Z0bate 2
been look over to obtain the peak fire month and peak fire season. Consideringdadadistory in relation with the biophysical
factors (slope, Aspect, elevation), a fire risk zone map has been modelled using the hotspot analysis in ARC domé&iyor the s

4. RESULTS AND DISCUSSION

4.1: Forest fire trend (2001-2017)

Spatial variationn fire counts based on MODIS active fire data from 20017 for Uttarakhand and yearly variations
shown in (Figure:2). An average 8384 fires counts per year is recorded in Uttarakhand. The results indicate a notable outcome with
the of trend fowyearcyclicity in the forest fire occurrences. The highest frequency of fire incidences was recorded in the year 2016
(3353 incidences), 2012 (2800 incidences), 2008 (2229 incidences) and 2004 (1887 incidences). Only 343 points were tieeorded i
year 2001 whe the 2017 show 916 points. Further, MODIS Aqua captured 77.3% of the fires relative to MODIS Terra with 23.6%,
suggesting that most of the fires occur during the afternoon.
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Figure 2: Yearly trend of forest fire incidences (20@017)

4.2 Forest fire distribution in different districts of Uttarakhand

Garhwal district shows strong number of fire incidences followed by the district Nanital and Uddhamsingh Nagar.
Rudraprayag district shows the minimum number of fire incidences over last seventeeihy@a ss a strong occurrence of forest
points in thelower districterai belt in Nainital and Garhwal districés compare to the upper districts, Uttarkashi, Chamoli and
Pithoragarh areas (Table:1). The Garhwal district covers 18.65 % of incidences with only 5.72% of total geographical l&hdmass
% df fire incidences recorded for Nanitaldistrict which covers an area of 10.02 % in Uttarakhand. District Champawat covers only
3.30% of area and records 3.05% of fire points. While Uttarkashi with being the largest district covers 1757 points ga@migrisin
7.47 % of the total fire records (Figure:3)
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Table 1: Fire incidences according to different districts

District Number of fire incidences |District area (km 2)|% of District area| %oof Fire incidences
Almora 1746 3,083 5.72 7.42
Bageshwar 666 2,302 4.27 2.83
Chamoli 1667 8,030 14.90 7.08
Champawat 718 1,781 3.30 3.05
Dehradun 1158 3,088 5.73 4.92
Garhwal 4390 2,360 4.38 18.65
Haridwar 1140 3,860 7.16 4.84
Nanital 3635 5,399 10.02 15.45
Pittoragarh 979 7,100 13.17 4.16
Rudraprayag 565 1,890 3.51 2.40
TehriGarhwal 1791 4,080 7.57 7.61
Uddhamsingh Nagd 3322 2,908 5.40 14.12
Uttarkashi 1757 8,016 14.87 7.47
TOTAL 23534 53,897 100 100
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Figure 3: Trend of forest fire incidences according to the districts (Z0i7)

4.3 Seasonal forest fire trend

Fire season in India extends from October to June during which more than 70% of total fires are recorded with the peak
during March .The maximum number of fires occurs in the month of April that amounts 7370 followed by month of May which holds
5597incidences whereas month of June sums 2720.The minimum incidences occurred during the month of July august and September
with only 37, 39 and 40 amount of incidences. While the month of December and January demonstrations only 1158 and1240 fire
points. Thee is high litter content in the moist deciduous forest due to which regions of high density forests are extra prone to fire.
Examination of relation between historical forest fire during different months shows that the month of April (peak fi)eéspootie
to forest fire followed by month of May and June. During summers dry condition and less humidity makes the preferalolesconditi
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for more fires. Less number of fire occurrences recorded during month of July, August and September as the ardagrezstives
rainfall during these months. From October to February the study area experiences the winter season with low temperatgre hind
the forest fire incidences. Litter content again start increasing during the month of February due leaf shede&sgiproc
Shorearobusta.
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Figure 4: Seasonal trend of forest fire incidences (22017)

4.4: Forest fire trend over slope, aspect and elevation

Along the various districts of the Uttarakhand state fire trend was observed for elevation, slope and aspect pkiraaseters.
been observed that the fire incidence has no significant relation with the elevation in the present study. Howeveectledféatir
could be seene categorized the elevation model in to five classes frorri7088 (m). The firstlass ranges from 18%65 (m) with
11311 (48%) number of active fire points followed by class two B8 (m) which comprises 902 points (3%), 13454 (m) with
11092 (47%) number of points, 318844 (m) with 221 (0.9%) number of points and last class counts only 8 (0.03% points that is
from 25447000 (m) of elevation (Figure 5). The slope of the Uttarakhand (Figure 7) valley derived from DEM ¢dmbefrom 0
84 which was further categoric in to five classes (Degree slope). The class one intervals bétvdegme@ which constitutes 7498
which amounts 31% of the total incidences. The second interval clB8so@cupies 4326 (18%) of points. Tierd class 187
amounts 5554 (23%) number of incidences. The fourth clag88 Ziccounts 4880 (20%) of fire points. The last clas82ihcludes
1276 (5%) of numbers. The trend of fire over aspect expresses that the southern aspect comprises makienahimeidences with
4006 (17%) points followed by the Southern west part with 3851 (16%) and south east covers 3407 (14%) points. Nortldsge incl
2187 (9%), North east 2416 (10%) of the points (Figurdt63. observed that South and south west aspect is extremely disposed to
fire incidence as these two sides aspects obtain moramresunshi
which creates favourable state for the forest filee study area is situated in the northern hemisphere which receives more sunlight
during the month of April and May. Slope meaningfully effects the forward rate of spread of surface fires. The resutiashowesrt
slope regions are more prone todidue to two main factors (i) high litter content (ii) drier conditions (ii)high temperature.
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Figure 5: Trend of forest fire incidences with respect to the elevation (200¥)

5| Page 31 January 2019 WWwWw.gjar.org



Vol-6, Issue-1 Global Journal of Advanced Research

T54TE

|NUMBER OF FIRE INCIDENCES ACCORDING TO ASPECT

UTTARAKHAND ASPECT MAP

W Nothaest 2525137
I Nosth (7.5-160)

T Morth  Northeast ~ East  Southeast South Southwest West  North west

NO OF FIRE INCIDENCES ACCORDING TO SLOPE

Figure 7: Trend of forest fire incidences with respect to the slope (2001T)
4.5: Hotspot Analysis

The tool when applied to historic fire dataset products six statically significant spatial clusters for 23534 number of fire
points. Total 7091 cold spots which covers 30 % of the total fire data set. The analysis guestg’0tomhsignificant pointsvhich
amounts only 18% of the total fire incidences as (Gi_Bin 0). The statically important hotspot occupies total 51 % oftéinehdol
amounts 12113 number of incidences. Out of which pointpe36ent confidence levéGi_bin 1) coversA89 (2.0%),95 percent
confidence leve(Gi_bin 2) 1209 (5.1%) total 10415 points with $@&rcent confidence levéGi_bin 3) occupies 44.2 % of points
(Table 3.Maximum statistically critical points cover 51 % of the entire dataset which is located over the lawkelteit occupies
seven major districts that is Dehradun, Haridwar, Nanital, TehriGarhwal, AlImora, Champawat, Uddahamsinghnagar and Gharwal wit
49% of total geographical area of state (Figure 8). Of the diverse districts, extreme number of firés tWwatspecorded in Garhwal
(32.3%) followed by Nanital (19.9%), Champawat (15.7%), TehriGarhwal (10.6%), (Table 3).

The result suggests that Garhwal district with only 4.4% of total geographic area records the maximum number of fire
incidences. Nanital a@rs 10% of total geographical landmass but counts only 19/9% number of fire incidences. Analysis of fire
counts based on elevation and slope range. These results recommend that maximum number of fires occurred in very low and low
elevation types and in ems having very low to lowlope (Figure:7). Also, results clearly suggests that hierarchical nearest
neighboring technique can be effectively used to dgidseilit Ohot
help resource magers and environmental scientists in identifying potential hotspot areas where fire management efforts can be
focused.
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The analysis suggests that most of the hotspots were recorded in lower regions with drier most conditions and high
temperature as compson to higher altitude districts. The lower terai belt is mostly covered by the shorearobusta which start shedding
its leaves during February which in result accumulates more litter content and make areas more prone to fires.
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Figure 8:Hotspotmap and the critical zones of fire occurrence

Table 2: Hotspot statistically significant values

Hotspot Statistical significance Number of Incidences % of Incidences
(Gi_Bin)
-1 90 percent confidence level 348 1.4
-2 95 percent confidence level 738 3.1
-3 99 percent confidence level 6005 25.5
0 Not significant 4330 18.3
1 90 percent confidence level 489 2.0
2 95 percent confidence level 1209 5.137248237
3 99 percent confidence level 10415 44.25512025
TOTAL 23534 100

Table 3: Districts whichoccupies the critical hotspot

District Name Hotspots Number % of hotspot
Dehradun 882 8.47
Haridwar 700 6.72

TehriGarhwal 1099 10.55
Garhwal 3360 32.26

Nanital 2074 19.91
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Almora 604 5.80
Champawat 1636 15.71

Uddhamsingh Nagar 60 0.58

TOTAL 10415 100

5. CONCLUSION

Our analysis suggests that clustering of fire points i
contributions. The total geographical area of sta®8i897 km? out of which 49% of its are® most delicate tthe fire risk zone.
The cyclicity of four year indicates how the spatial distributions and temporal fire points are related with each otresulhe
obtained from this study on the spatial features of fire events have several ecological and marafgemres with respect to
topographical inputs. The southern aspect receives the maximum hotspots. Particularly in the month of April and May Northern
hemisphere receives more sun light and the study suggest maximum number of fire incidences deiting thesths April May and
Mid-June months are constituting summer season (the season of leaf senescence of the tropictbarwhisubgetation) with hot
and dry weather condition. Clustering analysis fire zone mapping combined with the topogrfaptocslinfluence the susceptibility
of fire incidences. We infer that use of hotspot analysis and its spatial statistics is only the first step in explemsgopistoric fire
distributions in Uttarakhand. Since the study is an attempt to predidiasic fire patterns in different districts. This data base can be
now successfully used to build fire probability models and hypothesis to understand the contributing issues of firérectiesislts
are comparable witiNegi, et al., 2016) which indates the threats of forest fires in Uttarakhand (FiguiEhé)frequency of the forest
fire incidences is higher in the areas having high forest fuel, low slope, high temperature and drier cokadttierssudy has been
done at district level, Garhwal and Nanital were subject to highest fire frequency. The results suggest that fire management in few
districts of the state should be given importance which includes Garhwal and the Nanital. Extensive forest fire incidegces du
summer of 2016 dew widdtantion ofthe forest managers and. This study attempts to provide estimates about forest fire damaged
areas using satellite data and identification of fire risk zofes.result suggest that more fire lines and technical methods are needed
to control fresin Garhwaland Nanitadistricts. More scientific studies are required to control the spreading of fires. The GIS and
remote sensing based techniques to establish historic datasets which cane helpful in management and conservation practices.

References

[1] Bargali, H., Gupta, S., Malik, D. S., &Gagan, M. (2017). Estimation of Fire Frequency in Nainital District of Utarakhand
State by Using Satellite ImagesRemote Sensing & GI§214), 2.

[2] Dansereau, P. R., & Bergeron, Y. (1993).Fire history in the southern boreal forest of northwestern
Quebec. Canadian Journal of Forest Research, 23(1), 25-32.

[3] Hamilton, M. P., Salazar, L. A., & Palmer, K. E. (1989).Geographic information systems: providing information for
wildland fire planningFire Technology25(1), 523.

[4] Negi, M. S., & Kumar, A. (2016). Assessment of increasing threat of forest fires in Uttarakhand, using remote sensing and
GIS techniquesGlobal Journal of Advanced Resear8nh457468.

[5] Perry, G. L., Sparrow, A. D., & Owens, |. F. (1999).AGISupported model for the simul a
wildland fire, Cass Basin, New Zealarddurnal of Applied Ecology6(4), 502518.

[6] Rothermel, R. C. (1991). Predicting behavior and size of crown fires in the Northern Rocky Mountains.

[71 Roy, P. S. (2003). Forest fire and degradation assessment using satellite remote sensing and geographic information
systemSatellite Remote sensing and GIS applications in agricultural meteor@6dy

[8] SFR (20012015) State of Forest Report.Forest Surveldia, Dehradun.

[9] Singh, D. (2014). Historical fire frequentyased forest fire risk zonation relating role of topographical and forest
biophysical factors with geospatial technology in Raipur and Chilla r@®®8RSC Int J Geo Sci Geo Infoim1-9.

8| Page 31 January 2019 wWww.gjar.org



Vol-6, Issue-1 Global Journal of Advanced Research

[10] Vadrevu, K. P., Csiszar, I., Ellicott, E., Giglio, L., Badarinath, K. V. S., Vermote, E., & Justice, C. (2013). Hotspotanalysi
of vegetation fires and intensity in the Indian regi®@EE Journal of selected topics in applied Earth Observations and
RemoteSensing6(1), 224238.

[11] Yuanzhao, H., Qi, W., & Ling, Y. (2012).Introduction to Forest Resources Evaluation StlRlgsiources Accounting in
Ching, 12, 171.

[12] (https://www.indiatoday.in

[13] (https://earthdata.nasa.gov/earthobservatiata/neareaktime/firms/activefire-data)

9| Page 31 January 2019 wWww.gjar.org


https://www.indiatoday.in/

