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Abstract-The major objective of the study is to explore the inter-annual vegetation changes of Pichavaram mangroves over two
decades (from 1996 to 2016). The study mainly focuses on the summer and onset monsoon season, where the variability in
vegetation is easily noticed. Vegetation indices like Normalized Difference Vegetation Index (NDVI), Land Surface
Temperature (LST) and Land Surface Water Index (LSWI) were estimated from the remotely sensed data of Landsat imagery.
A comprehensive evaluation of the relationship among the vegetation indices reveals that there is an increase in the area
occupied by the mangroves throughout the years. Correspondingly, the area under the mangrove cover have also faced an
increase in the surface temperature, but much lesser when compared to the adjacent areas. According to the results obtained,
NDVI, LSWI, LST, can be used to understand the status of mangrove vegetation with increase and decrease of temperature and
water. It is found that the correlation among the remotely sensed indices depend on the season of the year. The summer season
in general exhibited higher negative correlation with NDVI and LST and also between LST and LSWI than the onset monsoon
season. It is also apparent that with the passing of years, the correlations among the indices are also found to be increasing.
Thus in the global scenario of variable climate change, it is important to monitor the seasonal changes in vegetation, especially
mangroves, for their effective conservation.

Keywords: Remote sensing; Normalized Difference Vegetation Index; Land Surface Water Index; Land Surface Temperature,
Mangroves.

. INTRODUCTION 6, 7, 8, 9, 10] of the mangroves have been carried out widely

. . . . . ) . in the past by scientists, ecologists and botanists [11, 12, 13,
Time series vegetation analysis of mangroves in relation to its

varying environmental factors are of highest concern in the
present scenario of global change worldwide. The changes
invariably affect the ecosystem productivity, biome
distribution and the precious carbon deposits of the forest
ecosystems [1]. The appreciable role of the multi temporal
satellite data to monitor the surface observations and their
quantification is remarkable in this context. The physical
process of monitoring seasonal vegetation changes and the
changes in the surface temperature as well as water, with the
aid of in situ measurements is difficult and time consuming.
In addition, most of the major mangrove forests are swampy
and inaccessible in terrain. The analytic approach on
mangrove research gained momentum on the onset of early
1990s [2, 3, 4] even though descriptive documentation e.g. [5,
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14, 15 16].

The mangrove ecosystems are unique forest
ecosystems characterized by highly specialized vegetation
[17]. Hence, vegetation analysis can be considered as the best
way to study species composition and structure of plant
community. The regional and site-specific functions
performed by the mangroves is highly valued and noticeable
[18, 19] since they act as a critical buffer zone and plays a
vital role in the protection of the shoreline from the major
coastal hazards like flooding, erosion, storm, waves and
surges, and tsunami. The threats posed to the human safety
residing along the shoreline is prone to increased risk. This is
due to the reduced mangrove health and area. It can be
substantiated with the example of the Indian Ocean tsunami,
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which affected the Tamil Nadu coast during 26 December
2004 [21, 22, 23]. Another example is that of the 1999 Super
cyclone which affected Orissa’s 250 km coastline by
uprooting majority of the trees in its immediate vicinity and
further inland (except the mangrove cover) and the terrestrial
trees behind the mangrove vegetation.

But, in negligence to their importance, mangrove
areas are under high risk of extinction due to extensive
conversion of the mangrove areas to agriculture, aquaculture,
fishing and tourism. This may ultimately lead to the release
of stored carbon and increase the intensity of global warming
and impact other climate change factors [24] like rise in the
global sea level [25, 26, 27, 28, 29] and increase in the
atmospheric CO, concentration [29]. Other major factors
affecting the mangrove vegetation and spatial distribution is
changes in the precipitation pattern and temperature [30, 31].
Studies show that the global average surface temperature has
increased by 0.74° C between 1906 and 2005 due to increased
greenhouse gas atmospheric concentrations [29]. Climate
change is likely to have a substantial impact on mangrove
ecosystems [31], where global temperatures are predicted to
increase up to 4.8° C by 2081-2100 [32], which adversely
affects mangrove species composition, phenology, and
productivity. Raise in the atmospheric temperature inhibits
the CO, assimilation capability of mangroves and increases
evaporation rates. As a remedy, efforts are undertaken by
WWEF with the support from Global Environment Facility
(GEF) through UNEP DGEF and in collaboration with a
large group of local, national and global partners to
understand the threats posed by climate change to mangrove
ecosystem and to duly protect them. As part of a broader
coastal site-planning process, the selection of adaptation
strategies is likely to be adopted, where mitigation actions are
to be undertaken to address both non- climate and climatic
threats.

Section | introduces the various environmental
factors affecting the vegetation of mangroves. Section 1l
describes how remotely sensed data is useful to detect the
dynamics in vegetation over the years. Section Il describes
the methodology used for the execution of present study.
Study area chosen for the analysis is also described in detail
in this section. Section IV describes the major results and
discussion derived from the present study. SectionV describes
the conclusions of the study and the scope for future work.

1. RELATED WORK

Remotely sensed time-series data acquired in
different spectral bands aid change detection analysis and
provide a powerful tool to learn from past events and to
monitor current conditions [33]. Since remote sensing
techniques makes it easier to collect many samples over a
wide region almost instantaneously, the measurement of
radiant temperature is much easier than the airborne and
space borne platforms [34]. Apart from these, the remote
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sensing instruments can even collect measurements of red
and infrared portions of electromagnetic spectrum, which in
turn helps to quantify the variation in vegetation. The
resolution of Landsat is sufficient to study the significant
spatial and temporal variation in vegetation and surface
temperature. The most likely effects of increased surface
temperature are expected to affect the mangroves by altering
the species composition, phenological patterns like flowering
and fruiting. Normalized Difference Vegetation Index
(NDVI) is a remotely sensed measure of greenness, which is
related to the biophysical (Leaf area Index, Canopy diameter
etc.) as well as the phenological changes. It also provides a
measure of the vegetation productivity like absorbed
Photosynthetic active radiation (PARabs). Thus, analysis of
NDVI time series can quantify the recent changes in an
ecosystem.

The Pichavaram mangrove falls under the Coastal
Ecological Sensitive Areas (ESA). The objective of the
present study is (a) To conduct a temporal analysis of LST,
NDVI and LSWI using the Landsat satellite imagery (b) to
present the impacts of climate change factors on mangrove
vegetation (NDVI) at a regional scale, thereby to demarcate
the spatial and temporal variations over the highly vegetated
areas of mangroves and then to analyze the trends over a
period of time (c) to derive the correlation coefficients of site
specific NDVI and climate variation (temperature and surface
water), mapped regionally on an annual and seasonal basis
from 1996 to 2016, to clarify the relationship of vegetation
and climate variation especially focusing on post tsunami
effects. The paper demonstrates the effective use of remote
sensing for deriving the objective measurements of
environmental influence on mangrove vegetation.

Il. METHODOLOGY
Study area

The Pichavaram mangrove wetlands which lie in
between the latitudes of 11° 20° N and 11° 30°N and the
longitudes 79° 45° E and 79° 55’E (Figure 1), is one of the
major mangroves of Tamil Nadu coast lying between the
Coleroon —Vellar estuarine complex in the northernmost
region of the Cauvery delta. The entire mangrove vegetation
which was declared as a Reserve forest in 1987 covers an
area of about 1471 ha including mangrove forests, mud flats,
sand dunes and back water. The reserved area is divided into
three divisions namely Pichavaram (1055 ha), Killai (327 ha)
and Pichavaram RF Extension (89 ha). The area is colonized
by 13 true mangrove species [35], mainly dominated by
Avicennia marina (Forsk.) Vierh. The climate is sub-humid
with very warm summer and with an annual average rainfall
(70 years) of 1310 mm and annual average rainy days up to
56. The rainfall is received from the northeast monsoon,
which hits the Tamil Nadu coast between the months of
October and December, and nearly 70% of the rainfall occurs
between November and December, which supplies fresh
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water to the mangrove forests. Thus, the dry season is
comparatively longer extending from February to September
[35].

Satellite imagery acquisition and analysis

The following Landsat satellite images (Table 1)
were downloaded from the official website of Earth Explorer
USGS (earthexplorer.usgs.gov) and used as the primary data
source for the comprehensive evaluation of the temporal
vegetation and the relative factors affecting it over the study
area. Cloud free data, one from the summer season and the
other from the onset monsoon season for the corresponding
year were selected for the analysis. The first step in image
pre-processing was the radiometric correction of the image by
converting the Digital Number (DN) values to at- sensor
radiance (equation 1). After the conversion to radiance
values, the thermal infrared band of each data was chosen for
the derivation of brightness temperature (equation 2), from
which the emissivity (equation 3) was calculated. Land
surface temperature (equation 4) was ascertained from the
above mentioned steps. The next step was to perform the
atmospheric correction using FLAASH in ENVI, from which
the spectral reflectance of the images was attained.
Atmospheric correction is necessary because the cloud cover
affects the sensing ability and increases the DN values of the
adjacent pixels. More over the brightness measured from the
ground features increases as the clouds scatter the light. From
the reflectance image, the Normalized Difference Vegetation
Index (equation 6), and the Land Surface Water Index
(equation 7) were derived. The Landsat User’s Handbook
[36] provides the following equations.

Radiance= ((LMAX_LMIN/QCALMAX_QCALMIN)* (QCAL-

QCALmN)) +Lmin (1)
Where,
Lmax = the spectral radiance that is scaled to

QCALMAX in W/ (m? * st * m)

Lwvin = the spectral radiance that is scaled to
QCALMIN in W/ (m?* sr * m)

QCALwin = the minimum quantized calibrated pixel
value (corresponding to LMIN) in DN =1

QCALpax =the maximum quantized calibrated pixel
value (corresponding to LMIN) in
DN=255 (TM / ETM+)

QCAL =DN

BT = K2/ Log {(K1/Radiance) +1)} (2)

Where, TB = the effective at-satellite brightness temperature
in Kelvin

K1 = 774.89 (watts/ (meter®* ster * pm))
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K2 = 1321.08 (Kelvin) are calibration constants;
€ = (1.0094 + (0.047* alog (radiance))) 3)

The temperature of the land surface, which can be considered
as the key factor to determine the surface radiation and
energy exchange [41] was estimated through a couple of
steps.

LST =BT/ {1+ A *BT/p* loge)} 4)
Where,

LST = Land surface temperature

TB = Brightness temperature

A = Wavelength of emitted radiance (11.5 pm)
P =hxc/s =1.438 x 102 mK

(s=Boltzmann constant=1.38 x 102J/K,

h = Planck’s constant=6.626 x 10°4Js, c=velocity of
light= 3 x 10°m/s)

€ = Land surface emissivity

The image capture time is 5:30 am in Greenwich Mean Time,
which is approximately equal to 10:30 am as per Indian
timing. Overall, 40 points were selected randomly over the
study area to derive the pixel to pixel correlation between the
NDVI, LSWI and LST. The Land surface temperature
obtained was in the unit kelvin which was then converted to
degree Celsius using the following equation (equation 5)

LST (in Celsius) = LST (in kelvin) — 273  (5)
The NDVI was calculated by the formula

NDVI  =pnir-PRrep/ P NIRTP RED (6)

Where, RED and NIR bands are Band 3 and Band 4
respectively in Landsat 4-5 and also in Landsat 7 and Band 4
and Band 5 in Landsat 8. Normally, the NDVI values ranges
between -1 to +1. The negative values indicate a non-
vegetated area and a positive value indicates a vegetated area.
Higher the NDVI values, higher the vegetation cover. Based
on this mangrove forests were discriminated as Highly Dense
Mangrove, Dense Mangrove, Moderately Dense
Mangrove, Sparse Mangrove and Other Vegetation, which
includes other terrestrial crops and mudflats. The Land
Surface water index was derived using the following equation
(equation 7). Finally, the correlation among the three main
indices were studied and also individual maps were prepared.

LSWI = (puir- pswir) / (Pnir+ pswir)  (7)
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V. RESULTS AND DISCUSSION

Times series dynamics in mangrove vegetation from 1996 to
2016 in conjunction with its environmental factors

Summer season as well experienced by the least favorable
climatic conditions for the vegetation growth, experiences a
decreased NDVI rate when compared to the onset monsoon
season (figure 2 & figure 3 respectively). The raise in
temperature of the air and the soil which in turn causes higher
evapotranspiration in plants and ultimately a decrease in the
amount of water present in the soil are the major adverse
effects faced by the mangrove community during this season.
From the resultant classified NDVI images of this study, it is
apparent that there is a voluminous increase in the mangrove
area from the past scenario to the present. It can be
substantiated that the areas falling under the sparse, moderate
and dense mangroves were slowly converted to the highly
dense mangrove region by 2016. The abrupt decrease in the
NDVI that is visible in the 2005 image can be attributed to
the natural calamity- Tsunami, which adversely affected the
Tamil Nadu coasts during the year 2004 in December. While
the temperature raise is taken into consideration, it can be
inferred that, with the overall raise in temperature worldwide,
the mangrove area was also not exempted from temperature
raise but comparatively lesser to the adjacent areas. Earlier in
1996, the denser mangrove region which exhibited a surface
temperature range of 26-28° C were transformed to a higher
temperature range of 28-30°C in 2016. The other vegetation
areas and sand dunes even exhibited a higher range of 30-
32°C at 10:30 am during 2016.

The results of the surface water content analysis of
the Pichavaram mangroves revealed that their variation
throughout the years were in accordance with the variation in
vegetation and vice versa. The dense mangrove regions were
established in areas exhibiting higher water content (LSWI)
of 0.4 to 0.6. With the increase in the extent of the mangrove
area, the regions possessing a higher surface water content
were also found increased. From 1996 to 2016, the area under
the mangrove cover is proven to be increased and hence the
area under the surface water also during the summer season,
reaching to a maximum LSWI range of 0.6 to 0.8. In 2005,
there has been a greater extend in the surface water mainly
due to the post tsunami effects. 2009 image clearly
demarcates the water index of the lesser vegetation from that
of the moderately vegetated ones and that of higher
vegetation.

This highlights the application of remote sensing
and GIS in monitoring the natural disasters over inaccessible
and vast regions like mangroves. The credit completely goes
back to the effective efforts undertaken by the state and the
private managements to bring up more mangrove plantations
in the tsunami-affected area there by to create a larger extend
of the forest in future. Slowly the mangrove areas were
restored back to their original health status and even more
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with the years. Studies prove that 500 hectares of mangrove
area was clear felled between 1935 to 1970, in Pichavaram
mangroves [37], which further declined till early 1990’s. As
an extension of the management practices, Joint Mangrove
Management Programme at national level [38] was
implemented, through which the rapid recovery of about 250
ha of mangrove area was effected with the aid of State Forest
Department and Non-Government Organization [35, 38].
While the area wise distribution of Pichavaram mangroves is
considered, studies show that even though from 1930-1994
the mangrove area decreased from 1165 ha to 411 ha, there
had been an increase in the area to 941 ha over the following
18 years, that is, from 1994-2011 [39]. The restoration of
mangrove area was initiated by JMM programme (Joint
Mangrove Management).

The onset monsoon and the monsoon season are
considered as the most favorable seasons for the vegetation
growth and establishment. This is well substantiated from the
resultant images of the study, where the dense mangrove
region in 1996 is found to be increased to the level of highly
dense mangrove during 2016. Simultaneously, the moderately
dense mangroves were converted to the range of dense
mangrove. The temperature of this season was much lesser
than the summer season. In 1996, the mangrove areas
experienced a lesser temperature of 22-24°C, which gradually
increased to a range of 24-26°C along the dense mangroves
and the sparse mangrove and sand dunes possessing a
temperature range of 26-32°C. Throughout the years, there
has been an appreciable decrease in the LSWI ranges during
this season. The mangrove regions of higher LSWI ranges of
0.6 to 0.8 seems to be decreased by the passing of years to a
lower range of 0.4 to 0.6. The classified images of variations
in the vegetation and climatic factors are illustrated below.

Maximum NDVI values in relation to its prevailing
environmental conditions

Highly correlated environmental factors with the Maximum
NDVI values were estimated and tabulated (Table 2). In the
year 1996, during the summer season, at a land surface
temperature of 26.2 ° C, and with a water index of 0.46, the
highest value of vegetation index of 0.70 was observed.
Similarly, for onset monsoon, the most favorable temperature
and water index were 20.6°C and 0.50 respectively for a
maximum of 0.73 NDVI. Nine years later, even though the
temperature has raised to 24° C, the water index has also
raised to 0.55, which favorably lead to a further increase in
the NDVI to 0.78 in the onset monsoon season of 2005.

At the same time, the post tsunami effect is well
evident on the 2005 summer image where the Maximum
NDVI has fallen to 0.39. The fact that the mangrove areas
displayed a higher water index of 0.58 in 2005 is because the
area was fully laden with water, making the land surface even
cooler, which attributed to be 24.5°C. As mentioned earlier,
due to the effective mangrove restoration activities by the
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state forest department and M.S. Swaminathan Research
Foundation, there had been a drastic increase in the mangrove
vegetation, which can be evidently interpreted through the
sudden raise of NDVI to 0.66 in summer and 0.78 in onset
monsoon during 2009. In 2016, the NDVI has further raised
up to 0.75 in summer and 0.85 in post monsoon. With the
overall raise in temperature worldwide, the land surface
temperature over the mangrove region has also increased.
Likewise, the increase in the land surface water in 2005 from
1996 can be attributed to the 2004 tsunami. When the overall
situation is taken to consideration throughout the years, the
water level seems to be decreased from that of 1996, both in
the summer season as well as in the onset monsoon. This
proves that with the increase in temperature, the water index
of the region had ultimately fallen. Same should have been
the fate of mangrove vegetation unless for the restoration
activities.

Dynamics in mangrove vegetation cover of Pichavaram

Further, an attempt was made to quantify the overall
vegetation changes that had taken place over Pichavaram
mangrove ecosystem with the passing of years. To serve the
purpose, values of the vegetation indices were taken along a
particular region, having the same latitude and longitude
(Table 3). The below table refers the vegetation indices over
the latitude 11.429124° N and the longitude 79.794071°E.
The table clearly depicts that at a particular region of densely
vegetated mangrove (having same latitude and the longitude)
there has been a considerable increase in all the vegetation
indices over a period in that particular region. During the
summer season, the NDVI value was 0.5 in 1996, which later
decreased to 0.27 in 2005. The reason behind it could be
clearly traced back to the occurrence and the effect of
Tsunami, which hit the Tamil Nadu coast on December 2004.
Then in 2009 summer, there was a raise in NDVI to 0.63 and
recently in 2016, it had sharply shoot up to 0.74. Similar is
the case with the pre-monsoon season where a considerable
increase in NDVI has occurred from 0.65 in 1996 to 0.82 in
2016. Simultaneously we can see a gradual increasing trend
in the NDVI and LST over that particular region of interest,
whereas the land surface water shows a decreasing trend.

Overall variation in the mean mangrove vegetation over the
study area

On an average, the mean values of NDVI, LST and LSWI
had achieved a gain throughout the years (Table 4). In
general, lower NDVI values are observed during the summer
season and higher NDVI values are seen during pre-monsoon
(September) for all the years for dense vegetation. However,
the variability between summer and winter mean NDVI is not
high. However, NDVI values for green vegetation is higher,
the minimum-maximum temperature range is lower i.e. the
region is cooler and the area exhibit higher NDVI values
throughout the year for dense vegetation (> 0.50) with
maximum NDVI reaching 0.80. The mean temperature
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variation is well noticeable (~21°C to ~29°C) throughout the
year and water is more during the onset monsoon season. The
scale of the monthly NDVI changes over time is a key sign of
the contribution of vegetation presence activity in different
months to total yearly vegetation growth. Similarly, higher
values of LSWI are noticeable during the pre-monsoon
season with a mean ranging from 0.38 to 0.45 where as a
lesser LSWI range of 0.26 to 0.43 is noted in the summer
season. The exceptional very high value of LSWI of 0.46
during 2005 may be affected due to tsunami. The NDVI
patterns coupled with the climatic variables can be utilized
for futuristic studies also.

Correlation among the remotely sensed indices

To analyze the effects of regional climatic changes on NDVI
of dense vegetation, Pearson product-moment correlation
between NDVI-LST, NDVI-LSWI and LST-LSWI were
explored. The drastic variation that had happened among the
vegetation conditions and the various environmental factors
were thus analyzed and are represented as follows. The
condition of the mangroves that was prevailing in the past
(1996) is compared to that of the present situation (2016). As
expected, the correlation between the vegetation index and
the surface temperature was negative i.e. it displayed a
decreasing trend with the raise in temperature in both the
seasons (Table 5). While comparing within the years, during
summer season the negative correlation from 1996 is
observed to be increased by the year 2005 and further raised
in the year 2016. Thus it can be established that within the
study area, the regions having a higher land surface
temperature exhibited a comparatively lower NDVI and vice
versa. The relationship between the water index and the
vegetation index was also displaying a trend as expected. The
higher value 0.9 of LSWI in summer 1996 was found to have
a decrease in the year 2005 from which it slightly rose to 0.8
in 2009 and in 2016 it further decreased to 0.7. Throughout
the years we can thus conclude that there is an appreciable
decrease in the value of LSWI from 0.9 to 0.7 from 1996 to
2016 in the summer season.

The same trend is observed among all the three
parameters during the onset monsoon season also. The
negative correlation between the NDVI and LST is found to
increase from -0.6 to -0.3 in the year 2005, which again
slightly fell down to -0.5 in 2009 and strongly raised to -0.1
in 2016 September. In contrast to the summer season, the
correlation between the NDVI and LSWI1 is found to increase
throughout the years in the pre monsoon season. The raise in
correlation from 0.5 in 1996 to 0.78 in 2005 is well observed
in the table sited above from which it showed a leap to 0.9
Correlation in 2009 and then decreased to 0.83 in 2016.
Hence the assessment can thus be made that the overall
correlation between the vegetation index and the water index
from the past to the present has undergone an increase
overall. The adverse effect of the land surface temperature on
surface water is well remarkable and is not yet exempted in
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the season of pre monsoon also. From 1996 to 2005, the
negative correlation among these parameters has risen from -
0.4 to -0.3. That again further decreased to -0.6 in 2009,
finally rising to -0.3 in 2016. From these observations also, it
can be proven that with the raise in temperature, the surface
water decreases.

Studies reveal that the slope of NDVI versus LST to
be negatively correlated to Crop-Moisture Index [40]. The
slope of LST vs NDVI can also be related to the
evapotranspiration rate of the surface [41, 42]. Higher
temperature results in increased evapotranspiration which in
turn decreases the soil moisture and thereby a decline in the
NDVI, while it can be estimated that a transpiring canopy is
cooler [16] because dense vegetation induces more
evapotranspiration and thereby lowers the LST [42, 43, 44].
But, in contrast, studies even show positive correlation
between NDVI and LST in the northern latitudes [45].

V. CONCLUSION AND FUTURE SCOPE

Thus to conclude, we can summarize that the
Pichavaram mangrove vegetation is affected by the climatic
and seasonal variations. The NDVI and LST showed a
negative correlation with each other, whereas the vegetation
index is positively related to the water index. It is well
evident from our study that even though the adjoining land
areas are facing a problem of accelerated raise in the land
surface temperature and a decrease in the land surface water
component, the mangrove areas have exhibited an area wise
and density wise increase, which ultimately resulted in an
increased NDVI rate. Since the vegetation increased, the
surface area has become much cooler, reducing the
evaporation of water from the surface soil, which finally
resulted in an increased surface water amount even though
the surface temperature has risen with the pace of the global
temperature raise. It can also be mentioned that the
availability of sufficient rainfall and fresh water flow,
accompanied with drought less years from 1994 onwards
could be other major reason for the increase in the vegetation
index NDVI. The influence of thermodynamics and
hydrodynamics can be well studied during the upcoming
years also as global warming has emerged as a serious issue
in the present scenario. This in turn the study would turn out
to be a nugget of information for the management planners
and the social workers for improved restoration activities.
Similar studies could be applicable to the urban areas also,
where LST, LSWI, and NDVI can be considered as the three
basic indices to estimate the ecological environment and there
exists a strong correlation among the three indices thus
making us possible to evaluate the environmental factors with
the aid of remote sensing and GIS.

ACKNOWLEDGEMENT

© 2019, IJSRBS All Rights Reserved

Vol. 6(2), Apr 2019, ISSN: 2347-7520

The authors wish to thank Shri. Tapan Misra, Director, Space
Applications Centre, Ahmedabad, India for his support to
conduct the study.

References

[1] Myneni RB, Dong JR, Tucker CJ, Kaufmann RK, Kauppi PE, Liski
J, ZhouL, Alexeyev V, Hughes MK. “A large carbon sink in the
woody biomass of Northern Forests”. Proceeding National
Academy Sciences 98(26): 14784-14789, 2001.

[2] Hamilton LS, Dixon JA, Miller GO. “Mangrove forests: an
undervalued resource of the land and of the sea”. In: Borgese EM,
Ginsburg N, Morgan JR. (Eds.), Ocean Yearbook 8. University of
Chicago Press, Chicago, 254288, 1989.

[3] Food and Agriculture Organization. Mangrove forest management
guidelines, FAO Forestry Paper, 117, FAO, Rome, Italy, 1994.

[4] Cormier-Salem M. “The mangrove: an area to be cleared . . . for
social scientists”. Hydrobiologia 413:135-142, 1999.

[5] Walsh GE. “Exploitation of mangal. In: Chapman VJ (Ed.) Wet
Coastal Ecosystems™. Elsevier Science, New York. 347-362, 1977

[6] Taylor FJ. “The utilization of mangrove areas in Thailand and
Peninsular Malaysia”. J. Southeast Asian Stud. 13: 1-8, 1982.

[7] Christensen B “Management and utilization of mangroves in Asia
and the Pacific’. FAO Environment Paper No. 3, Food and
Agriculture Organization, Rome, 1982.

[8] Kunstadter P, Bird ECF, Sabhasri S (Eds.) “Man in the Mangroves”.
United Nations University, Tokyo. 1986.

[9] Field CD, Dartnall AJ (Eds.). “Mangrove Ecosystems of Asia and the
Pacific: Status, Exploitation and Management”. Australian
Development Assistance Bureau and Australian Committee for
Mangrove Research, Townsville, 1987.

[10] Diop ES (Ed.). “Conservation and sustainable utilization of
mangrove forests in Latin America and African regions (Part 2:
Africa)”. Mangrove Ecosystem Technical Reports 3, International
Society for Mangrove Ecosystems and International Tropical
Timber Organization, Tokyo, 1993.

[11] Macnae W “A general account of the fauna and flora of mangrove
swamps and forests in the Indo-West-Pacific region”. Adv. Mar.
Biol. 6: 73-270, 1968.

[12] Chapman VJ. “Mangrove Vegetation”.
Leutershausen, Germany, 1976.

[13] Saenger P, Hegerl EJ, Davie JDS. “Global status of mangrove
ecosystems”. Environmentalist 3 (Suppl. 3) 88, 1983.

[14] Tomlinson PB “The Botany of Mangroves”. Cambridge University
Press, Cambridge, 1986.

[15] Kathiresan K and Bingham L. “Biology of mangroves and
mangrove ecosystems”. Advances in Marine Biology 40: 81-251,
2001.

[16] Kogan F “Application of vegetation index and brightness
temperature for drought detection”. Advances in Space Research
15: 91-100, 1995.

[17] Walsh GE “Mangroves: a review”. In: Reinhold RJ, Queen WH
(Eds.) Ecology of Halophytes. Academic Press, New York, USA.
51-174, 1974.

[18] Lewis RR “Coastal habitat restoration as a fishery management
tool”. In: Stroud, R.H. (Ed.), Stemming the Tide of Coastal Fish
Habitat Loss. Proceedings of a Symposium on Conservation of
Coastal Fish Habitat, Baltimore, MD, March 7-9, 1991. National
Coalition for Marine Conservation, Inc., Savannah, GA 169-173,
1992.

[19] Ewel KC, Twilley RR, Ong JE “Different kinds of mangrove forests
provide different goods and services”. Global Ecol. Biogeogr. 7:
83-94, 1998.

[20] Danielsen F, Sgrensen MK., Olwig MF, Selvam V, Parish F,
Burgess ND, Hiraishi T, Karunagaran VM, Rasmussen MS,
Hansen LB, Quarto A, Suryadiputra N. “The Asian tsunami: a

Strauss & Cramer,

20



Int. J. Sci. Res. in Biological Sciences

protective role for coastal vegetation”. Science 310: 643, 2005.

[21] Dahdouh-Guebas F, Hettiarachchi S, Lo Seen D, Batelaan O,
Sooriyarachchi S, Jayatissa LP, Koedam N “Transitions in ancient
inland freshwater resource management in Sri Lanka affect biota
and human populations in and around coastal lagoons”. Curr.
Biol. 15: 579-586, 2005b.

[22] Dahdouh-Guebas F, Jayatissa LP, Di Nitto D, Bosire JO, LoSeen D
Koedam N “How effective were mangroves as a defence against
the recent tsunami?” Curr. Biol. 15: R443-R447, (2005a).

[23] Dahdouh-Guebas F, Koedam N “Coastal vegetation and the Asian
tsunami”. Science 311: 37-38, 2006.

[24] Ramsar Secretariat, “Wetland Values and Functions: Climate
Change Mitigation”. Gland, Switzerland, 2001.

[25] Church J, Gregory J, Huybrechts P, Kuhn M, Lambeck K, Nhuan
M, Qin D, Woodworth P. “Changes in sea level”. In: Houghton J,
Ding Y, Griggs D, for the Intergovernmental Panel on Climate
Change. Cambridge University Noguer M, van der Linden P, Dai
X, Maskell K, Johnson C. (Eds.), Climate Change 2001: The
Scientific Basis Published Press, Cambridge, United Kingdom, and
New York, NY, USA, (Chapter 11) 639-693, 2001.

[26] Church J, White N, Coleman R, Lambeck K, Mitrovica J,
“Estimates of the regional distribution of sea-level rise over the
1950 to 2000 period”. J. Climate 17, 2609-2625, (2004a).

[27] Holgate SJ, Woodworth PL. “Evidence for enhanced coastal sea
level rise during the 1990s”. Geophys. Res. Lett. 31: L07305,
2004.

[28] Church J, White N. “A 20™ century acceleration in global sea-level
rise”. Geophys. Res. Lett. 33, 601-602, 2006.

[29] Solomon S, Qin D, Manning M, Alley RB, Berntsen T, Bindoff NL,
Chen Z, Chidthaisong A, Gregory JM, Hegerl GC, Heimann M,
Hewitson B, Hoskins BJ, Joos F, Jouzel J, Kattsov V, Lohmann U,
Matsuno T, Molina M, Nicholls N, Overpeck J, Raga G,
Ramaswamy V, Ren J, Rusticucci M, Somerville R, Stocker TF,
Whetton P, Wood RA, Wratt D. “Technical summary”. In:
Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt KB,
Tignor M, Miller HL (Eds.) Climate Change 2007: The Physical
Science Basis. Contribution of Working Group | to the Fourth
Assessment Report of the Intergovernmental Panel on Climate
Change. Cambridge University Press, Cambridge, United Kingdom
and New York, NY, USA, 2007.

[30] Field C. “Impacts of expected climate change on mangroves”.
Hydrobiologia 295: 75-81, 1995.

[31] Ellison J. “How South Pacific mangroves may respond to predicted
climate change and sea level rise”. In: Gillespie A, Burns W.
(Eds.), Climate Change in the South Pacific: Impacts and
Responses in Australia, New Zealand, and Small Islands States.
Kluwer Academic Publishers, Dordrecht, Netherlands, (Chapter
15) 289-301, 2000.

[32] IPCC. “Climate Change 2013: The Physical Science Basis.
Contribution of Working Group | to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change”, Stocker TF, Qin

Figures and Tables

Vol. 6(2), Apr 2019, ISSN: 2347-7520

D, Plattner GK, Tignor M, Allen SK, Boschung J, Nauels A, Xia
Y, Bex V, Midgley PM(eds.), Cambridge, United Kingdom and
New York, 2013.

[33] Orr BJ, Casady GM, Tuttle DG, van Leeuwen WJD, Baker LE,
McDonald CL, et al. “Phenology and trend indictors derived from
spatially dynamic bi-weekly satellite imagery to support ecosystem
monitoring”. Proceedings of the 5" Conference on Research and
Resource Management in Southwestern Deserts— Biodiversity and
Management of the Madrean Archipelago Il: Connecting Mountain
Islands and Desert Sea. May 11-15, 2004. Tucson (AZ), 2004.

[34] Weng Q Lo CP. “Spatial analysis of urban growth impacts on
vegetation greenness with Landsat TM data”. Geocarto
International 16(4): 17-25, 2001.

[35] Selvam V, et al. “Assessment of community-based restoration of
Pichavaram mangrove wetland using remote sensing data”.
Current Science 85 (6): 794-798, 2003.

[36] National Aeronautics and Space Administration (NASA). Landsat
Project Science Office: Landsat-7 Science data users hand book.
Chapter: 11, Data Products 2004.
(http.//www.gsfc.nasa.gov/IAS/handbook.htmls).

[37] Venkatesan KR “Working plan for the Cuddalore forest division
(1966-1976)”. Chennai, India: Department of Forest, Gowvt. of
Tamil Nadu, 1972.

[38] MEF Ministry of Environment and Forests. Geocarto International
489, 2008.

[39] Lakshmanan Gnanappazham & Vaithyalingam Selvam “The
dynamics in the distribution of mangrove forests in Pichavaram,
South India — perception by user community and remote sensing”.
Geocarto International, 26:6, pp. 475-490, 2011.

[40] Nemani R, Pierce L, Running S, and Goward S. “Developing
satellite-derived estimates of surface moisture status™. J. Appl.
Meteorol., 32: 549-557, 1993.

[41] Prihodko L, and Goward SN. “Estimation of air temperature from
remotely sensed observations”. Remote Sens. Environ. 60: 335-
346, 1997.

[42] Boegh EH. Soegaard H Hanan, Kabat P, and Lesch L. “A remote
sensing study of the NDVI-Ts relationship and the transpiration
from sparse vegetation in the Sahel based on high resolution data”.
Remote Sens. Environ 69: 224 — 240, 1998.

[43] Price JC “Using spatial context in satellite data to infer regional
scale evapotranspiration”. IEEE Trans. Geosci. Remote Sens. 28:
940-948, 1990.

[44] Carlson TN, Gillies RR, and Perry EM. “A method to make use of
thermal infrared temperature and NDVI measurements to infer soil
water content and fractional vegetation cover”. Remote Sens. Rev
52: 45 - 59, 1994.

[45] Karnieli A, Bayasgalan M, Bayasgalan Y, Agam N, Khudulmur S,
and Tucker CJ. “Comments on the use of the vegetation health
index over Mongolia”. Int. J. Remote Sens 27: 2017-2024, 2006.

Table 1: Landsat images having relatively less cloud cover which were used for the study

Slno Summer Onset Monsoon Sensor Path & Row
,1, 1% 0%, Enum NDVI and its gérgﬁ%pl;%}{gng favorable tl;'lmgigqmrameters 1;13423
3 06-05-2009 11-09-2009 Landsat_5 142/52
4 02-04-2016 09-09-2016 Landsat _8 142/52
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SUMMER ONSET-MONSOON
DATE NDVI LSWI LST DATE NDVI LSWI LST

18-05-1996 0.7029 0.4617 262706 | 23-09-1996 0.7387 0.501 20.6363

11-05-2005 0.3993 0.5886 24.5832 16-09-2005 0.785 0.5507  24.1334
06-05-2009 0.6633 0.4559 18.4147 11-09-2009 0.7838 0.4866  22.5183

02-04-2016 0.7592 0.4849 29.07 09-09-2016 0.855 0.4934  25.7686

Table 3: Variations in the vegetation indices over a particular region of interest
[11.429124°N latitude and 79.794071°F longitude]

SUMMER ONSET-MONSOON
DATE LSWI LST NDVI DATE LSWI LST NDVI

18-05-1996 0.2564 27.1156 0.5135 23-09-1996 0.4718 21.5199 0.6529
11-05-2005 0.4155 25.4335 0.2782 16-09-2005 0.3995 24.5638 0.6817

06-05-2009 0.4004 19.6608 0.6353 11-09-2009 0.4432 22.9198 0.7208
02-04-2016 0.4578 29.9592 0.7402 09-09-2016 0.4492 25.9031 0.8283

Table 4: Mean (1) + standard deviation (a) of NDVI, LST and LSWI
ONSET-MONSOON

DATE LSWI LST NDVI
23-09-1996 0.38 ( 0.14) 21.05 (+ 0.48) 0.54 (+0.18)
16-09-2005 0.45 (+ 0.06) 24.06 (+ 0.52) 0.67 (+ 0.09)
11-09-2009 0.41 (+ 0.08) 22.87 (+ 0.78) 0.68 (+ 0.10)
09-09-2016 0.43 (+ 0.05) 25.63 (+ 0.53) 0.80 (+ 0.04)

SUMMER

DATE LSWI LST NDVI
18-05-1996 0.26(+ 0.15) 27.01 (+1.08) 0.45 ( 0.19)
11-05-2005 0.46 (+ 0.07) 25.02 (+ 0.48) 0.27 (+ 0.10)
06-05-2009 0.37 (+ 0.08) 18.48 (+ 1.50) 0.56 (+ 0.07)
02-04-2016 0.43 (+ 0.05) 29.17 (+ 0.85) 0.69 (+ 0.04)

Table 5: Pearson product-moment correlation coefficient between NDVI, LST and LSWI

SUMMER (1996-2016)

Date NDVI vs LST NDVI vs LSWI LSWI vs LST
18-05-1996 -0.74 0.90 -0.72
11-05-2005 -0.21 0.76 -0.37
06-05-2009 -0.15 0.86 -0.30
02-04-2016 -0.10 0.78 -0.26

ONSET-MONSOON (1996-2016)

Date NDVIvs LST NDVI vs LSWI LSWI vs LST
23-09-1996 -0.65 0.59 -0.48
16-09-2005 -0.38 0.78 -0.38
11-09-2009 -0.57 0.90 -0.65
09-09-2016 -0.12 0.83 -0.34
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Figure 2: Dynamics in NDVI, LST and LSWI of Pichavaram over the decades for summer season
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Figure 3: Dynamics in NDVI, LST and LSWI of Pichavaram over the decades for onset monsoon season
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