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ABSTRACT

The assessment of landuse landcover (LULC) and selected trees specics distribution modeling in
the urban areas of [slamabad capital territory (ICT) was carried out for tree species pred_iction and
assessment of their spatial distribution by using recent Sentinel-2 satellite data (2016). For the
purpose high resolution spectral bands of 10 meter resolution were used to extract the land cover
classes. A

The random forest classitier method was applied to classify the land cover into major five
classes including, agriculture, grasses and -weeds, shrubs, trees and urban built up. For the purposc
of accuracy asscssment land cover Out of Bag (OOB) error technique produced 90 percent classes
accuracy. |

Each land cover classes arca was calculated by using map algcbrd process for results and
estimations.- [t shows urban built up area as the largest clziss 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 model was used to predict the maximum
cntropy regarding individual tree species.  Species prediction about their occurrence was
calculated at differcnt level of suitability. |

Receiver operating charactcristic (ROC) show the range of accuracy for different species,
the findings varies from 83 to 99 percent. Specics like Bischofia javanica, Citharexylumn spinosum,
Cedrela serrata and Sapium sebiferum shows 99 percent accuracy. While, ROC result for Acacia
sp. was 89 percent (AUC = 0.89) and 83 percent (AUC = 0.83) for Terminalia arjuna. The results
are satisfactory for the selected species, Species distribution in the study arca were mapped. Also,
the results of species prediction of occurrence assessed Acacia sp., Albizia lebbeck and
Broussonetia papyrifera as the most dominating species with significant cover in the study area.

The results of this study will be useful for further management and planning initiatives to
improve the ccological assets of Islamabad. Also, it will be helpful for the identification of

environmental variables which influence species richness and diversity.
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quality. The city is considered one of'the fastest growing urban settlenients distinctly characterized
by park areas and large green spaces (Ali & Malik, 2010). This rapid expansion of Islamabad has
resulted in shrinkage of green spaccs.

The scholars such as (PySek, 1995) have a valued opinion that knowledge and awareness
of urban vegcetation is a prercquisite for better deccision making about the urban environment.
There is a growing consensus of opinion that knowledge about eco-capital is essential for the
improvement and management of urban ecosystem resources. Also quality is important for natural
resource conservation.

In Pakistan, to best of our knowledge, no studies have been carried out where prevailing
distribution of urban vegetation is correlated with land use types. Unfortunately, there is not much
awarcness about this issue in the general public and issue is also abscnt in policy discourses.

The current study is aimed to provide detailed landuse information of urban Islamabad.
The specitic objecti\;és are to assess the vegcetation related diversity of [slamabad city, to provide
much‘ necded information about trees specics of green spaces and along water courses located in
the inner city and identification of tree species with the help of machine learning method. The
present study will also help rescarchers and urban planners who are intercsted in land cover maps
with higher spatial resolution.

The results of this rescarch will be uscful for further management and planning initiatives

o

to improve the ecological asscts of [slamabad.

1.2  Statement of the Problem

Islamabad being a capital city has witnessed extraordinary expansion, growth and
developmental such as infrastructure development activities which -includes building, road
construction, deforestation and many other anthropogenic activitics since its inauguration in 1959,
Since the shifting of capital to Islamabad, the process of urbanization is still in progress and in
recent years the appearance of Islamabad city has extensively been changed, as the land has been
cleared for housing and devclopmental projects. |

As aresult, an influx of people is moving from rural areas. This would have critical impact
on the surrounding ecosystem of Islamabad, loss of agricultural land, destruction of forest cover
and on the benefits produced from the land. Pre 1959 Islamabad, was a forested landscape, but
now the signs of ecological degradation are observable. The impacts of this uncontrolled
urbanization are visible and ncgative for natural vegetation of the capital. Therefore, the
landuse/landcover (LULC) maps of high resolution are essential for making more accurate

decisions.
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1.3 Significance of the Study

The main objective of the study was to assess the suitability of Sentinel-2 data for typical
land cover classifications in agriculture and forestry using a supervised random forest (RF)
classificr. As part of the case studies, we were also interested to see that which Sentinel 2 spectral
band contribute most to the different tree species prediction.

The present study has been carried out with the help of random forest classitier for image
classification. The technique is considered an appropriate and highly accurate method of
classifying land cover, when remotély sensed spectral imagery and ancillary data arec combined.
The first level deals with broad structural categories such as built up areas, agricultural land, trees,
wecds or grasses and shrubs or scattered trees; the second level introduces, generally concerns
more detailed species-based class‘differentiation, and is specifically used for major trees species.

The accurate mapping of significant trees species in urban areas of Islamabad can provide
numerous benefits for the managerial authorities like capital development authority (CDA). Such
benefits include the mapping of valuable tree species, which are a key source of fuel and food,
invasive, allergic and bush encroaching species, which can be destructive for environment and
livelihoods of the local communities.

The other important intention of the current study was to create a GIS based database of
the vegetation of urban Islamabad that will be helpful in refined search of locations where
urbanization impacts on different vegetation pattern are found. Through creation of georeferenced
data on landcover and species occurrence, the prescnt study will contribute towards effectiveness
of natural resource management actions and conservation initiatives, mobilization of the data,
climate change impact studies on biodiversity, biological reserve design, community and
ecosystem modeling, Species and habitat conservation plans, invasive species monitoring, basic
research and predicting the effects of global environmental change on species and ecosystems of
Islamabad. To achicve these goals, the different type of vegetation occurrence data was collected

from the field, georeferenced, mapped and evaluated for asscssment of suitability trends.

1.4  Objectives
The general objectives of the study werc to evaluate the classification of vegetation of
urban areas of Islamabad.

The specific objectives of the study werce




L
ey

To assess the potential of multi-temporal data of sentinel-2 for landcover classitication

accuracy.
To calculate the arca of different landcover classes.

To map the signiticant trec species suitable habitat in urban Islamabad.

To find the most abundance tree specices in the urban arcas of Islamabad.
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2.3 Significance trec species of Islamabad and species distribution models

(SDM)

Species Distribution Models (SDM) are generally utilized techniques that take numerical
tools and join them with perccpti'ons of species occurrence or abundance and environmental
parameters to distinguish reasonable or accessible habitats.

Broussonetia papyrifera and Dalbergia sissoo are abundantly sepdrated in different
commuanities of Islamabad (AH & Kauser, 20006).

(Ali & Malik, 2010) conducted a study in Islamabad focusing on vegetation community

prevailing along the drain sides and their relationship to the underlying soil propertics. The two-

Wway indicator species analysis (TWINSPAN) identified the different vegetation communities in
Islamabad, in plants they recorded 113 pant species with Broussonetia, Dalbergia, Eucalyptus and
Populus as a most widely spread and dominant genera in the study area.

Specics distribution models can be used to provide an understanding of the ccology in

specific landscapes and/or to predict the species’ distribution across one or more landscapes.

However, generally speaking, SDMs combine concepts from natural history with more recent

developments in statistics and information technology. Generalized lincar models (GLM) were

originally used in carly analyses of presence-absence and count data whereas generalized additive
modcls (GAM)(Bolker et al., 2009), which are similar, can be used to describe nonlinear responses.
A study was carried out in the savanna ecosystem by (Naidoo et af., 2012) to classity and
map the important cight trec species by using a combination of hyperspectral and LiDAR data
through random forest approach. Random forest model developed classification shows
satisfactory results with 87.68% accuracy. *
However, in recent years MAXENT has become the new norm for simulating the spzjiial
distributions of many different species. Maximum entropy (MAXENT) is very sophisticated,
machine-learning method of modeling a species’ geographic distribution. Using data points of
obscrved specics (presence-only), and environmental conditions, MAXENT can estimate the
cnvironmental requirements of a specics. MAXENT produces habitat suitability analyses
addressing the spatial cxtent of a species. It has become the frequently used software for infén‘ing
species distributions and environmental tolerances, and It allows users to fit models of varying

complication (Warren & Seifcrt, 2011).
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Table 3. 2: Out of bag {OOB) error caiculation of combine image of Sentinel-2

Combine Linage Agticulture [Urban Builtup |Grasses/Shrubs |Shrubs/Scattered trees | Trces |class ermor

Agriculture 1034 [ 10 2 25 | 0.042

Urban Builtup 3 198 4 -0 0 0.205

Grasses/Shiubs 26 1 157 6 6 0.276

Shrubs/Scattered trees 9 0 13 20 25 0.667

Trecs ‘ 25 0 4 3 1220 0.029
0O0B Error =9.05%

3.4 Tree Species Distribution Mapping

Maps of specics distribution or habitat sustainability are required for various aspects of
environmental research, resourcc management and conveisation planning. Specics distribution
modeling represcnts a scientifically important area that deserves the attention of the szchine
Icarning community whilc presenting it with some interesting challenges (Phillips et «l., 2004).
Spatial prediction of Species Distribution Model (SDM) relies on the availability of different
predictors in the form of maps or, more preciscly, digital spatial data (Goodchild et al., 1990).

Eightcen different tree species were analyzed to observe the spatial distribution in urban
areas of Islamabad through Maximum Entropy Model. Further, predicted probability of presence
of each species is divided into four classes from unsuitable to highly suitable arcas. Detail of each

class is given below,

Crlass ~ Predication Rangc (threshold)
* Unsuitablc area <(.2
e Less suitable arca 0.2t00.4
e Moderatcly suitable area 0.4100.6
" @ Highly Suitable area >0.6

Maximum entropy (MAXENT) is very Sophisticated, machinc-learning method of
modeling a species’ geographic distribution. Using data points of observed spcéics (presence-
ouly), and cnvironmental conditions, MAXENT can estimate the environmental requirements of
a species. MAXENT produces habitat suitability analyses addressing the spatial extent of a
species. It has becomc the frequently used software for inferring specics distributions and
environmental tolerances, and It allows users (o fit models of varying complication (Warren &

Scifert, 2011). MAXENT is a broadly usetul method for making forecasts or predictions from
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inadequate data. Its sources lie in statistical mechanics (Ratnaparkhi, 1997) and MAXENT is now
a common species distribution modeling (SDM) tool used by conservation practitioners for
predicting the distribution of a specics from a set of records and environmental predictors. The
idca of MAXENT is to cstimate a target probability distribution by finding the probability
distribution of maximum entropy (i.e., most spread out, or close to uniform), When MAXENT is
applied to presence-only species distribution modecling, the pixels of the study arca make up the
space on which the MAXENT probability distribution is defined, pixcls with known specics
occurrence records constitute the sample points, and the features are climatic variables, vegetation
type or other environmental variables, and functions thereof (Phillips, 2005).

Ground reference data were collected from the randomly chosen sites within the study arca
in 2016. Sitcs were required to be an urban forest in nature. 1In this case some random patches
have been selected of the same species of about 20x20m area becausc the used images were at
10m spectral resolution. Tree species parameters measured include the position or location of
occurrence and specices diversity, the position of the ficld plots was assessed with the help of a
GPS. Latitude and longitudes of all points were noted in an inventory. Additionally, pictures were
taken for spccies identification and'in the laboratory with the help of Botanist these species were
identified. There were specics for which no or very few sample points were collected during the
ficld visits. Thosc spccies were neglected, due to lack of sample size and less significance.

Also, a ground survey was conducted using a Google satellitc image. The positions of the
trecs were directly marked on images, cnsuring a precise matching between ground and aerial
obscrvations. The final position of cach point was the centroid of all polygons which were marked
on the shape file. A differcntial correction was also applied to the acquired points. By using
MAXENT version 3.3.3k we run the analysis of different sbecics‘ Two types ot variables were
used in this study which include, prediclive variables (individual bands) and environmental
variables (bands transformation and ratios).

Scctor-wise arca of all species was computed with different classes of suitability and
mentioned in the tables, which shows the arca of relevant species in hectare.  Also, maps were
generated by using MAXENT prediction of species spatial distribution. Morcover, the jackknife
test of variable importance and curves of diffcrent significant variable are shown, that how the

variables affect the MAXENT prediction.
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No Predictor variables Description
18 teb_o Tasseled cap brightncss (October)

19  tev_m Tasseled cap vegetation (May)

20 tev f Tasscled cap vegetation (February)

21  tev o Tasseled cap vegetation (October)

22 tew_m Tasseled cap wetness (May)

23 tew f Tasseled cap wetness (February)

24  tew o Tasseled cap wetness (October)

3.6 Sentinel-2

The Sentinel-2A satellite launched on 23June 2015; 1t is an Earth obscrvation mission
developed by ESA (European Space Agency) as part of the European Copernicus Program (ECP)
to accomplish terrestrial obscrvations in support of scrvices such as forest monitoring, land cover
change detection and natural disaster management etc. The first scenes were delivered a few days
later. Santinel-2 carries an innovative wide-swath, high-resolution, Multispcctral imager (MSI)
with 13 spectral bands in the visible, ncar infrared (NIR), and short wave infrarcd (SWIR) part of
the spectrum which include 3 atmospheric bands, this is going to offer unprecedented perspectives
on our land vegetation. |

Earlier satellite sensors (Landsat MSS, TM), having a spectral band in the near infrared
part of the spectrum, had good spectral resolution, however, they had too coarse a spatial resolution
to produce detailed maps in urban arcas. Today very high resolution (VHR) satellitcs are capable
of providing spatial details compatible with urban mapping (Treitz et ¢/., 1992). The combination
of high resolution (up to 'lO.m), novel spectral capabilitics (e.g., three bands in the red-edge plus
two bands in the SWIR), wide coverage (swath width of 290 km) and minimum five-day global
revisit time (with twin satellites in orbit) is expected to provide extremely useful information for
a wide range of land (and ct;astal) applications (Malenovsky et al., 2012).

In preparation for this new satcllite mission, the scientific community has been working to
provide feedback to systemn developers to define the best algorithms and data exploitation
strategies. This activity resulted in several experiments based on simulated Sentinel-2 datasets
(Hill, 2013). These studics rcported that Sentinel-2 have high potential in various fields of
application. This potential in Earth obscrvation (EO), however, needs to be confirmed by real
data.

Actual Sentinel-2 data are no@ available and ready for exploitation for scientific and
commercial purposcs. In the present study, an assessment of the Sentinel-2 landcover mapping
capabilities arc undertaken by using February, May and October 2016 tmagcs, Sentinel-2 images

acquired over study area the Islamabad Capital Territory (ICT). The preliminary assessment
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focuses on landusc classification and species distribution modelling of some prominent trec

specics of urban Islamabad, both are important for remote sensing applications.

3.6.1 Characteristics and details of different spectral bands of SENTINEL-2
The SENTINEL-2 spatial resolution depends on the particular spectral band. Spectral resolution,

wavelength and purposc of all 13 bands are given.

Band 1 (b1)

The spectral resolution of this band is 60 meter. Its wavelength is 443 nanometers A typical
human eye ‘can respond to wavelengths from about 390 to 700 nm, so it is a visible light. This
band works much better for acrosol dctection.

Band 2 (b2)

The Spectral resolution of band 2 is 10 mcter and its wavelength is 490 nanometers. Band -

2 falls in the visible spectrum and also capable of differentiating soil and rock surface from

vegetation.

Band 3 (b3)

It is also a 10 meter spectral resolution band with 560 nanometer wavelength. It is green
band and sensitive to water turbidity ditferences. Because it covers the green reflectance peak
tfrom leaf surfaces. It can separate vegetation (forest, croplands with standing crops) from soil or
urban landscape that may have brighter (lighter tone), but all types of vegetation appear as dark

tone.

Band 4 (b4)
Band 4 is 665 nanometers red band with a 10 meter spectral resolution. It senses in a strong
chlorophyll absorption region and strong reflectance region for most soils. It can discriminatc

vegetation and soil as well.

Band 5 (b5), Band 6 (b6), Band 7 (b7) and Band 8a (b8a) V
These all bands have a 20 meter spectral resolution and 05 nm to 865 nm wavelength.
These all bands lic in visible and ncar-infrared (VNIR) spectra. These bands arc more effective

for classification of vegetation and trce species identification.
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Band 8 (b8)

Band 8 is a 10 meter spectral resolition band with 842 nanometers wavelength. It is NIR
(ncar infrarcd), and can distinguish a variety of conditions. Because water is a strong absorber of
NIR, this band is important in dclineating walter bodies, distinguishing dry and moist soils, barren

arcas and crop lands.

Baud 9 (b9) and Band 10 (b10)

These both arc 60 meter spectral resolution bands with atmospheric characteristics. Band

-9 is useful for water vapors and similarly band 10 is uscful for cirrus. Due to the high spectral

resolution these were found less significant in the current study.

Band 11 and Band 12
The band 11 and 12 both are Short-wave infrared (SWIR) or non-visible light. It is adjacent

10 NIR and both bands have 20 meter spectral resolution. These bands are scusitive to snow, ice
or clouds because snow has maximum reflectance.
The significance of individual bands has been discussed as above and their representations

of the respective months of 2016 have been shown in the figures 3. 4 to 3. 6.
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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 modcl.

No Species Uscd Significant Variables for MAXENT
I Acucia sp. bi07, boc.02, evit, ndvio
2 Albizia lebbeck ndvi, cvi, 1b.08, bio4, savi, ndvif, savio, tb.08a, ndvio, bi08
3 Alstonia scholaris arvi, 1b.05, boc.04, laif, boc.12
4 Bischofia javanica b.08, 1b.09, tcwo, 1b.08a, tevt, 1b.04, tb.12
5 Broussonetia papyrifera boc.05, tevt, bil2, boe.09, bi03, boc.08, boc.00, boc.03, 1b.07
6  Cuallistemon citrinus bio07, tewo, bi09, bi08, tb.07, tcw, evio, 1b.02, [b.12
7 Cedrela serrata boc.09, bi.05, laio, bi09, bi08a, arvi, tb.07, 1b.04, boc.006, tcb
8 Celtis australis tb.05, boc. 11, tb.07, boc.00, boc.09, boc.07, tcw, bi09, bi04
9 Citharexylum spinosum bi09, boc.09, savio, tb.00, boc.11, laio, arvif, bil 1, 1b.12, ndvif
10 Dalbergia sissoo evio, tewf, tev, tb.02, boc.09, 1b.08, bi0Y, savio, boc.03
11 Lucalyptus camaldulensis  bi08, cvio, tevt, boc.02, 11.08, tewo, bil2, 1b.08a, tb.12, bi06
12 Ficus elasticu 1b.05, tewo, tb.11, boc.05, bil2, th.12
13 Juckaranda mimosifolia bill, bi02, bi04, ndvif, bil2, tewf, lai, lait, boc¢.09, 1b.02
14 Pinus roxburghii bi08, lai, boc.09, savio, arvio, 1b.08, evif, bil2, bi05, boc.06
15 Pongamia pinnatu boc.02, 1b.07, boc.09, tevi, bi02
16 Populus ciliate boc.08, b.09, b.08a, tb04, boc08a, ndvio, ndvif, bi06, 1b.12
17 Supium sebiferum tcvo, savi, cvio, 1b.09, tewo, ndvio, laif, boc08a, boc09
18  Terminalia arjuna 1b.08, 1b.09, bi08a, 1b.02
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4.3 Predicted distribution of tree species

4.3.1 Acacia sp (Phulai / Kikar / Babul)

Acacia modesta and Acacia nilotica are one of the most commonly occurring species in

this study arca. Acacia modesta is a medium size decidous tree locally called “phulai”.  Its

flowering time is in April to May. Acacia nilotica locally called “kikar™ or “babul” and June to
July is the flowering time. It is observed that mostly Acacia sp is found along the drainage sides
and in the green belts. Spatial distribution of Acacia sp in the study arca is given in the figure 4.

4, and dark values indicate higher probability of occurrence.
Prediction distribution of Acacia with suitability classes (sector-wisc)

Sector wise arca of Acacia sp indicates that, It covers 275 hactares (11 percént of total tree
class) with highest suitability class. Some prominent sectors which have a significant land cover
are H-8, H-10, F-6, F-9 and G-6. Sector H-8 have 27.46 hectares cover with a highest suitability
range, which makes sector H-8, the most suitable sector with maximum Acacia sp cover. Also
with moderately suitable class, It is predicted to be found on 686 hectare (28.5 percent of the tree
class ) area. Sector H-8 is the biggest sector with 67.26 hectare cover. Further, details of each

scctor is given in table 4. 2.
Jackknife of regularized training gain for Acacia sp ¥

The results of the jackknife test of variable importance show that the variable bi06 (band 6
of May imagery) contributes 26.2 percent with 0.23 regularized training gain, which makes it the
most important variable. The other significant variables include, evit (Atmospherically resistant
vegetation index February), savif (Soil-adjusted vegetation index February) and bi07 (band 7 of
May ). While, tewo (Tasseled cap wetness_October) and bi09 (band 9 of May) is among the less

significant variables (Figure 4. 5).
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significantly but it is not showing any trend. (d) The variable bi07 graph shows negative

correlation,

4.3.2  Albizia lebbeck (Siris)

Albizia lebbeck is mostly fast-growing subtropical and tropical deciduous trce. It is often
simply called "black siris”. Dark values in the map (Figure 4. 6) indicates the highly suitable arcas
of the Albizia lebbeck which is about 243.6 (10.1 percent of the tree class). It is commonly spread
in the urban green spaces and green belts in the study area. By area it is one of the most abundant

tree species of urban [slamabad.

Prediction distribution of Albizia lebbeck with suitability classes (sector-wise)

Sector F-6 shows 33.63 hectares, the highest area with highly suitable class. While, Albizia
lebbeck is predicted to be found on 360 hectare (15 percent of the tree class), the maximum area
with a moderate suitability range is 34.8 hectare lies in sector F-G. Morcover, sectors G-6, G-7,
F-7 and I-8 havc significant cover. Distribution in other sectors with suitability range is also given

in table 4. 3.
Jackknife of regularized training gain for Albizia lebbeck

The results of Jackknife test show that variable ndvi (normalized diffcrence vegetation
index_May) contribute 29.7 percent to the MAXENT model and shows highest gain in the
Jackknife 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

show significant gain (Figure 4. 7).
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The above response curves show that how some variable response to A/bizia lebbeck (a) the
variable with highest gain is evi (Enhanced vegetation index _May), which show a positive
correlation. It shows maximum prediction of presence at 0.47 threshold. (b) The variable bi.04
(band 4 of May) contributes 4.5 percent but shows high gain in Jackknife test, It has negative
correlation. (¢) The variable ndvi (Normalized ditference vegetation index_May) contributes
highest (29.7 pcreent) but shows no correlation. (d) The variable savi (Soil-adjusted vegetation
index_May) shows positive correlation with 4.4 percent contribution and have highest probability

of prescnce at 0.37 threshold.

4.3.3  Alstonia scholaris (Shaitan)

1t commonly called blackboard tree, devil tree, saitan, shatin and white cheesewood. It is

~an ever green tropical tree, native to the Subcontinent and Australasia. In Islamabad Alstonia

scholaris is found commonly in the urban residential areas (Figure 4.-8). Its tendency can be seen
in the residential areas, where people have introduced it. Also, it is found along the main roadsides
because It is used as an ornamental plant. Specificity and sensitivity results of ROC show 98

percent (AUC= 0.98) accuracy.

Predicted distribution of Alstonia scholuris with suitability classes (scctor-wisce) ;

The highly suitable cover of Alstonia schiolaris is approximately 22.9 hectare (<1 percent
of the tree class) and with moderately suitable class it is predicted on 43.16 hectare (1.8 percent of
the trec class). With highly suitable class sector [-9 is the most significant arca with 3.08 hectare
other important scctors with significant cover are 1-10 (1.93 hectare) and F-6 (1.68 hectare).

Further, details of overall study area with different suitability classes are given in thic table 4. 4.
Jackkuife of regularized training gain for Alstonia scholaris

Figurc 4. 9, shows the results of Jackknifc test, the variablc laif (Leaf arca index_Fcbruary),
arvif (Atmospherically resistant vegetation index_February), fb.05 (band 5 of February image) and
arvi (Atmospherically resistant vegetation index May) are significant variables and contribute
highly. The variable arvif (Atmospherically resistant vegetation index_February) contributes 36.5
percent. According to result of Jackknife regularized training gain (Figurc 4. 9) boc.02 (band 2 of
October image), boc.04 (band 4 of October image), boc.05 (band 5 of October image) and boc.12

(band 12 of October imagc) are not noteworthy variables.
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(Atmospherically resistant vegctation index _February) shows no correlation. (c) In variable Fb.05
(band 5 of February image) curve.shows positive corrclation and shows highest probability of
presence at 0.25 threshold. (d) The variable arvi (Atmospherically resistant vegetation

index_May) shows negative correlation.

4.3.4 Bischofia javanica (Bishopwood Tree)

It is deciduous tree (20 to 25 meter height) with cylindrical trunk and light-brown to
grayish, shallowly and narrowly fissured bark. The genus Bischofia was named after the name of
G.W. Bischotf, a botanist and entomologist in Royal Academy Amsterdam (AJAIB & ZAHEER-
UD-DIN, 2012). In the present study; Receiver operating characteristic (ROC) shows 95 percent

accuracy for Bischofia javanica (Figure 4. 10).
Prediction distribution of Bischofia javanica with suitability classes (sector-wise)

Total area of Bisclofia javanica with highest suitability is 41.33 hectare (1.7 percent of

. trees class). Maximum area with same suitability class is predicted to be found in scctors F-6 (5.98

hectare) and E-8 (5;8 hectarc). Sectors I-12, 1-11, G-12, G-13, E-11, E-12 and E-13 do not show
significant cover of Bischofia javanica. 53.4 hectare (2.2 percent of the tree class) is predicted
with moderately suitable class. While, 366.5 hectare (15.2 percent of the tree class) is predicted

B

with less suitable class (Table 4. 5).
Jackknife of regularized training gain for Bischofia javanica

The Jackknife result show that the variable tb.08 (band 8 for February image) as the most
important variable with highest gain (0.77) and second most important variable is tcwo (Tasseled
cap wetness_October) with 0.5 threshold. Other significance variables include tevf (Tasseled

cap vegetation _February) and {b.04 (band 4 of February image) (Figure 4. 11).
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vegetation February) contribute 1.2 percent but shows significant gain with inverse relationship.
~ (d) Variable 1b.04 (band 4 of February imagery) also shows negative correlation.

$

" 4.3.5 Broussonetia papyrifera (Paper mulberry)

Broussonetia papyrifera usually known with different names like Paper mulberry is native
to East Asia. It was presented (seed dispersal intensive arial mode) to Pakistan in 1960's for
grecning Islamabad and controlling soil erosion. As per estimation 60-70 percent of the trees in
Islamabad are of Paper mulberry (Rashid, M., 2014). It is one of the most common occurring tree

type in the study area (Figure 4.12). <
Prediction distribution of Broussonetia papyrifera with suitability classes (sector-wise)
With highest suitability prediction Broussonetia papyrifera is spread on 195.5 hectare (8.1

percent of the trees class). It is found in ditferent sectors with highest area 28.4 hectare in H-8.

According to moderate suitable class it is predicted on 259.8 hectares (10.8 percent of the tree

class) with maximum 30.9 hectare in H-8, with less suitable class 868 hectare (36 percent of the

tree class) arca is predicted in the study area (Table 4. 6).
Jackknife of Regularized training gain for Broussonetia papyrifera

The variablc::s tewo (Tasseled cap wetness_October) and.boc.5 (band 5 of October image)
are most important variables in jackknife test. The other variables with significance gain includes,
laio (Leaf area index_October), bocl2 (band 12 of October image), tew (Tasseled cap
wetness_May), bil2 (band 12 of May image), tb.02 (band 2 of February image) and b.07 (band 7

of February imagc). Further details are given in figure 4. 13,
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Response curves of all significant variables including (a) variable bi07 (band 7 of May Imagery)
shows highest gain but negative correlation, (b) Variables bi08 (band 8 of Mayy), (¢) bi09(band 9
of May and (d) fb.07(band 7 of February Imagery) show inverse relationship.

4.3.7 Cedrela serrata

It is a medium size deciduous tree found in the different arcas of Islamabad. Figure 4.16
is the representation of the MAXENT model for Cedrela serrata, high suitable areas with better
prediction have dark colours in the map. Receiver operating characteristic (ROC) shows good

result with 99 percent (AUC= 0.996) accuracy.
Prediction distribution of Cedrela serrata with suitability classes (sector-wise)

Cedrela serrata is predicted to be found on 19.15 hectare (0.8 percent of tree class). Sector
I-9 with high suitable range is predicted to have 4.15 hectare. The other important sector includes
G-6 (3.87 hectare), H-10 (3.47 hectare) and I-10 (1.67 hecare). With moderate suitable class
Sector G-6 (4.21 hectare) and 1-9 (3.64 hectare) are prominent areas of urban Islamabad. Table. 4.

8 shows Cedrela serrata cover with different suitability classes.
Jackknife of Regularized training gain for Cedrela serrata

The Jackknife result shows that the variable boc.09 (band 9 of October image) and bi09
(band 9 of May image) have maximum gain. Other significant variables with less gain include
1b.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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(a) The variable with highest gain is boc.09 (band 9 of October image), its response curve shows
ncgative correlation. (b) The variable bi09(Band 9 of May image) show inversc relationship. (c)
Variable {b.08a (band 8a of February image) also show negative correlation. (d) The variable th.07

(band 7 of February image) shows no correlation.

43.8 Celtis australis (Honcyberry)

[t is commonly known as the Europcan nettle tree, Mediterranean hackberry, lote-tree, or
honeyberry. Itis a deciduous trec native to Southern Europe and North Africa (Denr et al., 2002).
Figure 4.18 shows that the Celtis australis is mostly grown in streets and along the roads sides of

Islamabad city.
Prediction distribution of Celtis australis with suitability classes (sector-wise)

In the study area, 110.1 hectare (4.6 percent arca of total tree class) is predicted with highly
suitable class covered With Cellis australis. 1t makes Celtis australis as one of the important tree
specics in Islamabad. Scctor-wise F-6 (11.75 hectare) and G-6 (11.5 hectarc) have significant arca
with highly suitable class. ’With moderately suitable class, It is predicted to be found 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.
Jackknife of Regularized training gain for Celtis australis

According to jackknife test pf variable importance boc.07 (band 7 of October image)
highest gain. Other important variable with significant training gain are boc.06 (band 6 of
October image) and boc.09 (band 9 of October image). The variable with less gain includes
boc.11 (band 11 of October image), fb.05 (band 5 of February image), tcwf (Tasscled cap
wetness_February) and {b.06 (band 6 of February image). Further details are given in figure 4.

19.
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The response curves of important variables for Celtis australis show that (a) Variable boc.07
(band 7 of October mage) shows negative correlation. (b) Variable boc.06 (band 6 of October
imagery) does not show any relation. (c¢) Variable boc.09 (band 9 of October image) also shows
‘negative correlation. (d) Variable fb.05 (band 5 of February image) shows positive correlation

and highest probability of presence at 0.15 threshold.

4.3.9 Citharexylum spinosum (Fiddlewood)

An attractive little tree that offers fascinating foliage throughout the entire year (Starr et
al., 2003). Its large oval and shiny leaves are green during winter, changing to shades of yellow,
orange and gold for the months fror;l spring to autumn. It is common but found in very small
patches in greenbelts and roads sides. The Receiver operating characteristic (ROC) shows 99

percent accuracy (AUC=0.99). The spatial prediction of occurrcnce is shown in figure 4. 20.
Prediction distribution of Citharexylum spinosum with suitability classes (sector-wise)

It is predicted to be presented with highly suitable class on 22.5 hectare (<1 percent of the
tree class) major sectors with significant cover are, 1-9 (3.46 hectare), G-6 (3.04 hectare), G-7
(2.72 hectare), F-7 (2.71 hectare) and F-6 (1.67 hectare). With moderately suitable class 27.6
hectare (1.1percent of whole tree class) and 178 hectare (7.4 percent of tree class) area with less
suitable class is predicted for Citharexylum spinosum. Detail of each sector is tabulated in table

4. 10.
Jackknife of Regularized training gaiu for Citharexylum spinosum

Figure 4.21, shows that the variable bi09 (band 9 of May image) shows highest gain in
Jjackknife tcst. Moreover, the variables boc.09 (band 9 of October image) and boc.11 (band 11 of
October image) show significance gain. The other important variables with less gain include,
savio (Soil-adjusted vegetation index October), boc.04 (band 4 of October image), and bi07 (band
7 of May image).
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(a) The variable 1b.08a (band 8a of February image) shows highest gain when used in isolation
and the response curve showing a positive corrclation. (b) The variable {b.08 (band 8 of February
image) decreases the most gain when It is omitted, response curve shows the maximum precﬂction
at 0.15 threshold. (c) Variable tewf (Tasseled cap wetness_February) shows ncgative correlation.

(d) Response curve of th.09 (band 9 of February image) shows positive correlation.

4.3.11 Lucalyptus camaldulensis (Eucalyptus / Sufeda)

Figure 4. 24 is a representation of the MAXENT model for Eucalyptus camaldulensis, dark
colors show areas with better predicted conditions. It is mostly planted along the road side and
somehow along the drainage area. Its significance cover is found in sectors F-6 and I-9 (Industrial
Sector). Receiver operating characteristic (YROC) shows the 96 percent accuracy (AUC=0.963) for

Lucalyptus camaldulensis.
Predicted distribution of Eucalyptus camaldulensis with suitability classes (sector-wisc)

Eucalyptus camaldulensis is one commonly occurring tree of Islamabad along the road
sides and highways. Approximat’ely, 94.16 hectare (3.9 percent of trec class) is predicted with
highest suitability to have the Eucalyptus camaldulensis. The important sectors include sector F-
6 (13.18 hectare), I-9 (8.72 hectare), F-8 (7.02 hectare) and G-7 (6.35 hectare). With moderately
suitable claés 159.1 hectarc (6.6 pc'rcent 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).
Jackknife of regularized training gain for Eucalyptus camaldulensis

Jackknife training gain result show that among various used variables, bio05 (band 5 of
October image), bi06 (band 6 of May image), bi08 (band 8 of May image), bil12 (band 12 of May
image), tevf (Tasseled cap vegctation February), tcw (Tasseled cap wetness May) and tecwo
(Tasseled cap wetness_October) show significant gain. While, tev (Tasseled cap wetness May),

boc.12 (band 12 of October image) show less gain (Figure 4. 25).
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4.3.13 Jackaranda mimosifolia (Gul-c-Neclam)

Basically Jackaranda is a sub-tropical trec and it has been widely planted in Islamabad due
to its attractive and long-lasting blue flowers. It has been planted along the road side and. in
residential area because of its attraction. MAXENT model respresntation of Juckaranda
miimosifolia shows that it is occurred with high suitabality along the drainage arcas and green belts

(Figure 4. 28).
Predicted distribution of Jackaranda mimosifolia with suitability classes (sector-wisc)

174.7 hactarc (7.3 percent of total tree class) has been predicted by MAXENT model under
the Jackaranda with highly suitable class. 36.31 hectare cover of Jackaranda makes sector G-6
tlic most signiﬂcant with highly suitable class. Also, sector F-7 (32.6 hcctarm) and 1-8 (12.19
hectare) have significant cover. With Moderately suitable class it is predicted to be present on

284.6 hectare (11.8 percent of the tree class) area (Table 4. 14).
Jackkuife of regularized training gaiu for Jackaranda mimosifolia

Jackknife resut shows the bi.l1 (band 11 of May month) as a varaible with maximum
2ain,0.37 regularized training gain, the variable bi.12 (band 12 of May image), bi.04 (band 4 of
May) and tcbo (Tasseled cap brightncs_s_OcIober) also shows gnificance gian. While other band
with less significane includes arvi (Atmospherically resistant vegetation index May) and ndvif

(Normalized diffcrence vegetation index_February) (Figure 4. 29).
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4.5 Discussion

The study deals with the characterization of vegetation of urban Islamabad by using
machinc learning methods. Remote sensing data are widely used in the literaturc for
landuse/landcover and tree species general.  Multiple types of remotely sensed data, including
multispectral, hyperspectral, and LiDAR data, have been used in recent studies (Xie ef al., 2008).
Hyperspectral and hyper spatial imagery is now facilitating and serving the mapping of tree specics
spatial distribution modeling (Culvenor, 2002).

To classify the landcover of urban arcas of Islamabad by using recent images of Sentincl-
2 data, the landcover of diffcrent sectors was caleulated with almost more than 91 percent
accuracy. In previous studics land covers and tree species classification were carried out in
different parts of the World. Recently, (Immitzer, ef al., 2016) used sentinel-2 imagery, to derive
different crop type and tree species maps were analyzed in Austria and Germany for forests
studied. In both case studics, only single cloud-free Sentinel-2 imagery of August 2015 was uscd.
By using mono-tcmporal datasets, they applicd a random forest classificr with 10 spcctral bands
of Scntinel-2 resampled to 10 m resolution. The achieved classification results were satisfactory
but not extremely high.

Different machine learning methods including support vector machines (SVM) and random
forests were used, but the results of RF were more satislactory, because it can deal with the issucs
related to classilication like unbalanced, multi-class and small sample data without data
preprocessing procedures (Liu ef «f., 2013). So, in present study Random forest classification
method was used for multi scasonal/temporal data to reduce the out-ot-bog (OOB) error and to
improve the accuracy. It was successtul in achicving the satistactory result.

The accurate classification of land cover and tree species distribution in urban arcas is an
important task as it can drive the exploitation and management policics of forests. Furthermore,
it is concluded by the maximum cntropy result for species prediction of occurrence that the specics
diversity decrcased from open green arcas to residential arcas along drains route. It is the result
of construction and development activitics at residential sites (Ali & Malik, 2010).

Technigques used for the predicting spatial distribution by combining presence only data
occurrence records with climatic or environmental variables show much potential for application
across a range of biogeographical analyses. In Madagascar, (Pearson ef «l., 2007) cvaluated two
different modcels for 13 species of seeretive leal-tailed geckos that were endemic. for shich
available sample sizes vary {rom only 4 to 23 occurrcnce records. 20 different cuvironmental
laycrs were used by two modcelling approaches: maximum entropy (MAXENT) and a genclic
algorithm (GARP). According to statistical significance in jackknife tests they assessed that the

MAXENT model was more successful with small sample size (only five samples). So, MAXENT
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model was used to predict the maximum entropy regarding individual tree species. Species
prediction about their occurrence was calculated at different level of suitability.

Receiver operating characteristic (ROC) show thé range of accuracy for difterent species,
the arca-under-curve (AUC) varies from 83 to 99 percent. Specics like Bischofia javanica,
Citharexylum spinosum, Cedrelu serrata and Sapium sebiferum shows 99 percent accuracy, while,
species like Terminalia arju/za‘showed 83 percent accuracy. It is assessed that with different

classcs of suitability species spatial distribution varies in different sectors.
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