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Editorial

The fifth edition of BODHI, once again, has a rich collection of articles in all the three sections,
BODHI ARTHAM, BODHI BIJINAN and BODHI KALA. The articles address a rich variety
of topics and reflect the sincerity and scholarship of our contributors. The education sector saw
a major upheaval during the pandemic with online classes replacing offline chalk and board
system. We are extremely thankful that the old order once again is in place which also gave
us the impetus to publish this esteemed journal and the call for papers really had an
overwhelming and encouraging response. The college too gave us tremendous support in the

continuation of this journey.

We are grateful to our contributors for their enthusiastic response which has enabled us to
publish this Volume and hope to have them with us in the future too.

15 May 2023 Editorial team
Bodhi
Vivekananda College, Thakurpukur
Kolkata 700063, West Bengal, India
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Examining cross-market dynamics: an in-depth analysis of the
interrelationship between the Indian stock market index and the
Shanghai SE composite index using monthly data

1Subhajit Roy* and 2Sarmistha Muhkerjee
!Department of Commerce, Vivekananda College, Thakurpukur, Kolkata 700063, India

2Assistant Professor, Department of BBA, Institute of Management Studies, Kolkata

Abstract

India and China are major world powers. In both these countries, checking of stock market
interdependency is a matter of high interest for investors and policy makers. To study the same,
monthly data from 2005 to 2023 has been considered and statistical tests like unit root test,
Johansen’s cointegration test and Granger causality were applied. The findings suggest that
there is absence of cointegration among these variables and in the short run neither granger

cause each other.
Introduction

The interconnectedness of global financial markets underscores the significance of
understanding cross-market dynamics, particularly in the context of major stock market
indices. In this study, we embark on an in-depth analysis of the interrelationship between two
prominent indices, namely the Indian Stock Market Index and the Shanghai SE Composite
Index, leveraging monthly data. As the world economy continues to witness increasing
globalization and interconnectivity, comprehending the interdependencies between these
indices holds immense importance for investors, policymakers, and analysts alike. The Indian
Stock Market Index, represented by benchmarks such as the S&P BSE Sensex and the NIFTY

50, serves as a crucial barometer of the Indian economy's health and performance.

* Email: rollyroy827@gmail.com (corresponding author)
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Published 15 May 2023
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With India emerging as one of the fastest-growing major economies globally, its stock
market has garnered significant attention from domestic and international investors seeking
exposure to its growth prospects, demographic dividend, and expanding consumer market. As
a result, fluctuations in the Indian stock market index not only reflect the sentiments and
performance of domestic companies but also serve as indicators of broader economic trends

and investor sentiment within the region.

On the other hand, the Shanghai SE Composite Index stands as a key benchmark for
the Chinese stock market, representing a diverse array of companies listed on the Shanghai
Stock Exchange. China's remarkable economic growth trajectory over the past few decades has
propelled its stock market to the forefront of global finance, attracting considerable interest
from investors seeking exposure to its burgeoning economy, burgeoning consumer base, and
technological advancements. Consequently, movements in the Shanghai SE Composite Index
not only reflect the performance of Chinese companies but also provide insights into broader
macroeconomic trends, government policies, and global market sentiment. Given the
increasing integration of global financial markets, understanding the interrelationship between
the Indian Stock Market Index and the Shanghai SE Composite Index is imperative for several
reasons. Firstly, it facilitates risk management and portfolio diversification for investors with
exposure to both Indian and Chinese markets, enabling them to navigate market volatility and
optimize their investment strategies. Secondly, it offers valuable insights into the transmission
of economic shocks and contagion effects between these two major emerging markets, thereby
aiding policymakers in formulating effective monetary and fiscal policies. Moreover, analyzing
the cross-market dynamics between these indices sheds light on the broader macroeconomic
linkages, trade flows, and investor sentiments shaping the global financial landscape.In light
of these considerations, this study endeavors to provide a comprehensive examination of the
interrelationship between the Indian Stock Market Index and the Shanghai SE Composite
Index, utilizing rigorous statistical analyses and methodologies. By unraveling the intricacies
of their interdependencies, the researchers aim to contribute to a deeper understanding of cross-
market dynamics and provide actionable insights for investors, policymakers, and analysts

navigating the complex and interconnected world of global finance.

3 https://www.vckolkata63.org
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Literature Review

Nath & Verma (2003) find no cointegration between Indian, Singaporean, and Taiwanese stock
markets from 1994 to 2002, indicating no long-term equilibrium. Mild causality is observed in
specific years, suggesting intermittent interlinkage. Despite occasional interdependence, the

overall conclusion is the absence of a long-run equilibrium among the three markets.

Ahmed et. al. (2005) reveals no long-term relationship between the Indian equity
market and US and Japanese markets. The causal link between Nasdag and Nikkei is
pronounced during 1999-2001 but diminishes in 2002-2004. Nasdaqg and Nikkei movements
are uncorrelated with Sensex and Nifty, indicating market segmentation and supporting
investment diversification. Increased Foreign Institutional Investor (FII) investments in the

Indian equity market are seen as a manifestation of this trend.

The paper by Seshaiah (2006) identifies bidirectional causality between the Indian stock
market and Mexico, Japan, with shorter lags, diminishing over time. No significant impact
from the Indian market is observed on France, Germany, Switzerland, and the UK. Further
categorization into Asian, developed, and developing markets enhances the analysis of their

relationships.

Mukherjee & Bose (2008) find that the U.S. market exhibits information leadership
over all Asian markets, with Japan playing a distinct role in their integration. The U.S. market
is influenced by information from major Asian markets, including India, and returns on the

Indian market significantly impact stock returns in major Asian markets.

Menon et. al. (2009) investigates the cointegration of Indian stock markets with leading
stock markets from China, Singapore, America, and Hong Kong using the Engle Granger test.
Data from NSE Nifty index and major stock indices from the mentioned countries over a ten-
year period (April 1997 to May 2007) are analyzed. The findings reveal relationships between

Indian markets and some global markets, offering valuable insights into their cointegration.

Vanitha (2010) finds that the Indian stock market is integrated with the US but not with
Japan, the UK, and China. Unidirectional causality is observed, emphasizing the influence of

the US stock market on its Indian counterpart. These findings have implications for investment

4 https://www.vckolkata63.org
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and speculative decisions, revealing the level of integration and interdependence between the

Indian stock market and global counterparts.

Singh & Singh (2010) find correlation between Chinese and Indian stock markets with
developed ones, limiting short-term diversification benefits. Bidirectional causality is observed
between Chinese and Hong Kong markets, supporting high correlation. Similarly, bidirectional
causality between China and India indicates a relationship. Indian stock indices (Sensex and
Nifty) are co-integrated with developed markets, suggesting long-term equilibrium. The high
correlation of China and India with the US is expected due to the influence of the US stock

market and its role as a trading partner for both nations.

Subha et. al. (2010) analyzed co-movements with developed and regional emerging
markets. Their study provides insights into portfolio diversification gains and the Indian stock
market's vulnerability during a regional crisis. Findings indicate increased integration due to
the liberalization of the Indian capital market, with investments through the FII route playing

a pivotal role.

Chittedi (2011) investigates the integration of the Indian stock market with developed
countries (USA, UK, Japan, France, Australia) from October 1, 1997, to October 1, 2007,
utilizing unit roots, Granger causality, co-integration, and error correction mechanism. It
reveals co-integration between India and these countries, indicating a long-run relationship

between their stock markets.

The findings of Igbal et. al. (2011) indicates an absence of cointegrating relationships
between the US equity market and emerging markets of India and Pakistan. As a result, the
study suggests that portfolio diversification in the Bombay and Karachi stock exchanges would
be beneficial in the long run.

Taneja (2012) finds a significant long-run association between Indian stock markets
and those of the US, France, Japan, Taiwan, and Singapore. One-way Granger causality is
observed for S&P CNX 500, and two-way Granger causality exists for BSE Sensex. The
influence of US, Japan, and France market factors on the Indian financial market is emphasized.
The study highlights short-run interdependency and changing dominance of developed markets

5 https://www.vckolkata63.org
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in India, suggesting potential diversification for global investors and an international trade

framework for policy coherence between developed and emerging economies.

Tripathi et. al. (2012) investigates short and long-term inter-linkages between the
Indian stock market and advanced emerging markets, specifically Brazil. The study, utilising
VAR-based co-integration tests and Johansen's methodology, aims to determine whether the
Indian stock market is interlinked with advanced emerging markets in the long run. The
research contributes valuable insights into these inter-linkages, adding to the existing literature

in this research area.

The study by Gupta et. al. (2012) explores links between the Indian stock market and
developed Asian markets (Hong Kong, Japan, Singapore). Johansen methodologies reject long-
run relationships, but the Gregory-Hansen test supports cointegration with structural breaks.
Long-term investing benefits in India are found to be limited. Time-varying conditional
correlation relationships are estimated, revealing correlations spiking during crises and
returning to initial levels afterward. The paper employs a dummy variable for structural
changes and a GARCH (1,1) model for time-varying conditional correlations.

Sakthivel (2012) identifies strong co-integration relationships among Asian, European,
and US stock markets. Using Johansen-Juselius co-integration and Vector Error Correction
models, the study reveals that the US and certain European and Asian markets lead the Indian
stock market. Notably, the impact of the US market on Indian stock returns is more pronounced
than the reverse, highlighting the asymmetry in their influence over both short and long-run

periods.

Kapoor et. al. (2013) examine stock market co-integration in South Asian countries,
emphasizing India and its regional counterparts. The study offers insights for investors,
suggesting that if stock markets exhibit co-integration, diversification may not yield profits.
Conversely, the absence of co-integration presents significant opportunities for profit through
effective portfolio diversification, guiding individual and corporate investors in their strategic

investment decisions.

In Patel's (2013) study, the investigation of the Indian Stock Market's association with

developed equity markets, including the US, UK, Germany, Australia, France, Canada, and

6 https://www.vckolkata63.org
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Japan, reveals the absence of a long-run equilibrium relationship. Granger causality tests
indicate that neither the Indian stock market index nor the developed country indices mutually
influence each other. The Vector Error Correction Model (VECM) underscores the Indian
market's autonomy, as it is primarily influenced by lagged values of its own, with insignificant

coefficients from other market.

Patel (2014) reaffirms dynamic linkages between the Indian stock market and other
Asian equity markets. The study highlights a negative correlation between the Indian and
Japanese markets, suggesting potential portfolio diversification opportunities for Indian
portfolio managers utilizing the Japanese market.

Panda'’s (2015) study explores dynamic price linkages and interdependence between the
Indian stock market and global markets (US, UK, Japan, Singapore, Hong Kong, Malaysia,
South Korea, Taiwan, China). Using the Johansen-Juselius multivariate cointegration test, the
findings reveal long-run equilibrium relationships and co-movements. The study contributes
insights into international financial integration and highlights the vulnerability of the Indian
stock market during regional crises, particularly evident during events like the global financial
crisis in 2008.

Rajkumar's (2015) study examines the relationship between the Indian stock market
and ASEAN countries (Indonesia, Malaysia, Singapore) using daily closing prices over ten
years (2004-2014). Granger-causality and co-integration tests reveal a significant short-term
unidirectional influence from the Indian market to the ASEAN countries, but no long-term

relationship (co-integration) exists.

Mohanasundaram et. al. (2015) investigate stock market associations and forecasting
ability among certain countries. The study reveals a high correlation between NIFTY and
JALSH, with the latter Granger causing the former. Despite the short-term relationship, no
long-run association exists between these stock market indices.

Veerappa's (2016) study investigates the short and long-run equilibrium relationship
between the Indian stock market and global markets using the Engel-Granger test and
Johansen. The findings affirm a significant short and long-run relationship among Asian stock
markets, including India. The Vector Error Correction Model (VECM) underscores the
importance of analyzing both short and long-run relationships for stock market integration.

7 https://www.vckolkata63.org
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Bhattacharjee et. al. (2016) use the Engle-Granger co-integration test to assess India's
stock market integration with selected countries. They find increasing co-integration,
particularly post-financial liberalization. The Indian market is more responsive to other Asian
markets during recessions. Policy initiatives and capital flows, influenced by reduced risk
perception and low policy rates in advanced economies, contribute to India's stock market
growth.

Singh et. al. (2017) investigate linkages among developed stock exchanges, focusing
on the Nifty index. Daily returns from 2007 to 2016 are analyzed. Johansen co-integration tests
reveal no long-term association with other indices. Unidirectional causality is found, with the
Indian market influencing Japanese and Hong Kong markets, while being influenced by the
USA and UK markets.

Goyal et. al. (2019) examine co-movements between Indian and US stock markets.
Unidirectional causality is observed, with US market returns influencing Indian market returns,
but not vice versa. The findings suggest potential benefits for investors in portfolio
diversification in the US market, both in the short and long run.

Rizwanullah et. al. (2020) find strong long-term cointegration among the top eight
Asian stock markets, suggesting benefits for diversification. Granger causality tests reveal
bidirectional and unidirectional causal relationships, indicating interdependence and potential
portfolio diversification opportunities. Integrated markets can reduce financial instability and
asymmetric shocks, enhancing economic resilience and mitigating the risk of international
financial contagion. Efficient portfolio diversification across these Asian stock markets is still

viable, warranting further research into the reasons behind cointegration.
Objectives

This study aims to thoroughly investigate the interrelationship between the Indian Stock
Market Index and the Shanghai SE Composite Index using monthly data. The research seeks
to uncover short-term fluctuations and long-run connections through a meticulous analysis.
Employing statistical tools such as correlation analysis, unit root tests, vector autoregression,
cointegration tests, variance decomposition, and impulse response functions, the study aims to
provide a comprehensive understanding of the complex cross-market dynamics shaping the
interaction between these two prominent indices.

8 https://www.vckolkata63.org
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Methodology

Monthly data of both NIFTY and Shanghai SE Composite Index (2005-2023) has been
considered and econometrics software Eviews12 was used for statistical analysis. Initiated by
logarithmic transformations, the study targets linearity in variables while concurrently
addressing issues of skewness and heteroskedasticity. This transformation is pivotal, as it lays
the groundwork for subsequent analyses. Correlation analysis is performed to assess the
existence of relationship between the variables. Before delving into deeper analyses, the
dataset's stochastic nature is rigorously scrutinized through unit-root tests, namely the
Augmented Dickey Fuller, Phillips-Perron, and Breakpoint tests. These tests offer insights into
the presence of stochasticity and structural breaks in the time series data, crucial considerations
for robust analyses. The subsequent step involves lag order selection using the Vector
Autoregression (VAR) model, ensuring an appropriate foundation for subsequent analyses.
Cointegration, a vital concept reflecting long-term relationships among variables, is then
explored using Johansen's approach. This methodology goes beyond traditional unit-root tests
by considering interdependencies among variables over time, providing a more nuanced
understanding of their relationships. To assess temporal connections, the bivariate Granger
Causality Test is applied, offering insights into the forecasting ability of variables based on
their past values. Following this, the Impulse Response Function (IRF) becomes a focal point,
providing a dynamic visualization of how shocks to one variable reverberate through the entire
system over time. This offers a nuanced understanding of the temporal dynamics within the
VAR framework. To fortify the credibility of VAR results, the study employs the Correlation
LM test to identify the possibility of sequential association in residuals. This is crucial as serial
correlation in residuals can jeopardize the reliability of model inferences. Significance of
specific coefficients is assessed via Wald tests, probing whether the variables mutually
influence each other. Altogether, this meticulously designed methodology aims to capture the
intricate web of relationships, temporal dependencies, and dynamic interactions within the

economic system under consideration.
Findings and Discussion

Table 1 shows the result of correlation analysis. It can be seen that there exists positive
correlation between the two stock markets. However, to understand the extent to which these

markets are related further analysis has been conducted.

9 https://www.vckolkata63.org
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Table 1: Showing results of corrrelation
LNSE LSSEC
LNSE 1 0.642298
LSSEC 0.642298 1

[Source: Computed in Eviews12, summarised by author]

Before conducting further analysis the stationarity of variables have to be checked. Three unit
root tests has been considered for the purpose; namely Augmented Dickey Fuller Test (Dickey
& Fuller, 1979), Phillips-Perron Test (Phillips & Perron, 1988) and Breakpoint Test (Perron,
1997). The results are summarized in the table below. It is found that in all the tests the level
data was non-stationery, hence for further analysis first difference of data was tested and were
found to be stationery. In all the tests, the Durbin Watson was close to 2, which states that the
model is a good fit for further analysis. The results are summarized in Table 2.

Table 2: Showing results of Unit Root Tests
ADF Test; Based on SIC
LNSE | LSSEC
Intercept Intercept
Level 1%t Difference Level 1%t Difference
P-values 0.6262 0 0.1129 0
Durbin Watson | 1.9978 1.9978 1.8411 2.0001
PP Test; Based on Newey-West
LNSE LSSEC
Intercept Intercept
Level 1%t Difference Level 1%t Difference
P-values 0.6206 0 0.0494 0
Durbin Watson | 1.9645 1.9978 1.84114 2.0001
BPU Test; Based on SIC
LNSE LSSEC
Intercept Intercept
Level 1%t Difference Level 1%t Difference
P-values 0.8934 <0.01 0.0598 <0.01
Durbin Watson 1.915 2.05583 2.00978 1.96148

[Source: Computed in Eviews12, summarised by author]

After checking for the stationarity of the variables, optimum lag length was tested, the results
of which are displayed in Table 3. As can be seen the Schwarz Information Criterion (SC) and
Hannan-Quinn information Criterion (HQ) yield the same result of optimum lag to be 1,

indicated by the asterisk mark. Hence, lag 1 has been considered for further analysis.
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Table 3: Showing Lag Length Criteria
Endogenous Variables: LNSE LSSEC
Lag AlIC SC HQ
0 1.507529 1538986 | 1.52024
1 | -5.10387 ) ]
5.009497* | 5.065735*
2 -5.075114 | -4.917285 | -5.011555
3 | -5.116968* | -4.896764 | -5.027986

[Source: Computed in Eviews12, summarised by author]

Table 4 shows the result of Johansen’s Cointegration test with optimum lag 1. The p-value is
found to be greater than 0.05 for both Trace statistics and Max-Eigen statistics, which means
the null hypothesis of no cointegration cannot be rejected. Hence there exists no long run
equilibrium relationship between NIFTY and SSEC. However, to understand the short run

relationship, test for vector autoregression has been conducted.

Table 4: Showing results of Johansen's Cointegration Test
Coefficients | Eigenvalue Trace Stats 0.05 Critical Value | Probability
None 0.035923 8.944367 15.49471 0.3705
At most 1 0.004063 0.89577 3.841465 0.3439
Coefficients | Eigenvalue | Max-Eigen Stats | 0.05 Critical Value | Probability
None 0.035923 8.048597 14.2646 0.3738
At most 1 0.004063 0.89577 3.841465 0.3439

[Source: Computed in Eviews12, summarised by author]

The results of VAR as shown in Table 5 reveals that LNSE(-1) is significant for LNSE and
LSSEC(-1) is significant for LSSEC. These values are quite high and it means that these

variables are impacted by its own lagged variable.
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Table 5: Showing Results of VAR
LNSE LSSEC
LNSE(-1) 0.993856 | 0.006937
(-0.01001) | (0.01212)
[99.2465] | [0.57215]
LSSEC(-1) -0.010307 | 0.952428
(-0.01714) | (0.02075)
[-0.60135] | [45.8967]
C 0.145571 | 0.318329
(0.10371) | (0.12556)
[1.40365] | [2.53531]

[Source: Computed in Eviews12, summarised by author]

From the above we can thus model our VAR as follows:

LNSE = 0.993856LNSE(-1) — 0.010307LSSEC(-1) + 0.145571

LSSEC = 0.006937LNSE(-1) + 0.952428LSSEC(-1) + 0.318329

Following the test for VAR, the coefficients were tested as the first causality test, the results of

which are given in Table 6 below. From the test results it is evident that coefficient of LNSE
(-1) given by C(1) has a p-value less than 0.05 and the coefficient of LSSEC(-1) given by C(5)
has a p-value less than 0.05. This implies that both these variables are significant at 95% level

of confidence.

Table 6: Showing the results of Significance of coefficients
Coefficient | Std. Error | t-Statistic | Probability
C(1) | 0.993856 0.01001 99.2465 0.0000
C(2) | -0.010307 0.01714 -0.60135 0.5479
C(3) | 0.145571 0.10371 1.40365 0.1611
C(4) | 0.006937 0.01212 0.57215 0.5675
C(B) | 0.952428 0.02075 45.8967 0.0000
C(6) | 0.318329 0.12556 2.53531 0.1160

[Source: Computed in Eviews12, summarised by author]

12

https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
=5 ",%’
g

BODHI VOL 5 PP.2-19, 2023 walleaans

Followed by the coefficient tests, the Block Endogeneity Test was conducted to test the above
results. Table 7 reveals the results as given below. It can be seen that the above results have
been reconfirmed from a different perspective. The null of lagged variables of LSSEC not
causing LNSE and the null of lagged variables of LNSE not causing LSSEC cannot be rejected

since the p-value in both cases are more than 0.05.

Table 7: Showing the results of Granger Causality/
Block Endogeneity Test
Dependent Variable: LNSE

Excluded Chi-sq df Prob
LSSEC 0.36162 1 0.5476
All 0.36162 1 0.5476

Dependent Variable: LSSEC

Excluded Chi-sq df Prob
LSSEC 0.327359 1 0.5672
All 0.327359 1 0.5672

[Source: Computed in Eviews12, summarised by author]

Further, Wald test was conducted to test the significance of coefficients and it was found that
null hypothesis of lagged variables of LNSE not influencing LNSE and the null hypothesis of
lagged variables of LSSEC not influencing LSSEC is rejected because p-values are less than
0.05. However, lagged variable of LNSE not influencing LSSEC and null hypothesis of lagged
variable of LSSEC not influencing LNSE cannot be rejected.

Table 8: Showing the results of Wald Test

ChiSquare | df Probability
C(1) 9849.861 | 1 0.0000
C(2) 0.361620 | 1 0.5476
C@4) 0.327359 1 0.5672
C(5) 2106.591 | 1 0.0000

[Source: Computed in Eviews12, summarised by author]
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Sometimes, the results of Wald test and Block Endogeneity may contradict and it is thus
important to reconfirm the fact by Pair wise Granger Causality test, the result of which is shown
in Table 9. Pair wise Granger Causality Test shows the direction in which one variable impacts
the other. From the results below it is seen that LSSEC and LNSE do not granger cause each

other. Hence, there exists no causality between these two variables.

Table 9: Showing results of Pairwise Granger Causality Test

F-
Null Hypothesis Observations _ | Probability
Statistic
D(LSSEC) does not Granger Cause
220 0.27156 0.6028
D(LNSE)
D(LNSE) does not Granger Cause
0.01558 0.9008
D(LSSEC)

[Source: Computed in Eviews12, summarised by author]

From the above causality test, it is seen that the results are not contradictory and hence it can
be safely concluded that NIFTY and Shanghai SE Composite Index are not related and these
do not granger cause each other. In fact it can be said safely that these are independent of each
other. However, to reconfirm our results the residual diagnostic test for presence of serial
autocorrelation was conducted. The result of which is given in Table 10. The null hypotheses
states that there is no presence of serial correlation, and the null cannot be rejected because the

p-value is greater than 0.05.

Table 10: Table showing results of Autocorrelation LM Test
Lag | LRE*Stat | df | Prob. | Rao F-stat df Prob
1 | 1501033 | 4 | 0.8265 | 0.375040 | (4,430.0) | (0.8265)

[Source: Computed in Eviews12, summarised by author]

Now that NIFTY and Shanghai SE composite index are independent of each other, we have
discovered that these are influenced by their own lagged variables. The extent to which they
are impacted can be evaluated using Variance decomposition, the results of which are shown
below in Table 11. It is very clear that LNSE is impacted by its own lag to the extent of 100%
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at one lag and from 2" to 5 lag by more than 99%. LSSEC is explained by its first order lag

to the extent of 86% and from 2" lag to 5" lag it is explainable by more than 85%. These are

very high numbers and clear evidences of their independent nature.

Table 11: Showing results of Variance decomposition

Variance decomposition of LNSE

Period S.E. LNSE LSSEC

1 0.063368 | 100.0000 | 0.000000

2 0.089138 | 99.99321 | 0.006789

3 0.108599 | 99.97810 | 0.021899

4 0.124753 | 99.95542 | 0.044577

5 0.138771 | 99.92588 | 0.074117
Variance decomposition of LSSEC

Period S.E. LNSE LSSEC

1 0.076718 | 13.73399 | 86.26601

2 0.106060 | 13.91804 | 86.08196

3 0.127027 | 14.10211 | 85.89789

4 0.143492 | 14.28602 | 85.71398

5 0.157003 | 14.46960 | 85.53040

[Source: Computed in Eviews12, summarised by author]

Corresponding to the variance decomposition results, Impulse response function has been

presented in the figure below. It shows that any shock in LNSE has high response in LNSE and

the same can be said when there is a shock in LSSEC that there is a high response in LSSEC,

that is why they are higher up in the graph. Whereas, any shock in LNSE has minimal or no

response in LSSEC and vice versa.
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Response to Cholesky One S.D. (d.f. adjusted) Innovations
+ 2 analytic asymptotic S.E.s
Response of LNSE to LNSE Innovation Response of LNSE to LSSEC Innovation
.06 .06
.04 .04
.02 .02
.00 .00
1 2 3 4 5 1 2 3 4 5
Response of LSSEC to LNSE Innovation Response of LSSEC to LSSEC Innovation
.07 .07
06 06 \
.05 .05
.04 .04
.03 .03
.02 .02
1 2 3 4 5 1 2 3 4 5

[Source: Computed in Eviews12]

Conclusion

The absence of cointegration and Granger causality between the NIFTY50 and Shanghai SE
Composite Index bears significant implications for the understanding of their relationship.
Cointegration, a long-term equilibrium relationship, and Granger causality, a measure of
temporal precedence, are crucial in assessing the interdependence of two financial time series.
The absence of these relationships suggests that the NIFTY50 and Shanghai SE Composite
Index move independently of each other in both the short and long run. From a trading or
investment perspective, this implies that there may not be persistent arbitrage opportunities or
predictable patterns that can be exploited for profit. Traders and investors should be cautious
about assuming spillover effects or inter-market dependencies between these indices.

The lack of cointegration indicates that there is no stable, long-term relationship that
could be exploited for portfolio diversification or risk management purposes. Furthermore, the
absence of Granger causality implies that past values of one index do not contain information
that can help predict the future values of the other. This result suggests that the information
flow between the NIFTY50 and Shanghai SE Composite Index is not unidirectional. Thus,
incorporating information from one index may not improve forecasting accuracy for the other.
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Abstract:

This article provides an overview of green hydrogen as an alternate energy source over fossil
fuel and battery powered EVs for future transport technology highlighting the benefits of green
hydrogen production using renewable sources of electricity. The technology is at a nascent
stage, however with combined efforts from all stakeholders to the environment and society,

green hydrogen is more sustainable option for future.
Background:

According to 1Q Air's 5th Annual World Air Quality Report, India ranks eighth in the world
for worst air quality. India is home to 80% of the top 15 most polluted cities in South and
Central Asia. The report reveals that around 60% of Indian cities included in the study recorded
PM2s levels annually exceeding WHO guidelines by at least seven times(Ministry of
Environment, 2022). World Air Quality Report, 2022 reveals facts that are quite alarming,
stating that vehicular pollution contributes to 20-35% of total air pollution (The Hindu, 2022).
The National Clean Air Programme (NCAP) is an initiative by the Central Government to
address air pollution at the national level. It falls under the "Control of Pollution™ Scheme and
aims to comprehensively tackle air pollution across the country. The initiative establishes
precise objectives aiming to realize a decrease of 20% to 30% in PM10 and PM2.5 levels by
2024, utilizing 2017 as the reference year for assessment. The NCAP is a long-term, time-
bound strategy designed to combat air pollution effectively (Ministry of Environment, 2022).
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Present Scenario:

At present in 2021, there has been an accelerated focus on the vehicular sector. Bharat Stage
VI Phase | has been implemented as a new regulatory, a step jump over previously planned BS
V compliance for vehicle manufacturers (Khodke, 2021). However, this regulation pertains to
internal combustion engines. The target of Indian Government is to have hundred percent
electric vehicles by the year 2030 (Irfan Khan, 2022; Soman, 2019). Which means
manufacturers would have to give up construction of internal combustion engines totally by
2030. It is just nine years from the original deadline and India being the fifth largest automobile
market, this target seems quite ambitious. To accelerate transition towards electric vehicles,
Indian Government has provided incentives on two fronts- to the manufacturers of electric
vehicles and to the consumers. Manufacturers have received financial support through a Rs.
10,000 crore budgets under the Faster Adoption and Manufacturing of (Hybrid and) Electric
Vehicles (FAME) scheme. Consumers are incentivized with discounts, refunds, lower interest
rates on vehicle loans, road tax waivers, free registrations, income tax deductions, and
scrapping incentives for replacing internal combustion engine vehicles with electric ones (Niti
Aayog, n.d.). With the collective efforts of the government and rising environmental concerns,
the EV industry has seen a considerable growth. The year-on-year growth of EV sales has been

154% over financial year 2021-22, with EV industry hitting record sales (Evreporter, 2022).
Energy generation scenario:

Electric vehicles will definitely exert pressure over the present electricity demands. At present
fossil fuels contribute to about 57% of electricity generation and non-fossil fuels contribute
about 43% (Ministry of Power, 2022). It is clearly evident that electricity energy demands are
being met mostly through the usage of fossil fuels. If vehicles are running on electricity, it
doesn’t mean fossil fuels are not being burnt. With present scenario it is evident that about 57%
of the electricity requirement is being met by burning fossil fuels and as EVs increase in number
the demand for electricity will increase too. The cheaper solution to immediately meet energy
requirements is to burn fossil fuels than to set up billion-dollar projects. Moreover, India is not
an energy surplus country when it comes to electricity. According to the report of Ministry of
Power (2022), India has not yet seen an electricity generation surplus in over a decade. The
requirement as per table 2 for the year 2021-22 and 2022-23 was 13,79,812 million units and
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15,11,847 million units, but power availability for the respective years were 13,74,024 million
units and 15,04,264 million units. Evidences of shortage in generational capacity is factual at
present (Lebrouhi et. al., 2021). To meet true EV targets for mobility, new power generation
plants have to be set up along with shift from fossil fuel reliance or maybe an alternative green

mobility solution has to be pursued (Vidhi & Shrivastava, 2018).
Concerns for battery production:

Lithium-ion is widely used as the main component for batteries. To manufacture batteries
nickel and cobalt is required. Mining of cobalt has recently faced several human rights issues
due to the exploitations; child labours and sexual harassment cases reported in the largest
depository of cobalt in the world, that is in the African Democratic Republic of Congo (Carson,
2022). Global guidelines on purchase of this material from authentic source is ineffective as it
is difficult to trace the mixture of cobalt from both legal and illegal sources as the supply chain
is quite complex and directed through China (Anna Pienaar, 2020; Northwestern University,
2021). Mining of nickel has several environmental concerns (Buratovic et. al., 2017) which led
Philippines government.to either suspend or close seventeen mines (The Guardian, 2017). With
increased effort to transform transportation sector to fully electric, these issues will pose as
ethical and social challenges. In recent times, Tesla has shifted from cobalt as component of
battery to iron-phosphate. The result is a low range electric vehicle. There is no perfect
substitute yet to cobalt and nickel, hence with continued promotion of EVs as cleaner travel
option, cobalt and nickel mining and their related issues are still going to co-exist. Adding to
the problem is the issue of safe disposal of these batteries post their service life (Grigore &
Kifor, 2021). Also, the elevated production and recycling expenses associated with batteries
can lead to electric vehicles having a higher price tag compared to conventional vehicles.
Enhancing recycling efficiency is essential to make recycled lithium economically feasible. It's
imperative to decrease the reliance on such rare metals in batteries for a sustainable shift
towards electric vehicles. Developing improved recycling methods to efficiently reclaim
valuable metals from used car batteries is vital. Furthermore, the priority lies in ensuring

ecologically safe recycling processes that safeguard human health (Castelvecchi, 2021).
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Alternative Option:

There is an alternative to battery powered electric vehicles and that is through the fuel cell
electric vehicles technology powered by green hydrogen. Green hydrogen is generated via
electrolysis, a process using renewable sources like solar, wind, or hydroelectric power to split
water (H20) into hydrogen (Hz) and oxygen (Oz2) using electricity (Cunanan et. al., 2021). This
method is eco-friendly and sustainable, as the electricity employed is derived from renewables.
Unlike fossil fuel-dependent hydrogen production emitting greenhouse gases, green hydrogen
has substantial potential to cut carbon emissions and aid the shift toward a cleaner and
sustainable energy system (Acar et. al., 2019). Green hydrogen can be used as a clean fuel in
various applications, including transportation, industry, and energy storage (Abdalla, et. al.,
2018)

Fuel cell mechanism:

Hydrogen fuel cells are electrochemical units that transform the chemical energy of hydrogen
into electricity, heat, and water. They are predominantly utilized in hydrogen fuel cell electric
vehicles (FCEVSs) to energize electric motors, eliminating the need for extensive battery
storage. In FCEVs, the hydrogen fuel cell ionizes hydrogen at the anode, allowing protons to
pass through a membrane and react with oxygen, resulting in water production (Cunanan et.
al., 2021). The stripped electrons from hydrogen can power the vehicle's electric motors or
charge its battery, ensuring zero tailpipe emissions and no combustion (Burns et. al., 2002).
This sustainable mechanism involves hydrogen intake, oxygen supply, electrochemical
combination, energy utilization, and water by-product. Hydrogen, a renewable source, reduces
fossil fuel dependence and emissions, being producible from renewables (Hosseini & Butler,
2020). With fuel cells achieving high efficiencies and emitting minimal pollutants, they're
considered a clean and versatile energy option, especially for transportation, supporting a
sustainable future (Srinivasan et. al., 1999).

Comparison of fuel cell over battery EVs:

FCEVs present benefits in comparison to battery electric vehicles (BEVSs) includes extended
travel distances, quicker refuelling suitable for commercial purposes, and decreased vehicle

weight and expenses as large batteries are unnecessary (Cunanan et. al., 2021). However,

23 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
= ",%’
Badfii

BODHI VOL 5 PP.20-30, 2023 ey
FCEVs are presently costlier than BEVs due to expensive fuel cell systems and low production
volume (Grube et. al., 2021). Limited hydrogen refuelling stations hinder long-distance travel
for FCEV owners, and the flammable nature of hydrogen demands specialized storage.
Hydrogen production can be energy-intensive and reliant on non-renewable sources,
potentially offsetting environmental benefits (Cunanan et. al., 2021). FCEVs excel for ranges
over 160 km, considering factors like mass, volume, cost, greenhouse gas reduction, refuelling
time, energy efficiency, and life cycle costs, especially when using natural gas or biomass as

sources (Thomas, 2009).
Challenges:

Hydrogen fuel cell vehicles currently face cost challenges due to the expensive fuel cell
systems and limited production (Alaswad et. al., 2016), making them pricier than conventional
vehicles. The existing scarcity of hydrogen refuelling stations hampers long-distance travel for
FCEV owners (Krafft, 2020). Storing and transporting highly flammable hydrogen requires
intricate and costly methods (Najjar, 2013). FCEVs have constrained ranges relative to
traditional vehicles, with temperature and humidity influencing fuel cell system efficiency
(Veziroglu & Macario, 2011). Additionally, hydrogen fuel production is energy-intensive
processes and reliance on non-renewable sources can counteract environmental advantages
(Kreith & West, 2004). In comparison to internal combustion engines powered by fossil fuels,
FCEVs also demonstrate reduced efficiency and power output (Szatek et. al., 2021). Numerous
hurdles like safety concerns, high costs, storage limitations, energy density issues, thermal
control requirements, and sensitivity to temperature challenge the rapid advancement of

hydrogen-based internal combustion engines.
Future Prospect:

India's National Green Hydrogen Mission, supported by a budget of Rs 19,744 crore, aspires
to establish a prominent role for the nation in green hydrogen production. The mission's goal
encompasses achieving an annual capacity of 5 million metric tons and a consequential 50
million metric ton reduction in greenhouse gas emissions by 2030 (National Portal of India,
n.d.). A key focal point involves hydrogen-powered FCEV trucks, envisioning 12,000 of these
vehicles on Indian roads by 2030 (Schlosser, 2022). Collaborations with industry leaders like
Tata Motors and Cummins expedite the integration of hydrogen-based mobility solutions in
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India’'s e-mobility sector, amalgamating environmental benefits with technological progress in
the pursuit of sustainable transportation (Cummins Newsroom, 2022). Moreover, exploring
supercapacitors and fuel cells as alternate energy sources for hybrid electric vehicles (HEVS)
illustrates their potential for regenerative braking and energy storage, while fuel cells offer
opportunities for chemical energy conversion (He et. al., 2020). When coupled with renewable
energy sources, these technologies present promising hybrid systems for future transportation
needs. In a related context, recent progress in making hydrogen fuel cell engines suitable for
transportation systems, combined with integrating hydrogen fuel cells with batteries and
control systems for hybrid vehicles, suggests that hydrogen fuel cells are poised to play a
substantial role in transportation, power generation, and electricity industries (Hoffman, 2012).
In the foreseeable future, there's an expectation of increasing demand for hydrogen fuel cell
electric vehicles (FCEVs) from the 2030s to the 2050s, accompanied by cost reductions,
enhanced energy efficiency, extended travel ranges, and a expanding network of hydrogen
refuelling stations (Tang, 2019). This trend may lead to FCEVs becoming more cost-effective,
having extended ranges, and gaining higher popularity over the next two decades.

Government initiative:

The National Green Hydrogen Mission is a governmental effort in India aimed at encouraging
the adoption of green hydrogen across diverse sectors and curbing carbon emissions. The
mission aims to create a green hydrogen ecosystem and provide opportunities for innovation
and investment across the value chain. The Ministry of Petroleum and Natural Gas will
facilitate the development of regulations and plan new refineries and city gas projects to be
compatible with green hydrogen deployment. The Ministry of Skill Development and
Entrepreneurship will develop courses and programs to skill manpower across the value chain.
The Ministry of Power will enact measures and rules to guarantee the cost-effective provision
of renewable energy for producing green hydrogen. The regulatory framework will be
established to allow storage and dispensing of hydrogen at par with international norms. The
mission will also align with globally prevalent standards and regulations to tap into the
international market (Ministry of New and Renewable Energy, n.d.).
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Suggestions:

Suggested strategies for advancing hydrogen fuel cell technology encompass government-
backed initiatives, infrastructure expansion, cost-effective hydrogen generation, adoption of
non-carbon-based methodologies, enhanced manufacturing of stack components, and
bolstering demand (Rajalakshmi, 2021). Governmental support is crucial to propel
infrastructure and research in hydrogen fuel cells, with a specific focus on developing
comprehensive hydrogen production, storage, and distribution networks. A paramount
objective involves curtailing hydrogen generation costs to heighten competitiveness vis-a-vis
alternative fuels. Prioritizing non-carbon-based approaches for hydrogen production is vital to
mitigate the process's carbon footprint. Augmenting manufacturing capabilities for stack
components is imperative to meet the escalating demand for fuel cells. By elevating the demand
for fuel cells, cost reductions will be stimulated, propelling further research and developmental

endeavours.
Conclusion:

The Government of India is in an active state of incorporating technologies and enactment of
federal laws that will attempt to achieve carbon net zero in the future. Constant innovations
and research are taking place in the field of alternate energy. It is imperative that the corporates
and general population of the country would also take the initiative to participate along with

the Government in this endeavour, because sustainability is for all.
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Abstract

Nineteenth Century Bengal was a period of educational experiments. One of the major
thinkers’ of this period was Debendranath Tagore. He tried t0 assimilate the traditional
education system of India with newly introduced western education. This essay tries to find out

the essence of his educational thought and how it is relevant till today.
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“Knowledge is virtue” — Socrates

“Education should develop a kind of reason in children in order that they may feel a harmony

between the soul and the various things of the world. This harmony is true virtue.” — Plato

The advent of East India Company rule in Bengal in late eighteenth century was marked by the
cultural interaction between the East and the West. No doubt, spread of Western education was
the most important outcome of this interaction. The necessity of manpower to run the
administrative set up in this country, led to the Governmental effort to educate Indians in
Western law, science and literature. The Missionaries and the Bengali ‘Bhadralok” community
extended their help towards the spread of Western education. The names of Raja Rammohan
Roy, Raja Radhakanta Deb, Prasanna Kumar Tagore, Ishwar Chandra Vidyasagar are very well
known in this field. Maharshi Debendranath Tagore, on the other hand, is known more for his
religious contribution. But his contribution in the field of education was not less important. The

present paper would try to bring out his thoughts, efforts and legacy in this field.
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After the Grant of diwani (1765) and establishment of Supreme Court (1774), the Bengali
tradition, society and culture faced a huge transformation. The education system was not
divided in primary, secondary and higher learning before and Pathshala was the foundation of
education. Ramayana, Mahabharata, Mangal-kavyas were read and folk performances like
Kirtana and Yatras imbibed values in society. Pathshala education was part of this process,
Tols, Chatushpathis and Madrasas helped higher learning and understanding of Hindu and
Islamic culture. The zamindars of rural Bengal were the patrons of such culture and education.
The Permanent Settlement of 1793 witnessed the decline of old zamindars and the neo-rich
became landholders. To them, adoption of British educational system seemed convenient and

lucrative.

The education system that was introduced in Bengal with the advent of British, was
characterised by certain features. In the first place was the concentration of educational effort
on the upper sections of society and neglect of masses. Second feature was the promotion of
English language as medium of higher education and acceptance of western knowledge as the
principal content. The last feature was the entirely academic character of education neglecting
practical and technical training. The principle of education based on very narrow utilitarianism,
meant recruitment for subordinate services at a low cost. The missionaries on the other hand,
saw it as an opportunity to reach to Indian society to spread the doctrines of Christianity. The
receiver of this education, the wealthy section of Bengali society, either became professionals
in law, medicine and teaching or joined the government services in the capacity of subordinate
judges or deputy collectors. The abysmal ignorance of the vast masses was a major hindrance
to the progress of the country. The new education meant neglect and decline of the indigenous
education system. In this background, we will try to evaluate the contribution of Maharshi
Debendranath Tagore in the field of education.

Debendranath received, his primary education in Anglo Hindu School set up by Raja
Rammohan Roy in 1823. The Raja considered that no education was complete without
religious education. Debendranath was much influenced by Raja Rammohan Roy. In 1839, to
popularise Brahmo religious movement among Bengalis, Debendranath established
Tatvabodhini Sabha. He realized that spread of education was essential to run the organization
smoothly. At the same time, he was aware of the necessity of western knowledge in the then

Bengali Society. The practical outcome, of these realisations, was the establishment of
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“Tatvabodhini Pathshala” on 13" June 1840. The 1843 — 44 resolutions of Tatvabodhini Sabha
clearly depicts that the main purpose of the ‘Pathshala’ was to promote religious education
along with other subjects. The medium of instruction was Bengali. Akshay Kumar Dutta wrote
Physics, Mathematics and Geography text books in Bengali.!

The number of students in the school was, however, meagre, as the wealthy section of Calcutta
had a tendency to admit their children in English schools, those were present in quite a good
number in the vicinity of Calcutta. So, the members of Tatvabodhini Sabha decided to shift the
Pathshala to Bangshabati or Bansbere village in Hugli district (1843). The founders thought
that the establishment of a model school in rural area would help the local population to learn
languages and science and religion. The curriculum of the newly built school included English,
Bengali, Sanskrit, Science and Upanishadic religion. On the foundation day of the school
Debendranath in his speech said that, as knowledge was spreading through the medium of

English, Indian traditional knowledge of Vedanta was almost disappearing. Hence it was

necessary to bring that knowledge to forefront. (43 el 3esiél fRuri gl vfCS SWitTs ~FfS 2300y,

SO ... SIS DIFICE (T (M 1, OT2f @F AT G 2T o 23R O3 GZHC & F41 SO SRHH
23T .. | 40l AT T el it bolef 23067 (8 ofRwet e s13c”) He explained that the purpose

of the Pathshala was to impart scientific and religious knowledge through the medium of
Bengali.

This thought of Debendranath was reflected in the basic characteristic features of Tatvabodhini
Pathshala. The first important feature was the decision to use Bengali as a medium of teaching
at a time when Bengali prose writing was just taking shape. The effort to enrich the vocabulary
of the language through books on science and other fields of knowledge was a major
contribution of the Pathshala. In fact, Debendranath, from a very early age, tried to contribute
to the development of Bengali Prose literature. At the age of fifteen, he, along with some other
students of ‘Anglo Hindu School’ established ‘Sarvatatvadeepika Sabha’ in 1832, to have
discussion on Bengali language. The members also decided that the discussions will be only in
Bengali." It must be noted that, although establishment of debate clubs or other literary
organisations were not so rare in those days, the medium of communication in them was always
English. This loyalty towards his mother tongue and the feeling of pride attached to it, was one
of the major characteristic features of Debendranath’s educational thought.
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The second characteristic feature of the Pathshala was the practice and spread of traditional
Indian religious thought as conceived by Debendranath and his followers. In fact, William
Adam in his Education Report of 1835, recommended for the inclusion of religious education
in curriculum. But that proposal was in favour of teaching the basic system of Pathshalas, there
was no scope for formal religious education. The nineteenth century Bengali intelligentsia
wanted to see and re-establish the traditional Hinduism in the light of the rationalism of newly
acquired western knowledge. Tatvabodhini Pathshala made a unique effort to spread these
ideals among the people who were not so well informed. This was specially mentioned in
English periodicals. “The Calcutta Courier” on 3™ June, 1840 opined: “The boys will further

receive religious deduction which is a new feature in the system of native instruction”."

The curriculum of Tatvabodhini Pathshala included Physics, Mathematics, Geography,
History of Bengal and English language and grammar. This shows, that the subjects of
importance for the period, was taught in this school through the medium of vernacular
language. It further enhanced the change of bringing in the masses within the fold of modern
education. Thus we find, that, Debendranath actually wanted to bring back the Gurukul

tradition of ancient India, with certain modifications to make it suitable for modern times.

Other than Tatvabodhini Pathshala, Debendranath also helped the establishment of
‘Barrackpore Pathshala’ (1846) and ‘Sukhasagara School’ (1846) of Nadia. Mention must be
made of Debendranath’s role in the establishment of ‘Hindu Hitarthi Vidyalaya’ (1% March,
1845). The whole of Bengali Hindu society united to bring up this school. Debendranath was
in the forefront of the movement to minimize the differences between various groups of the
then Bengali ‘bhadralok’ community. His efforts, for the first time, brought together the
members of Brahmasamaj and Dharmasabha for a noble purpose. To save and uplift the
religion and culture of the region and to unite the Bengali Hindu society, Debendranath
Tagore’s effort was undoubtedly an important event of the 19" century social history of Bengal.
In his autobiography, Debendranath expressed that if united, Bengalees can create a much
better educational institution than the Christian missionaries.” It shows, although he wanted to
check the spread of Christianity, Debendranath was very much interested in the development

of different fields of modern knowledge in India.
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In this context, it is necessary to mention his thought about mass education. For the expansion
of mass education, the Government of India in 1859 sought the opinion of Civilians,
Missionaries and eminent Indians. Debendranath was one of them. The letter he wrote to the
Government on 8" August, 1859, speaks of his thoughts on how to spread education among
masses. The letter emphasized the importance of the role of ‘Calcutta school society’ (1818),
established by David Hare, in the betterment of the pathshalas of Bengal and urged a
continuation of this work. One major suggestion of Debendranath was to make provisions to
train the teachers in the modern methods of teaching. He wanted an appraisal system where
both the students and the teachers would be appreciated for their success by giving them
appropriate prizes. He also suggested distribution of books among students that would be
informative and enjoyable at the same time. In the curriculum of primary education his
suggestion was to include reading, writing, spelling, arithmetic and mensuration for the
beginners, primary scientific knowledge about agriculture, training in accounts of agriculture
and trade, primary knowledge about law of the country regarding man and property,
introduction to History and Geography and moral education.

About the hindrances in the spread of education for masses, he pointed out some basic
problems. In his view, the people who themselves were illiterate, had an apathy for their
children’s education. A second group could not afford to educate their children due to financial
constraint. The third group was afraid that their children would convert to Christianity after
receiving education. There was yet another group who opposed female education as they

thought it to be unnecessary and socially and morally corrupt practice."!

This brings us to Debendranath Tagore’s views about female education. As evident from his
letters and Rabindranath Tagore’s writing. Debendranath was very much in favour of female
education. He sent his daughter Soudamini to Bethune School."" He had no different attitude
towards his daughters-in-law. He urged his youngest son Rabindranath to send his wife to
Loreto House for English education."' He was the chairperson of “Samajonnoti Vidhayini

Suhrit Samiti”, an organization that declared spread of women’s education as its major goal.

The foregoing discussion, then, brings out the salient features of Debendranath Tagore’s
Educational activities. As a student of Anglo Hindu School, Rammohan Roy’s ideas about

incorporating religious education in any curriculum, was naturally imbedded in his persona.
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The schools established under his leadership always included the teaching of principles of
traditional Vedic Hinduism. But his recommendations on Governmental effort to spread mass
education included moral teachings and not religious education. It shows, that he wanted the

Government patronised education system to be secular and impartial.

The second most important feature was that Debendranath Tagore created a balanced
curriculum in the schools, Tatvabodhini Pathshalla taught Modern Science, Social Science and
English language along with Bengali. Debendranath’s idea of teaching modern subjects in
Bengali medium led to the development of Bengali prose and at the same time popularised the
Western education among a populace who lacked the knowledge of English. A deep respect
towards Bengali was one of the central characteristic features of Debendranath’s educational

thought.

At a time, when education meant education for the elite, Debendranath had a clear vision about
women’s education in some way or the other, Debendranath set an example by sending his
female family members to modern educational institutions. It must be noted here that this
decision was not contradictory of the principles followed in Tatvabhodhini Pathshala as those
principles were practised regularly at his home. His recommendations for inclusion of
agriculture, accountancy and law came at a time when vocational or technological education

was mostly neglected by the state.

In the field of education, the greatest success of Debendrathat Tagore perhaps lies in the fact,
that he was able to communicate his ideals to his youngest son Rabindranath. The establishment
of ‘Shantiketan Brahmacharyasrama’ by Rabindranath Tagore was an outcome of his father’s
ideology about education. His ideas about wholesome education (Sarvangin Shiksha), mass
education and women’s education were greatly influenced by his father Maharshi
Debendranath Tagore. The incorporation of these ideologies, as expressed in Rabindranath’s
several writings and essays, was the secret behind the success of one of the major institutions
of National Education Movement till today. The concept of nationhood and reverence for his
motherland was something that Rabindranath inherited from his father. Bankim Chandra
Chattopadhyay, whose spirit of nationalism is beyond doubt, wrote about the limitations of
English bookish education in his ‘Lokashiksha’ essay. Debendranath reflected on this problem

long ago and tried to alter the process in his own capacity, leaving a permanent impact on his
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future generation. Tatvabodhini Pathshala has not survived, but the two schools in
Shantiniketan and Sriniketan still continue to impart knowledge through Gurukul tradition.
Palli Shiksha Bhavana or the Department of Agriculture and the Department of Social Work
in Sriniketan are inseparable part of Viswa Bharati till this date. The role of State in imparting
a secular and impartial education is the need of even today’s world. It all shows the relevance
of Debendranath Tagore in today’s educational scenario, and how he was far ahead of his times.
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Pedagogy in times of Covid-19: a case study of students’
responses from rural Howrah

Shreya Das*
Assistant Professor, Department of Political Science, Purash-Kanpur Haridas Nandi
Mahavidyalaya, Howrah 711410, West Bengal, India

Abstract:

The rapid outbreak of corona virus pandemic and the subsequent lockdown had brought all
activities to a halt. All public and private institutions had to be closed down. People were
directed to physically restrict themselves at home. The only medium of interactions could be
achieved through electronic communication. In the field of education too, online teaching
learning became a regular part and parcel of the curriculum. In this background, a survey was
conducted that aimed to assess the teaching learning experiences of students of a college in
the district of rural Howrah, West Bengal during the coronavirus pandemic. A Google Form
anonymous questionnaire was sent by WhatsApp Messenger to students as well as informal
interviews were conducted among students of odd semester for the academic year 2021-22.
Seventy-two students answered the questionnaire. As a new experience, there was a mixed
reaction from students regarding online participation. This could give a probable direction
that hybrid education can take. Furthermore, it can give a direction to the priorities that policy
making can take for the development of in the rural education and include a detailed plan for

the future.
Keywords: lockdown, infection, education, online, student

Introduction

With the spread of globalization, the risks have increased manifold. One such consequence has
been the spread of a disease which has affected the lives of one and all. The corona virus
pandemic has affected the lives of all sections of society. People were asked to self-quarantine
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in their homes to prevent the spread of the virus. The state directed lockdown has had serious
implications on the education system as schools and colleges were closed down. As a result,
online learning and classes are increasingly becoming part of the curriculum worldwide. For
the Indian education system, moving towards online teaching and learning was a paradigm
shift in the domain. As per the 2011 census, 72.2% of the population lives in rural areas, about
638,000 villages and the remaining 27.8% lives in more than 5,100 towns and over 380 urban
agglomerations. A major challenge was to continue the process of education among all the
educational institutions. Inadequate digital infrastructure in rural India had to be accomodated
according to the 21st Century.

Rationale of the Study

The study was conducted to look into the adaptability and progress of online teaching learning
among rural students. At a time marked by acceptance of online education as the only medium
of dissemination of knowledge, this study intends to bring out the views of the major
stakeholders of the system, the students. Pandemic threw a serious challenge to students from
rural background as there are infrastructure and connectivity problems. Irrespective of this,
how far could online teaching reach out to these students is the main objective of my study.
This study would help in throwing light into digital and education policy making by future
governments.

Literature review

There is a wide variety of literature regarding perceptions of online education facilities and its
effectivity. Aman Jindal and Dr. B P S Chahal (2018) have identified key factors which will
boost online education in India and the major hurdles that need to be overcome.

An ORF Research paper by Rammohan Khanapurkar (2020) analyses the state of
digitalised education in India. It outlines current government guidelines on digital-mode
schooling, and uses the case of Maharashtra’s five-year-old efforts at digitalising government
schools to gauge preparedness for implementing the guidelines.

Muthuprasad, T. et al. (2021) focuses on understanding students’ perception and
preference towards the online learning through an online survey of students at a private

university.
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Chakraborty, Pinaki, et al. (2021) survey in which we asked undergraduate students in
an Indian university about their opinion on different aspects of online education during the
ongoing pandemic.

Kundu, Arnab, and Tripti Bej. (2021) examines how far and of what depth online
education has made its place among students' minds need to be studied to leverage its full
potential to transform students' learning needs.

Materials and Methods:

In order to explore the impact of this pandemic on the education process of students, a Google
form questionnaire- based survey was conducted to the sixth semester students. Seventy-two
students responded who were of different age groups from a rural college in Howrah, India.
Apart from this, informal interviews were taken via phone conversations and Google meet
platform.

Results and Interpretations:

The responses of students in google form is plotted through different graphs. Majority of the
students find online teaching helpful in absence of alternative offline mode. Though from
informal discussion with teachers it came to the researchers attention that there was multiple
disruptions in online and network connectivity, the process could be sustained due to active
participation of teachers.

Do you find online teaching Do you find online teaching
helpful? helpful?

YES

Figure 1: (1) Pie chart showing the percent of respondents found online teaching helpful, (2)

Bar diagram showing the number of respondents found online teaching helpful.
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Online education was more or less helpful for students to keep in touch and proved effective.

Final as well as mid term exams were conducted keeping the online process intact.

How much do you find online How much do you find online
education effective? education effective?

M Extremely
effective

B Not effective

m Slightly p— |
effective | 4
Very much . |
recie K

EXTREMELY NOT SLIGHTLY VERY MUCH
EFFECTIVE EFFECTIVE EFFECTIVE EFFECTIVE

Figure 2: (1) Pie chart showing the percent of respondents found online teaching effective, (2)
Bar diagram showing the number of respondents found online teaching effective

Do you have access to a device Do you have access to a
for learning online? device for learning online?

® No, | share with
others

29%

Yes

M Yes, but it does

;S;‘)";cr’lryk NO, | SHARE YES YES, BUT IT
WITH OTHERS DOES NOT

WORK
PROPERLY

Figure 3: (1) Pie chart showing the percent of respondents who have own access to device, (2)

Bar diagram showing the number of respondents who have own access to device.
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From where did you get
information about class,
assessment, examination,
webinar during corona virus
pandemic?

M Laptop
B Desktop
Tablet

W Smartphone

From where did you get
information about class,
assessment, examination,

webinar during corona virus

pandemic?
A % N v:’
S )

Figure 4: (1) Pie chart showing the percent of the source of online information, (2) Bar diagram

showing the source of online information

How much time on average
do you spend to study

online?

W 1-3 Hours

m 3-5 Hours

W 5-7 Hours
7-10 Hours

M >10 Hours

1I=3 B85 5-7
HOURS HOURS HOURS HOURS HOURS

How much time on average
do you spend to study
online?

7-10 >10

Figure 5: (1) Pie chart showing the time spend on an average by respondents on online

teaching, (2) Bar diagram showing the time spend on an average by respondents on online

teaching

How much help do you get
from your teachers while
studying online?

M Helps a lot

 Helps
moderately

H Seldom
helps

W Does not
help

How much help do you get
from your teachers while
studying online?
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Figure 6: (1) Pie chart showing the percent of respondents found online teaching helpful, (2)

Bar diagram showing the number of respondents found online teaching helpful

What kind of problems do you
face during online learning?
4% 1% M Health issues
6%
Internet

connectivity
issues

M Lack of
concentration

B No access to
smartphones

What kind of

problems do you face

during online
learning?

—a

Figure 7: (1) Pie chart showing the kind of problems faced during online learning, (2) Bar

diagram showing various problems faced in attending online classes

How much help did you get from
study materials or LMS provided in
official college website?

How much help did you get
from study materials or LMS
provided in official college

website?

M Did not help at all

M Helped a lot
Helped
moderately

DID NOT HELP HELPED A LOT
AT ALL MODERATELY

HELPED

Figure 8: (1) Pie chart showing the percent of respondents who got help from online materials,
(2) Bar diagram showing the number of respondents who got help from online materials.
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From where did you get information FROM WHRE DID YOU GET
about class, assessment, INFORMATION ABOUT
examination, webinar during corona

CLASS, ASSESSMENT,

. demic? EXAMINATION, WEBINAR
virus pandemic: DURING CORONA VIRUS
PANDEMIC?

WEBSITE WHATSAPP FRIENDS

B Website B WhatsApp group H Friends GROUP

Figure 9: (1) Pie chart showing the percent of respondents who got help from online materials,

(2) Bar diagram showing the number of respondents who got help from online materials

How do you want to QRO YOUNW I
If i engage yourself in

Sugelgs ol learning activities after

learning activities after the college reopens after

the college reopens... lockdown?

Both Offline ® Online BOTH OFFLINE ONLINE

Figure 10: (1) Pie chart showing the choice of respondents after college reopens after
lockdown, (2) Bar diagram showing the choice of respondents after college reopens after

lockdown.

Discussion

Before the COVID-19 pandemic, India had already been making slow forays into digitalised
education. The pandemic lockdown has hastened the process. In present scenario, condition of
rural education is still very poor. In some villages, there are very few educational institutions.
Students have to travel far away distances to avail these facilities and most colleges in these
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locations do not provide computer education. Thus, there is unfair burden on students who need
to buy a smart phone and need internet recharge as has been reported through informal
interviews. Nevertheless, the present emergency situation, online education was left as the only
choice due to home confinement. This kind of education was meant to adapting to student
needs, using meaningful examples, motivating students to do their best, facilitating the course
effectively, delivering a valuable course, communicating effectively, and showing concern for
student learning. It will be a good approach to make the rural students understand the social
and technological development of world. In this way they can easily understand to connect
with their rural life condition. This kind of online related educational programme will provide
employment opportunity to computer and other educated youths in rural as well as areas. It will
also help the rural students to understand computer related training and wide knowledge about

resent developments in world.
Conclusion

Although the central and the state governments are aware of the inadequacies of the existing
digital ecosystem, especially in rural areas, online education is still seen as a viable option.
Online channel has made education convenient and easily accessible by one and all. Though
online and distance courses have been there from a long time, introduction of the online mode
of taking classes in comparison to the traditional face to face classroom approach in universities
and colleges have been considered only in the last few years in India. When it comes to the
Indian educational system, face to face classroom approach has always been the most
prominently used. Familiarity and ease of using offline methods and lack of requirement for
online channels of teaching has been the major barriers for adoption of online channels of
education. However, in the wake of current COVID-19 pandemic situation conduction of
online classes has become inevitable part of the education system. In many cases results from
conduct of online exams became equivalent to offline courses in the same discipline. Hence it
is need of the hour to bring inclusivity in education by more government budgetary allocation
to cater to the student community by building infrastructure. The aim should be to reduce the

digital divide gap and make the fruits of technology available to all.
Conflict of interest

The authors have no conflict of interest in publishing this paper

58 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
=5 ",%’
g

BODHI VOL 5 PP.51-59, 2023 aallgaans

Data availability statement
The data that support the findings of this study are available from the author upon reasonable

request.

References

Aditya, K. S., and Girish K. Jha. "Students’ Perception and Preference for Online Education in
India During COVID-19 Pandemic." (2020).

Chakraborty, Pinaki, et al. "Opinion of students on online education during the COVID-19
pandemic.” Human Behavior and Emerging Technologies 3.3 (2021): 357-365.

Dadhe, Pooja P., and Gulshan Damodhar Kuthe. "Assessment of Availability and Use of
Technology by Students for Online Education during COVID-19 Pandemic in Rural
India: A Case Study." Library Philosophy and Practice (2021): 01-17.

Jindal, Aman, and B. P. S. Chahal. "Challenges and Opportunities for Online Education in
India." Pramana Research Journal 8.4 (2018): 99-106.

Khan, B. (1997). Web-based training. Englewood Cliffs, NJ: Educational Technology
Publications.

Khanapurkar, Rammohan, et al. "Strengthening the Online Education Ecosystem in India."
ORF Occasional Paper 282 (2020).

Kundu, Arnab, and Tripti Bej. "Experiencing e-assessment during COVID-19: an analysis of
Indian students' perception.” Higher Education Evaluation and Development (2021).

Muthuprasad, Thiyaharajan, S. Aiswarya, Korekallu S. Aditya, and Girish K. Jha. "Students’
perception and preference for online education in India during COVID-19

pandemic.” Social sciences & humanities open 3, no. 1 (2021): 100101.

Young, Suzanne. "Student views of effective online teaching in higher education.” The
American Journal of Distance Education 20, no. 2 (2006): 65-77.

Publisher’s note:
Vivekananda College remains impartial with respect to legitimate claims in published globe

and institutional affiliations.

59 https://www.vckolkata63.org


https://www.vckolkata63.org/

2 ne

i
BODHI VOL 5 PP.60-67, 2023 - ﬂ; a0
IR~ FHRAYT I SHHFET [T N
IR Y @
=@ 8 TP, A Ko, sl egfwrer
T -
CIET TN FENT AT GF QLTI TG 1 FENT JONT CTIE, PG T NI
T 77 | FCET 7 e MRSy [T o) | ORIET (RIGIF TR (08 ©1F T T

PREIRNR S G2 ST 4] 7CCR TP MTI7E I | GN® 7800 4] 7 7%cera
e ATFCT IR ETIRT 9T Koo qiF A | GO o5z, AN GRS @Tdw
CITHT G TR T PHCETE PR AFCC HT G AR (T [T F/E 470 7
79 G 3 TEHI NIRH TS G JfF P 1 PN AT RFAT 04 GFG G
T s Cig AL (AP [T 2@ © TR (€ GG 29, FlonT AT FH
AT T2 TIZTNE 0 eCeT], FIONT T3] Gl 97 FA< TGIF 707 Geia© (oo A
T G ©FTE AR 7w, G2 AT FUZ TS TR WA NF G 9T AGANRZ
FHOIT FCACE TP JSCNY O [[Fe@eo el JT FHT GIeesy e I 75 |

Keyword - (57§ 'TIEAI", SRNFERSR R@AGel, AT AR FRFE, WMl SAE,
SRMHET ATOTORE!, SHHFET (RI0g, THTIH I R@FIaFe! |

T AT -

QIRCTR 3l S SIRE ACWIAGIEE TR Gl d08a AT SAG ALYR 2!
A GPR YA IILF* FCATRe | O Gy B IR R *1ge A 0 AN T, e,
EIFAHE 8 AT FIFE TegeTold A e IR | Tl vl 1 Tizqrog Feice @l
IR ebiTow @F FHFRCE, TG AT FECR NJET DIl 9F (S | O W2 ST 70K
R St MRS RS TR 8 GFLACR AN 1 92 dibl R [ samEEa
o] fefogae JATANGR 432 S S A5 FACES ©f {58 SRR Tor ferd 7771

* Email: deysurendral7@gmail.com
Received 25 May 2022

Accepted 23 September 2022
Published 15 May 2023

Article No.: Bodhi-Kala-2022-23-005

60 https://www.vckolkata63.org


https://www.vckolkata63.org/

Eﬂhﬁﬂ .
AT
BODHI VOL 5 PP.60-67, 2023 - "En s
ORFEED TiRA gt g ey ¢ Afeqifen vt Sy Wi @ ¢ TIENT oty e

A2 (2N TOO «F FKE QR DA | @ TG AT OF- FALHIE, VAT ORI,
Tl ¢ O ISl 200 20O AN AFE T G ree Teeets feeR werefre 2w
@w Tifeace | ae @2 Tfeat A TIEA WU R A @F A A Y22, A7 AR
a5 Preve a1 ¢ 'GIRAA' eIt T AR @B NS (@ SR IW @F TRAl Ao
AR TG @ A wolea el FeFR 8 NEe aEnfes e (e | Tghes
TR AT FIRAG (AT QT AR GF TG FIeered @, A 2NotFa IMAE (Fe
TR @@ M, IR AYTF WAE 9F O ToAfRd JeAgR wie s @3r? | arwE RS
AfF FLblTe oI TEA TG TSy TFW, T2 TOy T TRA NG TS A i
OO GRS (TN WS AR ¢ (ES oot for1 F T Iz (e qMen o
G g =1

FIGENT O ©I*W%, FF ¢ WA AR “DPfeR TEA 205 F@re™ | AT @<
T (Rl TR TIZA 26 N T T A 82 o quS AqrEleF *feq o =W, A
TIZA B2, 30, AN GFONF T AN G0 TS o1 ASIK T | T (73 T3
2@ ST T OIS 8 AR 21@’s @32 AEF 76 (A0F (7 2@ 20T IFAR | T2, T2,
TR, Sfoxie RfSToR Tod 77 2ted OF SN A bie I27 408 IR SRR e
FIBICR @3 NEFT TIZAT | O FE A (9 OTFS Gekfe 2bfete @ieg | @ F o 2ifza
A DeICeTS, DTl TR LI Ol HAIR NP T FACR | (AR

o 42 Afe avme 39, 99 oF g2 9% o st 727 <R fes 223 wite @ ModEE
T 7

— Ol OIS FHAF Geehf® W3 (@, (37 fo DR &N 2iF @ I TN AT Sqpretone
BT R BIfETCT BT (ITe (ITe «3 QfewBE Teod e w91 (AT 2 T €2 QI (e T
TR Jiey | ApTeE "fAeiTere. BRIl SR, TIEd ArFR SR R 91 7 TR e Fered
2T HAfva @3 e @ OE- NI MATR OF el o ets, Sidfie e
@ TR 3fe SERPIR el - ©f @ (T &3 20 Ttz W Ry, of @ SR 23
Ol SFS! A @RI A

61 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
= ",%’
Badfii

BODHI VOL 5 PP.60-67, 2023 -

JO® G FRACT IZPICEH A WA CIEAR ffcers Y2 (A o fed 1 « el e
4, *EE TCSl AW 5, WA Y40 -9 Ja afelw v W e Pl e *isias
BliSac NIRCEC Med B O U ot M UL () W e M o M G g | L IRU NS O CE QL€ i S E R
TR WHRIM PRIS FCARE A AT 2T GG | (NRBF WY (T ©F “Tee a1,
gfed IO (oY e T© @R giEre” et a9e (=T L[ e @9 O #itag o
(RCA (ICBT T ©PTZ R ACOCR | PTG &I ca YU (0 Qe T O (RCTE A
AR - G A G JRATS AT FACHATRS 2F, TH0o! I IO bRIS 71 Freifes g
SIF @9 G ATTTR TR IR ToiF 1 41 (& "TIZAN Qo[ Re 21w GIYR w8 A,
O 977 ¥RIF TebRe I ¢ 1 Ie TFA (=G 4 YR I I FAR 4 [Z TW 90
8 ©fF 91 "TiRAl =i s AfeTin qne wemesl [ T© T AR, T G Y@ @
ST | T (7 SREE I @, @I 757 2 St A SARmR 5 el FacEe
906 1 | Ol TR W0 @ G W G0 FRPE T QIell qoet J IR | FoT©
@ (B TS TSl ©F GTCd oI, (73 (PI-3 (T 90 ©FF QT Tt | 90g 21F0a
qF A @14 MR | @ W - IF ARER WEe @ TBELE (dl W@ o AR N
AT B SIS 33; O ©F A QM “@@ R (I #3 ©vg Slia Ayl g
SFIS! WO (7 I @, @1 5 TR - @ T OF Tl (5ItF ¥fE, I8 Fga =7
TICS @ - “ANRAT (=@ ME dea weet i e @ avTe ezt @ 5
5% @ @2 ©12F 75 §E Fererz (712 BB GH9 GRF! TS VI FIAG! T (EF,
o8 ©f ole @M, AT GPe @R - TSAFE WRl FCACR 7414 TR G | woroy
Giaq TS (7 AN w19 I 1 [ +iffoe Al 2eeEs qoie T8 oF 1% Je 91 @30 3
Q@ wfeeee! e $CF O O GRETE Io1 FICSGd FH9 1 OIS ST [ T w¥IoiE (R
@A 9T VA IS, OICF A M (T QIR (T3 (SR TG0 A 741 Sfodifes F
O QIR @D IR0 e | 58 (741 IR GTB (A W ] (@S = “Fote foret g
FFICT A WL 171307 TG TG T TR | (TR GBS q¥6a e A= |
@ viim /e FIFAE oo AR A6 G2 e AR Q2 1w, G e M TH
eI IR Y @rocde g 1 68 MR DA FOREE AT AN 6] oIS
FER @ ©OF T (AR A G AEI GRS SRS, (@A 9 @27 QojF Ao
IR ¢Te O yfEre wfew it izd 76 Qe WA (1R | TS O e SIETeeE o
T FACO GF FE- G99 O fgaen wifee T Wk [y 2w A T qIes o1 feem

62 https://www.vckolkata63.org


https://www.vckolkata63.org/

0%
= ",%’
Badfii

BODHI VOL 5 PP.60-67, 2023 -
qETfes que *eq AR T AT, TR NIF EFAS (2 OF3 IR T@ O
For AMRA I e Gl (R 14 7W; 9o @5 O feed g, Fieed St 2o
QAF GT (FE I, (ST2 S IR O Sifed #{@l fReTed goll $ea o oiws &lfs o b
ITE™, @3 77 ST G bler I=ET VI I |

T @Al [ G5 9511 2Awf: fSwHE W (ofita JEF AR WA IF ER AT
TR A G @ gefafoet 2ERAT 7w o AHHE G 27 AAET Gged I, q
(AF O (@l - © TIE bfcas Seieet ETafa M Sfels - 7/ Arggmcad Hapre
TAN-TSF T < <A AT -

"q3 (RCEL! T S TINTSTR! (MT2d TS TeI2 AMfed 233 WiRTrerR! (514 26! #E 233
fomcg "1

o8 «B ST Y26 Ot THfFe Fea A 7 Afelfe F=0(F, @92 (1 [Tore PR
TSl IEHE AT 600 -

" (T (TN (RCFOICE (AT (TN (1 AT {1, 92 (R(e fICq =ef qefg "5

58 3 A8, o4 Acw afely et Ao oF are TR faem R
ATIAAR LI TR (LS ZECE |

Y IOl - 9T JIF-IIOIR (A1 (LANCE ©FF O FANF WA 1 @ By (TRLa
CATA TSR T T T I A G YRR, I S O GO NGF- TS 20
IR - SIF3 AFAIfeTa O T ARreS M4 09 QG QTR 1 G TN sAferet e[ 7T @
T FRB0F B At @ Bl »AF 941 O IRIR 7 &y eers o ffers iere
SN BRCR-

"CICE ¢TSI O I BIpl TR, ©IRH T4 220 Y36! BIF! 71 =7 AL (31 e A |
SRS F 28 ? CIRD! O (@14 2 Aioife I 1; 2! (@RI I3, O A, *RE TT,
qre | (@B i weE B ¢ B F faee, @iw Saiw e i SIpawE THE 2eIR...

63 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
= ",%’
Badfii

BODHI VOL 5 PP.60-67, 2023 -
WoTs 2Te o1 WAl e TCo! (7 (RO FT2 WO AICIEE | (=TT (@ it IPTNE,
e SPCEe (AT 2 1 QPRI @7 ©ifeet, et 92 «ioe weg?" 1o

58 o1 2@R 7o -

" AR YOI T PA AT (2D vueH Y2 A3 wrecE dleFw sl T,
sfpgres A ol S o aletsiea gfore wws <fwet 17

BT GZHA g, SIS ¢ T@H LTS THE JA TR WG (@A S TR
ForT oIEd Feifbaf - " gE e To e Biw ¢ Al Bfde, W 79 - 92 W9, 0w A
TR 234, G (I O2F TS, WS, (W, Neerl A {5040 ofmn 123 et | 18

AT T A 2o AR, O (1R Afreibe feerprre | 37 3@ s
focm it [fvcafee 2tes o 99 «Afgaw Bam, e s @6t

Q3 oA ~fHafFres @143 AN AT F- FAFRRE T 0CE DTS FCACA -

"o faeRcad 2TdE AAE [ *FR SEe 23 (ol | TG TiRA! eI
OFB! (RCACE A TRACE..... A6 OIF AU ACTT bl TF7© I Fows sfarss o
i ©F 2w o 23 I fmez 1 S wifeg s wfices ¢ [F wwsite | sigm
R FE To I8 Al eed 197 feeiEa wgcere 1"

GF7F TBAIE G I G ARRER R 90T OF GaE | o3 ETRE NHhe
8 ¥ TFAR T4 TF% (@AY FACR T4 OF T AR @A OitF MF A2 Seod’ FA
(b8 FACR | GIAR I B Wifoi GTRE @ qraiaisid it Jzops IR 1«3 JZoNoR
TR A9 OFFA AY ¢ JBY T+ ©OIF RO WE 1 GF FAR DA TG | 705 17 e
9% BICF @F [ DA Toq AT IR G LCHRA A0 S oAF (&FIAD -

TGO MR NS R LR AR W&y @@ e ozl wremea=iiae g it
I | (TR T W @l (I [ =22 v | g g Arg) Mg w2-oifa w e 9B

e A =BfS - T I AT (12 IGFIETT FHIRIS A ST GF6! Shel
TICT JPBICT ot s SIpIRAT (e e o iy 92e1 ofl; <= Srlel 2iiee fm 2331

Jfercerz wifsat 720

64 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
=5 ",%’
g

BODHI VOL 5 PP.60-67, 2023 aallgaans

“ i wifrere wFa e 1721 (gt «3 ¥ Afeh JeTHEE e 'K 1 T I8
Tfes GZOIR T o1tg, ¥ 4T (RE (26 HANE @1RT SRANET ICWINGR AN
fegmrFer wizae afsfity Tere (AT UF (A¥- (FR-SIERPT Afest Mg Gt AR vfacas
WL TERIOR FA TAGHE@T WA aimd AN e w1 wiEAr g @
NGB qF6! FACA Y ©f @147 JRE ez 1 «ft aee af+ifes Twite ReRer=t
NTAME WA G- 8 THT Jol 68 931 T 9qtE eI A1 76-7 s
(G- 14T QTR IR (@ Fomaoa SARIB FCACRA - ©f 7& FTIRL( 0T A ST
MF-8) AT @ KA MR-TCPE O T ¢ @I (FOCH &5 Pl I - ©f TS (7 (&A=
SRR AW T AT & G2 FTAI-T47T ANGFOIE [T QIR FAIK S8 |

SIGC ToCS 2, AT ©INZ FF @ e Aled ol QSHBE Mo «F ‘Tz
N G0 e % | @ 5 @3 FF AR TR FHE S Ty FECR | NG
WPIOR (FIAT A PLHR ¢ [FEAMBIE AeTH I 9 AFOF ¢ AoAFO ARG
I AT -

" (e FlAieE ¢f 3o Rghon oS Tifze 23 P, g i e
o (TR IS | =T [0 1 TR, TN, e [Rge dreafta 3 s wiedd @uF
Alted e BI3c @it AlNbeEd ARARTIEtE I Ateom Mool 0 R L...... JTNEIE
oI @3B g, FNEE T W T e frerermm w7 ¢ Tee =i 1., 3o
Mg QAT TR A1 (FAE T AR-(ADFES FS TR @Ag | {58 o1 s A4S

n 22

NI TR NS TA-5E@B @ oD@ 712 ST AF© IR O 0 AT
G2 O T @ AL WS ATSTER (FIA @ GFB! ST 0 (20! @ A I Pt T2
k[l e ERIEHC RN I EC S G R RIESS R IRCC LI M PRI REIR CRS IS b L T [ S E RNCEY
TR FFOR T @ AT | AHT (¢ITHE IR RSTHIOE Mo Ged BT@d continuation, T

rele I TRIIed [eaa Sifze wifedla o i gfewtn 9 ow ake sueed
233 Sfaie . viffiss freva@ar o w1%; Wit 23ce wem 18 bl Ry ...,
iR Sfirere =pa e 1723

65 https://www.vckolkata63.org


https://www.vckolkata63.org/

3%
BODHI VOL 5 PP.60-67, 2023 - "Ea i
Mg ffen oprRRes TR o SR oA e TR | WEw AR
AN TEA' 255 7o ol 7 JRA I - “FIEHIES fofere «fb At cee
TSR 2fegs «re Il 371 TR, [F8 wge IAToer, Sghed SIFoRl WF AR FRo
T AHGre @ aferEnies Al e Srovg 1724

Conflict of interest

The authors have no conflict of interest in publishing this paper

Data availability statement
Not applicable

1. @ (OR, Aree, “TiRar/ A (=B -7, g I, FAFTSI- q00008, 22N &IFH- 00¢,
"157-505 |
2. B @

3. @&

4, B We, N, ‘TRl MA WK/ FE6!, TGP TGIWR(TAWSE), I07 AZS) 7ew, FeTFTol-
qoo00d, YN Y- wob, @—OQm

5. @@
6. @ ACAAGR, SRE, TIZAY, (XD g, P AT, FAITS- 100005, ALY AFI- H0¢4, DI-
2 |

7. & @, "j@T- o1

8. & @l, "jéT- R0 |

9. & @, 91’3‘[— 0|

10. &: @l, ‘jé‘f— S0 |

1. @& &, 7Bl 53¢ |

12. @ @ BI- 3¢

66 https://www.vckolkata63.org


https://www.vckolkata63.org/

S
<3

I
BODHI VOL 5 PP.60-67, 2023 e

13. @ & 7Pl S08 1
14, @ & 7P 3381
15. @ &, 7Pl 3381
16. @ @ 7Pl o3 |
17. @ &, 7Pl 5081
18. @ @ 7Pl S0 |
19. @ @ B dod |
20. @ @ Pl S0
21, @ & 5Bl 5001
22. @ @ 7Pl 5551
23. @ @ Pl 5001

24, TG, TAR, S /e [&oar, sPi-dov, @@ AR dres by, Frel-
qoo00V, A AF*- AT S0L8

Publisher’s note:

Vivekananda College remains impartial with respect to legitimate claims in published globe
and institutional affiliations.

67 https://www.vckolkata63.org


https://www.vckolkata63.org/

Eﬁnﬁﬂ .
=
BODHI VOL 5 PP.68-77, 2023 - "En e
Representation of gender minorities in mainstream newspapers in

West Bengal

Aakash Shaw”
Assistant Professor, Department of Journalism and Mass Communication,
Vivekananda College, Thakurpukur, Kolkata 700063, West Bengal, India.

Abstract

In the contemporary time, mainstream media especially the daily newspapers, magazines,
television news broadcast and new media play a crucial role in influencing the public opinion
and behaviour of masses in a state. The present study tries to understand the nature and content
of gender coverage in mainstream media and moreover why some kind of stereotypical gender
representations are getting reported in mainstream newspapers in West Bengal? How
differently these gender reports are getting reflected in English and regional language
newspapers. It also tries to explore the role of development journalism in social inclusion and
exclusion of gender minority people (lesbian, gay, bisexual, transgender and queer) in the
present time. The findings show that homophobia within the news media, journalists’ lack of
awareness and/or understanding of the social concerns of leshian, gay and bisexual people,
public pressure and lack of communication between the leshian, gay and bisexual community
and journalists contribute to processes by which lesbian, gay and bisexual people become
socially excluded. In order to promote developmental and inclusive journalistic practices,
measures like building the capacities of journalist, media professionals and media students
along with discussing and presenting the needs of the LGBT community using appropriate
language and avoiding misrepresentation.

Keywords: Gender minorities, development Journalism, inclusive
Introduction

After attaining independence from colonial rule, India adopted a secular democratic political
system along with socialistic economic policies beginning from the early 1950s. In the given socio-
political milieu, the media were mainly used as government mouthpieces tasked with integrating
the people and promoting development based on development journalism practices. Gradually from
the early 1980s the socio-political systems shifted to deregulated policies in their political,

economic and communication systems. According to Ramaprasad (2001), this shift was triggered
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with the fall of socialism and communism along with demands of international aid and United
Nations agencies, international financial institutions and overall effects of intensifying
globalization. This shift to deregulated policies incorporated political pluralism, free market
economies, emphasis on press freedom, advocacy for gender equality and protection of women’s
and human rights (Haji, 2008; Geertsema, 2009a; Myers, 2009; Ramaprasad, 2001). The relevance
of media in development is mainly attached to the role’s media play in relation to society and the
government. Based on Rogers (1983), ‘development’ is defined from a humanistic perspective as
a participatory process aimed at positive social change for the people concerned. ‘Development
journalism’ focuses on empowering the ordinary people towards achieving their development. It
seeks to report on achievements and shortcomings in development plans and processes while
criticizing the government accordingly (Xiaoge, 2009).

Gender, as a social construction of what is expected from being a man or a woman, is constructed
within media (Myers, 2009). According to Van Zoonen (1988), media are platforms within which
negotiations of meanings and values of being a man or a woman that inform the ways of life
(culture), take place. Development journalism by definition and purpose is supposed to serve the
ordinary people not the elite. The term ‘ordinary people’ refers to the marginalized, poor and less
privileged people (Xiaoge, 2009a). However, over time the practice has been criticized for ignoring

ordinary people, women and people from gender minority in particular (Pandian, 1999).

Objectives
= To understand how stories related to Gender Minorities are being reflected in Kolkata
editions of English and Bengali Dailies under the same Media House
= To assess the representation patterns of news stories on Gender Minorities in Kolkata

Editions of English and Bengali Dailies under the same Media House

Review of literature

Development journalism in particular was one of the remedies suggested during the NWICO
debates to correct the imbalances in the news flow between the developed and the developing
world, and give voice to the voiceless. Yet, gender-focused reporting was not considered as an
integral part of development journalism in its varying practices, just like the other types of
journalism continued to exclude women’s voices (Fair, 1988; Shah, 1990; Srebenry, 1996; Pandian,
1999). This anomaly is surprising given that various studies suggest that development journalism

and gender are related. For example, it has been established that female journalists are more likely
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than their male colleagues to employ professional strategies suggested for successful development
journalism: relying on minority sources; placing emphasis on social or economic concerns;
covering people-oriented news stories; value audience preference above policy-makers interests;

avoid sensationalism in favour of depth and sensitivity; and performing advocacy roles.

In 2009, High Court of New Delhi announced that Section 377, Chapter XVI, of the IPC is
“unconstitutional”. While Supreme Court of India denied this decision in 2013, which caused
mixed feelings within both LGBTQ and human rights advocates. The law employed by the
British Rule, criminalizes same-sex intimate relations and alternative gender identities.
Simultaneously, supportive statements suggest that alternative sexuality gains recognition and

(to some extent) acceptance within conservative and nationalist circles.

Steiner (2009) stresses more on revising ways of understanding and representing issues related
to the third gender by creating newsroom structures, content, policies and decision-making that
emerge from feminist theorizing and critique. Based on this argument, she proposes new
political sensibility and feminist epistemology that will form “new kinds of newsrooms and
new forms of journalism to be able to serve the political and social needs of ordinary
disadvantaged people”. Steiner’s call for critical actors and action (critical journalism) concurs
with both Xiaoge’s (2009b) and Banda’s (2007) models on development journalism as they
both argue for a critical journalism.

Research methodology

This study explores the development journalistic practices and reflections of gender minorities
in Kolkata based mainstream English and Bengali newspapers- The Telegraph and Ananda
Bazar Patrika respectively. It tries to involve both quantitative and qualitative newspaper
analytical research approach. This decision was based on Lindlof and Taylor (2002) who
recommend qualitative approaches when the goal is to understand the complexities of the
meaning of communication practices. The data for this study was collected from two
newspapers (The Telegraph and Ananda Bazar Patrika) for six months from July 2022 to
December 2022. A qualitative analysis was done in order to understand the how such issues

are reflected in English and Bengali daily newspapers of the same media house.
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Newspaper Analysis (using Quan-Qual Method)

The content of newspapers both in English and Vernacular language- Bengali (The Telegraph
and Ananda Bazar Patrika) were studied throughout the six months from July 2022 to
December 2022 and the necessary parameters concerned have been represented in tabulated

manner as mentioned in the following tables given below.

Table 1: Number of stories on issues related to gender minorities

Newspapers | July August | September | October | November | December | Total
2022 | 2022 2022 2022 2022 2022

The 2 0 1 0 4 1 8

Telegraph

Ananda 1 0 0 0 1 1 3

Bazar

Patrika

From the above table -1, The Telegraph — Kolkata edition has represented only 8 news stories
on issues related to Gender minorities throughout the six months from July to December 2022.
On the other hand, Ananda Bazar Patrika — Bengali Daily in its Kolkata Edition represents only
3 news stories on the concerned subject, which is much lesser than its English sister publication
from the same media house. It clearly reflects that the coverage of issues related to gender
minorities is given less significance and priorities in comparison to other social issues in both
the newspapers. It also depicts that the news stories on issues related to gender minorities rarely
represented in Bengali daily having the largest circulation across the state, thus reflecting the
general notion and awareness on social inclusion of vernacular language dailies is lesser than

its English sister publication.

It is also noticed that the vernacular newspaper (like Ananda Bazar Patrika being the most
circulated Bengali daily in West Bengal) ignores the identity and reflections of gender minority
issues in their newspapers and does not involve a gender balanced approach as most of the
content tends to relate broader areas of politics, crime and health issues thus completely
neglecting the presence of third gender and their perspectives in newspaper. The point here is
that gender ideologies and development journalism claim to serve the ordinary people, yet their
practical connection towards realizing this goal has remained vague since the minorities

continue to be marginalized by the practice and the media in general. The newspapers are very
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market oriented and publish more controversial issues of socio-political realities in the country.

Whereas it is seen that some news from the grassroots are more environment and development

oriented and focus on women’s problems then people like to read this news too.

Table 2: Headlines of News Stories on issues related to Gender Minorities with placement
positions in selected Newspapers

Newspapers Date Headlines of News Stories Placement
09.07.22 | Tata Contest for LGBTQ+ students T2 Supplement —
Second Half Full
16.07.22 | Drag queen story time for UK school Page 2 — Fourth
The children Quadrant
Telegraph 25.09.22 | Trans Charity Mermaids to be investigated Pa%eu?;d—r;f:ird
07.11.22 | Sperm Retrack Page 11- Left Side
Chimney Column
12.11.22 | In US first, openly lesbian Governor Page 2 - Right side
Chimney Column
21.11.22 | 5 Dead in Shooting at Colorado LGBTQ Page 2 — Third
Club Quadrant below
26.11.22 | SC Poser on LGBTQ Marriage Page 4 - Fourth
Quadrant below
09.12.22 | US: Same sex union bill cleared Page 2 — Fourth
Quadrant below
31.07.22 | CWG 2022: {6 JAGRfD ST™ieitg | Page 13- Fourth
:lgﬂin% Quadrant below
Ananda | 26.11.22 | MRS ANIIMNOR AGR R¥7m Fa00 | Page 2 Fourth
Bazar o VIEGH Quadrant below
Patrika 091227 | I~ SII=TC® STN{eTCo [QCNA @& | Page 3— Third
Quadrant below

Afore mentioned Table 2 portrays the brief subject matters through its corresponding headlines
on news stories related to issues concerning gender minorities and also tries to throw light of
its placement positions — Page number, Quadrant positions of broadsheet, position in
supplementary pages that reflect several other perspectives of the media house in general that
publishes the daily newspaper. Quadrant positions referred in table 2 refers to four quadrants
of the newspapers if it is equally divided into four parts. The first quadrant of newspaper refers
to the Top left hand side part of the paper, second quadrant refers to the Top Right hand side
of the paper, Third Quadrant refers to the bottom left hand side of part of the newspaper and
fourth quadrant refers to the bottom right hand side part of the paper, where it follows the

general readers’ eye movement that moves from top left hand side to top right hand side of the
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page, then diagonally moves down in the bottom left hand side to right hand side of the page

generally.

From table 2 as shown above, reflects six foreign country-oriented news stories on LGBT
issues and one national and one regional story concerning gender minorities. It tries to portray
a general notion that these gender constructs are not a common phenomenon in India but an
international issue that tries to influence the socio-political and cultural ethos of our society
and thus it is represented less in the pages of the selected English daily. In comparison to the
Bengali daily from the same media house, it shows a more vulnerable reflection by portraying

all the three news stories in the last six months’ time period as an international issue.

The placement of such news stories as shown in table 2 also reflects an indifferent attitude
towards such issues as most of the news stories concerning such issues are placed in third and
fourth quadrant of page 2, 3, 11 and 13 pages of the two selected newspapers. One such stories
are also placed in T2, one of supplementary pages of the Telegraph that showcased a Multi-
National Company’s sponsored contest for Youth that contains the ideas and initiatives
progressive in nature for proliferating gender inclusion amongst youth.

Table 3: Space Allotment / Size Dimensions of gender minorities related news stories in
English & Bengali Daily Newspaper

Newspapers [July 2022 August September  |October November |December [Total Space
(Size 2022 2022 2022 2022 2022 (Size
Dimensions in|(Size (Size (Size (Size (Size Dimensions
cm?) Dimensions |Dimensions |Dimensions |Dimensions |Dimensions [in cm?)
in cm?) lincm?) in cm?) in cm?) lincm?)
The [(20.3x17.78) (16.24x17.78) [(4.06x12.7) |(12.18 x 1354.1674
Telegraph |=157.934cm? | -- = - =51.56 cm? |17.78) cm? |cm?
+ 288.747 + =
(8.12x119.05) cm? (4.06x 15.24 )|216.5604
= 154.686 cm?] = 61.874cm? |cm?
= 312.62 +
cm? (8.12x 16.51)
=134.0612
cm? +
(16.24 x
17.78) =
288.7472 cm?
| =536.24
cm?
Ananda (12.18x 17.78) (8.12x 15.24 )|(12.18 x
Bazar =216.5604 -- -- -- =123.7488 |19.15) = 573.5562
Patrika cm? cm? 233.247 cm?
cm?
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Table 3 as shown above also strongly asserts to the fact that the two mainstream newspapers
have an indifferent attitude towards issues related to the LGBT community by catering very
less space or sometimes no news stories to such issues have been reflected. This meagre
representation of news stories related to gender minorities and their rights depicts to trivialize
such issues from regular socio-cultural discourse and tries fade out such happenings thus
leading to a phenomenon on social invisibility. Social invisibility, a lack of recognition or
acceptance in public spheres, leads to the social exclusion of LGBT people from public life
and this social exclusion affects both the quality of life of individuals and the equity and
cohesion of society as a whole. Negative attitudes that are also closely linked to homophobia
and heterosexism treat LGBT people as the ‘other’ and contribute to their invisibility. All these
discourage LGBT people from engaging with civic and political life, pushing them to edges of

society thus marginalizing them.

The analysis shows that in the case of LGBT people, the mainstream media fail to challenge
heteronormativity and under-represent LGB-related issues and that, even when these are
represented, they rely on stereotypes. Under-representation or negative portrayal of
marginalized groups in the media enhances the notion that these groups are not culturally

valued.

Mainstream newspapers have the ability to challenge the public’s perception of marginalized
groups and argues that despite journalism’s tendency to marginalize, denigrate and demonize
certain groups, newspapers content changes stereotypes about these marginalized groups ‘by
“fleshing out” — that is, embodying and humanizing — the status of former ‘others’,
repositioning them inside the imagined social universe of collective care and politics and
acknowledging their denied humanity’. He explains that journalism, using its communicative
modes of deliberation and display, can symbolically rehabilitate these ‘others’ by providing

them with ‘mediatised recognition’.

The English daily in comparison to the vernacular paper covered stories related to LGBTQ
community in a more elaborate and clearer manner but it somewhere tries to portray the stories
of LGBTQ community in a non substantive manner. The Newspaper policies are very much
audience oriented to the point that journalists are focused on satisfying their urban readers and
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publish stories according to the urban taste. The newspaper’s policy makers decide on the

policy, and journalists do not have any influence at this level. As central offices of many leading
English-Language newspapers are based in Kolkata and other metro cities, the focus is on the
interest of metro readers and problems in this city. According to the above-mentioned house
policy, the stories on gender do not have a chance of being covered by the press since urban
readers is not interested to read about the gender problems which happen in rural areas.
Whereas it is seen to report stories of gender minorities related to western countries that does
not specifically relate to our country and therefore these kinds of depictions somewhere

strengthen the conservative structures and view points of the society.

Conclusion

The issues reflect the lack of knowledge and awareness of journalists to the complexities of
gender issues. Journalists’ motivation is another factor which has significant impact on the
coverage. Journalists can take part in the production of news or writing an analysis with various
motivations. Since the general policy of most newspapers does not support the Development
Journalism and the coverage of gender related issue therefore these kinds of socially inclusive
content continue to grow gradually. With the inception of regular capacity building workshops,
training and discussion forums on development journalism could help the media fraternity and

society to overcome such practices in the near future.
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Abstract

Suicide is a complex and deeply philosophical topic that has been contemplated by thinkers,
philosophers, and scholars throughout history. It raises questions about the nature of life, the
value of existence, and the ethics surrounding self-determination. Philosophical perspectives
on suicide often span various ethical, existential, and metaphysical dimensions.

Keywords: Ethical Perspectives, Existential Perspectives, Metaphysical Perspectives,
Psychological Perspectives, Cultural Perspectives of Suicide.

1. Ethical Perspectives

Utilitarianism:

Utilitarianism, a moral theory attributed notably to philosophers like Jeremy Bentham and John
Stuart Mill, offers a consequentiality framework for evaluating the morality of actions. It posits
that the right action is the one that maximizes overall happiness or pleasure and minimizes
suffering or pain for the greatest number of people affected by the action. Within this ethical
paradigm, suicide becomes a subject of contemplation, inviting an analysis of its consequences

and its potential alignment with utilitarian principles.

The utilitarian perspective on suicide diverges from many traditional moral frameworks by
emphasizing the importance of consequences over intrinsic moral rules or duties. Rather than
relying on fixed moral precepts, utilitarianism directs attention to the outcomes of actions,

weighing the balance of pleasure and pain they generate. This consequentiality approach
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extends to the evaluation of suicide, where the moral permissibility of self-termination is

assessed based on its anticipated effects on overall happiness and suffering.

In considering suicide through a utilitarian lens, it becomes essential to explore the various
factors that contribute to its moral evaluation. These factors encompass not only the individual's
motivations and circumstances but also the broader societal implications and consequences.
Utilitarian analysis demands a nuanced examination of the potential outcomes of suicide, both
immediate and long-term, as well as its impact on the well-being of individuals and

communities.

One of the primary considerations in the utilitarian assessment of suicide is the alleviation of
suffering. Utilitarians argue that if an individual's life is marked by unbearable suffering,
terminating that life could serve to minimize overall pain and promote happiness. For instance,
in cases of terminal illness or chronic, debilitating conditions, suicide may be viewed as a
means of ending prolonged suffering, thereby fulfilling the utilitarian imperative of

maximizing utility.

Furthermore, utilitarianism acknowledges the interconnectedness of individuals within society,
emphasizing the ripple effects of actions on the collective well-being. In the case of suicide,
the consequences extend beyond the individual to family members, friends, and wider social
circles. Utilitarian analysis necessitates an examination of the potential impact of suicide on
these stakeholders, considering both the immediate grief and long-term consequences for their

happiness and welfare.

Moreover, utilitarianism underscores the importance of autonomy and personal agency in
moral decision-making. From this perspective, individuals possess the right to determine their
own course of action, provided that it does not infringe upon the rights or well-being of others.
In contexts where suicide is a rational and informed choice made by a competent individual,
utilitarians argue that respecting autonomy aligns with the principle of maximizing overall
happiness. However, this autonomy is not absolute and must be balanced against potential

harms to oneself and others.
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Critics of utilitarianism raise various objections to its application to suicide, highlighting
potential challenges and limitations inherent in this ethical framework. One such concern
revolves around the subjective nature of happiness and suffering, which may vary significantly
among individuals and defy quantification. Assessing the overall utility of suicide becomes
inherently complex when confronted with divergent perspectives on what constitutes a

meaningful or fulfilling life.

Furthermore, utilitarianism's focus on aggregate outcomes may overlook the intrinsic value of
individual lives and the moral significance of respecting human dignity. Critics argue that
reducing moral decision-making to a calculation of utility risks instrumentalizing human
beings and neglecting their inherent worth and rights. From this perspective, the permissibility
of suicide cannot be solely determined by its potential consequences but must also consider the

inherent value of human life.

Additionally, utilitarian analysis of suicide raises ethical dilemmas regarding the treatment of
mental illness and psychological suffering. While utilitarians recognize the importance of
alleviating mental anguish, they must grapple with the complexities of decision-making
capacity and the potential for impaired judgment in individuals experiencing mental health
crises. Balancing the promotion of autonomy with the prevention of harm poses significant

challenges in assessing the moral permissibility of suicide within a utilitarian framework.
Deontological Ethics:

Deontological ethics, exemplified notably by the philosophical framework of Kantian ethics
developed by Immanuel Kant, offers a distinct perspective on the moral evaluation of actions,
including suicide. Rooted in the notion of duty, Kantian ethics emphasizes the importance of
moral principles, rationality, and universalizable maxims in guiding ethical conduct. Within
this framework, suicide is often regarded as morally impermissible, based on the principle of
treating oneself and others as ends in themselves rather than as mere means to an end. Kantian
ethics condemns suicide as a violation of one's duty to oneself and to others, reflecting a

commitment to the inherent dignity and moral worth of human beings.

Central to Kantian ethics is the concept of the categorical imperative, a universal moral law

that commands individuals to act according to principles that could be willed as universal laws
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of nature. Kant articulates the categorical imperative in various formulations, including the
principle of universalizability, which states that individuals should act only on those maxims
that they can consistently will to be universal laws without contradiction. Applied to the
evaluation of suicide, Kantian ethics prohibits self-destructive actions that cannot be rationally

willed as universal laws, thereby condemning suicide as a violation of moral duty.

From the Kantian perspective, suicide is regarded as inherently self-contradictory and morally
impermissible because it involves treating oneself as a mere means to escape suffering or
achieve personal ends, rather than as an end in oneself possessing intrinsic moral worth. Kant
argues that human beings possess inherent dignity and worth by virtue of their rational
autonomy, which entails the capacity for moral agency and self-legislation. By choosing to end
one's life, individuals undermine their rational autonomy and violate their duty to respect and

preserve their own dignity and well-being.

Moreover, Kantian ethics emphasizes the importance of consistency and coherence in moral
reasoning, prohibiting actions that involve treating oneself or others as mere means to an end.
Suicide, as an act of self-destruction or self-harm, violates the principle of treating oneself as
an end in oneself, as it entails using one's own life as a means to escape suffering or achieve
personal goals. Kant argues that individuals have a duty to preserve and cultivate their own

well-being and to refrain from actions that undermine their rational autonomy or moral worth.

Furthermore, Kantian ethics prohibits suicide based on its potential impact on others and the
broader moral community. Kant articulates the principle of humanity, which asserts that
individuals have a duty to treat others as ends in themselves and to respect their inherent dignity
and moral worth. Suicide, by its very nature, disrupts social relationships, inflicts emotional
harm on loved ones, and undermines the moral fabric of society. Kantian ethics condemns
suicide as a violation of one's duty to others, reflecting a commitment to the interconnectedness

of moral agency and the inherent value of human relationships.

Critics of Kantian ethics raise various objections to its treatment of suicide, highlighting
potential challenges and limitations inherent in this moral framework. One such concern
revolves around the rigid and absolutist nature of Kantian principles, which may overlook the
complexities of human suffering, mental illness, and the moral dilemmas faced by individuals

in extreme circumstances. Assessing the moral permissibility of suicide becomes inherently
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complex when confronted with the diverse experiences and contexts that shape individual

choices and actions.

Moreover, Kantian ethics has been criticized for its emphasis on duty and obligation at the
expense of compassion and empathy towards those who struggle with suicidal thoughts or
behaviors. While Kantian ethics emphasizes the importance of rational autonomy and moral
agency, it may overlook the role of mental illness, coercion, or societal factors in influencing
individual decisions and actions. Balancing the demands of duty with considerations of
empathy and compassion poses significant challenges in assessing the moral dimensions of

suicide within a Kantian framework.

Virtue Ethics: Virtue ethics, a moral philosophy rooted in the works of ancient thinkers like
Avistotle and further developed by contemporary philosophers such as Alasdair MaclIntyre and
Martha Nussbaum, offers a distinctive approach to understanding moral actions. Unlike
consequentialist theories that focus on outcomes or deontological theories that emphasize rules
or duties, virtue ethics directs attention to the character of the moral agent and the cultivation
of virtuous dispositions. In the context of suicide, virtue ethicists engage in a nuanced
exploration of the motivations, character traits, and moral virtues involved in the decision to

end one's life.

Central to virtue ethics is the notion of eudaimonia, often translated as "flourishing™ or "well-
being." Virtue ethicists contend that moral actions are those that contribute to the realization of
human flourishing, which is achieved through the cultivation of virtues—excellences of
character that enable individuals to live a good life. In examining suicide, virtue ethicists
inquire into the ways in which the decision reflects or deviates from the cultivation of virtues
and the pursuit of eudaimonia.

One of the virtues that virtue ethicists may consider in the context of suicide is courage.
Courage, as Aristotle conceived it, is the mean between recklessness and cowardice—the
disposition to confront fear and adversity with rational resolve and fortitude. In evaluating the
moral character of suicide, virtue ethicists may inquire into whether the decision to end one's
life arises from a courageous acceptance of unavoidable suffering or a cowardly evasion of
life's challenges. Individuals facing terminal illness or insurmountable hardships may exhibit

courage by choosing to confront their circumstances with dignity and autonomy, even in the
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face of death. Conversely, suicide prompted by fear, despair, or a lack of resilience may
indicate a deficiency in the virtue of courage—a failure to confront adversity with moral
steadfastness and perseverance.

Moreover, virtue ethicists examine the role of other virtues, such as temperance, wisdom, and
compassion, in the decision to end one's life. Temperance, or self-control, involves the
moderation of desires and emotions in pursuit of virtuous ends. In the context of suicide,
individuals may demonstrate temperance by resisting impulsive or irrational impulses and
carefully weighing the consequences of their actions on themselves and others. Wisdom, the
practical application of knowledge and understanding, enables individuals to discern the true
nature of their circumstances and make informed decisions about the value of life and death.
Suicide prompted by a reasoned assessment of terminal illness or irreparable suffering may
reflect the exercise of wisdom in navigating complex moral dilemmas. Furthermore,
compassion, the virtue of empathy and benevolence towards others, plays a crucial role in
considering the impact of suicide on loved ones and broader social networks. Individuals
contemplating suicide must reckon with the potential harm their actions may inflict on others

and strive to minimize suffering through compassionate consideration and care.

In addition to virtues, virtue ethicists consider the interplay of motivations and intentions in
shaping moral actions. Suicide may stem from a myriad of motives, ranging from existential
despair and psychological anguish to altruistic sacrifice and moral conviction. Virtue ethicists
delve into the underlying motivations driving the decision to end one's life, discerning whether
they align with virtuous aims and values or betray moral flaws and deficiencies. Suicide
motivated by selfish desires, such as the avoidance of pain or the pursuit of personal gain, may
reflect a lack of virtue—a failure to cultivate altruism, empathy, and selflessness. Conversely,
suicide driven by self-sacrifice or moral conviction, such as political protest or martyrdom,

may embody virtues of courage, integrity, and commitment to higher principles.

Furthermore, virtue ethicists recognize the importance of context and relationality in assessing
the morality of suicide. Individuals exist within a web of social relationships and communal
obligations that shape their moral identities and responsibilities. Suicide not only affects the
individual but reverberates throughout the social fabric, impacting family members, friends,

and wider communities. Virtue ethicists consider the relational dimensions of suicide,
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examining how the decision reflects broader social norms, cultural values, and ethical
commitments. Suicide prompted by social isolation, alienation, or systemic injustices may
reveal underlying deficiencies in social virtues such as solidarity, empathy, and justice.
Conversely, suicide arising from a sense of duty to protect loved ones or advance collective

goals may manifest virtues of loyalty, altruism, and solidarity.

Critics of virtue ethics raise various objections to its application to suicide, highlighting
potential challenges and limitations inherent in this ethical framework. One such concern
revolves around the subjective nature of virtue and the diversity of moral values across cultures
and contexts. Assessing the moral character of suicide becomes inherently complex when
confronted with divergent perspectives on virtues, vices, and the nature of human flourishing.
Furthermore, virtue ethics' emphasis on moral exemplars and role models may obscure the
experiences of marginalized individuals and overlook the structural factors that contribute to
their suffering and despair. Balancing the cultivation of virtues with the recognition of systemic
injustices poses significant challenges in assessing the moral permissibility of suicide within a

virtue ethics framework.
2. Existential Perspectives:

Existentialism: Existentialism, a philosophical movement that emerged in the 19th and 20th
centuries, offers a profound exploration of the human condition, emphasizing individual
freedom, responsibility, and the search for meaning in an indifferent universe. Existentialist
philosophers like Jean-Paul Sartre and Albert Camus delve deeply into the absurdity and
meaninglessness of existence, confronting fundamental questions about the nature of life,
death, and the human experience. From the existentialist perspective, suicide emerges as a
profound and existential act, reflecting both the absurdity of life and the individual's response
to it.

Central to existentialist thought is the recognition of the absurd—the inherent tension between
the human desire for meaning and the indifference of the universe. Existentialists contend that
existence precedes essence, meaning that individuals are thrust into a world devoid of inherent
meaning or purpose. In confronting this existential void, individuals grapple with the absurdity
of their existence, navigating a world characterized by uncertainty, contingency, and

ultimately, meaninglessness. Sartre famously encapsulates this existential dilemma in his
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assertion that "existence precedes essence,"” highlighting the existentialist insistence on human

freedom and responsibility in the face of an indifferent universe.

Suicide, within the framework of existentialism, emerges as a response to the absurdity of
life—an assertion of individual freedom and autonomy in the face of existential despair. For
existentialist thinkers like Camus, suicide represents the ultimate philosophical question,
confronting individuals with the choice between life and death in a universe devoid of inherent
meaning. Camus famously proclaims that "there is but one truly serious philosophical problem,

and that is suicide,” highlighting the existential significance of the decision to end one's life.

From the existentialist perspective, suicide can be understood as a radical assertion of
individual freedom and autonomy—an existential rebellion against the absurdity of existence.
In choosing to end one's life, individuals assert their agency and autonomy in the face of
existential despair, refusing to succumb to the indifference and meaninglessness of the
universe. Sartre famously asserts that "existence precedes essence,” emphasizing the
existentialist insistence on human freedom and responsibility in shaping the meaning of one's
life. In choosing suicide, individuals exercise their freedom to define their own existence,

asserting control over their fate in a world devoid of inherent meaning.

Moreover, existentialist philosophers explore the complex interplay between freedom and
responsibility in the decision to end one's life. While suicide represents an assertion of
individual freedom and autonomy, it also entails a profound sense of responsibility for one's
actions and their consequences. Sartre famously articulates the concept of "radical freedom,"
highlighting the existentialist belief in the absolute autonomy of the individual in shaping the
meaning of their existence. In choosing suicide, individuals confront the existential reality of
their freedom and responsibility, acknowledging the consequences of their actions in a world

devoid of inherent meaning.

Critics of existentialism raise various objections to its treatment of suicide, highlighting
potential challenges and limitations inherent in this philosophical framework. One such
concern revolves around the existentialist emphasis on individual freedom and autonomy,
which may overlook the social, cultural, and psychological factors that contribute to suicidal
behavior. Assessing the moral character of suicide becomes inherently complex when

confronted with the diverse experiences and contexts that shape individual choices and actions.
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Furthermore, existentialism's focus on the absurdity and meaninglessness of existence may lead
to nihilistic interpretations of suicide, overlooking the potential for human agency and

resilience in confronting life's challenges.

Absurdism: Absurdism, a philosophical perspective developed notably by Albert Camus in
response to existentialist ideas, offers a unique lens through which to examine the human
condition and the existential challenges posed by the inherent absurdity of life. Absurdism
builds upon existentialist themes of alienation, meaninglessness, and freedom, positing that
while life may lack inherent meaning or purpose, individuals have the capacity to
createmeaning through their actions and defiance against the absurdity of existence. Within the
framework of absurdism, suicide emerges as a profound and existential act—one that reflects
not a rejection of the absurd, but rather a surrender to it.

Central to absurdism is the recognition of the inherent tension between humanity's search for
meaning and the indifference of the universe. Camus famously articulates the concept of the
absurd in his essay "The Myth of Sisyphus," drawing upon the mythological figure condemned
to eternally roll a boulder up a hill, only to watch it roll back down again. In the face of this
futile and absurd task, Sisyphus finds meaning not in the outcome of his actions, but in the act
of defiance itself—in the sheer act of continuing to roll the boulder despite its futility. Similarly,
Camus contends that life is inherently absurd, characterized by the tension between humanity's
search for meaning and the indifference of the universe. In confronting this existential
absurdity, individuals must grapple with the fundamental question of whether life is worth

living in the absence of inherent meaning or purpose.

From the perspective of absurdism, suicide can be understood as a response to the existential
dilemma posed by the absurdity of life—an acknowledgement of the futility of human
existence and the impossibility of finding ultimate meaning or purpose. In choosing to end
one's life, individuals confront the absurdity of their existence and the inherent
meaninglessness of their actions. However, unlike existentialism, which may emphasize the
possibility of creating meaning through personal choice and authenticity, absurdism suggests
that such attempts at meaning-making are ultimately futile and illusory. In this sense, suicide
may be viewed as a surrender to the absurd—a recognition of the impossibility of finding

meaning in a world devoid of inherent purpose.
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Moreover, absurdism emphasizes the importance of embracing the absurdity of existence and
finding solace in the sheer act of defiance against it. Camus famously asserts that "the struggle
itself towards the heights is enough to fill a man's heart,” highlighting the existential
significance of the journey rather than the destination. In this light, suicide may be seen as a
failure to embrace the absurdity of life and to find meaning in the act of defiance itself. By
choosing to end one's life, individuals forego the opportunity to confront the absurdity of
existence and to assert their autonomy and freedom in the face of it.

Furthermore, absurdism challenges traditional notions of morality and ethics, suggesting that
the pursuit of meaning and purpose may ultimately be futile in a universe devoid of inherent
values or goals. Unlike deontological or utilitarian ethics, which emphasize moral duties or the
consequences of actions, absurdism contends that moral principles are ultimately arbitrary and
illusory. In the absence of inherent meaning or purpose, individuals are left to confront the

absurdity of their existence and to navigate the existential challenges posed by it.

Critics of absurdism raise various objections to its treatment of suicide, highlighting potential
challenges and limitations inherent in this philosophical framework. One such concern revolves
around the nihilistic implications of absurdism, which may lead to a sense of despair or
hopelessness in confronting the absurdity of life. Assessing the moral permissibility of suicide
becomes inherently complex when confronted with the nihilistic implications of absurdism and

the existential struggles faced by individuals in navigating the inherent absurdity of existence.

Moreover, absurdism has been criticized for its emphasis on individualism and existential
freedom at the expense of social or collective values. While absurdism emphasizes the
importance of individual autonomy and defiance against the absurd, it may overlook the
interconnectedness of human relationships and the ethical responsibilities that arise from them.
Balancing the demands of existential freedom with considerations of compassion, empathy,
and social solidarity poses significant challenges in assessing the moral dimensions of suicide

within an absurdism framework.
3. Metaphysical Perspectives:

Religious Perspectives: Religious perspectives on suicide are multifaceted and diverse,

reflecting the beliefs, values, and teachings of different religious traditions. Throughout history,
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various religious doctrines and scriptures have addressed the topic of suicide, offering
guidance, moral injunctions, and theological interpretations. From considering suicide a grave
sin to viewing it as a complex moral and spiritual issue, religious perspectives on suicide
encompass a wide range of attitudes and interpretations, each shaped by the particular teachings

and cultural contexts of different faith traditions.

One prevalent view across several religious traditions is that suicide is considered a grave sin,
often condemned as a violation of divine law and a rejection of the sanctity of life. Within
Christianity, for example, many denominations historically regarded suicide as a mortal sin,
resulting in damnation and eternal punishment. This perspective is rooted in theological
interpretations of biblical passages, such as the Sixth Commandment's prohibition against
murder and the belief in the sanctity of human life as created in the image of God. The Catholic
Church, for instance, historically considered suicide a mortal sin, as it represents the deliberate
taking of one's life, thereby usurping God's prerogative as the author of life and death.
However, contemporary Catholic teachings recognize the complexity of factors that may
contribute to suicide, such as mental illness, and emphasize compassion and pastoral care for

those who struggle with suicidal thoughts or behaviors.

Similarly, in Islam, suicide is generally considered haram (forbidden) and is condemned as a
violation of Islamic law and the divine will. The Quran explicitly states, "Do not Kkill
yourselves, for verily Allah is to you most merciful" (Surah An-Nisa, 4:29), reflecting the
prohibition againstself-harm and suicide. Islamic teachings emphasize the sanctity of life as a
trust from Allah and emphasize patience, perseverance, and reliance on divine guidance in
facing life's trials and tribulations. However, like in other religious traditions, interpretations
of Islamic teachings on suicide may vary, with some scholars considering the circumstances of

the individual and the presence of mental illness or coercion in assessing moral culpability.

In Judaism, suicide has historically been viewed with ambivalence, with conflicting
interpretations and attitudes towards the moral status of the act. While Jewish law traditionally
regards suicide as a serious transgression, there is debate among Jewish scholars regarding the
spiritual and moral consequences for the individual who takes their own life. Some
interpretations of Jewish teachings emphasize compassion and understanding towards those

who struggle with mental illness or unbearable suffering, recognizing the complexities of
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human experience and the limitations of human judgment. However, the overall emphasis
within Judaism is on the sanctity of life and the obligation to preserve and protect it whenever

possible.

Contrasting with the condemnation of suicide found in some religious traditions, others offer
more nuanced perspectives that consider the complexities of human suffering, moral agency,
and divine mercy. In Hinduism, for example, attitudes towards suicide vary across different
philosophical schools and cultural contexts. While suicide is generally discouraged as a
violation of dharma (duty) and the spiritual path of self-realization, Hindu scriptures recognize
the concept of prayopavesa, a form of voluntary fasting or renunciation undertaken by
individuals facing terminal illness or unbearable suffering. In certain circumstances,
prayopavesa may be considered a righteous and spiritually meritorious act, representing a
conscious and voluntary decision to hasten the process of death in pursuit of moksha

(liberation) from the cycle of birth and death.

Similarly, within Buddhism, suicide is generally regarded as a negative act stemming from
delusion and attachment, contrary to the ethical precepts of non-harming and compassion.
However, Buddhist teachings acknowledge the complex causes and conditions that contribute
to suicidal thoughts and behaviors, including mental afflictions such as depression and despair.
Compassion and understanding are emphasized towards individuals who struggle with suicidal
impulses, with an emphasis on cultivating mindfulness, wisdom, and compassion as antidotes
to suffering. Some Buddhist traditions also recognize the concept of self-sacrifice or self-
immolation as a form of protest or spiritual practice, although such actions are often

controversial and debated within Buddhist communities.

Furthermore, in certain religious contexts, suicide may be valorized or interpreted as a form of
martyrdom or spiritual sacrifice. Within Christianity, for example, certain historical figures,
such as martyrs and saints, have been venerated for their willingness to endure persecution and
death rather than renounce their faith. While suicide itself is not condoned, the act of willingly
sacrificing one's life for a higher purpose or cause may be regarded as a manifestation of heroic
virtue and faithfulness to religious principles. Similarly, in Islam, the concept of jihad (struggle
or striving) encompasses both internal spiritual striving and external struggle in defense of

Islam and the Muslim community. While suicide attacks or acts of terrorism are condemned as
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violations of Islamic teachings and ethical norms, the concept of jihad may be invoked in
certain contexts to justify acts of self-sacrifice or martyrdom in defense of religious beliefs or

communal values.

Nihilism: Nihilism, a philosophical perspective characterized by skepticism towards
traditional beliefs and values, posits that life lacks inherent meaning or value. Rooted in the
recognition of the apparent absurdity and emptiness of existence, nihilism challenges
prevailing notions of purpose, morality, and significance. From the nihilistic perspective,
suicide emerges as a logical response to the realization of life's inherent meaninglessness—an

assertion of individual autonomy and freedom in the face of existential despair.

Central to nihilism is the rejection of transcendent values, absolute truths, and overarching
meanings attributed to life and existence. Nihilists contend that human existence is ultimately
devoid of inherent purpose or significance, with no inherent moral or existential framework to
guide individuals in navigating the complexities of existence. Friedrich Nietzsche, one of the
most prominent proponents of nihilism, famously declared that "God is dead," signaling the
collapse of traditional religious and metaphysical beliefs that provided a sense of meaning and
order in the world. In the absence of transcendent values or truths, nihilism confronts
individuals with the unsettling realization that life is inherently meaningless and devoid of

ultimate purpose.

From the nihilistic perspective, suicide can be understood as a logical response to the existential
predicament posed by the inherent meaninglessness of existence. In choosing to end one's life,
individuals confront the absurdity and emptiness of life, asserting their autonomy and freedom
in the face of existential despair. Suicide represents a radical assertion of individual agency and
self-determination, a rejection of societal norms, and a defiance against the futility of human
endeavors. Nihilists argue that if life lacks inherent meaning or value, then individuals have
the right to determine the course and end of their own existence, free from external constraints

or moral judgments.

Moreover, nihilism challenges traditional notions of morality and ethics, suggesting that moral
values are ultimately arbitrary and subjective constructs. In the absence of objective moral
standards or transcendent truths, nihilists contend that ethical principles are merely social

conventions or personal preferences, devoid of inherent significance or authority. From this
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perspective, suicide may be regarded as a morally neutral or even morally justifiable act—an
exercise of individual freedom and autonomy in the face of life's inherent meaninglessness.
Nihilists reject the notion of moral obligations or duties that constrain individual actions,

asserting instead the primacy of personal choice and existential freedom.

Furthermore, nihilism emphasizes the importance of confronting the existential void and
embracing the absurdity of existence. Rather than succumbing to despair or nihilistic nihilism,
which denies the possibility of meaning or value altogether, nihilists advocate for a radical
acceptance of life's inherent meaninglessness. Suicide, from the nihilistic perspective, may be
viewed as a courageous act—an assertion of individual autonomy and self-assertion in the face
of the existential void. By choosing to end one's life, individuals confront the absurdity of
existence and assert their freedom to determine their own fate, independent of external

constraints or societal expectations.

Critics of nihilism raise various objections to its treatment of suicide, highlighting potential
ethical, psychological, and social concerns inherent in this philosophical framework. One such
concern revolves around the nihilistic implications of denying the possibility of meaning or
value in life, which may lead to a sense of despair, hopelessness, or moral relativism. Assessing
the moral permissibility of suicide becomes inherently complex when confronted with the
nihilistic implications of nihilism and the existential struggles faced by individuals in

navigating the inherent meaninglessness of existence.

Moreover, nihilism has been criticized for its emphasis on individualism and existential
freedom at the expense of social or collective values. While nihilism emphasizes the
importance of individual autonomy and self-determination, it may overlook the
interconnectedness of human relationships and the ethical responsibilities that arise from them.
Balancing the demands of existential freedom with considerations of compassion, empathy,
and social solidarity poses significant challenges in assessing the moral dimensions of suicide

within a nihilistic framework.
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4. Psychological Perspectives:
Psychological Well-being

Suicidality: Exploring suicidality from a philosophical perspective delves into profound
questions about agency, autonomy, and the nature of suffering. Philosophers examine the
complex interplay of individual choice, societal influences, and existential dilemmas inherent
in suicidal thoughts and behaviors. By engaging with these philosophical inquiries, we can gain
deeper insights into the ethical, existential, and psychological dimensions of suicidality.

One fundamental question that philosophers grapple with is the nature of agency and autonomy
in the context of suicidality. Agency refers to the capacity of individuals to act intentionally
and exercise control over their actions, while autonomy pertains to the ability to make self-
governing decisions free from external coercion or undue influence. Philosophers explore
whether individuals who experience suicidal thoughts or engage in suicidal behaviors possess
genuine agency and autonomy, or whether they are subject to internal or external factors that

constrain their freedom of choice.

Existentialist philosophers like Jean-Paul Sartre emphasize the radical freedom and
responsibility of individuals in shaping their own lives. From this perspective, individuals
confronted with the existential absurdity and meaninglessness of life must grapple with the
fundamental question of whether to continue living or to end their lives. Sartre contends that
even in the face of despair and anguish, individuals retain the freedom to choose their own path
and to assert their existential freedom in the face of the absurd. However, critics argue that
existentialist notions of freedom may overlook the psychological and social factors that

influence suicidal behavior, such as mental illness, trauma, or societal pressures.

Moreover, philosophers explore the ethical dimensions of suicidality, considering questions
about the permissibility, justifiability, and moral implications of suicide. Ethical theories such
as utilitarianism, deontology, and virtue ethics offer different frameworks for evaluating the
moral status of suicide and its impact on individuals and society. Utilitarianism, for example,
assesses the consequences of actions in terms of maximizing overall happiness or reducing
suffering. From this perspective, suicide may be considered morally permissible if it alleviates

unbearable suffering or prevents greater harm to oneself or others. However, critics raise
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concerns about the potential for utilitarian calculations to justify suicide in ways that overlook

the intrinsic value of human life and the complexities of moral decision-making.

Deontological ethics, exemplified by the philosophical framework of Kantian ethics,
emphasizes moral duties, principles, and obligations that constrain individual actions. From
this perspective, suicide may be regarded as morally impermissible based on the principle of
treating oneself as an end rather than a means. Kantian ethics prohibits self-destructive actions
that undermine the inherent dignity and moral worth of human beings, emphasizing the
importance of preserving life and respecting the autonomy of individuals. However, critics
question the applicability of deontological principles to the complex moral dilemmas posed by

suicidality, which may involve conflicting duties and obligations.

Furthermore, virtue ethicists consider the motivations, character traits, and moral virtues
involved in the phenomenon of suicidality. Virtue ethics emphasizes the cultivation of
virtues—excellences of character that enable individuals to live a good life—in navigating
moral dilemmas and existential challenges. From this perspective, individuals struggling with
suicidal thoughts or behaviors may lack certain virtues, such as resilience, hope, or compassion,
that enable them to confront adversity and navigate life's challenges. However, virtue ethicists
also recognize the importance of compassion, empathy, and understanding in responding to
individuals who experience suicidality, emphasizing the need for supportive and empathetic
responses that foster healing and growth.

Moreover, existentialist philosophers like Albert Camus and Friedrich Nietzsche explore the
existential dimensions of suffering and despair inherent in the phenomenon of suicidality.
Camus famously contends that life is inherently absurd, characterized by the tension between
humanity's search for meaning and the indifference of the universe. In confronting the absurdity
of existence, individuals must grapple with the existential dilemma of whether to continue
living or to end their lives. Nietzsche similarly emphasizes the role of suffering and adversity
in shaping human existence, arguing that the will to power and the affirmation of life are central

to overcoming nihilism and embracing the inherent challenges of existence.

Critics of philosophical explorations of suicidality raise various objections, highlighting
potential challenges and limitations inherent in these inquiries. One such concern revolves

around the potential for philosophical discussions to overlook the lived experiences and
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subjective realities of individuals who experience suicidality. Philosophical abstractions and
theoretical frameworks may fail to capture the complexities of human suffering, psychological
distress, and social factors that contribute to suicidal thoughts and behaviors. Additionally,
critics question the moral and ethical implications of philosophical analyses of suicidality,
raising concerns about the potential for stigmatization, victim-blaming, or oversimplification

of complex moral dilemmas.
5. Cultural Perspectives:

Cultural Attitudes: Attitudes towards suicide indeed vary significantly across cultures and
historical periods, reflecting diverse cultural values, religious beliefs, social norms, and
philosophical traditions. Some cultures stigmatize suicide as a taboo and morally reprehensible
act, while others may perceive it as an acceptable or even honorable course of action under
specific circumstances. Understanding these cultural attitudes towards suicide requires
examining the complex interplay of cultural, historical, and socio-economic factors that shape

perceptions of life, death, and the human condition.

In many Western societies, particularly those influenced by Judeo-Christian traditions, suicide
has historically been stigmatized and condemned as a moral transgression and a violation of
religious teachings. Christianity, for example, has traditionally regarded suicide as a grave sin,
reflecting theological interpretations of biblical injunctions against taking one's own life. The
Catholic Church, in particular, has historically condemned suicide as a mortal sin, denying
burial rites and sacraments to those who die by suicide. This stigmatization of suicide as a
sinful and morally reprehensible act has persisted in Western cultures for centuries,

contributing to social taboos and negative attitudes towards suicide and mental illness.

Similarly, in Islamic cultures, suicide is generally condemned as a violation of Islamic law and
the divine will. The Quran explicitly prohibits self-harm and suicide, emphasizing the sanctity
of life as a trust from Allah. Islamic teachings emphasize patience, perseverance, and reliance
on divine guidance in facing life's trials and tribulations, discouraging individuals from
resorting to suicide as a means of escape from suffering or hardship. However, attitudes
towards suicide may vary across different Muslim communities and cultural contexts, with
some interpretations of Islamic teachings emphasizing compassion and understanding towards

individuals who struggle with mental illness or existential despair.
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Contrasting with the stigma and condemnation of suicide found in certain cultural and religious
traditions, other cultures may hold more nuanced or accepting attitudes towards suicide under
specific circumstances. In certain historical periods and cultural contexts, suicide has been
perceived as an acceptable or even honorable course of action under conditions such as extreme
suffering, terminal illness, or societal upheaval. For example, in ancient Rome and Greece,
suicide was sometimes regarded as a noble and honorable act, particularly among philosophers
and political leaders who chose to end their lives rather than submit to tyranny or dishonor.
Philosophers like Seneca and Socrates famously chose to take their own lives as a final

assertion of personal autonomy and dignity in the face of adversity.

Moreover, in some cultural traditions, suicide may be perceived as a form of martyrdom or
sacrifice, reflecting cultural values of honor, duty, and self-sacrifice. In Japanese culture, for
example, the practice of seppuku, or ritual suicide, has historical roots in samurai culture and
Bushido ethics. Seppuku was considered an honorable means for warriors to preserve their
honor or atone for failure or disgrace. While seppuku is no longer practiced in contemporary
Japan, its cultural legacy continues to shape attitudes towards suicide and notions of honor and

sacrifice.

Furthermore, attitudes towards suicide may be influenced by socio-economic factors, such as
access to mental health care, social support networks, and economic disparities. In societies
with limited resources and inadequate mental health services, individuals may face greater
barriers to seeking help for mental health issues or accessing treatment for suicidal ideation.
Cultural attitudes towards suicide may also be shaped by broader social and economic
inequalities, including disparities in education, employment, and healthcare access. Addressing
the stigma and taboo surrounding suicide requires not only cultural sensitivity and awareness
but also systemic efforts to improve mental health care, reduce social inequalities, and promote

community support and resilience.

Literary and Artistic Representations: Literature and art have served as powerful mediums
for exploring the complex and multifaceted phenomenon of suicide, offering insights into its
psychological, social, and existential dimensions. Through diverse literary and artistic

representations, creators have confronted the existential dilemmas, moral ambiguities, and
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emotional complexities surrounding suicide, inviting audiences to reflect on the human

condition and the challenges of navigating life's existential struggles.

One of the most notable literary works that grapples with themes of suicide is Leo Tolstoy's
epic novel "Anna Karenina." The tragic character of Anna Karenina ultimately chooses to end
her own life as a response to the societal pressures, personal conflicts, and existential despair
she experiences. Tolstoy's portrayal of Anna's descent into despair and her eventual suicide
offers a poignant exploration of the psychological and social factors that contribute to suicidal
thoughts and behaviors. Through Anna's story, Tolstoy examines themes of love, betrayal,
isolation, and existential longing, inviting readers to contemplate the complexities of human

emotions and the consequences of societal expectations and norms.

Similarly, Fyodor Dostoevsky's novel "Crime and Punishment" delves into the moral and
psychological dimensions of suicide through the character of Raskolnikov, a young student
who contemplates and ultimately commits murder as a means of asserting his superiority and
testing his theories of moral relativism. Raskolnikov's existential crisis and moral dilemmas
culminate in his decision to surrender to the authorities and accept punishment for his crimes,
representing a form of existential redemption and moral awakening. Dostoevsky's exploration
of guilt, redemption, and the search for meaning in a world marked by suffering and injustice
offers profound insights into the existential struggles that underlie suicidal thoughts and
behaviors.

6. Conclusion:

In summary, philosophical perspectives on suicide encompass a wide range of ethical,
existential, metaphysical, psychological, and cultural considerations. Through rigorous inquiry
and reflection, philosophers seek to understand the complexities of suicide and its implications
for individuals and society. By engaging with these diverse perspectives, philosophers
contribute to a deeper understanding of the ethical dilemmas, existential struggles, and moral
complexities that surround this deeply emotive and often contentious topic. Through
interdisciplinary dialogue and collaboration, philosophers, psychologists, clinicians, and social
scientists work together to address the complex challenges of suicide prevention, mental health
promotion, and compassionate care for individuals who struggle with suicidal thoughts and

behaviors. As we continue to grapple with the existential, ethical, and cultural dimensions
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ofsuicide, philosophical inquiry offers valuable insights into the human condition and the quest

for meaning, dignity, and well-being in the face of existential despair.
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Contribution of Rabindranath Tagore, adapted and translated in

the field of contemporary Sanskrit literature: an overview
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Abstract

Rabindranath Tagore's literary creation is the inspiration for many future poets. Rabindra-
sahitya has been translated in numerous Indian languages since decades. Moreover, his
writings is based on some of the captivating topics, which have been expanded furthermore.
Rabindranath was a skilled artist by himself. He was able to understand the truth of life,
saddest thoughts in human beings. Thus, his writings are still retained and enlightens the

present minds.

Keywords: Translation, Adaptation, Literature, Tagore, Contemporary.

Rabindranath was a famous poet, philosopher, dramatist, actor, novel-writer, composer of
articles, essays, writer of short stories, critic, singer, painter, artist, composer of songs, ideal
teacher as well as writer of dance-drama. He strung the beads of the garland based on Vedic
literature, Smriti, Tantra, Philosophy, Epics, Classical Sanskrit literature, History, Purans, Pali,

Prakrt, Avadanasataka etc.

His main creation is in Bengali but the Bengali literature is also been translated in different

languages like Hindi, Marathi, Tamil, Odia etc i.e. all modern Indian languages.

During his life he studied Sanskrit. In his childhood he used to recite mantras from Upanisads
and after upanayana he got charmed at the time of recitation of Gayatri mantral. His respect
towards Sanskrit literature was inherited from his father, Maharsi Debendranath Tagore who
made him grow his interest in the Gita and Gitagovindam. Pandit Ramasarvasva Bhattacharya

gave him lessons on AbhijAasakuntalam.
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In the influence of cultural environment, he established Asrama school in Shantiniketan and

translated some texts of Sanskrit literature such as Raghuvamsam, Kumarsambhabam etc. He
wrote Valmiki-Pratibha and Kalmrgaya, the two masterpieces (Gitikavyas) based on the
Ramayana precisely Narada-Valmiki-sambadh from the first canto of Balkanda.
Krausicavadham o Valmiki-prati-adesh are taken from second canto of the Balkanda. Again,
Valmiki-Pratibha was translated into Sanskrit by Dr. B. Raghavan, published in Samskrta
Rabindram from Sahitya Akademi, New Delhi, 1966.

Rabindranath got inspiration from Syamajataka in the Mahavastu for composing literary gems
like Parisodh (a narrative poem), Parisodh (an operetta) and Syama (a dance drama) in Bengali

language.

Being a scholar, Rabindranath tirelessly collected jewels from the Sanskrit literature and led to
the creation of timeless works in Bengali literature, which were re-translated back into Sanskrit.

It shows a great symbiotic relationship between two literatures.

Rabindranath wrote Citrangada by collecting the narrative part of the story from the Adiparba
of the Mahabharata written by Krishna Dvaipayan Vedavyas. Rabindranath's creation
Vidayay-abhisapa based on the story of Yayati-upakhyana related to Kac-Devyani episode.
Vidubhusan Nyayacharya gave the Sanskrit version of this poem and gave the title, Kac-
Devyani-Sambddh. Poet Rabindranath wrote Gandharir Avedana with the combined narrative
of Adi-Str-Sabha-Asramvasika parvas. The Sanskrit translation of this poem is Gandharya-
avedanam by Kasyapkabi Kalipada Tarkacharya. Thus many Sanskrit poetries are translated
Rabindra-Sahitya into Sanskrit. Rabindranath's short stories have been translated by
Vishnupada Bhattacharya. He translated from the short story Kankala into Kankalam,
published in Sanskrit Sahitya Parishat Patrika. Dr. Tanmoy Kumar Bhattacharya, Narayan
Dash and Rakesh Kumar Das have translated some short stories from Bengali to Sanskrit.
These were published in the book entitled Kabindra- katha -kallolini, 2011. Now | am quoting
some examples from roots with its own translations too in different languages. Examples are

given below.
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First poem from Gitanjali, written on 1313 bangabdo.
I WA N9 FCI IS8 (2 (oM

BT e

ST TR (7 SN
TS (HICT e
fcecs sfce Cea w
Re® (w13 - S,
SiPfICe Wy Al caf

g T AT oAteT [2

Gitanjali is been translated in Sanskrit as amssfa-ufaeser by  sfiemuesfa:  wefgdentam:|
a9-3-T-Afaatalaa

ORI

GeheTHEhH-AH

EESRIEE

TY-TaT-Tau e

EEREIEREEE]

o7 s

Poet Rabindranath translated his poem in English.
Make me bow, kneel down

at your feet

Submerge my arrogance in tears

To lavish honour on myself

All I do is insult this self

Encircling ensaring myself

Each moment 1 spiral to death

Submerge my arrogance in

tears.*
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Another exmple is from siitmamaersear ((7@7gi77gae) Lord Buddha and buddhist text has

influenced Rabindranath's writings a lot. Thus, | am quoting from the poem Abhisara.
TS T

TS Sl ©eeT
G R -
I T HR0R 2R,
T % CA S,
ERISEACEI SRRl
e (T SRR

Abhisara was translated by Indramohan Chakravarty as stfm: (sifirawmaererederdm:)
FTHI-STTH:
BRI ICITTIE

effehaTe:|
T THTRAT- ST,
TEER-5-UN;
foreftey-ereehT-or o) - e |°
In English,
Sanyasi Upagupta
Was once asleep at the foot of the
Mathurapuri walls-
The breeze had blown out the lamps of the city.
Doors of the city hall were shut.
The stars of the night sky were hidden
Behind heavy clouds of monsoon.’
Next example is from the poem Brahman, main theme of the poem is taken from Jabala -
satyakama episode of the Chandogya Upanisads. Rabindranath wrote-

SHFI IR AT
% (910 FHIP; ST e
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It is been translated by ==sFre=r=am=Frtd. Some verses are s
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In English,

Dark are the blanks of river

Saraswati, sylvan, shaded,

The sun has set, twilight has faded,

The sons of rishis return to an Asrama silently dwelling

Bearing on their heads loads of kindling.'°

There were many other scholars who translated Rabindranath like Bharattirthe expressed as
Bharattirtham by Dhirendranath Mukhopadhyay. Kalidasa's Meghaditam was transliterated
into Bengali as Meghadiita and it was back to Sanskrit entitled as Meghadiitam by Dhirendra
nath Mukhopadhyay. Ratherrasi into Ratharajju by Bimal Krishna Matilal. Muktadhara
arrived from Muktadhara, Raktakarabt as Raktakaraii etc. Ramjivan Acharyya translated
Mukut, Bengali drama to Mukutam. Kamala, a female poet who translated Rabindranath's
Antysti- Samskar in Sanskrit. Dr. Sutapa Bhattacharya translated a reputed Rabindra Samggét

to Sanskrit.
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These are translatory works. Now the time to discuss about adaptation.

Nityananda Mukhopadhyay gave Sanskrit forms with the subject of short stories and some of

the eminent even turned them into dramas.

Prof. Dhyanesh Narayan Chakraborty translated two extraordinary stories of Muktadhara and

Dakghar into Sanskrit dramas and retitled as Muktadhara and Batragrha. But these are not
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short stories, these are allegorical compositions. But Nityananda Mukhopaddhay has the credit
of turning the short-stories into Sanskrit dramas. These are examples of adaptation in different
fields of contemporary Sanskrit literature.

Literary adaptation is been seen from other ethnic languages such as Bengali, Marathi, English,
etc. Rabindranath's creation in the field of Bengali literature is treasured with romanticism and
dramatic approaches that it became an important literary source for adapting and making a
work of art based upon it.

In imaginative literature words are the vehicle of sensation and associations and convey
meanings beyond the literal or denotative meanings. It is being debated that literature cannot
be translated successfully from one language to other. Sometimes it is unable to furnish the
actual grace of the work. Adaptation is a method where copying of an existing work is not
done. But the flavour of the literature remains unchanged and untouched. Adaptation of
Tagore's short stories and retitling them into Sanskrit drama was done by late Pandit
Nityananda Mukhopadhyaya, a renowned person in modern Sanskrit literature. Based on the
short stories of Tagore, dramas were constructed with different retitle in Sanskrit. Such as
- Khokababur Pratyavartana was transliterated into Putra-Pratyavartanam , Postmaster was
converted into Vartagrhadhyaksa-vaco , Rasmanir chélé into Rasmaniputram , Sri-Nalina-
parabhavam arrived from Phel, Putrayajia as Putrayajfiam , Guptadhana expressed as

Guptadhanam etc.

Short story and drama are two different areas of Kavya and both of them have different
approaches. As Rabindranath Tagore's short stories have beautiful theatrical expression, this
poet Nityananda convered selected short stories into drama efficiency. But he constructed
dramatic plot according to his wish. He introduced new characters after naming them. In Putra-
Pratyavartanam, Shyamali, sister of Raicarana has inserted and Mohona, the master's son of
Raicarana is renamed by poet Nityananda. Rabindranath Tagore emphasizesd on secondary or
tertiary relationship in his short stories like Kabuliwala and Mini, Postmaster and Ratan etc.
When Nityananda portrayed these relations, he maintained the storyline same with full

enthusiasm. So, those adaptations are justified.

105 https://www.vckolkata63.org


https://www.vckolkata63.org/

Eﬁhﬁﬂ .
<~

o
BODHI VOL 5 PP.99-108, 2023 e

Rabindranath created great depth into his characters. Nityananda reembraced the characters of
the drama with compassion and designed it with innate psychological analysis and made it

more genuine and contemporary.

Nityananda intruded dramatic excitements and clashes among characters in his creations. Some
of his drama, based on Rabindranath's short story was concluded it tragedy and pathos (except
Rogi- Bandhabam). Societal activities of both pernicious as well as favourite situations had
been delineated by Tagore. Nityananda replicated Gurudev's ideas and replicated

Rabindranath's ideas and reflected it unamended.

Drama is dialogue based performance. Characters exposed their motely feelings through
dialogues and actions. Here, dialogues are short and witty but expressed deep meaning several

times.

Nature has played a vital role in Rabindranath's short story. But it is totally invisible in
Nityananda's drama. Pandit Mukhopadhyay tried also to make familiar Sanskrit language

among common people. His effort is quite applaudable in this context.

Reference:

The Rg Veda 3.62.10

Gitanjali, https://tagoreweb.in/Songs/pooja-233/amar-matha-nata-kare--4878
Page- 6-7, Gitanjali-praticchaya by Kalipada Tarkacarya, Rabindra-samkhya.
https://gitabitan-en.blogspot.com/2010/11/make-me-bow-kneel-down-at-your-
feet.html?m=1

https://tagoreweb.in/Verses/kotha-39/abhisar-1211

sy translated by Indramohan Chakravarty, page- 132, Rabindra-samkhya
https://littlejoysoflife.com/life/rabindranath-tagores-abhisar-an-illustrated-translation/
https://tagoreweb.in/Verses/kotha-39/brahmon-2049

smar:, translated by ==garereaeamrrd, page-110, Rabindra-samkhya.

10 Collected from an unown poet

11. https://ftagoreweb.in/Songs/pooja-233/anandadhaara-bahichhe-bhubane-4712
12. From Bhattacharya’s collection, unpublished manuscript.
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Abstract:

Arrangement and distribution of Carbon nanotubes (CNTSs) inside polymer liquid crystal
(PLC) plays vital role in regulating various properties including the thermal property of the
composite. It is found that proper alignment of CNTs inside PLC greatly influence and enhance
the heat capacity as well as the thermal conductivity of the mixture. Proper realization and
theoretical understanding of the mechanism of CNT alignment inside PLC is needed in order
to explain the reason behind the improvement of heat capacity of the composite. In this work
we have utilized the free energy model proposed by Landao-de Gennes and Doi to develop the
free energy profile of CNT-based PLC composite. Subsequent mathematical calculations show
that CNTs undergo first order isotropic-nematic transition inside PLC through which they
align themselves in the nano-composite and thereby help in increasing the heat capacity of the
overall nanofluid. Results show rapid growth in both CNT order parameter and heat capacity
with increase of CNT volume fraction in the nano-composite. Effects of PLC order parameter
as well as mixing temperature on CNT ordering have also been investigated and analyzed in

details.
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1. Introduction:

For the past few decades carbon nanotubes (CNTs) and CNT-based nanocomposites and
nanofluids have been among the pivotal interests for research workers due to their immense
applications in the emerging areas like nanoelectronics, solid-state device fabrication,
photovoltaic and field emission displays etc. [1-5]. Besides these fields, application of CNT-
based nanocomposites as heat transfer materials has also proven to be extremely beneficial due
to their high aspect ratio and large surface-to-volume ratio which help them to possess a high
value of thermal conductivity and hence an ideal material to be used as an additive in a heat-

transfer nanofluid such as engine oils and lubricants [6,7].

Previous reports suggest that both crystalline and amorphous CNTs (ACNTSs) have
been used as additives in heat transfer fluids and both are proven to be helpful in enhancing the
thermal conductivity of the nanofluid [8,9]. ACNTSs are observed to be more advantageous in
these cases due to its simple synthesis procedure and large amount production [9,10]. However
stable dispersion of CNTs in nanofluid has always been a challenge due to high Vander-wall
force of attraction among the nanotubes which makes nanotubes aggregated and agglomerated
inside the nanofluid and thereby restrains the process of uniform and stable dispersion. This
problem can be overcome by functionalization of CNTs in which specific functional groups
are attached to the surface of nanotubes to generate repulsive force (steric hindrance force)
among the nanotubes which helps them to overcome the Vander-wall attractive force and
prevent the agglomeration and thereby helps in getting a stable dispersion. Owing to the defects
in their carbon network, ACNTSs have inherent presence of some common functional groups
and therefore are ideal candidate for further functionalization [9-12].

To understand the theoretical aspect of increased thermal conductivity of CNT-
dispersed thermos fluids we need to focus on the dimension, morphology, alignment and
changing dynamics of nanotubes inside the nanofluid. Previous reports suggest that CNTs
undergo a first order phase transition from isotropic to lyotropic nematic phase with increase
of CNT volume fraction inside polymer liquid crystal (PLC) [13]. Windle’s group was the first
to report and explain the isotropic-nematic phase transition of CNTs in aqueous suspension
[14,15]. Later Dierking et al. also explained the ability of liquid crystal (LC) to self-organize
and induce nematic alignment towards dispersed CNTSs [16,17]. Degree of alignment of CNTs
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in LC depends primarily on the anchoring energies of nematic molecules over CNT surfaces
and also on their dependence on the temperature and, hence, on the strength of their coupling
to the nematic fluid [18,19]. It is seen that with increasing CNT concentration, the alignment

is strongly enhanced through excluded-volume interactions.

Isotropic-nematic transition plays crucial role in the ordering and alignment of CNTs
inside PLC. While both thermotropic and lyotropic LC are found to boost alignment of CNTs,
lyotropic LC can also work as surfactants for CNTs which prevents aggregation of CNTs with
the hydrophobic tails adsorbing onto the CNT surface while the hydrophilic heads point
outwards in the solution, making it possible to achieve isolated dispersion. As the value of
conductivity depends on the direction along which the measurement is performed, alignment
of CNTs during phase change provides easier channel for heat conduction along the axial
direction. In the nematic phase the conductivity is lower perpendicular to the director and

higher parallel to it, reflecting the higher ionic mobility along the director [20].

Both experimental and theoretical works are reported previously on synthesis of CNT-
based polymer nanocomposites and their thermal behaviour [21,22]. However, first order phase
transition of CNTs inside polymer matrix and its effect on overall thermal properties of the
nanofluid have not been discussed earlier in details to the best of authors’ knowledge. In this
work we have developed a free energy profile for CNT-based PLC on the basis of Landau-de
Gennes and Doi type free energy model [23] and analysed the variation of order parameters
and heat capacity with CNT concentration. Results showed that CNT order parameter is highly
influenced by the amount of CNTs added to the nano-composite and rapid alignment of CNTs
with concentration can be seen during first order phase transition. The alignment also helps to
increase the heat capacity of the nanofluid and change of heat capacity with CNT concentration
was also investigated and analysed. Variations of CNT order parameter with both mixing

temperature and PLC order parameter have also been examined thoroughly.

2. Free energy of CNT based PLC nanofluid:

To construct the free energy profile of CNT based PLC nanofluid let us consider V1 volume of

CNTs mixed in V2 volume of PLC to generate the nanofluid having total volume of V =V +
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V2. Hence the volume fractions of CNTs and PLC are now ¢ = V1i/V and (1 - ¢) = Va/V,
respectively. The total free energy density of CNT-PLC suspension can now be written as,

F = Fmix + Fent + FpLc + Fent-pLc. 1)

The first term in the above expression Fmix depicts the free energy for mixing CNTs in PLC
and can be written as proposed by Flory [24,25] as,

KgT KgT KgT
Fmix = 5 @lne + = (1 - @)In(1 — @) + =xo(1 — ¢). 2)
1 2 2
The first and the second terms in the above equation represent free energy provided by mixing
entropy for CNTs and PLC in isotropic phase respectively. While, the last term plays the key
role in this equation as it stands for the isotropic interaction between CNTs and the nematogens.

The parameter y is known as Flory-Huggins interaction parameter signifies the extent of contact

that can be achieved in between CNTs and the polymer in the mixture. Here y is taken as % ,
B
where Uop is strength of isotropic interaction between CNTs and polymer chain, Kg is
Boltzmann constant and T is absolute temperature. While deducing equation (2) it is assumed

that V, = V,,, where Vo is the volume of the Flory lattice cell.

The second term in equation (1) Fcnt is the free energy for first order isotropic-nematic
transition of CNTs and can be written as [23]

Fonr = "o [5(1-3) st —gsi+2st]. 3)

Here U stands for nematic potential which in this case is generated from the combination of
excluded-volume interaction and Maier—Saupe type anisotropic mean-field attraction between

the CNTs [26]. Hence, we take, U = %(p (Z + ZK%), where first term %%(p in U is genuinely

from excluded-volume interaction, whereas, the second term 2cp1<%% is resulted from the

attractive mean-field interaction between CNTSs. In this second term x denotes the ratio between
anisotropic and isotropic parts of the mean-field potential and 6 represents ‘effective
temperature’ at which the isotropic part of the mean-field potential disappears. 6 in this case is
analogous to ‘effective polymer temperature’ [27], which stands as the critical temperature
where the excluded-volume interaction and mean-field type attractive interaction between

flexible macromolecules balance each other. Similarly, 6 can also be portrayed as the relevant
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characteristic scale of isotropic interaction in this system, which somehow depicts the
characteristics of the PLC base.

The free energy density term for PLC can be derived from Landau-de Gennes expansion and
written in terms of order parameter S, of PLC as [28],

Fprc = (1— @) [ZA(T - T¢)s3 — 2Bs} + 2] (4)

The parameters ‘B’ and ‘C’ are called standard Landau-de Gennes coefficients which are
independent of temperature and mainly depend on the properties of the material. On the other
hand, coefficient ‘A’ is temperature dependent with TC representing the temperature at which
the Isotropic phase of pure LC exists.

Nature of anchoring strength within PLC molecules over CNT surface plays key role in
developing the interaction energy between CNT and PLC [16]. Development of soft or strong
anchoring strength depends on molecular structure of CNTs as well as the London-type
attractive forces between the corresponding benzene rings [29]. It was found Multiwalled-
CNTs provide strong anchoring due to more number of well-distributed benzene rings, whereas
Singlewalled-CNTs develop soft anchoring [30]. Brochard and de Gennes developed the first
successful theory based on the idea of rigid anchoring [31]. Subsequently it was refined and
rectified by Burylov and Raikher [32] by incorporating the strong anchoring conditions and is
used here as an interaction energy between CNT and PLC.

S
Fenr-pre = —vo(1 — @)515% (1 - ?1) (5)

Now combining all equations from (2) to (5) we can write the total expression for free energy
of CNT dispersed PLC as,

KgT KgT KgT
F=——o¢ho+—0-@)n(1l-¢)+——xe(l—-0¢)
Vi \Z v,
KgT T1 U U U
—_— -1 —-—= 2 _ -3 _ 4]
Y, “’2( 3)51 g5t T g

3 3 9 S
+(1-9) [EA(T —T¢)SZ — ZBsg + chg] —vo(1 — ¢)S,S? (1 — ?1)

(6)
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For convenience the above equation can be made dimensionless by modifying as follows,

FV, 1 U U U
f=—=ql R(1 — @)In(1 — Rxep(1 — —(1——)2——3 —4]
KT Pnet (1 - @)In(1 - @) + Rxe( cp)+<p[2 3)St—gSit ¢S
3 TC 3 9 S
+(1—- ) l§a<1 — ?> S2 —ZbSS +ZcS§‘l —8p(1 — ¢)S,S% (1 — %)
(7)
In the above equation the coefficients are also modified as, R = ﬁ,a = ﬁ,b =30 =

v, Kg KgT’

A

— W1 -
KT and 6 = KT respectively.

3. Results and Discussion:

In this section we have explained the results obtained by calculating the first order isotropic-
nematic phase transition of CNTs dispersed in PLC and analysed the variation of CNT order
parameter (Si1) with volume fraction (@) for various polymer temperature (0). Next, the
dependence of CNT ordering (S1) on polymer ordering (Sz) was investigated. Finally, variation
of Heat Capacity (C) of the nano-composite with CNT volume fraction (¢) was also calculated

and analysed explicitly.
3.1. CNT ordering in PLC due to Isotropic-Nematic phase transition:

Equation (7) was minimalized with respect to CNT order parameter S to get,

2
1 30+S80-0)} | |3538— 1) [3(1+S3601-¢)} 1
to202 Lo (1429 K142 2 RG4+% 2

D T D T D T

(8)

From above equation we can get the variation of CNT order parameter (S1) with CNT volume
fraction (o) for different polymer temperatures (0). For this purpose, we have fixed the PLC
order parameter (S) at 0.2, mixing temperature T at 300 K, k at 1 and L/D is taken as 50. The
variation of Sy with ¢ is shown in figure 1a. Figure shows sharp rise of S1 with ¢ for all polymer

temperatures. We have discussed earlier that effective polymer temperature (0) depicts the
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nature of the PLC. From the graph we can see that as 0 increases from 100 K to 400 K, the rise

of S gets sharper, which means to achieve same ordering we need more amount of CNTs when
0 is low. However rapid increase of S1 with ¢ for all 6 ensures that CNTs get more ordered and

aligned as more amount of CNTs are getting dispersed in the nanofluid.

’ S22 1 . ‘ o
0.14f Pl : i 0.14} Ll S
L . 0.12}
1042 ©-100 I ¢ 0.01
wn w
E 040F T ©- 200 i E 040 T ¢ = 0.02
N B - 300 ‘uE‘a -------- ¢~ 0.03
@ 0.08 ........ 0 400 i © 0.08F e ¢ - 0.04
8 2
S 0.06] 1 & o0.06}
| 1
o o
rg 0.04} 1 & 0.04;
“““ﬁ;‘-_: :::: o :.' - ‘.....
0.02f-= 1 0.02}
(a) (b
0.00L. . ‘ : J 0.00 [z=5*** . . . &
0.00 0.01 0.02 0.03 0.04 0.0 0.1 0.2 0.3 0.4
CNT Volume Fraction ¢ - LC Order Parameter S2 —»

Fig.1 (a) Variation of CNT order parameter (S1) with CNT volume fraction (¢) for different
polymer temperature (0); (b) Variation of S; with polymer liquid crystal order parameter (S>)

Fig.1b shows the variation of CNT order parameter (S1) with PLC order parameter (Sz) for
different CNT volume fraction (¢). The other parameters were kept same as before with 6 fixed
at 100 K and & taken as 0.5. Graph shows steady increase of S1 with increasing S for all o,
which is quite understandable as more ordering of PLC with help CNTs to be more ordered
and get them aligned with each other inside the nanofluid. Secondly, rise of S; with S, gets
sharper with increasing ¢ which is also very much expected as more amount of CNTSs inside

PLC helps in increasing the order parameter of CNTs as already seen in fig.1a.
3.2. Effect of Nematic transition on the Heat Capacity of the Nanofluid:

To calculate the heat capacity (C) of the nanofluid during phase transition we need to apply the

following equation,

92f
C=-To )
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The relation between S; and S as obtained from equation (8) was used in the free energy
equation (7) to replace Sz in terms of Sy using the following relation,

b 1

S, =2~ [12a(1- 1) + 45,80(1 - )(5; - 2] (10)

The new free energy appeared as a polynomial equation containing higher powers of Si1, where
coefficients those are having powers up-to cube of Siwere taken into account for further
calculation and terms with more than cubic power of S1 were neglected. Again, the terms

involving (f—z — %) with power more than cubic order were neglected for high T. Finally the

free energy was written as follows,
f=Ag+A;S; +A,SF + A3SF + R(1 — @)[@x + log(1 — @)] + @loge (11)

where, Ao, A1, A2, Az are coefficients which depend on modified Landau-de Gennes

coefficients a, b, ¢ and as well as on 9, «, 0, ¢ and T.

To get the expression for heat capacity expression of free energy ‘t” from equation (11) was

used in equation (9) and we get,

9%A 92A 92A 9%A
Where CO =0T20,C1 =6T21,C2 =aTzz,and C3 = aTZS.

Variation of heat capacity (C) of the CNT-dispersed nanofluid was plotted against CNT volume
fraction (¢) for different CNT order parameter (S1) and shown in figure 2.
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Fig.2. Variation of heat capacity (C) of CNT-dispersed PLC with increasing CNT volume fraction
(o) for different CNT order parameter (S1).

Graph shows steady increase of C with increasing ¢ for all values of Si1. The result can be
explained considering the phenomena of first order isotropic-nematic phase transition for CNTs
dispersed in PLC which ensures ordering of CNTs within the mixture. Previous result in fig.
1a showed rapid growth in ordering and unidirectional orientation in CNTs with increasing
volume fraction (@) in the mixture. These alignments are proven to be helpful for easy flow of
heat through the nanofluid which in-turn increase the heat capacity as well as the thermal
conductivity of the nano-composite. It is also important to note from the graph that for a fixed
value of ¢, heat capacity C is lowest for low value of S1, and C gradually increases as Si
increases. This result is also quite expected as bigger value of Sy corresponds to better ordering
i.e. alignment of CNTs which provides easier conduction of heat and hence better heat capacity
(C) of the nano-composite as explained earlier.

4. Conclusion:

In this work we have formulated the free energy equation for CNT-dispersed PLC with the help
of Landau-de Gennes and Doi type free energy model to analyse its orientation and thermal
behaviour during first order Isotropic-nematic phase transition. Graphical representation
derived from theoretical calculations shows sharp increase in CNT order parameter with
increasing CNT volume fraction which proves that more amounts of CNTs in the composite
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encourage more CNTSs to be ordered and get aligned among themselves within the mixture.
Mathematical calculations also suggest that increasing order parameter of PLC also helps to
increase the ordering of CNTSs. Finally, the heat capacity of the nano-composite was calculated
for different CNT order parameter and plotted against CNT volume fraction which shows
steady increase of heat capacity with CNT volume fraction. This observation is well in
coherence with the hypothesis set forth and results obtained earlier which showed greater
alignment of CNTs inside nanofluid with increasing CNT volume fraction. CNTs are
experimentally proven to be good conductor of heat and thus aligned CNTs provide easier path
for heat flow through the composite making it an excellent heat-transfer fluid. The results and
investigations carried out in this article helps in realizing and explaining the theoretical aspects
of heat flow through CNT-based polymer liquid crystal.

Competing interests:
No potential conflict of interest was reported by the authors.
Authors’ contribution:

A. Jha: Conceptualization, Writing - original draft and editing.

S. Biswas: Software, Investigation, Visualization.

Data availability statement
Not applicable

References:

[1] L. Zhang, S. Zaric, X. Tu, X. Wang, W. Zhao, H. Dai, Assessment of Chemically Separated
Carbon Nanotubes for Nanoelectronics, J. Am. Chem. Soc., 9(130) (2008) 2686-2691.

[2] B. Pradhan, S. K. Batabyal, A.J. Pal, Functionalized carbon nanotubes in donor/acceptor-type
photovoltaic devices, Appl. Phys. Lett., 88 (2006), 093106.

[3] D. Zhang, K. Ryu, X. Liu, E. Polikarpov, J. Ly, M.E. Tompson, C. Zhuo, Transparent,
Conductive, and Flexible Carbon Nanotube Films and Their Application in Organic Light-
Emitting Diodes, Nano Lett., 6 (2006) 1880-1886.

[4] Z. Zhang, S. Wang, L. Ding, X. Liang, T. Pei, J. Shen, Self-Aligned Ballistic n-Type Single-
Walled Carbon Nanotube Field-Effect Transistors with Adjustable Threshold Voltage, Nano
Lett., 8 (2008) 3696-3701.

118 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
= ",%’
Badfii

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

BODHI VOL 5 PP.109-120, 2023 ey
D.D. Nguyen, N.H. Tai, S.Y. Chen, Y.L. Chueh, Controlled growth of carbon nanotube—
graphene hybrid materials for flexible and transparent conductors and electron field emitters,
Nanoscale, 4 (2012) 632-638.
M.S. Liu, M.C.C. Lin, L.T. Huang, C.C. Wang, Enhancement of thermal conductivity with
carbon nanotube for nanofluids, Int. Commun. Heat Mass, 32 (2005) 1202-1210.
H. Xie, H. Lee, W. Youn, M. Choi, Nanofluids containing multiwalled carbon nanotubes and
their enhanced thermal conductivities, J. Appl. Phys., 94 (2003) 4967-4971.
B. Anis, H. El Fllah, T. Ismail, W. M. Fathallah, A.S.G. Khalil, O.M. Hemeda, Y.A. Badr,
Preparation, characterization, and thermal conductivity of polyvinyl-formaldehyde/MWCNTSs
foam: A low cost heat sink substrate, J. Mater. Res. and Tech., 9 (3) (2020) 2934-2945.
D. Banerjee, A. Jha and K.K. Chattopadhyay, Synthesis and Characterization of Water Soluble
Functionalized Amorphous Carbon Nanotube-Poly(vinyl alcohol) Composite, Macromolecular
Res., 20 (10) (2012) 1021-1028.
S.K. Sarkar, A. Jha, K.K. Chattopadhyay, Thionyl chloride assisted functionalization of
amorphous carbon nanotubes: A better field emitter and stable nanofluid with better thermal
conductivity, Mater. Res. Bull., 66 (2015) 1-8.
D. Banerjee, A. Jha, K.K. Chattopadhyay, Stable dispersion of functionalized amorphous carbon
nanotubes in different liquids, J. Nanofluids 1(1) (2012) 28-35.
A. Jha, D. Banerjee, K.K. Chattopadhyay, Improved field emission from amorphous carbon
nanotubes by surface functionalization with stearic acid, Carbon, 49(4) (2011) 1272-1278.
H. Duran, B. Gazdecki, Yamashita A, Effect of carbon nanotubes on phase transitions of nematic
liquid crystals, Lig. Cryst., 32 (2005) 815-821.
M.S.P. Shaffer and A.H. Windle, Analogies between Polymer Solutions and Carbon Nanotube
Dispersions, Macromolecules, 32 (1999) 6864-6866.
W. Song, LLA. Kinloch, A.H. Windle, Nematic Liquid Crystallinity of Multiwall Carbon
Nanotubes, Science, 302 (2003) 1363.
I. Dierking, G. Scalia, P. Morales, D. LeClere, Aligning and Reorienting Carbon Nanotubes with
Nematic Liquid Crystals, Adv. Mater., 16(11) (2004) 865-869.
I. Dierking, G. Scalia, P. Morales, Liquid crystal-carbon nanotube dispersions, J. Appl. Phys.,
97 (2005) 044309 (1-5).
P. van der Schoot, V. Popa-Nita, S. Kralj, Alignment of Carbon Nanotubes in Nematic Liquid
Crystals, J. Phys. Chem. B, 112 (2008) 4512-4518.

119 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
= ",%’
Badfii

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

[32]

BODHI VOL 5 PP.109-120, 2023 ey
J.P.F. Lagerwall, G. Scalia, M. Haluska, U.D. Weglikowska, F. Giesselmann, S. Roth,
Simultaneous alignment and dispersion of carbon nanotubes with lyotropic liquid crystals, Phys.

Stat. Sol. (B), 243(13) (2006) 3046-3049.

G. Scalia, Alignment of Carbon Nanotubes in Thermotropic and Lyotropic Liquid Crystals,
Chem. Phys. Chem., 11 (2010) 333-340.

A.A. Minakov, C. Schick, Nanoscale Heat Conduction in CNT-Polymer Nanocomposites at Fast
Thermal Perturbations, Molecules, 24 (2019) 2794-2812.

M. Abbaspour, M.N. Jorabchi, H. Akbarzadeh, A. Ebrahimnejad, Investigation of the thermal
properties of phase change materials encapsulated in capped carbon nanotubes using molecular
dynamics simulations, RSC Adv., 11 (2021) 24594-24606.

M. Doi, S.F. Edwards, The Theory of Polymer Dynamics, Clarendon Press, Oxford, (1986).
P.J. Flory, Principles of Polymer Chemistry, Cornell University Press, New York, (1953).

A. Matsuyama, Theory of binary mixtures of a rodlike polymer and a liquid crystal, J. Chem.
Phys., 132 (2010) 214902.

V. Popa-Nita, The phase behavior of rigid rods in an anisotropic mean field with applications to
carbon nanotubes in nematic liquid crystals, J. Chem. Phys., 143 (2015) 094901.

A.R. Khokhlov, A.N. Semenov, On the theory of liquid-crystalline ordering of polymer chains
with limited flexibility, J. Stat. Phys., 38 (1985) 161-182.

P.G. de Gennes, The Physics of Liquid Crystals, J. Prost, second ed., Oxford, (1993).

Y. Galerne, Interactions of carbon nanotubes in a nematic liquid crystal. I. Theory, Phys. Rev.
E, 93 (2016) 042702.

K.A. Park, S.M. Lee, S.H. Lee, Y.H. Lee, Anchoring a liquid crystal molecule on a single-walled
carbon nanotube, J. Phys. Chem. C, 111 (2007) 1620-1624.

F. Brochard, P.G. de Gennes, Theory of magnetic suspensions in liquid crystals, J. Physiol.
(Paris), 31 (1970) 691-708.

S.V. Burylov, Y.L. Raikher, Macroscopic properties of ferronematics caused by orientational
interactions on the particle surfaces. I. Extended continuum model, Mol. Cryst. Lig. Cryst., 258
(1995) 107-122.

Publisher’s note:

Vivekananda College remains impartial with respect to legitimate claims in published globe

and institutional affiliations.

120 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
= ",%’
Badfii

BODHI VOL 5 PP.121-130, 2023 ey
Urban Avifaunal diversity: A case study of the Santragachi Jheel
Dr. Malabika Bhattacharjee” and Dr. Trijit Nanda

Associate Professor’s, UG and PG Department of Zoology, Vivekananda College.
Thakurpukur, Kolkata 700063, West Bengal, India.

Abstract

Santragachi Jheel, nestled amidst the urban landscape of West Bengal, exemplifies the
coexistence of biodiversity within an urban setting. Despite its proximity to human habitation
and urban development, the lake sustains a diverse array of flora and fauna. From various
bird species like waterfowl, waders, and migratory birds to amphibians, fish, and aquatic
plants, the jheel supports a thriving ecosystem. During the winter months, it becomes
particularly bustling as migratory birds from distant regions flock to its shores in search of
refuge from harsher climates. The presence of diverse birdlife in Santragachi Jheel not only

enriches the local ecosystem but also plays a vital role in maintaining ecological balance.

Keywords: Santragachi jheel, Avifaunal diversity, Feeding guilds

1. Introduction

West Bengal has several large and small water bodies having diverse aquatic flora and fauna.
These wetlands also provide suitable habitat for resident and migratory water birds and
contribute much to the biodiversity of India. One such abode of migratory birds is Santragachi
Jheel, a 30 minutes’ drive from the main city of Kolkata. This wetland ecosystem acts as a
crucial haven for a plethora of bird species, both resident and migratory. During the winter
months, the lake becomes a bustling sanctuary for migratory birds, offering them respite and

sustenance on their arduous journeys from distant lands. Species such as waterfowl, waders,

* Email: malabika.bhattacharjee07 @gmail.com (corresponding author)
Received 18 April 2022

Accepted 06 September 2022

Published 15 May 2023

Article No.: Bodhi-Bijnan-2022-23-002

121 https://www.vckolkata63.org


https://www.vckolkata63.org/
mailto:malabika.bhattacharjee07@gmail.com

EQ @’9’
= ",%’
Badfii

BODHI VOL 5 PP.121-130, 2023 ey
kingfishers, raptors, and countless others grace its waters and surrounding marshlands, creating

a vibrant tapestry of avian life.

The number has increased in recent years, as migratory birds have started to avoid
destinations like the lakes in Alipore Zoo, Kolkata. Birds like sarus crane from North America
and Australia, gadwall, northern shoveller, northern pintail, garganey from north of the
Himalayas, and many other local migratory birds such as cotton pygmy goose, and knob-billed
ducks are spotted here during this season. However, the lesser whistling duck is the most

dominant species visible here.

The lake area is owned by South Eastern Railway, though the Forest Department of
West Bengal also looks after the place. Every year before the migratory birds are expected to
arrive, the Forest department cleans Water hyacinth from the lake, though leaving some portion
of it which adds up to an environment suitable for the birds. Efforts are made by local residents,
Forest Department and Railways to improve the environment for the birds. The Forest Ministry
of the State Government of West Bengal intends to convert the lake to a wildlife conservation
centre. The present study was conducted to prepare a checklist of birds that visited the Jheel
for the year 2018-20109.

The lake's ecological importance cannot be overstated. It serves as a vital breeding
ground, feeding area, and stopover site for numerous bird species, contributing significantly to
their conservation and survival. Furthermore, the presence of diverse birdlife in Santragachi
Jheel enriches the local ecosystem, playing a crucial role in nutrient cycling, pest control, and
pollination. Beyond its ecological significance, Santragachi Jheel holds cultural and
recreational value for nearby communities. It serves as a spiritual sanctuary, a source of
livelihood for fishermen, and a picturesque destination for tourists and birdwatchers alike.
Protecting and preserving this wetland habitat is paramount not only for safeguarding avian
diversity but also for ensuring the well-being of local ecosystems and communities that depend

on it.
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2. Materials and methods

2.1. Study Site

The Santragachi Lake or Jheel is a roughly rectangular area in Howrah district about 8 km from
Kolkata, India (220 34°60” N, 88017°60” E) as shown in Fig. 1. The study of avian fauna was
conducted at Santragachi Jheel, a half an hour drive from the main city of Kolkata, during the
month of December, 2018.
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Fig. 1: Location of Santragachi Jheel from Google Map
2.2. Study team

The extensive data on the birds could be obtained as because study team was big enough. It
included Dr. Malabika Bhattacharjee as the faculty under the supervision of whom the 3™ year
Honours, 2" year Honours and 1% Semester Hons Undergraduate students of Department of

Zoology, Vivekananda College, Kolkata-700064, could ably compile the data.
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Visit Details-
1. Venue : Santragachi Jheel
2. Date of Visit : 9" December, 2018
3. Duration of the visit : 7.00 am — 1:30pm

2.3. Study Methodology

The birds were spotted by binoculars. Care was taken for their proper identification by Fig:
map of the study site (Santragachi jheel). Source: google map. All identifications were based
according to Grimmett et al. (1998) and Ali, S (2002). In some occasions, birds’ calls were

also noted.
2.3.1. Binocular and Camera Models

2.3.1.1. Binocular-Birds were initially observed with the help of an Olympus 8 x 40 DPSI Field

binocular
2.3.1.2. Camera-Photographs were taken with

Canon PowerShot SX420 IS, Canon PowerShot SX540, Canon 750d; Sony DSC-
W?210, SonyDSLR Alpha-58; Nikon D5300

3. Results and Discussion

Species of birds identified are presented in table 1. Altogether 15 species of aquatic birds were
identified. Among the birds - lesser whistling duck was found to be the dominant ones followed
by Gadwall and Northern Pintail. In our study we found the threatened duck species —
Ferruginous pochard. The local breeding birds of lake are the Bitterns and jacanas. The easily
spotted birds include, common moor hen, cotton pygmy goose, little cormorant, Pond heron
and Bronze winged jacana. Table 2 represents the variety in trophic niche of the observed

aquatic birds.
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Table.1: Birds observed at Santragachi Jheel

Sl Family Common |Scientific Name | Authority Breeding | Size |Status/IUCN{WLPA
No. Name range Status| 1972
1. |Alcedinidae White Halcyon Linnaeus, 1758 OR: 28cm| R LC |SchIV
Throated  [smyrnensis widespread,
Kingfisher also Middle
East
2. |Anatidae Fulvous Dendrocygna Vieillot, 1816 | Americas, | 45-| R LC (Sch IV
whistling  [bicolor AF, Indian |53 cm
duck Subcontinent,
L Myanmar
3. Ferruginous|Aythya nyroca Guldenst&dt, |EU, AF, Asia|35-40] M | NT |Sch IV
L pochard 1770 cm
4. Lesser Dendrocygna Horsfield, 1821 OR: 42cm R LC |SchIV
\Whistling  Jjavanica widespread
L] Duck
5. Cotton Nettapus Gmelin, JF, OR: 30-37 WM | LC |Sch 1V
Pygmy coromandelianus 1789 widespread | cm
] Goose
6. Gadwall  |Anas strepera Linnaeus, 1758 NA,EU: (39-43] WM | LC |Sch IV
. widespread | cm
7. Northern  |Anas acuta Linnaeus, 1758 NA,EU: |[51-56| WM | LC |SchIV
Pintail Widespread | cm
8. |Ardeidae Little Egret |Egretta garzetta |Linnaeus, 1766|EU, AF, OR, [55-65| R LC |SchIV
AU : cm
. widespread
0. Cattle Egret Bubulus ibis Linnaeus, 1758 EU, AF, NA, [48-53| WM | LC |Sch IV
MA, SA:s | cm
Europe to
Iran, Africa,
Indian Ocean
Is., North and
Latin
L] America.
10 Indian Pond|Ardeola grayii Sykes, 1832 EU,OR: |42-45 R LC (Sch 1V
Heron Persian Gulf | cm
to Myanmar,
Maldive
Islands
11. Jacanidae Bronze- Metopidius Latham, 1790 OR: 28-31| R LC |SchIV
\Winged indicus widespread | cm
Jacana
12. [Phalacrocoracidae [Little Phalacrocorax | Vieillot, 1817 OR: 51cm WM | LC (Sch IV
Cormorant |niger widespread
13. Rallidae Common |Fulica atra Linnaeus, 1758| EU, Asia, [ 32-| M LC |(SchlV
] coot AU, AF |42cm
14 White Amaurornis Pennant, 1769 OR: 32cm R LC |Sch IV
breasted  |phoenicurus widespread
] water hen
15 Common (Gallinula Linnaeus, 1758| EU, AF, IO, [32-50, R LC |Sch IV
Moorhen |chloropus OR,PO: | cm
widespread
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Of the 15 families of aquatic birds thus recorded and as observed from graphical representation
of the data on documented birds in figure 2, the Families Anatidae, Ardeidae and Rallidae had

a greater preponderance as compared to the remaining 3 families.

Figure.2 Percent distribution of Aquatic Avifaunal Families as
observed at Santragachi Jheel
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FAMILY OF BIRDS OBSERVED

The 15 species of birds belonging to 6 families were also studied for their feeding preferences.
All the birds were aquatic birds but subtle variations were observed in their feeding preferences
Table.2. Thus, the aquatic food habitat could be further divided into 5 feeding guilds viz;
Aquatic Insectivore, Aquatic herbivore, Aquatic-Insectivore Herbivore, Aquatic-Terrestrial

Insectivore, Aquatic Insectivore Omnivore and Aquatic Terrestrial Insectivore Herbivore.
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Table.2 Variety of trophic niche of the birds that were observed at Santragachi Jheel

Sl Family Common Name Feeding guild
No.
1. Alcedinidae White Throated Kingfisher|Aquatic Insectivore [Agl]
2. Anatidae Lesser Whistling Duck Aquatic Herbivore [AgH]
Cotton Pygmy Goose Aquatic-Terrestrial Insectivore Herbivore
[AqTIH]
Gadwall Aguatic Herbivore [AgH]
Northern Pintail Aquatic Insectivore Herbivore [AqIH]
Fulvous whistling duck  |Aquatic Herbivore [AqH]
Ferruginous pochard Aquatic Insectivore Herbivore [AqIH]
3. Ardeidae Little Egret Aquatic-Terrestrial Insectivore [AQTI]
Cattle Egret Aquatic-Terrestrial Insectivore [AgTI]
Indian Pond Heron Agquatic Insectivore [Aqgl]
4, Jacanidae Bronze-Winged Jacana  |Aquatic Insectivore Herbivore [AqIH]
5. Phalacrocoracidae|Little Cormorant Aquatic Insectivore [Aql]
6. Rallidae Common coot Aguatic Insectivore Omnivore [AqlO]

White breasted water hen

Aquatic-Terrestrial Insectivore Herbivore
[AgTIH]

Common Moorhen

Aguatic Insectivore Omnivore [AqlO]

Figure. 3 gives a reflection about the percent expression of the different feeding guilds with

respect to the total species observed there.
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Figure.3 Percent Ditribution of Aquatic Avifaunal Feeding Guilds
as observed at Santragachi Jheel
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Further from the data obtained, the number of feeding guilds found in each family as
documented in table 3 and figure 4 was observed and it was found that the Families Anatidae,

Ardeidae and Rallidae topped the list.

Table.3 Variety of Feeding guilds as per families of birds observed at Santragachi Jheel.

SI. No. Family Feeding guild
1. Alcedinidae Aguatic Insectivore [Agl]
2. Anatidae Aquatic Herbivore [AgH]

Aquatic-Terrestrial Insectivore Herbivore [AqTIH]

Aguatic Insectivore Herbivore [AqIH]

3. Ardeidae Aquatic-Terrestrial Insectivore [AqQTI]
Aguatic Insectivore [Agl]

4. Jacanidae Aguatic Insectivore Herbivore [AqIH]

5. Phalacrocoracidae | Aquatic Insectivore [Aql]

6. Rallidae Aquatic Insectivore Omnivore [AqlO]

Aqguatic-Terrestrial Insectivore Herbivore [AQTIH]

Anatidae has 3 feeding guilds viz , Aquatic herbivore, Aquatic Terrestrial Insectivore
Herbivore, Aquatic-Insectivore Herbivore,; Ardeidae included 2 feeding guilds viz: Aquatic-
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Terrestrial Insectivore and Aquatic Insectivore; Rallidae also having 2 feeding guilds viz:

Aquatic Insectivore Omnivore and Aquatic Terrestrial Insectivore Herbivore.

Figure 4: Percent expression of the number of Feeding Guilds
observed amongst the 6 families
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The species diversity thus documented of the avifauna, suggests that the study area provides a
rich source of a variety of food resources. However, increasing human population and
urbanization, decreasing green cover, pollution of water, disturbing railway tracks, cutting of
trees surrounding the lake, dumping of plastics and other disposal products in and around the
lake and lack of scientific management are some of the major threats the Santragachi Lake or

Jheel is acutely facing.
4. Conclusion

Studying urban biodiversity at Santragachi Jheel provides a fascinating glimpse into how
nature thrives amidst urbanization. Despite being surrounded by human settlements and
infrastructure; this wetland ecosystem sustains a remarkable diversity of flora and fauna. Bird
species ranging from waterfowl to migratory birds find sanctuary in its waters, while
amphibians, fish, and aquatic plants contribute to its rich ecological tapestry. Understanding
the dynamics of urban biodiversity at Santragachi Jheel is essential for effective conservation
and management strategies. By studying the interactions between urbanization and
biodiversity, researchers can uncover ways to mitigate the impact of human activities on this
fragile ecosystem. Moreover, such studies can inform urban planning decisions, highlighting
the importance of preserving green spaces like Santragachi Jheel for the well-being of both

wildlife and local communities.
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The findings of the present study underline the importance of water-bodies as a
preferred habitat for birds. To conserve the avian diversity of the lake, an inventory of birds
should be made with thorough investigation every year. Limnological studies should also be
done to know the aquatic condition of the lake which supports so many resident and migratory
birds. The avian diversity recorded at Santragachi Jheel showed a good variety of species and
proper management plans should be made to save them. The present list of bird species is not
conclusive and exhaustive and future exploration needs to be continued to update the checklist

obtained during this work.
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Communication in street dogs: studying the behavioural
responses of free-ranging dogs in Kolkata using social

communicative cues
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Abstract:

Communication is the transfer of information between individuals of the same species
(conspecific) or between different species (heterospecific). Dogs have lived in close contact
with humans for thousands of years, and hence have developed specific skills enabling them to
communicate flexibly with humans. While humans primarily use verbal communication, dogs
mainly communicate non-verbally through a vast and flexible repertoire of visual, vocal and
olfactory signals including tail carriage and motion, ear and eye position, body position and
movement, and facial expressions. Dogs have a wonderful perception of human emotions that
allows them to adjust their behaviour during everyday interactions with humans and to respond

appropriately.

Keywords: Communication, dogs, human, behaviour, cues

1. Introduction:

Communication occurs not only between members of the same species, but also between
heterospecific individuals, e.g. between domestic dogs and humans [1]. After living in close
contact with humans for at least 30,000 years [2], dogs have developed specific skills enabling

them to communicate flexibly with humans [3]. Humans primarily use verbal communication,

* Email: samitak17@gmail.com (corresponding author)
Received 08 May 2022

Accepted 09 October 2022

Published 15 May 2023

Article No.: Bodhi-Bijnan-2022-23-003

131 https://www.vckolkata63.org


https://www.vckolkata63.org/
mailto:samitak17@gmail.com

EQ @’9’
= ",%’
Badfii

BODHI VOL 5 PP.131-141, 2023 ey
but dogs mainly communicate non-verbally using body language and secondarily through
vocalizations. This body language includes tail carriage and motion, ear and eye position, body
position and movement, and facial expressions. Knowledge of body language, and the ability

to accurately identify it, will help decipher what a dog is trying to communicate.

When observing a dog’s body language to determine what is being communicated, it is
crucial to observe the entire dog, as well as the situation/context, in order to accurately
determine what is being conveyed. For example, a wagging tail does not necessarily mean a
friendly dog. A moving tail, as a part of the dog’s body language, is often noticed first.
However, if the dog’s body is stiff, the ears are back and the dog is in a crouching position,
then these features indicate that this is not a happy dog. Similarly, lip licking is suggested to be
a signal of submissive behaviour and contact seeking. Lowering the head and increased
changes of gaze direction is shown more often when the dogs are presented with a familiar
person or a tasty food [4]. Not all the signals, in fact, are under voluntary control. When a dog
experiences an emotional state, for example anxiety, it releases a specific body odour into the
environment [5,6]. Despite being involuntary, this signal is received as a communicative signal
by other individuals because it informs them about the sender’s inner state, and it can produce

changes in the receiver’s behaviour [5].

Dogs are engaged in visual communication by modifying different parts of their body,
in tactile communication, and in auditory and olfactory communication, with vocalizations and
body odours [7]. Visual communication encompasses the gestures, postures, movements, and
expressions dogs use to express a state of mind or intention. The most common body language
in dogs expresses relaxation, alertness, playfulness, aggressiveness, fear, submission, etc.
Auditory communication includes barking, growling, whining, screaming, howling, panting,
and sighing. Olfactory communications can transmit all kinds of information, including sex,
age, social status, diseases and reproductive status. For example, pheromones are picked up by

the dog by smelling each other’s butts.

Communication signals in dogs can be basically classified into five common groups as
mentioned below. A dog can demonstrate more than one of these groupings in response to a

given situation. For example, a dog may begin by displaying excitement signals in response to
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a stimulus; decide whether that stimulus is a threat, and then switch to aggressive signals, fear

signals, or even both.
A. Fearful Communication:

When a dog is frightened, it most likely will react to that fearful stimulus with his whole body.
He may lick his lips (though not hungry) or yawn (though not tired). He may keep his mouth
tightly closed, cower or lower his body, lower or tuck his tail, or put his ears back [Fig. 1]. He
may also tremble or shake, look away to avoid eye contact, or lean back to avoid the stimulus

that is perceived as frightening.

Fig. 1. Fearful Communication Signals. (a) The Black dog licks his lip being amazed after
looking at one of our team mates. (b) The dog yawns though it is not sleepy. (c) The dog lowers

its body when vocalizations were made.
B. Arousal Communication:

Arousal/excitement is often a response to a stimulus the dog likes, such as a person, dog, or
toy. For example, a dog with soft, relaxed body, eyes, mouth, and a wagging tail that jumps up
for attention is a dog that is seeing a favourable stimulus. However, arousal behaviours can
also be due to unfavourable stimulus, such as an unwanted person, dog, or situation [Fig. 2].
Arousal signals in response to an unfavourable stimulus may be coupled with fear signals, such
as trembling or a low/tucked tail. Arousal signals may also be paired with aggressive signals

such as barking, or with anxious signals such as pacing or spinning.

133 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ ﬁ’y
‘%\- "’%
4

BODHI VOL 5 PP.131-141, 2023 wlllgadfic

Fig. 2. Arousal Communication Signals. (a) Favourable Stimulus: Mouthing (biting without
force) (b) Unfavourable Stimulus: Barking at an unwanted person

[Source: Google]
C. Anxious Communication:

The shelter environment can impact the level of stress a dog experiences. Dogs that are
normally relaxed can become anxious and dogs with minimal anxiety on intake can become
progressively anxious. Body language of an anxious dog includes excessive panting, pacing,
and lack of focus. An anxious dog may demonstrate similar body language to a fearful dog. He
may pant excessively (when not hot or recently exercised), lick his lips (when not hungry),
yawn (when not tired), and have a slightly lowered body stance with his ears slightly back (Fig.
1). He may wag his tail slowly and look away or move away from people. An anxious dog in

a kennel could be barking, pacing, circling, or bounding off kennel walls.
D. Aggressive Communication:

Aggression is a normal and natural behaviour in dogs. Often aggression is triggered by a
perceived threat, such as a person, another dog, or any inanimate object. Aggressive body
language includes stiffening or freezing of the body, eyes wide with a lot of white showing
(whale eye), wrinkled nose, showing teeth, barking, growling, and air snapping. Aggression is
used by the dog to protect itself and its “possessions” from a perceived threat. The dog uses
aggressive communication signals to convey that it will defend itself, its territory, or its
possessions. For example, if a dog is uncomfortable with an approaching person, he may
stiffen, growl or show his teeth [Fig. 3]. At this point, if the person decides to continue and

come closer, the dog could snap or bite, or he may not. Again, if a dog is fearful of something
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and its fear signals have been misread or ignored, it may switch to aggressive signals as an

escalated attempt at communication.

Fig. 3. Aggressive Communication Signal — Barking Dog
E. Relaxed Communication:

A relaxed dog keeps its mouth relaxed and slightly open with ends that could be turning up
(almost appears to be smiling). His head and ears are in a neutral position. His body is loose,
and eyes are soft. His tail may be wagging in a swishing back and forth, or even circular motion.

He often will be lying down, sometimes even in the “frog-leg” position (Fig. 4).

Fig. 4. Relaxed Communication Signals (a) Mouth relaxed with a smiling face; head and ears

neutrally positioned. (b) Smiling dog sitting in “frog-leg” position

Keeping such communications in mind, the main aim of the study was to subject free-
ranging dogs in certain localities of Kolkata to different human social communicative cues

(friendly and threatening), followed by a food provisioning phase, and test their responsiveness.
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2. Methodology:

2.1. Subjects and Study Area:

The experiment was conducted in April-July, 2021 when the second wave of Covid-19 was at
its peak, just after the death incident of more than 60 street dogs, as reported by the Kolkata
Municipal Corporation (TOIl, Feb 21, 2021, 13:27 IST). 20-30 adult, physically fit (in
appearance; without any visible sign of injury or disease) street dogs were randomly chosen.
Any kind of colour or sexual biasness was avoided. These dogs were located in different
regions of south Kolkata — Thakurpukur (22.465°N, 88.307°E), Keorapukur (22.472°N,
88.337°E), and Behala (22.498°N, 88.310°E). The experimental trials were conducted in
different residential areas, footpaths, market places, etc.

2.2. Experimental Procedure:

Three different experimental conditions were used incorporating targeted social cues to
investigate the response of solitary free-ranging dogs towards an unfamiliar human. All the
experimental trials were conducted on the same locations where the local free-ranging dogs
were found (e.g., streets, markets, residential areas etc.). Assignment of experimental

conditions was performed in a random fashion. One packet of biscuits (500g) was used as food.

The experimenter was consistent throughout the study and played specific role. The
experimental conditions comprised of four phases, carried out in the following order:

a. Attention Seeking Phase:

Experimenter attracted the attention of a solitary dog using very short vocalizations for 1-2
seconds. This step was necessary as some dogs were lying down, resting or dozing. It was
carried out in all the 3 experimental conditions [Fig. 5].

Fig. 5. Attention Seeking Phase- The dog looks at the experimenter just after the vocalization

is made.
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b. Transition Phase:

Once the dog was alerted, a stationary phase of 10 seconds was maintained. The experimenter
remained at a distance of 2 metres from the dog, and the behavioural changes were observed

[Fig. 6].

Fig. 6. Transition Phase - The dog becomes attentive once alerted.

c. Social Cue Phase (SCP):

Experimenter stood approached towards the dog, facing it. After standing (or sitting) at the
specified spot, the experimenter provided the following predetermined social cues for a period

of 30 seconds.

i. Friendly Cue (FC): A positive gesture was displayed by patting the dog (gentle stroke
of hand beneath neck, on back or head). Though such posture has been described as a threat in
the existing canine literature, people in India typically use such gestures (sometimes paired
with positive vocalizations) to provide positive social rewards to dogs. While providing the

social cue, eye-contact with the dog was maintained [Fig. 7].

Fig. 7. Friendly Cue offered — (a) Both the dogs knelt down on approach. (b) Dog closed the
eyes on rubbing the head.
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ii. Threatening Cue (TC): The experimenter raised one of his hands, kept it motionless and
gazed at the dogs. The cue differed from FC in having a negative display of human gesture.
People on the streets often raise one of their hands to scare, threaten or shoo away dogs. The

same gesture was adopted to investigate the effects and associated responses [Fig. 8].

Lo

X i
b

Fig. 8. Threatening Cue offered — (a) Arousal Communication signal. (b) Fearful

Communication signal - noticed when the experimenter raised the hand.

iii. Neutral Cue (NC): Experimenter stood in a neutral posture and looked straight ahead

and did not enact any gesture [Fig. 9].

Fig. 9. Neutral Cue offered — No reaction in dog observed in either of the dogs.

d. Food Provisioning Phase (FPP):

Experimenter stood in a neutral position by extending the hand containing biscuit and looked
straight, making eye contact with the dog (Fig. 10). FPP lasted 30 seconds or until the dog

obtained the food, whichever was earlier. Food was removed in case a dog did not obtain it.
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a b C d e
Fig. 10. Food Provisioning Phase — (a) After the Friendly Cue, food is being offered (b) Same
dog as in 10 (a) [front view] (c) After the Threatening Cue, dog refuses to have food at once
(d) Same dog as in 10 (c) after a few seconds (e) After a Neutral Cue, food is being offered to

a dog.

3. Results and Discussion:

Except for the Social Cue Phase, all the other phases were constant and identical across the
experimental conditions. Almost same observations were noticed in all the dogs in the first two
phases, until the social cues were provided.

3.1. Number of Dogs Approaching the Experimenter:

Dogs approached differently in SCP and FPP of the three conditions. Most of the dogs
approached in the FC condition. In the NC condition, initially few dogs approached, while the
number increased in FPP significantly, thereby indicating a distinct positive impact of food.
Least number of dogs approached in TC conditions. In this condition, none of the dogs
approached at the beginning. Later, one or two dogs approached during FPP after waiting for

around 2-3 minutes.
3.2. Reaction to a Social Cue:

The reactions were distributed differently in the three experimental conditions. In the NC
condition, dogs showed varying levels of reactions. Some of the dogs showed gazing
behaviour, few showed gazing with tail wagging, some stayed neutral, and displayed no
particular reaction. None of the dogs showed a fear response. In the FC condition, most of the
dogs showed gazing with tail wagging as their first reaction, while few showed gazing
behaviour only. Some of them knelt or lied down, and a few of them closed their eyes indicating

a relaxed communication signal. No dog showed a fear response, and all dogs responded.
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Gazing along with tail wagging occurred at a significantly higher rate than only gazing
behaviour. In the TC condition, the dogs showed fear response when the threatening gesture
was enacted, indicating fearful communication signal. Dogs displayed mostly neutral and

anxious behaviours in the NC condition. Agonistic or aggressive behaviours were absent.
3.3. Reaction to Food Provision:

Dogs reacted to FPP differently in the three conditions. In both the FC and NC conditions, dogs
had the food with no refusal or hesitation, but the rate of having the food was lower (quicker)
in FC conditions. In TC conditions, almost all the dogs refused to have the food, only one or

two being exceptional, where the dogs had the food fearfully with hesitation.
4. Conclusion:

The results of the project underline the behavioural responses of free-ranging dogs in the
context of their interactions with unfamiliar humans. The free-ranging dogs acted very
specifically in the different conditions displaying a range of social responses that had a high
degree of parity with the social cue provided in the experiment. Dogs adjusted their behaviour
and showed situation-relevant responses to the social cues. Overall, they exhibited a tendency
to approach more when food was provisioned compared to the social cue phases, emphasizing

the dependence on humans for sustenance.

India has a huge population of both humans and free-ranging dogs, with regular
interactions occurring between individuals of the two species, across habitats. Often, the
outcomes of these interactions are adverse, leading to considerable dog—human conflict on
the streets [8]. This could be significantly reduced by having a more affiliative or at least,
neutral approach towards free-ranging dogs instead of making them anxious or stressed.
Studies on dog-human interactions on streets can help us to understand how human behaviour
can influence the behaviour of the free-ranging dogs. This study reveals the effects of different
social cues on the dogs, thus helping us to understand dogs’ understanding and sensitivity to

human social actions.
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Abstract

A study has been conducted to understand the problem of noise pollution in the city of Kolkata
in different areas of settlements in Central and South Kolkata. The data was collected between
November to April 2022-2023. The results showed that noise pollution exceeded the allowable
limit in central Kolkata (study source: Bada bazar Market) and South Kolkata (study area:
Thakurpukur and Kudghat). The increase in noise level affects human health, such as insomnia,
hearing loss, impotence heart disease, breathing and brain damage, and shortens human
lifespan. In response to this growing problem, recommendations have been made for the
implementation of noise pollution control strategies by applying appropriate measures to

noise-affected areas. For our present study digital sound level meter (model: 8892) was used

Key word: Noise level, digital sound level meter (model: 8892), some parts of Kolkata,

potential sources

Introduction

Pollution has significant impacts on human health, the environment, and even on how some of
the Earth’s systems, such as the climate, are functioning. Pollution touches all parts of the
planet. It is affecting our health through the food we eat, the water we drink and the air we
breathe. Approximately 19 million premature deaths are estimated to occur annually as a result

of the way we use natural resources to support global production and consumption and which

* Email: sakuntala.vb@gmail.com (corresponding author)
Received 04 June 2022

Accepted 10 November 2022

Published 15 May 2023

Article No.: Bodhi-Bijnan-2022-23-004

142 https://www.vckolkata63.org


https://www.vckolkata63.org/

EQ @’9’
= ",%’
Badfii

BODHI VOL 5 PP.142-149, 2023 ey
impact the environment. (Frank, T. D., Daffertshofer, A., Beek, P. J., & Haken, H. (1999).)
Noise pollution is an invisible danger. It cannot be seen, but it is present nonetheless, both on
land and under the sea. Sound is measured in decibels. There are many sounds in the
environment, from rustling leaves (20 to 30 decibels) to a thunderclap (120 decibels) to the
wail of a siren (120 to 140 decibels). Sounds that reach 85 decibels or higher can harm a
person’s ears. (Levak, K., Horvat, M., & Domitrovic, H .et al 2008). Sound sources that exceed
this threshold include familiar things, such as power lawn mowers (90 decibels), subway trains
(90 to 115 decibels), and loud rock concerts (110 to 120 decibels). Noise as a pollution has
become so common that people do not even consider it as a pollution at first when they hear
the word pollution. Approximately 60% of human population lives in urban area (Turner, W.
R., Nakamura, T., & Dinetti, M. (2004).) where noise pollution is very common and an integral
part of our everyday life from bus to metro, from school to playground we all have completely
are totally accustomed to the problem of noise pollution. Noise pollution is defined as an
unwanted sound which gets dumped into the environment and adversely affects the health of a
person and produces ill effects in living and non-living thing. In present day times, commotion
is perceived as a genuine medical condition. Development of streets, structures, lofts and
different regions are likewise bringing about expanding the commotion. The most widely
recognized medical issue induced by long term exposure to noise is that it causes Noise Induced
Hearing Loss (NIHL). (Hong, O., Kerr, M. J, Poling, G. L., & Dhar, S. (2013). The high level
of noise reduces the quality of work and thus reduces the concentration level. It causes different
illnesses, for example, hypertension and mental problems to individuals as it upsets significant
serenity. Exposure to loud noise is also linked with high blood pressure, heart disease, sleep
disturbances, and stress. These health problems can affect all age groups, especially children.
Many children who live near noisy airports or streets have been found to suffer from stress and

other problems, such as impairments in memory, attention level, and reading skill.

Noise pollution also impacts the health and well-being of wildlife. Studies have shown that
loud noises can cause caterpillars' dorsal vessels (the insect equivalent of a heart) to beat faster,
and cause bluebirds to have fewer chicks. (Francis, C. D., & Barber, et al 2013) Animals use
sound for a variety of reasons, including to navigate, find food, attract mates, and avoid
predators. On top of that an average urban resident is exposed to noise pollution by 63% longer

periods of time as compared to a non-city dweller (Findling & Wyart, 2021), and due to this
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longer constant exposure its effect is clearly visible in the long run when the mental (Anees,
M. M., Qasim, M., & Bashir, A. (2017). and heart conditions (Aluko, E. O., & Nna, V. (2015).)
are assessed. The same is true in the Indian context too, where approximately 34% of its
population (476 million) is living in urban areas (National Institute of urban affairs report 2021)
and there is a 0.241% increment in the number every year. So, it becomes very important to

aSSEss.
Methodology

Since, India has a total of 28 cities with a total of 9 metro cities, which accounts for 64,012,177
(population census report 2011, Ministry of Home aftairs) it is important to assess the level of
noise pollution which has become an integral part of their everyday life. Due to time and
monetary constraint the scope of the study was narrow down to only Kolkata metro city. After
which various locations were selected on the basis of their nature i.e one from educational, one
construction area etc, upon which 6 locations were finalized 5 from south Kolkata and one
from North Kolkata which were Fair (Wireless park near udghat metro), Main road crossing
(Thakurpukur crossing), Public transport such as bus (from Thakurpukur to Kalighat) and
metro stations (park street, Maidan, Tollygunge, Baranagar and Dhakhineshwar), Construction
area (Near Behala Bazaar), Shopping area (Bada Bazaar) and Educational area (Vivekananda
College Thakurpukur). For the above objectives, primarily data were collected by using Digital
sound level meter instrument (model: 8892) from the predetermined locations of the city. The
data was collected by lifting the device at a height of 1.5m from ground and at least 7 readings
from each point were recorded. Then the collected data have further been processed by
Microsoft excel at the end of the study to understand the actual noise conditions and its

variation with day and night time within the premises of the city.
Study area:
For our study of noise pollution, we have chosen five different places of Kolkata.

1. Construction area

2. Market area

3.Mela (fair)

4.Transport area (both bus and metro)

5. Educational area
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6. Main Road (near Vivekananda College Thakurpukur)

Choosing six different locations for noise pollution research gives us a thorough understanding
of the various sources, intensities, and effects of noise pollution in various situations. Each

chosen area has distinct features that contribute to the overall noise pollution landscape.

e Construction sites are notorious for producing excessive noise as a result of operations
such as drilling, hammering, and heavy machinery operation. Investigating noise
pollution in construction locations aids in determining the potential influence on
neighbouring residential areas as well as employees' health and safety. It can help
identify strategies to reduce noise emissions, install noise barriers, and provide
standards for construction-related noise control.

e Melas, or fairs, are distinguished by enormous crowds, amusement rides, musical
performances, and a variety of noisy activities. The study of noise pollution at such
events aids in understanding the consequences on the well-being of participants,
adjacent inhabitants, and the surrounding environment. It enables the use of noise
management measures such as soundproofing stages or limiting noise levels during
particular hours to reduce disturbance and safeguard public health.

e Marketplaces are often characterized by bustling activity, street vendors, and
amplified music, leading to increased noise levels. It facilitates the implementation of
noise reduction measures, such as time restrictions on amplified music, sound
insulation for nearby buildings, and organizing market layouts to minimize noise
propagation and maintain a pleasant shopping experience.

e In transport area, due to vehicle movements, engine noise, and passenger activity,
transportation facilities such as bus terminals and metro stations can be substantial
sources of noise pollution. The study of noise pollution in these locations aids in
determining the effects on commuters, adjacent residents, and workers. It aids in the
implementation of noise reduction measures such as acoustic barriers, optimised traffic
flow patterns, and efficient vehicle maintenance practises in order to reduce noise

pollution and improve the overall urban soundscape.

For educational area like schools, colleges, and hospitals, require a suitable acoustic
environment for learning, healing, and focus. The study of noise pollution in these places aids

in determining the influence of external noise sources such as traffic or local construction on
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~hd
the occupants and patients of the institution. It allows for the deployment of noise control
methods such as insulating classrooms, establishing quiet zones, and formulating noise
management standards in order to create a more conducive environment for education and

healthcare.
Result

The result highlights the noise pollution in 6 different areas and 2 public transport modes in the
city of Kolkata. The areas studied ranged from Kudghat, Thakurpukur, Construction area, and
Vivekananda College Thakurpukur all in the south Kolkata to Badabazar in the North Kolkata.
In our study the area, having the highest noise pollution was Construction area followed by
Badabazar. For mode of transport metro’s are more noise making than the buses. Another
striking feature of metros is there small range of noise pollution indicating that the area had a
constant ongoing noise pollution, meanwhile the range for is approximately 20 dB(A). There
is a variation among the metros themselves with newer blue models being less noise emitting

and older ones (pink ones) generating higher sounds.

SI.No |[Locations  [Sound level dB(A) Leq CPCB standards
Day time Day mean |Night time |[Night mean [Day time Night time
1 Fair  KM(68.45-83.45 [75.95 62.91-72.45 67.68 65 55
Wireless park
near Kudghat]
metro station
2 Badabazar [90.15-104.19 97.16 80.85-95.5 [88.17 65 55
(MG road)
3 Construction (97.18-113.28 |105.23 84.6-93.5  [89.07 65 55
Area (Behala
bazaar)
4 Bus 78.42-92.15 [85.28 65.52-75.58 (70.55 65 55
S Metro 65 55
1. Blue 82.73-93.91 [88.32 74.36-85.78 80.07
2. Pink 84.93-97.88 91.41 78.3-89.83  [84.06
6 Silent  zone55.03-69.95  60.49 53.65-61.01 [57.32 50 40
(Educational
area)
7 Main roads74.50-94.38  [84.44 73.50-87.16 [80.33 65 55
near
Thakurpukur
metro station
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It is clear from the result that the problem of noise pollution in Kolkata and its nearby areas is

very serious as none of the area has noise within the permissible limits. The issue is most severe
for construction being held in day time at commercial areas which up took the noise almost
62% more than the allowed max limits. The same is observed for others areas like Wireless
Park shows some of the greatest ranges of data, almost 25 dB(A) which is due to the fact that
in day time the park is used by nearby people for walking and other leisure and social activities
and at night there was a mela going on due to which huge crowd of people arrived there and it

increased the overall noise of the area.

In case of shopping areas like Bada bazaar and construction area near Behala bazaar both have
the highest ongoing noise pollution due to the high population density and in construction area
it was further amplified due to machineries used for the same. Public mode of transport like
metro has a constant high noise reaching a maximum of 102 dB(A) in case any announcement
is made inside the metro. On top of that the older metros pink colored ones are found to be
more noise polluting than the newer models with an average difference of 2 dB(A) for

minimum and 4 dB(A) in highest recorded data.

The pattern shown by bus and Main Road in Thakurpukur shows the same problem of highly
variable data due to sudden honking, variable vehicles ongoing, being struck at jam. All the
data recorded for bus are variable and dependent on the location of the survey. While in
Thakurpukur traffic jam is less seen and an average value within 15 dB(A) of variation is

observed for most of the time.

Mean noise level in various locations

140

120

100
a8
6
a
2

(o]

Fair Construction blue metro Pink metro Badabazaar College College road
area garden

Noise level dB{A)
o o

o

o

Location

m Day(max) Night {(max) Day (min) Night (Min)

Fig. 1: The graph highlights the mean value of noise in dB(A) in various study locations with
standard deviation
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Conclusion

The analysis has revealed that noise pollution levels are more than the permissible limits in
areas of Wireless Park (near Kudghat metro station), Bada Bazaar, Construction area near
Behala bazaar, Transportation modes such as metro and bus, educational zone of Vivekananda
College Thakurpukur and Main Road of Thakurpukur metro station. Appropriate controls
should be implemented to reduce noise in these areas. Increasing traffic accidents are causing
many problems in the city, such as weather and noise, traffic congestion, bad roads, poor
parking, lighting, quality or control systems or overpass facilities. Urban traffic thus allows
both local transport and heavy vehicles to pass through the main city without worry. Horns are

a major source of noise pollution in Indian cities.

The World Health Organization (2011) (WHO) aims to achieve the highest level of health for
all. The World Health Organization defines health as “[a] a state of co mplete physical, mental
and emotional wellbeing and clean drinking, not merely the absence of disease or illness”. As
a general concept that includes health, noise pollution can be attributed to “health” problems.
To improve the current human health and environmental situation of Kolkata City, mitigation

measures are recommended to reduce noise at these educational facilities.
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Abstract:

The number zero has played a significant role in mathematical history, revolutionising
mathematics, science, and technology. It is not just a placeholder in the numerical system but
also plays a role in language, physics, chemistry, computer science, and engineering. The
origins of zero can be traced back to ancient civilizations, where rudimentary counting systems
existed. In ancient India, mathematicians made significant strides in understanding the concept
of zero, with the famous Indian mathematician and astronomer Aryabhata making significant
contributions to the development of different mathematical ideas, including zero. Aryabhata's
work primarily laid the foundation for the mathematical concept of zero, although
Brahmagupta was the one who initially formalised it. The aim of this paper is to give a summary
of the contributions made by ancient Indian mathematicians towards the development of zero.

Keywords: Zero, Shunya, Indian mathematicians, Aryabhata, Brahmagupta

1. Introduction

In the history of culture the discovery of zero will always stand out as one of the greatest
single achievements of the human race.

----- Tobias Danzig

The number zero, a seemingly innocuous digit, has had a significant role in mathematical

history. It is not merely a placeholder in our numerical system; rather, it is a concept that
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revolutionised mathematics, science, and technology. Zero's journey from its modest origins to
its crucial place in contemporary mathematics has been documented throughout the history of
human civilization. The history of zero is deeply connected to the Indian knowledge system,
especially in the field of mathematics. India's contribution to the development and

understanding of zero as a mathematical concept is widely acknowledged and celebrated.

The concept of zero may be explained with many phrases depending on the situation.
In mathematics, zero is a number representing an empty quantity, i.e., adding zero to any
number leaves that number unchanged. Zero plays a role not only in mathematics but also in
physics, chemistry, computer science, and engineering. For example, in digital electronics, ‘0’
often signifies a low or ‘off” state in binary code. Modern computers store information in
binary, using the two symbols “0” and "1. A zero can represent the truth value false in
propositional logic. Also a zero of a function f means a point x in the domain of the function
such that f(x) = 0. The idea of a zero function is also present. In physics, for some quantities,
the zero level is naturally distinguished from all other levels. In English, other terms for zero
are nougt, naugt, nill, etc. Sometimes it is referred to as "oh™ in the context of reading out a
string of digits, such as telephone numbers, street addresses, credit card numbers, military time,
or years. There are specific terms for a score of zero in several sports, such as "love" in tennis,

"the egg," and "duck" in cricket.

The zero cannot be credited to a single person as "invented.” It simply did not happen
that concepts were created and then widely applied. It's also reasonable to state that the concept
of zero is not at all obvious. Early on in history, numbers were viewed in far more concrete
ways. Back then, numbers were mainly used for counting. Naturally, their system of notation
for numbers differed greatly from ours; however, they wouldn't be able to tell the difference
between 2106 and 216 in our notation. It wasn't until approximately 400 BC that the
Babylonians inserted two wedge symbols instead of a zero to distinguish the numbers. This
demonstrates that the early usage of zero to represent an empty space was actually just the
application of a punctuation mark to ensure that the numbers made sense. This is not exactly

how zero is used as a number.
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Now the primary goal of this paper is to examine the contributions made by ancient
Indian mathematicians to the development of the concept of zero. In this context, knowledge

of zero's early history is necessary.

2. Early History:

S - 1= o 1c= 2c= 3 Ace Sc= Sc= 7= Bce Sce 10ce 11

= = O O O

Babylonia Maya India China Arabia Europe

Fig 1. History of zero [14]

There was a time when there was no zero. People knew, of course, if they had nothing, but this
was not expressed mathematically. Only three times was zero independently invented. First
Babylonians are acknowledged for creating the zero in the third century BC. Nobody used a
zero place holder for a considerable amount of time after that. In the fourth century CE,
however, the Mayans, who lived in Central America halfway across the globe, independently
created the zero. Although experts have argued this for a long time, the final independent
invention of zero in India appears to have occurred in the middle of the fifth century. By the
end of the seventh century, it entered Cambodia. It spread from India to China and finally to

the Islamic world. In the twelfth century, Zero made a journey to Western Europe.

The concept of zero as a numerical placeholder is ancient, with its origins dating back
to various cultures and civilizations. In Sanskrit, zero was called "$tinya" which means "empty"
or "void." This term later evolved into the Arabic word "sifr," from which the English word
"cipher” ultimately derives. [1-3] The Arabic numeral system, which included the digit zero,
was introduced to Europe by Arab scholars during the Middle Ages, where it eventually

became widely adopted. Zero was used in English for the first time in 1598.[3]
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An ancient Hindu, the symbol consisting of a circle with a dot in the centre known as
bindu, represents emptiness zero. These symbols were found in the text Atharvaveda. The
origins of zero can be traced back to ancient civilizations, where rudimentary counting systems
existed. Around 300 BCE, the Babylonians created a positional number system based on 60,
including a placeholder symbol for zero. They created a unique symbol—two tiny wedges—to
distinguish between magnitudes, similar to how zeros are used in modern decimal systems to
distinguish between tenths, hundreds, and thousandths. In this time, the zero was not regarded
as a number with a distinct value with its properties, rather, it was simply a placeholder. About
the year 350 A.D., when the Mayans started using a zero marker in their calendars, a similar
kind symbol appeared on its own in the Americas [3]. They did not, however, succeed in
producing other important discoveries and innovations regarding zero. After that India
produced the last independently development of zero. This use of 0 in modern mathematics
comes from Indian mathematics, which was brought to Europe by Islamic mathematicians in

the Middle Ages and became famous by Fibonacci.

The Sanskrit term "Sunya,” also known as Zero, representing nothingness, was first
used by Indian mathematician and Sanskrit scholar Acharya Pingala. The word ‘Sunya’ means
void, empty, or nothingness. At the Chaturbhuj temple in Gwalior, India, the use of zero was
written on the walls. The digits 270 and 50, which are carved into a wall, are the second-oldest
known zeros in history. The "Bakshali Manuscript,” an arithmetic manual for merchants, lists

the zero symbol, which is a hollow dot that represents nothing or emptiness [4,10].

~T0 07§ ?TQ A \/(b'@\'

405 8= T §:59 .10
Fig 2. World oldest zero in  Indian Sanskrit numbers including zero, Zero in Bakshali Manuscript [8]

Gwalior Temple

In ancient India, around the 5th century CE, mathematicians made significant strides in
understanding the concept of zero. The present decimal number system is believed to have been
formally developed by Hindu mathematicians Aryabhata (born in 476 A.D.) and Brahmagupta
(born in 598 A.D.). Famous Indian mathematician and astronomer Aryabhata made significant

contributions to the development of mathematical ideas, including zero, in the fifth century
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AD. Aryabhata's work primarily laid the foundation for the mathematical concept of zero,

although Brahmagupta was the one who initially formalized it.
3. The contribution of the immense mathematician Aryabhata:

In the fifth century AD, the Indian mathematician and astronomer Aryabhata made significant
developments in both mathematics and astronomy. His work had a major impact on the
development of science and mathematics on the Indian subcontinent, and he is recognized as

one of the greatest mathematicians of ancient India.

He was born in Pataliputra. But Aryabhata is identified by Bhaskara-1 as asmakiya,
which means "one belonging to the Asmaka country.” He most likely went to Kusumapura at
some point to pursue more education and lived there for a while. Aryabhata was mentioned in
a verse as the head of an institution (kulapa) at Kusumapura. Since the University of Nalanda
had an astronomical observatory and was located in Pataliputra during the period, there is
conjecture that Aryabhata was also the head of the Nalanda University [11]. One of his most
well-known works is the "Aryabhatiya". Indian mathematical literature cited the astronomical
and mathematical book Aryabhatiya, which has persisted until the present day. This book
covers algebra, trigonometry, arithmetic, continuous fractions, sum of power series, quadratic

equations, and sine tables in its mathematical sections.

Aryabhata's treatment of zero is among his most important contributions to
mathematics Aryabhata created a positional number system with no zeros in approximately
500 AD. In his works, Aryabhata first conceptualised zero as a number and a placeholder in
numerical notation. He did not specifically use a zero in his work, but his comprehension of
the place-value system required the idea of zero. Aryabhata did not, however, use the Brahmi
numerals but used letters of the alphabet to denote numbers, expressing quantities such as the
table of sines in a mnemonic form He introduced "kha" to denote void or absence in the place-
value system; the purpose of this was similar to that of zero in positional notation. If the
numbers aren't arranged in a way that follows the place value system or contains zero,
Aryabhata cannot calculate the square and cubic roots. Furthermore, even though his
computations did not directly state zero or the concept of emptiness, they still required a grasp

of these ideas, especially in astronomical mathematics. Aryabhata's discovery of zero made it
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possible to calculate the precise distance between Earth and Moon. Also, his methods of
estimating planetary positions and eclipses could not have been as accurate without the
mathematical understanding of' shunya', the Sanskrit word for nothingness, which later evolved
into the notion of zero. Therefore, the idea of zero revolutionised mathematics and laid the

groundwork for contemporary numeral systems.

French mathematician Georges Ifrah argues in [7] that Aryabhata was familiar with
both place value and number symbols. He stated in [7] as.

“it is extremely likely that Aryabhata knew the sign for zero and the numerals of the
place value system. This supposition is based on the following two facts: first, the invention of
his alphabetical counting system would have been impossible without zero or the place-value
system; secondly, he carries out calculations on square and cubic roots which are impossible

if the numbers in question are not written according to the place-value system and zero”.

Aryabhatta was one of the few scientists who completed fulfilled an extraordinary
amount of work throughout their lives. All across India, his efforts are acknowledged. He truly
brought India to the attention of the world in terms of scientific knowledge and significance
that impacted the entire planet. [5] Bhaskara-l1 who wrote a commentary on the Aryabhatiya a

century later on Aryabhatiya says:

“Aryabhata is the master who, after reaching the furthest shores and plumbing the
inmost depths of the sea of ultimate knowledge of mathematics, kinematics and spherics,

handed over the three sciences to the learned world.
4. The contribution of the immense mathematician Brahmagupta

Among India’s ancient mathematicians and astronomers, Brahmagupta held a special place in
their hearts. In the areas of mathematics and astronomy, he created a new chapter. Brahmagupta
was the first mathematician to develop the concept of zero as number and its arithmetical
qualities. He claimed that shunya (zero) is a number that signifies nothing and said, "shunya is
actually the result of subtracting a number from itself." Although everyone understands this

concept today, in his time it was entirely new. He is known as “the father of zero”.
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The great Indian Mathematician Brahmagupta was born in the city Bhinmal in Rajastan,
India, shortly after Aryabhata's demise in 598 AD. His father's name was Jishnu. Bhillamal
Acharya is another name for Brahmagupta. Brahmagupta has provided very little personal
information. The final two verses of 'Sgnadhyaya’ of '‘Brahmasphut-siddhant' contain
Brahmagupta's brief introduction. He lived almost all of his life in [4]. He observed the work
of many outstanding mathematicians while serving as the director of the astronomical

observatory in Ujjain, the Indian centre of mathematics.

He wrote four books ‘Durkeamynarda’, ‘Khandakhadyaka’, ‘Brahmasphutasiddhanta’
and ‘Cadamakela’. Though Brahmagupta added a large lot of new content, it is also believed
that he corrected the Siddhanta text that he received. This treatise covers algebra, trigonometry,
mathematics, and astronomy in addition to a great deal of other topics. The "Corrected Treatise
of Brahma," meaning "Brahmasphutasiddhanta,” is one of his most well-known publications.
[12]. Additionally, Brahmagupta chastised contemporary Indian mathematicians and
astronomers. The primary point of disagreement was over the opposing concepts and
viewpoints; in fact, he used numerous chapters of the Brahmasphutasiddhanta to attack their
mathematical ideas. The astronomer Muhammad al-Fazari translated Brahmagupta's writings
into Arabic after the Arabs occupied a portion of India, which aided in the development and

adoption of the Indian base ten number system [15].

In 624, at the age of just 26, he wrote the first mathematical text that was universally
acknowledged. It was Brahmagupta who truly realised that mathematics needed a new number
while expanding on the previously established concept of the placeholder in numbers. As a
result, he established the idea of the number zero, one of the key discoveries in mathematics,
in his work. The Brahmasphutasiddhanta is the first known work to treat zero as a number
itself, unlike the Babylonians who treated it as only a placeholder digit in representing another
number or the Romans and Ptolemy who treated it as a symbol for lack of quantity. The most
famous achievement of Brahmagupta was formulating the fundamentals of mathematics,
namely the multiplication of positive, negative, and zero values. He recognized zero's role as a
fundamental component of the numerical system, describing it as a "void" or "sunya" in
Sanskrit. He introduced his revolutionary mathematical rules in “Brahmasphutasiddhanta”
In this book, he represented positive number by fortune and negative number by debts and gave

the following rules [7]:

156 https://www.vckolkata63.org


https://www.vckolkata63.org/

Eﬁhﬁﬂ .
<35

I
BODHI VOL 5 PP.150-159, 2023 e

A debt minus zero is a debt.

A fortune minus zero is a fortune.

Zero minus zero is a zero.

A debt subtracted from zero is a fortune.

A fortune subtracted from zero is a debt.

The product of zero multiplied by a debt or fortune is zero.
The product of zero multiplied by zero is zero.

The product or quotient of two fortunes is one fortune.
The product or quotient of two debts is one fortune.

The product or quotient of a debt and a fortune is a debt.
The product or quotient of a fortune and a debt is a debt.

Nevertheless, it appears that Brahmagupta miscalculated in some of his explanations of the

zero division rules:
Positive or negative numbers when divided by zero is a fraction the zero as denominator.

Zero divided by negative or positive numbers is either zero or is expressed as a fraction with

zero as numerator and the finite quantity as denominator.
Zero divided by zero is zero.

Although it is evident that rule do not follow the norms in modern mathematics, it is
interesting to think about how Brahmagupta could have conceptualized those rules.

Numerous geometrical theories were included in the book as well, such as the
"Pythagorean Theorem" for right angle triangles. He also discovered the area of a triangle and
the key trigonometric formulas, including sine function values. He gave the value of ‘n’ as
square root ten to be accurate. In addition, he put forward guidelines for handling quadratic and

simultaneous equations.

In fact, Brahmagupta was a great master of mathematical astrology. After Aryabhata,
the first mathematician of India was 'Bhaskaracharya I'. Then there was Brahmagupta.
Brahmagupta was also an astronomer and you discovered the rules for the use of ‘zero'. After
this there were many mathematicians who wrote on the subject of arithmetic and algebra.
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Brahmagupta died in 668 AD. Even after so many centuries, Brahmagupta is remembered for

his contributions to mathematics and astrology.
5. Conclusion

It is still unknown when and by whom zero was created, although it is well known worldwide
that India is where it originated. Some researchers claim that zero was created twice, once by
the Mayans and once by the Babylonians. Despite this, neither innovation had any impact on
the numeral system. The invention of zero is believed to have been invented in India around
the middle of the fifth century. The impact of the renowned Indian mathematician
Brahmagupta's invention of zero on the advancement of human civilization can be likened to
that of the discoveries of fire, the wheel, and computers. The majority of academics believe
that the creation of the decimal number system and the number zero, which together form the

great fundamental contribution of ancient India to the advancement of civilization.
In this regard the great scientist Einstein said—

‘we should be thankful to the Indians who taught us how to count, without which no

worthwhile scientific discovery would have been possible!’
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Abstract

The wall plants are the result of spontaneous colonization unassisted by human actions. In the
trophic frameworks of ecosystems in rural, peri-urban, and urban areas, wall vegetation plays
a significant role in representing an interesting group of stress-tolerant plant species,
specifically adapted to thrive on thin nutritionally deficient substratum. The current
investigation is an observational study to document the floral diversity of wall vegetation
spreading over the brick, cemented, and mud construction walls in some selected peri-urban
localities of Thakurpukur and Joka, South 24 Parganas, West Bengal. This work aimed to
establish species diversity in conformities with the variability of the wall flora of the study sites.
The wall vegetation was dominated by angiosperm species followed by Pteridophytes and
Bryophytes. A total of 87 angiosperm plant species belonging to forty families have been
recorded on the studied walls; among them, the most common members were Asteraceae,
Amaranthaceae, Euphorbiaceae and Poaceae. Pteridophytes such as Pteris vitatta, Pteris
longifolia, Chrystella dentata, Drynaria queercifolia and Adiantum cordatum are common
occurrences. Only two species of Bryophytes (Cyathodium cavernarum, Semibarbula
orientalis) were recorded. The current work revealed that the wall flora composition was

dominated by plant species inhabiting the natural vegetation of the areas surrounding the study
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sites. This work may serve as a basic source of data for further ecological and systematic

studies on the flora of this region.

Keywords: floral diversity, wall vegetation, peri-urban area, micro-environment.
1. Introduction

Walls represent a man-made micro-environment, partly resembling rocks and rock fissures
(Woodell, 1979). They usually consist of binding materials of lower durability and chemical
composition which is different from the building material used during the construction of the
structure. These substances disintegrate and accumulate as fine-grain rubbles in crevices and
thus, provide a substratum with a variable content of nutrients that generally initiate early
succession of vegetation. The succession can be accelerated if soil is used as a binding or
covering material. Due to repeated cleaning and fettling, walls represent a temporary habitat.
Frequent disturbances of wall vegetation thus contribute to a high variation in species
composition. Walls usually act as isolated objects of small dimensions. Therefore, wall
microclimates are more strongly affected by the fluctuation of environmental factors, such as
precipitation, temperature, and irradiation. Walls are characterized by a limited number of
microhabitats and sidewalls have uniform slopes and microtopography (Nedelcheva, 2011).
Nevertheless, their artificial origin, location in the urban and rural landscape, and wall-building
technology influence a range of plant species, which can colonize these habitats (Duchoslav,
2002). Since walls are situated within urban and rural landscapes, the composition of wall flora
is strongly influenced by the mass effects of the surrounding natural and seminatural vegetation

types. Specific attributes principally characterize the wall habitats.

Because of the vertical orientation, walls generally represent three different zonations:
(i) the basal part, (ii) the vertical wall surface with joints (fissures), and (iii) the top wall surface
(Woodell, 1979). The wall habitat differs from natural habitat and rocks, depending on the
multifarious properties of the wall structures. Buildings contain binding materials, which
structurally and chemically differ from the original building materials. Wall surfaces resemble
each other and have a uniform slope (generally right-angled) and micro-topographical
characteristics with few microhabitats. As an artificial microenvironment conditioned by

human beings, walls are inhabited only by plant species with specific adaptability for growth
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and reproduction (Lisci and Pacini, 1993a; Lisci and Pacini, 1993b). The colonization of plants
on walls is influenced by the age of the wall, its composition, and exposure to rain Altay et al.
(2010). Most true wall species are only observed on vertical walls and along with the decrease
in the angle of declination, a wide range of common species colonize. Propagules of the plants
growing on the walls are carried to these habitats by natural agencies like, wind, birds, and
animals and by stolon fragments (Yarci and Ozgcelik, 2002) and colonize there at random (Altay
et al. 2010). There are habitats in which extreme conditions lead to the selection of species
with morphological and physiological adaptations enabling them to survive. The study of wall
flora provides a better understanding of the urban environment (Darlington, 1981; Francis,
2011; Nedelcheva, 2011).

The purpose of the present study was to document the floral diversity on brick,
cemented, and mud construction walls in some selected sites of Thakurpukur and Joka, South
24 Parganas. The main aim of this study was to establish species diversity, conformities, and
variability of the wall flora of the study sites. Till now information on wall flora in the present
study area is meager. This work may serve as a basic source of data for further ecological and

systematic studies on the flora of this region.
2. Materials and Methods

Site description

The present study was conducted in and around Thakurpukur, South 24 Parganas, mainly
focusing on three different regions: Thakurpukur, Joka, and 3A bus stand. It is in the southern
part of the state of West Bengal, Eastern India. The study sites were selected at random. This
area is rich in floral wealth. The major part of the selected areas were vast wetlands. This region
shows a tropical wet and dry climate. The annual mean temperature is 26.8°C; monthly mean
temperatures range from 19-30°C. Summers are hot and humid with temperatures in the low
30°C and during dry spells, the maximum temperatures often exceed 40° C during May and
June. Winter lasts only about two and a half months, with seasonal lows dipping to 9°C — 11°
during December and January. On average, May is the hottest month, with daily temperatures
ranging from 27-37°C, while January is the coldest month, temperatures varying from 12—

23°C Often during early summer, dusty squalls followed by spells of thunderstorms or
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hailstorms and heavy rains with ice sleets lash the city, bringing relief from the humid heat.
These thunderstorms are convective and are locally known as Kal Baisakhi (District survey
report, 2018). Thakurpukur spreads over 12000 acres of land area with well-maintained roads
having extensive greenery all along and is composed of houses, buildings, educational
institutions, temples, bridges, shops, etc. all around it. Few walls having cracks and crevices

often favour the growth and development of plant species.

Table 1. Study sites

Sites Location Types of structures investigated
Thakurpukur 22.26N 88.17E Boundary wall, water reservoir, roadside
(Gournagar, Majhi bridge, Foothpath
para, Thakurpukur
Bazar)
Joka 22.27N 88.17E Boundary wall, roadside bridge, Foothpath,
3A Bus stand 22.26N 88.17E Boundary wall, water reservoir, Footpath

The current study is based on a yearlong intensive field survey conducted from July 2021 to
June 2022 to record the vascular flora growing on the walls of the study area. During the field
survey, every attempt was made to cover every corner of the region. The walls were thoroughly
examined from the base to the top to record the plant species. One visit was made after every
month at each location. Thus, a total of six visits were made for the field observations during
the study period. The range of sampling stands included all types of walls (i.e. isolated walls
in courtyards, fortifications, city walls, walls of dilapidated buildings, monuments, etc.).
During the wall surveys, the plants from various types of old walls of residential compounds,
parks, gardens, educational institutions, hospitals, temples, etc. were recorded and collected.
The study was restricted to the wall tops, the wall joints, as well as, the flora and vegetation of
the wall bases. Localities were selected by occasional walking through the area under study.
Wall flora was studied and plants were collected during the study period with critical notes on
habit, zones of vegetation, and seasonal occurrence. The observed plant specimens were
photographed, collected, processed, identified, and preserved as herbarium sheets in the
Department of Botany, Vivekananda College, Kolkata. In the enumeration of taxa, the
Pteridophytic family is arranged after Dixit (1984) and the Angiosperms family according to
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Bentham and Hooker’s natural system of classification. The plant species and Bryophyties
were identified using taxonomic literature (Hooker, 1875-1897 and Duthie, 1903-1922) and
Ray and Bhattacharya (2016), respectively.
3. Observation and Result

Plants Recorded from the study sites during the study period are furnished in tables 2 to 5.

Table 2. Group: Bryophytes

Sl Scientific name Family Habit Seasonal appearance
No. Summer | Monsoon |  Winter
March- July- November-
June October | February
1 Cyathodium Cyathodiaceae | Thallose - + -
cavernarum Kunze -hepatic
ex Lehm.
2 Semibarbula Pottiaceae Moss + + -
orientalis (F.Weber)
Wilk & Margad.

Table 3. Group: Pteridophytes

Sl Scientific name Family Habit Seasonal appearance
No. Summer | Monsoon | Winter
March- | July- November-
June October | February
1 Lygodium sp. Sw. Lygodiaceae Herb - + +
2 Adiantum caudatum Pteridaceae Herb - + +
L.
3 Marsilea Marsileaceae Herb + + -
quadrifoliata L.
4 Pteris vittata L. Pteridaceae Herb + + +
5 Pteris longifolia L. Pteridaceae Herb + + +
6 Christella dentata Thelypteridaceae | Herb
(Forssk.) Brownsey
& Jermy
7 Drynaria Polypodiaceae | Herb + +
quercifolia (L.) J.
Sm.
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Table 4. Group: Angiosperm (Monocots)

Sl. Scientific name Family Habit Seasonal appearance
No. Summer | Monsoon | Winter
March- July- November-
June October | February
1 Eleusine Poaceae Herb + + +
aegyptiaca Desf.
2 Eleusine indica Poaceae Herb + - +
(L.) Gaertn.
3 Commelina Commelinaceae | Creeper - + +
benghalensis L.
4 Kyllinga Cyperaceae Herb + - +
monocephala L.f.
5 Cynodon dactylon Poaceae Herb + + +
(L.) Pers.
6 Chloris barbata Poaceae Herb - + +
Sw.
7 Oplismenus Poaceae Herb - + +
burmanni (Retz.)
P.Beauv.
8 Commelina diffusa | Commelinaceae | Creeper + + _
Burm.f.
9 Eragrostis tenella Poaceae Herb - + +
(L.) P.Beauv.
Table 5. Group: Angiosperm (Dicots)
SI. No. Scientific name Family Habit Seasonal appearance
Summer | Monsoon | Winter
1. |Nicotiana Solanaceae Herb + + _
plumbaginifolia Willd.
2. |Sonchus oleraceus L. Asteraceae Herb + - +
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SI. No. Scientific name Family Habit Seasonal appearance
Summer | Monsoon | Winter

3. |Achyranthes aspera L. | Amaranthaceae | Herb + + +

4. |Ziziphus jujube Mill. Rhamnaceae Tree + + +

5. [Ipomoea nil (L.) Roth | Convolvulaceae | Climber - + +

6. |Kalanchoe delagoensis | Crassulaceae |Succulent + + +
Eckl. & Zeyh. Herb

7. |Asystasia indica Acanthaceae Herb + + -
H.J.Chowdhery &
Av.Bhattacharjee

8. |Mikania micrantha Asteraceae Climber + + +
Kunth

9. |Phyllanthus reticulatus | Euphorbiaceae | Herb + + +
Poir.

10. |Pouzolzia indica (L.) Urticaceae Herb - + +
Wight

11. |Peperomia pellucida Piperaceae Herb + + +
(L.) Kunth

12 |Cassiatora L. Caesalpiniaceae | Herb + + -

13 |Ocimum sanctum L. Lamiaceae Herb + + +

14 |Phyllanthus fraturnus | Euphorbiaceae | Herb + + -
G. L. Webster.

15 |Euphorbia thymifolia | Euphorbiaceae | Herb - + -
L.

16 |Croton bonplandianus | Euphorbiaceae | Herb + + +
Baill.

17 |Allamanda cathartica | Apocynaceae | Climber + + +
L.

18 [Turnera ulmifolia L. Turneraceae Herb - + +

19 |Cassia sophera L. Caesalpiniaceae | Herb + + -

20 |Eclipta alba Hassk. Asteraceae Herb + + +

166 https://www.vckolkata63.org



https://www.vckolkata63.org/

YN
27555
BODHI VOL 5 PP.160-176, 2023 - "En e

SI. No. Scientific name Family Habit Seasonal appearance

Summer | Monsoon | Winter

21 |Coccinia grandis (L.) | Cucurbitaceae |Scandent + + -
Voigt

22 |Momordica charantia | Cucurbitaceae |Scandent + + -
L.

23 |Euphorbia hirta L. Euphorbiaceae | Herb + + -

24 |Mazus sp Lour. Mazaceae Herb + - -

25 |Nasturtium indicum Brassicaceae Herb + - -
DC.

26 |Portulaca oleracea L. | Portulacaceae Herb + + +

27 |Acacia auriculiformis Mimosaceae Tree + + +

A.Cunn. ex Benth

28  |Desmodium triflorum Papilionaceae Herb + + +
(L) DC.

29 |Murraya koenigii (L.) Rutaceae Tree + + +
Spreng.

30 |Psidium guajava L. Myrtaceae Tree + + +

31 |Scoparia dulcis L. Scrophulatfacer | Herb + + -

32 |Bacopa monnieri (L.) |Scrophulariaceae| Herb + + -
Wettst.

33 |Hemigraphis hirta Acanthaceae Herb - + +

(\Vahl.) T.Anderson

34 |Lippia nodiflora (L.) Verbenaceae Herb + + -
Michx.

35 |Alternanthera sessilis | Amaranthaceae | Herb + + +
(L) DC.

36 |Acalypha indica L. Euphorbiaceae | Herb + + +

37 |Amaranthus viridis L. | Amaranthaceae | Herb - + +

38 |Amaranthus spinosus | Amaranthaceae | Herb + + +
L.
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SI. No. Scientific name Family Habit Seasonal appearance

Summer | Monsoon | Winter

39 |Rivina humulis L. Phytolaccaceae | Herb + + -

40 |Ficus religiosa L. Moraceae Tree + + +

41 |Cuscuta reflexa Convolvulaceae | Parasitic + + +
Roxb. climber

42 |Dentella repens (L.) Rubiaceae Herb + + -

J.R.Forst. & G.Forst.

43  |Lindenbergia Orobanchaceae | Herb - + +
urticifolia Lehm.

44  |Ludwigia octovalvis Onagraceae Herb + + -
(Jacg.) P.H.Raven

45 |Pilea microphylla (L.) Urticaceae Herb + + +
Liebm.

46 |Ficus hispida Linn. Moraceae Tree + + +

47 |Blumea lacera Asteraceae Herb + + -
(Burm.f.) DC.

48 |Argemone mexicana L. | Papaveraceae Herb - + +

49 |Colocasia esculenta Araceae Herb - + -
(L.) Schott

50 |Anthocephalus Rubiaceae Tree + + +

cadamba (Roxb.) Migq.

51 |Vandellia crustacea Linderniaceae Herb + + -
(L.) Benth.

52 |Cleome rutidosperma Cleomaceae Herb - + -
DC.

53 |Cleome viscosa L. Cleomaceae Herb - + -

54 |Calotropis gigantia Apocyanaceae | Shrub + + +
(L) W.T. Aiton
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SI. No. Scientific name Family Habit Seasonal appearance
Summer | Monsoon | Winter

55 |Parthenium Asteraceae Herb + + -
hysterophorus L.

56 |Elephantopus scaber Asteraceae Herb - - +
L.

57 |Synedrella nodiflora Asteraceae Herb - + +
(L.) Gaertn.

58 |Evolvulus nummularius| Convolvulaceae | Herb + + +
(L)) L.

59 |Thevetia neriifolia Apocynaceae | Shrub + + +
Juss. ex A. DC.

60 |Oldenlandia paniculata| Rubiaceae Herb - + +
L.

61 |Oldenlandia Rubiaceae Herb - + +
corymbosa L.

62 |Trema orientale (L.) Cannabaceae Tree + + +
Blume

63 |Centella asiatica (L.) Apiaceae Herb - + +
Urb.

64 |Boerhavia diffusa L. Nyctaginaceae | Herb - + -

65 |Alternanthera Amaranthaceae | Herb + + -
philoxeroides (Mart.)
Griseb.

66 |Pyrostegia venusta Ker| Bignoniaceae | Climber + + +
Gawl.

67 |Bauhinia purpurea L. | Caesalpiniaceae | Tree + + +

68 |Euphorbia tirucalli L. | Euphorbiaceae | Shrub + + +

69 |Mirabilis jalapa L. Nyctaginaceae | Herb + + -

70 |Tridax procumbens L. Asteraceae Herb + + +
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SI. No. Scientific name Family Habit Seasonal appearance
Summer | Monsoon | Winter

71 |Catharanthus roseus Apocynaceae Herb + + -
(L.) G.Don

72 |Luffaacutangula (L.) | Cucurbitaceae |Scandent + + -
Roxb.

73 |Punica granatum L. Lythraceae Shrub + + +

74 |Mollugo spergula L. Molluginaceae | Herb + + +

75 |Leucas cephalotes Lamiaceae Herb - - +
(Roth) Spreng.

76 |Vernonia cinerea (L.) Asteraceae Herb + - +
Less.

77 |Azadirachta indica A. Meliaceae Tree + + +
Juss.

78 |Ruellia tuberose L. Acanthaceae Herb + - -

Figure 1. Habitat zones of wall Flora in various habitats. A. Roof and vertical wall of heritage

building; B. Dilapidated vertical wall; C. Horizontal zone on a footpath; D. Dilapidated vertical

and horizontal zone
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Figure 2. Some plants observed in the study sites. A. Pteris vittata, B. Commelina diffusa, C. Argemone

mexicana, D. Lippia nodiflora E. Cleome viscosa, F. Coccinia grandis, G. Mirabilis jalapa, H.
Boerhavia diffusa, I. Lindenbegia urticifolia, J. Calotropis gigantea K. Scoparia dulcis L. Kalanchoe

delagoensis
Table 6. Summary of wall vegetation recorded at Thakurpukur
Taxon Bryophyte Pteridophyte Monocot Dicot Total no.
No. | % No. % No. | % No. | %
Species | 2 445% |4 9.09% | 7 15.90% | 32 70.45% | 44
Table 7. Summary of wall vegetation observed at Joka
Taxon | Bryophyte Pteridophyte Monocot Dicot Total no.
No. | % No. % No. | % No. | %
Species | 1 2.12% |4 8.51% 9 19.14% | 33 | 70.45% | 47
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Table 8. Summary of wall vegetation recorded at 3A bus stand
Taxon | Bryophyte | Pteridophyte Monocot Dicot Total No.

No. | % No. | % No. % No. %

Species | 1 1.92% |7 13.46% | 8 15.38% | 36 69.23% | 52

SPECIES RICHNESS IN 3A BUS SPECIES RICHNESS IN JOKA
STAND

SPECIES RICHNESS IN

THAKURPUKUR

= BRYOPHYTES
= BRYOPHYTES = PTERIDOPHYTES
i = BRYOPHYTES
- ol 2% 14%

= MONOCOT DICOT = PTERIDOPHYTE

), 15% = PTERIDOPHYTE 29% 95 S
5 19% ™ MONOCOTS

= MONOCOTS ‘

= DICOTS
= DICOTS

Figure 3. Comparison of the species richness of wall vegetation at different study sites. A.
Thakurpukur, B. Joka, C. 3A bus stand.

Discussion

The wall plants are the result of spontaneous colonization unassisted by human actions. The
present study revealed that the wall vegetation of the study area was dominated by angiosperm
species followed by Pteridophytes and Bryophytes. During the present investigation 87
Angiosperm plant species, among which 9 monocot and 78 dicot species (Table 4, Table 5.), 7
species of Pteridophytes, and 2 species of Bryophytes (Table 3., Table 2.) were observed
growing on pavements, and bricks inhabiting either the horizontal top and the vertical face or
the basal zone or pavement of the wall. Comparative investigation of the study sites shows that
the 3A bus stand area has maximum species diversity followed by the Joka and Thakurpukur
regions. Furthermore, the basal zone (Pavement) represented the highest variability of plant
species (Fig 4.) both in terms of kind and number. There was a remarkable variation regarding
the seasonal distribution of different floral members as furnished in Table 2, Table 3, Table 4,
and Table 5. The species diversity decreases and the percentage of typical xerophytes rises
from the base to the top of the walls. This is due to the favorable environmental conditions in

the basal zone with more humidity and nutrient-rich substratum.
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Figure 4. Comparison of the distribution of wall flora at different vegetation zones.
A. Thakurpukur, B. Joka, C. 3A bus stand.

Herbaceous plants were the dominant representatives of wall vegetation and our findings are
in line with the observations of Nedelcheva (2011). Totally 87 angiosperm plant species
belonging to 40 families have been recorded on the studied walls; among them, the most
common members were Asteraceae, Amaranthaceae, Euphorbiaceae and Poaceae Table 4
Table 5). The total no of vascular plants growing spontaneously on walls included nine
monocotyledons and seventy-eight dicotyledons species. Monocot diversity is recorded to be
maximum at Joka among the three different areas studied (Table 6, Table 7, and Table 8).

Among monocots Commelina benghalensis, Commelina diffusa, Eragrostis tenella, Cynodon
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dactylon, Eleusine indica were most frequent. Dicotyledons are the most prevalent group. In
dicots Vinca rosea of Apocynaceae, Pouzolgia indica, of Urticaceae, Cleome rutidosperma of
Capparidaceae, Portulaca oleracea of Portulecaceae, Amaranthus viridis and Aspinosus of
Amaranthaceae, Coccinea indica of Cucurbitaceae, Oldenlandia corymbosa and Oldenlandia
paniculata of Rubiaceae, Vernonia cinerea and Eclipta alba of Asteraceae, Euphorbia hirta,
Croton bonplundianum and Phyllanthus fraturnus of Euphorbiaceae, Lindenbergia urticifolia
of Orobanchaceae, Boerhavia diffusa of Nyctaginaceae are the most common in occurrence.
Other prevalent plants are Heliotropium indicum of Boraginaceae, Ficus hispida, F.
bengalensis, F. religiosa of Moraceae and Peperomia pellucida of Piperaceae. The presence
of Mollugo spergula of Aizoaceae, Lippia nodiflora of Verbenaceae, Lindenbergia urticifolia
of Orobanchaceae are mention worthy. The family Asteraceae had high species richness,
demonstrating the remarkable success of this family in terms of dispersal and establishment.
Pteridophytes such as Pteris vitatta, Pteris longifolia of Pteridaceae, Chrystella dentata of
Thelypteridaceae, Microsorium punctatum of Polypodiaceae, Adiantum caudatum
(Adiantaceae) are of common occurrence. Comparative investigation of the study sites shows
that the occurrence of bryophytes as reflected in species richness is highest in Thakurpukur
area followed by 3A bus stand and Joka (Table 6, Table 7, and Table 8). Two species of
Bryophytes recorded on walls are Semibarbula orientalis and Cyathodium sp (Table 2). These
species inhabited both wall tops and vertical surfaces. Mosses generally occurred in well-lit
places, but also in partially shady areas. Regarding moisture and reaction requirements, the
mosses growing on the walls were indicators of dry to mesic sites on substrata with a pH higher
than 5. Nirala and Singh (2019) observed that mostly the Asteraceae members colonize the
walls in the winter season while the Poaceae members colonize the same in the rainy season
(Nirala and Singh, 2019). A similar trend was also noticed in our investigation. The present
study revealed that the wall flora composition was dominated by plant species inhabiting the

natural vegetation of the areas surrounding the study sites.
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Conclusion

In the trophic framework of rural, peri-urban, and urban areas, wall vegetation plays a
significant role in the ecosystem. They represent an interesting group of stress-tolerant species
specifically adapted to thrive on thin nutritionally deficient substratum. Providing shelter to the
plant species that seek refuge in them, the walls of rural and urban localities contribute towards
the conservation of some rare and threatened members of the plant kingdom. However, the
woody plants damaging the walls must be uprooted. This work may serve as a basic source of

data for further ecological and systematic studies on the flora of this region.
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Global analysis of a diffusive predator-prey model

with a competitor for the prey and fear effect
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Abstract

This article analyses a diffusive predator-prey model where the prey population faces a competitor,
furthermore the prey population is affected by fear. The model incorporates inter-specific competition
among the predator. Global asymptotic stability of the positive steady state is shown by forming
a suitable Lypunov function. The system admits of non-constant positive solution when we include
cross diffusion. From the model analysis, we found non-constant positive steady states due to the
presence of cross diffusion. Applying bifurcation result, we obtained non-constant positive solutions
by considering the cross diffusion as a bifurcation parameter.

Keywords: Cross-diffusion; fear factor; global stability; prori estimates; bifurcation

1 Introduction

There is a considerable interest in investigating the dynamic behaviour between predator and their
prey for several years and various aspects on predator-prey models have been noticed (see [1, 2,
3, 4], and the references therein). In the last few years, it is noticed that prey population changes
its behaviour and physiological characteristics due to fear of predator. Furthermore, this fear effect
affects the normal birth rate of the prey and sometimes exceeds the impact of direct predation [5].

This fact motivated some researchers to study the fear effect in predator-prey system [5, 6, 7, 8, 9, 10,
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11,12, 13].

In the paper [6], the author investigated the system below:

dp ™ p
=r —ayp—apq—pr|,

dt 1+ kr

% _ q(re — azp — aznq) (1)
dt

d

d—; =r(—d+ cBp)

where p(t),q(t) and r(t) denote the densities of prey, competitor for prey and predator population
respectively. r and r, represent the intrinsic growth rate of prey and its competitor. a;; and as stand
for intra-species competition rate of prey and its competitor. a2 and as; measure the inter-specific
competition between the prey and its competitor. d denotes the death rate of the predator. 3 stands for
the per capita predator consumption rate. c is the conversion efficiency of the predator. k is the level
of fear.

Under some appropriate restrictions on the model, in [6], the author obtained the conditions on the
existence of equilibria, local and global stability, uniform persistence and Hopf bifurcation.
However, we note that when prey population faces fear, there may be competition among the predator
population due to the scarcity of food [14, 15]. Hence, to account the above factor, we modify system

(1) as follows:

dp ( r . )
=p —anp— aaq — fBr |,

dt 1+ kr

dc

i q(ry — anp — azq) (2)
dt

dr i

o =7 (—d + c¢Bp — hr)

where / represents the intra-specific competition coefficient within the predator populations.

In the real world, species are not always homogeneous in space, so they have a tendency to shift
to areas where population density is low, which will enhance its survivability in future time. This
fact motivated some investigators to study reaction-diffusion in fear mediated predator-prey model.
Wang and Zou [16] investigated a diffusive predator-prey model with fear effect. They developed the
necessary and sufficient conditions of spatial pattern formation depending on the form of functional
responses and concluded that fear factor as well as functional responses have a major impact producing
pattern. Chen et al. [17] analysed fear induced a predator-prey model with diffusion and remarked

that non-constant positive steady state cannot be obtained when conversion rate is high. Liu and Kang
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[18] studied a predator-prey model with fear and diffusion. They derived some results for the nature
of constant steady states. Also, they discussed about the non-constant steady states.
Motivated by the above works, we are interested to examine a fear induced diffusive predator-prey

system when there is a competitor for the prey as follows:

dp r

O—It :(SlAp+p(leyr—(lup—(llg(]‘ﬁT) 06 F,t> 0

dq

ETi 02Aq + q(ry — agip — axng),0 €Tt >0

% = 03A(r + d4pr) +r(=d+cBp—hr),0 € T,t >0 3)
dp 90q Or

o on = on =0, € 0T

p(6,0) = po(8) > 0,¢(8,0) = go(6) > 0,7(6,0) = ro(6) > 0,6 €T

where I is a bounded domain in RY(/N > 1 is an integer), whereas for realistic applications N = 2 or
3 with a smooth boundary OI" and n is the outward unit normal vector. The homogeneous Neumann
boundary conditions indicate that this system is self-contained with zero population flux over the
boundary. The symbols 6;(i = 1,2, 3) represent the self diffusion coefficient, indicates the natural
dispersive force of movement of an individual. The cross-diffusion pressure J, or d39, denotes the
tendency of predators to go away from a big group of preys.

In system (3), r diffuses with flux:
J = =V (031 + d304pr) = —03647Vp — (03 + d304p) V-

We note that the part —d36,47Vp of the flux is directed toward the population p when its density is
decreased which indicates that the prey species gather and form a large group so that the predator
cannot attack the prey population.

The above type of non-linear diffusion was first initiated by Shigesada et al.[19] and after that several
studies are made in different type of prey-predator models [20, 21, 22].

The emergence of stationary patterns in a predator-prey evolved due to the presence of cross-diffusion
is pointed out by Pang and Wang [23]. There is now a considerable interest to examine the impact of
cross-diffusion in reaction-diffusion systems [25, 26]. Here we point out that, no work has been done
with diffusion and cross-diffusion in fear induced prey-predator system when there is a competitor
for the prey.

In this work, we use degree theory to ascertain positive stationary solutions of (3) , which will follow
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from the system below:

51App(1ilk’raupamqﬁr) Hel t>0

—0yAq = Q(TQ — AP — az’gq), el t>0

“4)
—03A(r + dypr) =r(—d+cBp —hr),0 € T,t >0
op 0Oq Or
D _%_ T\ geon
dn  On  On 0,60

To examine the patterns due to cross-diffusion, we are interested to investigate the non-constant

positive solutions of (4). For future usage, we designate
L= (7”1,7"2&11, 12, Gs1, Q9. ¢, 3, d, h, k)

by direct computation, we can get a constant positive steady state of (4) (p*, ¢*, r*) where p* can be
found by solving the following the equation

keB(ayiagh + F2asc — ajpas h)p? + (a11a90h? — arsas h + B2asshe — kajyagehd + kajzhand +
kaqghrycl — 2k 3% agecd)p + ayahrg

+ kBasd® — riaxh® — Bashd — kajshrad = 0

provided that
ar1anh + Paxnc — apaznh > 0, (5)
a12hr2 -+ kﬁa22d2 - ‘,"lCLQQhQ — ﬁagzhd — k‘algh’rzd < 0, (6)
4 oz 7
C,B aoy

The paper is structured in the following manner. Section 2 is dealing with the local and global
stability of the constant positive equilibrium (p*, ¢*,7*). In Section 3, we derive a priori estimate
for positive solutions of (4). We demonstrate whether the positive non-constant solutions exist or not
for system (4). Section 5 establishes that the non-constant positive solutions may exist with the help
of bifurcation analysis.

In the entire article, 0 = vy < v} < o < --- < 1, < --- stands for the eigenvalues of —A in T’
with the homogeneous Neumann boundary condition. m(v;) represents the multiplicity of v; for any

7 =0
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2 Dynamic behaviour of constant positive equilibrium

Now, we first consider system (3) without cross-diffusion and introduce the following system:

% =51Ap+p(1
dq

ot

% = 03Ar +r(—d
dp dq Or
on  dn  On

T1 p
———— —app — appq — pr

+ kr

= 0Aq+ q(ry —agp —axnq),d €'t >0

+cfr—hr),0 el t >0

=0,0 €00

),HeI‘,t>0

(8)

p(Q’O) :pD(Q) > 01(1(970) = QO(H) > OI(Q*O) = ’0(9) >0,0 el

2.1 Local stability

First we state the result on the stability character of the constant positive equilibrium point.

Theorem 1. Suppose that (5-7) holds. If ajya9s > aisas; then Xy is locally asymprotically stable.

Proof. Let X = (p,q,7)", Xy = (p*,

M(X) =

Therefore,

Mx(Xo) =

Linearising (8) at X, we get

where

q",r*) and we denote

P — aup — a12q — Br)
Q(Tz —ap — G22Q)

r(—d + cBp — hr)

* * * 1k
—anp” —awp” —p (g
—agq"  —axng” 0

cpr* 0 —hr*

X, = (DA + My,)X

+ )
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0 0 &

The characteristic polynomial of — ;D + Mx (X)) is given by
oi(z) = 2% + 412 + asx + ag
where
ay = 0y + app* + pids + agq” + pidz + hrt,
ay = (pi0y + a1 p*) (pidy + ageq* + pids + hr*) + (pids + azeq*)(pids + hr*)
—apanpq" + (/31'*}’*((14:;175*)2 + 1),

ag = (pidy + a11p*) (pids + azeq*)(pids + hr*) — aypan p*q*(pids + hr*)

+eBrp* (i + B)(1id2 + azq®).
By the assumption of the theorem, a;, a; and a3 are all positive. Moreover, ajas — ag > 0.

Using Routh-Hurwitz criterion, one can show that for each ¢ > 1, all the three roots x; 1, z; 2 and x; 3

of the characteristic equation ¢;(x) = 0 can have negative real parts. Now we find a ¢ > 0 so that
RE{.’EH }: RC{.’E,‘Q}, RC{I,B} S —O',i 2 1. (9)

Suppose that z = y;77, then we have

bi(x) = 120 + aypin® + agpin + as = 4i(n).

Note that p; — oo as i — oo. We get

lim; o ¢;_(3n) = ° 4 (01 + 82 + 83)n” + (6165 + 6183 + 0203)1 + 610205 £ ()

Using the Routh-Hurwitz criterion again, we can see that all the three roots 7, 1, and 13 of equation

&(n) = 0 have negative real parts. Thus, there exists a positive constant o such that

Re{n:},Re{n:},Re{ns} < —o. (10)

By continuity, we get i, € N such that the three roots ;1, 7;; and 1;3 of ¢;(n) = 0 satisfy

a

Re{nii},Re{miz},Re{niz} < —=.i > iy. (11)

[\N]
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which implies that

Re{zi1},Re{zir}, Re{wis} < o

12)

Suppose that —5 = max{Re{z;; }, Re{x;s},Re{z;3};
then & > 0 and (5) holds for o = min{.5}. Applying Theorem 5.1.1 in [24], we complete the proof.

2.2 Global stability
Now, we will derive condition for global behaviour of the equilibrium point (p*, ¢*, r*) by applying

the method used in [27].

rik aja+as; ajp+az; rike J
Theorem 2. If a;; > sty T Sapak, G > MY and h > s = then all the solutions

converge to (p*, q*,r*).

Proof. Consider the following Lyapunov function

V(t):./r ['/I)*T(;pd +/ A

where \ > 0 will be selected afterwards.

d_V _/ ])_p*@+q_q*@+7._r*@
d  Jr\ p Ot qg Ot r Ot

T T
= -p — a12q — fr — pr* ) do
/1"(p p)<1—+—kf7" ai2q — pr 1+k*+anp + a12q” + Br >

,,,*
/r T dn] do,

T /((1 — ") (ro — anp — azq — 1o + anp” + axng”) do

+)\/ r—r")(—d+ c¢Bp — hw + d — ¢Bp* + hw*)do

2 2 2
/‘ Vol 4o _ 820" /'V"I 0 — Xbsr* /'W s
g

Ilk 12 +(121 £\ 2
2 g - — p*)2d6
[ 2(1 + kr*) 2 ]/F(p p')d

—[Ah — %’Lr] /(r —7*)2d — B(1 — Ac) /(p —p")(r —r*)db

2 2 2
/\Vpi 08 — Gyq" /I q® 1y _ Aot !V7| &b

r2
_[,122_M]/q_q )2df
2 r
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Choose A = 1, then

; rik ays + a .
AV e g 1 012 21 — ")2d0
a = [an (1 + kr) 5 }/I(P P*)
a2+ a . h rik .
—[GQQ—HQZI]/(Q_Q )Qda—[F—M}f(T—T )ng
. ; r

r
2 2 2
Jr P Jr g c Jr T

which implies the desired assertion.

3 A priori estimates

In this part, we now estimate the positive solution of (4). We require two lemmas developed by Lou

and Ni [28] and Lin et al. [29] respectively.

We now state the lemma on maximum principle.
Lemma 1. Assume that € C(I' x R).
(i)Suppose that s € C*HT)NCYT) and fulfills
As(0) + f(0,5(0)) 2 0 in T,

g—i <0 on 9T

If s(by) = maxps(€), then f(6y,s(6y)) > 0.
(ii)Suppose that s € C*(T')NCYT) and ful fills
As(0) + f(6,s(0)) <0 in T,

25 >0 on 0T

If s(6y) = mings(#), then f(6y,s(6)) <0

Our next lemma is known as Harnack inequality.

Lemma 2 . Assume that c € O(T'). Let s € C*(T') N CY(T') and ful fills

As(0) + ¢(0)s(f) =0 in T,

2 =0 on 90 Then we can find a C > 0, which is depended on B where ||c||c <
B so that maxp s(f) < Cmings(6).

Now we state result on upper bound.
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Theorem 3 . Any positive solution X (0) = (p(6), q(8),r(0))T of (4) fulfills

maxfp(é') < I(I: maqu(E)) < K‘z,mﬂ)&fr(e) < K'S (13)
Where K] = aT_111’ KQ — ;;2JK . erl(a11+64?‘1).
aty

Proof. Let §, € I such that p(8;) = max;p(#). Using Lemma 1, one can get
— anp(by) — a12q(6y) — Br(y) = 0 and p(6) = maxgp(d) < 2= £ K. Similarly,

— a1l

T o)
q(#1) = maxpq(f) < 22 = K.

a2

Let Y= 63'w + (5364U’UJ.

Then from (4),
—dr Bpr — hr?
Ay = T+ copr T’ymF
53’)" + 5364 (14)
% =0 on OT

Take 0, € T such that (f) = maxpr(6). Then r(6) < L p(6,) < 201,

— ha1y

337 (02)+0384p(62)r(62) cfr ((111+547'1) A
55 < oz ]\3.

So maxgr(f) < Fmaxpy =

Thus we obtained the bounds mentioned in (13).

Theorem 4. There exist three positive constants C| (relying on - Q) Cy (relying on %, "), and

Cj5 (relying on ¢, 3,11, a11,dq, '), so that any positive solution (p(f?)., q(0),7(0)) of (4) fulfils

maxgp(f) maxgq(6) - maxpr

Ee)) < (. (15)

mingp(0) — " minpg(8) — ° mingr (0
Proof. Tt is easy to observed that p(6) and q(8) satisfy
Ap(0) + %p(ﬂ) —0in T

1

CQ(G)

Aq(0) + 5 q0)=0in T (16)
2
op(6) _ 9q(8)
on  On 0 on 9T
where Cl( ) l+kr —anp — ajnq — fr,ca(0) = ry — azp — azng.
Now [|=5 <H 12D oy < 2.

So by Lemma 1, the left hand side two inequalities of (15) follow.
Define ¢(6) = d37(0) + d30,p(0)r(#). We have
A¢(0) + c3(0)¢(0) =0 in T

9¢(0)
on

(17)
=0 on OT
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where ¢;(0) = %‘
Thus |[c3(0) || o) < ;3;11

Then Lemma 2 produces

maxpd(8) C7, for some positive constant C' (¢, 3, d5, 1, a11) and

ming¢(0)
maxpr(0) maxp¢ maxp(14d4p) + MaxXpp * o
minpr(6) < ming ¢ ming(1+d4p) < 03 mingp < CS Ol - 03‘

Hence the theorem.

We now present result on lower bounds.

Theorem 5. Suppose L, D;,i = 1,2, 3,4 be fixed positive constants. Assume that ryc5 > min{(1 +
kKs)(dai, + c¢B?°Ks + ay hKs, dayy + cBaKs + a1 hKs} where Ky and Ks are defined in (13).
Then there exists a positive constant C' = C(L, Dy, Da, D3, D) such that (81, 62,03) € [D1,00) X
[Dy,00) x [D3,00)] and &, € [0, D], any positive solution (p(8), q(6),r(8)) of (4) satisfies

mingp(6), mingq(#), maxpr(6) > C. (18)

Proof. Suppose that (18) does not hold. Then there exist sequences {dy;, da;, 935, dy; 152, With (dy;, §a;, 03;) €
[Dy,0) x [Dy,00) x [D3,00)] and 6y € [0, Dy] such that the corresponding positive solutions

(pi. gi, i) of (4) satisfy

maxgp; — 0,0r maxpg; — 0, 0r maxgr; — 0 (19)

Using the maximum principle to the first two equations of (4), one obtains p; < - and ¢; < ’—2

— an

Integrating the three equations in (4), we have

r B
fr]Ji (T{I]T? —anp; —ajpg; — ,D’?‘;j) d@ = 0,

/ qi(r2 — anp; — az2q;)dd =0, (20)
r
/1",;(—(1 +cBp; — hr;)dd =0
r

fori = 1,2, .... By applying a result on elliptic equations, we can get a subsequence of {p;, g;, r; }2°,
that are designated by {p;, ¢;, r;}°, and three non-negative functions p, ¢, r € C*(T') so that
(pi,qi,mi) — (p,g,7) in [C*(Q)]* as i — oo.

From (19), one has

p=0, or ¢q=0, or r=0.
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Agaiﬂ, we assume that ((51’1'., 6211", 63:7:, 54,.1') — ((5,] s (572: (5,3, 5,4) S [D]: OO) X [DQ, OC) X [Dg, OO) X

Dy, 00). Let i — oo in (20), we get

r
fp (ﬁ —apnp — apq — 57‘) df = 0,
T %

fq(’rz — agp — axq)dd = 0, (21)
r
/r(d +eBp —hr)dd =0
r

There will be three cases to be examined now.

Case 1 (p = 0). Note that p; — p, as i — oo. Then we have

—d+cBp; —hr; <0 on T, for all i > 1,

which contradict the third equation of (21).

Case 2 (3 = 0,p # 0 on T). By applying Hopf boundary lemma, we get p > 0 on T. So p and ¢
obey the equations below:

™

—51Ap = —app— Br),
18P p(1+k7’ up — fr), @2)
on

Let p(fy) = minyp(¢). By Lemma 1 and (22), we obtain

!
— - — Br(6o) <
T hr(y ~ “nplfo) = Brifo) <0
which implies that
80) > () > ()
P0) 2 )~ T 2 o e, PR

By using the assumption ry¢3 > (1 + kK3)(day, + ¢32Ks + a;hK3) we have
—d + cBp; — hr; > 0 on I', for all i > 1. After integration, the differential equation for r; on I',
reduces to
0= [.r(—d+ ¢Bp; — hr;)dd > 0 for all i > 1 which is not true.
Case 3 (w = 0,u # 0 and v # 0 on ). Again applying the same lemma as in case 2, we get
p>0 and ¢ >0 on L. Then p and ¢ obey the following equations:

—01Ap = p(r1 —anp —apq) in T,

o (23)

B =0 on OI.

187 https://www.vckolkata63.org


https://www.vckolkata63.org/

BODHI VOL 5 PP.177-195, 2023

YN
e
~nd [Badfii

Let p(#;) = mingp(@). Lemma 1 and (23) yield 7y — ay1p(61) — a12q9(6;) <0

which implies that p(6,) > fu(ﬁ — aypq(61) > = (11 — arpK).

By using the assumption cf3r; > day; + cBa2Ks + a;1h K3 we know that

—d+cBp; —hr; >0 on T, for all i > 1. After integration, the differential equation for r; on I"
produces 0 = [.7(—d + ¢fp; — hr;)df > 0 for all i > 1 that is not true.

The proof is completed.

4 Presence of non-constant positive solution

In this paragraph, we shall provide the validity of non-constant positive solution of (4) in case of

cross-diffusion.

Let X = (p,q,7)T, Xo = (p*, q*,7*), ¥(X) = (61p, 62q, 5(r + d4pr))T, then system (4) becomes
P(ﬁ — P — Guaf'— Pr)

—AV(X) = M(X), with M(X) = glrs— nzig—asg)

r(—d + ¢Bp — hr)
Clearly, the solution X of (4) may be positive whenever

F(X)=X - -A){IX)[M(X)+VXTxx(X)VXT]+ X} =0 (24)

Using a result on index of fixed point in [30] and the similar reasoning developed in [23], we realize
that to simplify our calculation regarding index (I — F, X;), we require to find out the sign of N(p),

where N (p) is described by
N(p) = det{ U (Xo) }det{p¥ x (Xo) — Mx(Xo)} (25)

After some calculation, we can show that det{¥'(X)} cannot be negative and
det{pW¥x(Xo) — Mx(Xo)} = Q3(33)p° + Q2(d3)p* + Q1(33)p + Qo(d3) = Q(J3; p)
where

Q3(d3) = 6102(05 + d304p"),

Q2(03) = a11p*6203(1 + 04p*) + 01 {02hr* + agq*d3(1 + d4p*} — 9203047 (B + U—ﬁf—)z)),

Q1(03) = 01a22q*hr* 4 a11p*{02hr* + 224 03(1 4 04p™) } — ar2a01 0" ¢*03(1 + 64p*) — 220304 (B +

I‘lk' )
(+kr)2 /)

Q0(53) = }LP*(]*T*(anlzz - (112(121)-
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Assume that three roots of Q(d3;p) = 0 be py, py and ps respectively with Re(p;) < Re(py) <
Re(p3). Note that Qy > 0 when ay;a00 > ajpas; and Q3 > 0. Hence pypaps3 = —873 < 0. So the
equation QQ(d3;p) = 0 has one real and negative root while the product of the other two roots is
positive.

Consider the following limits:
Qo(d3) __

lims, 00 =5 = 0,
: 0 Sk ¢ S k. k( [ T
lims, 500 %33) = p*q*(1 + dap*)(araz — arpaz) — azndsq™r*(B + (1+éf»)2 =

1111153_}C>C %;55) = (]_ + (54p*)(a11p*52 + (510,22(]*) = (52547'*(‘6 + W 2 bQ,
lims, 00 Q0s) — §,6,(1 + dyp*) 2 bs.

It is easy to see that by > 0.

Note that

limg, o0 %Zp) = b3p® + byp? + bip = p(bsp® + bap + by)

The equation bsp® + byp + by = 0 possesses exactly two positive solutions whenever the following

conditions hold:
by > 0,by < 0,b2 — 4bybs > 0. (26)

For sufficiently large value of d3, we see that p; is real and negative while p, and p; are real and

positive since the product p,ps is positive. Also, we have

lim p; =0,
O3—>OO
—by — 1/by? — 4byb
lim py = —2 2 LU E 0 (27)
d3—00 2bs
. —by + Vby? —4bibs 5
d o= A0

It is possible to find a 65 > 0 whenever d5 > ¢, we have:

—00 < g1 <0< pa < p3;

Q(d3;p) <0 if p € (—00,p1) U (P2, f3)

Q(d3;p) > 0 if p € (p1, p2) U (p3,00).

Since p5 € (pi,pi+1) and pi € (pj, pj+1) for some j > i > 0, we have Q(d3;p;) < 0 when

1+ 1 <k < j+ 1. Thus from previous analysis, we have the following theorem.

Theorem 6. Suppose that 01,02 and 64 are fixed and the assumption of Theorem 4 and (18) be
hold and where py and p} are given in (27). If p3 € (pi, pit1) and p € (pj, pj+1) for some j > i > 1,
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and the sum %/ _, 11 = m(fy,) is odd, then it is possible to find a 65 > 0, so that (4) possesses at least

one non-constant positive solution provided 63 > 03, .

Proof. We show the result by the method of contradiction. Suppose that for specific choice of
83 = 03 > 03, system (4) has no non-constant solutions. Next, we choose 63 = 53 > 03.

Fort € [0, 1], consider

(t; X) = (01p, daq, 31 + toapr)T,

Then (4) becomes

—A¥(t; X)=M(X), 0T

(28)
OX o seor
an

Clearly, for ¢t € [0, 1], there exists exactly one positive solution of system (28) and X is a positive
solution of system (4) whenever if X is a positive solution of system (28) whent = 1. X is a positive
solution of system (28) whenever

F(X) = X — (1 - AU X)[M(X) + VX Uxx(X)VXT] + X} =0.

By a priori estimates, it can be shown that the solutions of system (28) which are positive will remain
in F defined by

E={(p.gr):C<pqr<D}

where

D = max{Ky, K, K3} and F(t; X) # 0on JE. So deg(F(t; X), E, 0) is well defined. Using degree

theory related to homotopy of invariance, one can get

Note that
N(t; p) = det{ W' (t; Xo) pdet{pWx (t; Xo) — Mx(Xo)} (30)

and when ¢ = 0, N(0; p) > 0 by the assumption (26). By means of the result
index(/ — F(t,-), Xo) = (—1)7 where 0 = .51 N(p,)<om(pn). We get

index(I — F(0,-), X¢) = (—1)° = 1. (31)
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As we have already assumed that that system (4) has no non-constant positive solution and Ef,:i (),
is odd, so we get

index(I — F(1,-), Xo) = (=1)Fn=samen) — 1.

Moreover, F/(1;0) = 0 and F'(0; X) = 0 have a unique positive solution X, on F follows from the

assumption. So

deg(F(0,-), E,0) = index(I — F(0,-), Xo) = 1, (32)
deg(F(1,-), FE,0) = index(I — F(1,-), Xy) = —1 (33)

Thus (32)-(33) contradict with (29). Hence the theorem.

5 Bifurcation 5.

In this paragraph, we will address the validity of non-constant positive solutions of system (4) by
applying bifurcation. Keeping the parameters r1, 79, k, a11, @12, as1, ass, 3,

d, h, 6,69, 04 fixed and taking d5 as a bifurcation parameter, we develop the result.

Definition 1. (05, X)) is known as a bifurcation point of system (4) given any 6 € (0, 93), one can find
ads € [05 — 0,05 + 0| so that system (4) possesses a non-constant positive solution. If not, (65, Xo)
becomes a regular point.

Consider P = {p > 0 |h(p) = 0} and S, = {p2, p3, ps, - - - }, Where N(p) is defined by (25). To
highlight the role of 3 on P(p), F(p) and P, we designate these by N (d3; p), F(d3; p) and P(d3; X)
respectively, where F'(X) is defined by (24).

The proof of the result below is similar to a result in [23] and the proof is not given here.

Theorem 7. Suppose that 65 > 0.

(1) If S, U P(63) = ¢, then (05, Xy) is a regular point of system (4).

(2) Suppose S, U P(03) # ¢, and N(03; p) = 0 has only simple positive roots.
If ¥, cp@;)m(p;) is odd, then (53, Xo) is a bifurcation point of system (4).
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6 Discussion

In the present work, we have investigated a predator-prey system with a competitor for the prey and
fear effect. We assume that prey and predators are not spatially homogeneous and to examine the
impact of diffusion, we consider a reaction-diffusion system equipped with homogeneous Neumann
boundary conditions. This means that there is no population flux over the natural surroundings.
Basic results include local as well as global behaviour of the interior steady state and pattern formation
when system allows cross-diffusion.

From Theorem 1, we note that if the intra-specific competition dominates the inter-specific competition
then the constant positive steady state is locally asymptotically stable. This finding shows that, if there
is no cross-diffusion then the diffusion driven instability cannot occur. If the condition of the Theorem
I is reversed, local stability can be achieved under the influence of self-diffusion of the interacting
species. We have further derived the condition for the global stability of the constant positive steady
state by forming an appropriate Lyapunov function. With the help of maximum principle and Harnack
inequality, it is possible to find the priori estimate to the positive solutions which are reflected in
Theorems 3 and 4. We have found certain conditions for which the system induces spatial pattern as
long as system admits cross-diffusion. This fact may be considered as the modified form of Turing

pattern. Lastly, we have identified the parameter d3 to obtain bifurcation of the system.
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