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EDITORIAL

It is with great pride and enthusiasm that we present the 16" edition of
“Vasudha”, the Annual Journal of the Department of Geography, showcasing the
research of students, and alumnae. The journal reflects our commitment to
fostering undergraduate geographical inquiry and interdisciplinary exploration
along with displaying the departmental activities carried out throughout the year,
including Field Trips.

The subject of Geography bridges natural and social sciences and our goal
is to provide a platform for young scholars to contribute meaningful insights. This
journal celebrates our alumnae's achievements and inspires current students to
develop essential research skills. Through this platform, we aim to create a
space for intellectual growth, discussion, and collaboration that benefits the
academic community and beyond.

We thank the management, faculty members, editorial team, and
contributors who made this publication possible. Their dedication and support
ensures the continued success of 'Vasudha', and we look forward to seeing it
thrive in future editions.

|
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A VISIT TO LURAY CAVERNS : SHENANDOAH VALLEY, VIRGINIA, USA

Dr. Nivedita Roy Barman
Associate Professor, Department of Geography, Shri Shikshayatan College, Kolkata

Nestled in the heart of Virginia's Shenandoah Valley, the Luray Caverns are a natural wonder
that feels like stepping into another world. As one of the most famous cave systems in the eastern
United States, Luray Caverns has been captivating visitors since its discovery in 1878. My journey to
this subterranean marvel was nothing short of magical, filled with awe-inspiring formations and
fascinating history. Discovered in 1878, the caverns attract hundreds of thousands of visitors each
year, offering a unique glimpse into the breathtaking world of geology, history, and natural beauty. The
distance from Washington DC to Luray, Virginia is close to 100 miles and the drive was scenic, with
rolling hills and the Blue Ridge Mountains providing a picturesque backdrop. On reaching Luray, we
purchased tickets to join the guided tour and descended slowly into the cool, dimly lit depths, not
knowing what to expect.

The modest entrance to the caverns belied the grandeur hidden beyond, as the vista changed
instantly to something very different as we started our journey down the slopes. One of the most
striking features of Luray Caverns is its extraordinary size and scale, stretching over 259,000 square
meters, with some chambers reaching heights of up to 40-50 m and providing a mesmerizing
panorama of natural formations.

The Discovery :

The world-renowned Luray Caverns were discovered on August 13, 1878, by Andrew Campbell,
William Campbell and Benton Stebbins, who were residents of Luray. These men were prospecting for
a cave and suspected that the hillside might have caverns judging from indications such as exposed
limestone and many surface sink holes. The discovery was made after William Campbell felt a current
of cool air coming from a small opening among rocks at the bottom of a large sink hole. His uncle
Andrew Campbell was the first to enter the caverns and he could scarcely believe that he had stepped
into the largest caverns of East America, an eerie world of stalactites and stalagmites sparkling in the
light of his candle.

Formation ofthe Caverns:

Luray Caverns is estimated to be 400 million years old according to scientists. The temperature
inside the caverns is approximately 120°C with 87% Relative Humidity. The caverns were formed
through a process known as limestone dissolution, where slightly acidic rainwater seeps into the
ground, reacting with limestone to create intricate underground formations. As large volumes of water
subside and only slow seepage continues, nature's decorating process begins. Upon entering the
unique cave atmosphere, the solution of calcium carbonate gives up some of its carbon dioxide and
allows a precipitation of lime to form. This precipitation begins as a thin deposit of crystallised calcite
and as the process continues, stalactites are formed hanging from the ceiling. With the drops falling to
the floor, the deposits form a thicker formation called stalagmites. When a stalactite growing down from
the ceiling meets a stalagmite growing up from the floor, a column or pillar is formed. Over extensive
periods, this natural process has resulted in the development of stunning stalactites, stalagmites, and
other formations that adorn the cavern's vast chambers. All such cave formations are together called
'Speleothems’.
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Inner Beauty :

As | stepped into the caverns, the temperature dropped, and the air grew damp. The first sight
that greeted me was the towering columns and intricate stalactites illuminated by soft, strategically
placed lights. The effect was breathtaking, as if | had entered a cathedral carved by nature. The tour
wound through a series of chambers, each more impressive than the last. Here are some of the
highlights that left me in awe :

1. The Great Hall : A massive chamber featuring towering stalactites and stalagmites, the Great
Hall showcases the impressive scale and beauty of the caverns. It is one of the largest rooms
and is often the first stop on the tour.

2. The Giant's Hall : This massive chamber was filled with towering columns that seemed to defy
gravity. The sheer scale of the formations was humbling, which reminds us of the immense
power of nature and the passage of time. This hall features some of the largest stalagmites in the
caverns, including formations that resemble a giant's hand and other fantastical shapes.

3. The Dream Lake : A picturesque underground lake that perfectly reflects the formations above
it, creating a stunning visual effect. The still waters enhance the natural beauty of the cave. This
lake is the largest body of water in the caverns. Itis 230 sq.m. in area and ranges from 50 cms., at
its deepest point. The pool gives a perfect reflection of the ceiling.

Dream Lake

4. The Crystal Grotto : An area adorned with delicate crystal formations that sparkle in the light.
The crystals look almost magical and contribute to the cavern's enchanting atmosphere.

: ; - o \ &
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5. The Saracen's Tent : Itis a stone drapery of flow stone formation continuing from the floor of the
cave to its ceiling. This unique formation resembles a draped tent that adds a dramatic touch to
the caverns. It is named for its resemblance to an exotic tent frnrn Middle—Eastern culture.

6. The Stalacpipe Organ : This fascinating feature is the
world's largest musical instrument. It produces musical
notes by striking stalactites of various sizes, creating a | {
melodic experience for visitors. It was invented in 1954 § ’
by Mr. Leland W Sprinkle of Springfield, Virginia, a
mathematician and electronic scientist at the Pentagon.
He precisely selected stalactites to match a musical |
scale in what would eventually become the largest
musical instrument. Electronic mallets were wired
throughout the caverns and connected to a large
console. When a key is pressed, a tone occurs as the ’ A
rubber-tipped plunger strikes the stalactite, which has Stalacipe Organ
been tuned to concert pitch. Visitors can hear a melody played on this organ, creating a
harmonious blend of geology and music.

7.  Wishing Well : A small natural opening that welcomes water and reflects the light beautifully.
Visitors often toss coins over their shoulders while making a wish.

Wishing Well Frozen Waterfall

8. Frozen Waterfall : A striking formation that resembles a waterfall made of ice, showcasing the
unique geological processes in the cave. It is an excellent example of the diverse formations
found within.

9. Fried Eggs : Fried Eggs are the bases of two stalagmites which were accidentally broken as
workmen constructed the pathways of the tunnel in the early 1920s. New formation has begun
with deposits at the centre looking like the yolks of eggs.

® 3 @
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Fried Eggs Titania's veil

10. Titania's veil is the formation named after the fairy queen in Shakespeare's play “A Midsummer
Night's Dream”. This delicate, translucent formation resembled a cascading curtain of stone.
The intricate folds and ripples were formed by the slow drip of lime-rich water over countiess
years. It is notable for its towering presence, reaching a height of 15m in Giant's Hall. This
formation exemplifies the beauty and intricacy of calcite stalactites and stalagmites found within
the caverns.

Importance:

Apart from its geological significance, Luray Caverns also holds historical importance. The
caverns served as a refuge during the Civil War, providing shelter for soldiers and locals alike. In the
late 19th century, they became a popular tourist destination, with the cave's management, developing
pathways and lighting systems to enhance the visitors' experience. The introduction of electric lighting
in the early 20th century allowed visitors to appreciate the beauty of the formations in a whole new light,
further solidifying its place as a must-see attraction.

Luray Caverns also boasts of a rich variety of ecosystems within its formations. While the
caverns primarily contain geological wonders, they also provide a habitat for unique species of bats,
insects, and other wildlife, some of which are adapted to the dark, nutrient-poor environment. The
delicate balance of this ecosystem is an important aspect of the caverns' conservation efforts.

Visiting Luray Caverns is not only an educational experience but also a recreation of beauty and
wonder. The tour through the caverns typically lasts about an hour, guiding visitors through the most
impressive chambers while providing insightful information about the cave's formations, history, and
geology. The temperature within the caverns remains a constant 12° Celsius, providing a cool retreat
from the heat of summer.

Conclusion:

Exploring the Luray Caverns provides a deep appreciation for the beauty of the natural caverns
and highlights the impressive geological processes that have shaped this unique underground world.
It stands as a testament to the power of natural forces and the beauty of the earth's hidden wonders.
The stunning formations of the caverns, its rich history and ecological significance make it a
remarkable destination for visitors of all ages. As visitors explore its depths, they are reminded of the
intricate relationships between nature and history, making Luray Caverns a truly unforgettable
experience to witness the power of nature and the incredible artistry of time. For anyone visiting

® 4 @
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Virginia, Luray Caverns is an absolute must-see. Whether you're a nature enthusiast, a history buff, or
simply someone |looking for a unique and unforgettable experience, the caverns offer something for
everyone. As we drove away, the memory of those shimmering formations and the echoing notes of
the Great Stalacpipe Organ stayed with us, a reminder of the hidden wonders that lie beneath our feet.

Acknowledgement:

| owe this memorable experience in Luray to one of the greatest couples | know, my school friend
Anirban Bhattacharya and his lovely wife Hermine Karapetyan. It was they who kept encouraging us
periodically to visit their beautiful home in Ashburn in Virginia from our hotel in Washington DC, and
then driving us to Luray once we reached them. Thank you both, for giving us the opportunity to
experience something so grand, which not only added to my clarity of stalactites and stalagmites as a

geographer, but also enhanced my craving as a traveller to see more of such wonders of the world in
the near future.
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ANALYSIS OF RELATIONSHIP BETWEEN AQI AND
TEMPERATURE DURING WINTERS IN DELHI

Soumili Dutta
Indian Institute of Remote Sensing, Indian Space Research Organisation; Dehradun, India

Introduction

Air pollution refers to the contamination of air due to the release of pollutants into the atmosphere
which are detrimental to not only the humans but also the planet as a whole. According to the World
Health Organisation (WHO), 4.2 million deaths occur every year because of exposure to outdoor air
pollution. With increasing urbanisation and industrialisation, India has managed to come under the
world radar, occupying a distinctive position as a country contributing largely to the pollution of the
atmosphere. According to World Air Quality Report, prepared by Swiss Organisation |QAIr, India

ranked 5" as the most polluted countries (2021), with New Delhi being the World's 3™ most polluted
city. Air Quality Index (AQl) is an index used to quantify the level of air pollution of a region. India uses
the National Air Quality Index, launched in 2014, that measures the quality of air. It is seen that the
already polluted city of Delhi, shows record high levels of AQI placing it in severe category specially
during winters. The air quality is linked to dropping temperature conditions in several media reports.
This study was conducted to analyse the correlation between temperature and air quality index, and
whether indeed the AQI falls with a fall in temperature as per claims. This was performed using
datasets of the air quality index and the temperature of 6 years for the winter months, December and
January. The research question has been addressed s :

Can lowering temperature be indeed correlated with worsening Air Quality Index ?

Study area and Datasets

The National Capital Territory of Delhi has been selected to conduct this study. Delhi, sprawling
over 1483 sq. km. has a population of 1,67,53,235 (as per 2011 census data), time and again has been
listed among one of the most polluted areas of India. It is geographically located in North India within
the latitude 28%417”N and 28%3'00”N, and longitude 76%5'30”E and 77%1730”E. It is not only
northern India's main commercial centre, but also its major centre for small businesses. Being one of
the most important economic hubs of the country, Delhi's growing population and rising economic
affluence were the primary drivers of
increasing air pollution and degrading r —

INDIA ¢
2

air quality of the NCR.

Delhi has a total of 39 active air | Ay
pollution monitoring stations, spread %:L 3
across the entire territory (Figure 1). | < A
These stations are managed by [; ¢ . l¢
different organisations like the Central \ s e i) o)
Pollution Control Board (CPCB), s s VRS S
Delhi Pollution Control Committee | : W ... k i A0
(DPCC), and System of Air Quality | — gt : e e g
and Weather Forecasting And A
Research (SAFAR) of Indian Institute f

of Tropical Meteorology (IITM), Pune

Figure 1 : Location and Study Area Map
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and the India Meteorological Department (IMD). Continuous Ambient Air Quality Monitoring (CAAQM)
stations of CPCB are distributed at various locations across Delhi including East Arjun Nagar, IBHAS
Dilshad Garden, NSIT Dwarka, Shadipur and Sirifort. Data from all these 39 stations have been used
to get a picture of the air pollution scenario in the National Capital Territory of Delhi. This was obtained
from the CPCB website.

For the winter months of December and January, which have has been considered for 6 years :
2017-18,2018-19, 2019-20, 2020-21, 2021-22, 2022-23, the daily temperature data has been used as
recorded by the Safdarjung Airport weather Station. The daily obtained air quality index as recorded by
the air pollution monitoring stations spread across the NCR has been averaged to get the Mean AQ of
each day for the entire Delhi region and an average temperature of the respective day in the specified
period has been considered to check the correlation between the two datasets.

Methodology

Data has been collected from the above-mentioned sources, cleaned and extracted for Delhi
during the analysis period. Daily averages of AQI and temperatures have been computed from the
obtained data for the studied years to conduct the analyses. Daily trend of AQI and temperature have
been plotted to visualize the trend in air quality index and average temperatures over the two winter
months of December and January for the years 2023-22, 2022-21, 2021-20, 2020-19, 2019-18, 201 8-
17. Next, scatter plots were generated, taking average temperature as the independent variable in the
X axis and mean air quality index as the dependent variable in the y axis. Also, the correlation
coefficient between the two datasets of temperature and air quality index was calculated using the
“Pearson's correlation coefficient method” using .corr () function from pandas library in python.

Results and Discussions

From the daily trend plots (figure 2 and 3), it is evident that the average temperature trend show

higher temperature in the early December and the temperature falls from around the 15" of December
and remains low in January. Sudden dips in temperatures could be due to the presence of North
westerly winds blowing from the hills and rainfall events. Daily mean Air Quality Index show a varying
trend throughout the two months. Sharp dips in AQI seen especially during January can be attributed to
rainfall, which cleans the air by washing down the suspended particulate matter to the ground. It is

DALY VAREATION 1 AVERAGE TEMPERATURE 1 DECEMAEN ANO JANUARY DULY VARIATION IN AVERAGE ACH IN DECEMBER AND JANUARY
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seen that the air quality index of Delhi mostly stays above 200, in poor category and deteriorates to
very poor to severe category. The deterioration of air quality index in relation to lowering of temperature
has been visualised by preparing a scatter plot of temperature vs AQ| for the selected period.

The scatter plots (figure 4) obtained show that none of the plots indicate a strong negative
correlation between temperature and AQI. Plots of 2021, January and 2018, December show a
moderate negative relation. To ascertain that air quality deteriorates due to low temperature, there
should have been a moderate to strong negative correlation between the two datasets of average
temperature and average AQI in both the months over all the years. That is, with a decrease In
temperature, AQI should have increased indicating deteriorating air quality. However, no such strong
negative correlation is visible in the scatter plots. To know about the degree of relation between the two
datasets, Pearson's correlation coefficient was calculated. A negative value indicates a negative
correlation, while a positive value indicates a positive correlation. Values ranging from 0 to £ 0.25
indicate "Weak correlation™; from #0.25 to #0.75 indicate “Intermediate correlation”; while values
ranging from £0.75 to 1 indicate "Strong correlation”. £1 indicate "Perfect correlation” whereas 0
indicate no correlation between the two variables, or datasets. Pearson's Correlation Coefficient, also
called product moment correlation coefficient, is represented using 'r'. The 'r' values thus obtained
have been mentioned in the corresponding scatter plots.

SCATTER PLOTS OF AVERAGE TEMPERATURE VS AVERAGE AQI FOR DECEMBER AND JANUARY

Year 2022-2023 Year 2021-2022
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Figure 4 : Scatter plot of average temperature vs. average AQI for the selected period
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It can be observed that there is a weak negative correlation between the two, as seen in some of
the years. High positive correlation values in 2020 could be related to the effect of COVID, resultant
lockdown and subsequent improved air quality. January 2019 positive value could be because of rainfall
episodes, and implementation of GRAP, that improved the AQI while the temperature stayed low. Thus,
this varying picture makes it clear that we cannot correlate temperature and AQI with full certainty.

Conclusion

The analysis of temperature and Air Quality Index (AQI) over six years of winter data shows that
no conclusive correlation can be established between temperature and AQI. The varying correlation
coefficients suggest other factors significantly influence AQI. Measures like the Graded Response
Action Plan (GRAP) are enforced when air quality worsens, controlling pollution through traffic,
industrial, and construction restrictions, improving AQI independently of temperature trends.

In winter, temperature inversion, that traps pollutants near the ground, wherein heated air above
confines the cooler denser air near the ground, resulting in vertical mixing of air within this layer, thus
not allowing pollutants to escape, thus degrading air quality. However, this is also influenced by wind
speed, rainfall, and humidity. Stubble burning from upwind states, increased heating energy
consumption, and vehicular emissions worsen AQI. Firecracker activities during Diwali and New Year
celebrations further contribute to air pollution.

Overall, while temperature and AQI show a weak negative correlation, temperature is not the
main factor affecting winter air quality. Other meteorological and anthropogenic factors play a larger
role, making it difficult to draw a definitive conclusion on temperature's effect on AQI. A major limitation

of this study was that there were several data gaps in the recorded observations of several stations.
Further, research is needed on this, that includes other meteorological parameters to find the effects
on AQI|. However, efforts should be made to continue to address seasonal pollution issues.
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category-again-as-thick-fog-engulfs-city-how-to-stay-safe-expert-advise-dlehi-ncr-aqi-today-
noida-ghaziabad-gurgaon-5845673/

»  https://www_hindustantimes.com/cities/delhi-news/cold-wave-continues-in-delhi-as-air-
quality-remains-very-poor-101672984010886.htm|

»  hitps://www.indiatoday.in/cities/delhi/story/delhi-ncr-air-quality-grap-in-effect-1866574-2021-10-19
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VULNERABILITIES OF MOUSUNI ISLAND,

INDIAN SUNDARBANS : PERSPECTIVES OF SUSTAINABILITY

Shreya Das
Estuarine and Coastal Studies Foundation, West Bengal, India

1. Introduction -

The Indian Sundarbans is a part of the world's largest delta having a vast and dynamic
ecosystem located at the mouth of the Ganges, Brahmaputra, and Meghna rivers, traversing India and
Bangladesh. The unique mangrove forests (140000 ha), the most extensive in the world; inhabit here,
which protect the island from many vulnerabilities. The region is declared UNESCO (1987) World
Heritage site for its rich biodiversity covering approximately 10,000 sq. km. Despite its ecological
importance, the islands of the Indian Sundarbans are highly vulnerable to various natural and
anthropogenic threats, one of which being climate change, and the region is also a victim to tropical
cyclones since it was exposed to the Bay of Bengal.

GLOBAL AVERAGE SURFACE TEMPERATURE Climate change refers to the long-
1.0 term shifts in temperature patterns.

08 Earth's temperature has risen by an

o il | average of 0.08°C per decade since 1880

: | H”| H|||| Illl | and the rate of warming is even more than

| ‘H”h ‘HH twice as fast (0.18°C) per decade since

2

02 “WUW”“[‘““HH”‘HWIIHH!FW[W “1 “' |I HI 1981(climate.gov). The sea surface

temperature in the Sundarbans’ islands
0 has been rising at a rate of 0.5'C per
decade, affecting marine and coastal
“’mm . . . veo weme seeo .o | €COSYsStems, altering the habitats of
Years various species, and impacting fisheries,

Fig.1 : Yearly surface temperature compared to the being their primary livelihoods. Over the
20th-century average from 1880-2022.Source : past six decades, the Sundarbans have

National Centres for Environmental Information
lost approximately 210 km? of land
primarily due to erosion, rising sea levels (5.2mm/year), intruding into the low-lying areas of freshwater
systems with salinity levels reaching a
maximum of 27.5ppt, and human activities
such as deforestation and unsustainable
agricultural practices.

Difference from 1901-2000 average (*C)
o
£

Coastal disruptions as a response to
climate change have also affected marine
ecosystems; inundation of coastal
ecosystems and elimination of wetlands by the
effect of sea level rise as a global change.

e W S . .-T:.‘-'._:'--l Eﬁ:l;llis H;p Camera
Development along the coastal areas with | b s e e
. , , o - _ .”' JEWI+MEE, Kusumitala, Wast Bangal 743357, India
growing population increases the vulnerability f BN | Lat 21.646108°
. . **_l .‘.-' Long B8.204331°
of coastal ecosystems with sea level rise 20/08/24 12:39 PUGMTR0B30 = | LS
across the world. The impact of climate Fig. 2 : Saﬁwafer intrusion into agncufturaf f.'efds
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change inhibiting vulnerability is immense at the regional level. Due to the intensification of tropical
cyclones, the Sundarbans and its adjacent islands are facing several challenges.

LOCATION MAP
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Mousuni island of the Indian Sundarbans is
the most threatened by severe cyclonic

occurrences and is one of the 10" most
vulnerable ocean-confronting islands in South
24 Parganas district of West Bengal (WWF India,
2010). The extreme vulnerabilities have
increased the risk to the inhabitants as well as to
the island. The rise of sea level has resulted in
beach erosion, destruction of agricultural lands
by saltwater intrusion, increasing tidal surges
leading to the demolition of embankments, and
destruction of their homelands and the resorts,
which are one of the important sources of
income. Some of them have been homeless by
the severe cyclones. The only way to combat this
changing climate is to take precautionary
sustainable measures.

Mousuni island of Namkhana block is a part
of Indian Sundarbans located in the southern
part of the Ganges delta, facing the Bay of
Bengal with 27.1 km? of land. Around 22073
people (Census 2011) reside here. It is bounded
by the Muri Ganga River in the western part,
Pitt's Creek in the eastern part, and the southern
partis fringed by the Bay of Bengal.

Increasing global warming has resulted in the erosion of most of the parts of Mousuni island. In
future, it is predicted that this island might disappear along with the other islands. Thus, it is to be
protected by taking sustainable measures mainly by the locals living there and other government
bodies by adapting strategies and policies of ICZM which will be more beneficial for such coastal

dareas.

The primary objective of the case study is to assess the vulnerability of Mousuni Island and to

combat it with sustainable measures.

2. RESULTS &DISCUSSION -
2.1. Tropical Cyclone & its impacts :

According to the National

Disaster

Management Authority of India, Cyclones are
caused by atmospheric disturbances around a low-
pressure area distinguished by swift and often
destructive air circulation. Cyclones are usually
accompanied by violent storms and bad weather.

Pre-monsoon and post-monsoon storms are even |,

stronger than monsoon season. The cyclonic
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Figure 1 : Location and Study Area Map
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impact is mainly feltin coastal areas of the Indian Sundarbans due to the warming of the Bay of Bengal.
According to the study, severe cyclonic storms that are registered over the Bay of Bengal have
increased by 26% Fig. 4. After the effect of Remalover, the last 120 years, specifically during post-
monsoon (Singh, 2007). Mousuni island, located in the southern part of the Ganges delta also faces the
devastating effect of cyclones along with the Sundarbans. In recent years, the effects of cyclones like
Aila, Bulbul, Amphan, and Yaas have been felt by the people of Mousuni Island and the adjoining areas.

Heavy downpouring of rain with the severe storm has also resulted in the breaching of a 300m
embankment near Baliara and its adjoining areas causing waterlogging in the areas. (Source : Ei
Samay newspaper,14th August, 20)

Due to a lack of monetary support, the residents cannot rebuild the resources with proper
infrastructure. Cyclone Jawad, despite losing steam, was still strong enough to trigger a collapse in an
embankment at Mousuni island, sandwiched between Gangasagar and Bakkhali, on the western
fringes of the Sundarbans, marooning thousands. (Source : The Telegraph, 6th December, 2021)

An elderly woman from Mousuni Island, near Namkhana and adjacent to the Sundarbans delta,
succumbed to her injuries on Monday morning, of Remal, following a tragic accident. The incident
occurred when a tree fell on her hut, leading to the collapse of the roof and she died. (Source : The
Economic Times, 27th May, 2024)

CYCLONE DATE SPEED LANDFALL

Bulbul 5 NOV, 2019 130km/hr. Indian Sundarbans

Amphan 20th MAY, 2020 175km/hr. Bakkhali

Yaas 25th MAY, 2021 140km/hr. Balasore

Remal 26th MAY, 2024 135km/hr. Between Sagarlsland and Khepupara

Table 1 : Showing data of respective cyclones in Mousuni Island

Not only their houses were disrupted but also agriculture was disrupted due to salt water
inundation. The lives of the people are at stake every time during the cyclone. A concrete cyclonic
shelter was seen at Baliara, but it could not provide access to the whole of the island during the
cyclone. Bulbul as well as Amphan consecutively blew off the island leaving people homeless.

LULC MAP FROM YEAR 2020-2021 SHOWING THE IMPACT OF CONSECUTIVE CYCLONES
B89 36"E BE*12'0"E BE™14'24"E B89’ 36"E 88°12°0°E SE°14°29"E P SR B LTI
= ey = o A l
1 & . | o = =
P - o 1 i Iz
— w3 o | T [ | =
3 i =z |% z I3
. 2 R -lz :-.: 2
= = F |5 = |
P i 4 |8 5 2
& S P i~ B |
- = ~ = = E=
[ 1 0 1 2km s ‘
BMWE  RUIE N SEGIE  BPI0E  BESIAIAE SSTIE  BIZOE  BEIAINE
_BGTI0TE S88°12°0°E  88TI424TE _B8"9'I6E SET12°0°E  B8T14'24°F 86°9°36"E BETLZ0E  88%14°247F
£ -*": ht.’:‘ = -‘:I 1\ s - ; E\. b
™ | & & ey & - 2
i = ~ . o " =
r -i_—_'r._ld : ¥ d P,
= = £ [T = =z ey p
] | = o S 5 :;. T %
% :r.h_._; E :.'_ T :.' ' . ] 'fi-; ?g - : ‘!L , E
] = Pl 1,:. E;:‘_ = ; " 3 i
1 01 2xm § EURL R AN U
| e . 4 )
BB°9367E BA®12'0"E  BB°14'24°E BE°036°E BE*12'0°E  BS°14247°E BA®9'36°F BE°12'0°E  BB°14'247F

Fig.5 : Map showing the change in vegetative cover with red and infrusion of water bodies in blue
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The satellite image shows the effectofpre & |~
post cyclone. The vegetative covers depicted by
red and blue depict the intrusion of saline water h
after consecutive cyclones from 2020-2021. The
vegetative cover has continuously reduced
mainly after Amphan and Yaas. Based on the | ~
primary survey, cyclone shelters on this island bk lsia =y e ‘ 9
were also surveyed. A total of four cyclone [N * “#SE ey o IS RETAE T
shelters are there (according to locals), butonly 3 ' @ - TRSSLUEERUEE LN ERETE A

; ! ! | | M642+80C; Kusumtala, West Bengal 7433567, India !
could be surveyed. The multipurpose cyclone .
shelter is the largest among the three and well- » ¥, f
structured with three floors and around 18 rooms BECIEELE 5
in all near Kusumtala. Every cyclone shelter is
provided with tube wells, whereas the electrical
system is fully destroyed despite having well electrical connections. Cyclone shelters cannot alone
combat the vulnerability without people's contribution to adapt strategic policies and mitigation
measures.

4 Lat 21.66684°
. I Long 88.201066°
25/08/23 10:056 AM GMT +05:30

Figure 1 : Location and Study Area Map
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EROSION ACCRETION SCENARIO OF MOUSUNT ISLAND
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Fig.7 : Erosion-accretion area of Mousuni island from 2005-2022

The erosion accretion pattern of the study area shows a very Transient character. Rising sea
level along with tidal and ocean current changes is responsible for the delta's retrograding nature.
Mousuni Island is experiencing significant changes in the context of erosion and accretion. These
processes are dynamic and ongoing, affecting the island'’s landscape, ecosystem, and the livelihoods
of its inhabitants. The erosion accretion scenario was studied from the year 2005-2022, and it was
observed that the island has gone through changes specifically on the South and Southwestern coast.

® 13 &

& Scanned with OKEN Scanner



VASUDHA DECEMBER 2024

About 4.248 km? of land was eroded due to
extreme cyclonic intervention and due to
fluvial erosion and wave action. Accretion of
about 2.081 km?® was observed on the
Northern side of the island, Kakramarichar
due to deposition from the adjacent creek of
the Indian Sundarbans, which is deltaic
having intricate networks of rivers and creeks. |
Most of the land remains under saline water
during high tide. To prevent degradation of & ==
soil fertility due to intrusion of salt water, the
construction of embankments was done in &
the tidal creeks, thereby protecting the
islands and inside water bodies. Agriculture is widely affected by the saline water intrusion. Thus,
embankments are constructed to combat saline water intrusion caused due to tides or cyclones. Thus,
embankments are the lifeline of these regions.

8th August,2023

W e ek
= Bl GPS Map Camera

M ' :

i Kusumtala, West Bengal, India !
8 M53V+G6, Kusumtala, West Bengal 743367, India
- 2R W - 3= e B Lat 21.652807° .
T T AR e N | Long 88191823° .
gy T e e B L : N [ 16/02/24 12:50 PM GMT +06:30 '

Wl AL Gzl o
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Fig. 8 : Change of earthen embankment

Within three months, there was a drastic change in the embankments in the area. The first photo,

taken on May 8" before the monsoon season, shows the site still accessible. However, three months
later, the area became almost inaccessible due to the seasonal rainfall. The geo-jute embankments
along the coast were mostly repaired by residents or hotel owners, as these structures are essential for
preventing furtherdamage.
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The permanent structured concrete
e el embankments, reinforced with tetrapod and
@ @ @ boulders in some places, have been somewhat

- i WRATTTON | - : :
- '*"J“',r”'"‘"f P memmmEEEERLeTTwessd effective in preventing further slab collapse.
i ~ | However, during high tide, the tetrapod nearly gets

gﬁﬁ:;*-?_" - ._!:1
s *"’"' ﬂ - submerged, highlighting the vulnerable situation.
«f ST e | During a cyclone, the risk is even greater, as

aallirm . Indbi b overtopping of water is a prominent concern.

Unnamed Road, Baliara, 743357, India -n .
Lat 21.624894° 4 Embankment breaching took place along the

Long 88.200827°

08/10/23 10:09 AM GMT +05:30 . ~ :

SALTPAN

bank of the Chinai River of Mousuni Island. 12 km.
embankment breached due to high tidal wave
during the full moon. Thousands of families have
been rendered homeless. They took shelter in the
tent along the roadside. Some places of Muri f&
Ganga and Ghoramara panchayet of Sagar Island ==
embankment breached. Almost 40 km. of [
embankment was destroyed during this time in the |%2%
whole Sundarban region (Anandabazar Patrika, 17 |72
July 2014).

Fig. 9 : Agricultural field turning into saltpan
2.3. PEOPLE'S PERCEPTION

1 - u
!;‘ o —

i A

The people living on the island are the ones
to face the vulnerability in their daily lives. Most of
them have become accustomed to this change like
st | their daily lifestyle and have started taking
: kg NS measures accordingly. Some of the locals have

_—

;*l‘.. o So==i_e ' | made arrangements by themselves to combat

¢ __ -‘:.'*;1-"“ :
S e LA ] | cyclonic effects mainly those who cannot access

%= Kusumtala, West Bengal, India : = .
B e - Kiicole, Wkt e the cyclone shelters. The Likert opinionnaire scale,

' 21.669702° ; ;
o i based on the perceptions of locals, has yielded

25/06/28 1%:32 AM OMT +08:30 predominantly negative results. It reveals that the
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residents face vulnerability almost year-round. Their primary occupation, agriculture, has been
disrupted, leading many of the youth to migrate to the southern part of India in search of job
opportunities. However, some of them have chosen fishing as their livelihood.

3. Conclusion

The increasing trend of disastrous events in climate change like frequent cyclones, heavy
rainfall, and flooding aggravates rapid coastal erosion.
Any estuary is extremely responsive to increased sea
levels (Dyer, 1995). Mousuni being a part of the Hugli
Moo Iﬂ'F"i:‘i':“"“E estuary and being a sea-facing island, makes it more
mitigating engineering vulnerable to such events. The coastal sustainability
S i s action plan emphasizes that relying solely on

technology is insufficient to address the challenges of

SUS%EI‘;T;I{:ITY advancing rivers or tidal waves. Instead, it advocates for

i Tidal River Management (TRM), which focuses on the

Involvement S natural restoration of land. This approach necessitates
ggg‘f; ﬁ:£;5 relocating residents to safer areas, allowing nature to
development Lattice recover. Bioengineering techniques, such as planting
i mangroves or other local plant species, are also

recommended. These plants act as natural buffers,

L helping to prevent further erosion. Under such a

scenario, embankment management becomes crucial to protect the coastline. Regular monitoring of
embankments is required along with constant research work. The protection of banks with groins
needs to be monitored. The Geo-jute method of
earthen embankment seemed to be a complete
failure, thus, alternative site-specific techniques &'
need to be studied and implemented. In the | =&
extreme south of the islands (Baliara), a mudflat | %
is observed taking advantage of such, a |
mangrove buffer can be created from additional o _ _ > IS
protection of the embankments. Mangroves like R S

. . . . . i B GPS Map Camera
Avicennian marina, Avicennian alba, and

Dakshin Durgapur, West Bengal, India

Avicennian officinalis may be planted on the | Riafimd =l ns - PR AL LR LA R Ly AL [

; ; Lat 21.676603°
mudflats. The construction of resorts that restrict | FpsSsFsIrgseis

beach formations and violate CRZ-1 norms | Rilei ciitie s Ul

needs to be checked. The settlement needs to
retreat towards the central part of the island to construct a proper embankment. Apart from these,
capacity building and vulnerability assessments are required. An alternative source of livelihood apart
from agriculture is required to be promoted. Since Mousuni is hazard-prone, more cyclone shelters
should be built for easy accessibility of the entire population of the Island.
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ZEALANDIA - THE EIGHT CONTINENT
Aditi Majhi
Semester V

Since childhood, we know that there are 7 continents and 5 oceans in the Earth. But is this
information true ?

ZEALANDIA
THE 8TH CONTINENT

As we grew up, we found out that all these continents were actually part of a huge landmass
called Pangaea and the huge body of water around Pangaea was Panthalassa.

Pangaea (Pangia) : Pangaea is derived from the Greek word "pan” (meaning all) and "gaea"
(meaning Earth). It was a supercontinent that existed during the late Paleozoic and early Mesozoic
eras, approximately 335 to 175 million years ago. It was formed through the collision and aggregation
of earlier continental blocks.

Panthalassa : Panthalassa was the vast global ocean surrounding Pangaea. It was the single,
continuous ocean that existed during the time of Pangaea.

Jurassic period was around 180 million years ago. The Gondwanaland and Laurasia got
separated.

Laurasia consisted of North America, Europe and Asia and Gondwanaland, consisted of South
America, Africa, India, Australia and Antarctica. South America and Africa separated, resulting in the
formation of South Atlantic Ocean. India got separated and moved northward, eventually colliding with
Asia to form the Himalayan Mountain range.

As the question arises, whether all those lands exist or some of them have sunk under the
water ?

On 26 September 2023, In the field of geology, one of the most reputed journals "Tectonics”
proved that Zealandia continent is submerged under the water. It's area is so huge that even if you

combine the Indian subcontinent (4.4 million km®) i.e. India, Pakistan, Nepal, Bhutan, Bangladesh, Sri
Lanka and Maldives, its area is almost bigger, which has about 4.9 million km”.

But howdid it separate ?

When the plates were moving over each other due to tectonic activities, in the beginnings
Zealandia was present at the boundary of the Indo-Australian and Pacific plates but at that time, the
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tectonic activities were so intense that both these plates were rapidly moving away from each other
and these formed Zealandia continent, which was present above these plates, to sink into the sea
about 50 - 35 million year ago, that is in the historic time scale, even after the extinction of dinosaurs, at
last 15 million years later, this continent was completely above the sea.

0 Million Years 1 Million Years

2 Million Years

— S _ —

Seafloor spreading begins Earth's magnetic field flips and seafloor Earth's magnetic field flips again

polarity reverses forming a new stripe of normal
polarity seafloor
. Normal Polarity Reversed Polarity

Scientists theory on ‘Why did Zealandia Sink ?’

Basically, below Zealandia they saw that there were some such structures, which are made of
volcanic basalt rocks. Now this can only happen when two tectonic plates move away from each other
and molten magma comes out from the crack between the two. In this case, since that magma, as soon
as it aligns and comes up, in contact with the cold water of the sea so naturally, it solidifies and forms a
stripe. Since this molten magma has been coming out for thousands of years, every new stripe is
coming out in this way and is scratching the sides, the Zealandia land mass above this pattern is
sinking.

If we want to learn about its history, the first question that comes to mind is : Why are all the
continents in the Northern Hemisphere ?

This question isn't a new one, it dates back to the 17th century. In 1492, Christopher Columbus,
an ltalian explorer, set out to find India but instead arrived at a land that is now known as the United
States of America. After discovering North America and subsequently Asia and Europe, he pondered
why most of the continents were in the Northern Hemisphere ? To maintain the Earth’'s balance, he
thought there should be some continents in the Southern Hemisphere as well. He named this
hypothetical southern land "Terra Australis”, meaning "The Land of the South.”

Therefore, in 1606, the "Dutch East India Company” initiated a mission with explorers and
navigators Abel Tasman and Willem Janszoon. But where should this search begin 7 They believed
that since most of the three major oceans — Indian, Atlantic and Pacific were in the Southern
Hemisphere, the search for Terra Australis should start from the southernmost points of the
landmasses discovered up to that time.

Why does New Zealand want to prove Zealandia as a continent after so many years ?

Actually, the search started around in 418 years ago, in the 17th century. But, behind this there
was a big reason of great economical advantage.

In 1982, the United Nations passed a law "United Nation Convection on the Law of Sea" came
into force and finally provided some serious motivations. It states that countries can extend their legal
territories beyond their Exclusive Economic Zone, which reaches 200 nautical miles(370km) out from
their coastlines to claim their "extended continental shelf" —with all the rich mineral and oil. So, from the
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perspective of New Zealand, if the land submerges beneath, it proves to be a continent, then its
territory will be 6 times larger. This means that 6 times more natural resources and minerals will come
under their control. Now, obviously, if a country has 6 times more resources than it would have had an
impact on economic growth which would increase by 6 times.

To prove a land to a continent, we have to go through 4 major laws which are —

1.  High elevation relative to regions floored by oceanic crust.

2 Abroad range of siliceous igneous, metamorphic and sedimentary rocks.

3.  Thickercrustand lower seismic velocity structure than oceanic crustal regions.
4

Well defined limits around a large enough area to be considered a continent rather than a
microcontinent or continental fragment.

Because of this, the chapter of the lost continent, hidden beneath New Zealand was reopened
and to study this, the New Zealand government called many international geologists to do detailed
research. This time the goal was to prove this large submerged land mass to be a continent. It was
relevant that the composition of the rocks beneath New Zealand was more matching to the
composition of a continent than to oceanic bed. We all know that the bottom of the ocean is mostly
made of volcanic basalt rocks and the continents are mainly made up of granite rocks, yet the
submerged land mass beneath New Zealand in the ocean was made of granite rocks like in continents.
It means possibly the landmass beneath New Zealand could have been an 8" Continent.

Zealandia is everywhere substantially elevated above the surrounding oceanic crust. The main
difference with other continents is that it has much wider and deeper continental shelves than usual.
Zealandia has a model! elevation of ~- 1100 m (Cogley 1984) and is ~94% submerged below current
sea level. The highest point of Zealandia is AORAKI-MOUNT COOK at 3724 meters. We already have

discussed, being >1 million km” in area, and bounded by well defined geologic and geographic limits,

Zealandia is, by our definition, large enough to be termed a continent. At 4.9 million kml, Zealandia is
substantially bigger than any features termed microcontinents and continental fragment