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Abstract

The tree species and its diversity are two critical components to be monitored for sustainable management of forest as
well as biodiversity conservation. In the present study, we have classified the tree species and estimated its diversity
based on hyperspectral remote sensing data at a fine scale level in the Saranda forest. This area is situated near the
mining fields and has a dense forest cover around it. The forest surrounding the study area is exhibiting high-stress
condition as evidenced by the dying and dry plant material, consequently affecting tree species and its diversity. The
preprocessing of 242 Hyperion (hyperspectral) spectral wavebands resulted in 145 corrected spectral wavebands. The 21
spectral wavebands were selected through discrimination analysis (Walk’s Lambda test) for tree species analysis. The
SVM (support vector machine), SAM (spectral angle mapper), and MD (minimum distance) algorithms were applied for
tree species classification based on ground spectral data obtained from the spectroradiometer. We have identified six
local tree species in the study area at the spatial level. The result shows that Sal and Teak tree species are located in the
upper and lower hilly sides of two mines (Meghahatuburu and Kiriburu). We have also used hyperspectral narrow
banded vegetation indices (VIs) for species diversity estimation based on the field-measured Shannon diversity index.
The statistical result shows that NDVI705 (red edge normalized difference vegetation index) is having the best R? (0.76)
and lowest RMSE (0.04) for species diversity estimation. That is why we have used NDVI705 for species diversity
estimation. The result shows that higher species diversity values are located in the upper and lower hilly sides of two
mines. The linear regression between Hyperion and field measured Shannon index shows the R* (0.72) and RMSE
(0.15). This study will aid in effective geoenvironmental planning and management of forest in the hilltop mining areas.

Keywords Hyperspectral remote sensing - Tree species and diversity - Mining activities

Introduction

The tree species and its diversity are the essential natural re-
sources. In the study region, mining-related activities have
shown a high potential for tree species growth and health
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that 9% of tree species is lost by mining and allied activities
between the years 2005 and 2015 in the Amazon forest.

However, hyperspectral remote sensing technology has
shown the potential to identify the dynamics of tree species
at spatial and regional scale level (Chambers et al. 2007; Plaza
et al. 2009; Shen and Cao 2017). Hyperspectral compact air-
borne image (CASI) sensor data had been used for tree crowns
and species identification (Bunting and Lucas 2006). They
had developed an algorithm to delineate tree crown and spe-
cies classification using ECognition expert, and ground spec-
tral data. The hyperspectral remote sensing technology has
provided higher accuracy to discriminate tree species by clas-
sifying it at a spatial scale level (ST.1). Kozoderov et al.
(2015) had used BCC (Beiman cutler classification) algorithm
in the R statistical program package for tree species classifi-
cation based on hyperspectral data. They had shown that BCC
method has better accuracy levels than other supervised clas-
sification methods (SVM and SAM). Dalponte et al. (2013)
had used EHCS (efficient hierarchical clustering statistical)
algorithm for identifying the Tamarisk tree species and their
suitable wavebands using airborne hyperspectral (4 m) data
combined with multispectral (0.5 m) data. Alonzo et al. (2014)
had developed the ITC (individual tree crown) method based
on hyperspectral data for classification of tree species. They
had also used various threshold methods for full pixel tree
species classification and compared that with the ITC method.
The spectral behavior of tree species basically depends on
leaves reflectance, absorption, and transmission properties.
A spectral collection technique (SCT) is one of the significant
elements in the discrimination analysis of tree species and
identification (Adam et al. 2010; Delalicux et al. 2009). One
airborne (HyMap) and one space-borne (Hyperion)
hyperspectral satellite data (pixel resolution size of 8 and 30
m) based SMTs (Spectral measure techniques) algorithm had
been used for tree species identification (Ghiyamat et al.
2013).

Hyperspectral narrow-banded VI-based tree species diver-
sity estimation is a new task at a fine-scale level. Peng et al.
(2018) studied the assessment of tree species diversity and
mapping at regional scale level using hyperspectral narrow
banded 37 VlIs indices and 1st order derivation value for each
wavelength from ground spectra. The combination of
hyperspectral and multispectral (world view) data were used
for species diversity mapping. The accuracy yielded by mul-
tispectral (70.5) has also been compared with hyperspectral
(79.2) data (Cho et al. 2012). Some researchers have shown
the relationship between spectral indices and plant diversity
(Griffin et al. 2009; Tuanmu and Jetz 2015; Dudley et al.
2015). They had used the hyperspectral narrow banded indi-
ces, field spectra, and forest survey data for analysis of species
diversity and had shown that it had higher accuracy for species
diversity mapping. Hyperspectral narrow banded VIs were
used for species diversity mapping with an error of 20% in

the grassland forest of Sweden and temperate forest (27%) of
Germany (Mockel et al. 2016; Leutner et al. 2012). They
compared narrow-banded—derived Shannon index and field
measured Shannon index. Assessment of species biodiversity
has been carried out using airborne UAV (unmanned aerial
vehicles) hyperspectral data in a subtropical forest (Getzin
et al. 2012). They used a statistical correlation between
narrow-banded VIs and 1st order derivation of each wave-
length for this analysis. Hyperspectral images (airborne and
spaceborne) had shown highest accuracy results for species
biodiversity in different forest area, including rain (Ghazoul
and Sheil 2010), tropical (Nagendra and Rocchini 2008) and
mixed (Schneider et al. 2017), conifer (Nagendra 2001) and
deciduous forest (Decocq et al. 2004). The airborne
hyperspectral and thermal-infrared satellite imagery were ap-
plied for the detection of species diversity and vegetation spe-
cies (Coates et al. 2015). They had used two statistical
methods (standard deviation and linear regression) for species
and diversity analysis at the regional scale level. The
hyperspectral UAV (Getzin et al. 2012), airborne (Lassau
and Hochuli 2005), and spaceborne (Nagendra and Rocchini
2008) data were used for estimation of forest biodiversity, and
it had offered a very high accuracy results than multispectral.

The iron ore belt of the Saranda forest started facing trees
species degradation due to mining activities for the last 25
years (FSI report). This resulted in the change in natural tree
patterns and species biodiversity over the years. However,
such changes are not yet well quantified, and its overall im-
pacts on the future of the forest tree species are still not de-
fined. Therefore, the effect of mining on tree species and spe-
cies diversity must be adequately evaluated.

The major subobjectives of this paper include finding the
suitable waveband for tree species classification using dis-
criminant analysis; identify the spectral separability of differ-
ent tree species using the J-M (Jeffries-Matusita) distance
method; compare the accuracy performance of SVM, SAM,
and MD algorithms for tree species classification; and com-
pare the accuracy of narrow (Hyperion) and broad (Landsat
OLI) band data for tree species classification. Mapping of
species diversity is performed using hyperspectral narrow
banded VIs and compared with the Shannon index (H) to draw
the relationship between Hyperion and field derived Shannon
index. Species diversity and tree species mapping will help in
forest management, as well as in decision-making for forest
landscapes.

Study area and tree species information

Kiriburu and Meghataburu are two major mines contributing
to iron ore feed for Bokaro Steel Plant (SAIL) for the last four
decades (Fig. 1). The study area has a latitudinal stretch from
22°00" 45" to 22° 1" 36" N and longitudinal stretch from 85°
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Fig. 1 Location map of the study area

08’ 18.8" to 85° 24.36' 35" E with mean elevation of 750 m
from MSL. Saranda forest is characterized by hilly and steeply
sloping with homogeneous forest cover (Ahmad et al. 2018).
The soil of this region is mainly rocky, red, and black soil.
This area comprises of two main varieties of forest, i.e., trop-
ical moist deciduous and tropical dry deciduous and is also
famous for the largest Sal forest of Asia. Sal and Teak trees are
richly found in this region (FSI report 2015). The attributes of
tree species of the study area are shown in Table 1. During
summer, the temperature reaches to 43 °C. Yearly average
temperature ranges between 25 and 32 °C. The average annual
rainfall varies between 1200 and 1422 mm.

Material and methods
Data collection

The Hyperion (hyperspectral) and Landsat-8§8 OLI
(multispectral) sensors satellite data were used for tree
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species identification and diversity mapping. Two satel-
lite data sets, dated 16 Dec 2016 (Hyperion), and 9
Dec 2016 (Landsat OLI) were obtained from USGS
(United States geological survey). Hyperion data were
available only for the abovementioned period that is
why we have used Landsat OLI of that period.
Hyperion sensor captures very narrow banded data
(Hyperion tutorial handbook). Field-based tree species
spectral data were acquired by the spectroradiometer in-
strument in the study area for marching with satellite
imagery spectra. The species phytosociological observa-
tion data were collected from the Chaibasa forest office,
Saranda forest, for tree species identification. For species
biodiversity analysis (Shannon index based), 18 plot data
were collected from the study area. GPS (global position-
ing system) has recorded the tree species and its diversity
locations (latitude and longitude) of the study area. The
secondary data were (base map, toposheet, mining plan,
and forest survey data) obtained from different concerned
state government offices.
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Table 1 Attributes of tree species
at study area S. no. Botanical name Common/local names FSI species code
1 Shorea robusta Sal 1096
2 Tectona grandis Sagwan, Teak 1164
3 Syzygium cumini Jamun, Jamoon, Piaman, Rajamun 1136
4 Madhuca latifolia Mohwa, Lappa, Mahudo 759
5 Grewia tiliaefolia Dhaman, Tada, Thadachiee, Chadichi 552
6 Gmelina arborea Siwana, Gumari, Sivan, Gambhar 539
7 Ficus racemosa Atti, Rumdi, Atthi 485
8 Ficus benghalensis Figs, Wad or bat 477
9 Emblica officinalis Amla, Aonla, Amlaki, Nellimara 410
10 Careya arborea Kumbhi 215
11 Butea monosperma Palas, Kakhar, Khakhara, Palasin 173
12 Albizzia odoratissima Siris, Pullivage, Nellivega, Hiharu 56
13 Aegle marmelos Bel, Billi, Bil, Belpatra 37
14 Acacia auriculiformis Akasmani, Sona jhuri 6

Field survey and analysis

The leaf reflectance spectra of tree species were recorded by
field-based spectroradiometer during the time of field survey.
A total of twenty spectra corresponding to six different tree
species were recorded, and the mean spectra of each tree spe-
cies were used for analysis and classification. GPS has mea-
sured the longitude and latitude for each sample of tree species
(SF.1). We have measured in 10 x 10 m? plots in the field for
Shannon index analysis. A total of 18 plots were recorded
during the field survey. The GPS position was acquired for
the center of each diversity plot with the help of high-precision
hand GPS. The species abundance cover, height, and habitat
information were also acquired during field survey. The field
survey photograph of tree species and its diversity are shown
in Fig. 2.

Acquisition and preprocessing of field spectra

The spectroradiometer recorded the tree reflection spectra and
their wavelength. This instrument recorded at spectral resolu-
tions of VNIR (300-1000 nm) for 1.4 nm, NIR (1000—1700
nm) for 2 nm, and SWIR (1700-2500 nm) for 4-nm interval
respectively. The different spectral wave ranges were
resampled by the FWHM (Full width at half maximum) algo-
rithm (Kayet et al., 2019). The spectra for different tree species
were collected with the help of fiber optic source (300 to 2500
nm) and 180° FOV (field of view). For the measurement of
white reference spectra, a standard reference panel (white) was
used. Species leaf reflectance was measured with the help of a
reflectance probe. The holder block of the reflectance probe
was kept at sample distance 0-3/4" and 90° angle was set. The
raw field spectra of tree species in the study area are shown in
the supplementary file (SF.2).

Preprocessing of spectra consisted of temperature drift cor-
rection, water absorption, noise bands removal, and spectral
smoothing. The temperature drift errors were coming from
1001 to 1831 nm wavelength due to sensor detector changing
(Lenhard et al. 2005). We have used a splice correction algo-
rithm for temperature drift correction. The collected spectra
had shown error of water vapor and noise (2350 to 2500, 1790
to 1960, and 1350 to 1460 nm wavelength) due to atmospheric
components and instruments’ self-generation (Staenz et al.
2002). We have just removed two types of spectral errors from
wavelength bands. Some researchers have used linear and
nonlinear smoothing filter for spectral data smoothing.
Savitzky-Golay algorithm based filter smoothing yields high
accuracy (Savitzky and Golay 1964; Vaiphasa 2006). So, we
have used the Savitzky-Golay filter for spectral data smooth-
ing. The average spectra of tree species were calculated after
spectral smoothing. This spectral has been used for spectral
library development and applied for classification.

Preprocessing of satellite data

Pre-processing correction (geometric, radiometric, and ter-
rain) of Hyperion and Landsat 8-OLI data were done by image
processing software. The atmospheric correction was carried
out by the FLAASH (fast line-of-sight atmospheric analysis of
the hypercubes) model in image processing software (SF.3a
and b). The location of the study area in the hilly region in-
duces a shadow effect on the satellite imagery. We have used a
band ratio algorithm for shadow effect removal from satellite
images. The projection of two images at WGS (world geodetic
system) 84 and zone 450 north, on UTM (universal transverse
mercator coordinate system) projection system were
performed.
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Fig. 2 Spectroradiometry field
survey and laboratory analysis

Tree species discriminant analysis

For the band’s selection, we have used Hyperion wavebands
obtained from the discriminant analysis. This analysis found a
set of prediction equations based on independent variables
that have been used to classify individuals into groups
(Somers and Asner 2014). The discriminant analysis records
the lowest Wilks lambda (L) values. The value of L lies be-
tween 0 to 1, with the value 1 or close to 1 indicates that the
mean of the group is not different. Value of 0 or close to 0
indicates that the mean of the group is different. Green and
Caroll developed the L statistic in 1978 (Eq. 1).

I = |Scffcct| (1)
| SeffectH— | Serror |

where, S denotes a sum of squares matrix and S¢o;
denotes cross products matrix. The classification of tree spe-
cies were performed using selected spectral bands obtained
from the L test.

Spectral separability analysis of tree species

For spectral characteristics of tree species, six different wave-
length locations were selected for species spectral separability
analysis. Jeffries-Matusita distance method is a method that
was selected to estimate the spectral range for different species
(Murakami et al., 2001). The value obtained from J-M method
varies between 0 and V2. The value lying close to 0 indicates
identical distribution whereas value close to \2 indicates dis-
similar distribution. The Eq. 2 calculates the J-M distance
method.
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where, , & 5, are two target spectral signatures under com-
parison, /. represents the average vector of spectral signature,
C represents the covariance matrix of spectral signature, 7
represents the transposition role and |C] is the determinant of
C (Richards and Jia 2005). The selected end-members spectral
wavebands of two datasets (Hyperion and Landsat OLI) were
processed with J-M distance method for calculation of spectral
separability.

Data dimensionality and spectral similarity analysis

Atmospherically corrected Hyperion data were used in MNF
(minimum noise fraction) transformation for data dimension-
ality. MNF rotation transforms to determine the inherent di-
mensionality of image data, to segregate noise in the data, and
to reduce the computational requirements for subsequent pro-
cessing (Boardman 1993).We have analyzed noisy data in the
MNF tool of image processing software, and outcome bands
were used for the classification of tree species. The spectral
analysis is based on spectral matching or similarity tech-
niques. The satellite imagery—based derived end-member
spectra were compared with field mean spectra using spectral
similarity algorithms (Somers and Asner 2014). We have used
SFF (spectral feature fitting) algorithm for spectral similarity
analysis. A high spectral similarity score denotes the closest
match and exhibits maximum value.
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Table 2 (continued)

559.0944
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518.3937
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1749.791

1679.204

1477.431

1326.053

Italic values indicated that sleeted wavelength (nm) for tree species

Tree species classification and accuracy assessment

The tree species located in Saranda forest are homogeneous,
so we have used the full pixel supervised classification
methods. Some researchers have used supervised classifica-
tion algorithms (SAM and MD) for full pixels classification
based on trained data (Petropoulos et al. 2013; Richards and
Jia 2006). In the present study, supervised classification
(SAM, SVM, and MD) algorithms have been used for full
pixels classification for Landsat OLI, and Hyperion data based
on training tree spectral data. The species classification accu-
racy matrixes were generated on the basis of ground locations
spectra data. Equation 3 computes the accuracy of kappa sta-
tistic (K).

N ZX,-[* Z (xi + XH)
K — i—1 - i—1 (3)
N2~ % (x; +x44)
i-1

where r denotes the number of rows, xii denotes the number of
observation in the ith column and row. N indicates the total
observations. The xi + and x + i indicates the total number of
observation in the ith row and column. A comparison was
drawn between these algorithms on classified images based
on accuracy assessment for the selection of the best classifi-
cation algorithm.

Species diversity estimation based on narrow-banded
Vis

Species diversity basically means the occurrence of different
species of trees represented in a given community (Wang et al.
2003). Some researchers have used hyperspectral narrow
banded VIs correlated with field measured Shannon index
(H) values for plant diversity mapping at the regional scale
level (Peng et al. 2018; Dudley et al. 2015; Mapfumo et al.
2016). The H index is a statistical method that classifies the
species diversity by assuming that the sample represents all
species (Peng et al. 2018). H index is calculated by following
Eq. 3.

S
H=- _;1 pilnp; (4)

where p represents the ratio (n/N), “n” is the number of
individual species and total number of different species is
“N”. The In is the natural log, ¥ is the sum of the calculations,
and s denotes the different types of species. We have used 13
hyperspectral VIs (ST. 2) extracted from Hyperion data cor-
related with Shannon index (H) values for the estimation of
tree species diversity in the study area. The best correlated
(higher R? and lower RMSE) vegetation index was selected
for this estimation.
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Table3  Jeffries—Matusita distance values for Hyperion (a) and Landsat
(b) images based on training sample values
Sal Teak  Akasmani Mohwa Palash  Bot
(a) Hyperion
Sal - 1.77  1.146 1.79 1.69 1.71
Teak 1.77 - 1.70 1.87 1.72 1.80
Akasmani 1.14 170 - 1.71 1.48 1.46
Mohwa 179 187 171 - 1.25 1.70
Palash 1.69 172 148 1.25 - 1.38
Bot 171 180 146 1.70 1.38 -
(b) Landsat
Sal - 1.34  1.10 1.37 1.39 1.33
Teak 1.34 - 1.24 1.32 1.37 1.31
Akasmani  1.10 124 - 1.33 1.39 1.32
Mohwa 137 132 133 - 1.29 1.37
Palash 139 137 139 1.29 - 1.31
Bot 133 131 1.32 1.37 1.31 -

Relationship between species diversity, distance from
mines, and concentration of foliar dust

Saranda forest has some of the largest iron ore deposits of India.
Mining activities are causing damage to tree species as well as
its diversity. In this study, we have shown the relationship be-
tween species diversity and distance from mines with leaf dust
concentration. We have calculated distance from two mines
(Kiriburu and Meghataburu) based on field survey points loca-
tion using GPS measurement tool. PCE instrument was used
for the collection of leaf dust at field location points (Kayet et al.
2019a, b). We have then correlated three parameters (outcome
species diversity values, distance from mines, and concentra-
tion of leaf dust values) for their relationship.

Results and discussion
Tree species discrimination

The tree species discrimination result is displayed in Table 2.
The value of Wilks’ lambda ranged between 0 and 0.0099.

Table4  Spectral similarity values between Hyperion image and ground
reflectance spectra

S.no.  Species botanical name  Common/local names SAM score
1 Shorea robusta Sal 0.816
2 Tectona grandis Teak 0.784
3 Acacia auriculiformis Akasmani 0.711
4 Ficus benghalensis Bot or wad 0.683
5 Madhuca latifolia Mohwa 0.632
6 Butea monosperma Palash 0.697

The smaller value indicates that the group’s mean of the wave-
length bands are different and have high separability between
different tree species. From this analysis, 21 optimal
wavebands were obtained. From 21 bands, 07 bands fall in
the VIR region, 08 bands in the NIR region, and 06 bands in
the SWIR region. These wavebands were used for tree species
analysis and its classification.

Spectral separability of tree species

The J-M distance method—based spectral separability values
were derived from Hyperion and Landsat 8-OLI satellite im-
agery (Table 3). The values thus obtained by J-M-distance
method from Hyperion data ranged between 1.25 and 1.87,
which indicates that it has high spectral separability between
tree species. The value ranged between 1.107 and 1.392 indi-
cates that it has moderate to low spectral separability between
tree species. The spectral separability value of different tree
species derived from Hyperion data is higher than Landsat 8
OLI data.

Data dimensionality and similarity

After performing data dimensionality, the eigenvalues lay be-
tween 103.88 and 1.07 (ST.3). The first 34 MNF bands had
shown good result and exhibited better spectral information.
These bands were used for tree species classification. The
spectral similarity result (field spectra vs. Hyperion image
spectra) is shown in Table 4. The similarity scores indicated
that spectral similarity ranged between high to medium. The
spectral similarity score for Sal and Teak trees were found
highest than the other trees. Sal and Teak trees covers around
65% of the study area (FSI report 2015). The spectral varia-
tions of different tree species in the study area are shown in
Fig. 3.

Tree species classification and accuracy assessment

We have classified tree species of the study area into six dif-
ferent categories based on SVM, SAM, and MD algorithms
using Hyperion and Landsat 8 OLI (SF.4). The enlarged view
of the mines and its surrounding region classified by the SVM
algorithm on Hyperion data is shown in Fig. 4. Sal and Teak
trees covered most of the area. These trees were located at
higher altitudes (700 to 900 m) on the hilly side of the study
region. Other trees are dominant at lower altitude (300 to 400
m), northeast, and southeast parts of the study region.
Classification accuracy estimation based on ground species
spectra data shown that Hyperion image—based SVM algo-
rithm provided better accuracy results (overall accuracy =
85.16, kappa = 0.78), than SAM algorithm (overall accuracy
= 7828, kappa = 0.76) and MD algorithm (overall accuracy =
75.58, kappa = 0.73). Also, Landsat 8OLI image—based
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Fig. 3 Visual comparison of
resampled field average 70
reflectance spectra for different
tree species at the study area
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species classifications carried out by SVM algorithm; show an
overall accuracy of 68.71% and a Kappa statistic of 0.66. The
accuracy comparison (Hyperion-based SVM, SAM, MD, and
Landsat 8 OLI-based SVM) matrix is shown in Table 5.

Species diversity estimation and mapping

We have correlated 13 VIs with field measured Shannon in-
dex values. The regression analysis results (SSE,R?, Adj R,
and RMSE) is shown in Table 6. The NDVI705 had shown
best linear fitting (R’=0.76, RMSE = 0.04)) with Shannon
index values. Since, NDVI 705 correlated well with waned
chlorophyll content (Kumar et al. 2015), so we have used this
index for diversity estimation. The linear regression plot be-
tween narrow-banded VIs and species diversity is shown in
Fig. 5. The NDVI705-derived species diversity map is shown
in SF.5. Enlarged view of the species diversity map for the
mines and its surrounding region is shown in Fig. 6. The linear
regression between fields measured Shannon index, and
Hyperion derived Shannon index gave the R* value of 0.72
and RMSE value of 0.15 (Fig. 7). The correlation between
Hyperion and field derived Shannon index had shown better
relationship (R* 0.68).

Relationship between species diversity, distance from
mines, and foliar dust concentration

For each sample point, values of species diversity, distance

from either mines (Kiriburu and Meghataburu), and foliar dust
concentration are shown in ST.4. Those values were used for

@ Springer

T T T T T T 1
1000 1500 2000 2500
Wavelenght(nm)

correlations analysis using three different correlation methods
(Spearman, Pearson, and Kendall). The correlation results
thus obtained by the abovementioned methods are shown in
Table 7, (for Meghahatuburu mine) and for Kiriburu mine in
ST.5. The correlations results thus obtained show that there
exists a good negative correlation between foliar dust concen-
tration, species diversity, and the distance from mines (Fig. 8).

Discussion

As per the result obtained in this study, we could infer
that, hyperspectral (Hyperion) data has more capability
in tree species mapping and diversity assessment when
coupled with field spectral data, than any other multi-
spectral data (Landsat). Some researchers studied on tree
species classification and diversity estimation based on
hyperspectral and multispectral data at a fine-scale level.
Dalponte et al. 2014 had studied on tree crown and
classification using airborne hyperspectral data in boreal
forest area. They had shown that hyperspectral data has
better accuracy for tree species classification than other
multispectral data. Shen and Cao (2017) worked on tree
species classification using hyperspectral and Lidar data
in subtropical forest area. They had used random forest
classification algorithm to differentiate five tree species
and provided a relatively higher accuracy (85.4%). This
study has displayed a stepwise discrimination test for
the identification of wavebands, which is significant
for tree species classification. As obtained from the tree
species discrimination analysis, 21 different spectral
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Fig. 4 Spatial distribution of tree
species mapped by SVM
algorithm based on Hyperion data
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wavebands were selected for tree species classification,
of which six belongs to the visual infrared region; eight
to the near-infrared, and seven to shortwave infrared
region (ST.6). Vyas et al. (2011) studied on tree species
discrimination analysis, and they found 22 wavebands,
of which seven falls in VIR, eight in NIR, and six
bands in the SWIR region. Peerbhay et al. (2013)
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worked on tree species discrimination analysis in
Natal, South Africa. They found a total of 27
wavebands (8-VIR, 12-NIR, and 7-SWIR) from discrim-
ination analysis, and they used those bands for tree
species classification. In this work, the result obtained
from J-M distance method had shown that Hyperion
data—based species spectral separability value (1.25 to
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Table 5: Accuracy assessment

results of (a) SVM on Hyperion Sal Teak Akasmani Mohwa Palash Bot Total UA

(b) MD on Hyperion, (c) SAM on

Hyperion, and (d) SVM on (@

Landsat Sal 11 0 2 0 0 1 14 88.68
Teak 3 9 0 0 5 0 17 85.53
Akasmani 0 0 5 5 0 0 10 78.22
Mohwa 0 0 2 6 0 0 8 83.19
Palash 0 2 0 0 7 0 9 75.47
Bot 0 0 0 0 0 11 11 76.18
Total 14 11 9 11 12 12 69
PA 89.53 83.76 81.29 82.11 84.23 83.95

Overall accuracy 85.16%, kappa statistics 0.78

()
Sal 10 0 1 0 0 1 12 78.55
Teak 1 11 0 0 1 1 14 80.78
Akasmani 0 8 2 0 3 13 79.11
Mohwa 0 2 7 0 0 9 65.83
Palash 0 0 0 9 0 11 81.45
Bot 0 0 3 0 8 11 73.27
Total 11 13 11 12 10 13 70
PA 87.19 88.53 84.27 83.95 78.76 85.61

Overall accuracy 75.58%, kappa statistics 0.73

(©)
Sal 11 0 0 0 0 0 11 81.12
Teak 2 9 0 0 1 0 12 74.73
Akasmani 0 0 9 0 0 1 10 79.22
Mohwa 0 1 1 7 0 0 83.64
Palash 0 0 0 0 8 0 75.67
Bot 0 0 0 4 0 10 14 87.48
Total 13 10 10 11 9 11 64
PA 87.43 85.92 84.28 76.38 78.84 80.47

Overall accuracy 79.55%, kappa statistics 0.75

()
Sal 12 0 0 0 0 1 13 79.53
Teak 0 8 0 1 1 0 10 73.48
Akasmani 0 0 11 1 0 1 13
Mohwa 1 0 0 6 0 0 7 71.79
Palash 0 1 0 0 8 0 9 62.73
Bot 0 0 0 4 1 9 14 78.15
Total 13 9 11 12 10 11 66
PA 80.44 75.18 78.59 68.15 74.72 75.27

Overall accuracy 68.71%, kappa statistics 0.66

1.87) was higher than Landsat 8 OLI data (1.10 to
1.39). Puletti et al. (2016) had applied the J-M method
for spectral separability analysis of tree species. They
found that the spectral separability value obtained from
hyperspectral data (1.17-1.93) was higher than multi-
spectral data (1.20-1.67). Hao et al. (2014) had used
Landsat data for spectral separability analysis of tree
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species based on the J-M distance method. They found
that the spectral separability value lay between 1.27 and
1.73 for different tree species. Some previous studies
have reported that the tree species classification per-
formed on hyperspectral data had shown better result
than multispectral data. This study has shown that tree
species classification based on hyperspectral data
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Table 6 Relationship between narrow-banded VIs and Shannon index—based species diversity

Narrow-banded VIs DVI  NDVI RVI mNDVI705 TSAVI NDVI705 PVI SAVI NLI mSR705 VOGI MSR TC greenness
SSE 0.56 0.07 0.08 0.305 0.37 0.35 032 034 039 0.108 0.43 013 0.13
R? 0.43 0.71 0.52 047 0.29 0.76 031 028 039 043 0.26 052 037
Adj R? 035 0.68 045 045 0.25 0.73 022 019 03 035 0.17 046 0.29
RMSE 0.19 0.07 0.07 0.14 0.15 0.04 0.14 015 0.16 0.08 0.16 0.09  0.09

SSE Sum squared error, R

(85.16%) provided better classification accuracy than
multispectral data (68.71%,). Vyas and Krishnayya
(2014) had compared species classification accuracy
based on Hyperion (accuracy 85.25%) and Landsat
ETM data (accuracy 65.25%) in Western Himalaya re-
gion, India. Lim et al. (2019) studied on tree species
classification using Hyperion and Sentinel-2 satellite im-
agery in South Korea and China and compared the ac-
curacy level also (Hyperion-67% and Sentinel-2-51%).
In the study, we have used hyperspectral VIs data for
species diversity estimation based on Shannon index
values. NDVI705 has shown best correlated value (R>
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coefficient of determination, RMSE root mean square error

= 0.72) with field-based Shannon index data as it has
good sensitivity to chlorophyll content, leaf pigment,
canopy structure, and canopy water content (Gitelson
et al. 2005; Croft et al. 2014). So we have used the
NDVI705 index for species diversity estimation. Other
vegetation indices were not matched perfectly with
field-based Shannon index due to low canopy structure,
canopy water content, and chlorophyll content in the
study area (Tuominen et al. 2009; Sims and Gamon
2002). Some researchers had shown that SD and CV
NDVI were best correlated with Shannon index values
for plant diversity estimation (Peng et al. 2018; Peng
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Fig. 5 Regression between hyperspectral narrow-banded VIs and field measured Shannon index of 18 sampling plots
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Fig. 6 Species diversity mapped
by Shannon index based on
hyperspectral narrow-banded VIs
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et al. 2019). Onyia et al. (2018) studied plant diversity
in oil-polluted regions using NDVVI (normalized differ-
ence vegetation vigour index) on hyperspectral data.
They found that NDVVI was best correlated with
Shannon index values. In this study, we have correlated
Hyperion and field derived Shannon index values for
result validation. The correlation results show that R
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is 0.72, and RMSE is 0.15. These values are not
matched well due to noise content in the hyperspectral
data and forest canopy problem in the study area. Jha
et al. (2019) had performed correlation between
AVIRIS-NG (airborne visible/infrared imaging
spectrometer-next generation) and field measured
Shannon diversity index values and found that R* was
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Fig. 7 Regression between 1
Hyperion imagery derived by 1.8 - R?=0.72
Shannon index and field AjR?=0.68 o 10
measured Shannon index 1

RMSE=0.15
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0.86. Onyia et al. (2019) had correlated two species
diversity results (Hyperion and Shannon index diversity)
and obtained a R? value of 0.67. In this study, the
correlation between species diversity, foliar dust concen-
tration, and distance from mines had shown a strong
negative relationship. Kayet et al. (2019a, b) showed a
better negative relationship between forest health, dis-
tance from mines, and foliar dust deposition.

1.4 1.6 1.8 2.0 22 24 26 2.8 3.0

Field Measured Species Diversity (Shannon Index )

Tuominen et al. (2009) had shown a clear negative re-
lationship between leaf reflectance and trees distance
from mines.

This study involved the tree species classification and di-
versity estimation. Some errors obtained in the study are
shown in regression analysis graph. Many reasons are contrib-
uting to the error in tree species classification and diversity
estimation. Hyperion data exhibits higher noise ratio and get

Table 7 Spearman, Pearson, and

Kendall correlation matrix

amongst species diversity, foliar
dust concentration and mines

distance to Meghahatuburu

Spearman Species diversity Foliar dust Distance (m) to
(Shannon index) (gm/m2) Meghahatuburu Mine
Species diversity (Shannon 1.00 —-0.58 0.24
index)
Foliar dust (gm/m2) —0.58 1.00 -0.67
Distance (m) to 0.24 -0.67 1.00
Meghahatuburu Mine
Pearson Species diversity Foliar dust Distance (m) to
(Shannon index) (gm/m2) Meghahatuburu Mine
Species diversity (Shannon 1.00 —0.46 0.36
index)
Foliar dust (gm/m2) —0.46 1.00 -0.59
Distance (m) to 0.366 -0.59 1.00
Meghahatuburu Mine
Kendall Species diversity Foliar dust Distance(m) to
(Shannon index) (gm/m2) Meghahatuburu Mine
Species diversity (Shannon 1.00 -043 0.15
index)
Foliar dust (gm/m2) -043 1.00 -0.50
Distance (m) to 0.15 -0.50 1.0000

Meghahatuburu Mine
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Fig. 8 The relation amongst species diversity indices (Shannon index), distance from mines (Kiruburu and Meghataburu) and foliar dust concentration

affected by atmospheric components. It could have induced  capability to monitor the tree species and its diversity. The
some error to the study results (Shaw and Burke 2003). The  study results also showed that, the effects of mining decreas-
spatial resolution of the Hyperion image is 30 m, so the mixed  ing the tree species and its diversity as well. The tree diversity
pixel problem arose for species classification and diversity  results showed a reduction in their species number and eco-
estimation (Lee and Lathrop 2005). The spectroradiometer  system. So, the monitoring of tree species and its diversity are
instrument collected some self-generated noise during field  important for forest and its management. Our work mainly
spectra collection. It may have effect on the results  focused on tree species classification, compared different clas-
(Vaiphasa 2006). Due to the location of the study area on  sification algorithms, and identified the best classifier and
the hills, the satellite imagery gets infected with shadow error  species diversity mapping at hilly terrain mining effected for-
(Adler-Golden et al. 2005). Forest canopy can induce the  estregion. We believe that it can be applied to other forest near
problem of image spectral segregation (Ustin et al. 2004).  mining effected regions. Future work will be exceptionally
The study area has a canopy density cover of about 30 to 40  good when Hyperspectral data sources combines with Lidar
%. and UAV data sources.
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