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Abstract: Assessment of temporal changes in the vegetation density in an area is essential in land dynamic studies oriented towards the
understanding of the vulnerability of the landscape concerned. The present investigation is attempted to understand the vulnerability of
the landscape comprising a segment of an ecologically sensitive hotspot of the world, the Munnar and its surroundings, extending
between 76°53"' 57.53" and 77° 14°42.97” East longitudes and 10° 02’ 5.08" to 10° 18' 51.08" North latitudes with an areal extent of
554.290 Sq.km. The analysis has been attempted by generating NDVI using remotely sensed data of the area for a period of about three
decades. The study exposed that a significant deterioration has occurred to the vegetative cover of the study area, the Munnar and its

surroundings, and which increased the vulnerability of the landscape under investigation.
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1. Introduction

The pressure exerted by mankind in the form of
deforestation has imposed a highly non-renewable impact on
the forest ecology. A proper understanding about the
trajectories of deforestation and landscape dynamics is
inevitable for a sustainable management of the forest
ecosystem (Pattanaik et al., 2011) which determines the
climate of that region. This is achieved by means of
assessing the vegetation stress and their exposure to the
external influences over a long period of time. Remote
Sensing data in the form of vegetation indices by far has
shown wide application in appraising the vegetation trends
as a function of landscape susceptibility and vulnerability
due to external influences. (Hicke et al., 2003; Huang et al.,
2010a; Kennedy et al., 2010; Smith et al. 2014). Numerous
such vegetation indices have been developed and applied for
assessing the vegetation health and their stress depending on
the environmental setup that drives the vegetation stress.
Some of the indices to be named are Normalized Difference
Vegetation Index (NDVI), Soil Adjusted Vegetation Index
(SAVI) and Enhanced Vegetation Index (EVI), of which
NDVI is the one applied universally for vegetation-related
monitoring in various studies (Hielkema et al.,1986; Im et
al., 2012b; Li et al., 2013; Yuan et al., 2014; Zhang et al.,
2003; Ke et al., 2015). NDVI time series data products from
various satellite missions like AVHRR and MODIS have
been very successfully applied for measuring the forest
cover depletion and their dynamics (Beck & Goetz, 2011;
Beck et al., 2007; Piao et al., 2011). The rate of change of
greenness and brownness which is a driving parameter of the
health composition and productivity of the vegetation is very

well explained using the NDVI. (Raynolds et al., 2012;
Raynolds et al., 2006; Stow et al., 2004; Verbyla, 2008;
Walker et al., 2012; Ranson et al., 2004; Smith at al., 2014).
The present study has made a similar attempt on one of the
highly ecologically sensitive areas of the earth, Western
Ghats region of India. The NDVI maps were generated and
compared to assess the changes in the vegetation types. The
analysis helped to understand the status quo on the reality of
the stress experienced in this ecologically sensitive region.

2. Objective

The major objective of the investigation was to assess
temporal changes in the vegetation density to understand the
landscape dynamics and the resultant landscape vulnerability
in Munnar region in Kerala, a most fragile and ecologically
sensitive zone in the Western Ghats, a hotspot on the surface
of the earth, using remote sensing technology, for making
suggestions for the mitigation of landscape vulnerability.

3. Study Area

The study area (fig.1) “Munnar and its surroundings” in the
Kerala State extends between 76°53' 57.53" and 77° 14’
42.97” East longitudes and 10° 02° 5.08" to 10° 18' 51.08"
North latitudes. Total area covered is 554.290 Sq.km.
Munnar is the part of Western Ghats represents geomorphic
features of immense importance with unique biophysical and
ecological processes. It controls the mountain weather
pattern. It is a part of hottest hotspots of biological diversity
and having high geological, cultural and aesthetic values.
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Figure 1: Study area

4. Database and Methodology

This study has used the Landsat data (Table-1) for the three
periods to study the landscape changes that has occurred
over the study area. The data products consist of the
Thematic Mapper (TM) from the Landsat 5 satellite, the
Enhanced Thematic Mapper (ETM+) from the Landsat 7 and
the Operational Land Imager (OLI) from the Landsat 8
satellite .

especially in change detection studies. This issue has been
resolved by applying a radiometric calibration for the data
products used in the study.

5. Radiometric Calibration

The capability of perceiving and enumerating the vagaries
occurring on the Earth’s surface and its environment is
highly dependent on the sensors that collect and provide data
through space and time. This as expected can vary
depending on the time and environmental conditions prevail

during data acquisition in addition to the sensor
characteristics and hence the correct interpretation of the
scientific information over a long-term temporal satellite

data for a region demands the capability to differentiate the

artefacts caused in the data products due to sensor as well as
changes in the Earth processes that are being monitored.

Table 1

Spatial | Equatorial
SI. Satellite |Sensor Date of Path/Row|Resolution| crossing
No. Pass i

(m) time
| Lansdsat T™ [19-01-1988| 144/053 | 30 9.45 am
2 La“7dsat ETM+|18-02-2002| 144/053 30 10.00 am
3 (M oL (16-012016) 144053 | 30 | 1001 am

(Roy et al., 2002). Hence the radiometric characterization
and calibration of the data becomes a prerequisite for

The satellite imageries were downloaded from the Earth
explorer portal of USGS http://earthexplorer.usgs.gov/. The
satellite imageries provided to the user with the pixel values
representing the strength of the at sensor radiance were
rescaled to the radiometric resolution as Digital Number
(DN). Though it is alright to just work directly with the DN
values which in a way more or less represent the same
scenario, but it is not always satisfactory when multiple
sensor data for multiple temporal periods are being used

generating more reliable data. The calculation of the at-
sensor spectral radiance is the fundamental stage in
radiometric calibration wherein the DN value is converted
into the at-sensor spectral radiance (L;) by using the
minimum and maximum rescaling factors wused for
generating the DN values.

For the Landsat 5 & 7 datasets used in this study, the
conversion of DN to L, is given by
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LMAX; —LMAX
Ly =( 220 () O gimin) + LMIN,

Q)

Qcatmax-Qcalmin

Where

L, = Spectral radiance at the sensor's aperture [W/(m® sr
pm)]

Qca = Quantized calibrated pixel value [DN]

Qcalmin Minimum quantized calibrated pixel
corresponding to LMIN; [DN]

Qcalmax Maximum quantized calibrated pixel value
corresponding to LMAX, [DN] LMIN; = Spectral at-sensor
radiance that is scaled to Qcalmin [W/(m” sr um)]

LMAX, = Spectral at-sensor radiance that is scaled to
Qcalmax [W/(m” sr pm)].

value

The second step involved the computation of the exo-
atmospheric Top of the Atmosphere (TOA) reflectance.
Computation of the TOA reflectance can be envisaged to
possess three advantages. In addition to removing the cosine
effect of the different solar zenith angles caused by the
varying time of data acquisition, the conversion to TOA
reflectance also compensated for the difference in solar
irradiances arising from the different spectral bands and
corrects for the varying earth — sun distance between
different times of data acquisition. The conversion of L; to
TOA reflectance (p;) is given by

Py = (1*Ly *d*d)/(ESUN; *cosb;) 2)
Where
py. = Planetary TOA reflectance [unitless]
7 = Mathematical constant equal to ~3.14159 [unitless]
L, = Spectral radiance at the sensor's aperture [W/(m® sr
pm)]
d = Earth—Sun distance [astronomical units]
ESUN, = Mean exoatmospheric solar irradiance [W/(m®
pm)]
05 = Solar zenith angle [degrees]

The parameters required for the above equations which are
variables with respect to image acquisition can be used from
the metadata of the particular data whereas the constants like
the earth — sun distance and ESUN values are acquired from
Chander et al., (2009).

In case of the Landsat 8 OLI, the various rescaling
parameters required for conversion from the DN value to the
at-sensor radiance (L;) is consolidated and provided as a
single rescaling factor and hence L, for OLI is given as

Ly =M1 Qca + AL 3)
where:
L, = TOA spectral radiance (Watts/( m2 * srad * um))
M, = Band-specific multiplicative rescaling factor
A = Band-specific additive rescaling factor
Qca = Quantized and calibrated standard product pixel
values (DN)

The value of M| and A; are provided with the metadata of
every product and it can be used for the processing of the
data products.

The conversion of L, to the TOA reflectance not corrected
for solar angle in case of OLI is given as
p)nl = Mchal + Ap (4)

where
P = TOA planetary reflectance without correction for solar
angle.
M, = Band-specific multiplicative rescaling factor
A, = Band-specific additive rescaling factor
Qe = Quantized and calibrated standard product pixel
values (DN)
The TOA reflectance (p;) corrected for the solar angle is
given by

P = P/ cosbs (6))
where
p,. = TOA planetary reflectance
0; = Local solar zenith angle

Applying the above equations based on the rescaling values
(Landsat 8 User Manual), the three Landsat datasets were
processed to generate the TOA reflectance bands which are
used to calculate the Normalised Difference Vegetation
Index (NDVI).

NDVI Estimation

Any landscape dynamics study making use of vegetation
basically considers the health of the vegetation and their
density or lushness of that particular region. Any changes in
this scenario is brought out mainly by the changes in the
chlorophyll content and the intracellular spaces in the
spongy mesophyll of plant leaves. This phenomenon is
highlighted by NDVI which is the normalized difference
between the near infrared (NIR) and visible red reflectance
(Rouse, et al., 1974; Tucker, 1979) bands (Gao, 1996; Gu, et
al., 2008). This can otherwise be defined as the greenness
value of the particular pixel in the given data product which
is given by

NDVI = (NIR[Band 4] — RED[Band 3])/( NIR[Band 4] +
RED[Band 3])  (6)

In case of Landsat 8 OLI, the band designations are fixed at
NIR for band 5 and RED for band 4. Hence the NDVI is
calculated accordingly. The calculated NDVI value ranges
from -1 to +1 wherein any value less than 0 is defined as
non-vegetation and any pixel value above 0 upto 1 will
represent vegetation with different concentrations or
greenness and density which can be graded accordingly from
sparse vegetation, moderate vegetation, High vegetation and
Dense vegetation (Aburas et al., 2015).

6. Results and Discussion

The vegetation greenness classification for the three periods
viz., 1988, 2002 and 2016 were estimated by generating the
NDVI raster layers and classified into five classes as
discussed earlier (Fig. 2 to 4). The area under each class is
calculated and the change in the area over the period of time
for each class is estimated. The non-vegetation region
comprises of the all the features other than vegetation which
in the study area has been attributed to the settlements, water
bodies and rocky exposures. Being composed mainly of tea
estates, the settlements which are being very sparsely
distributed could not be identified within a pixel range
considering the spatial resolution of Landsat data. This in
turn has led the water body to take most of the non-
vegetation contribution along with the exposed rocky
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regions. The total region under non-vegetation is very low,
even though compared to 1988; a slight increase in the total
area under non-vegetation region is seen in 2002. The
increase in the area observed in 2016 is due to expansion of
settlements in the Munnar region as reported during field
verification. The same scenario was found to occur in the
case of sparse vegetation which marked an increase in total
area during the period between 1988 and 2002 which has
further decreased during the period between 2002 and 2016,
but it recorded an overall increase from 1988. The moderate
vegetation and the dense vegetation categories share the
overall vegetation cover of the total study area. The
prevalent vegetation types/categories of the region are tea
and evergreen forest. It is observed that from 1988 the area
under evergreen forest has been drastically reduced as a
linear trend over the years. This drastic decrease in area was
found as an additive component in the category of moderate
vegetation. In terms of NDVI scenario, a shift from the high
vegetation category to the moderate vegetation can be
attributed to various reasons like reduction in vegetation,
reduction in density or concentration and even relating to the
health of the vegetation like browning of the leaves or any
impact of temperature and lack of rainfall. Hence the
evergreen forest being classified under dense vegetation in
earlier periods has to reclassify due to, decrease in dense
vegetation, can not to be interpreted as due to deforestation,
as evident that the decrease has been computationally
incremented into the moderate vegetation category. Yet it is
assessed that the density of the evergreen forest is getting
reduced over the period of time and thus changing the NDVI

values in order to be classified into the lower classes. A
further in depth observation into the dense vegetation class
of 2016 has revealed that the fifth class, dense vegetation,
has become highly insignificant. This has led to further
examination of the scenario through the high resolution
Google Earth imagery (figure — 5) of 2015 and 2003 which
revealed that the greenness of the vegetation during 2016
has highly reduced compared to that of 2003.

This study has given a broad outline and a clear picture of
the vegetation status of the study area based on which future
studies are recommended in the direction as though there is
no major threat to vegetation in terms of increase in
settlements or population, the conversion of the evergreen
forests into other cultivated regions or the decrease in the
greenness which is a parameter of the measure of the health
of the vegetation available in that region. Hence this study
concludes that the major landscape vulnerability factors for
the study area as evident from the analysis made using
remote sensing technology are the change in crop type or
vegetation types from forest to cultivation land and the stress
of climate change on the health of the existing forest cover.

76°35'K 77°0'K. 77°5'K 77°10'E 77°15'K
NDVI - 16-01-2016
Legend 15N
10°15'N+ I Non Vegetation AR
[ Sparse Vegetation
I Moderate Vegetation
[ | High Vegetation
- Dense Vegetation
10°10"NA F10°10'N
10°5'N4 F10°S'N
2 1
e e KM
76°55'E 77°0'E 77°5'E TTI0'E
Figure 2
Volume 5 Issue 10, October 2016
WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY
Paper ID: ART20162604 1929



International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391

76°55'E 77°0'E 77°5'E 77°10'E
1 1 1 1

77°15'E

NDVI - 18-02-2002

Legend
10°15'N+ B Non Vegetation
[ Sparse Vegetation
- Moderate Vegetation
I:l High Vegetation
B Dense Vegetation

-10°15'N

10°10"N+ ~10°10'N
10°5'N+ F10°5'N
2. 1
T ] 1 T
76°55'E T7°0'E T7°5'E T7°10'E
Figure 3
76°§5'E 77°‘0'E 77°I5' | Of 77°I‘0'I‘Z T7°15'E
N
NDVI - 19-01-1988
- |
S
Legend I
10°15"N+ I Non Vegetation [10°1S'N
[ Sparse Vegetation
B Moderate Vegetation
1 High Vegetation
I Dense Vegetation
10°10'N+ -10°IO'N
10°5'N+ F10°5'N
2 1
e el KM
76°§5'F. 77"'0'F. 77°l5'l‘: 77°|'0'F.
Figure 4
Volume 5 Issue 10, October 2016
WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY
Paper ID: ART20162604 1930



International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064

Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391

EN

Figure 5: Vegetative cover 2015&2003
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