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AI}STRACT

'fhe assessrnclt of landuse landcover (LULC) and selected trees species distribution modeling in

the ur.ban areas of Islamabad capital teritory (lCT) was camied out fbr trce species prediction and

assessnept of their spatial clistribution byusing recent Sentinel-2 satellite data (2016). For the

puryosehigh resolution spectral bands of 10 rneterresolution were used to extract the land-cover

classes.

The ranclom forest classilier rnethod was applied to classify the land covor into major five

classes ilclucling, agriculture, gfasses and wecds, shrubs, trees atld urban built up. For the pulposc

of accuracy asscssrnent land cover Out of Bag (OOB) eror technique produced 90 percent classes

accuracy.

Each lald covcr classes arca was calculated by using rnap algebra process for results and

estinrations. It shows urban built up area as the largest class of the study area (4753 hectare)

followed by grasses/weeds (2839 hectare), trees (2402 hectare), agriculture (1287 hectare) and

shrubs/scattered trees (350 hectare) area. MAXENT rnodel was used to predict the tnaximutn

eutropy regarcling individual tree species. Species prediction about their occuffellce was

calculated at different level of suitability.

Receiver operating charactcristic (ROC) show the range of accuracy for dillbrent species,

the findings varies fi'om 83 to 99 percent. Specics like Bischo.fiojctvurtictt, Citlrcu'exyltun spinttsum,

Cedrela seruata cutd Sapiunt scbiferunr shows 99 percent accuracy. While, ROC rcsult for Acucia

s7r. was 89 pcrcent (AUC :0.89) and 83 percent (AUC:0.83) for Tenninalia ariwtct The results

are satisfactory for the selected species, Species distribution in the study al'ea were tnapped. Also,

tlre results o1'spccies prediction of occurrerlce assessed Acacict sp., Albizio lebbeclc and

Broussonetia papyrdera as tlte most dominating species with significant cover irt the study area.

The results of this study will be useful fbr further management and planning initiatives to

improve the ecological assets of Islamabad. Also, it will be helpful for the identification of

environmcntal variables which int'luence species richness and divcrsity.



I. INTRODUCTION

Land cover classification maps arc easily accessible at a variety of scales ancl classiticatiotr types,

but are rarcly available with high spatial rcsolution (l{anscn el u\.,2000), that trccessitate the

crcation of sitc-spccific maps tbr various mapping modelling studics. (l-licke & Logan, 2009) are

of vicw that high spatial rcsolution land cover nlaps arc charactcristically crcatcd fbr local areas

with the help of Ikonos or Quiokbird data scts. (Jacobscn c/ a\.,2003) statcd high costs of thesc

data sets prohibit thcir use {br rcscarch and rnanagerncnt frorn moderate tt'r large spatial areas.

The prior knowledge of corrclation between tlie vegetation ancl the contextual ertvironurent

is a prcroquisitc to rnap vcgctation for conservation planning and/or managemottt of atty of its

elcmcnt. lt is opincd that idcntificd classiticatiou units and establisheclproccsses in depicting and

cstimating landscapes in temrs of thcir vcgetation pattcrns make the task morc rcliable and

sucocssful lbr vcgctation mapping (l-Iirzcl &Le Lay,2008; Parolo & Rossi, 2008). ln this regard

trcc spccies are uscd as a bcuohurark in thc forcst (Dalponte et u1.,2012).

Trccs arc thc most promincnt ancl iurportant component of urban vcgctatiou r,vhich pcrforur

a varicty of iurportaut ccosystcni luuctious aud rcsultant ecosystcm scrvices arc oousidcred oritical

Ibr urban arcas.

Microclimatic cnhauccmeut of ut'ball arcas such as abnonnal tcurpcraturc f'lur:tuatious, and

turoisture in thc atmosphcrc are rcgulatcd / modified trorn vegctation. It is also opincd that surfar:e

albedo aud solar ratliation arc also influcuced by vcgetatiou (Okc, 1990; Sukopp & Werncr, 1982).

Ilumatr activitics itr urban areas have a dircct and significant impact on floristic specics (Hopc,

2003). Spccics ricltncss artd distribution in an urban ccosystcur is regulatcd and dctcnnined by

ctrvirotttnental conditious ancl thc spccics pool (LcpS ,2004). The aspects are less r,vcightccl and

corlsidcrcd by dcoision tnakcrs aud lrlauncrs duc to laok of knowlcdge about the benofrts provicled

by natural vcgetation.

Urbanization llrrough oonvcrsi<-rn of land into built up structurcs and othcr rnan rnacle

lrabitats stitrtulatc thc dcstruction of uatural ccosystcnrs (Honu at u\.,2009). The inr:rcase in liurnan

population attd dcutattd of land 1br intiastructulc is mct by vcrtical and horizoutal urban sprar,vl,

which rcsults in the fonu of land fi'agrncutation (Ewing,2008; Jim & Chc1,2008). [t strcsses t6e

ttatural callital atrd advcrsely disturbs ettvironnrcntal and ccological fupctioss alcl proccsses

(Bcnedict & Mc Mahou, 2002). The poor rcsoul'cc base and lack of planning Iurther aggravates

thc situation lbr the dcveloping cconourics of thc worlcl.

Grcetlway concept irt Islaruabad traces its roots back in thc 1960's lvhcn thc city planlcrs

r,vcrc dealing with strategies fbr beautifying roads of the f'ederal capital to irnprove lts landscapc
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quality. The city is considercd oue of the fastest growing urban settleurents distinctly characterized

by park areas and large green spaces (Ali & Malik, 2010). This rapid expansion of Islarnabad has

resultcd in shlinkage ofgreen spacos.

The scholars such as (PySek, 1995) have a valued opinion that knowledge and a\,varelless

of urban vegetation is a prerequisite for bettcr dccision making abor.rt the urban cnvirontnent.

Thcre is a gror,ving coltsensus of opinion that knowledge about eoo-capital is esserttial fior the

improvemcnt and rnallagelnont of urban ecosysteur resources. Also quality is irnportant for tratural

resourco conseration.

ln Pakistan, to best of our knowledgc, no studies have been carried out whers prevailing

distribution of urban vegetatiou is comelated with laud use types. Untbrtuuately, tltere is not tuuch

awal'clless about this issue in the gcneral public and issue is also abseut in policy discourses.

The current stucly is aiurcd to provide cletailed lauduse infbmration of urban lslaruabad.

The specific objectives are to assess the vegetation related diversity of Islamabad city, to provide

rnuch necded infonuation about trees species of grecu spaces and along water courses locatecl in

the imer city and identificatiou of tree species with the help of machine learning tnethod. The

present study will also help lescarchels and urban planners who are iutercsted in land cover maps

with higher spatial resolution.

The results of this rescarch will be uscful tbr further rnanagenlcnt and planrtirtg irtitiatives

to irnprove the ecological assets of Islamabad. ; '

1.2 Staterueut of the Problem

Islau-rabad being a capital city has witncssed extraordinary expansion, growth and

developmental suoh as infrastructure developtuent activities which"includes building, roacl

construction, deforestation and lllally other anthropogenic activitics since its iuauguration in 1959.

Since the shifting of capital to Islarnabad, the process of urbanization is still in progross and in

recent years the appearance of Islamabad city has extensively been changed, as the laud has been

cleared for housing and developurental projects.

As a result, an influx of people is moving fiom rural areas. This would ltave critical impact

on the surrounding ecosystern of Islarnabad, loss of agricultural laud, destruction of forest covel'

and on the benefits produced frorn the land. Pre 1959 Islamabad, was a fbrested laudscape, but

now the signs of ecological degradation are observable. The impacts of this uncoutrolled

urbanization are visible and negative for natural vegetation of the capital. Therefbre, the

landuse/landcover (LULC) rnaps of high resolution are essential for rnaking tnore accurate

decisions.



F 1.3 Significance of the Study

The main objective of the study was to assess the suitability of Sentinel-2 data lbr typical

land cover classil'ications in agriculture and fbrestry using a supelvised randotn forest (RF)

classilicr. As part of the case studies, we \,vere also interested to see that lvhich Sentincl 2 spectral

band contribute rnost to the ditferent tree species prediction.

The prescnt study has been carried out with the help of random fbrest classitier fbr irnage

classification. The technique is considered an appropriate aud highly accurate method of

classifying land cover,.wheu remotcly sensed spectral irnagery and ancillary data are cornbined.

The first level deals with broad structural categodes such as built up areas, agricultural land, trees,

wecds or grasses and shrubs or scattered trees; the second level introduces, generally concerns

more detailed specics-based class differentiation, and is specifically used fbr rnajor trees species.

The accurate mapping of signilicant trees species in urban areas of Islamabacl oan provide

rlumerous benefits for the rnanagerial authorities like capital develoirment authority (CDA). Such

benelits include the rnapping of valuable tree species, which are a key source of luel and food,

invasive, allergic and bush encroaching species, which can be destructive {br enviromnent and

livelihoods of the local communities.

The other important iutention of the cun'ent study was to cleate a GIS based database of
the vegetation of urban Islaurabad that will be helpful in refined search of locations where

urbanization impacts on diffcrent vegetation pattern are found. Through creation of georeferenced

data on laudcover and species occurrellce, the prescnt study will contribute tor,vards effectiveness

of natural resource managenrent abtions and conselation initiatives, rnobilization of the data,

clirnate change impact studies on biodiversity, biological reserve design, comrnunity ancl

ecosysteur modeling, Species an<i habitat conselation plans, invasive species monitoring, basic

research and predicting the effects of global environmental change on species ancl ecosystems of
Islamabad. To achicve thcse goals, the dift-erent type of vegetation occurrence clata was collected

fi'orn the tield, gcorefcrenced, mapped and evaluated for assessment of suitability trends.

'1.4 Objectives

The gcncral objectives of the study werc to evaluate the classification of vegetation of
urban areas of Islamabad.

The spccifio objcctives of the stucly lverc

t..'*
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i
. To assess the potential of rnulti-temporal data of sentinel-2 for landcover classification

accufacy.

o To calculate the area ofdifferent landcover classes.

o To map the significant trec species suitable habitat in urban Islamabad.

o To find the rnost abundance tree species in the urban areas of Islarnabad.
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2. LITERATURE REVIEW

Lauclusc and Landcovcr (LULC) mapping is oomuronly carricclout by planning agctrcics, and land

cover data arc bocoming inorcasingly important fbr land surfhce characterization rcquired fbr

nrodcling global and environnrcutal changc (Foley et al., 2005).

2.1 Landcovcr classilication and mapping

Land-covcr infonnation at global, ooutincntal, and rcgional scales is an osscutial procluct

lbr usc in scicntific rcsearclt, econotnic and govcmrncut planning. This infbmration is osscntial

lbr govcrruncuts to overconle the problcms of uncontrollcd dcvclopmont, dcteriorating

ottvirountentalquality, loss ol prime agricultural lancls, dcstruction of important r,votlancls, and loss

of tish and r,vildlifi: habitat (Audcrson, 1976).

11'living conditions and standards arc to lro improvecl or uraintaincd at curreut lcvcls, land-

use data arc necded in the analysis of environmental processes (Audcrson, 1976). I(nolvlcdgc o1'

tltc prcscnt distributioti aud arca of agricultural, reoreational, ancl urban lantls, as well as

irtfomration on thcir changing relativc proportions, is needed to dctcnuinc bcttcr land-usc policy,

to project transportation and utility dcmand, to idcntify future clevclopurcnt pressurc arcas ancl to

irnplcrncut eff-cctive plans for rcgional dcveloptnent (Andcrso n, 197 6).

Thc Coorditration of Inlbnnation on the Environment (CORINE) land-cover rnapping

scltctue r,vas devcloped betweon 1985 and 1990 by the European Cornrnission to collect and storc

ettviromrcntal inlbmration. The CORINE schcmc has been uscd with multiple typcs of rcmote

sensing systeurs including thc Landsat, and SPOT scries (See & Fritz,2006). It has tlircc tiers of
classes with 5, l3 and 44 classcs, respectivcly. This class system is primarily used in Europe. lt
cau also use ancillaly data that is not necessarily derived l}om rcmotcly sensed clata to aicl in thc

classification prooess (Bossald at u\.,2000).

2.2 Sentinel-Z data

The Scntinel-2 MSI is a multispectral serlsor with l3 dilfcrcnt bands and wavolengtli range

lics bctween 443 tttn and 2190 nm. Tlie band centers and spcctral widths arc also prcscnted in

(Table 2. 1).



Table 2. 1: Spectral characteristics of sentinel-2 satellite data

Band # Wavelength(nm) Ground Sampling Size(m) Spectralwidth Al\ at FWHM(nm)

L

2

3

4

5

6

7

8

8a

9

10

11

L2

443

490

560

665

70s

740

783

842

86s

945

1375

1610

2L90

60

10

10

10

20

20

20

10

20

60

60

20

20

20

65

35

30

15

15

20

115

20

20

30

90

180

Sentinel-2 MSI will use three diflerent spatial ground sampling sizes, 10 m, 20 rn, and 60

111. The 10 m bauds are to cllsure compatibility with SPOT 4 and 5 in additior.r to meet user

requirements for land cover classification (Drusch et al., 2012). The 60 rn bands will be used for

atmospheric correction (443 ntn for aerosols rctrieval, 940 nur for water vapour comection and

1375 nrn for cirus cloud dctection).

(TOPALOGLIJ et u\.,2016) rccently compared slassihcation accuracics o{'lancluse aud

latrd cover (LULC) maps creatcd fi'om Sentincl-2 and Landsat-8 clata tor tlie stucly area, Istanbul

mctropolitan city of Turkey, with a population of around l4 million, having heterogcncous ancl

diverse landscapc characteristics. Major landusc and landcovcr (LULC) classes selcoted to

identify were lvater, lbrest, agricultural arcas, grasslancls, transport netrvork, urban, airllort-

industrial urtits and bailen land- mine land. They cmployccl iruage prc-proccssing stcps like

atrnosphedc correotion and geonretric comection as r,vell. 'I'hcy concluded that low rcsolution

bands of Sentincl-2 which \vcre rosarnplcd to 3Orn datasct produccd better rcsults than Lanclsat-8

datasct and overall classification acsuracies of Sontincl-2 r,vcre much highcr than Landsat-8.

In a recent study (lntmitzer el u|.,2016) uscd Scntinel-2 data fbr mapping crop typcs and

trec sper:ies in difl'erent parts of Europe. They usccl randonr fblcst (l(F) classit'icr {irr landcover

classifications. Also, they used pixel-basccl and object-trased approachcs firr crop laud and

concluded that thc lrixel-based classificatioll gave a somewhat lor,ver ovcrall accuracy. Tlie

concluded that thc acltisvccl classifications rcsult fbr the pixcl- ancl the olrjcct-based approach

were satisfactory but not extreruely high.
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2.3 Significance tree species of Islamabad and species distribution rlrodels

(sDM)

Species Distribution Models (SDM) are generally utilized techniclues that take numerical

tools ancl join them with perccptions of species occurrence or abuudatrce and etlvironurental

pararneters to distinguish reasouablc or accessible habitats.

Brgussottetiu papyrdblz and Dalbergiu srssoo arc aburtdatttly separated in clifferent

cornrrrurtities of Islamabad (AI-l & I(auser, 2006).

(Ali & Malik, 2010) conducted a study in Islamabad tbcusing on vbgetatiou cotnlnunity

prcvailing along thc drain si<les and their relationship to the undcrlyirlg soil properties. The two-

yay inclicator species analysis (TWINSPAN) identified the clifferent vegetation courtnuuities in

Islarnabad, i1 plalts they recordeil i 13 pant species with Br"ttttssorrclict, Dctlbergiu, Etrculyplus attd

Popttlus as a tnost lvidely spread and dorninaut gcnera in the study area.

Specics clistribution moclels can be used to provide att understanding of the ccology in

spccilic lanclscapcs ancl/or to predict 1he spccies' distributiolt across olle or nrore landscapes.

tlolvever, gelelally speaking, SDMs combine coucepts frour uatural history r,vith tnore reccut

{eveloprnents in statistics ancl infbnnatiou technology. Generalized lirtcar tnoclels (GLM) were

originally usccl in carly analyses of prcsence-abseuce and count data r,vltereas gcncralized additive

proclcls (GAM)(Bolker et al., 2009), which are similar, cau be usecl to describe tlottlitlear responses'

A stucly was carriccl out in thc savanna eoosystent by (Naidoo ct u1.,2012) to classity and

nap the irnportant cight trec spccies by using a combination of hyPerspectral and LiDAR data

through rau6our fbrest approach. Random forest rnodel developed classilication shows

satisfactory results lvith 87.68% accuracy.

However, i1 rccent ycars MAXENT has becoure the trew norm fbr simulating thc spatial

clistributions of many clifferent spccies. Maxirnum entropy (MAXENT) is very sophisticated,

nachile-leagripg lrethorl of modeling a species' geographic distributiort. Using data points of

observecl spccies (presence-only), and environtnental conditions, MAXENT can estiruate the

elvironrneptal requirernents . of a species. MAXENT produces habitat suitability analy'ses

ad{ressipg the spatial cxtent of a species. lt has becotne the fi'equently used software fbr infening

species distributiols and euvironrnental tolerances, and [t allor,vs users to f-rt moclels of varying

cornplication (Watren & Seifelt, 2011).
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3. RESEARCH METHODS

3.L Study Area

The present assessment was carried out in urban areas (sectors) of Islamabad consisting of

almost entire residential sectors within the administrative jurisdiction of Islamabad capital tenitory

(sectors E-7 to E-l3, F-6 to F-I3, G-6 to G-l3, H-8 to H-I3 and I-8 to I-13 and the area around D-

Chowk). Sensitive areas such as parliament building and diplomatic areas were not considered

due to security reasons, zrs well as, inaccessibility. The study area is located in foothills of Margalla

Range in Potowar plateau with an aerial extension ranging between 33.61"N - 33.74"N latitudes

and 72.93"E -73 .l I o E longitude and an approximate area of I I 633 hectare (Figure 3. 1).

a *qc
fm*
1$m

Figure 3. 1: The study area in context of its location in pakistan

With marked exception to E series the original master plan of Islamabad envisaged the

division of the city into equal sized sectors, each of which is further subdivided into four sub-

sectors separated by green belts. In case of E-7 there is no subdivision of sector while from E-8

to E-I0 sectoral series are under the control of armed forces of Pakistan which utilized the allotted

land to meet their purpose specific needs. The total area of each sector is approximately 4 km



square. Each sector is facilitated with Its own shopping area, public and recreational parks

(Islamabad Census Report, 1998).

Its population in 1961 was approximately 117,669 which increased to 805,235 according

to the 1998 census report (Butt e/ aI.,2012). Due to this enormous population growth urban land

cover changes are quite visible at present. Man-made landscape and infrastructure is replacing

natural ecology of the area. Keeping in view the human impacts upon the landscape, there is a

need to establish spatially explicit baseline data to comprehend the scale and orientation of these

changes.

Since the current assessment focused mainly on mapping vegetation in the study area

through high resolution satellite data, a systematic approach was adopted to achieve this goal.

Initially the main landcover types including agriculture, grasses and weeds, shrubs and scattered

trees, tree cover and urban area were extracted from satellite based data and then frequently

occurring tree species were mapped using predictive modelling techniques (Figure 3. 2).
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Figure 3. 2: Present Study Modet



3.2 Extraction of major landuse/landcover

The major landcover/landuse types that were inferred for the study area are detailed in section

3.2.2.

3.2.1 Satellite Imagery

In order to incorporate various seasonal characteristics of major landcover/landuse types,

multi-temporal imagery was used that consisted of Sentinel-2 images acquired during various dates

of year 2016 i.e., (1) 2l't February (2) 10th May and (3) 22"d October. The data chosen were 100%

cloud free for the study area (Tiling grid ID: 43lSlCT) and downloaded from Sentinels Scientific

Data Hub ( SciHub ; https ://scihub. copernicus. eu/dhus/).

Sentinel 2 datz comprises of 13 different spectral bands including Bl (443 nm/60m), 82
(490nmi l0m) 83 (560nm/l0m) and B4 (665nffi/10m) falls in visible spectrum 85 (705nm/20m),

86 (740nm/20m), 87 (783nm/20m), 88 (S42 nlrr,/l}m), B8a (865nn120m) and 89 (940nm/60m)

include in VNIR, while, the rest Bl0 (1375nm/60m), Bl1 (l6l0nm/20m) and Bl2 (2l90nrn/20m)

belong to SWIR spectrum (Figure 3. 3).
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Figure 3. 3: Spectral bands of sentinel 2 satellite data and their spatial resolution
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3.2.2

I.

II.

m.

IV.

v.

Land Cover Classification

Agricultural land

Grasses and weeds

Shrubs and scattered tees

Trees

Urban built up area

Table 3. 1: Landcover types of the study area (Urban lslamabad)

Sr# LandcoverType Description Picfures

I. Agricultural land It includes all arable farming
land present in the study
area.

[I. Grasses and weeds This class includes all kind
of grasses (maintained or
undisturbed) and weeds
(C anabus, P artinium and.
Silybum etc) patches.

m. Shrubs and
scattered trees

ry. Trees

This land cover contains
herbaceous, epiphyte,
climber and specific
ornamental plants in the
study area.

It includes all broad leaved,
coniferous and mixed broad-
leaved/coniferous trees
present in the study area.
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V. Urban built up It contains all kind of urban
infrastructures like
buildings, paved areas, roads
and walls etc.

Random Forest Classifier (Breiman, 2001) that is a machine learning technique was

applied to multi-temporal satellite data (section3.2.l) in order to derive information on landuse

and landcover (LULC) of urban Islamabad. The classifier was applied to the data in software R

version 3.2.4; 64 bit (R Core Team 2016; https://www.R-project.org/) within package

randomForest version 4.6-12 (Liaw & Wiener, 2002).

Random Forest Classifier is relatively unknown in land remote sensing and has not been

evaluated thoroughly by the remote sensors compared to more conventional pattern recognition

techniques (Rodriguez-Galiano et a1.,2012). The major advantages of RF include: their non-

parametric nature; high classification accuracy; and capability to determine variable importance.

The Random Forest Classifier was chosen because it is much quicker in training and testing than

traditional classifiers such as Support vector Machine(SVM) (Bosch et al.,2oo7).

A field survey was conducted to identiff landcover types on ground and location of a
homogeneous patch of a given landcover/landuse type was recorded using handheld global

positioning system (GPS) device. Many supplementary locations were inferred from visual
interpretation of satellite images mainly for classes such as urban areas, open grassy patches and

trees as well.

Random Forest Classification acctracy assessment shows satisfactory results for landuse

and landcover classes. The out-of-bag error or out-of-bag estimate method was used to measure

the prediction error of Random Forest. The results out of bag error shows that February 2016

image has 14.08 percent error. Moreover, 13.09 percent (May image) and 17.13percent (October

image) elror area measured. This error is reduced to 9.05 percent for a composite image. So, in
this study we used composite image of different time periods to reduce the out of bag error (OOB).

Finally, sector-wise extent of each LULC class was determined using map algebra. Out of
bag (OOB) estimation result for combine (composite) imagery is given intable 3.2.

T2
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Table 3. 2: Out of bag (OOB) error calculation of combine image of Sentinel-2

Conlbinc htugc Agricultutt Uilran Builtup Gmsses/Shlulx Shrubs/Scattcttd trccs Trces chss enur

Agliculturt I 034 l0 2 25 0.042

Urt rn lluiltup J r98 4 0 0 0.205

Grasscs/Slrrubs 26 157 6 6 0.276

Shrubs/Scattcred trccs 9 0 l3 26 25 0.667

'I'rrcs 25 0 4 ) 1220 0.029

OOB Error = 9.051Yo

3.4 Tree Species Distribution Mapping

Maps of species clistribution or habitat sustainability are required for various aspects of

cnvironrncltal research, resource management and conversation planning. Specics distrit2ution

urodeling represcuts a scicntifically important area that deserves thc attcntiou of the machine

learnilg cornrnunity whilc presenting it with soure interesting challenges (Phillips et u\.,2004).

Spatial prediction of Species Distribution Model (SDM) relies ou the availability of ditlbrent

predictors in the fbnn of uraps or', more precisely, digital spatial data (Goodchild cr u\.,1996).

Eightcen diff-erent tree species were aualyzed to obscre the spatial disttibution iu urbau

areas of Islamabad thlough Maxiurum Entropy Model. Futther, predicted probability of presencc

of each species is divided into fbur classes fiom unsuitable to highly suitable al'cas. Detail of each

class is givcn below,

Class Predication ltangc (thrcsltold)

(r

Unsuitablc area

Less suitable area

Moderatcly suitable area

Highly Suitable area

< 0.2

0.2 to 0.4

0.4 to 0.6

> 0.6

Maximum entropy (MAXENT) is very sophisticated, machirte-learning rnethod of

modcling a species' geographic distribution. Using data points of observed species (presence-

only), and cnvironrnental conditions, MAXENT can estimate the environmental requirernents of

a species. MAXENT produces habitat suitability analyses acldressing the spatial extent of a

species. It has becorne the ti'equently uscd software for inferring species distributions and

cnvironmcntal toleranccs, and lt allows users to fit models of varying complication (Warren &

Scif'ert, 20ll). MAXENT is a broadly useful method for rnaking fbrecasts or predictions fi'orn
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irradecluate data. tts sources lie in statistical urechanics (Ratnaparkhi, 1997) and MAXENT is now

a colnlnon species distribution lnodeling (sDM) tool used by conservatiou practitioners fbr

prcclicti,g the distribution of a specics from a set of records ancl environurcutal predictors. The

idca of MAXENT is to cstirnate a target probability clistribution by finding the probability

clistribution of naxirnurn entropy (i.e., most spread out, ot'closc to uniform), Wherl MAXENT is

applie6 to presence-olly species distribution modeliug, the pixels of the study area tuake up the

space o, wSich the MAXENT probability distribution is defiued, pixcls with knowu species

occu',ence rscords constitute the sarnple points, ancl the features are climatic variables, vegetation

type or otler environmental variables, and tunctions thereof (Phillips, 2005).

Ground refcrence data were collectecl from the randomly chosen sites ,uvithilt the study area

in 2016. Sitcs lvere required to bc an urban forcst in nature. ln this case solllo randotn patches

lrave beel selectecl of the sarne species of atrout 20x20m area becausc the used iurages were at

l0n spectral resolutiou. Tree species pararnetcrs llleasured include the positiou or location of

occulrence alcl specics cliversity, the position of tlie field plots was assessed r,vith the help of a

CpS. Latitudc ancl lopgitudes of allpoints were noted in an inventory. Additionally, pictures r,vere

takel fbr spcoies ideltification aud'in the laboratory with the help of Botanist thcse species were

iclcptified. There were species fbl which no or very few sarnple points r,vere collected during the

field visits. Those species wcre neglected, duc to lack of sample size and less signitioance.

Also, a grouncl survey was couducted using a Coogle satellite iurage. The positions of the

trccs were directly rnarked on images, ensuring a precise tnatcliing betr,vecn grottud artd aerial

obscrvations. The final position of each point was the centroid of all polygons r,vhiclt wcre urarked

ou the shape tile. A differcntial comection lvas also applied to the acquired points. By using

MAXENT version 3.3.3k wo rult thc analysis of clif1brent speoies. Two types of variables were

uscd in this study lvhich inclucle, piedictive variables (individual bands) and euvirontnental

variables (bands transforuration and ratios).

Scctor-wise arca of all species was colnputed with difforent classes of suitability and

rurontioncd in the tables, which shows tlte area of relevant species in hectare. Also, tnaps were

gcncratcd by using IvIAXENT prediction of species spatial distribution. Moreover, the jackknife

test of variablc impo(ance ancl curves of ditlbrent signiticant variable are sltown, that how the

variablcs affect thc MAXENT prcdiction.

1,4



3.5 Bxplanatory variablcs

The explanatory variables to be used in the Maxiurum Entropy Models for the respective

study were divided into two categories,

I. individual bands of the irnagery

lI. Indices (calculated from the individual bands)

A suurmary of these variables has been given in table below.

Table 3. 3: Different variables used in present study (conve ntions'. _x = _f (February); _m (May); _o
(October)

No Prcdictor variables Description
Individual Bancls

I bi02_x
2 bi03_x
3 bi04_x
4 bi05_x
5 bi06_x
6 bi07_x
7 bi08_x
8 bi08a_x
9 bi09_x
10 bil l_x
1l bil2_x

Band 2 radiance

Band 3 radiance

Band 4 radiance

Band 5 radiance

Band 6 radiance

Band 7 radiance

Band 8 radiancc

Band 8a radiauce

Band 9 radiance

Band 1l radiance

Band 12 radiance
Bands Transformation and llatios
1 arvi_rn

2 arvi_f
3 arvi_o
4 evim
5 evi_f
6 evi-o
7 lai_rn

8 lai_f
9 lai_o
10 ndvi_m
11 ndvi_f
12 ndvi_o
13 savi_m

14 savi_f
15 savi_o

16 tcb_m

17 tcb f

Atrnospherically resistant vegetation index (May)
Atrnospherically resistant vegetation index (February)
Atmospherically resistant vegetation index (October)
Enhanced vegetation index (May)
Enhanced vegetation index (February)
Enhanced vegetation index (October)
Leaf area index (May)
Leaf area index (February)

Leaf area index (October)

Nomralized difference vegetation index (May)
Nonnalized difference vegetation index (February)
Nonnalizcd difference vegetation index (October)
Soil-adjusted vegetation index (May)
Soil-adjusted vegetation index (February)
Soil-adjusted vegetation index (October)
Tasseled cap brightness (May)
Tasseled cap brightness (February)
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Prcrlictor variables DcscriptiolrNo

a'

18

19

20

2l
22

23

24

t<;b_o

tcv_tn

tcv_f
tcv_o

tclv_nt
tcw_f
tcw o

Tasseled cap brightncss (October)

t

IF

Tasseled cap vegetation (MaY)

Tasselecl oap vcgetation (February)

Tasselcd cap vcgctation (October)

Tasseled cap r,vetuess (MaY)

Tasseled cap wetness (FebruarY)

Tasseled cap wetuess (October)

3.6 Sentinel-2
;.

Thc Sentinel-2A satcllite launched on 23June 2Ol5,lt is an Earth obseruation mission

clcveloped by ESA (European Slracc Agency) as part of the European Copernicus Prograur (ECP)

to accomplish terrestrial obscrvations in support of services such as forest rnonitoring, land covol'

change detection ancl natural disaster lnanagcrllent etc. The first scenes were delivered a few days

later. Santinel-2 carries an innovative wide-swath, high-rcsolution, Multispectral imager (MSI)

r,vith l3 spectral bapds in the visible, ncar infi'ared (NIR), aud shoft wave infrarcd (SWIR) part of

the spectrun which ipclucle 3 atrnospheric bands, this is going to otfer unprccedetrted perspcctives

on our land vegetation.

Earlier satellite sensors (Landsat MSS, TM), having a spcctral band in the near infi'ared

part of the spectrum, had goocl spectral resolutiou, however, they hacl too coarse a spatial rcsolution

to produce cletailecl rnaps in urban arcas. Today very high resolution (VHR) satellitcs are capable

of providing spatial cletails compatible with urban rnapping (Treitz et u|.,1992). The cornbination

of high resolution (up to l0 nr), novel spectral capabilities (e.g., three bancls in tlte rcd-edge plus

two bands in the SWIR), wide coverage (swath width of 290 kur) and tninimum five-day global

revisit time (lvith twin satellites in orbit) is expccted to provide extremely usetul infonttation for

a wicle range of lancl (and coastal) applications (Malenovsky et al.,2012).

In preparation for this nsw satcllite mission, the scientific community has been working to

providc feedback to systern developcrs to define the best algorithms aud clata exploitation

strategies. This activity resulted in several experirncnts based on siurulated Sentinel-2 clatasets

(Hill,20l3). These studics rcported that Sentinel-2 have high potential in various fields of

application. This potential in Earth obseration (EO), however, needs to be confinned by real

data.

Actual Sentinel-2 data arc now available and ready fbr exploitation for scientific and

commercial purposcs. In the prescnt study, au assessrnent of the Sentinel-2 landcover mapping

capabilities are undertaken by using Fcbruary, May and October 2016 images, Sentinel-2 images

acquired over study area thc Islarnabad Capital Territory (lCT). The preliniinary assessurent

[c:
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fbouscs o, lan6usc classification and species clistribution modelling of sotne protnineut tree

species of urbau lslarnabacl, both are importaut for retnote sensitlg applications'

3.6.1 Characteristics alcl dctails of cliffcrcnt spectral bartds of SENTINEL'?

The SENTINEL-2 spatial resolution depends on the particular spectral band. Spectral lcsolution,

wavelength and purposc of all 13 bands are given' 
i

Banrl I (bl)

The spectral resolution of this bancl is 60 rneter. Its lvavelength is 443 nanometers A typical

5ur,an eye carl rcsponcl to r,vavelcngths from about 390 to 700 nrn, so it is a visible light' This

bancl works much better for aerosol dctection.

lhrtd 2 (b2)

Thc Spectral resolution of band 2 is 10 meter and its wavelength is 490 uatrottteters. Band

2 falls i1 thc visible spectrum ancl also capablc of differentiating soil and rock surf'ace fiotn

vcgctation.

Blntl3 (b3)

It is also a 10 rneter spectral resolution band with 560 uattometer wavelength. It is greetr

bapcl and scnsitive to water turbiclity difTerences. Because it covcrs the greett rcflcctancc pcak

liom leaf surfaces. lt can separate vegctatiou (forest, croplands with standing crops) fi'orn soil or

urban landscape that rnay havc brighter (lighter toue), but all types of vcgetation appear as dark

touc.

B:rrrd 4 (b4)

Band 4 is 665 nanometers rcd band with a 10 meter spectral resolutiotr. It senses iu a stroug

chlolophyll absorption region aucl strong rel'lectance regiou for most soils. It can discriminatc

vcgctation and soil as well.

llirnd 5 (b5), Iland 6 (b6), Bartd 7 (b7):utd Ilattd 8a (b8a)

These all bands have a 20 rneter spectral resolution and 05 nm to 865 nm wavelength.

Thcse all bands lie in visible and uear-infrared (VNIR) speotra. These bands arc mol'e etlbctive

tbr classilication of vcgctation and tree specics identification.-1
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l]:rtrd 8 (t 8)

Ba,cl g is a 10 rneter spcotral resolution band with 842 nanometers wavelength' It is NIR

(ncar intiarecl), and can clistinguish a variety of conditions. Because watcr is a strong absorber of

NlR, this band is importalt i1 delineating watcr bodies, distinguishing dry and tnoist soils, bametl

arsas and clop lands.

Barrtl g (b9) atrd llattd 10 (bl0)
.gresc bot5 arc 60 neter. spectral resolution bancls rvith atmospheric characteristics. Band

9 is useful for water vapors and siurilarly band 10 is uscful tbr ciruus. Due to the high spectral

rcsolutiou tltcse lvet'e fourld lcss significant itr tlte curreut stucly'

Band 11 and lland 12

The bancl I I ancl l2 both are Short-rvave inli'ared (SWIR) or nou-visible light. lt is adjacent

to Nll( and both bands have 20 rneter spcctral resolution. Thcse bands arc sctrsitive to stror'v, ice

or clouds bccause sttow has tnaxitnuur reflectatrce.

The siglilicalce of ildividual bands has been cliscussed as above and thcir rcPresctltatious

of tlre rcslrective mouths o1'2016 ltave beeu sholvu in the figures 3. 4 to 3. 6.

I

i

:

i
I

5r'
i

i

i
t.
I

i
I
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S.6.2Imageofstudyareawithdifferentspectralbands

February 2016Image:

o12 a t E

12 ,l C t

O12 /a C t

Figure 3. 4: A representation of different bands of February imagery
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May 2016Image:

o12 a a t
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October 2016Image:

+

+

12 ,a 6 8

i-- Figure 3. 6 : A representation of different bands of october imagery

J.
I

+
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3.7 Individual vegetation indices

3.7.1 Nonnalizcd differerrcc vcgetation index (NDVI)

NDVI is widely used vcgctation index (Tucker, 1979) which is a band ratio technique. The

pulpose of this tcchnique is to rcduce the rnultiple bands of data dor,vn to a single band that accesses

the vegetative grouncl cover. The NDVI (surn ancl diffbrences betwecn speotral bancls), asEiven

is applied to each satellite image.

NDVI:
(NIR-RED)
(NIR+RED)

where Rcd is band 3 and band 4 is NIR of Sentincl-2 satellite system.

Thc NDVI techniques are useful to extract the vegetation cover and prediction of tree speoies

(Butt, et a|.,2012) fi'om eaclt satellite irnage. In the cument study , this technique is founcl to be

very useful to improve the results.

3.7.2 Soil adjusted vegctation indcx (SAVI)

SAVI is an altemative lbr NDVI, because It is less sensitive to variate in the rcllectance of
the sol background. The SAVI allows better green vegetation rnonitoring paticularly with

urtsuitablc areas or low plant cover (e.i., < 20%) and the soil surface is exposcd, thc rcflectance of
light in the red and near infiared spectra can influence vegetation inclex value. This is especially

biometric when cotnparisons are being urade across different soil types that nay ref'lect different

atnounts of light in the red and neal infi'ared r,vavelcngths. SAVI is calculatcd by using lbllowing
cquation:

SAVI: N I R_RED

NIR+RE;;X(1 + T)

L: Soil brightness correction factor

The Valuc of L varies by thc antouttt or cover of green vegetation: in very high vegeation regions,

L:0; and in areas with no gt'eell vegetation, L:l. Generally, L:0.5 works well i, rnost situations

and is the delault value used. When L:0, then SAVI:NDVI.
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3.7.3 Enhnrtced vcgetation irtdex (EVI)

This index is dcsigncd to improve the vegetation signal with better sensitivity in high

biourass areas and improvcd vegetation monitoring through a de-coupling o1' the canopy

background signal and a reduction in atmosphcre influences (Huetr; et o1.,1997).

Thc formula of EVI is given lrelow,

EVI =
2.5 x (nirchan - redchan)

nirclran+ 6.0xredchan -7.5 xbluechan * L.0

3.7.4 Atnrosphcrically resistant visible index (ARVI)

Positive values of ARVI generally indioatc the presence of vegetation (r,vith greater values

indicating healthier vegetation) and ncgative values usually indicate a lack/defcicicncy of

vegetation (watcr, rook, soil, ctc.).

AI1VI : (NIR - (2xRed) * Blue)

(NIR + (2xRed) * Blue)

3.7.5 Leaf arca irrdex (LAI)

It is a dimensionless cluantity that characterizes plant canopics. It is defurcd as the one-

sidccl grcen leal'area per unit ground surfacc area (Myne ni et trl., 1997). Forurnua fbr calculating I

LAI is,

LAI : lcaf area / ground area

(Unit of tht: leaf and ground area is "nt2 )

3.7,6 Tasseled calr

Tasscled Cap fits all thc criteria for a good vegctation indcx and ahnost as widely use4 as

the NDVI. It defincs a llcw ooordinate systeut to represent soil line anrl vegetatiol and lt creates

thrce band irnage. Three of the six tasseled caps transform bancls are often used:

Band I (brightness, lneasure of soil)

Band 2 (greenness, lneasure of vegetation) '.

Band 3 (wetness, interrelationships of soil and canopy moisture)
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4. RESULTS AND DISCUSSION

The present study cxarnined the application of recently developed global satcllite data products in

rnodeling land use/land covcr' (LULC) typcs and potential distribution of selected tree species in

ulban arcas of lslamabad. lnitially, land use/land covcr (LULC) wcre extractetl by using random

fbrest classificr lcading into identification of five major landcover classes (Figure 4. I ). Thc results

are presented in the fonn of nraps, graphs and statistical tables.

The land covcr classillcation shows result of 90.95 perccnt accuracy tlrrough out-of-bag

(OOB) error techuiquc. The urban built up structurc occupies the highest class with approxirnately

4753 hectares (40 percent) arca. Grasses and weed forms the sccond largest class, covering

approxitnately 2839 hectares (25 percent) of thc study area. Shrubs and scattcred trees covers

approximately 350 hectares which makes it the least significant land cover <;lass. Bcsides, lanning

seems to be practiced moderately occupying 1287 hectares (11 percent) of all classcs. The trecs

or urban furest covers 2402 hectares or 20 pelcent of the whole study area. Sectors-wise area of
each land cover class is tabulated in table 4. l.

Tree species prediction results are presented in rnaps of predicted probability of preseuce

with suitability fbr selected eightcen tree species. Predicted suitability of the species are categories

into lbur classes: ranging fi'om highly suitable to unsuitable sector-wise probability of occurrenoe

is calculated. Further, assesslnent of significant variables is carried out through Jackknife test of
regularize training gain frorn MAXENT and rcsponse curves are discussed.

4.1 Land Cover Classification

Landcover of urban Islarnabad is classified into five major categories.

I. Agricultural land

il. Grasses and weeds

ilI. Shrubs and scattered trees

IV. Trees

V. Urban built up area

Random forest created land cover classes includes; agricultural land, grasses or weecls,

shrubs or scattered trees, trees and urban built up area are shown in tlie figure 4. l.
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Figure 4. 1: Spatial distribution of major landcover classes in urban (sectoral) lslamabad

4.1.1 Agricultural land

About 1287 hectarcs (11 percent of the total study area) consist of agriculture land, due to

urbanization process mostly residential sectors don't have significant agriculture. Mostly,

agriculture carried out in the slums or peri-urban areas. Sectors like E-7, F-6,F-7, F-8, F-9, F-I0,

G-6,G-7, G-8, G-9, G-10, H-8, I-8 and I-10 do not have enough significant agriculture land.

Maximum agriculture land is found in the sector E-12 which is about 252.61hectare or the 61.7

percent of the total sector (Table 4. 1).

4.1.2 Grasses and weeds

The land cover type grass or weeds are mostly found in the green belts along the major

Highways and road in almost all sectors. The most significant areas are remnant vegetation

patches grasses and weeds almost occupy 2839 hectare (24.4 percent) land cover of the total study

area. [n sector H-12,215 hectare area is covered with above mentioned land cover class which

makes about 62.8 percent of the total sector. Other important sectors having significant with
graises ar.rd weeds covers arel-12,I-11, H-10, H-I1 and E-9. Sector-wise land cover type area of
each class is given in table 4. l.
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4.1.3 Shrubs and scattered trees

The land cover type (Shrubs or scattered trees) makes approximately 3 percent of the total

study area which is almost 350 hectares. This land cover class dominantly found in E-lO F-9 and

H-10 with 64.9,56.3 and 41.8 hectare area respectively. Further details of each class are given in

table 4. 1.

4.1.4 Trees

Trees address distinctive issues of food, safe house, vitality and stylish in the city. Urban

forests and backwoods range, past the city offer relief ifjust for a while, from the pressure of the

daily life. In Urbanized area the Public parks, along the all drainage or water channels and along

the both sides of main roads, dense tree canopy are found, which is about 2402 hectares or 20.4

percent of the total study area. Sector F-6 is having maximum tree cover area which is about 172

hectare land cover. It is about 47.8 percent of the whole sector F-6. Beside this, F-9 and H-8 are

the second and third largest sectors having the maximum trees cover 767 hectare and 158 hectare

area. While, I-13 is covered just 0.5 hectare or 0.3 percent of the total area of I-13 which makes

it prominent sector with very less tree cover (Table 4. 1).

Figure 4.2: Map of the urban lslamabad showing trees along with Drainage pattern
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In vegetation map of the study area is shown in figure 4.2,ltcan be observed that the most

tree cover of urban Islamabad is found in undisturbed or protected areas especially, green belts or

along the drainage sides due to availability of water and suitable habitat.

4.1.5 Urban built up

In the present study, urban built up area which includes all man-made infrastructure like

roads, buildings and all other relevant phenomena makes up about 40.8 percent of the total area

which makes it the dominant land cover type of the present study area. Urban built up area

comprises about 4T53hectareofthe whole study area (l 1633hectare). Among all major residential

sectors G-7 is having about 237 hectare built up area which is about 63 percent of the total sector

area, followed by Sectors G-9 and G-6 which are having 233 hectare and 227 hectare area

respectively (Table 4. 1). While, sectors E-10 is having minimum built up cover 23 hectare,

because this sector is under-developed. So, the built up area is about 6.65 percent of the sector E-

10. The urban landscape of Islamabad is shown in figure 4. 3.

Figure 4. 3: Urban built up land cover of the Study area
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Sector wise area of all five landcover types are listed in table 4. l.

Table 4. 1: Sector-wise area of different land cover type in the study area (hectare)

-ard€onr& Sedor, Ft3 E-12 F11 E-u, E9 H E7

Jrbon $.1i 49.8{ 23.r1

Trees 7.2( 15.0; 8.s! 42.51 4.3(

\oriculture 93.6! 82.61 s.6( 107.t( 0.9t

irosses/weeds 51.1t L.4i a( l.rtll 24.

ffif 1o.i h ru b s/scotte red t rees 0.5i 0.3f 1.0:

rdCorerO Sector, Fllt F-X2 F11 Fto F9 F8 e-7 H DChoul
lrbon 2s.8e831.24 zdt t

it.3t
42.2:

62frees 14.39 28.2

lqricufture 85.'14 1ff).u o.41
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3.831

5atisdc

Urbon 0.1s
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4.2 Significant variables for different tree species

'.

The table given below shows the variables with significant contribution in MAXENT.

These variables show significant contribution in MAXENT model.

No. Species Used Significant Variables for MAXENT

I Acacia sp. bi07, boc.02, evif, ndvio

2 Albizia lebbeck ndvi, evi, 1b.08, bio4, savi, ndvif, savio, fu.08a, ndvio, bi08

3 Alstottia scholaris arvi, fb.05, boc.04,laif, boc.12

4 Bisclnfia javanica fb.08, fu.09, tcwo, fb.08a, tcvf, fu.04, fb.12

5 Broussonetio papyrifera boc.05, tcvfl, bil2, boc.09, bi03, boc.08, boc.06, boc.03, fb'07

6 Callistemon citrinus bio07, tcwo, bi09, bi08, fb.07, tcw, evio, fb.02,tb.l2

7 Cedrela serrata boc.09, bi.05, laio, bi09, bi08a, arvi, fu.07, fu.04, boc.06, tcb

8 Celtis australis fb.05, boc.l l, fu$7, boc.06, boc.09, boc.07, tcw, bi09, bi04

9 Citharexylum spinoswtt bi09, boc.09, savio, fb.06, boc.l l, laio, arvif, bi 1 I , {b.12, ndvif

10 Dalbergia sissoo evio, tcwf, tcv, fb.02, boc.09, 1b.08, bi09, savio, boc.03

1l Eucctlyptus camalclulensis bi08, evio, tcvf, boc.02, fb.08, tcwo, bil2, fb.08a,fb.l2,bi06 
i

12 Ficus elustica fb.05, tcwo, fb.l l, boc.05, bil2, fb.l2

13 Jacliaranda mimosifulia bil l, bi02, bi04, ndvif, bi12, tcwf, lai, laif, boc.09, 1b.02

14 Pinus roxburghii bi08, lai, boc.09, savio, arvio, fb.08, evif, bi12, bi05, boc.06

5- l5 Pongarnia pinnata boc.02, fb.07, boc.09, tcvf, bi02
q rc Populus ciliate boc.08, fb.09, fu.08a, fu04, bocO8a, ndvio, ndvif, bi06, fb.l2

f, 3 n Sapiwn sebiferunt tcvo, savi, evio, fb.09, tcwo, ndvio, laif,, bocO8a, boc09

18 Terminalia arjuna ,fb.08, fu.09, bi08a, fb.02
(

T
\.-
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Predicted distribution of tree species

Acacict sp (Phulai / Ifikar / Babul)

Acaciu moclestct and Acucict niloticct arc orle of the tnost cottttttonly occutring species in

this study arca. Acucia moclestu is a medium size decidous tree locally called "phulai". Its

llowering time is in April to May. Acacia nilotica locally callecl "kikar" or "babul;'and June to

July is the flowerjng tirne. It is observed that mostly Acucia sp is tbund along the drainage sides

and in the green belts. Spatial distribution of Acctcia sp in the study area is given in the figure 4.

4, and dark values indicate higher probability of occumence.

l'rediction distribution of Acaciu rvith suitability classcs (scctor-lvise)

Sector wise area of Acaciasp inclicates that, It covers 275 bactarcs (1 1 percent of total trec

class) with highest suitability class. Some promincnt sectors r,vhich have a significant land cJver

are H-8, H-10, F-6, F-9 ancl G-6. Sector FI-8 have 27.46hectarcs cover with a highest suitabiiity

l'auge, which makes sector H-8, the most suitable sector with rnaxinturn Acuciu sZ, cover. Also

with moderately suitable class, lt is predioted to be found on 686 hectare (28.5 percent of the tree

class ) area. Sector Il-8 is the biggest sector with 67.26 hectare cover. Further, details of each

i' scotor is given in table 4. 2.

Jacklurifc of rcgularized traiuing gain for Acucia sp

The results o1'the jaokknilb test of variable importance show that the variable bi06 (band 6

of May irrragery) contributes 2'6.2 percent with 0.23 regularized training gain, lvhich rnakes it the

most important variable. The other significant variables include, evif (Atmospherically resistant

vegetation index_February), savif (Soil-adjusted vegetation index_February) and bi07 (band 7 of

Moy ). Whilc, tcwo (Tasseled cap wetness_October) and bi09 (band 9 of May) is among the less

significant variables (Figure 4. 5). 
.

4.3

4.3.1]t'

f'
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Figure 4.4: Predicted probability of presence from MAXENT model for Acacia sp.

Table 4. 2: Suitability of Acacia sp in the study area (hectare)

SuitabiliW OSector) E.T} E-r:2 E-U E-10 E-9 E-8 E-7

9.

4.
r:].

Unsuitoble 2.62 5.2: 1.6: 2.Lt lro.osll u.m
t-ess suitoble 4.X 8.41 s.3613 24.08,lBr''. 4e lBl. 83

Voderotely suitoble 0.21 7.N L.2: 14.61 10.s 9.1

rlbhlv suitoble 0.01 0.]j 0.3: 1.6: 2.9i 2.G

iuitabilitv J Sector) F-Xt F-t2 F-11 F-,I} F-9 F-8 F-7 I F-5 l}.Chowk

Unsuitoble 6.9 1:l.9; 6.91 11.G 10.928 10.9 11. 18.

r-ess suitable 7.T. I 13.1: a: 3 r lac

17Voderotelv suitoble 0.1( 0.& 9.44 '.7.7( 26.1

Lliohlv suitoble 0.& 0. 2.L( 4.il 1i.52 10.61 t4.

tuitabiliw & Sedor+ G-13 G-12 G-11 G-r0 G-9 G-8 G-7 I G-6

4.7411 s.s

Suiubility stotistic

Unsuitable L.U 7.q 3.31 4.y 3.7( 7.U
tcss suitoble 2.t: 7.41 r7.76lt,h6l3l7slBl.t
Vloderotelv suitoble 0.21 1.01 r.zlefr.%leil.ulB-.7t
liohlv suitoble 0.1( 2.91 16.99 12.& 14.2:

iuitabiliw O Sector, H-Il r+lil t+11 l+10 H-9 H-8
tJnsuitoble 7.21 2.45 2.4 2.4 3.01 3.8r

Min: 0

Max: 90.3

tcss suitable 1.1l 4.U r0.881tPo.42 .01

Voderatelv suitable 0.tr 2.7 fl u.sslE5.& LA

'.7.41\iohly suitoble 0.51 1.1: 1^73 t0.1! 15.5t

tui$ilitY O Sector) r-It t-t2 l-11 l-10 r-9 r-8 Totol Total Min Max

'Jnsuitoble 0.2 0.7 3.1S 6.6i 3.22 6.5t Unsuitable 212.1 O.2 L8.71

Less suitoble 7229 0.05 90.:

Moderotely suitoble 686.1 0.15 67.2(

Hiohly suitoble 275.9 O 27.41

'-ess suitoble 0.G 4.5t llu.oslBD.u W,r 58.:

Voderotely suitoble 0.11 7.O1 1.9 \.4 24.24 tCtu

\iahfu suitable 0.11 0.1, 0.31 11.4! L6.T 7.2:
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Figure 4.52 Jackknife of regulaized training gain for Acacia sp.

Response cunves of important variables for Acacia sp.
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The values on y-axis shows the predicted probability of suitable conditionS e.9., (a) Variable bi06

(band 6 of May image) is showing the negative correlation as the variable range is increasing the

probability of presence is decreasing. (b) The variable evif, response curve shows negative

correlation. (c) According to Jackknife of regularized training gain the variable savi is contributing
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sigpilicantly but it is not shor,ving any trend. (d) The variable bi07 graph shows negative

oorrelation.

4.3.2 Albizi0 lebbeclc(Siris)

Albizict lebbeclc is mostly fast-growing subtropical and tropical deciduous trce. It is often

sirnply called "black siris". Dar* values in the rnap (Figure 4. 6) indicates the highly suitable areas

of the Albizia lebbeclc r,vhich is about 243.6 ( 10. I percent of the tree class). lt is comrnonly spread

i1 tfue urban greeu spaces and grccn belts in the study area. By area it is otle of the tnost abundaut

tree species of urtratt Islarnabad.

Prcdictiorr clistribution of Albiziu lebbeclc lvith suitability classcs (sector-rvise)

i
Sector F-6 shows 33.63 hectares, the highest area with highly suitable class. While,Albizict

lebbeclc is predicted to be found on 360 hectare (15 percent of the tree class), the tnaximum area

with a rlodcrate suitability range is 34.8 hectare lies in sector F-6. Morcover, sectors G-6, G-7,

F-7 alcl I-8 have significant covel'. Distribution in other sectors with suitability rangc is also given

in table 4. 3.

Jackkrrifc of regularizcd training gain for Albizitt lebbecle

The results of Jackknife test show that variable ndvi (tronualizcd diffbrence vegetation

index_May) contribute 29.7 percent to the MAXENT model aud shows highest gain in.the

Jackknitb test, SAVI (Soil-adjusted vegetation index_May) just contribute 4.4 percent but show

significant gain, EVI (Enhanced vegetation index_May) and bi04 (band 4 of May) both variables

slrow significant gain (Figure 4.7).

t
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Figure 4. 6: Predicted probabilig of presence from MMENT model for Albizia lebbeck

Table 4. 3: Suitability of Albizia lebbeck in the study area (hectare)

tuitabaliw OSe6?, E.T} E-t2 E11 E-'I, E-9 E-8 E-7

8.

Unsuitoble 5.18 10.19 4.* 5.8: r115.911I112.38

Less suitoble 1.03 3.44 3.41 ct 76

Voderotelv suitoble 0.05 1.15 0.49 7.71 7.3: nL2.62

liohtv suitoble c 0.29 0.21 2.24 4.* 7.28

Suitabllity USector) Ft3 F-tz F11 FlI' F9 F8 F-7 F-6

tJnsuitoble 7.n 15.95 t9.3' 13.1el-8E1.35
EF1reFlE4:

2s.13lE1.71lfj 18.

ss.sgl-Ah[il za.

,rsrlEh-8/Il ,
lcsslEE^sslil-g.

r-ess suitoble 6.26 9.t El8.u
Voderotelv suitoble 0.37 2.71 9.2t 74.91 H 11.751Ih6.3!
Lliohfu suitoble 0.04 O,T 4.3i 8.9( 6.21 7L.91

tdffility O Secbr) G.13 G-12 G-11 G-1(, G9 G-8 G-7 I G-6 I

E 14.311[ra.841

ffirere
Suifrbility statistic

tJnsuitoble 2.ffi Lt., r.9.07 !.2318.631E8.4'
ffil_i,AEt-ess suitoble o.72 4.2', occ

Voderotelv suitoble 0.01 0.6( 4.X [Lo.al 15.21 I116.&

\iohlv suitoble c 0.4 2.s9 12.*, 10.11 9.61

Sdtabilitv J S€ctort $t3 w1:2 ]t-11 t+lt, r+9 t+8

Unsuitoble 2.21 4.9i 3.3€ I rg.zlEs.ot 4.97
Min: 0

Man: 80.23

Less suitoble 1.26 4.71 16.74 ct

Voderotelv suitoble 0.07 0.9 11.G 10.22 14.4i 23.0(

\iohtu suitoble 0.tr 0.4! 6.t 3.3t 3.44 13.3S

tuttabilitv O Sedor, r-8 l-t;z F11 h10 t-9 t-8 Totul Total Min Max
tJnsuitoble 0.32 2.1 4.94 Eze.zlEs.mlfla.a Unsuitoble 707.8 0.32 80.2:

Less suitoble 1091 0.15 n3l.
Moderotely suitoble 360.6 0 34.8;

Hiohlv suitoble 243.6 0 33.6:

t-ess suitoble 0.16 3.tr 8.62 5.s: Els.r Ei.z:
Voderotelv suitable c 0.61 2.U 10.34 11.1l L5.V

\iohlv suitoble 0.03 0.1: 1.51 5.1: 5.83 13.&
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Figure 4. 7: Jackknife of regularized training gain lor Albizia lebbeck

Response cunves of important variableslor Albizia lebbeck
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ji
The above respoltse curves show that how some variable response to Albiziu lcbbecli (a) the

variable with highest gain is evi (Enhancecl vegetation index 
-May), 

which show a positive

con'elation. It shows rnaximum prediction of presence at0.47 threshold. (b) Thc variable bi:04

(band 4 of May) contributes 4.5 percent but sltows high gain in Jackknife test, lt ltas uegative

corelation. (c) The variable ndvi (Normalized ditference vegetation indcx_May) corttributes

higlrest (29.7 percent) but shows no correlation. (d) The variablc savi (Soil-adjusted vcgetation

index_May) shows positive corelation lvith 4.4 percent contributiou and have highest probability

of presence at0.37 threshold.

4.3.3 Alstonia scholaris(Shaitan)

It cornmonly called blackboard tree, devil tree, saitan, shatin and white cheesewood. It is

an ever grecn tropical tree, native to the Subcontineut and Australasia. ln Islarnabad Alstonia

scholcu.is is fbund cornuronly in the urbau rcsidential areas (Figure 4. 8). Its teudeucy can be seen

in the residehtial aroas, where people have introduced it. Also, it is found along the uraitt roadsides

because It is used as an olrlaurental plant. Specificity and sensitivity results of ROC show 98

percent (AUC: 0.98) accuracy.

Preclictcd distributio n of Alstortiu sclrclaris with suitability clnsses (scctor-rvise)

Ul

The highly suitable covel' of Alstortict sclnlcu'is is approximately 22.9 hectare (<l percent

of the tree class) and with moderately suitable class it is predicted on 43.16 he<;tare (1.8 pcrcent of

thc trec class). With highly suitable class sector I-9 is the most signiticatrt area r,vith 3.08 hectare

othcr irnportant scotors with significant covcr are l-10 (1.93 hcctare) and F-6 (1.68 hectare).

Further, cletails of overall study area with ditl'erent suitability classes are given in tltc table 4.4.

Jacklinifc of rcgularizcd training gain for Alstitrtis scholaris

Figurc 4. 9, shows the results of Jackknife test, the variablc laif (Leaf area indcx_February),

arvif (Atrnospherically rcsistant vegetation index_February), fu.05 (band 5 of February irnage) and

arvi (Atmospherioally rcsistant vcgetation index_May) are signit'icant variables and contribute

highly. Thc variablc arvif (Atrnospherically resistant vegetation index_February) colttributes 36.5

pcrccnt. According to rcsult of Jaokknife regularized training gain (Figure 4.9) boc.02 (band 2 of

October irnage), boc.04 (band 4 of Octobcr iurage), boc.05 (band 5 of October image) and boc. l2

(band 12 of October image) are not notewortlty variables.
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Figure 4. 8: Predicted probability of presence from MMENT model for Alstonia scho/ans

Tabte 4. 4: Suitability of Alstonia scho/ans in the study area (hectare)

tuitabititv O Sector, E.TT E-r:2 E-11 E-IIt E-9 E-8 E-7

0.

Unsuitable 5.51 L3.4( 5.s5 11.35 3.3i tAe

Less suitoble 1.61 1.51 1.81 1.tt 4.4t 3.S

Moderotelv suitable 0.Cll 0.1 0.1€ 0.0€ 0.32 0.41

Hiohlv suitoble 0.07 0.1! 0.2(

tuitabllitv O Sector, FTT E-t2 F-11 F1(, F9 F-8 F-7 re
Unsuitoble 13.8r: 26.11 432 j.u 103. 51.

Less suitoble 0.4t 2.tr 9.45 13.84 4.81 74.71 14. \7.

Moderotelv suitoble 0.07 0.1 7 t.5t 0.25 7.72 2.7 1.

Hiohlv suitoble 0.01 0.01 0.57 0.9( 0.& t.u 0. 0.

tuitabiliw J Sedort G-13 G-7:2 G-11 G-1(, 6-9 G{

-

ru

-
-

Suitobility stdtistic

Unsuitoble 3.1s 14.& ll29.1E tt E.s,m'-ess suitoble 0.24 1.49 73.n 19.9S 18.09

Voderatelv suitoble c 0.17 L6it 2.U 1.5: 7.82

Lliohlv suitoble c 0.08 0.n 0.81 0.I

hitabiliry 0 Sector, 1+1:} t+t:2 lF11 H-10 ]t-9 l+8

'Jnsuitoble 2.9 8.86 133.2s ).1t or

Min: 0

Max: 76t.7

t-ess suitoble o.o r.23 3.3; 8.1t t7.4i 19.t

Voderotelv suitoble 0.06 o.2t 0.2s 0.6! 1.1! 2.O1

Lliohlv suitoble 0.04 0.15 0.4s 0.4 0.6; 0.9:

tdtability O Secor) Fal t-x2 t-11 t-ro !-9 t-8 Totol Total Min Max

Unsuitoble 0.2e 4.57 15.5: W.oi Ehr.aslEs.o: 'Jnsuitoble 1988 0.26 161.6!

t-ess suitoble Y9.2 0.19 29.7i

Voderately suitoble 43.16 0 4.9:
Lliohlv suitoble 22.9 0 3.0I

Less suitoble 0.19 1.61 2.21 25.47 lzg.t: alz7.3t

Voderotelv suitoble 0.06 o.2t 0.1i 4.4 4.9: 4.t
\iohfu suitoble 0.11 0.0t 1.93 3.0t 2.4!
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Figure 4. 9: Jackknife of regularized training gain for Alstonia schorans

Response curres of important variables for Alstonia scholaris
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(Atrnospherically resistant vegctation index_February) shows no correlation. (c) ln variable Fb.05

r @and 5 of February irnage) curve,shows poSitive corrclation aud shor,vs highest probability of
a'- prcserlce at 0.25 threshold. (cl) The variable arvi (Atrnosplterically resistaut vegetation

inclex May) shows negative comelation.

4.3.4 Ilischo.fiaiavonicu (Ilishoprvood Trce)

It is deciduous tree (20 to 25 rneter hcight) with cylindrical trunk and liglrt-brown to

grayish, shallowly and narrowly fissured bark. The genus Bisclrc.fia was nattted attcr the natne of

C.W. Bischofl, a botanist and entornologist in Royal Acaderny Amsterdaur (AJAIB & ZAHEER-

UD-DlN, 2012). In the prescnt study; Receiver operating characteristic (ROC) sliows 95 percent

accuracy for Bischofiuictvctttica (Figure 4. l0).

lrrcdiction clistri[ution of IlisclrcJia javunicu lvith suitability classcs (sector-rvisc)

Total area of Bisctr{ia jat,uticct with highest suitability is 41.33 hectare (1.7 perccnt of

- trecs class). Maximum area r,vith samc suitability class is predicted to be fbund in sectors F-6 (5.98

hectare) and E-8 (5.8 hectarc). Seotors I-12,1-ll, G-72,G-13, E-11, E-12 ancl E-13 do uot shorv

EJ signiticant covct' of tlisclruJitt javcuticct. 53.4ltectare (2.2percett of the tree class) is prcdicted

with rnoderately suitable class. While, 366.5 heotare (15.2 pcrcent of the tree class) is predicted

witlr less suitable class (Table 4.5).

Jaclrlrrrifc of rcguhrized training gain for Bisclroliaiavanicu

The Jackknife result show that the variable fb.08 (band 8 for February iruage) as the-rnost

irnportant variable with highest gain (0.77) and second most iurportant variable is tcr.vo (Tasseled

cap wetness_Octobcr) with 0.5 thrcshold. Other significance variables include tcvf (Tasseled

cap vegetation _February) and 1'b.04 (band 4 of February image) (Figure 4. l1).
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Figure 4. l0: Predicted probability of presence from MAXENT model tor Bischofia javanica

Table 4. 5: Suitabili$ of Bischofia javanica in the study area (hectare)

tuitabilitv OSe6r) E.TI E-r:z E-11 E-'I' E-9 E-8 E-7

58.

12.

1.

t,

'Jnsuitoble 7.U 13.8 7.2( ,^ ol 13.9; 37.58

'-ess suitoble 0.2 L.t1 1.0E 7.tt 70.61 16.38

Voderotelv suitoble 0.02 0.tr 0.11 o.4t 2.G 4.28

Lliohtv suitoble c 0.02 0.13 0.0t 1.6( 5.8

iuitaHlity OSeer, F-fit t-,.2; F11 F,I, F9 F8 F-7 I f-6 IIr"Ounk
'Jnsuitoble 13.49 8,3 9.4 )1 48.

v.'-ess suitoble 0.78 2.58 9.71 ltg.z I ro.sr 20.&

Moderotelv suitoble 0.1 0.23 t.5i 2-& 7.tt 3.47 4. 7 1.

Lliahfu suitoble 0.02 0.16 7.2t 7.t t.2i 2.65 3. 5. t.

tuitability O Sedori G-13 G-1:2 G-U 6-lt, G-9 G-8 G-7 I G-6 I

E. s7.38!E.s7lro
2A-31 4.re
ttqll q.Bl

Suitobility stutistic

Unsuitoble 3.18 75.2 15.75 sltt 71

Less suitoble 0.77 \.U 6.62 il21.C I 15.sr 15.83

Moderotelv suitoble 0.02 0.1; 0.85 2.t 1.( 1.55

Hiohtu suitoble 0.02 0.1( 1.08 f.i 0.s 0.89

tuftaHlitv O Sector, lF13 l+1;2 lt-11 I+'II t+9 l+8

Unsuitoble 3.0: 9.1: Eao.aa Glt.z GI'J

Min: 0

Max: 747

Less suitoble o.si 1.& 5.98 7.U to.7 lrs.a
Moderatelv suitoble 0.0i 0.1; 0. 0.1€ 0.6: 7.2t

Hiohlv suitoble 0.tr 0.0t 0.28 0.G 0.1t o.y
tuitability O SGctor, t-1:l ,-t2 t-11 t-10 t-9 t-8 lotal Tota! Min Max

Unsuitoble o.4n 5.7 lu.se Eit.7c H.7( Gtt. Unsuitoble 1942 0.42 74,

Less suitoble 365.5 0.07 Y;,
Moderately suitoble 53.42 0.02 7.41

Hiahlv suitoble 4L.33 0 5.9{

Less suitoble 0.0; 0.5s 2.28 10.13 11.51 74.2(

Moderotelv suitoble 0.0, 0.1 0.1 7.31 7.45 1.4
lliohlv suitoble 0.0i 0.08 0.92 1.2! o.7t
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Figure tl. 11: Jackknife of regularized training gain for Bischofia iavanica

Response curres of important variables for Bisc&otia jwanica
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The curves show that how some variable response to Bischofia javanica (a) The variable with

highest gain contribution is fb.08 (band 8 of February) it contributes 45.2 percent but show no

correlation. (b) The variable tcwo (Tasseled cap wetness_October)) shows positive correlation

with maximum probability if presence on 0.05 threshold. (c) The variable tcvf (Tasseled cap
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vcgctatiou_February) contribute 1.2 percent but shows significant gain with iuverse relationship.

(d) Variable Ib.04 (band 4 of February imagery) also shows negative correlation.

4.3.5 Broussoneliu pupyriferc (Papcr nrulberry)

lJroussottetia pupyriferz usually known with <liffereut natnes like Paper rnulbery is native

to East Asia. It was presented (seed dispersal intensive arial rnode) to Pakistan in 1960's for

grecning Islamabad and controlling soil erosion. As per estitnation 60-70 perceut of the trees in

lslanrabad are of Paper rnulberuy (Rashid, M.,2014). It is one of the rnost comuron occut'riug tree

type in the study area (Figure 4.12). \

Prcdictiorr distribution of Brzrs:sonetia papyriferu with suitability classes (scctor-lvisc)

With highest suitability prediction Broussortetia papyrifera is spread on 195.5 hectare (8.1

percent of the trees class). lt is found in different sectors with highest area 28.4ltectare in H-8.

According to moderate suitable class it is predicted on259.8 hectares (10.8 percent of the tree

class) with rnaximum 30.9 hectare in I{-8, with less suitable class 868 heotare (36 percent of the

tree class) area is predicted in the study area (Table 4. 6).

Jackkrrife of Regularizcd training gain for Broussonetiu papyrifera

The variables tcwo (Tasseled cap wetness_October) and.boc.5 (band 5 of October image)

are most itnportant variables in jackknife test. The other variables with significance gain includes,

laio (Leaf area index_October), bocl2 (band 12 of October irnage), tcw (Tasseled cap

wctncss_May),bil2 (band 12 of May image), fb.02 (band 2 of February image) and fu.07 (band 7

of February image). Further details are given in figure 4.13.

.Lur
l'
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Figure 4.12: Predicted probability of presence from MMENT for Broussonetia papyifera

Table 4. 6: Suitability of Broussonetia papyrifera in the study area (hectare)

tuitaHlity J Sector) E-TI E-1:2 E-11 E-10 E-9 E-8 E-7

50.

t7.

3.

1.

Unsuitoble 5.5: I 13.3, 5.95 il20.r2 Wg.nlEbs.tr
Less suitoble 0.53 1.6i 2.28 t8.78 t5.T 11

Moderotelv suitoble 0.11 0.27 2.% 2.27 5.U
tliohlv suitoble 0.01 0.09 o.u 0.69 2.41

SuitaHliw &Setur) F13 F-t2 F11 F-1(, F9 F-8 F-7 I F-6 ll>ftourk
Unsuitoble 13.03 23.') )E (X 1r {s.3€

Is"679.27

52.

Less suitoble t.u 4.25 122.94 B.1/

Voderatelv suitoble o.o, 0.29 5.3( 73.72 5.35 11.55 13. 13 4.

Hiohlv suitoble 0.03 s.09 8.1! t.4 5.52

tuitalfliw JSe6r, G-13 G-t2 G-U G-1(l G-9 G-8 G-7 I G-6

30.sslBl3.12
--- 8AE 1m1

?r4[ ?.6'

Suitobility sbtistic

Unsuitoble 2.81 ]jl.45 23.03 i7.35 e )') oo?

Less suitoble 0.4s 2.4 15.32 w.a e4s.27 tAi

Moderotelv suitoble 0.ry 0.39 4.31 ltt.si !M.q 16.1

Hiohfu suitoble 0.05 2.4 t4.y t0.v 17.81

Sui*ility O Sectort t+11 l+r;2 t+11 }F1I' lt-9 lF8
Unsuitoble 3.0t 8.22 9.54 El19.1s ilzt.szlBzg.q,

Min: 0

Max: 720.8

Less suitable 0.5: 7.97 17.95 Ee1 7.72 o'1

Moderotely suitable 0.01 o.2i 6.21 74.& 19.8( 30.y
Hiqhlv suitoble 0.@ 3.; 7.& 27.7311128.4

tuitability O Sedor, !-1:} t-x2 l-11 t-10 t-9 t-8 Total Total Min Max

Unsuitoble 0.51 4.7t 8.5: Efi* vbz:ql€fu.r Unsuitoble 7079 0.51 720.n

Less suitoble 858.5 0 69.91

Moderotely suitoble 259.8 0 30,9z

Hiohlv suitoble 195.5 O 28.43

Less suitoble 2.7t 5.5: 27.45 hg.zzlEit.st
Moderotelv suitoble ( 0.2 2.U 8.06 8.8E L7,4
Hiohlv suitoble C 0.0: 0.9: 5.91 8.69 74.21
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Figure 4. l3: Jackknife of regularized training gain for Brcussonetia papyrifera

Response curyes of important variables for BroussonAia papyr{era
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The variables resporlse curves to Broussonctia pupyrfera (a) shows that variable with higliest gain

boc.05 (band 5 of october) shows negative conelation. (b) The variable boc.09 (bancl 9 of October)

shows high gain in Jackknilt test, and have positive comelation r,vith maxirnurn probability of

preserlce at 0.00 threshold. (c) The variable boc.l2 shows negative corelation. (d) The valiable

arvi (Atmospherically resistant vegetation index_May) graph shows positive correlation, and have

highest probability of presence at -1.5 threshold.

4.3.6 Cullistennn citrinus (Bottle Brush)

Callistenton citrinus is cotnmonly known as bottlebrush, It is a small but spectacular

cvergreen tree or shrub. lt is easy to grow and cherishes wannth, moisture and sun. Cullistanton

citrinus is native to Australia (Plakash, 1969) and also, rapidly gror,ving in Islarnabad, especially

in urban residential areas. Maxiururn land cover (area) of bottle r,vith highest suitability class is

55.5 hectare (Figure 4.14).

Predictiou distribution of Cullistemon citrinus rvith suitability classcs (scctor-lvisc)

Tlre largest area of Cullistenton citrinus with highcst suitability class is locatcd in sector

I-9 (9.7 I hectare), also with urodcrate suitability class the sarne sector has significant cover ( I 8.26

lrectare). 94 hcctare Cullislcrttort cilrilrus cover lies in sector F-6. Further, detail of each sector is

given with different classes of suitability in table 4. 7.

Jaclrkrrifc of llcgularizcd trlilrilrg gain for Callistenrcn citrinus

The Jackknif'e result of Cullislennn citrinus (Figure 4. l5) shows, variable fi.07 (band 7 of
May image) with highcst gain (0.65) and bi.08 (band 8 of May image) as second rnost important

variable (0.62 threshold). The other variables with significance gain are bi.09 (band 9 of May

image), fu.02 (band 2 of February image), 1b.07 (band 7 of Ircbruary rnage) and tcwo (Tasseled

calr wetncss_Octobcr).

I

;

I
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Figure 4. 14: Predicted probability of presence from MMENT model for Callistemon citinus

Table 4. 7: Suitability of Callistemon citrinus in the study area (hectare)

iuitabiliw + Sector, E-13 E-X2 E-11 E-r0 E-9 E-8 E-7

8.
24.

7.

Unsuitoble 3.4i 7.O1 4.7t 28.n 27.U 13.1t

Less suitoble 3.6n 7.55 3.45 13.25 29.V Llze.e:
Voderotely suitoble 0.11 0.35 0.x 0.41 2.U 7.71

4iohlv suitable ( 0.1€ 0.03 0.0i o.24 o.34

tuitability 0 Sector, F.IT F-t2 F11 F-1II F9 F-8 F-7 I F6 lD'Ctrowlr
tJnsuitable 9.57 I 19.81 hnc E8,bz W.ta

@. 35.Less suitoble 4.72 8.U 14.95 !6.31 !2.55 is.s:
Moderotelv suitoble 0.0( 0.: 0.29 0.81 2.57 5.08 8. 5.

Hiqhlv suitoble 0.ry 0.0: 0.01 0.0! 0.27 1.2: 2. 3.

Suitabiliw & Sectori G-13 G-tz G-11 G-1Il G-9 G-8 G-7 I G-6

20.03lEl2s.1s

3rjIiiffi
losrl[ 1ss

-- 5.6?r ?n
Suitobility statistic

Unsuitoble 2.51 10.5' 19.9( 59.*

-ts2.!

t.41 W.t:ffiLess suitoble 0.82 5.65 22.& 6.81

Voderotelv suitoble 0.11 t.T 5.0i 6.61 8.74

liohlv suitoble 0.2 O.l 7.72 1.: 2.2t

tuitability O Sector, lF13 1+t2 t+11 t+10 lt-9 1+8

'Jnsuitoble 1.34 2.6 27.\t 3( 23.65
2: Min: 0

Vlax: 131.6

t-ess suitoble 1.3! 4.69 15.39 t7.39 .93

Vloderotefu suitoble 0., 2,G o.n 4.2'j 13.26 9.71
Lliohlv suitoble 0.1! 7.02 0.0( 0.83 3.1 3.41

iuitability O Sector) L1!l l-x2 F11 !-10 t-9 t-8 lotol Total Min Max
Unsuitoble 0.0( 2.2( 8.8( I ts.T2 7.U 1)C Unsuitoble 1113 0.06 131.51

Less suitoble 7071 0.26 %..U

Moderotely suitoble 763.7 0 18.2(

Hiohlv suitoble 55.54 O 9.7:

Less suitoble 0.2( 4.tr 8.1S Bs.oe Glt.g= ?'

Moderotelv suitoble o.7t 0.ti o.& 13.3S 78.2t 7.71

4iohfu suitoble 0.tr 0.04 0.1( s.9t 9.71
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Figure 4. 15: Jackknife of regularized training gain for Callistemon citinus

Response cunves of important variablesfor Callistemon citrinus
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Itesponsc curves of all significant variables including (a) variable bi07 (band 7 of May lmagery)

shows highest gain but negative comclation, (b) Variables bi08 (band 8 of May), (c) bi09(band 9

of May and (d) fu.07(band 7 of February hnagery) shor,v inverse relationship.

4.3.7 Cedrelu serratu

It is a rnedium size dcciduous tree fuund in the different areas of lslamabad. Figure 4.l6

is tlre rcpresentation of the MAXENT urodel for Ceclrela serrottt, high suitablo areas with better

prediction have dark colours in the rnap. Recciver operating characteristic (ROC) shows good

result with 99 pcrcent (AUC: 0.996) accuracy.

Prediction distributiotr of Cedrelu serrutu with suitability classcs (scctor-rvise)

Cetlrelu serratu is prcdictcd to bc found on I 9.1 5 hectare (0.8 percent o1'trce class). Sector

I-9 with high suitablc range is prcdicted to have 4.15 hectarc. Tlie other irnportant sector includes

G-6 (3.87 heotare), H-10 (3.47 hcctare) and I-10 (1.67 hecare). With moderate suitable class

Sector G-6 (4.21hectare) and I-9 (3.64 hectare) are prominent alcas of urban Islatuabad. Table. 4.

8 slrows Ceclrela serrato covcr with different suitability classes.

Jackknife of Ilegularized training gain for Cedrela serruta

The Jackknife rcsult shows that the variable boc.09 (band 9 of October irnage) anil bi09

(band 9 of May irnage) havc rnaximuru gain. Other signilicant variables with less gain include

tb.08a (band 8a of February image), fb.07 (band 7 of February) and tcvf (Tasseled cap

vegetation_February). The gain of these varibale is shown in the figure 4. 17.
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Figure 4. 16: Predicted probabili$ of presence from MAXENT model for Cedrela seffata

Table 4. 8: Suitability of Cedrela seffata in the study area (hectare)

I

:

i
I

tuitability O Secor+ E-13 E-t2 E-11 E-1Il E-9 E-8 E-7

0.

'Jnsuitoble 7.26 t5.ot 8.55 t, q,', 7.91 l2i

'-ess suitoble c c 0.04 o.41 0.63

Moderotely suitoble c 0.9 0.0€

lliahfu suitoble c o.o2

Suitability OSector) F-13 F-t2 F11 F.II' F-9 F8 F-7 r-6
Unsuitoble 74.39. 28.1t El1.os @a t7 57

Less suitoble 0.0e o.21 0.37 0.13 4.lt 6.s7ll L0.74ll 4.

Voderotelv suitoble 0.02 0.ft 0.02 o.2a 1.47 0.

liohlv suitoble C c 0.1! 0. 0.

tuftalrliw O Sector, G-13 G-r2 G-11 G-1Il G-9 G-8 G-7 I G-6

Gl.23lEl.o
10.8?w

1.8211 3.87

Suitobility stotistic

Unsuitoble 3.3! 16.56 A.7e ,1

Less suitoble 0.01 0.51 5.S 8.1 8.41

Moderotely suitoble c 0.03 0.59 1.0t 1.36

Hiohlv suitoble 0 c 0.68 0.5: 0.54

tuitablliw O Sector) it-tl H-t;2 t+11 t+r0 ]t-9 lt-8
Unsuitoble 3.62 9.9' []ss.s: @t.u Eb.t

Min: 0

Max: 166-7

Less suitoble C 0.41 t.2s 6.14 4.88 6.92

Voderatelv suitoble c 0.01 0.tt L.42 0.3i 0.91

\iohlv suitqble c 0.0( 0.0i 3.47 0.18 0.5

Xr'tabilitv + Sector) FTI l-t2 F11 t-1{, t-9 F8 Totul Total Min Max
tJnsuitoble 0.47 6.32 t7.41 lsc t 3.43 l.ss Unsuitoble 2227 0.47 Lffi.i

Less suitoble 140,.7 O 19.72

Moderotely suitoble 21.58 0 4.21

Hiohlv suitoble 19.15 0 4.1:

t-ess suitoble 0.u o.27 0.41. 13.1 tr 77.82 7.9i

Voderotelv suitoble c 0.02 0.04 2.21 3.9 0.5;

\iohb suitoble 0 c 0.08 1.61 4.1! 0.1!
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Figure 4. 17: Jackknife of regularized training gain for Cedrela seffata

Response cunyes of important variables for Cedrela setata
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(a) The variable with highcst gain is boc.09 (band 9 of October image), its response cllrve shows

ncgative comelation. (b) The variable bi09(Band 9 of May image) shorv inverse relatiotrship. (c)

Variable fb.08a (band 8a of February image) also sltow negative correlation. (d) The variable fb.07

(band 7 of Fcbruary image) shows no correlation.

4.3.8 Celtis ttnstralis (I{ottcyberry)

It is commonly known as the European nettle tree, Meditenanean hackberry, lote-tlee, or

honeyberry. It is i deciduous tree native to Southern Europe andNorth Afi'ica (Derttrr et u|.,2002).

Figure 4.18 shows that the Celtis auslralis is mostly growll in streets and aloug the roads sides of

Islamabad city.

Prediction distributiotrof Celtis austrulis with suitability classcs (sector-wise)

,'

In the study area, 1 10.1 liectare (4.6 percent area of total tree class) is prcdicted with highly

suitable class coveted with Ccltis australis. It rnakes Celtis cttrstrulis as one of the important tree

species in Islamabad. Sector-wise F-6 (11.75 hectare) and G-6 (11.5 hectarc) have significant area

6-j with highly suitable class. With rnoclerately suitable class, It is predicted to be fbund on 398.2

hectare (16.6 percent of the tree class) and 1401 hectare (58.3 percent of the tree class) with less

suitable class. More details are given in table 4. 9.

Jackhnifc of Rcgularized training gnilr for Celtis australis

According to jackknife test of variable irnportance boc.07 (band 7 of October irnage)

highest gain. Other irnportaut variable with significant training gain are boc.06 (band 6 of

Ootobcr irnage) and boc.09 (band 9 of October image). The variable r,vith less gain includes

boc.1 I (band 1 1 of October image), fb.05 (band 5 of February image), tcwf (Tasseled cap

wctness-February) ancl fu.06 (band 6 of February image). Further details are given in figure 4.

19.

t9
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Figure 4. 18: Predicted probability of presence from MAXENT modelfor Celfis australis

Table 4. 9: Suitability of Celtis australis in the study area (hectare)

tuttability O Sectort E-13 E-t2 E-11 E-lo E-9 E-8 E-7

23.4

37.9

9.5

3.1

'Jnsuitoble L,N 2.fi 0.64 2.* 3.1t 3.67

'-ess suitoble 5.2t 11.82 6.2 3s.os 6.5: 27.94

Voderotelv suitoble 0.27 0.5! 1.32 3.5 t5.4i 23.72

Lliohlv suitoble 0.ti 0.4? 0.3t 3.2! 8.71

tdtabilitv O Sector, Flit F-t2 F-11 F10 F9 F8 F-l I F6 lDChowk

Unsuitoble 4.Ot 3.81 5.07 19.31
at

18.8 13.351E1 Ls.4

Less suitoble 9.81 2t.2t t.71 ot u.24lE,.ilE]) 32.3

n.ql€lt.ozl[ 10.Moderotelv suitable 0.42 2.72 8.49 78.2e tL.28 16.9!

Hiohfu suitoble 0.03 0.4( 3.07 5.28 2.5 4.45 s.L4lll77.7s 4.7

tuitabilitv O Sedor, 6-13 G.TI G-11 G-'I} G-9 G-8 G-7 | G-6

8.osll 73t
3tdEirr----siE5iF

--- 6/rlE- 1ls
Suitobility stotistic

Unsuitoble 7.24 3.0s 1,.44 18.32 t7.9t 1Qt

Less suitable 2.Ot Ll.22 18.11 tlzs 'r9 9',

Moderotelv suitoble 0.09 LN L2.53 23.78 14.42 tt.9i
Hiohtu suitable 0.si 3.22 s.69 3.58 3.35

tuitaHlitY & Sector, H-At H-r;2 ]F11 I+to 1+9 lF8

Unsuitoble 0.14 1.8S L.7 22.91 L9.2

Min: 0

Max: L70.7

t-ess suitoble 2.62 5.43 ,? A', E1 G,hE 8'JU.

Voderotely suitoble o.i 1.01 9.8: 5.8t 9.88 10.9:

tliohlv suitoble 0.15 L.L2 2.47 1.1 1.7 2.6i

tuitabllltv O Se(tort r-Ll t-t:2 t-11 t-10 t-9 t-8 Totql Tota! Min Max

Unsuitoble 0.22 4.47 7.25 7.55 10.81 tJnsuitoble 493,5 O 93.41

'-ess suitoble t4O7 0.29 7t0.7t

Voderotely suitoble 398.2 0.09 37.01
Llishlv suitoble 110.1 0 11.7:

Less suitoble 0.29 4.4) 9.I W.ts 9A g52..!',

Voderotely suitoble o.t7 7.02 3.0; 13.t Elrz.as 25.91

tliohlv suitoble 0.05 0.89 0.7) 2.i 4.78 4.81
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Figure 4. 19: Jackknife of regularized training for Celfis australis

Response curres of important variablesfor Celtis australis
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Tlre response curves of irnporlant variables for Celtis attstralis shor,v that (a) Variable boc.07

(band 7 of October mage) shows negative correlation. (b) Variable boc.06 (band 6 o1'October

imagery) does not show any relation. (c) Variable boc.09 (band 9 of October irnage) also shows

negative corelation. (d) Variable fu.05 (band 5 of February irnage) shows positive coruelation

and highest probability of presence at 0.15 threshold.

4.3.9 Citharexylturr spirtosurr (ltiddlewood)

An attractive little tree that offers fascinating foliage throughout ths entire year (Starr c/

a|.,2003). Its large oval and shiny leaves are greell during winter, changing to shades of ycllow,

orange and gold for the months frorn spring to auturnn. lt is cornmon but fbund in vcry srnall

patches in greenbelts and roads sides. The Receivcr operating characteristic (ROC) shows 99

percent accuracy (AUC:O.99). The spatial prcdiction of occumcnce is shown in figure 4.20.

Prcdictiort distribution of Citlrur'exylum spirtosum lvith suitability classes (scctor-lvise)

It is predictcd to be prescnted ,,vith highly suitable class ou 22.5 hectare (<l per<;ent of the

tree class) major sectors with significant oover are, I-9 (3.46 hectare), G-6 (3.04 hcctarc), G-7

(2.72hectare), F-7 (2.71 hectare) and F-6 (1.67 hectare). With moderately suitable class 27.6

hcotarc (l.1percent of whole tree class) and lTS hectare (7.4 percent of tree class) area with less

suitable class is predicted for Cithurexylmn spirtosum. Detall of each sector is tabulated in table

4.10.

Jackknife of Itegularizcd training gain for Citharexylum spirtosutrt

Figure 4.21, shows that the variable bi09 (band 9 of May image) shows highest gain in

jackknife test. Morcover, the variables boc.09 (band 9 of October irnage) and boc. i I (band I 1 of

October irnage) show significance gain. Thc othcr impoftant variables with lcss gain include,

savio (Soil-acljusted vegetation index_October), boc.04 (band 4 of October image), and bi07 (band

7 of May irnage).

54



.l

I

I

I

I

Lgmd

# uuaano cca o . o:)

d L6srrDb@(p:02{I}
il momcurormo:o.ro.o,
a H9rysr.ol.e!(p,06]
r ! pmo* soacr

+Dma9a

Figure 4. 20: Predicted probability of presence from MAXENT model for Citharexylum spinosum

Table 4. 10: Suitability of Citharexylum spinosum in the study area (hectare)

tuitabilitv O Secor) E-13 E-t2 E-11 E-10 E-9 E-8 E-7

1
0.

Unsuitoble 7,N 14.93 8.34 t2.21 < (2lGt2 /v
t-ess suitoble 0.0r o.14 0.24 0.2t 2.5 8.99

Moderotelv suitoble c 0.01 0.01 0.1: 1.36

Hiohtu suitoble c 0.1 0.63

$dtaHliw O Secor) F-t3 F-t:z F-11 F'I' F9 F8 F-7 I F-6 lll(lrowk
Unsuitoble 14.y El27.sj 4.73 tI2 b.t
Less suitoble 0.G 0.21 0.v 1.4€ 3.15 5.5: 77

Moderotely suitoble 0.ct: 0.0: 0.tr 0.s 0.6! 2. 7.

Hiohlv suitoble 0.9 0.0i 0.0s 0.29 0.7e 2.6! 1.671 0.

tuitdt'litY J Sectort G-13 G-t2 G11 G.llt G9 G-8 G7 | G-6

s7.s1lEl.s6
:.j,l;W
,d]l 403

-- ,n@
Suitobiliry stotistic

Unsuitoble 3.39 16.u [1.5i 9 t0.1

Less suitoble c 0.13 3.3( 2.7( 3.8t 6.7C

Vloderotelv suitoble c 0.06 o.2E 0.i o.2t 0.88

ttiahlv suitoble c 0.04 0.14 0.1t 0.1s 7.\1

tuit bility OSectort l+tl 1Lt2 t+11 r+rI} t+9 t+8

'Jnsuitoble 3.2i 8.75 f5.n .9! .1

4.2t Vlin: 0

Vlax: t62.9

t-ess suitoble 0.3: 0.& L.2i 0.5 4.27

Voderotely suitoble 0.0: 0.21 0.2 0.65 0.41

Lliohfu suitoble 0.0: 0.9 0.1€ o.2t 0.2t

tuitabiliw O Sector) FTI t-tl F11 t-l(t t-9 r-8 lotal Total Min Max

'Jnsuitoble 0.41 5.5: 74.141w.2C 7.35 c.l Unsuitoble 2775 0.47 162.9:

Less suitoble 178 O 24.2i

Moderotely suitoble 27.63 0 4.0:

Hiohlv suitoble 22.Y 0 3.rtl

Less suitoble 0.03 0.8, 3.32 13.81 15.3( 14.5:

Moderotely suitoble 0.01 0.1s 0.33 2.07 2.81 2.3',

Hiohlv suitoble 0.01 0.2( 1.(N 3.4t 1.3:
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Figure 4. 21: Jackknife of regularized training gain for Citharexylum spinosum

Response cunyes of important variablesfor Citharerylum spinosum
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Craph (a) shows that variablc bi.09 (band 9 of May image) sholvs negetive correlation and it liave

maxirnurn prediotion of presence at 0.04 threshold. (b) Variables boc.09 (band 9 of Octobcr

image)showsnegativeconelation. (c)Variableboc.ll (band ll of Octoberirnage)alsoshows

ncgative corrolation. (d) Sirnilarly variable boc04 (band 4 of October imagc) shows uegative

comelation.

4.3.10 Dulbergiu sissoo (Shcesham)

Dalbergiu srssoo comnronly known as Sheesham or Shisham is one of the urost cotnnton

occuning species in the studyarca. In figure 4.22, MAXENT rnodel prediction for Dulbergia

sissoo shows lts prodiction of occul'rence, lt is abundantly Ibund in greeu belts an<l along the

drainage pattem of the city (Ali & Malik,20l0). The Rccciver operating charaoteristic (ROC)

shows 93 percent accuracy (AUC:0.931).

Prerlicted distributiotr of Dalbergia sissoo with suitability classes (scctor-wise)

Table 4. 11 shows distribution of Dalbergict sissoo in Islamabad with ditforent suitability

classes. It is predicted with highly suitable class to be found on 106.2 hectare (4.4 perccnt of tree

class) and 208.3 liectare (8.6 pcrcent of tree class) with moderately suitable class. Sectors having

significant cover with highly suitable class includes G-10 (ll.67 hectare), F-10 (9.97 hectare), l-8

(7 .14 hectare) and 17-9 (6.76 hcctare).

Jackkrrife of Regularizcd training gain for Dalbergia sissoo

The results of Jackknife regularized training gain for Dulbergiu sisst-to shows that variable

fb.08a (band 8a of February image) has highest gain (Figure 4.23). The other iurportaut variables

with significant gain include, tcwf (Tasseled cap wetness_Fcbruary), fb.08 (band 8 of Octobcr

image), savio (Soil-adjusted vegetation index_October) and evio (Enhanced vegetation index

_October).
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Figure 4.22l. Predicted probability of presence from MAXENT model for Dalbergia s,ssoo

Table 4. 11: suitability of Dalbergia s,bsoo in the study area (hectare)

I

I

IIfuitability O Secor+ E-r:l E-t2 E-1l E.'I' E-9 E-8 E-7

55.

4.0

2.9

1.1

Unsuitoble 4.5 9.8€ 4.21 12.67 )zatt 27.61
t-ess suitable 2.13 4.5 3.27 24.* il2s.4s 24.77
Voderotelv suitoble 0.35 0.v o.73 4.11 4.82 7.53
Hishlv suitoble 0.28 0.11 0.38 o.74 L,U 4.73

tuitabiliH OSector, FfiI F-t2 F11 F-10 F-9 F8 F-7 I r-s lD.chowl
tJnsuitoble L2.21 27.73 i|19.74 38.' lt.gt 74.711E-,d1G) 43.

38/4lEmslEi- 1LLess suitoble 1.9t 5.42 he.az .8i 3.y Hs.s:
Moderotely suitoble o.7i 0.& 8.9i 79.y 6.61 9.94 6. 3.
Highly suitable 0.08 0.2€ 3.8( 9.97 3.1 4.21 2 7.
tuitabllity + Secbr, G-13 G-t2 6-11 G-10 G-9 G-8 G-7 | G-6

40.8lEh---ffiW.?6
ssslE.s6
31fi18

Suitabililv stotistic

tJnsuitoble 2.U 11.83 15.7C Ht.o: o( .81

'-ess suitoble 0.5i 3.5i 77.43 i.7e Zlg.a 2.)4

Moderotely suitoble 0.02 0.85 7.23 16.58 9.9 9.21
Hiohfu suitoble 0.01 0.3i 4-8t lL.67 4.ffi 4.53

tuitability J Sectort t+1:l 1+t2 H-11 H-'I' H-9 t+8
tJnsuitoble 2.9 6.4 7.49 11.7t t.7s

Min: O

Max: U1.8

Less suitoble 0.6, 3.51 t5.2 [81.s7 +.31 t6.
Moderotely suitoble 0.1 o.41 8.11 9.55 73.32 73.1
Hiqhfu suitoble 0.01 0.07 6.t 5.s9 6.76 5.ti
SuitablliW O Secror, l-13 a-tjz t-11 t-10 t-9 F8 Totol Total Min Max
Unsuitoble 0.4s 2.4 7.72 /< nr 4.55 Els.o( Unsuitoble 72St O.49 L2L.7l

Less suitoble 837.7 O.O2 S7.gt

Voderotely suitoble 208.3 O 19.34
Llighly suitoble !ffi.2 O 11.67

'-ess suitoble 0.02 2.7sll 7.5s lJzs.s: 27.4 4t.q:
Moderately suitoble 0l 0.%ll 2.U 5.91 5.3€ L2.lt
Hiahlv suitoble ol 0.3s1 1 2.81 L.75 7.71
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Figure 4. 23: Jackknife of regularized training gain for Dalbergia sissoo

Response curyes of important variables for Dalbergia siissoo
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(a) The variable 1.b.08a (band 8a of February image) shows highest gain wheu used iu isolation

and the respollso curve showing a positive correlation. (b) The variable fu.08 (band 8 of February

image) decreases thc rnost gain,uvhen It is ornitted, response curve shows the maxiururn prcdiction

at 0.15 threshold. (c) Variable tcwf (Tasselccl cap wetness_February) shor,vs negative comelation.

(d) Response culve of fb.09 (band 9 of February image) shows positive coruelation.

4.3,11 Eucalyptus cunruldulczsrs (Eucalyptus / Sufeda)

Figure 4.24 is a representation of the MAXENT rnodel for Eucalyptus camoltlulensis, dark

colors show areas with better predicted conditions. It is mostly planted along the road side and

somehow along the dlainage area. Its significance cover is found in sectors F-6 ancl I-9 (Industrial

Sector). Receiver operating characteristic (ROC) shows the 96 percent accuracy (AUC:0.963) for

Eucalyp tus ca n ru ldulens is.

Preclictecl distributiotr of Eucalyptus canmklulensis with suitability classcs (sector-wisc)

Ettcalypttts ccunultlulurszs'.is one cornrnonly occuring tree of lslarnabad along the road

sidcs and highways. Approxiurately,94.16 hectare (3.9 percent of tree class) is preclicted with

highest suitability to have the Eucalypttts ccunalclitlensis. The iurportant sectors include sector F-

6 (13.18liectare),1-9 (8.72 hectare), F-8 (7.02 hectare) and G-7 (6.35 hectare). With rnoderately

suitable class 159.1 hectarc (6.6 pcrcent of the tree class) and 600 hectare (25 percent of the tree

class) with less suitable class is predicted in the study area (Table 4. 12).

Jackkrrilb of regullrizcd trnining gain for Eucalyptus curnuldttlensis

Jackknifb training gain result show that alnong various used variables, bio05 (band 5 of

October irnage), bi06 (band 6 of May irnage), bi08 (band 8 of May irnage), bil2 (band l2 of May

image), tcvf (Tasseled cap vegctation_February), tcw (Tasseled cap wetness_May) and tcwo

(Tasseled cap wetuess_October) show significant gain. While, tcv (Tasseled cap wetness_May),

boc.l2 (band 12 of October irnage) show less gain (Figure 4.25).
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Figure 4.24: Predicted probability of presence from MAXENT model for Eucalyptus camaldulensrs

Table 4. 12: Suitability of Eucalyptus camaldulensis in the study area (hectare)

lufrtabilitY .l se6r+ E-l:t E-t2 E-11 E-1(l E€ E-8 E-7

2.

tJnsuitoble 7.L9 t3.72 6.22 dsa.tt 8.22 E(1

t-ess suitoble 0.07 1.31 1.9 5.55 8.3: L3.87

Voderotely suitoble c 0.04 0.35 0.15 L.31 3.12

\iqhlv suitoble c c 0.12 0.04 0.42 1.5:

tuitabilitv J Sedor+ F13 F-r;z F11 Flo F9 F8 c-7 ffi
'Jnsuitoble L3.72 ilzt.ti .*1.U Elgr t.41 il.72tlfls3tEj 38.

ffi181 16'-ess suitoble 0.5I I rs.ge 26.t7 9.74 ,L.3i

Irloderatelv suitoble 0.0I 0.1: 2.67 4.31 1.7! 10.35 18.05 3.

Lliohlv suitoble 0.01 0.01 0.91 1.35 1.24 7.02 13.

luitablllty O Srdor, 6-t:l G-lil G-11 6-10 G-9 G-8 G-7 I G-6

El 2s.181u37.081rere
Suitobility stotistic

'Jnsuitoble 3.0s t5.41 ll 29.s 3l 72 E,V.ss T)

'-ess suitable 0.29 \.\i 72.7 fus.tz 28.45 28.62

Voderately suitoble 0.01 0.01 2.38 7.U 5.88 7.6t
Lliahlv suitoble o.oi t.32 3.42 3.21 3.8S

tui$ilitv Osecbr, ]t-tlt )+x2 ]F11 t{-il} r+9 H-8

'Jnsuitoble 2.25 6.3t 25.05 4.24 l ( @:
Min: 0

Max: 754.7
'-ess suitoble 0.4t. 2.* to.29 22.22 397.* ,7.4

Vloderotely suitoble 0.5/ 0.91 1.6 1.69 6.78 5.5:
Lliohlv suitoble 0. 0.21 0.46 0.34 2.02 2.41

luitabllitv O sector, Ft3 t-t2 F11 t-10 l-9 h8 Total Total Min Max

'Jnsuitoble 0.45 4.0: 73.4A ]9.08 26.24 aa, Unsuitoble 1548 0.45 154.7t

Less suitoble 600.7 0.05 47.71

Moderotely suitoble L59.7 0 18.01

Hiohlv suitable 94..15 0 13.1t

'-ess suitoble 0.05 1.81 3.s8 27.6 3t.62 31.5:

Voderotelv suitoble 0.01 0.41 0.77 8.42 72.4( 8.4"

Lliohlv suitoble o.2! o.26 5.08 8.72 4.9
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Figure 4. 25: Jackknife of regularized training gain for Eucalyptus camaldulensis.

Response curves of important variableslor Eucalyptus camaldulensis
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The response curves of important variables include (a) bi08 (band 8 of May irnage) which shows

highest gain with negative correlation. (b) Variable bi06 (band 6 of May image) receives

significance gain but does not show any trend/corelation. (o) Response curve of bi l2 (band l2 of

May irnage) shows the negative trend. (d) bi05 shows positive correlation.

4.3.12 Ficus elastica (Rubber Trce)

It is cornrnonly known as Rubber tree rubber bush, rubber plant, or Indian rubber bush. it

is an cvergreen tree comrnonly planted in the urban areas. lts heiglrt is approxiur alely 20 tt (Stone

et ul., 1967). Thc results of recciver operating characteristic (ROC) curve shows the threshold

value 0.870 lvhich show 87 percent accuracy of prcdicted areas. Figure 4. 26 shows the result of

MAXENT model prediction for Fictts elustic in the study area.

I'redictcd distributioll- of Ficus elastica with suitability classes (scctor-rvise)

It is prcdiotcd with the highly suitable class on 80.72 hectare area (3.3 percent of tree class)

sector I-9 with 9.22hect:are is having largest cover, other significant sectors with highly suitable

class are F -6 (6,79 hectarc), I- 10 (6.73 hcctare) and G- 10 (5.88 hectare). While, r,vith moderate

suitablc class it covers 1346 hectare (56 percent of the total trec class) arca and only scctor H-8

corrsists of 125.7 hcctaro cover (Table 4. l3).

Jacklrrrife of rcgularizcd training gain for Ficus elustic

According to figure 4. 27, variable fb.05 (band 5 of February image) shorvs the highest

regularized training gain as thc band 5 of Sentinel-2 is 20 m spectral resolutiorl band. It is irnporlant

for identificatiou of vcgetation cover'. Another variable with signilicant gain is tb.l2 (band l2 ot

February image) alnong lcss significallce variables tcwo (Tasselcd cap wctncss_October), bil2

(band 12 of May irnage) and fb. I I (band I I of February image)
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Figure 4.26: Predicted probability of presence from MAXENT model for Ficus elastic

Table 4. l3: Suitability of Ficus elastic in the study area (hectare)

iuitaHlity .l Sector, E-tt E-t2 E-11 E.lII E-9 E-8 E-7

31.

1.

'Jnsuitoble c (
'-ess suitoble 4.9t I 13.sr 5.23 33lEt0.o€ 26.8i

Moderatelv suitoble 2.28 7.49 3.11 9.52 18.05 t6.74

Hiohlv suitoble 0.22 0.25 1.03

tuisilitv OS€cbr+ F-Xt F-t2 F-11 Flt, F9 F-8 F-7 I F6 lD"Chowk
Unsuitoble 0.0( 0.39 0

Less suitoble 13.5: Zt24.4s 24.e Elt.zslEk
ffi.ifw(

t, 2: 44.671@)7ufl 27.t
?lmlEFnET 3aVoderotelv suitoble 0.n 3.36 Eb+.qt w.4s

Hiohfu suitoble 0.01 0.07 2.33 3.31 0.27 5.2t 6. 6. 1.

tuitability O Sector+ G-Xt G-U2 G-11 G-10 G-9 G-8 c-7 I G-6

28.87

1.sgll 4.43

Suitobility stdtistic

Unsuitoble 0.02 c c

Less suitoble 2.4 13.52 15.95 ii ss.ElE!z.g: ?lz.*
Moderotely suitoble 0.96 2.4 ,c Aa yl64n
Hiohlv suitoble 0.03 0.11 2.93 5.88 2.92 t.76

tuftSility O Sedor+ !+1:l tl,t2 lt-11 }F1I' l&9 r+8
Unsuitoble 0.02 0.01

Min: 0

Max: 125.8

Less suitoble 2.N 8.9s Zlz3.st 120.23 ZB.tz ,o ?,

Voderotely suitoble 7.12 1.1

' 
13.0s ZSs.tlB..zs 16.t

\iqhly suitable 0.0: o.t 0.83 3.16 2.23 3.A

tuitability J Sector, r-ilt a-tz t-11 t-10 t-9 t-8 Totol Total Min Max
'Jnsuitoble 0.03 c c Unsuitoble 0.53 0 0.3S

Less suitoble 974.5 0.23 92.8t

Voderotely suitoble 7347 0.28 125.7!
Lliqhlv suitoble N.72 0 9.2i

'-ess suitoble 0.23 2.X 9.5 2C

' 
12.83 ?ha.g:

Moderotely suitoble 0.28 3.4( 8.3( W.tslEf,.s o:

Hiohlv suitoble 0.1 0.16 6.7i 9.22 5.9
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Figurc 4.27: Jackknife of regularized training gain for Ficus elastic

Response curyes of important variables for Ficzs elastic
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(a) The variable fb05 (band 5 of February image) shows positive correlation and have maximum

probability of presence at 0.30 threshold. (b) Variable fb.l2 (band 12 of February image), (c)

tcwo (Tasseled Cap Wetness_ October) and (d) boc.05 (band 5 of October image) shows positive

correlation.
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4.3.13 Jaclcurundu nfinosiJolia (Gul-c-Ncclaru)

Basically Jacl;cu'aruki rs asub-tropical trec and it has been widely planted in lslamabad duc

to its attractive apd long-lasting blue flowcrs. It has been plantcd along tlie road side and in

rosidcntial area because of its attraction. MAXENT rnodel respresutation of Joclicu'cutclct

rttitrtosifelict shows that it is occurled with high suitabality along the drainage arcas and green belts

(Figure 4.28).

lrrctlictctl clistribution of Jucliaranla nimosiJblia rvith suitability clnsses (scctor-wisc)

714.7 hactarc (7 .3 pcrccnt of total tree class) has been predicted by MAXENT rnodel under

the Juclcurantla witlt highly suitable class. 36.31 hectare cover of Jackururlrla tnakes sectol G-6

tlre rrrost significant with highly suitablc class. Also, sector F-7 (32.6 hcctare) and l-8 (12.19

hectare) have significant cover. With Moderately suitable class it is predicted to be prescttt on

284.6 hcctare ( 1 I .8 percent of the tree class) area (Table 4. l4).

Jaclrknifc of rcgulnrizcd trliuing gain for Jaclcaranilu rrtirttostfotiu :

Jackklife resut shows the bi.l I (band 1 I of May tnonth) as a varaible rvith uraxitnutn

gain,Q.37 regularizccl training gain, the variable bi.l2 (band 12 of May irnage), bi.04 (band 4 of

May) and tcbo (Tasseled cap briglrtness-OioUeg also shows gnificattce gian. While other band

with less signilicane inclucles arvi (Atmospherically resistaut vegetatiou index-May) and ndvif

(Normalized ditfercnce vegetation index-February) (Figure 4. 29)-

$r

lnil
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Figure 4. 28: Predicted probability of presence from MAXENT for Jackaranda mimosifolia

Table 4. 14: Suitability of Jackaranda mimosifolia in the study area (hectare)

tuitabililv O Secbr, E-rit E;2 F11 E-1(, E-9 F8 E-7

10.

45.

'Jnsuitoble 6.: 7.9, 3.25 ,l2t.9t Ws.z, aro

'-ess suitoble 0.9! 4., 4.Ie lzo.ti 21.22 23.08

Voderotely suitoble 0.01 1.59 0.95 0.39 0.84 2.26

liahlv suitoble 0.81 0.23 0.09 0.0: 0.41

tultalrility O Sectort F1!l c-t:2 F11 Fltl F9 F8 t-7 F6
'Jnsuitoble 10.51 il21.s! al 23 E,s.s

ffi
t6.13 7.8211, r7.O7ll 7.

'-ess suitoble 3.7t 5.! I 34.8 A.52 cr 46.23lEl84lE 28.

3s2ilEE]ii 14

azsllTr8odiirt
Voderately suitoble 0.0; o.7t 3.v 1.61 0.6! 10.8:

liohb suitoble 0.0: 0.9 0.2 0.2 0.0€ 4.1=

tuit*llity OSeer, G-1,!l G-1:2 G-11 G.1I' G-9 G-8 G-7 | G-6

4.:;'ll 5.76--- 34.%lff' .r'
,o33IEF352

-16,461tbffi1
Suitobility statistic

'Jnsuitoble 2.i t2.91 ll18.37 .2e ).2t )o nl

'-ess suitoble 0.69 3.41 tlzz.st dg.er 51 CJ

Voderotely suitoble 0 0.1 3.83 1.7L 4.4 L4.47

liohlv suitoble c 0.09 0.59 0.2( 0.91 3.87

tui$iliw OSector) ]r-rit H-ilI lt-11 lt-ill r+9 ]F8

'Jnsuitoble 2.23 4.51 t5.32 t..77 lzt.s: }_tu.t
Vlin: 0

Vlax: 131.5

'-ess suitoble 1.34 5.75 2t.4 I L6.2t G8.9: rt:
Voderotely suitoble 0.03 0.19 0.€ 0.0r 8.01 8.5/
Lliohlv suitoble 0.02 0.08 0.01 1.45 r.4t

MtabiliW O Sector) Fllt t-x2 t-11 r-1(l F9 r-8 Totol Total Min Max

'Jnsuitoble 0.24 1.0€ 3.36 20.7? t3.24 11.8: 'Jnsuitoble 853.1 0.24 131.&

'-ess suitoble 1091 0.27 94.5:

Voderotely suitoble 2U.6 0 M.9!
Lliqhly suitoble 174.7 0 35.3:

'-ess suitoble 0.27 2 9.31 143.1 r{o.3, ilq.tt
Voderotely suitoble c L.67 4.03 L2.41 15.0i 24.*
Lliahlv suitoble c L.82 L.29 3.8' 10.4( L2.t!
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Figure 4. 29: Jackknife of regularized training gain for Jackaranda mimosifotia

Response curyes of important variablesfor Jackaranda mimosifolia
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(a) Variable bi.11 (band li of May image) shows maximum gain and cloes not show any i.",,r.l.

(b) Variable bi.12 (band 12 of May image) shows negative conelation. (c) Variable bi.04 (band 4

of May irnage) is a red edge visible spectral band which shows negative conelation. (d) Variable

tcbo (Tasseled cap brightness_Ootobcr) also shows negetive correlation.

4.3.14 l'irtus roxburghii (Chir / Pine)

It is extensively lbund tree in the urban areas of Islamabad because it is native to

Hirnalayas. Locally it is knor,vn as "Chir". It is also used as wood, dye, ink, illumination, resin and

clrarcoal and also planted in the residential areas as an ornamental tree (Siddiqui ct ul., 2009).

Receiver opcrating oharacteristic (ROC) value show 95 percent accuracy (AUC:0.95), predicted

probability of distribution in the study area is shown in figure 4.30.

Predictcd distributiotr of Pinus roxburghii rvith suitability classes (sector-wise)

The Pinus roxburghii is predicted with high suitability class on 33 hectare area (1 .3 percent

of the tree class), scctor-wise maximum cover lies in sectors F-6 (6.1 heotare) and F-8 (2.81

hectare). It is prcdicted to be lbund,on 80.4 hoctare (3.3 percent of the tree class) with rnoderately

suitable olass and 537.4 hectare (22.3 percent of the tree class) with less suitablc class. Further

sector wise clistribution detail r.vith diffbrcnt suitability classes is given in table 4. 15.

Jackkrrife of regularized training gain for Pinus roxburghii

Jackknifc of regularizcd training gain of variables importance for Pinus roxburghii shows

that variable bi.08 (band 8 of May image) shows highcst gain. Also, tcb (Tasseled cap

brightness_May), lai (Leaf arca index _May), bi.07 (band 7 of May imagc) and boo.09 (band 9 of
October image) are important variables. Also, variables ndvio (Normalized diffbrence vcgetation

index-Octobcd and savio (Soil-adjusted vcgetation index_October) show significant contribution

(Figure 4.31).
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Figure 4. 30: Predicted probability of presence from MMENT model for Pinus roxburghii

Table 4. 15: Suitability of Pinus roxburghiiin the study area (hectare)

tuit*iliw OSecnor) E-Xt E-tz E-U E-1(, E-9 E-8 E-7

58.31

12.62

2.O7

'Jnsuitoble 5.6r 14.1 7.15 39.2 &ni I 31.6

Less suitoble 0.5( 0.8t 7.29 3.23 t6.n 20.89

Moderotely suitoble 0.02 0.0( 0.72 0.08 2.& 4.05

Hishlv suitoble 0.0: 0.0: 0.01 0.9 1.5

lui$lliU .l, Secbr+ F'3 F-rt F11 F1(, F-9 F8 F-7 F6
tJnsuitoble 72.6. Izs.m 7.35 lv 43.
Less suitoble 1.5: 3.03 t2.u )24.t 70.25 []so.*
Moderotelv suitoble 0.11 0.13 1.39 3.4 1.65 s.2s 6. 72.
Hishlv suitoble 0.02 0.0: o.4i 0.88 0.5s 2.87 2. 6. 1

tuidilitv O Sector+ G-13 G-U2 G-11 G-1(l G-9 G-8 G-7 I G-6

48.26lEb.osffi-- 3srli 4s8
1rrl1 1s,

Suitobility stotistic

Unsuitoble 3.27 15.G ,lzs.t Ei.zt NA

r-ess suitoble 0.12 7.4 72.49 )a o1 22.5! 21.39

Voderotelv suitoble 0 0.07 2.41 4.y 3.n 2.29

liohfu suitoble 0.0: 1.09 2.0t 1.4 0.67

iultatrlity O Seoor+ t+l:t )+x2 lFlt t+ilt t+9 H-8

Unsuitoble 2.01 7.71 29.94 IM 1.91

79.8; Min: 0

lVlax: 754.3

Less suitoble 1.1 3.0: 6.96 13.39 24.31

Moderotely suitoble 0.1E 0.24 o.2t 0.t 2.69 2.4!
rliohfu suitoble 0.27 0.22 o.2t 1.33 0.91

tuitability O Sectort r-il! t-t2 t-11 F10 F9 F8 Totol Total Min Max
tJnsuitoble 0.4 5.09 14.71 NA' 2.& W.u Unsuitoble 1752 0.43 154.2(

Less suitoble 537.4 0.08 63.01

Moderotely suitoble W.47 O 12.1

Highly suitoble 33.01 0 6.1

Less suitoble 0.0t 1.31 2.79 21.4t 27.9 ilzt.t,
Moderotelv suitable 0.1 0.36 3.15 3.13 3.6(
Hishlv suitoble 0.os 0.191 1.G 1.29 0.9
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Figure 4. 31: Jackknife of regularized training gain for Pinus roxburghii.

Response curres of important variables for Pinus roxburghii
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These cures show how each variable affects the MAXENT prediction e. g., (a) the variable bi.08

(band 9 of May Image) (b) tcb (Tasseled cap brightness_May) and (c) bi.07 show the sarne

negative comelation. (d) Valiable bi.09 (band 9 of May irnage) shows positive corrclation with

maximurn probability of presence at 0.05 threshold.

4.3.15 Pongantia pinnata

It is a tree of 12-15 rn height, lvith spread branches. The pongarnc oil is non-edible oil

cxtracted frotn seeds of Portgcurtia pinncttct, it is native in tropical and temperate Asia including

parts of lndian subcontinent. lt is commonly found in urban Islamabad. It is predicted to be

prcsent on 17.22 hcctare (<l pcrcent of the tree class) area. Receiver operating characteristic

(ROC) curve show the 97.8 percent accuracy. Figure 4. 32 shows the distribution of Pongamia

1tirurutu, it can be scen that it is not found in large patches but it is sparsely scattercd in the urban

ateas.

Prcdictcd distributiotr of Ponganiu pirtrtuta rvith suitability classes (scctor-wisc)

Sector wise distribution result are given in the table 4. 16. It shows that highly suitable

prcdicted covcr of Pongantia pinnata is 17.22 hectare (<1 percent of the tree class). Sector G-11

(2.46 hectare) and I-8 (2.44 hectare) have signiticant cover with sarne class. With moderately

suitable class 1.8 hectare (1.3 pcrcent of the tree class) area is predicted to have the same specics.

l7l hectare area (alurost 7 percent of tree class) has probability of presence with less suitable class.

While, 2lS2 hectare (91 percent of tree class) area is unsuitable for Ponguntiu pirututcL with less

than 0.2 threshold.

Jacklrrrifc of regularized trnilring gain for Ponguntia pinnuta

..

Figure 4. 33 shows the Jackknifb test for Pongumiu pirututcr, it is observcd that the rnost

significant variablcs with significant gain are boc.04 (band 04 of October iuragery), boc.02 (band

02 of October irnage), evio (Enhanced vegetation indcx_October)), boc.03 (bancl 03 of October

imagery) and fu.07 (band 07 of February imagery). Other significant variables are tb.08a (bancl

08a of February irnage), fb.07 ((band 07 of February irnage) and tcv (Tasseled cap vegetation

-Mav).
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Figure 4. 32: Predicted probability of presence from MMENT model for Pongamia pinnata

Table 4. 16: Suitability of Pongamia pinnata in the study area (hectare)

Sdtabilaty O Seor, E-l:t E-t:2 E-11 E-lo E-9 E-8 E-7

7L.1

2.

0.2

0.1

Unsuitoble 6.2 74.07 6.92 t2.42 W.ei jso.t
t-ess suitoble 0.89 0.9! 1.33 0.1 2.51 5.6i
Voderotely suitoble 0.09 0.05 0.2i 0.57 1.31
Hiqhlv suitoble 0.0t o.o2 0.11 0.2s 0.51

Suidility J Sector) FTT F-t;2 F11 Fto F9 F8 F-7 F5
Unsuitable L3.91 2s.95 ooE ,d.: ct 111.
Less suitoble 0.3t 2.7' 8.5: 12.14 1.58 11.9t 8. 8. 2.
Voderotely suitoble 0.03 0.1! L,N 2.23 0.32 2.2s 7

\ighly suitable 0.01 0.05 1.09 1.15 0.2t 7.78 0. 0. 0.
tui$altty O Scctort G-13 G-X2 G-11 G-tI, G€ 6-8 6-7 | G-6

I zo.ulEb.s-- 464F st,
o.8l o.7B

0.291 0.4s

SuitobiliN stotistic

Unsuitoble 3.2t 13.99 31.68 6.2 31st do
Less suitoble 0.11 1.9! 8.7e 10.57 6.il 6.2t
\4oderotely suitable o.41 2.4 1.65 0.81 1.15

\ishb suitoble o.2i 2.41 0.5I 0.36 0.5t
fufability O Secbrt ]t-13 )t-t:2 1l-11 H-1I, it-9 t+8
Unsuitoble 3.2' 10.17 ilEs.te .2t ).5

Min: 0

Max: 1:6/'.7

Less suitoble 0.3! 0.23 1.4 1.1: 4.& 4.91
Moderotely suitoble 0.& 0.04 0.15 0.09 0.st o.7l
rliqhly suitoble 0.01 0.01 0.0; c 0.28 0.15

Suidillty O Scctor, !-1:l ,-t:2 t-11 t-10 t-9 t-8 Totol Total Min Max
'Jnsuitoble 0.44 3.4 14.3 bE.t i.3: t2, Unsuitoble 2t82 0.44 til.61

Less suitoble L7L8 O.O7 16.5

Moderotely suitoble 31.8 O 4.4i
Highly suitoble 17,22 O 2.4e

'-ess suitoble o.o7 1.5€ 2.73 13.5S 9.v 15.:
Voderotelv suitable 0l 0.78 0.5i 2.Oa 1.81 4.4t
Hiqhly suitoble 0l 0.731 0.4s1 0.761 0.%ll 2.A
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Figure 4. 33: Jackknife of regularized training gain for Pongamia pinnata

Response curres of important variablesfor Pongamia pinnata
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(a) The variablc with highest gain whcn uscd in isolation is boc.04 (band 4 of Octobcr image)

sltows negative couelation. (b) Band 2 of sentinel-2 is a blue colour band, boc.02 (band 2 of

October irnage) is showing positivc correlation. (c) The variablo evio (Enhanced vegetation

index_October) curve shows positive correlation with highest probability of pt'esence at 0.15

threshold. (d) Response curve of variable boc.03 (band 3 of October irnage) shows ncgative

correlation.

4.3.16 Populus ciliate (Populus)

It is deoiduous flowcring commonly occurring tree in urban lslamabad. Receiver operating

clraracteristic (ROC) curve of accuracy assessrnent exhibit satisfactory results for Populus ciliute

with 93 o/o accuracy (AUC: 0.93). Tlte figure 4. 34 shows prediction of occurrence for Populus

ciliute in the study area with diflbrent classes suitability range. Maximum prediction of occurrence

can be seen along the water channels of the study area.

Predicted distribution of Populus ciliata lvith suitability classes (sector-wisc)

Populus ciliurtais predicted to be present on 107.4 hectare (4.4 percent of the tree class)

with tlre highly suitable class. In assessed area and largest highly suitable cover of Pepulus cilitfitt

is found in sector F-9 (l 1.49 hectare) and sectors F- l0 (9.14 hectare), G-10 (8.4 hcctare), H-8 (7.65

hectare) and G-8 (6.75 hectare) have significance populous covers with the same class. Table. 4.

17 shows that with moderately suitable class it covers 4l5 hectare (17 pcrcent of the tree class),

1565 hectare (65 percent of trce class) with less suitable and 3l5.hsctare (13 percent of total tree

class) with unsuitable class.

Jackkrrife of regulnrized trainirrg gain for populus ciliute

The ettvironmental variable with highcst gain when used in isolation Populus ciliutu is

ndvif (Nonnalized diflbrence vcgetation index_Fcbruary), which therefore appears to have the

most useful infoflnation and variable that decreases the gain the ruost when it is onitted is boc.08

tlre response graph of both is also gir",, in figure 4.35.
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Figure 4. 34: Predicted probability of presence from MAXENT model tor Populus citiate

Table 4. 17: Suitability of Populus ciliata in the study area (hectare)

iult*illw OS€cbr, E-li! E-1:2 E-11 E-1I, E-9 E-8 E-7

51.

7.

1.

Unsuitoble 7.4t 1.81 0.82 5.9f 7.*
Less suitoble 3.78 70.42 5.47 lss.s Hr.tz lan a

Voderotelv suitoble 1.78 2.! 1.81 7.17 8.t2 7L.47

liohlv suitoble o.29 0.34 0.4s 0.45 2.55 4.31

lui$ility O Snctor+ F-t3 F-t2 F-11 F-,o F-9 F-8 F-l I F-6 lDChork
Unsuitoble 3.41 7.4 5.29 4.71 9.32 11.38
Less suitoble 9.4a 15.45 €J9.72

25.33 a(
o.bs 37

Moderotely suitoble 7.21 4.5 4 tz.tt 19.5/ 14.5919 15.1 6.3
Hiahlv suitoble 0.22 0.84 4.tt 9.74 Lt.49 6.: 3. 2.2
tui$ilaty OSedor) G-13 G-1;2 G-11 G.III G-9 G-8 G-7 I G-6

t6.s71ft7.%

T- 4rnil@
8rAilq?,
fili x'g3

Suitabiliry statistic

'Jnsuitable 0.35 3.57 4.59, 8.09 6.89 13.

'-ess suitable t.9i 9.18 Eho.ts ETTgI
fir'?61

B.lsslle7d.2
Moderotely suitoble 0.92 3.1 I to.zz 24.W 22.58
Hiohlv suitoble 0.2 0.77 4.33 8.4 6.65 6.75

tuit*ility O Sector) t+llt lt-u it-u r+10 it-g H-8
Unsuitoble 0.85 L.7E 1.59 L.57 7.st Ll.2(

Min: 0.02

Max: to4'.4

t-ess suitoble 2. 7.32 t8.5: s.49
,^ 21

4,64 l/

Moderately suitoble 0.t 1.74 6.4 16.09 Vls.q''
Hiohlv suitoble 0.0( 0.2 0.94 4.71 2.93 7.6!

Suitabilitv & Sector + l-13 l-t:2 t-11 Fto t-9 t-8 Totol Total Min Max
Unsuitoble 0.1€ 0.51 2.49 I 10.34 I 11.9! 73.y Unsuitoble 315 0.16 50.2t

Less suitoble 1565 0.2 1M.3;
Voderotely suitoble 415.9 0.13 45.8t

liqhly suitoble L07.4 0.02 tt.4s

Less suitoble 0.2 4.5! 12.2i t2 w.72
Moderotely suitoble 0.13 1.13 2.3( L2.77 10.rl{l I L4.29

\iohlv suitoble 0.02 0.38 0.9: 2.61 1.91 3.12
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Figurc 4. 35: Jackknife of regularized training gain for Populus ciliata

Response curyes of important variablesfor Popuhts ciliata

o.'ta 0, 022
loa

(c)

n.120.10

0.55

0.50

0.a5

0.a0

0.35

0.30

0.r1 0.1t

77



According to jaokknife test the most important variable i,vith maxitnunr gain is ndvi (Norlnalizcd

clifference vegetation index_May). (u) Graph sltows that ndvi (Norntalized diftbrcncc vegctation

index_May) have negative correlation. (b) Thc variable fb.04 (band 4 of Fcbruary rnonth) sliows

positive comelation with highcst probability of presence at 0.30 threshold. (o) thc Variable bi06

(ban<l 6 of May rnonth) shows positivc corrclation. (d) Band 1b.08a (band 8a of Fcbruary month)

slrows negative respoltse for Populus cilictte.

4.3.17 Sapium sebilbrum (Chinese tallow-tree)

It is comrnonly called ohinese tallow-tree, chirtesc tallorv, florida aspon arrcl candlcberry

trr.:c (Bruce at u1.,1998) although the preclicted covcr with highly suitablc r:lass is vcry lcss but

ROC curvc ot- Supiutu sabifcrum shorvs 99;rcrocnt accuraoy in thc prccliction ol'this trcc. rvhiolt

rnakes this specics as thc rnost sncccssful slrecics to rnoclel. '1'he figurc 4. 36 shorvs the spatial

<listributiort of Supitutt sebiferwn, it is spalsely spread in the stucly area.

Preclicted distribution of Sapium sebiJbrurl lvitlt suitability classcs (scctor-rvise)

It is sliglrtly tlistributc<i in various sectors. Its total area ,uvitli high suitability is 6.29 hectarc

(<l percelt of the total tree class). Sector G-11 is prcdicted to have maxituutn cover of Supiurtt

sabi/brtun with highly suitablc class (0.61 hectare). otlicr significant scctors includc F-6 (0.55

Sectarc), F-8 (0.52 hectaro) and F-10 (0.51 hectare). With moderately suitable class it covers about

9.89 hcctare (<l percent of thc total trcc class), with lcss suitablc class 61.2 hectare (2.5 pcrcetlt

of the wfuolc tlcc class) and2326 hcctare (96.7 pcrcent) with unsuitable class (Tablc 4. 18).

Jaclrlrrril'c of rcgularizcd training g:rin for sapiutrt sebiferunt

In lrigure 4.37, Jacklinile tcst shcxvs that thc Ib.05 (band 5 lirr l:rebruary rllolrtlt) sltows

satislirctory results lbr idcntilication <'tl Supiunt sabi[brum as baticl 5 of Scntinol-2 is stritablc 1or

vcgctatiol monitoriug. Other variables r,r,ith significattt traittitrg gairr inclutlc tcv (Tassclcd cap

vcgctatiol_Moy), tovo (Tasscled cap vcgetation_Octobcr), arvif (Atmospherically resistant

vcgctation index-Fcbruary) ancl lait (Lcaf arca iudex-February).
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Figure 4. 36: Predicted probability of presence from MMENT model for Sapium sebiferum

Table 4. 18: suitability of sapium sebiferum in the study area (hectare)

5u06iEtv O Secbr+ E.TI E-11 E-11 E-lt E-9 E8 E-7

72.7'

0.9

0.1r

Unsuitoble 6.9s 14.33 8.03 42.4 7.3( 2.56

Less suitoble 0.21 0.6i 0.45 0.11 0.8,4 t.L1
Voderotelv suitoble 0.04 0.& 0.07 0.12 0.2
Lliqhb suitoble 0.0t 0.04 0.01 0.04 0.11

iuiEmilv OS€ctor, F13 F-t:2 F-11 F-10 r-9 Ft F-7 re llGhowt
L17 59.Unsuitoble t4.x 28.14 ,N

Less suitoble 0.0: 0.1 2.55 4.11 L.41 4.41 4. 1.
Voderotelv suitoble c 0.41 0.59 0.45 0.7( 0.
liqhlv suitable 0.3: 0.51 0.3i 0.5i
Suitabillty O Secbr, G-tll G-til G-11 G-10 G-9 6-8 G-7 I G-6

I zr.gglEhs- z%li 3r
o.48llE
o.tzl o.zs

Suitobility stotistic

Unsuitoble 3.36 76.2') 10.41 G6.1
Less suitoble 0.03 o.28 3.42 3.0: 3.W 2.49

Moderoteb suitoble c 0.02 0.8€ 0.45 0.3! 0.25
tliohlv suitoble 0.51 0.1 0.1: o.t,
Suitabffitv O Sector+ ]t-13 )+r:2 t+11 t$10 l+9 t+,8
Unsuitoble 3.4t 10.11 35.5s W.as S.r

Min: 0

Max: 167.4

'-ess suitoble 0.1€ o.24 0.5: o.41 L6e 2.1',
Voderotelv suitoble 0.01 0.02 o.72 0.1: 0.24 0.21

Hiqhfu suitoble 0.08 0.1 0.0: 0.2 0.0s

tuit&ality O Sector+ hfil 7,-t:2 t-11 F10 F9 F8 lotol Total Min Max
Unsuitoble 0.sll 6.22 a 17.69 .35 ;.19 il.a Unsuitoble 2326 0.5 767.31

Less suitoble 57.2 0.01 5.0:
Moderotely suitoble 9.89 O 0.8(
Hiqhlv suitoble 6.29 O o.6i

r-ess suitoble 0.01 0.31 0.3: 2.5 2.4i 5.01
Voderoteb suitoble 0l 0.031 0.021 0.28 0.28 0.6{
Hiohlv suitoble ol ol o.o1l 0.07 0.1 0.4(
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Figure 4. 37: Jackknife of regularized training gain for Sapium sebiferum

Response curyes of important variables for Sapium sebiferum
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Tlre above curves show that how variables respond to Sapiunr sebiferum. Response curve (a)

shows the response of variable fu.05 (band 5 of February iurage) have positive correlation and

rnaximum probability at 0.30 threshold. (b) The variable tcv (tasselcd cap vegetation of May

image) shows the negative colrelation. (c) Variable tcvo (Tasselcd cap vegetation_October) have

maxirnurn prediction at 0.00 threshold. (d) The preclictive variablc laif (lcaf area inclex of Fcbruary

irnage) shows negative correlation.

4.3.18 Terninalia arjuna (Arjun tree)

Ienninuliu arjuno is catable nut bearing tropical tree, are inclined to lcaf twist when

developed in ten'itories where their actually broad root system is liruited or where the soil needs

basic nutrients aud trace elernents. Dark oolour show the highest probability of prediction of

Tcnninulia urjuna in study area (Figure 4. 38).

Prctlictcd distrjbutiotr of Tennirruliu arjuna rvith suitability classes (sector'-rvisc)

Table 4. l9 shows that Tenninaliu orjmru is predicted with highly suitable olass on 64.67

heotare (2.69 perccnt of the total tree class) area. Sector E-8 is having maxirnurn 12.68 hcctare

with the highly suitable prediotion. Also, sector F-9 (6.49 hectare), E-7 (4.69 hcctare) and F-6

(3.43 hectarc) have significant land cover with highly suitable class. With moderately suitable

class it is predicted to be present on 1204 hectare (47.1 perccnt of the total tree class). While, with

lcss suitable class it is spread over I134 hectare (50.1 percent of the total tree class).

Jackknife of regularized trairring gailr for Tennirrulia arjuna

Jackknife test for Tenninqlia arjunu shows some irnporlant variable which are fu.08 (band

08 of February image) and fu.09 (band 09 of February image) show highest gain when used in

isolation. The variables bio8a (band 08a of October irnage) contribute 12.9 percent but show no

gain. Band 02 of scntinel-2 is highly suitable band for vegetation detection but fb.02 (band 02 of

February image) does not show any gain in the test (Figure 4.39).
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Figure 4. 38: Predicted probability of presence from MAXENT model for Terminatia arjuna

Table 4. 19: Suitability of Terminalia arjuna in the study area (hectare)

iuitabilitv US€ctort E-llt E-1:2 E-11 E-10 E-9 E€ E-7

24.

4.

'Jnsuitoble c c

Less suitoble 0.8! 0.8: 2.71 16.18 9.82 9.21

Moderotely suitoble 5.95 t2.M 5.0t )E E,) i.a Elz.t:
rliohlv suitoble 0.4t 2.2 0.3t 0.8i 2.9 L2.6t

tuitability J Secbrt F-T! F-X2 F11 F-10 F9 F-8 F-7 I F-6 llChryk
Unsuitable c 0

Less suitoble 1.9S 5.04 4127.t5 6I.atffi e,"r4|E8..2!
r%IEil3

2
Moderotelv suitoble 11.8! 19.5( *z.g;
Hiohlv suitoble 0.51 3.51 0.2, t.2 6.49, 0.41 1

tuttaHlltv O Scctor+ G-13 G-t:2 G-11 G-ro G-9 G-8 G-7 I C-6

32.38|/61;.24

4138lEbs3-
lorl os1

Suitobility statistic

tJnsuitoble c

'-ess suitoble 0.5: 2.7e 15.45 at

Voderotelv suitoble 2.71 12.4t 18.38 w3.12 Ebs.sslB/e-st
Hiqhlv suitoble 0.0: 1.3! L.47 0.15 0.71 0.89

Suitdnfity .1, Sector, lF13 )+1:2 H-11 !+1(, H-9 H-8
Unsuitoble c

Min: 0

Max: 127.7

t-ess suitoble 0.6( 2.33 il$.qi .7, rril-L
r qrlfle c(Voderatelv suitable 2.Oa 6.52 17.57 I 14.0(

\ishlv suitoble 0.9: 7.8 0.4i 0.77 L.6t 0.3I

tuitability U S.ctor, t-llt t-x2 t-11 !-1(, F9 F8 Totol Total Min Max
Unsuitoble c Unsuitoble 0 O (

Less suitable 773P 0.19 t2L.69

Moderotely suitoble l2M 0.3 109.03

Highfu suitoble U.67 0.02 72.6A

Less suitoble 0.19 1.6t 5.1S tn n, w.79138L.9(
Moderately suitoble 0. 4.5 10.6! tlc cc 2.47 0t
rliohlv suitoble 0.02 0.37 2.21 3.! t.78 0.71
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4.4 Specics-lvisc largest sectors

Aocording to the results of probability of presence of difforent species, it is asscsscd that

with diflcrent classcs of suitability specics distribution varies in different sectors. For example,

Acucia s7r. with highly suitable and modcrately suitable olass dominantly found in sector H-8.

Wlrile, witlr less and unsuitablc class scctor F-6 shows dorninaut covcr of Acacict sp.

Furtlrer detail of each species is given belor.v (Table 4. 20)

Table 4. 20: Sectoral wise distribution of tree species with suitability classes

Maxinruln tree covcr
Sr# Spccies narne Ilighly

Suitable
Modcrately Less

Suitable suitablc
Urtsuitable

7 Acacia sp.

2 Albiziu lcbbeclc

3 Alstottiu scholaris

4 llischclict juvanica

5 Broussctnctict pctpyriferct

6 Cullistemon citriruts

7 Cedrela serrata

8 Celtis ctustrulis

9 Citharexylwn spinosunt

10 Dalbergict sissoo

l1 Eucalyptttsclnruldulensis

12 Ficus elosticct

13 Jackurandctnintosi,fblia

14 Pinus roxburghii

l5 Pongamiu pinnata

16 Populus ciliute

17 Sapiunt sebiferunt

18 Tenninaliq arjwtu

H-8

F-6

I-9

F-6

H-8

t-9

I-9

F-6

t-9

G-10

F-6

t-9

G-6

F-6

G-l l

F-9

G-l1

E-8

H-8

F-6

I-9

F-6

H-8

l-9

G-6

F-6

G-6

F-l0

F-6

H-8

F-6

F-6

I-8

F-9

G-I1

F-6

F-6

H-8

I-9

F-6

H-8

F-6

G-6

F-6

G-6

F-10

F-6

F-9

H-8

F-6

I-8

I_I*8

I-8

H-8

F-6

F-9

F-9

F-9

F-9

F-9

F-9

F-9

F-9

F-6

F-9

F-t2

F-9

F-9

F-9

F-6

F-6
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4.5 Discussion

The study deals with thc charactcrization of vegetation of urban Islamabad by using

machine leaming rnethods. Remote scnsing data are widely used in the literaturc for

landuse/landcover and tree specics gencral. IVlultiple types of rcurotcly seused data, including

nrultispectral, hyperspectral, and LiDAR data, havc been used iu recent studies (Xie c/ tt\.,2008).

Hyperspectral and hyper spatial irnagery is now facilitating arrd scrviug the mapping of tree specios

spatial distribution rnodeling (Culvenor, 2002).

To classify the landcover of urban areas of Islarnabad by using recertt iuragcs of Scntinel-

2 data, the landcover of difl'ercnt scctors was calculatcd with almost more than 91 percent

aocuracy. In previous studies land covcrs and trce specics classiflcation were carried out iu

dillbrent parts of the World. Recently, (lmmitzer, ct uI.,2016) usecl scntinel-2 imagcry, to derive

dilfcrent crop type and tree specigs rnaps werc analyzcd in Austria and Gertnany tbr forests

studied. In both case studies, only singlc cloud-fiec Scntinel-2 irnagery of August 2015 was used.

By using rnono-ternporal datascts, they applicd a randorn lbrest classifler with l0 spcctral bands

of Sentincl-2 resampled to l0 rn resolution. 'fhc achieved classificatiou rosults wcre satisfactory

but not cxtrernely high.

Ditlbrcnt machinc lcanring methods including support vcctor machiucs (SVM) aud randotn

{brests were uscd, but tlie rcsults of RF wcrc morc satislactory, becausc it can deal with tho issucs

rclated to classifir:ation likc unbalanccd, urulti-class aud small sample data r,vithout clata

prcproccssing proccdures (Liu ct u1.,2013). So, in present study Random fbrcst classif-rcation

rncthod was uscd lbr rnulti scasonal/temporal data to rcduce the out-of--bog (OOB) effor and to

improve thc accuracy. It was succcssful in achieving the satisfactory result.

Thc accuratc classification of land covcr and trce spccics distribution in urban areas is an

iurportant task as it cau drivc thc cxploitation and ulanagelnent polioics of fbrests. Furthcmrore,

it is cclncludccl by the maxirnuu.r cutropy result lbr spcoies prediction of occurrcnce tliat the species

divcrsity decrcascd Ii'orn opcn green arcas to rcsidcntial arcas along drains route. It is the result

of oonstruction and clevclopmcnt activitics at rcsidcntial sitcs (Ali & Malik,2010).

Tochniclucs uscd for thc plcdicting spatial distribution by combining prcscnce only data

occull'cnce reoords with climatic or cnvironurcntal variables show much potential lbr application

aoross a rallgc of biogeographical analyses. In iVlatlagascar, (Pearson et ul.,2007) ci,aIuatccl trvtr

ditl'clcnt ntoclcls Ibr l3 sirccics ol'sccrctir.'e lcal'-tailcrl gecl<os that w'erc enclcrnis. lbr rvhiclr

ar,'ailablo sattrltlc sizes rrary Iroru only 4 to 2i occurrcuco rccorcls. l0 cliflcrcnt crrvirernrrrcntal

laycrs rvcrc uscd by trvo rnodclliug apllroachcs: ruaxinruur cnlnrpv (NIAXENI') and ir gurctic

algorithrn (GAI{P). Accordittg to statistical signiflcancc in.jaokli.nil'c tcsts tlicy lrsscssctl that tlrc

MAXENTntoclcl was rnoro succcss{llrvith sruall sanrplc size (rirr11, lir.'c slunples). 5o. MAXEN1'

B5
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lnoclel was uscd to predict the rnaximum entropy regarding individual tree specios. Species

prcdiction about thcir occumence was calculated at different level of suitability.

Recciver opcrating characteristic (ROC) show the range of accuracy for difl-ercnt species,

tlre arca-urrdcr-cu1e (AUC) varies frorn 83 to 99 percent. Specics like lliscln/io .ittt'anica,

Citlutrexylum spittosutn, Ceelrelu scrrat(t cutcl SctpiLutt sebiJbrwn shows 99 pcrccnt aocul'acy, while,

spccies like Terrtirrulia arjuna showed 83 percent accuracy. It is assessed that with cliffbrent

classes o1'suitability species spatial distribution varies in difl'erent sectors.
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Conclusion

The currcnt stucly notccl ttrat Sentinel-2 data proviclcs a great opportunity lbr global

landcovcr and vcgetation rnonitoring duc to its cnhanced spatial, spectral aud tcnrporal

characteristics. Thc usc of nrulti-temporal Scntinel-2 data and resampling o1'loi,v spcctral bands

of scrrtincl-2have lrotcntial to produce bettcr classification results.

The landcover classes extractcd by randorn fbrest classification of Scntincl-2 data were

contparcd by the OOB estinration. It has becn observcd that cornbined irnagcs of seasonal

variatiou produce more accul'ate rcsults. It is concludcd, that urban build up urakcs up thc largest

class witlt 40 pcrccnt of the laud covcr follor,vcd by Glass/wccd (25perccnt), trecs (20 perccnt),

agricultural land (l I percent) and shrubs/scattercd trees class (3 perccnt) in thc study arca.

The rcsults of this stucly are vital fbr thc govefllrncntal orgar-rizations, llon-govcllrncntal

organizations (NGO's), stakcholders and thc general public in ordcr to be able to respond faster

and pinpoint the problcrn taoccl by urban comnrunity of lslamabacl, primarily lvith regards to

envirouurcntal clegradation as landcovcr classification shor,vs alarming condition in somc sectors.

The probletn here is not only r.vith Islaurabacl's vegetation alone. but all othcr tnajor citics of thc

country as r,vell.

Based on the rcsults and analysis of the landcovcr classes (trec) data the prcdiction of

ditl'erent tree specics was oarried out by usirlg MAXENT model. Specics prediction of ocourrencs

was calculated by diflbrcnt levels of suitability (unsuitable, less suitablc, modcratcly suitablc ancl

Itighly suitable) sltows good accuracy, receiving operating charactcristics (ROC) sho,uvs that tho

linds accuracy varics fi'om 83 pcrcent to 99 pcrcent. Species like llisclutfiu.jttt,urtic'u, Cilhurexylwn

spinosurrt and Ceclrell serrutu show rnaximum (99 percent) accuracy.

The rcsults of spccies prcdiption of occurrcnce assesse <l Acucict,y). as the nrost abunclaut

species witb2T5 hcctare landcover, Albiziu lcbback is the sccond urost occurring spccies with243

Itectare oover of thc study at'ca aud third largost prcdictcd spccics is lJroussorrctiu 1tu1t1;ri[eru,

which is predicted to be prescnt on 195 hectare of urban Islamabad.

Recommendations

Thc lbllowing rccornrncndations san bc madc

o Prcsctrt study catt bc uscd fol mouitoring the landcovcr and urbanization pattern of
Islamabad.

o For lurthcr researsh nrulti-tcmporal Scntincl-2 data can bc used fbr a large study arca.

. Firtdirtgs ol'this rcscetrch can bc uscd as a support lor thc sustainablc clcveloprncnt.
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