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ABSTRACT

Forest fires m Margalla Hrlls Natlonal Park (MHNP) are one of the most serrous threats not

only to lts natural bcauty but also to the natl\c blodt\erslty The current stud) \\as almed at

analysrng thc spatrotemporal pattems of forest firc rn MHNP and rts relatronshrp urth

vegctatron phcnology The records of forcst fire occurence (1996-201'1) u cre obtarned fiom

Envrronmental Drfcctorate capltal De\clopment Authonty (cDA) and anal;scd for thc

spatrotcmporal trcnds Thc total 769 ctents (duranon 3243 hours) of forest fire dunng

prcscnbcd trme !s approxlmated to ha\e affected a sum of 11'10 hectares of the land

alca o\'erall. thc months ofApnl (n=82). Ma}'(n=248) and June (n=]82) represent the penods

ofmost frequent forcst fires The )car \\'lse vanatlon rn Forest Flre revealed that 2009 (n=133)'

I 998 (n=81 ) and 2006 (n=76) had frcquent forest fires Tle lnformahon on the land surface

phenology of thc Natlonal Park qas dcnved from Moderatc Rcsolutron lmagtng

Spectroradrometcr (MODIS) based Normahzed Drfference vegetatlon lnder (NDVI) l6'day

comflosrle product (MODl3Q1) Thc phcnologlcal paramctcrs such as Start of Scason (SOS)'

End of Season (EOS. Lcnglh of Season (LOS) and Peak (\DVI) \\'erc den\ed usrng

'grccnbro$n' packagc tn R Stattsucal Soft\\arc and thcn correlated \\rth frequenc] of fire

occuEencc ustng multl\anate statlshcal Procedurcs (Pnnc:pal ComPonent Analvsls

'PCA) The analyses re\ealcd that the forest compartmcnts uherc therc \Icre frequent fires'

thc pcak values for NDVI shou ed rncreasrng trcnd. $hereas. LOS sho*ed decreaslng trend rn

suchIocatrons It\asalsoobrror'rsthatlhe\cgetatlont)pePla)sImpo antrole ln occurrence

offircs The conpartnrents ledby Cuttssaoputa xdomrnant \egctatlon \cre found se\erclv

affected by forest fire. ,* hercas. compartments u lth hrgh abundancc of Dodo'Iacd I Irc('sd \\'ere

found lcast affected by the forcst firc Thesc results of forest firc anal)'srs can be used both as a

stratc$c plannrng tool to address firc nsk conccms. and also as a tadrcal Surde to help

Envlronmental Drrectoratc (CDA) to dcstgn fire mrtrgaton mcasures



CHAPTER I
INTRODUCTION

T.INTRODUCTION

Forcsts are one ofthe most tmPonant natural resource and ha\ e a \ llal role rn malntenance

of cnlrronmental balancc Forests prorLde mcn;'dlrect and lndlrect senlces lmPoflant for the

sun'rval ofhuman bemgs The health of a forest ln an area lndlcates thc ecologrcal condrhons of

thatarea'ForcstsarcanrmportantfactorlnthcEarth.secologlcalbalance.economl'.

brologrcal drvcrslty. r,\'atcr resources and arr purrtl (Shahzad ?l ai 2015)

Forestsalsoface\anetvofthrears.firclsoneofthem(Baklrcl.]010)Frrehasbeen

closely essocratcd wtth manhnd from the bcglnnlng ofcl\ lllzatron Tlc tnflucnce ofhumar caused

6res. doubtlessly date back to the am\ al of first human m the subcontrnent (Ahmed & Sharma'

20t4)

Flrc ts an ecos)stem process that effccts terrestnal' aquatlc and atmosphenc systems all

orcr tic \lorld Wlldfircs ha\c recel\ed malor aftcntlon because ofecologlcal economlc' socral'

and pohttcal values tn past few decades (Lentlle c/ al' 2006)

Thc matn reasons of tncrease ln fire actr\ lt) are tie nse In temPeralures o\ er the last feu

dccadcs and drrect human'lnduced changes ln land use and fire suppress:on lt also effects

vcgetatron pattems (Runntng. 2006) Cllmate condtnon. forcst fuels rgnltron aqents topographl

and human actlYlfies arc 6\c matn causcs that affect forest fire actl\lt) and forest dynalnrcs Forest

fires have lmpacts on cllmahc condltlons. plant ecosystems and human (Schocnnagel cl (J/ ' 200{)

l.l. Impacts of Forest Fire

Forest Flre has both Posrlr\e and negattre lmpacts on nalural habltal Forest fires are

consldered vltat natural processes that lnttlate natural vegetallon successron As a natural process

lt also scn es an lmporlanl filnchon ln malnlalnlng thc hcalth ofcertaln ecos)'stems (Saklanl' 1008)

The ccologtcal role of firc ls to lnfluencc sereral factors such as Plant communtty de\ elopment'

sorl nutncnt avarlablllty and brologlcal drrersrty (Kumar eI ai,20l2)' (Saklanl' 2008) Houerer

uncontrolled and mtsuse offirc can cause remendous adr ersc rmpacls on l_he envlronment and thc

human socrety (Ahrncd & Sharma. l0l'l) Forcst fires arc a maln sourcc of carbon droxrdc

emrssrons wtth a substanhal effect on tle global ca on budget (Spracklen c/ a/ 1007)

Ftrc cmtssrons

brogeochcmrcal cycles

a/. 2006)

possess dlrcct and conslderable lmpacts on atmospherlc and

and thc radratr\e budgct of Earth at the global scale (Lentrle e'

ANALYSIS OF FOREST HRT IN MARGALLA HILL NATIONAL PARK USING I!'ODIS DATA
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IITTRODUCTIO,r-

Clobally. forest fire rs one of the major smous thrcats to tle protected areas Forest fires

are non-dcsrred guests u'hlch means that pre\cntl\e and suppressl\e actrons agalnst the fire

dcmands \ast resources annuall) Frres are frequently anthropogenlc lnduced large scale

dlsturbances that affcct adversety the blologtcal dlYersrty and estabhshments ofNatronal Parks

ln somc ccosystems hke borcal forcsts, fire ls a natural drsturbance rssue and thus

fundamcntally contnbutes to the ccoslstem processes (Mlrza' 2012)

1.2. Importrncc of Netionel Perks

A nattonal park ls modcralety a huge area of stuPendous scentc raluc and natural

rntcrests wtth the kcy maln of prolcctlon and ptesenalron of blodr\'erslty rn natural state lo

whrch access for publrc. cducatlon and rescarch may bc alloued There are prcsentll 6 5-15

natronalparksonthcplanctatld2l e\lst !n Paklstan \\'hlch spcaL to I anous ccologlcal dlstncts of

thc natron and covenng around 29.589 km. tnrolrrng around 3oi' of the aggregalc temtory

(10.060.96 krn2) of the country Thc nahonal parLs are presently berng consrdered as the

envrronmcntal research laboratones Theysa\e thc nafure and guarantee thebloloFcal strcngth of

thc carth due ro the lncreastng tircats to nature such as cllmate change global warmrng forcst fire'

populahon expanston. habltat dcstructlon and \\orlduldc loss ofblodlversrtv Natlonal parLs arc

the perfect spols for Eco-tounsm, anlmals .!nd brrds u atch and naturc Photolraphy Natronal parks

ulth thcr la\1sh green \aoodland segments ke-ep up the carbon dtscharges tn the bordenng

srtuattons (Mrrza, 2012) Nanonal parks and fire ha\e an rntrmate and unbreakablc

relatlonshrp"

1.3. Forests and Forest Fires Situetion in Pakistan

Pakrstan rsgorng through senous forest dcpletron AsperFAO(FAO 1009)'2 2oooraround

16.870 kmr zonc of Pakrstan ts forested wlth 3.400 kml of planted forcsts

Statc and pnvate/communlty owncd arc the two marn categones of forests that e\lsts m

Pahstan A sum of 66010 of thc forest arca rs olerseen by thc Slatc forest dr\ rsron, \\hrle 34qo Is rn

pnvate possessron (FAO. 2009) Tte statc ou ncd forcst lard has been legally catcgonzcd rnto fi\ e

classcs state, rescrved, protccted. un_classlfied ard resumcd lands The pn\ ate' communrty

forestl&d has bcen classlficd as grrzara forests' communal forcsts (Want. 1002)

Forest fires are very rcgular ln Pakrstan A study lcd by Paklstan Forest lnstrtute (PFI) rn

2OO0 statcd lhat a regron of49,986 ha. le llToo out of3950 mrllron ha- orenrc*cd uas

rnfluenc€d ctery year by forcst fires

ANAIYSIS OF FOREST FIRE TN MARGALLA HILL NATIONAL PARK USING MODIS D^TA



CHAPTER I INTRODLCTION

lslamabad rs the only premedrtated crty of Palrstan and rts green temperamcnt

drstrngurshcs rt &om other crtlcs of the country as * ell as rn the $ orld (CD-A" 20l la) Margalla Hrlls

Rangc srruatcd tn Islamabad ls of gear concem as rt has Increased lts sccnrc beaut) and lt has a

lot of rmponance for dtr erse specres Unfortunatcl). fire at the Margalla Hrlls has bccome a

common aspcct of summer season It notonly destroys the natural beaut) ofthe Hlllsbutalso

has scverc rmpacts on rhe *rldhfe (lqbal. 2012)

Durlng the summcr season. thc CDA makcs stru-qglcs to conset\e and prcsene

Margalla Hllls ln order to deal u'l!h the fire rncldents and to overcome the threats of forest

fire rn Margalla Hrlls the CDA has taken certarn concrele measures Durlng lhe fire season

CDA has to bc vrgrlant lo protect the nch brologtcal drrersrtl and fauna flora of \'largalla

Hrlls (CDA 2012b)

1.4. Phcnology end Phenologicel P2rrmeters

Phenology ts the study of the tlmes of recumng natural phenomena' I e thc date of

oncrgcnce of lcavcs and flouers, and tle date oflcafcolonng and fall rn decrduous trecs (Tan el

a/ , 201 l)

Cenatn parametcrs Itnlcd u I th r cgetahon phenologl can be measured effectl\'el) \r lth tlmc

senes ofremotcl) sensed data one ofthem rs start ofseason (soS) Drfferent trends ofSoS cal

be denred from trme scncs, tncludlng tie hme at u'h:ch NDVI ralucs rncrease beyond a ce(aln

thrcshold (Wh(e e, d/ . 1997). thc lrmc al u'hlch the cun e stans to tncrease (Mouhn ?l a/ ' 1997)

and ma muu grorrng season slope (Zhang ?/ rll. 2003) Other phonologrcal parametcrs

neasured b)'trme senes lnclude end ofseason (EOS). the date of\DVl (ma\) Length ofgrorrrng

season (LOS) can bc mcasurcd as the drffercncc betueen EOS ard SOS Rclatrve annual

productluty has bccn calculated uslng a\crage annual NDvl Trends and lnter annual \anabllltv

over thc trme senes arc depcndcnt upon thcse measures ofsqlsoDalrt)' (Bradle) & Mustard' 2008)

Thc NDVI ls consrdered as a rcltable tndlcator for land cover condrtlons and vanatlons

obtarned from thc rtsrblc (red) and near rnfiared (NlR) b) usrng the follo*:ng formula NDYI =

(NIR-RED)/(NIR + RED) (Mynenr er d/ , 1998)' (Hucmmnch d a/ . 1999)' (Cuomo 
"t 

a1 - 2001)'

(Lanficdr el ,1,2003) In \egelalron monrtonng' NDVI uas $rdel1'uscd over the ycars For

cxample. (Lambtn & Strahlers, 199-{). (Lasaponara' 1006) found lhat n-DVl sultably detects

rntcramual \'aflallons rn process occumng at the scale ofthe season
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l.5. Problem Stctcment

Although fires arc bencfictal for some ccosystems' but the) are lno\rn to cause blologlcal'

socro-cconomrc damages and consequcntly blologrcal dlversrty losses (Ro\rell & Moore. 1000)

Forest fires havc been a Penaslve phcnomenon rn MHNP The monltonng and management of

forest fircs rs thc rcsponsrbrhq oi Flre Drvl ston of CDA s Enr tronmenl DI rectorate The record rs

marntalncd manually ,.\'ht ch tncludes dare/trme offirc rncrdent. cause offire and area bumt rn the

relevelt forcst compartment The forest dl\ lslon has dcvelopcd an acuon plan to manage the forest

fircs that rncludcs malntenance ofstandard operahonal proccdurcs (SOPs) for 6re management at

dcpartmental lcvcl rncludtng local communrty partlclpatlon by makrng rrlJage firc Pre\entlon

commrttecs (CDA. 2olla) Tte departmental efforts for fire prc\enbon so far have not bcen

pro\cd effcctlvc to reducc firc frequency and lntcnsrt) tn MHNP

1.6. Objectivcs ofthc Stud!'

The present study \r as focuscd on followrng obJcct!\cs

. To arat)'se the Spatlo Temporal pattcms offorest firc ln Margalla Htlls \atronal Park

. To ldentrfy the lmpacts of forest fire on \cgctatlon usrng MODIS dala

ANAL]'SIS OF FOREST FIRE TN MARCALL-{ HILL NATIONAL PARK USING MODIS D^TA
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2. LITERATURE REVIEW

2.1. Causes end Effects ofForest Fire

Ova hundreds of years fire has bccn r tewed bv man ) as an en\ lronmental horror Ftrehas

been hnkcd wlth reduced sorl fenlllty. dcstruchon ofbrodr\ersrty. global\ armlng and damage to

forests, land rcsources and ofcourse human assets (Rrghts. 1999)

Forest fircs occur etthcr bccause ofanthropologtcal ol natural causes The m aJonty of fircs

around thc globe arc caused by human acrl\ tt)' Lrghtntng ls probabl)' the most common natural

causc offire ll has been eshmaled that annually fires bum across up to 500 mlllton hectares of

woodlard, opcn forests. troplcal and sub_ffoplcal sa\ annahs. l0-15 mrlllon hcctares ofboreal and

temperate forest and l0-.10 m:llton hcctares oftroprcal foresls (Goldammer. 199-5)

Frrc rs one of the oldest lools kno\\'n to humans lt has been uscd as a managcment

technrque rn lard clearance for centunes For thc thousands of farmers. ranchers and Plantatlon

o\xncrs on the cdgc ofrhe agnculrure Iionhd pushlng lnto forests. fire ls the ob\ rous mechanlsm

It rs normally tle lcast erpensl\ e and most effech\ e \A a) of clcaflng I egclatton and of fertlhs: ng

nutncnt poor sotls Frres arc normally ht at the cnd of thc dry scason and under mosl normll

condrtrons thesc fircs can bc controllcd Howerer rf thc ralns fall. as the) do tn marl parts ofthe

troprcs tn El Ntio ycars. thc results can bc catasffophtc. as thc fircs bum out of control Flre ls a

paradox ' lt can klll plants and anlmals and cause e\tenslve ecologtcal damage' but !t ls also

e\lremel) beneficral- the source offorest regenerallon and ofnutnent rec)cllng FIre' the c\perts

sa) ls naturc s rral of reclcltng the essentlal nurrrents- especralll nltrogen For manl btrreal

forcsts. fire !s a natuml pan of fie cycle ofthe forest. and some trec sPccres' notabl) Lodge pole

Prne and Jack Ptne are 'serottnons" -thelr concs only open and seeds germlnatc afler thcy ha\e

bccn e\posed to fire Mountarn ash. a flowenng tree oftempcratc Austraha. also requlrcs a slte to

completcly Bum and be cxposed to full sunhght for the spccles to regenerale Frrc ln these

clrcumstances ls csscnnal Bumlng qulckly decomposcs organtc matter lnto mlneral componcnts

that cause a spurt ofplant glo\{th. and can also reduce dlsease In the forcst (Gorte. 2000) But rl rs

lmportant to remember that fircs under extreme weathcr condltlons can bc dcvastahng to thesc

forcsts

In contrast, fire causcs severe damage to troplcal forest ecosystcms. \ahlch

charactcrrsed by hrgh levels of humrdrty and morsture They do not normally bum and

are

are
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2.2. Rcmote Sensing

Rcmotcsenslng(RS)lsalechnlquethatusesasenslngde\'tcetocathelthclnformatlonon

gN en ob.;ects or phenomena fiom afar wrthout physlcal contact Hand held cameras phorographlc

rnstruments lnstalled ln arrcrafts. and satellltc scnsors are dertces that can bc used ln data

gathenng RS technoloey allows us to collect large scale data of blologrcal phenomenon fiom

rnacccsstblc rcgtons (Campbcll & U')mnc. l0l I )

Remote Scnslng technology offers an or en rcw of tle phenologrcal condrtron of the earth

surface rn macro perspcctl\e. ho\\c\er ltdoesn t capture the detallcd phenophascs ofrndtrtdual

plants Two ma;or concems ofuslng remote scnsed tmages tn phcnolog) arc I ) the lack ofgound

obscn'atron data for \alldatron. and 2) tnconsrstency of tmage quallty (Badeck c/di l004) Apan

fiom gound obsen'atton. \ahdatlon ls also conducted by comPanng the rcsults \\ llh rmagcs \ tth

fincrtcmporal and spahalrcsolutton (De Bcurs&To*nsend 2008) To rmprorc the rma-qe qualrt)"

ne* approaches hare bccn de\eloPed to filtcr nolsc and optrmrze the satellrte slgnal (Char' l0l I )

TIe Adranced Very Hlgh Resolutron Radrometer (AVHRR) senes rs the first set ofsalellrte

senso6 that ha\ c a ftequent repcat cycle and slroptlc lnformatlon sultablc to monrtor land surface

vcgctatlon phcnology across large arcas (\!'hrte c/ a/. 1997) The Moderate Rcsolutton Imagtng

Spcctroradromeler (MODIS) provrdcs a more comprehcnsl\e data source to study land surface

phenology at contlnental ard global scales Thc Modemte Resoluhon Imagrng Spectroradrometer

(MODIS) rs camed bytwo platforms the Tcrra and Aqua satellrtcs. launched ln 1999andl00l

MODIS rs a multr-spectral sensor It has 36 bands \\rth spatral resolu(ron ranges from 150 to 1000

rneters (Char 20ll)

2.3. Moderate Resolution Imaging SPectrorrdiometer (MODIS)

MODIS (Moderate Rcsolutlon Imaglng Specroradrometer) rs a ke)' lnstrument aboard the

Tena (EOS AM) and Aqua (EOS PM) satclhtcs Tcna MODIS and Aqua VODIS are vteurng thc

entlre Eanh's surfacc ercry I to 2 days. acqutnng data tn 36 spectral bands' or groups of

wavclcngths. The rnstruments caPture data rn 36 spectral bands rangrng rn u arelenEh from 0 4

gm to 14 ,t um and at vaDlng spatlal rcsolutlons (2 bands at 250 m 5 bands at 500 m and 29 bands

at I km) The dcsrgn of the land rmaglng component comblnes charactenstrcs of tle Advarced

Vcry Hlgh Resolutron Radrometer (AVHR-R) and the Landsat Tlcmatrc Mapper' addrng sPcctral

bands m thc mrddle and long-wavc tn{iarcd (Bamcs c/ al . 1998) In our research. uc use MODIS

data to analyse fie rclattonshrp offorest fire ard NDvl (Normahzcd Drfferencc Vcgetatlon lndcx).

LST (Land surface tcmperature) Thc NDVI and LST u'ere consrdercd useful for the forcst fire
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nskassessment (Verbcsselt c1nl.2002) Usually thc fircl morsture contenl ls drrectly connect t\ rth

thc foresi fire nsk. hlgh molsture content tncreased thc hcat rcqulrcd to rSnlte a fuel slnce some

ofthrs encrgy rs used to e\ aporate \A ater Addrt:onally. themost senslble vanable forfuelmolsture

contcnt rs based on the comblnatton of \.egetatlon rndtces and surface temperature (Zheng et al ,

2010)
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3. RESEARCH METHODS

3.1. Study Aree

Margalla Hrlls Nahonal Park (MHNP) was the stud) area choscn for cunent assessment

(figurc 3 l) It rs srtuated In the Islamabad capital temtol.\ (lCT). formrng rts northem boundar)

Occupyrng an area of l-5883 hectares. lhe parl e\tcnds bet*een 33 68' - 13 81" N lahtudes and

12 86" - 73 l7' E longrtudes

M.argatta H itts Nation3m+(,fr .;{

Laland

- 
Trn{. 

- 
FnrG gavaton

ril'=ffi;"-l*

FqF(bl Grts rd6h.h
Pr*6 G.qdx (tdloi{l- OMS

Ge.lrEs ortnod6.:t6
AcU*r. 5tr€r6RMsE

Frgura 3. 3 Map of Study Area Margalla Hrlls Natonal Park

Tie topography ofthe MHNP rs ruggcd and rnclude steep slopes and gulhes The altrtude

drffer from.165 m above mear sea level (m asl) to 1600 m asl The MHNP falls rnthe far end of

monsoon zonc and thc hefl of monsoon precrprratron occurs rn Jull and August. Erth monthl)

average of 267 and 309 mm resp€ctrlel) The aleragc ma\lmum and mtntmum lempemtue are

33 3 and I95"C. rcspectrvely The months of Ma1 and June are hottest months. when the
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tsmp€rature may ralse up to 42oC and December and January are the coldest months \\'hen

tcmperaturc falls bclow zero (Jabeen cI4l , 2009)

Thc vegetchon of MHNP conslsts of subtroprcal. semr e\ crgreen t)?e forest The area

hosts about 608 specres of plants. 250 specles of brrds' 38 mammals. 13 taxa of leptrles and

numcrous taxa of lnsccts Tba \'cgetahon abo\e 1000 m elevatlon falls m subtroplcal chlr pme

zone and compnses ofpureslands ofChlr (Pnus roxburghu\ The domrnant specres rnclude Olea

cuspdate (Kao), Acocru ode\ta lPhtt)at), ,4dhatoda vsrca (Bhatkar), Canssa oPa1 lcra]rdal

and Dodonaea vrcosa (Sunatha) (Mgt Plan, 1992)

3.2. Datrsets

Forest fire rs one ofthe mosl scnous threats to blodl\'erslty ofMHNP In order to analyse

the spatlo-temporal pattem of forest firc rn MHNP and rts overall rntlucnce on \egetahor,

followmg data u cre used

(1) Forest fire data obtarncd fiom Drrectorate of En\lronment CDA, Islamabad and

rncludcs occurencc trme and durahon of forest. as u cll as. area affecred b) the firc betu een years

1996 to 2014

(2) Modsrale Resolutton ImaS;rng Spectroradtomctd (MODIS) based \ egetatlon rnder

data MODl3Ql tlme-scncs l.e. 16 day comPosltc legctatron mdex al resolutlon of250 m u'as

uscd as proxy to r cgetatron (avarlablc srncc Feb 2000 - and up tlll l0l J Tvas obtarned to make rt

comparable wrth forest fire data) The tlme-senes compnsed of iJ2 NDVI rmages (li

rmages/year. e\cept 1000) \\as obtarned from The Oak Rrdge Natronal Laboratory

(https //daac oml gov,MODISI) and.

(3) Vegetatron tne (communrtrcs) data (Nrmra & Sadaf, l0l2) Tlre srud) descnbes the

spanal dlsmbutlon of maJor 1'egelatlon t]?es (seven plant communltles based upon domtnant

spccres)

Tablc 3,'l: Vegetatrcn communltles of lvlargalla Hrlls Natronal Park represenhng domlnanl and codomlnant

specres along wth elevatron (Nrmra & Sadaf, 2012)

S.No Commumty El.v.tron m (m.ttr) Domntnt Spccrcs Co domrnrnt SDccIcs H.rbs Shrubs Tr.ts
1Cl
2 C2 6ll-1229 (E2l l) Dodonaea \\.oso Cansla o?dLo

3 C3 568-1168 (ElE 9) Ca,,|sa oPaca

4C4 542-1191 (757 9) Dodonaea vscosa Cornsa opaca

5 C5 829-1242 (t167l) Dodonoea trco\a Justkru adhdtod!

c6 el8-1090(1017) Dodonoco \t\.o\a Puhrca ydnt tm

7C7 758-1351(1071) Dodonaca r$cosa Phus rotburghn 13

?l?1035 (838 ,) lll(lnthus alnswa Justrcn adhobda l5
35
33
31

l1
l8

t5
10

50

l0 53
t7 58
17 58
40 58

l0 -10
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CHAPTER 3 RESEARCH METHODS

+
;W g::-""

I*I*

Frgua! 3 ,l Map of Vegetatpn commun(les of MHNP The descnplon of each communlty ls gNen ln table

31

3.2.1 PrG proce$ing of MODIS NDvI Ttmc-S.rics D.t.

In ordcr to select onll cloud-free data ofhlghcst quahl) from MoDIS trme-senes. quaht)'

assurance data avarlable urth the senes *ere used lo rejecl the pl\els \rlth 'VI l]sefulness' rnde:\

bet\reen 7 and 15 (Huete el al . 2002\ The mrssrng Values uerc then replaced b.v lmear

rnterpolatron of netghbounng \alues (vcrbesselt et ol - 10021 The MoDIS trme-senes mages

uere then smoothed b1 the means of temporal fihertng tn softuare Terset vcrslon l8 0 (lDRlSl.

2015 )

3.3. Deta Analysis

3.3.1. Forest Firc Dat. Atr.lysis

The forest llire data uas comprled rn MS Excel for analysrs and vtsuallzatton The numbers

of fire elent. affected area and duratron of fire were summanzed for each compartrnent for year

wse and month '*rse companson

3.3.2. Anelysis ofLrtrd Surfrcc PhGnolog/

The MODIS tlme-senes was subJected to analysrs to e\tract phenologtcal metncs in R for

wrndows usrng greenbrown package (Forkel et a/. 2013) Follourng parameters *ere extracted

for every year

a) Start of Season (SOS)

ANALYSIS OF FOREST FIRE TN MARGALLA HILL NATIONAI- PARK TISTNG MODIS DATA 11
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b) End ofSeason (EOS)

c) Len$h ofSeason (LOS)

d) Ma,rrmum NDVI Value (PEAK)

RESEARCH METHODS

Tte metncs wera than summanzed for each respecnvc comPartment and comPared \\lth fire

occurrcnce data for each compartmenl usrng Pnnclpal Component Anallsrs (PCA)

3.33. Strtisticrl TrcDds of Phcnologicrl P.r.mctcrs

The trends tn phenotogtcal metncs uere denvcd by ltnear regressron ustng the follo$rng

equatron

Y=bx+a

Where Y rs thc prcdtclcd score. b rs the slope of thc hnc' A Is the Y rntcrcept and X rs

rndcpcndcnr vanablc Tle statlslrcal Yanables hkc Meaa, Medlan. Modc and Standard de\ratlon

ofeach paramcter wcrc denved for each compartment uslng R for u rndou s r crsron 3 I 2

33.4. Imp.cts of Forcst Firc on vcgctrtion Phcnology

In ordcr to undersrard thc rmpacts of forest firc on vegctatlon phenology rn MHNP' a

coEclatron analysrs was applted to eramlne the rclahonshtp bet"\'een fire data and phenologrcal

paramctcrs (zhao et a1 . 201 5) oul of three vanables of forest fire l e total numheroffiree\cnts

(Eall). total duratron of firc (Tall) and total alTected area (Aall). Tall *as chosen to bc

representalve of forcst fire as all the relatcd \anables were hrghl) mrrelated qllth each othel The

phenologrcal parameters chosen rrerc \lcan olSOS. EOS. LOS. NDVI. and Standard Dertatton

(SD) ofSOS. LOS and \DVI

Thc rclahonshtp of T all urth phenologlcal parameters wcre cstabhshed usrng PnnclPal

Component Analysrs (PCA). The PCA $as camed out rn R fol \rndous For cach of the

compartmcnt. the domlnart vegctatlon was derermlncd by takhg Mode of thc rndrr:dual cell

values of vcgetatlon ty?e raster layng undcr each of the compartment Thus each compartment

represcntci the domlnant vegetatlon t)pe Tle r cgctatron t\Tes u'erc than o\erlald upon sltes ln

PCA brplot (Frgure 425) to have a vrsual drsplay of correlatron of \eSetatron t)?es qrth

phenologrcal parameterc or forcst flrc

33.5, C.rtogr.phy

All the rLstsr analysls werc pcrformed rn R statlstlcal soft\r are \erslon 3 I 2 ( sp and

''rastcr" packages) and the canography was done tn soft$ are ATCGIS I 0 I ( ESRI. 201 3 )
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4. RESULTS

4.1. Anelysis of Forest Fire

4.1.1. Mrrgrlle Hilh N.tiorrl Prrk

Margalla Hrlls Natronal Park (MHNP) rs srtuated ln the Islamabad caprtal terrrtory'(lCT).

formrng rts northem boundary Occup)rng an area of 15883 hectares. the parl e\tends betueen

33 680 - 33 8l'N latrtudes and 72 86'- 73 l7' E longtudes

For the purpose of managemcnt MHNP rs drvrded tnto 85 compartments ln 4 calegones

(Frgure .1.I ) Thesc are Rcsened Forests (RF. n=4l). Mrlrtary Farms (MF. n= 25). Gu?ara (n=

l5). and Llnclassrfied (UCL. n= .1)

Flgur.,l. 6: Compartmenls of Margalla Hrlls Natronal Park (CDA, 2014)
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.1.1.2. For.st Fir. Evcnt! (1996-2014)

The results of forest fire analysrs revealcd that 769 events of forest lte occurred In

Margalla Hrlls Natronal Park (MHNP) between 1996 and 2014 (figure .1 2) The total area bumt

during these events ls approxlmated to be 2140 hectares and spread o\,er duatlon of 3243 hrs

There uere l1 compartmcnts whlch were affected once or not affected at all by forest fire (RF 20.

RF 21. RF 22. RF 23. RF 31. RF 33. RF 34, RF 37, RF 38, RF 39 and RF .ll) Whereas some

compartments had mulhple elents offorest fire The results shows that MFs are most affected b)

forest hres. (n= 488/769) events offorest fire occuned tn MFs. *htch aJe 639'o oftotal elents lhe

comparhnents where most events occurred are MF l5 (n:52). MF l0 (n=45). MF 23 (n:34) and

MI 22 (n-32)

fEurc 4. 7: Totzl numbcr ofForcst Frc Ev€nts m MHNP (1996 lo 2014)

o 375 75 15x,r !r I 
-rr'rf 

rr-s:

ft :ofifi:e.n ,*rp
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4.1.3. Ovcrell Arce Affcctcd by Forcst Firc (1996-201{)

The ovemll affected area of MHNP by forcst fire rs 2140 hectares

affected compartments wcre MF 23 (n= 166 63) and MF 22 ln:1312'11

compartments wluch were not affected b) forest firc (Frgure 4 3)

RESI]I,TS

(1996-2014) The most

Whereas there were 11

0 375 75

OvCnll AI!. AtLclld (htctarc)

lom :a: ] rsrs rrso

lzu tzt I a7 s1- 7oo.

! r:s- usz fio os - rorsr

ff rzsr-rsl ! rorsz- rsse:

Figuru 4. E: Overall area of MHNP afiected by Forest Frre (1996 to 2014)
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4.1.{. Duntion of Forcst Firc Evcnt! (1996-2014)

Total duratlon of forest fires rn MHNP rs 3243 hrs (1996-2011) The compartments wlth

hgh duratron of forest fire are MF 22 (n=212 3hrs). MF 23 (n=185 2hrs) aod MF 10 (n= l99hrs)

There are I I compartments l,\,rth ohrs offorest fire as thel 'were aflected once or no1 aflecrcd at all

(figure ,l 4)-

FiguG 4. 9: Total duratron of Forest Frre Events rn compartments of lilHNP (1996 to 2014)

DuI.bon of Frr. EY.dt (h7t)

Iooo,lm 137{ .s]a

!rrr,r:o @or-rm
I'n.xrc Ir?r r,1o
lFI ?on 37.6I L n:ro

ANALYSIS OF FOREST FIRf IN MARGALLA HILL NATIONAL PARTI USING MODIS DATA 15



CHAPTER 4 RESULTS

{.1,5, Numbtr of Forcst Firc Ercrts (Y..r wisc comprrison)

The results revealed that MHNP $as affected 769 nmes b1 lorest fire bet*ecn 1996 to 2014

Most forest fire events occuned tn 2009 (n=133) uhere as 2013 (n:6) e\perlenced less forest fire

( figure .1 5 )

The lear wtse companson (Flgure 'l 6 (a.b.c.d.e)) of fire e\ents rn comparmners of MHNP

from 1996 to 2Ol4 reveated that rn 2009, 241 hectares ofarea $as bumt. MF 23 (n=12) uas most

affected compartment (figure 4 6 d) ln 1998. 8l cvents occurred and ll8 hectares of areas was

affected. MF l5 ard RF l8 (n:8) were most affected compartments (figure '16 a) In 2014' l8

events occu[ed and 14 7 hectares of area *as affccted. MF 07 (n='l)$as most affected by forest

fires(figure46e)

FEor. J 10. Tolzl numbcr of Foresl Frr€ Evcnls m MHNP !car wrsc comparrson ( 1996_201{)
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Figura 4.61: Tolal number of Forest fire evenls rn companments of MHNP year wrse companson (1996-

1999)
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Figura 4.6 g Total number of Forest fire events rn compartments of MHNP year wlse companson (2000-

2003)
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No. of Fire Events

Io fz +!ola rcl'rz
It13 _ s 7 lslrr mhnp

Figurc il.6 h Total number of Forest fire events ln compartments of MHNP year wse compaflson
(20u-2o07)
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2009
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Flgura 4.6 r: Total number of Forest fire events rn compartments ol MHNP year wse companson
(2OO8- 2011)
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No. of Fire Events

IoIz _,tloIs 104::
Irfg s 7 --'sI11 mhnp

Figur! il-6 r. Total numberot Forest fire events rn companments of MHNP yearwlse companson (2012'
2011)

ANALYSIS OF FOREST FIRE IN MARCALLA HILL NATIONAL PARK USING MODIS DATA 22



CHAPTER 4 RESULTS

,1.1.6. Nurtrbcr of For.st Fir. Evcn(! (MoEth risc comprrilon)

The results relealed that the months ofApnl. Mal and June are fire prone (figure'l 7) ln

June (n=282l769) events of forest fire occurred. and the most affected comparhenl was RF l8

whcre 2l elents occuned (figure 4 8b) In Ma) (n=2181'169) e\ents of foresl fire occuned. and

most affected compartments \ ere MF 10. MF l5 and MF 24 uhere lorest fire occured l5 tlmes

(figure.l 8b) lnApnl (n:82/769) e\ents offorcst fire occurred The results also revealed tha( rn

montis ofSeptrember and October no fire e\ent occurred (figure 4 8c)

Frgua!,1.7: Total number of forest fire events rn MHNP month wrse companson (1996-2014)
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Flgura a.a d: Total number ol Forest fire events rn compartments of MHNP monlh wlse companson

(19%-201{)
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Flgura ,l.t l: Totial number of Forest fire events rn compadmenls of MHNP month wse comparEon

(1996-2014)
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4.t.7. Oa.r.ll Ar.. Aflcctcd b1 Forcst Firc (Ycrr *tsc comperison)

The results revealed that the o\erall affcctcd area oIMHNP uas 21.10 hectares (1996-201'1)

The most affected year uas 1999, rn \\hlch 148 8l hectares o[ area $as affected b) forest fire

(Frgure.l9) The lear *rse companson (1996-201.1) ofcompartments ofMHNP (figure'l l0 (a-

b. c. d. e )) revealed that rn 1999. MF l4 (n=56 56 hectares) $ as most alTccted compartment ( figure

4 I0(a)) In 1998. total affected arca uas 318 79 hectares and most affected companment $as

RI 16 (n=35 hectares) In 2009. total affected area \ as 2.11 7 hcctares and RF 15 (n=19 hectares)

was most affected companment b) forest fire ( figure 4 l0(d))

The results sho$ed that the )ear 201 I $as lcss affected b) forest tlre. 2 l3 hectares of area

was affected ln l3 events b) forcst fite. MF 25 (n=0 5 hectares) ' Ls most affected compartment

(figure 410(d)) In 2011. 1176 hectares area was affected In 18 e\ents b} forest fire. MF 18

(n=4 23 hectares) was most affected compartment (figure .1 l0(e))

Frgur.a.9 Ov.nllaffccrcdarE.ofMHNPb)for.slfir€slcer\tsecompanson(1996-10ll)
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Figurr 4,lO f: Spairal vanabrlrty rn overall affected area of MHNP by Forest fires year wse companson

(1936-1999)
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Frgur! 4 10 g: SpatEl vanabilrty rn overall atfected area of MHNP by Forest flres year wse companson
(2000 lo 2003)
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Figu.a /i.10 h Spatral vanabrhty rn overall affected area of MHNP by Forest tires year wlse @mpanson
(2004 to 2007)
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Frgu.! 4.10 i: Spatal vanabrlry rn overall affected area of MHNP by Forest fires year wrse companson
(200E to 2011)
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,1.1.8. Ovcnll Arcr Affcct.d (Month wisc coDprrilon)

RESUI-TS

TheoverallaffectedareaofMHNPuas2140hectaresbetween1996and201'1(figure4II)

The figure 4 12 (a. b. c) sho*s the comparson ofaffected comparmenls month t^lse The results

re\ealed that the months ofApnl. May and June are fire pronc (n=786/l140 ) hccteres ofarcauas

affccted rn June and most aIIec(ed compartment was MF 23 \\rth affected area of 122 88 hectares

(figure 4 I 2 b) (n:596/21 .10 ) hectarcs ofarea \+ as alleclcd tn Ma; ard most affccted compartment

wasMF I0 urth aJfected area of 55 l8 hcctares (figure I l2 b) and (n:3f7l21.10) hectares ofuea

was affected rn Apnl

The results relealed that no fire event occured rn the moths of September and October. and

no area \ as affected rn these t$o months as sho$r in ( fi gure 4 I 2c)

Frgur. a ll Overallaffected area ofMHNP by forest fires month wrse companson (1996-20'14)
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Flgura 4.l2 d SpatElvanabrl y rn overallaffected area ol MHNP by Forest fires month wse companson
(1996-2014)
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Figura ,l 12 c Spatral vanabrlrty rn overallaffecied area of MHNP by Forest fires month wse compaason
( 1996-2014)
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Overall Area Affected (hectare)
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Flgura a.l2 f. SpatElvanabrl y rn overall affected area of MHNP by Foresl llres month wse companson
(1996-2014)
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4.1.9. Dur.tioE of Forcst Firc (Yc.r rris. comprrisoD)

The results revealed that total duratton offire e\enls ln MHNP $as 3243 hrs from 1996 to

2014. and )ear 2009 was most affected )ear rn terms of Dumtlon offire (l'igure { l3)

Frgure 4 l4(a .b. c. d. e) sho\\ s the duration of fire m comparhents of MHNP fmm I 996 to

201.1 1n 2009- the durahon offorest fire \ras 588 22 hrs rn 133 events and affected the area of2'll

heclares. and MF 22 (n:75 33 hrs) \\as most affected compartment (figure 4 14 d) In 1999- tie

duranon of forest fire was 428 07 hrs rn 66 e\ ents and allected the area of 3'18 hectares and MF I I

(n:49 hrs) $as most affected compartment (figure 4 l4 a)

In2014.theduratronofforcstfireuas.1883hrsandMF07(n=1858hrs)\asmostaffected

compaflment (figure .1 l4 e)

FiguE a.l3: Total duraton of forest fire rn MHNP year wlse companson (1996-2014)
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F€u7! 4.14 l: Spatral vanabrlrty rn total duralron of forest fire occurence rn MHNP year wrse companson
(1996-1999)

Fire Duration (hours)
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FEUrr,a.l,a g: Spatlal vanabrhty rn lotal duratron ot lorest fire occunence tn MHNP year wrse companson
(2000-2003)
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FiguE 4.14 i: Spatral vanabrlrty rn totial duratton of foresl fire occunence ln MHNP year wtse companson
(2008-2011)

Fire Ouration (hours)
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Flgurr a.l4 J: Spatral vanabrlrty rn total duraton ol foresi flre occurence tn MHNP year wtse companson
(2012-2011)
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{.1.10. Durrtion of Forcsl Fiic (Month wisc Comprrisoo)

The results re\ealed that Total duratton offire cvents tn MHNP $as 3243 hrs from 1996 to

2014, and most afTected months uere Ma) and June (figure l5)

Frgure 4 l6(a. b. b) sholr's the duratton of firc rn compaflments of MHNP from 1996 to 201'l

In months of May.fte duratron of forest fi re was l20l 95 hrs and most affected compartment \\ as

MF l0(n=9967hrs) lnJune.thedumtronofforestfircuasll55 lThrs rn 28l events. and MF 2l

(n:96 hrs) most affectcd companment (fighur l6 b)

The results also revealed that rn months of September and October no fire elent occurred

(figure 4 l6 c)

FEuE a.15: Tolal duratron of forest fire rn MHNP month wlse companson (1996-2014)
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Flgura,l 16 d SpalEl vanabrlrty rn totalduratron of lorest fire occunence rn MHNP month wse
companson (1996-204)

10

ANALYSIS OF FOREST FIR E TN MARCALLA H ILL NATIONAT PARK USING I\IODIS DATA 44



CHAPTER 1 RESULTS

Jat

0 5 10 20Km

Fire Duration (hours)

! o oo - o os I a oa - o oo l a ar - rs oo I rs sr - zs zs ! rs ze - sa sz

! o a+ - s sz ! e or - a as l rg or - rs so I za za - rc zs ! sa ss - ss oz

Figura a.l6 c: Spatral vanabr|iy rn total durahon of forest fire occunence rn MHNP month wrse
companson (1996,2M)
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FlguE a {a l: Spatral vanabrlrty rn total duraton of forest fire occurrence rn MHNP month wrse
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4.2. Phenological Trends in Mergella Hills National Park

.1.2.1. Stert of Scrson (SOS)

Thc results ofphenologrcal pammeters revealed that m majont) ofcompartments SOS occurrcd

rn Apnl. and m some areas SOS occurred rn May The areas *luch sho*ed SOS rn Apnl are mostll

RIs (RI 22- RF 38) The Year urse companson of SOS rn eveD compartme of MHNP fiom 2000

to 2014 (figure 4.17(a- b)) relealed that the rn years 2002. 2009 and 2012 SOS occuned rn NIal In

other years fie SOS usually occurred rn Apnl

sos l,:'i ,,'i*
Day ot thc Ycar

I r.3o I6i4o Irzrrso[,r,zro r=,.!,oI3a133a
I31ioIe1 1ro I151-iro I,ii-,.o I271,300 I33i 365

FiguE,a.17 c: Spatal vanabrlrty rn Start of growng Season rn MHNP denved from MODIS NDVI tme-
senes (2000-2007)
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Flgurr 4.17 d: Spatral vanebhty In Siart of growrng Season rn MHNP denved from MODIS NDVI tme-senes
data (2008-2014)
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The phenologrcal trends explarned tiat SOS occurred rn slan ofAprrl rn malorrtl ofstud1 area

The results re\ealed that MFs had earll SOSavg than RFs The slope ofSOS rndrcates the hrgh

rncreasrng trends rn most of the compartments hke MFll. MF23 MF 15. MF 16 andRFlT The

other compartments Lke Nurpur Guzara. Ratta hotlar. also sho\ ed a moderate rncrcase rn SOS

Whcrcas a small area of MF 8. MF 9. MF l2 and MF li shoued decreasrng fend m SOS (figule

4 l8)

SOS r.
IJ'

SOS ltq

-0?o 5 ro lox. 
-:sl+

Frgu]! 4.1E. Spatral vanabrlrty rn phenologcal trends of Start of growrng season denved from MODIS NDVI
tme-senes data (2000-2014)
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4.2.2. EDd of ScrsoD (EOS)

The rcsults relealcd a lot

RF 34 showed consrstarc) and

rn other compartmcnts o!cr thc

2@1

variatlons rn EOS over the lears The results rerealed lhat RF 2l to

EOS usualll occuned rn month ofJanuar] \\'hereas the EOS ramed

)ears

RESULTS

2@3

EOS
O.y of th. Y.ar

Iro [sr-so
@lsrro I sr,rzo
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rzr rso ! rar zro ! zrr,zro ! or ::o
rsr rao I zrr-zro f 271,o0 I 331 355

Flgura a.l9 c: Spatral vanabrlrty rn End of growrng Season rn MHNP denved from MODIS NDVI Ime.senes
data (2000-2007)
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Flgura 4 l9 d Spatral vanabrlrty rn End of growrng Season rn MHNP denved from MODIS NDVI trme-sefles
data (2008-2014)
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The EOS avg explarned that some compartments had earll EOS from mrd-September to end of

October These compartments are MF 22. MF 23, MF 12. Dara Janglan and Kalangar Guzara The

compaftments Jabbr Guzara. RF 3. RF 4, MF 2, MF 3, and MF 4 had EOS avg m November The

compartments w(h latc EOS arg are Shah Dara. RF.9. RF 30 ard RI 32 where EOS are occurred tn

month ofJanuary The Slope ofEOS rndrcates the decreasrng ffends rn overall area ofMHNP (Frgure

1.20 )

Figult ,1.20: SpatEl vanabrhty rn phenologrcal trends ol Start of growng season denved from MODIS NDVI
trme-senes data (2000-2014)
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4.2.4. Lcngth of Scesoo (LOS)

The results sho*ed that the LOS \r'as maxrmum (n:3i7) rn 20l0 rn RF 21 ro RF 34 and Shah

Allah Drfta (figure .t 21 b) The )ear20l.l showed small LOS (n:58) rn MF I MF I0. MF 14. MF l5

and Jabbr guzara (figure 4 2l b)
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o 5 jo 2oKmla
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Figur.4 21 c: Spabal vanabl y rn Length of growrng Season rn MHNP denved from MODIS NDVI trme-
senes data (2000-2007)
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2012

ETgr|.

Frgurr 4 2l d: Spatral vanabrlrty rn Length of growng Season rn MHNP denved from MODIS NDVI tme-senes
data (2008-2014)
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The phenologrcal trends re! ealcd that compartments Malu an Guzara- RF 16. RF I 8 and RF I 9

had small LOS avg (104 to 130 dals) The compartments hke RF 5- RF 8 and MF l2-MF 25 had

145-175 days ofLOS avg Whcreas some compartments shoued the hrgh ralues ofLOS arg (?20-

256). these compartments are RF 2. RF 3. RF.1. RF 9. Shahdara. Mangal Guzara- Shah Allah Drtta

and RF 30- RF 37 (fieure 4 22)

The results sho\+s that the a\ erage LOS in MFs rs 104-180 da)s. *hereas the average LOS rn

RFs rs 200-256 davs

The slope ofLOS rndlcates decreaslng trends rn malonry ofthe area Whereas MF 22. MF 23.

RF 7, RF 8. Sonan Guzara. Farsal maslrd and Daman e Koh showed lncreasrng hend m LOS (figure

4 22)

LOS.r

rn5
LOS aq

r07

Ftgnre 122 Spatral vanabrhty rn phenol(€rcal trends ol Length of growng season denved from MODIS NDVI
tme-senes data (2000-2014)
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.1.2.,1. PGek NDYI

The results revealed that PEAK NDVI rn MHNP betucen the -'-ears 2000 to 2014 $'as m&\1mum

m 2003 and 2013 lr'rth upper ralue of0 85 and lower value of0 31 (figure.123 a- b) ln 2009. the

Peali was loq. q'ith rhe upper valuc ofO 79 and lower ralue of 0 2.1 ( figure 4 23 b)

The results revealed that MFs have maxrmum \alue of Peali NDVI. *hereas the value of Peal

NDVI rs low RFs

IOD IOD

II ON roc

Ior3 IOB
vo:f

I.or3 0 5 I0 2oKhro!

Frgu.! 4 23 c: Spatral vanabrlty rn Peak (NDVI) rn MHNP denved from MODIS NDVI trme-senes data
(2OOO-2007)
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Figurt a.23 d Spallal vanabrlrty rn Peak (NDVI) rn MHNP denved from MODIS NDVI tme-senes data
(2008-2014)
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The phenologrcal trends shoued liat the Peal'.avg rarges from 0 2 to 0 8 The areas near to the

boundar] hale low peal value of0 2 The rcsults revealed tlat the PeaL \alue In RIs rs 0 5 to 0 6.

whereas the PcaL \alue rn MFs rs hrgh uhrch rs 0 7 to 0 8 (Flgure { 2'l)

The slope of Peat rndrcates the rncreaslng fends rn majortt] ol compartments, espectally rn

MF l0to MF 25 Whereas the Peak rs decreasmg rn Shah A llah Drtu- RF 30 and RF 32 (Ftgure 4 2'1)
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Figu.r 4 2,a Spatral vanabrlrty ln phenologrcal trends ol Length of growrng season denved ftom MODIS
NDVI trme-senes data (2000-2014)

r0d

roo
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CHAPTER 4 RESULTS

4.4. Principel Component Analt'sis (PCA)

Thc lnterrclatronshlp betueen phenologlcal parameters and forest fire uas rerealed b1

PCA uhcrcby first three ordrnahon a\ts accounted for 69 86oo of thc lotal \ anance rn lhe data

(Table 4l) Thrs venfies that the ranables rncluded !n analysrs \\ere rmportant rn context offire

I C . majonty vanancc rn thc data got explalned

Tabla 4.1: Egenvalues, percentage and cumulatrve percenlage oblarned from foresl fire data (1996'2014)

and phenologlcal dala (2000-201 4)

Aris I Axis 2 Aris 3

Eigcnvelucs

P.rc.trtrgc

Cum. Parccntaga

285

i5 66

i5 66

l6t
20 r8

55 8{

tt2
t.1 02

69 86

Thc PCA rndrcatcs that start ofscason (SOS). length ofseason (LOS). (NDVI). and SDSS

can bc srgmficantly (p<0 05) related wrth forest fire The axrs I that e\plalncd 35 55oo of total

venance rn thc data \ras s:gntficartll'(p<0 05) posthvely corrclatcd urth SDLS (018). SDI'-DYI

(0.43) and SOS (038). \rhrlc NDVI (-048). EOS (-034) and Tall (-010) had negatr\e

rclatronsh:p Thc axrs 2 conhbuted 20 l8 0 o of total T anatron and shou ed posrt\ e corelalron

wrth thc vanables SOS (0 50) and LOS (0 7). u'hrle SDNDVI (-016) and SDSS (-0 29) had

negalvc correlatlon \+rth a}.rs 2 The axrs 3 \ hlch accounted for l40l oo of total ranance

cxplarned. the vanables SDSS (0 ? I ), T all (0 53 ). SDLS (0 3l) and NDvl (0 20) sho\\'ed posrlr\ e

correlatron $ rth a\rs 3 (IJblc-1 l)

Tabl6 a 2 PCA vanable loadrngs for forest flre (T all) and phenologrcal parameters SOS, EoS, LOS, NDVI,

SDLS, SDNDVI and SDSS The bold values shows srgn lcant conelatron al p<0 05

S. No Vrrirbl.s Description Aris I Arls 2 A\rs 3

I SOS

2 EOS

I LOS

4 NDVI

5 SDLS

6 SDN'DVI

7 SDSS

E T AII

0.50 0 03

0.23 0 0l

070 0t?

017r !_2!
005 sJl
j!! ,0 15

-0-29 0.71

,0 05 llf

Stafl ofgrourng s.rson Trmc (d2j of ycar) at uh,ch NDvl cunc 0 3t

st.3rls ro abrupd) more up$"rds (small rntcgnl)

End ofgro\+rng season Trmc (da) ofyczr) zt *hrch ND\ I cu^c -0 -1{

ebrupdy mo\c do\rns &ds (lrrgc ,nrcgral)

Drffcrcncc bcrqccn EOS and SoS 0 ll
IIODI3QI th.-s.ncs r c, 16 d.y composrr€ \'l al 150 m rcsolut,on :lqjl!
Vana[ons ln LOS 0.lE

Vanarons rn NDll 0 43

vanauons rn SOS 0 l3

Dunnon offorcsl firc -0.20
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CHAPTER 4 RESLILTS

The ordrnatron brplot overlard \\rth 7 vegetatron tlpes rn 5 groups (Sectron 3 2) lndrcate

that the occurrence of fire shous drfferent aflimq touards the drfTerent Lnd of regetatron The

group I has \egetatron communrtr- .1 (domrnated by Dodonaaa rlrrora ard co-domlnated b)

Curn\u opucul- group 2 has \egelahon communrty 5lDollonueu r/\co!.r and co-domtnated b)

Jutttcto udhokrdu) and vegetatron comm!tr],]f.,) 6 (Dodonaea t[cora and co-domrnated b] Parrc

agronatum). group 3 has vegetatron communrt.t' 4 (Dodonoeu u1.old and co-domrnated b)

cattsa opoca) and group 4 and group 5 havc \egetatron communrt) 3 (domrnated b7 ('arrrsa

opacd al\d co-dom,n ted by Jusncn adhato./d) The ordr natron br plot re\ ealed thal group l. group

2 and group 3 are on nght side and rcpresents the srte \\,th hrgh valued of LOS. SOS and SDLS

and Indtcates negatrve relatronshrp $rtr forest firc (T all) Whereas group 3 and group 4 are on left

srde and represents the srte \rrth hrgh values of NDVI and EOS and tndtcates lie posttre

relanonshrp \,uth foresr fire (T all)

lc6 VGI aGl!e
0

0

0

o

a6
LOS

A

TT
t/a
 F

s0s

B5

3 0,1 05

R7
a

T .r
a01

m.3@
a

@
aXL

a

3E a2

ffi FS

soSS&
Fot
a

o'
v

0 Rl6

!

Flgura ,t.25: B'plot of Pnncrpal Component Analysrs (PCA) vanables loadrngs The ,oresl fire vanable
rs duraton ol forest fire (Tall) and phonologrcal parameiers rnclude Stat of Season (SOS) End of
Season (EOS) Length of Season (LOS), NDVI, Standard devEtrcn of Start of Season (SDSS),
Standard devraton ol Length of Season (SDLS), Standard devratlon ot NDVI (SDNDVI) Srtes are
overlard rn five groups based on vegetalDn type
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CHAPTER 5 DISCUSSION

5. DISCUSSION

5.1. Spatiotemporal Patterns of Forest Firc

Thc mapprng of area affected by forest firc ts one of lhe most common applcatron of

rcmote scnsrng at a local, regronal and global level lt ls cost_effech\e prolrdes hmcly and

spatlally c-omprchensl\ e t,1eu s offire affccted areas and thell paftem ofoccurence ( Lenhle el d/ .

2006), (Qumtano er a/ . 201 I )

Out ofa wrde range offorests. sub_hoplcal broadlealed e', ergreen shrub folests and sub-

troprcal Pltre forests are the most fire prone enllronmcnts m Palirstan ((Bukhan. 1997). (NIDM.

2011) The flora of the Margalla Hrlls Natlonal Park rs pnmanly sub-troprcal e\ ergreen scrub

forcst on the lower slopes and sub-troprcal plne forest at hlgher cle\ ahons

M ltary fams (MFs) are more affected tlan Resen'ed forests (RFs) rn MHNP as 630lo of

totalfire el'ents (1996-2014) occurred 1n MFs Themost affectcd comPartments found rn the study

are MF 15 (n:52). MF I O (n=45). MF 15 (40). MF 2l (n:3-1) and MF 2l (n=31) Marnl) humsn

scttlsmcnts 1s near to MFs and road denstty ts hrgh as compared to RFs. so thls can be the reason

ofhuman rnduced forest firc tn these compartmmts The rcad denslty and dlstance to settlemmts

arc lmpofiant causal factors of forest fire (Verma cl d/. l0l3) \\hereas VF 22. MF 23 are not

well connectcd &lth the road network even though they haYe subJected to the maxrmum fire

rncrdcnces fic most plauslble explanahotr ls other topogaphlc. *ealher and vegetahon

charactenstrcs (Vcma el a/. 20I3)

Thc preseoce ofbromass or fi,rel wood rn MFs ts also a malor factol t)f foresl fire, as the

measure of combustrble matenal m a gl\en zone expands. thc measwe of hcat produced by the

firc also mcreases (Prxad ct al ,2008) found ln a study that the best predrctors offires rn the

Dcccan Plateau uere forest area and blomass denstty ln RFs denslty ofDcslonoea liscosu sbrg)t

and rn MFs densrty of Canssa opoca s hrsr and ma.Jonry of sPecles are shrubs (Nrmra & Sadaf.

2012)

The ycarly paftems offorest fire rn MHNP rcvealed that thcre ls hrgh forest fire evelts ld

a ycar followtng 3 or 4 years oflow fire occurrencc (figue'l 5) The most plausrble er,planatron

rs vcgetahon cycle rn the area. The months ofAnl (n:82 769), May (n=148,769) ard June

(n:282l?69) are found to be fire prone months The temperature reaches up to 42o ln months of

Junc and July The months of Apnl. May and Junc arc hoftcst months of the year and are also

prone to fue Thrs rs duc to tle hrgh httcr content ln the forest floor ofthc molst declduous forest
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CHAPTER 5 DISCUSSION

Dry condrtlon m slrmmer season and less humtdlty malong the condlhon forest fire plone From

mrddle July to September the area recel\es hlghest ramfall causrng less no of forest fire

rnodetrcas From October to Februarl the study area undergo rn the qlntcr season ulth lo\r

tcmperature hampenng the forest firc rncrdences From February onward the Ieafsheddmg started

whrch mcreases the lrttcr content of the forcst floor Hot and dry condlhon aftcrward tlll mrddle

Junc fieates the condrtron firc prone (Verma et al -2013)

In Jammu regron ofJammu and Kashmrr forest fires are prevalent ln hot and dry summer

months mostly m sub-troprcal chrr prne forcsts, $hen fuel ln the form of dry branches. needles.

grasses aad scmb on the forest floor become hlghly flammable (Ahmed & Sharma. 201-1)

Moreover. dunng summer when temperaturc ls at peak and before the start ofmonsoon

forests are put to fire b) lhc local resldents to mcreasc the ploductlon ofglasscs for Srazlng thelr

h\ estock The fire rs also common prachcc dunng offseason for cleanng rhe land from bushes to

lncrease agncultwe ,Eea As thc chr plne rs nch m rcsrn they easlly get damaged by fire (Ahmed

& Sha.rtrra- 2014) In nonhem Paklstan mostlynatural forest ts ouned b1 \lllage communltles or

local tnbes Mlstrust and nYalnes ulthln tnbes,'famlhes and communltles are also among the

rcasons offorest fues and thefts, ho\^c1er m thls study thls factor ls not found It rs very dlfficult

to fight urth the thrcat of forest firc ln the absence of fire belts ln most areas of natural foress

(\'erma et a/, 2013)

5.2. Phenologl and Forest Fire

Tle de\ elop ents ur remote senslng technology resulted ln the success ofphel1olos) at large

scale (Gouard. 1989) (Moulm et ul .1997\ conlpaled the ncw technology (cdptlrnng \egetatr\e

srgnals fiom RS tmages) urth tradlhonal method ofPhetrolo$cal research (uslng ground obsenatlon

records) and revealed that collcchng data ftom RS techlology rs more effcchve and efficlent than

measunng ground data

Rcmote senslng hformatlon and rclated lnvesttgatlon procedures glte an e\Eaordlnary

plausrbllrty to cvaluahng changes. partrcularly thosc brought on by anthroPogenlc exeruses o\er

hme (Huang ?, a1. 2009). (Shahzad .l a/. 2015) Satelllte rmagcs offer the ltkelhood to analvse

spatral changes gmerally utrh synchronrzatron ofthe curent clrcumstaoce and ground realltles

Due to ther hlgh quahty of tcmporal and spectral resoluhon the MODIS and the SPOT

VEGETATION have been wrdelyused for both dctechng actlve fircs and maPPrng affected zones

(Chu & Guo, 2013)
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CHAPTER 5 DISCUSSION

Tle phcnologrcal clcles of leaf onset and scnescence as \r'ell as effccts of cllmale on

vcgctatron lTeenncss are \egetatron- and locahon-dcpendent (,{tkrnson ct oi.:0ll) Both

precrpltatron and temperature Pla)ed an lmportanl bul dtfferent role rn affcchng \egetahon

phcnology (Tang el ai . l0l5)

The phenologlcal Fcnds lndrcates lncreasc In slope of Stan of Season (SOS) rn MFs

MHNP and decrees tn S)ope ofEnd ofseason (EoS). 
"\'htch 

suggests that Lenllh ofSeason (Los)

rs gcttlng smallcr It ts also found that those compartmenls (MF l0-MF-25) \rhere LOS rs small

aremostaffcctedbyforestfire.\'hereasthosccompartsncnrs(RF2l-RF-11)*hcreLOSrslarge

arc less affcctcd by forest fire or not affected at all

Thc prcsent study rcvealed that PeaI NDVI has rncrcased rn MFs (MFl0'MF 15)

Vegetatron t!?c rs related to NDVI as cvergrecn \esetatlon shou's hrgh NDVI k rs also found that

forest 6re rs hrgh rn those compartments *here Peak NDVI has rncrcased Tte most plausrble

explanahon rs the a\allablltty ofbtomass. as the measure ofcombustlble matenal ln a gl\en zone

expands, thc measure ofheat produced by thc fire also tncrcases lPrasad c/ d/ ' 2008) and after thc

firc thc nutnents a\allabrlrtv lncreases ln area \\hlch lncrcases tie vegctahon !roi\1h

(Mrtchcll & Yuan. l0l0) found that bumcd areas' especrally the hcar rll or ser crcll'bumed

areas, rapldly regcncrated \ la a comblnatton of grasscs and shrubs In another stud) (Cochrana.

1998) and (Numata el d/ . 20l l) found that bumed forests reco\ er raprdl) and become drfficult to

separatc fiom undtsfurbed forest morc than onc year aftcr forest fire uslng remole senslng

The PCA also supported the results that vegetatlon I\Ie ls lmPortant ln forest fire anah sls

Thc mosl affected cornpartments shoNcd hrgh NDVI and shoner LOS Thc domrnxtc \ egelatron

rn these compartments rs Cafft.s., oPaLa and fiqonty of \ egetatlon ls shrubs It rs found rn the

stud) thet thosc compartments where densrty of Carrssa o2aca rs hrgh are severely affectcd by

forest firc, on tle other hand. comPartments \4lth hlgh dcnslry of Dodondea rllaotd are less

affccted by forcst fire Stmrlarresults wcre found byAhmed and Sharma (l0l{) rn therrstudy that

Cansso opoco uas the most domlnant spccles In lerm of dcnslty for bumt srtcs a d Dodondea

r rsco,r4 was domtnant rn unbumt sltes
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6. CONCLUSION AND RECOMMENDATIONS

6.1. Conclusion

Tie present study focused on sPatrotemporal paftcms of forest fire ftom I 996 to l0l 'l and

Phenologrcal trends rn Ma.rgalla Hrlls Natronal Park Tle study rereals thal the months ofApnl,

May atrd June are fire prone The Mthtary farms (MFs) are more lulnerable to forest fire than

Reserved forcsts (RFs) Theposstble causal factors offorcst fire can be !egetahon 0!e and human

mtcrferencee The MODIS based esfimates ofphenologtcal trmds sho'a s strong spatrotemporal

patterns Phenology rcsutts re\ cals that MFs usually have shorter LOS and RFs har c longer LOS

It rs found ln thc study that NDYI rncreased rn thosc compaltments rA hrch $ere hlghly affected by

firc PCA reYcaled that compartments u'tth C4rlsrd opaca as domrnant \egetatlon are hrglly

affected by forest firc. u hereas compartmenls \\'tth Dodohaea \cord as domlnant \ egetatroD are

less affected by forest fire

5.2. Recommendations

The spatlotemporal paftems offorcst fire rn MIINP suggested that APnl. May and June are

fire prone months and Mrhtary Farms (MFs) are more r uLoerable to forest fire than RFs For

management of forcst fire ln MHNP. lt $ rccommcnded that the Forest fire figlhng actl\'lhes to

be enhanced dunng firc prone months Vegelatlon monltonng to assess as to \\'hlch pafllcular t]?c

ofvegetator/ plant speclcs arc facrhtatng Forest firc and manage them accordtngly

In recent tl e. GIS has developed as a capablc de\lce ln conjunctlon $rth multttemporal

remote senslng rnfomratton ftrt ctamrnrng and obsenlng the effect of numertrus ecologrcal

elements Forestry rn Paklstan needs to changc rapldly to adopt to thls ne!\ rdea of forest

management
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