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Abstract

This study makes an assessment of the risk of environmental degradation due to coastal
hazards along Puri coast of the Mahanadi delta across Bay of Bengal, India, using geospatial
technology. It analyses the vulnerability profile of environmental degradation by assessing the
inherent hazards of the coastal zone such as ecosystem disruption, gradual coastal inundation,
intrusion of salt water, coastal flooding, and erosion. The study uses Coastal Hazard Wheel
model which is a multi-hazard assessment and management tool in a changing global climate
using the biogeophysical parameters of the coast such as geomorphological layout, nature of
wave exposure, range of tidal amplitude, coastal vegetation, balance and deficit of coastal
sediments, and presence or absence of storm climate. The model uses multi-date remote
sensing data from the open sources and a GIS framework to assess the problem and fieldwork
for validation of its results. The study has generated data and maps about the degree to which
environmental degradation is inherent to a particular location along the Puri coast. Taking
together the data from the high and very high category, this study has identified that 86% of
the coastline is highly vulnerable to coastal erosion, 72% to coastal flooding, 79% to salt water

intrusion, and 92% moderately vulnerable to ecosystem disruption. But taking together all the
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Abstract

Solid waste management (SWM) is a crucial service governed by urban local bodies (ULB).
Hence, it is essential to identify challenges and opportunities in the SWM procedures and
practices towards improved delivery of services. In this study, analyvtic hierarchy process
(AHP) has been applied in the three sub-divisional towns of the Hooghly district, West Bengal
(India), namely Chandannagar, Hooghly-Chinsurah and Serampore to analyze the existing
SWM scenario. As AHP is a Multi-Criteria Decision Making tool, hence, it has been deployed
by experts to come up with SWM performance index, clearly demonstrating the strengths and
weaknesses of management strategies in selected study sites. This article further advances the
significance of the AHP method by carving out multi-layered realities through the
quantification of qualitative insights across various segments of waste management in the
three towns. While interviews with waste management officials led to the formulation of key
performance indicators and sub-indicators matrix, the obtained normalized weights brought
to the fore the real engagement and actions executed by each of these towns in managing solid
wastes. The application of this innovative AHP method ensured accuracy in the ranking
system across performance of the specified ULBs. This AHP-induced situational analysis of
SWM is not only significant in terms of policy formulation in the ULBs of the Hooghly district

but has potentials to work at scales.
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Abstract

Solid Waste Management (SWM) is a major concern in developing cities. Small cities and
peripheral towns lack adequate hard infrastructural facilities to systematically manage solid
wastes from generation to disposal. It can be argued that through soft intervention measures
such as local community’s awareness, participation, involvement and engagement in tackling
solid wastes, the infrastructural challenges of small towns can be met to a great extent. In this
article, the three sub-divisional towns of the Hooghly District, West Bengal: Hooghly-
Chinsurah, Chandannagar and Serampore, have been selected to assess community perception
and performance in managing solid wastes through Importance—Performance Analysis (IPA).
The Importance and Performance (IP) quantitative scores and the “G”-value (i.e., the gap
between I and P) have been enumerated for different social groups classified across age,
income, education and gender. Furthermore, the concordance levels (CL) have been calculated
by quantifving the ratio between mean performance score (MPS) and mean importance score
(MIS) against each SWM component specifically identified for the study area. Through the
research findings, it can be mentioned that the IPA assessment tool is significant in terms of
designing innovative and low-cost action strategies for municipalities, complementing
(inadequate) hard infrastructures for developing cities. This study finally argues that this
methodology can be applied across scales through which local ULBs can design efficient and

effective SWM mechanisms reliant upon capacitating local communities.
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ARTICLE INFO ABSTRACT
Keywords: Kolkata is one of the cities located in the eastern parts of India and experiences rapid urban
Surface temperature growth. Because of the rapid urbanization, land use and land cover are changing very rapidly in

Heat island

Urbanization

Normalized difference vegetation index and
normalized difference built up area index

which impacts on the local land resources and the surface temperature of Kolkata are much higher
than its surroundings. In this study, an effort has been done to find out how the vegetation cover is
affected by urban growth and how the built up area grew over time. Except this, the attempt has
also been made to scrutinize the trends of surface temperature in Kolkata city. This study was done
between 2005 and 2019. To find out the vegetation cover and built up area of Kolkata city,
Normalized Difference Vegetation Index and Normalized Difference Built up Area Index and
Landsat satellite images between the year 2005 and 2019 have been used. This study reveals that
vegetation area is declining towards the city core areas and percentages of built up areas are
increased towards the urban area. Surface temperature is high in the city core areas which records
41 °C temperature in 2019. This study will throw new light in case of urban heat island studies.

1. Introduction

Urbanization means the process of an area to be urbanized. Urbanization is very rapid in the case of developing countries and it
decreases towards developed countries. In the case of developing countries, metropolitan cities have been playing a vital role in the high
growth rate of urbanization. According to various researchers, urbanization has been categorized as a process of urbanization (He et al.,
2006; Wang et al., 2014; Song et al., 2012; Shahbaz et al., 2014). Many International Organizations like the United Nations, FAO have
been tried to project future populations. According to the report of the United Nations (2019), global population will be increased by 8.5
billion in 2030, 9.7 billion in 2050 and 10.9 billion in 2100. According to the latest report of the United Nations (2018), 55% percentage
of the population will be lived in urban areas which will be 68 percent in 2050. The population of India will be increased by 273 million
between 2019 and 2050 (United Nations, 2019). Urbanization means the expansion of urban area (Seto et al., 2011). Angel et al. (2011)
makes an attempt for the projection of urban area which was 3,00,000 km? in 2000and will be increased into 1,200,000 km? in 2050.
Types of urbanization in the world vary from country to country (Pannell, 2002) and they also cause threat to resources and envi-
ronmental issues among the many countries like China (Fang, 2009). It also leads to the problems of soil erosion, desertification, scarcity
of water resources, etc. (Wang & Fang, 2011). It also threatens to natural and semi natural habitats because of the indirect impacts of
urbanization (Ruppert et al., 2012).

With the rates of urban expansion urban land use and land cover pattern hugely change with the time. The environmental impacts of
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Fig. 1. The study area.

land use change are the results of the urbanization process (Carlson & Traci Arthur, 2000; Xiao et al., 2006). According to the various
researchers, urban area occupies only four per cent of the total land surface but it impacts on the physical environment and social
environment (Tang, 2011, Van Delm & Gulinck, 2011; Su et al., 2014, Lee & Choe, 2011). The urban expansion also causes habitat
destruction, resource destruction, loss of biodiversity and fragmentation of landscape (Sala et al., 2000; Song, 2014; Song & Liu, 2014;
Batisani & Yarnal, 2009; Rebele, 2009; Su et al., 2011; Seto et al., 2012). Extreme impact of urban expansion leads to the scarcity of the
water resources (Guttikunda et al., 2003; Wang et al., 2013) and bad impact on public health (Khoo et al., 2003).

1.1. Urbanization and land use change

The population has been playing a dominant role in the process of urbanization from the beginning of civilization (Seto et al., 2011).
Food, clothing and human employment are the basic requirements of human life. Urban areas are the hub of these things. People of the
surrounding areas want to settle down in urban areas to fulfill their essential requirements. These are the causes of the process of ur-
banization. Tremendous demand for land in urban areas creates a huge problem for the city officials as the supply of the land is limited.
TheLack of open space and overpopulation of cities createsan adverse impact on the environment (Wei, 2015).
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Table 1

Detailed information about satellite images.
Acquisition Date Sensor Spatial Resolution Projection
08-03-2019 OLI-TIRS 30m WGS 84 UTM 45 N
21-01-2010 ™ 30m WGS 84 UTM 45 N
17-11-2005 ™ 30m WGS 84 UTM 45 N
14-11-2000 ™ 30m WGS 84 UTM 45 N

1.2. Increase in land surface temperature

Decrease in vegetation and an increase in the urban area or built up area increases the surface temperature of the area. Temperature
is high in the central areas of the city which gradually decreases towards the peripheral areas. It creates serious causes to the global
biosphere (Turner et al., 1994). It is also responsible for the local climate, habitat destruction and loss of biodiversity (Foly et al., 2005;
Kalnay and Cai, 2003). The magnitude of UHI is particularly enhanced in China, which has experienced a rapid urbanization during the
last three decades (Sun et al., 2016; Zhou et al., 2016).Yao et al. examined the impacts of urbanization on the vegetation coverage of 59
large cities in Africa, and vegetation decreased significantly in 44 of the 59 cities.At present, India and China experience high rates of
urban land expansion in the last 30 years (Bai et al., 2014; Seto et al., 2011).

Land surface temperature can be estimated both in the day time and in night time. According to the Jusuf et al. (2007), surface
temperature is relatively high in the commercial and airport areas than the other areas. Bokaie et al. (2019) opined that there is a
significant relationship between the land surface temperature and land use-land cover change of an area. Van and Bao (2010) also
showed that surface temperature will be high in the industrial and urban areas than the other urban vegetative areas. According to (Oke,
1981, 1982; Nunez & Oke, 1977) geometry of the urban areas also regulate temperature of the surface by absorbing incoming solar
radiation. Chow (2006); Lan and Zhan (2017) opined that building geometry also controlled the temperature of the area i.e. dense
building structure reduce the temperature by shading effect but it increases temperature during the nighttime. Lan and Zhan (2017) also
suggested that high rise buildings may reduce the temperature in day time, but it increases temperature in nighttime.

Recently, Kolkata city has been experienced with rapid destruction of vegetation cover and increase in the built up area within a
shorter period. So, in this study, an effort has been done to investigate the nature of vegetation cover and increase of built up area in
Kolkata. From the field visit, it has also been done that the surface temperature of Kolkata city has been increasing day by day. The
person inhabited in the surroundings of Kolkata enjoys better weather than the people in the city core area. So, in this study, an effort has
been done to measure the land surface temperature of Kolkata. The objective of this study is as follows-

1.3. Objectives

The objective of this study is to investigate the vegetation cover and built up area of Kolkata city between 2005 and 2019. Except this
effort has also been done to find out the surface temperature of Kolkata city between these periods.

2. Study sites

Kolkata is one of the oldest metropolitan cities in India which is located in the eastern part of India over a large alluvial plain. It is
situated over the moribund delta of the Hooghly river. From the topographical sheet or from the geological map of Kolkata it has been
found that the height of Kolkata ranges from 1.5 to 9 m from mean sea level. Kolkata is under the jurisdiction of Kolkata Municipal
Corporation. The total number of wards in Kolkata is 144 which aresubdivided into 16 boroughs. This study has been done after the
addition of 2 g panchayats with KMC. For this study, the area of Kolkata Metropolitan Area has been considered which is delineated by
Kolkata Metropolitan Development Authority or KMDA. Kolkata city recently has experienced a negative growth rate of population
between 2001 and 2011. Six districts partially are under Kolkata those are likely Kolkata, Howrah, North 24 Parganas, Hooghly, South
24 Parganas and Nadia. Among them, only the entire Kolkata district is under KMDA (Fig. 1).

Among the total areas of KMA, Kolkata district covers 10.78 per cent of the total area, whereas Hooghly, Howrah, Nadia, North 24
Parganas and South 24 Parganas district covers 19.13 per cent, 14.67 per cent, 6.90 per cent, 25.63 per cent and 22.89 per cent of the
total area. Among the total population of KMA, Kolkata comprises 28.66 per cent of the total population. Hooghly, Howrah, Nadia,
North 24 Parganas and South 24 Parganas district covers 12.83 per cent, 16.12 per cent, 1.79 per cent, 30.14 per cent, 10.46 per cent of
the total population. According to the latest census, population growth of Kolkata city is quite high which experiences 10.30 percent.
The rate of land use change is very high in Kolkata city and the rate of land use change is relatively high towards the peripheral areas of
the city.

3. Data and methods
3.1. Collection of data (images and information)

This study is based on satellite images. Satellite images have been collected from the United States Global Survey on various dates.
Table 1 shows detailed information about the satellite images used for this study. For the analysis cloud, free images of the same time
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Table 2

Index values for NDVI.
Categories Values
Low —0.51-0.00
Medium 0.01-0.25
High 0.26-0.50
Very High 0.51-0.75

Table 3

Index values for NDBI.
Categories Values
Very Low —0.60--0.30
Low —0.30-0.00
Medium 0.01-0.30
High 0.31-0.60

period have been chosen to minimize the errors. For the analysis, ground verification has been done for some ground truth information.
Some information regarding the growth and development of Kolkata city and its surrounding information has been collected from the
various offices like Kolkata Municipal Corporation, Kolkata Municipal Development Authority etc. This study has been done after the
addition of several rural mouzas with Kolkata Municipal Corporation.

3.2. Image processing

For the analysis, both the remote sensing and GIS techniques have been used. For mapping purposes, various cartographic techniques
have been used. For the mapping purposes, Arc GIS 10.3 and Erdas Imagine 2014 software have been used. To scrutinize the de-
mographic growth and surface temperature prediction, statistical analysis has been done. For the calculation of NDVI and NDBI index,
Erdas Imagine 2014 software has been used. For the mapping of land surface temperature,Arc GIS 10.3 software has been used.

3.3. NDVI index

NDVIIndex (Normalized Difference Vegetation Index) is a graphical indicator of satellite images, mainly used for the remote sensing
measurements especially vegetation mapping. Mainly two bands have been used for the calculation of NDVI Index. Those are Near
Infrared (which vegetation reflects) and Red Band (which vegetation absorbs most). It always ranges from —1 to +1.

NIR — RED

NDVIIndex = —————
NIR + RED

It is mainly used to measure healthy vegetation where a positive value indicates healthy vegetation and vice versa. NDVI can also be
used for farmland mapping (Majumdar, 2019). Table 2 showing index values for NDVI in Kolkata city.

3.4. NDBI index

NDBI Index is another graphical indicator, used for measuring the urban areas specially built up areas or artificial structure areas.
Mainly, two bands are used for the NDBI mapping purposes, those are likely Short wave Infrared and Infrared Band. Like NDVI and other
indices, it also ranges from —1 to +1.

SWIR — NIR

NDVI Index = oo —
VEndex = SWIR + NIR

This index is mainly used for the built up index mapping where a positive value indicates the presence of artificial structure or built
up areas and the lower value indicates the availability of physical features. Table 3 showing values of NDBI index in Kolkata city.

3.5. Land surface temperature

For the analysis, Landsat satellite images (Landsat 5 TM and 8 OLI) of 2005, 2010, 2015 and 2019 have been used (same period). For
the surface temperature analysis at the time of layer stacking thermal bands were stacked. For measuring the LST and Normalized
Difference Built up Area Index (NDBI), various statistics have been used. For the LST mapping, first radiance values have been calculated
using this formula.

LMAXA — LMAXA

CVR1 = (For Landsat 5 TM
(QCALMAX — QCALMIN)* (QCAL — OCALMIN) - " ndsat S T™)
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Fig. 2. Normalized difference vegetation index of Kolkata city.
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Table 4

NDVI values for Kolkata.
Index Values 2005 2010 2015 2019

Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent

Very Low 537 29.17 616 33.46 658 35.74 687 37.32
Low 456 24.77 527 28.63 578 31.40 613 33.30
Medium 103 5.59 69 3.75 54 2.93 49 2.66
High 273 14.83 226 12.28 198 10.76 184 9.99
Very High 472 25.64 403 21.89 353 19.17 308 16.73

Where, CVR1 indicates cell value as radiance, QCAL is the Digital Number, LMIN indicates Spectral radiance scales to QCALMIN, LMAX
indicates Spectral radiance scales to QCALMAX, QCALMIN = the minimum quantized calibrated pixel value of the images and
QCALMAX is the maximum quantized calibrated pixel value of the images. From the radiance value of the temperature of the image of
the Kolkata,the city has been measured.

LA = MLQcal + AL —0i (For Landsat OLI 8)

Where, L\ = TOA spectral radiance (Watts/(m2 x srad x pm)), ML = Band-specific multiplicative rescalingfactor from the metadata
(RADIANCE_MULT BAND x, where x is the band number), AL = Band-specific additive rescaling factor from the metadata (RADI-
ANCE_ADD _BAND x, where x is the band number), QCal = Quantized and calibrated standard product pixel values (DN) and is the
correction for band 10. From the radiance value, LST has been collected applying these statistics (Mallick and Bharath, 2008; Barsi et al.,
2014). LST has been calculated in degree Celsius.

3.6. Mapping techniques and Software's

For the analysis, both the remote sensing and GIS techniques have been used For the mapping purposes, various cartographic
techniques have been used. For the mapping purposes, Arc GIS 10.3 and Erdas Imagine 2014 software have been used. To scrutinize the
demographic growth and surface temperature prediction statistical analysis has been done. For the calculation of NDBI and NDVI
indices, Erdas Imagine 2014 has been used. For the mapping of land surface temperature, Arc GIS 10.3 software has been used. For the
future prediction of the surface temperature, Microsoft Excel 2019 has been used.

4. Results and analysis
4.1. Changes in vegetation and built up area

Among the natural Land Use and Land Cover (LULC), vegetation and water body are the major features in KMA. Among these two
LULC types, vegetation is more dynamic in nature. Vegetation is mainly high in the peripheral areas of the city which gradually de-
creases towards the central part of Kolkata city.

To investigate the nature and patterns of vegetation cover in Kolkata city, NDVI indices have been done (Fig. 2). NDVI indices have
been done over the years 2005, 2010, 2015 and 2019. Table 4 showing NDVI values for Kolkata. Table 4 shows the distribution of
theNDVI index in Kolkata between 2005 and 2019. In 2005, 29.17 percent of the total KMA experiences very low NDVI values and 25.64
percent experiences very high NDVI values. In 2010, because of the destruction of vegetation cover areas of high vegetation cover
completely disappears. Both in the years 2015 and 2019, vegetation cover hugely decreased. In 2019, only 16.73 per cent of the area is
under good vegetation cover and nearly 70 percent of the area experiences low density of vegetation which createsan adverse impact on
vegetation (Fig. 3).

From the NDVI images of Kolkata city of 2005, it has been found that values for NDVI ranges from +0.71 to —0.89. In 2005, the-
amount of vegetation is very low in the Central Business part of the area which isslightly high in the northern parts of KMA i.e. towards
Kalyani city, but it experiences very high in the western parts (rural blocks of Hooghly district) and northern parts (rural blocks of Nadia
district). Percentage of vegetation cover in this area is comparatively higher than the other areas. In 2010, the percentage of vegetation
cover is very less in the CBD areas. These areas are totally vegetation less areas. The percentage of vegetation cover is also slightly high in
the northern and eastern peripheral areas of the city. In 2010, the values of NDVI in Kolkata city ranges from +0.61 to —0.59. In 2015,
values of NDVI in Kolkata city ranges from +0.54 to —0.57. In this time period,the percentage of vegetation cover was also very less in
the CBD areas, Central Kolkata areas and Dharmatala areas. Between this time period, thepercentage of vegetation cover in the northern
parts slightly decreased, but the percentage of vegetation cover was also high in the western parts of KMA. In 2019, the values of
vegetation indices ranges from +0.43 to —0.51. Vegetation cover is very less in the CBD, Central Kolkata area and Esplanade area and it
was high in the western parts of Kolkata. Table 5 showing NDVI values in the different parts of KMA.

Among the cultural features of LULC types, built up area is one of the important features which can be used as a parameter to measure
the pace of the urbanization and the process of urbanization of an area. In this study, NDBI indices have been used to find out the growth
of urban areas or built upareas. For this study, any type of concrete structures, artificial surfaces, buildings, houses have been considered
as a built up area.
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Fig. 3. Normalized difference built up area index of Kolkata city.
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Table 5
NDVI values in KMA.
Index 2005 2010 2015 2019
Val
alues Location Location Location Location
Low CBD areas, South CBD Areas, Central Kolkata area, CBD Areas, Central Kolkata area, CBD Areas, Central Kolkata area,
Kolkata i.e. Garia, South Kolkata i.e. Garia, Dharmatala area, South Kolkata i.e. Dharmatala area, Esplanade adjacent area,
Tollygunge Tollygunge, North Kolkata i.e. Garia, Tollygunge, North Kolkata i.e. South Kolkata i.e. Garia, Tollygunge, North
Hatibagan, Baghbazar Hatibagan, Baghbazar, Eastern Kolkata Kolkata i.e. Hatibagan, Baghbazar, Eastern
Kolkata
Medium Howrah Municipal Howrah Municipal Corporation Howrah Municipal Corporation Area Howrah Municipal Corporation Area and
Corporation Area Area and Western Kolkata and and Western Kolkata and South Kolkata ~ Western Kolkata and South Kolkata, North
South Kolkata Eastern part of Kolkata
High Northern part of Northern part of KMA towards Northern part of KMA towards Kalyani Northern part of KMA towards Kalyani area
KMA towards Kalyani area area and Western parts of KMA i.e. and Western parts of KMA i.e. western bank
Kalyani area western bank of Hooghly river of Hooghly river
Very Rural Blocks of Rural Blocks of Hooghly District Rural Blocks of Hooghly District Rural Blocks of Hooghly District
High  Hooghly Districtand  and Nadia District
Nadia District
Table 6
NDBI values for Kolkata.
Index Values 2005 2010 2015 2019
Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent
Very Low 732 39.76 657 35.69 616 33.46 563 30.58
Low 630 34.22 587 31.88 533 28.95 491 26.67
Medium 156 8.47 199 10.81 235 12.76 267 14.50
High 323 17.54 398 21.62 457 24.82 520 28.25
Table 7
NDBI values in KMA.
Index 2005 2010 2015 2019
Val
alues Location Location Location Location
Very Rural Blocks of Hooghly Rural Blocks of Hooghly District and Rural Blocks of Hooghly Rural Blocks of Hooghly District
Low District and Nadia District Nadia District District
Low Howrah Municipal Howrah Municipal Corporation Area South Eastern part (Sonarpur South Eastern part (Sonarpur area),
Corporation Area and and Western Kolkata and South area) South Kolkata i.e. South Kolkata i.e. Garia, Tollygunge,
Western Kolkata and South Kolkata, North Eastern part of Santoshpur, Garia, Tollygunge North Kolkata i.e. Hatibagan,
Kolkata Kolkata Baghbazar
Medium South Eastern Part of Kolkata ~ South Eastern Part of Kolkata South Eastern and North South Eastern, South western, North
Eastern Part of Kolkata Eastern, Part of Kolkata
High CBD areas, Central Kolkata, CBD Areas, Central Kolkata area, CBD Areas, Central Kolkata CBD Areas, Central Kolkata area,

North Kolkata

North Kolkata

area, Dharmatala area

Dharmatala area, Esplanade adjacent
area

Table 6 shows the values of NDBI in Kolkata from 2005 to 2019. From the NDBI indices, it has been found that the percentage of
urban areas hugely increased between this time period. The percentage of the built up area or urban core area increases from 17.54
percent into 28.25 per cent of the area, where other areas hugely decreased between this time period.

In 2005, the values of the NDBI index ranges from 0.42 to —0.76. The lowest values of the NDBI index can be found in the rural blocks
of Hooghly and Nadia districts as most of the lands in this area are agricultural lands and vegetation areas. So, NDBI value experiences
low in this area. In 2005, NDBI values are high in the CBD areas, Northern Kolkata and Central Kolkata areas. In 2010, NDBI values are
low in the villages of Hooghly and Nadia district and high towards the Kolkata city areas. Values of NDBI in this time period ranges
between +0.48 and —0.61. In 2015, NDBI value slightly increases in the south and south eastern part and north eastern part of Kolkata.
Between this time period, it ranges between +0.53 and —0.52. In 2019, the values of NDBI index ranges between +0.59 and —0.43.
From the overview of the NDBI indices between 2005 and 2019, it has been found that NDBI value increases towards the city area which
gradually decreases towards the peripheral areas like CBD area, Dharmatala area, Rajabazar area, Garia, Santoshpur, Baghbazar etc. The
values of this index is very high throughout the time period (Table 7).

Table 8 and Table 9 showing changes in NDVI and NDBI values of Kolkata city. From the NDVI values of Kolkata from 2005 to 2019 it
has been found that the areas of very low indices have been increased very fast and very high indices decrease very rapidly between
2005 and 2010 which indicates the vegetation cover of Kolkata decreasing very rapidly between this time period. Between 2010 to 2015
and 2015 to 2019, very high indices have been decreasing very faster than the very low indices. This tendency indicates the vegetation
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Table 8
Changes in NDVI values.
Index Values 2005-2010 2010-2015 2015-2019
Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent
Very Low 79 4.29 42 2.28 29 1.58
Low 71 3.86 51 2.77 35 1.90
Medium —34 —1.85 -15 —0.81 -5 —0.27
High —47 —2.55 —28 —1.52 —14 -0.76
Very High —69 -3.75 —-50 —-2.72 —45 —2.44
Table 9
Changes in NDBI values.
Index Values 2005-2010 2010-2015 2015-2019
Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent
Very Low -75 —4.07 —41 —2.23 -53 —2.88
Low —43 —2.34 —54 —2.93 —42 —2.28
Medium 43 2.34 36 1.96 32 1.74
High 75 4.07 59 3.20 63 3.42

cover of Kolkata has been transforming into other land cover types very rapidly which possessesa serious threat to natural ecosystems.
By overviewing the NDBI values of KMA, it has been found that high and very low indices experience very high between 2005 and 2010,
as both experience high percentage of changes between this time period. But after this time period, the areas with high NDBI values
rapidly increased than the other categories. This tendency indicates that the demand for open space or vacant land in Kolkata city has
been increasing very fast which accelerates the growth of built up area.

4.2. Increase in land surface temperature

From the field verification, it has been found that the surface temperature in the core areas of Kolkata city is quite higher than the
other peripheral areas. In this study, Landsat satellite images have been used to scrutinize the land surface temperature of the area.

Fig. 4 shows the surface temperature of Kolkata city between 2005 and 2019. From the surface temperature image of 2005, it has
been found that maximum and minimum temperature during that time period are 26 °C and 14 °C. By analyzing this image, it has been
found that temperature is higher in the city core areas than in the peripheral areas. In 2019, maximum and minimum temperatures
experienceare 41 °C and 23 °C. By analyzing the surface temperature between these four time period, it has been found that the average
temperature of this city has been increased nearly 20 °C and 32 °C between 2005 and 2019. For this reason, Kolkata city has been
suffered from heat island like situation.

Table 10 shows the distribution of surface temperature in Kolkata city between 2005 and 2019. From the temperature distribution in
Kolkata city, it has been found that in 2005, nearly 1780 sq. Km. ofthe area is under the 11 °C and 25 °C which experiences nearly 96 per
cent of the area. Only 3 per cent of the area has been experienced with high surface temperature i.e. 26 0 C and 40 °C. From 2005, the
area of low surface temperature has been decreased very rapidly and high temperature increases very fast which converts Kolkata into
heat island like situation. In 2019, the temperature in the core areas of Kolkata (CBD area, Central Kolkata area etc.) has been reached
into 41 °C which may be causes of concern among the environment researchers and urban planners. Table 11 shows the distribution of
surface temperature in Kolkata city.

Table 12 showing changes in LST values in Kolkata. From the table, it has been found that the area with low temperature has been
decreased and the area between 26 °C and 40 °C has been increasing very rapidly which creates lots of problem to the urban planners
and decision makers.

4.3. The relationship among NDVI, NDBI and LST values

From the overview of the NDVI, NDBI and LST maps, it has been found that Kolkata city high NDVI values are declining very fast and
NDBI values are increasing very fast which accelerates the increase in surface temperature. The highest temperature estimated in
Kolkata city has found that it records 41 °C in 2019. Fig. 5 shows the projection of surface temperature in Kolkata city up to 2030. From
this analysis, it has been found that the temperature of Kolkata city will be increased up to 53 °C in 2030. Because of the high tem-
perature increase in Kolkata city, the inhabitants of Kolkata city will face lots of problems. To solve this problem, policy makers and
decision makers will formulate new policies to minimize the surface temperature of Kolkata city.

5. Discussion

Kolkata is one of the metro cities in the eastern parts of India. Kolkata city has been developingvery fast because of the influx of
refugees from the former East Pakistan and migration from the rural areas because of the employment facilities, good healthcare
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Fig. 4. Land surface temperature of Kolkata city from 2005 to 2019.
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Table 10
Land surface temperature of Kolkata city.
Temperature in Celsius 2005 2010 2015 2019
Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent
11 to 25 1780 96.69 1535 83.38 1384 75.18 1237 67.19
26 to 40 61 3.31 306 16.62 457 24.82 568 30.85
41 to 55 N.A. N.A. N.A. N.A. N.A. N.A. 36 1.96
Table 11
Land surface temperature in KMA.
Temperature in 2005 2010 2015 2019
Celsius X . R .
Location Location Location Location
11 to 25 The whole part Whole part of KMA Whole part of KMA Whole part of KMA
of KMA
26 to 40 CBD areas CBD areas, Central CBD areas, Central Kolkata, CBD areas, Central Kolkata, North Kolkata, South,
Kolkata, North Kolkata North Kolkata, Howrah Kolkata and Howrah
41 to 55 N.A. N.A N.A CBD areas, Central Kolkata, North Kolkata, South,
Kolkata, Eastern Kolkata and Howrah
Table 12
Changes in LST values.
Temperature in Celsius 2005-2010 2010-2015 2015-2019
Area (SQ.KM). Percent Area (SQ.KM). Percent Area (SQ.KM). Percent
11 to 25 —245 -13.31 —151 —8.20 —147 —7.98
26 to 40 245 13.31 151 8.20 111 6.03
41 to 55 N.A. N.A. N.A. N.A. N.A. N.A.
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Fig. 5. Surface temperature prediction of Kolkata city.

facilities etc. Presently, Kolkata city has been growing in a south-easterly and south-westerly direction from the city core area as it has
been found during the analysis of the satellite images (Majumdar, 2019). The demand for the land of Kolkata city is very high in recent
decades. To meet the needs vegetation area has been declining very fast and built up area has been increased a lot which is also the main
reason for increasing land surface temperature (Majumdar, 2019).

From the overview of the analysis, it has been found that the temperature of Kolkata city has been increasing very fast. Temperature
is high in the central city or city core areas. From the field verification, it has been found that most of the agricultural lands, vegetation
areas, water body areas have been converted into the urban area or built up area. The transformation of land i.e. non urban area or semi
urban area to an urban area is high in the peripheral areas than the city areas as the availability of land is very high in those areas. Low
prices of land are also another factor behind the rapid transformation of land in Kolkata city.
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6. Recommendations

The temperature of Kolkata city has been increasing very fast. To minimize these problemsurban planners should formulate policies
for the reduction of temperature. The policy makers should formulate new laws or regulations to stop the illegal or unplanned con-
version of land. Awareness among the people should be increased to combat with this problem. There is no master plan for Kolkata city.
To minimize this problem, new master plan should be developed. Another noticeable fact is that there is no coordination among the
developmental agencies (Like KMDA, KMC, KIT etc.).Coordination among the agencies should be increased to eradicate this problem.

7. Conclusion

Kolkata is one of the cities with 15.89 million people with the coordination of various constituent units like Municipal Corporations,
Municipalities, Census Towns, Outgrowths and Rural areas. The total number of the constituent unitsis 594. From the study, it has been
found that vegetation in Kolkata city has been decreased very fast with the rapid increase in the urban area. NDVI maps show that
vegetation area is high in the peripheral areas than the city areas or urban areas. Encroachments of the urban area over the vegetation
area are high in the outer peripheral areas. On the other hand, NDBI index is higher towards the city areas than the outwards of Kolkata
city. The temperature in the central part is very high than in the other areas. To minimize these problems city authorities should take
immediate measures. This research work will not only help the city authorities but also the decision makers and policy planners for the
construction of new policies. This study which has been done over Kolkata, can be performed in any other cities in India. This study will
throw new light over the urban heat island studies.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

References

Angel, S., Parent, J., Civco, D. L., Blei, A., & Potere, D. (2011). The dimensions of globalurban expansion: Estimates and projections for all countries, 2000-2050.
Progress in Planning, 75, 53-107.

Bai, X., Shi, P., & Liu, Y. (2014). Realizing China's urban dream. Nature, 509, 158-160.

Barsi, A., Schott, J. R., Hook, S. J., Raqueno, N. G., Markham, B. L., & Radocinski, R. G. (2014). Landsat-8 thermal infrared sensor (TIRS) vicarious radiometric
calibration. Remote Sensing, 6(11), 11607-11626.

Batisani, N., & Yarnal, B. (2009). Urban expansion in centre county, Pennsylvania: Spa-tial dynamics and landscape transformations. Applied Geography, 29, 235-249.

Bokaie, M., Shamsipour, A., Khatibi, P., & Hosseini, A. (2019). Seasonal monitoring of urban heat island using multi-temporal Landsat and MODIS images in Tehran.
Int. J. Urban Sci., 23, 269-285.

Carlson, T. N., & Traci Arthur, S. (2000). The impact of land use/land cover changes dueto urbanization on surface microclimate and hydrology: A satellite perspective.
Global and Planetary Change, 25, 49-65.

Chow, W. T. L. (2006). Roth, M. Temporal dynamics of the urban heat island of Singapore. International Journal of Climatology, 26, 2243-2260.

Fang, C. (2009). China's urbanization process and resources environment protection report. Beijing: Science Press.

Guttikunda, S. K., Carmichael, G. R., Calori, G., Eck, C., & Woo, J. H. (2003). The contribution of megacities to regional sulfur pollution in Asia. Atmospheric
Environment, 37, 11-22.

He, C. Y., Okada, N., Zhang, Q. F., Shi, P. J., & Zhang, J. S. (2006). Modeling urban expansion scenarios by coupling cellular automata model and system dynamic model
in Beijing, China. Applied Geography, 26, 323-345.

Jusuf, S. K., Wong, N. H., Hagen, E., Anggoro, R., & Hong, Y. (2007). The influence of land use on the urban heat island in Singapore. Habitat International, 31, 232-242.

Khoo, K. L., Tan, H., Liew, Y. M., Deslypere, J. P., & Janus, E. (2003). Lipids and coronary heart disease in Asia. Atherosclerosis, 169, 1-10.

Lan, Y., & Zhan, Q. (2017). How do urban buildings impact summer air temperature? The effects of building configurations in space and time. Building and Environment,
125, 88-98.

Lee, D., & Choe, H. (2011). Estimating the impacts of urban expansion on landscapeecology: Forestland perspective in the greater seoul metropolitan area. Journal of
Urban Planning and. Devlopment. (ASCE), 137, 425-437.

Majumdar, S. (2019a). Land suitability analysis for peri urban agriculture using multi criteria decision analysis model and crop condition monitoring methods: A case
study of Kolkata metropolitan area. In P. K. Pattnaik, R. Kumar, S. Paul, & S. N. Panda (Eds.), Book IoT and Analytics for agriculture (pp. 165-185). Springer
Publication. No. 978-981-13-9176-7.

Majumdar, S. (2019b). Mapping of urban growth dynamics in Kolkata metropolitan area: A geospatial approach. In Urbanization and regional sustainability in south asia-
socio economic aspects, environmental pressures and policy responses’ eds. Sumana bandyopadhyay, chitta pathak and TomazDentinho (pp. 9-24). Springer Publication.
No. 978-3-030-23795-0.

Mallick, J., Y, K., & Bharath, B. D. (2008). Estimation of land surface temperature over Delhi using landsat-7 ETM+. Journal of Indian Geophysical Union, 12(3),
131-140.

Nunez, M., & Oke, T. R. (1977). The energy balance of an urban canyon. Journal of Applied Meteorology, 16, 11-19.

Oke, T. (1981). Canyon geometry and the urban heat island. Journal of Climatology, 1, 237-254.

Oke, T. (1982). The energetic basis of the urban heat island. Quarterly Journal of the Royal Meteorological Society, 108, 1-24.

Pannell, C. W. (2002). China's continuing urban transition. Environment and Planning, 34, 1571-1589.

Rebele, F. (1994). Urban ecology and special features of urban ecosystems. Global Ecology and Biogeography Letters, 4, 173-187.

Ruppert, V., Ghislain, G., Pascal, P., Claude, N., & Jacques, L. (2012). Detecting threat-ened biodiversity by urbanization at regional and local scales using an urban
sprawl simulation approach: Application on the French Mediterranean region. Landscape and Urban Planning, 104, 343-355.

Sala, O. E., Chapin, F. S., Armesto, J. J., Berlow, E., Bloomfield, J., Dirzo, R., Huber-Sanwald, E., Huenneke, L. F., Jackson, R. B., Kinzig, A., Leemans, R., Lodge, D. M.,
Mooney, H. A., Oesterheld, M., Poff, N. L., Sykes, M. T., Walker, B. H., Walker, M., & Wall, D. H. (2000). Biodiversity global biodiversity scenarios for the year
2100. Science, 287, 1770-1774.

Seto, K. C., Fragkias, M., Guneralp, B., & Reilly, M. K. (2011). A meta-analysis of global urban land expansion. PLoS One, 6, Article e23777.

Seto, K. C., Guneralp, B., & Hutyra, L. R. (2012). Global forecasts of urban expansion to 2030 and direct impacts on biodiversity and carbon pools. Proceedings of
National Academy of Sciences. U. S. A., 109, 16083-16088.

70


http://refhub.elsevier.com/S2226-5856(21)00093-5/sref1
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref1
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref1
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref1
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref2
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref2
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref3
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref3
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref3
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref4
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref4
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref5
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref5
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref5
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref6
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref6
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref6
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref7
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref7
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref8
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref9
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref9
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref9
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref10
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref10
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref10
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref11
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref11
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref12
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref12
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref13
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref13
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref13
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref14
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref14
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref14
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref15
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref15
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref15
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref15
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref16
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref16
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref16
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref16
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref17
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref17
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref17
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref17
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref18
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref18
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref19
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref19
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref20
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref20
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref21
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref21
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref22
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref22
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref23
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref23
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref23
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref24
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref24
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref24
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref24
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref25
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref26
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref26
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref26

U. Chatterjee, S. Majumdar Journal of Urban Management 11 (2022) 59-71

Shahbaz, M., Sbia, R., Hamdi, H., & Ozturk, I. (2014). Economic growth, electricity consumption, urbanization and environmental degradation relationship in United
Arab Emirates. Ecological Indicators, 45, 622-631.

Song, W. (2014). Decoupling cultivated land loss by construction occupation from economic growth in Beijing. Habitat International, 43, 198-205.

Song, W., Chen, B. M., Zhang, Y., & Wu, J. Z. (2012). Establishment of rural housing landstandard in China. Chinese Geographical Science, 22, 483-495.

Song, W., & Liu, M. L. (2014). Assessment of decoupling between rural settlement areaand rural population in China. Land Use Policy, 39, 331-341.

Su, S. L., Ma, X. Y., & Xiao, R. (2014). Agricultural landscape pattern changes in response to urbanization at eco-regional scale. Ecological Indicators, 40, 10-18.

Sun, Y., Zhang, X., Ren, G., Zwiers, F. W., & Hu, T. (2016). Contribution of urbanization to warming in China. Nature Climate Change, 6, 706-709 ([CrossRef]).

Su, Z. M., Zhang, R. Z., & Qiu, J. X. (2011). Decline in the diversity of willow trunk-dwelling weevils (Coleoptera: Curculionoidea) as a result of urban expansion in
Beijing. China Journal of Insect Conservation, 15, 367-377.

Tang, J. M. (2011). Modeling urban landscape dynamics using sub pixel fractions and fuzzy cellular automata. Environment and Planning, 38, 903-920.

Turner, B., Meyer, W. B., & Skole, D. L. (1994). Global land-use/land-cover change: Towards an integrated study. Ambio-Stockholm, 23, 91-95.

United Nations. (2018). World urbanization prospects: The 2018 revision. New York: United Nations.

United Nations. (2019). World population prospects 2019 highlights. New York: United Nations.

Van Delm, A., & Gulinck, H. (2011). Classification and quantification of green in theexpanding urban and semi-urban complex: Application of detailed field data and
IKONOS-imagery. Ecological Indicators, 11, 52-60.

Van, T. T., & Bao, H. D. X. (2010). Study of the impact of urban development on surface temperature using remote sensing in Ho Chi Minh City, Northern Vietnam.
Geographical Research, 48, 86-96.

Wang, J., & Fang, C. (2011). Growth of urban construction land: Progress and prospect. Progress in Geography, 30(11), 1440-1448.

Wang, S. J., Ma, H. T., & Zhao, Y. B. (2014). Exploring the relationship between urbanization and the eco-environment—a case study of Beijing-Tianjin-Hebei region.
Ecological Indicators, 45, 171-183.

Wang, Q. S., Yuan, X. L., Zhang, J., Mu, R. M., Yang, H. C., & Ma, C. Y. (2013). Key evaluation framework for the impacts of urbanization on air environment—a case
study. Ecological Indicators, 24, 266-272.

Wei, Y. D. (2015). Zone fever, project fever: Economic transition, development policy, and urban expansion in China. Geographical Review, 105, 156-177.

Xiao, J., Shen, Y., Ge, J., Ryutaro, T., Tang, C., & Liang, Y. (2006). Evaluating urban expansion and land use change in Shijiazhuang, China, by using GIS and remote
sensing. Landscape and Urban Planning, 75(1-2), 69-80.

Yao, R., Cao, J., Wang, L., Zhang, W., & Wu, X. (2019). Urbanization effects on vegetation cover in major African cities during 2001-2017. International Journal of
Applied Earth Observation and Geoinformation, 75, 44-53 ([Google Scholar] [CrossRef]).

Zhou, D., Zhang, L., Hao, L., Sun, G., Liu, Y., & Zhu, C. (2016). Spatiotemporal trends of urban heat island effect along the urban development intensity gradient in
China. The Science of the Total Environment, 544, 617-626 [CrossRef] [PubMed].

71


http://refhub.elsevier.com/S2226-5856(21)00093-5/sref27
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref27
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref27
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref28
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref28
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref29
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref29
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref30
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref30
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref31
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref31
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref32
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref32
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref33
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref33
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref33
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref34
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref34
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref35
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref35
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref36
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref37
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref38
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref38
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref38
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref39
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref39
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref39
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref40
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref40
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref41
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref41
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref41
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref41
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref42
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref42
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref42
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref42
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref43
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref43
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref44
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref44
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref44
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref44
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref45
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref45
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref45
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref45
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref46
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref46
http://refhub.elsevier.com/S2226-5856(21)00093-5/sref46

@ Springer Link

Home > Arabian Journal of Geosciences » Article

Original Paper | Published: 24 February 2022

Assessment of temperature changes over Iran during the
twenty-first century using CMIP6 models under SSP1-
26, SSP2-4.5, and SSP5-8.5 scenarios

David Francisco Bustos Usta, Maryam Teymouri & Uday Chatterjee

Arabian Journal of Gegsciences 15, Article number: 416 (2022) | Cite this article

385 Accesses | 3 Citations | Metrics

Abstract

A 22-member ensemble from CMIP6 is used to analyze the Iran future climate in terms of
surface air temperature, identifying when anomalies of 1.5 °C, 2.0 °C, and 2.5 °C would be
achieved with respect to the preindustrial period (1861-1900). Validation was conducted
using data from 97 stations of IRIMO around Iran in the 19902014 period, and the following
range metrics were obtained: 1.45-3.49 (MAE), 1.82—3.99 (RMSE), and 16.51-38.04 (MAPE);
however, ACCESS-ESM1.5, ACCESS-CMz2, CESM2-WACCM, BCC-CSM2-MR, FGOALS-g3,
INM-CMs5-0, and CNRM-CM6-1-HR models display the best performance. The global
warming targets (D 5, D9 g, Do 5) are attained by the 2019, 2029, and 2047 under SSP1-2.6
scenario; 2017, 2031, and 2043 under SSP2-4.5 scenario; and 2016, 2028, and 2039 under
SSP5-8.5 scenario; on the other hand, the respectively attained yvears for Iran are 2007, 2019,
and 2030 under SSP1-2.6 scenario; 2007, 2016, and 2028 under SSP2-4.5 scenario; and 2006,
2015, and 2027 under SSP5-8.5 scenario, an evidence of a higher mean increase in surface air
temperature with respect to the global behavior. We identified important aspects regarding
the temperature anomalies in the Iran region: (1) a mean warming of 0.64 °C (SSP1-2.6),

1.47 °C (S8S8P2-4.5), and 0.74 °C (SSP5-8.5) for the 20002024 period with respect to the
preindustrial baseline; (2) a mean warming of 0.82 °C (S8P1-2.6), 2.06 °C (SSP2-4.5), and
0.76 °C (S5P5-8.5) for the 1960—2014 period with respect to the preindustrial period; (3) a
warming trend of 2.88 “Ccy~! for the 1960-2014 period, more than the triple of the trend for
the 1850-2014 period of 0.54°Cey —; and (4) for the 2014—2100 period, it was possible to see
warming trends of 1.34°Ccy 1 (SSP1-2.6), 3.36°Cecy 1 (SSP2-4.5), and 7.46°Cyr—1(SSP5-8.5),
which represent trends above double the trend observed in the 1960-2014 period under the
S5P5-8.5 projection scenario. All of these indicators show an intensification of the warming
over the Iran region with respect to the global trends. From the spatial analysis of surface air
temperature trends over five regions of Iran for the 1850-2014, 1960-2014, 2014—2050, and
2014-2100 periods, it was possible to identify a significant increase in all the trends over Iran

but specially in the central part of the country.
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Abstract

The spatial distribution of landslides is analyzed to understand landslide incidences and
triggering factors along North Sikkim Road Corridor in the parts of Sikkim Himalayas. The
present study area is also highly prone to landslide which mainly oecurred due to heavy
rainfall and earthquake. The present study highlights the spatial distribution of rain-induced
and earthquake triggered landslides based on various preparatory factors. In this study 58
rain-induced landslide locations were identified and assessed the spatial distribution.
Earthquake triggered landslides were assessed based on the interpretation of pre and post
satellite images on 2011 Sikkim earthquake. Therefore, the study attempts to (i) show the
inventory map of rain-induced and earthquake-triggered landslides (ii) evaluate the spatial
distribution pattern of rain-induced and earthquake-triggered landslides basis of their event
controlling parameters (iii) Finally, to show the characteristics of spatial distribution of rain-
induced and earthquake triggered landslides in the study area. Global Positioning System
{(GPS) and Ground Control Points (GCP) were used for verification of rainfall induced
landslide locations and the improvement of the planimetric accuracy of the Landsat 7 ETM+
satellite images from the Google Earth. For the spatial distribution analysis, all raster maps
were prepared using GIS techniques. After that, location wise spatial values were extracted
both rain-induced and earthquake triggered landslides using multi-data extraction technique
in GIS environment. From the present study, it has been observed that the co-seismic
landslides initiating under dry conditions could account for steeper slope angles than the rain-
induced landslides. It has been also observed that rain-induced landslides on southerly slope
facing is maximum, and it decreases with the angle orientation on the northerly slope facing is
relatively low. The study also reveals that rain induced and earthquake triggered landslides
could be found in the sparsely vegetated areas. The present study is a pathway to develop
landslide hazard zonation map, landslide control measures, disaster management, tourism

planning and sustainable development in this area.
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Abstract

This paper makes an assessment of the coastal erosion hazard of the Odisha state with the use
of ‘Coastal Hazard Wheel’ methodology which is a multi-hazard assessment as wellas a
management tool in a changing global climate. This study analyses the coastal environment to
assess the vulnerability profile of coastal erosion by using bio-geophysical parameters such as
geological layout, tidal range, exposure to waves, balance or deficit of sediments,
characteristics of flora and fauna and exposure to storm climate. These are also used in
analysing climate change hazards of the coast which are inherent to an area like saline
flooding, gradual inundation, ecosystem disruption and salt water intrusion. CHW framework
has generated information about the degree to which coastal erosion is inherent in a particular
coastal location along the coast. This application has used remote sensing data from the public
domain and a GIS approach to screen the problem with an appropriate scale as suitable for
regional and national planning purposes with a management perspective because of limited
data availability. The study has generated coastal erosion data and maps for the 480 km of the
coastline dividing the coast in to 14 different morphological segments. Assessment of this
hazard shows that 50 percent of Odisha's coastline is vulnerable to a high or very high
inherent hazard of erosion, 45 percent exhibits a lower level of erosion presence and 5 percent
is moderately vulnerable to erosion. This study has revealed increasing magnitude of coastal
erosion than previous assessments by different researchers which were mostly based on
coastal vulnerability indices. The study also identifies a number of possible erosion hazard
management and mitigation options which can be used depending on their location specific
field data and coastal characteristies. The finding of the study is significant in view of its
contribution towards a first step in understanding coastal erosion at the regional level for their
management. However, input of local data and manmade structures along the coast in the

model would enhance the results for the site-specific mitigation measures.
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Abstract: Compared to other grasses, flowering in bamboo is quite divergent, yet complex with
respect to time to flower, number of individual culms in a population that have been induced at a
time (sporadic vs. gregarious), nature of monocarpy, morphology of inflorescences (solitary spikelet
vs. pseudospikelet), biology of pollen and nature of genetic compatibility. Wide diversity exists
even across species and genotypes. However, due to the rarity of flowering and inaccessibility, few
studies have been done to systematically analyse diverse aspects of the reproductive behaviour of
bamboo. In this study, four recurrently occurring, sporadic flowering populations of Bambusa tulda
have been closely observed over the last seven years. Detailed inflorescence and floral morphology
and development of reproductive organs have been studied. Pollen viability was assessed by staining
and in vitro germination. Self and cross pollination experiments were performed in a plantation site
to assess the genetic nature of pollen-pistil interaction. The study identifies interesting reproductive
features, that are not common in other grasses. A few important observations include the early
appearance of a solitary spikelet vs. late appearance of a pseudospikelet in the flowering cycle,
low rate of pollen germination, protandry, self-incompatibility and higher rate of seed setting by
the pseudospikelet as compared to the solitary spikelet. The findings will not only be useful to
understand the reproductive behaviour of this non-woody timber plant, but will also be useful for
forest management and sustainable use of bamboo bioresources.

Keywords: bamboo; sporadic flowering; protandry; pollen germination; cross pollination; self
incompatibility; seed setting

1. Introduction

Bamboos belong to the monocotyledonous plant family Poaceae and subfamily Bam-
busoideae. They are globally distributed from 51° North to 47° South except in the polar
regions [1]. There are ~125 genera and 1670 species of bamboos identified so far [1,2].
Herbaceous bamboos are found in Brazil, Mexico, Paraguay and West Indies; paleotropical
woody bamboos are distributed in Africa, India, Japan, Madagascar, Oceania, South China
and Sri Lanka; neotropical woody bamboos are found in Argentina, Chile, Southern Mexico
and West Indies; whereas north temperate woody bamboos are observed in Africa, India,
Madagascar and Sri Lanka [2]. With respect to species diversity, Asia is at the top, followed
by South America and Africa [3]. Among Asian countries, China contains ~6.01 million
hectares of bamboo vegetation [4], followed by India having with ~160,037 sq km (India
State of Forest Report 2019, https:/ /fsi.nic.in/forest-report-2019?pglD=forest-report-2019
accessed between the period of October 2017 to February 2018). Worldwide ethnic popula-
tions are heavily dependent on bamboo bioresources, due to their various uses, such as
food and beverage, fodder, medicine, fishing gear, handicrafts and artefacts [5-8].
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The flowering behaviour of bamboo is distinctive. Four diverse flowering types have
been identified in bamboos. They are (i) sporadic, (ii) massively synchronised (gregarious),
(iii) sporadic followed by massively synchronised, and (iv) partial [9,10]. The sporadic
flowering events occur in few culms of a population and have been observed in Bambusa
bambos [11], Bambusa pallida [12], B. tulda [13], Dendrocalamus asper [14], and Dendrocalamus
longispathus [15]. In contrast, gregarious flowering happens in a synchronised manner
in almost every culm growing over a large geographical area and had been observed in
many species, such as Bambusa nutans [16], B. tulda [12,17-22], Dendrocalamus racemosa [22],
Melocanna baccifera [21], Thamnocalamus spathiflorus [23] and Thamnocalamus aristatus [24].
Quite often, sporadic events may be followed by mass flowering in subsequent years
and are defined as sporadic-massively synchronised flowering. It has been observed in B.
tulda [23], Chusquea culeou, Chusquea montana, M. baccifera, Phyllostachys heteroclada, Phyl-
lostachys reticulata and Sasa cernua [10]. Partial flowering events take place in small, discrete
populations, and it is neither extended like gregarious, nor restricted like the sporadic type
concerning the number of culms flowered. It had been observed in Pleioblastus simonii [10].
The flowering time varies between 1-120 years across different species [10]. Another com-
plexity of bamboo flowering is related to the nature of monocarpy, which differs between
sporadic and gregarious flowering types. Mass death of the entire population takes place
in cases of gregarious flowering, which is not common for sporadic and partial flowering.

Studies of bamboo flowering have traditionally been focused on ecological as-
pects [2,25-27], which have recently moved towards molecular and genetic aspects [28-31].
In contrast, very few studies have focused on understanding the reproductive behaviour
and specialities of bamboo [32-35]. More studies need to be conducted to understand the
reproductive diversity adopted by different bamboo species. In this study, B. tulda was
selected for many reasons, such as their enormous economic importance, wide distribution,
occurrence of diverse flowering types and woody habitats. Four recurrent and sporadically
flowering populations of B. tulda were observed for seven years to analyse diverse aspects
of reproductive development, such as types of inflorescences observed in a flowering
cycle, development of reproductive organs, rate of pollen germination, nature of genetic
compatibility and amount of seed set.

2. Results
2.1. Observations on Recurrent, Sporadic Flowering Cycle of B. tulda for Seven Years

The number of flowering clumps (=genet) varied from 1-4 among four studied popu-
lations (Table 1; Figure 1). Similarly, the number of flowering culms (=ramet) also varied
among the clumps. For instance, 1-8 out of 33-59 culms flowered sporadically for four
consecutive years in the case of SHYM?. Whereas, it was 2-8 out of 24—41 culms in SHYM16,
1-17 out of 43-93 culms in BNDL23 and 6-11 out of 29-84 culms in the case of BNDL24
(Table 1).

All these populations were closely observed for seven years to study the flowering
cycle. During the initiation of the flowering cycle in spring (February to March, Light 11 h:
Dark 13 h), solitary spikelets started emerging in only a few culms of each population
(Figure 2). However, by summer, i.e., from April to May (Light 13 h: Dark 11 h), the number
of solitary spikelets increased and pseudospikelets started emerging. The maximum
number of pseudospikelets emerged from the nodes of flowering branches during July
(Figure 2). Subsequently, from August, both solitary and pseudospikelets decreased in
numbers and withered by October (Figure 2). Flowering was always followed by the
death of the flowered branches, but the flowering culm remained alive until 2-3 recurrent
flowering cycles and subsequently underwent senescence.

However, rhizomes of the flowering clump remained active and young culms sprouted
from the rhizomes. These sprouted culms attained maximum height before winter (Figure 2).
New leaves, as well as branches emerged from old culms from August to October.
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Table 1. Comparison between numbers of flowering vs. non-flowering clump and culm observed for
seven years in four populations of B. tulda studied. Absence of flowering was indicated by (-).

. Durati
Population o flll:rl?):‘?er;_ Clump and Culm Year Year Year Year Year Year Year
Number ing P 1 2 3 4 5 6 7

Number of
flowering clumps

Total culm number
in a flowering 42 45 59 33 - - -

SHYM7  2013-16 clump

Number of
flowering culms

Number of
withered culms

Number of
flowering clumps

Total culm number

in a flowering 38 41 40 24 - - -
SHYM16 2016-19 clump
Number of 8 5 5 _ B ~

flowering culms

Number of
withered culms

Number of
flowering clumps

Total culm number
in a flowering 77 93 86 87 79 55 43

BNDL23  2013-19 clump

Number of
flowering culms

Number of
withered culms

Number of
flowering clumps

Total culm number

in a flowering 31 33 71 29 84 - -
BNDL24 2017-to clump
date
Number of

flowering culms

Number of
withered culms

2.2. Macro- and Micro-Morphology of Solitary Spikelet and Pseudospikelet

Solitary spikelets were observed either on top of the young growing branches or tillers
arising from the rhizome of the flowering culm (Figure 3A-D). It was initially bright green
in colour and became pale, straw-coloured on withering, 4.5-9.3 cm long, 0.5-1 cm wide.
Each solitary spikelet was subtended by a flag leaf, which was smaller in size than other
vegetative leaves (Figure 3A,C). They usually developed in a basipetal manner. Mature
inflorescences were observed at the top, whereas young ones were located at the base and
remained covered by the leaf sheath. The SEM analysis of inflorescence bud revealed a
single apical inflorescence meristem (IM, Figure 3D). In contrast, pseudospikelets grew in
clusters on the nodes of flowering branches and were devoid of flag leaves (Figure 3E-H).
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They were 4.3-9.5 cm in diameter and comprised of ~3-34 spikelet units. Here, each
inflorescence unit develops on an axis (rachis), which may bear secondary axes (rachilla;
Figure 3G). Rachilla bears several bracts. The basal bracts subtended multiple inflores-
cence buds, while the bracts in the upper region of the rachilla subtended single spikelet
units (Figure 3G). The SEM analysis of inflorescence bud revealed multiple inflorescence
meristems arranged in a capitate manner (Figure 3H).
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Figure 1. Gregarious and sporadic flowering incidents of B. tulda previously reported from different
regions of India and the study sites used in these analyses. Data sources for Map: Esri, Maxer,
GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN and the GIS user
Community. Blue bubbles represent gregarious flowering, and green bubbles represents sporadic
flowering events (Troup, 1921; Perry, 1931; Mohan Ram and Gopal, 1981; Rawat, 1987; Gupta, 1987;
Naithani, 1993; Bhattacharya et al., 2006; Sarma et al., 2010; Naithani et al., 2013). Those with a
flowering cycle that continued until June, 2021, have been marked with asterisks. Flowering year
marked in red font identified in this study.
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Figure 2. Induction of sporadic flowering and seasonal effect on emergence of solitary spikelet and pseudospikelet in
B. tulda. Abbreviations used: SB—Senesced flowering branch, SL—Solitary spikelets, PSL—Pseudospikelets, NL—New leaf,
DFC—Dead flowering culm.

Both solitary spikelets and pseudospikelets were composed of indistinguishable
spikelet units, which were subtended by 17-50 mm long, distichous, shining, chaffy bracts.
The lower most 2—4 florets were reduced to empty glumes, whereas 4-18 fertile florets were
located on the top (Figure 4A).

2.3. Morphology of Florets and Micro Morphology of Floral Bracts

In a spikelet unit, florets matured in an acropetal manner. Florets were bisexual,
15-19 mm long and 4.5-7 mm broad at the base (Figure 4A-H). Lemmas were broadly
acuminate, mucronate, concave, glabrous, many nerved, bright green, 14.5-21.5 mm long
and 4.5-6.5 mm broad (Figure 4B). They were overlapping with paleas. Paleas were
membranous, penicillate, 2-keeled, 5-7 nerved, 9-14 mm long, 3-5 mm broad at the base
and ciliated at the top (Figure 4C). Lodicules were three in numbers, 1.5-2.5 mm long and
fleshy. It was they were pale green, waxy, cuneate, oblong, hyaline at the base and whitish
fimbriate at the apex (Figure 4D).
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Figure 3. Morphological observation and Scanning electron microscopy (SEM) of the inflorescence of B. tulda. (A) Solitary
spikelet from the lateral branch. (B) Organisation of a solitary spikelet. (C) Solitary spikelet from a rhizome as a tiller. (D)
SEM images of spikelet with single inflorescence meristem. (E) Pseudospikelet. (F) Pseudospikelet in a capitate form. (G)
Rachis (RCS) and rachilla (RCL) of pseudospikelet. (H) SEM images of pseudospikelet with multiple inflorescence meristem.

Abbreviations used: FL—Flag leaf, IM—Inflorescence meristem.

Since palea and lemma contain many species diagnostic characters, SEM analyses
were performed. The abaxial surface of paleas contained dumbbell-shaped silica cells
(SC, Figure 4I) and long cells (LC) with dense prickles in between (Figure 4]). In the
middle part of the palea, prickles were higher in number than were SC. On the contrary,
SC were dominant in margins (Figure 4K). However, the abaxial surface of the lemma
was comparatively smoother. LC were observed, and prickles were lower in abundance
(Figure 4K). Both lemma and palea contained trichome-like macro hairs on the margin
(Figure 4L). Also, stomatal guard cells were observed in both lemma and palea.

Mature florets of B. tulda contained six stamens. Anthers were basifixed, purple or
yellow at maturity (Figure 4E). Each anther had two lobes, and the tip of the anther lobes
were emarginated (Figure 4E). At the apical part of an anther, a pore-like linear dehiscence
suture was observed (Figure 4F). Anther filaments were thread-like and attained 10-17 mm
length during anthesis. The ovary was pear-shaped, 2-2.6 mm long; style 2-3 mm long,
hairy. Stigma was trifid, 2-3 mm long, having whitish stigmatic papillae (Figure 4G, H).

Studies on developing florets (F1-F9) within a spikelet revealed different rates of
developmental progression between androecium and gynoecium (Figure 5A-H). Initially,
androecium and gynoecium primordia grew simultaneously in the most immature floret
(F1, Figure 5B). Subsequently, differentiation of androecium primordia was initiated in
the floret F2 (Figure 5C), while the gynoecium differentiation started in the F3 (Figure 5D).
Eventually, the mature anthers protruded ~3 h earlier than gynoecium (F6, Figure 5G).
In contrast, gynoecium attained maturity after completion of anthesis and subsequent
senescence of anthers (F9, Figure 5H).
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5 mm

Figure 4. Morphological observation of different floral parts of B. tulda and Scanning electron microscope (SEM) images
of the abaxial epidermis of palea and lemma; (A) Single floret with six basifixed anthers. (B) Dorsal view of a lemma. (C)
Dorsal view of a palea. (D) Lodicule. (E) Anther showing two lobes. (F) Apical suture of the anther. (G) Gynoecium with
trifid stigma. (H) Longitudinal section of ovary. (I) Presence of prickles (P) and silica cells (SC). (J) Presence of macro hair
(MH) and long cells (LC; magnified view inset). (K) Presence of SC and LC, (LC; magnified view inset). (L) Presence of
macro hairs (MH). Abbreviations used: F—Floret, G—Glume, AL—Anther lobes, AS—Apical suture, DL—Dehiscence line,
OV—Ovary, O—Ovule, MH—Macro hair, LC—Long cells, SC—Silica cells, P—Prickles.

2.4. Morphology, Cytology and Germination of Pollen Grains

Microscopic observations revealed that pollen grains were globose, mono-ulcerate and
their diameter ranged from 22.37-43.2 um (Figure 6A). SEM analyses revealed that pollen
grains were monoporate, with a distinct annulus and granular exine with regulated ridges
(Figure 6A). Cytological studies revealed that the dividing microspores exhibited various
meiotic stages that included metaphase I, late anaphase I, late telophase I, metaphase
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II, anaphase II and late telophase II (Figure S1). In many instances, microspores having
multiple nuclei were observed. However, no meiotic abnormalities were recorded. To
assess the viability of pollen grains, a 2,3,5 triphenyl tetrazolium chloride (TTC) assay
was performed. Viable pollen grains appeared red, whereas non-viable ones remained
unstained (Figure 6B). Among 2460 pollen grains obtained from B. tulda, 602 were viable,
and the rate of viability varied from 23.94 £ 4.28% to 25.35 &+ 1.87%. This finding was
further supported by an in vitro pollen germination assay, although the absolute values
were lower in in vitro germination than the TTC assay (Figure 6C-D). This could be due to
a higher false positivity rate for the TTC assay. The maximum percentage (14.29 & 0.8%)
of pollen germination was observed in Brewbaker and Kwack’s medium supplemented
with 15% sucrose [Table S1]. Among 396 pollen grains, 57 germinated and the germination
percentage varied from 13.48 + 4.05% to 15.16 £ 5.49% across B. tulda populations.

5 mm

Figure 5. Developmental progression of androecium and gynoecium in florets of B. tulda. Floret numbers are marked

from apex to base in order of maturity (F1—youngest, F7—oldest floret). (A) Arrangement of florets in a spikelet. (B-E)

Developmental stages of androecium and gynoecium primordia. (F) Unopened flower with matured anthers and immature

gynoecium. (G) Open floret with matured anthers and immature stigma. (H) Floret with anther filaments and developed

stigma. Abbreviations used: AP—Androecium primordia, GP—Gynoecium primordia, A—Androecium, G—Gynoecium,
MA—Mature anther, AF—Anther filament, S—Stigma.

2.5. Self-Incompatibility in B. tulda

To understand the nature of genetic interaction between pollen and pistil, the pollen-
pistil interaction was studied in vivo in two geographically distant (BNDL 23, BNDL 24;
~340 m) populations of B. tulda (Figure 7A—C). The florets started opening at 6:00 a.m.,
and the maximum number of open florets were observed at 10:00 a.m. AM (Figure 7B).
The florets remained open for at least 4 h after anthesis, and the frequency of open florets
gradually declined. The rate of pollen germination was almost equal among the four
different times investigated. Maximum pollen germination was observed within 2 h post-
pollination. Therefore, 10:00 a.m. was selected as the optimum time to perform the self vs.
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cross pollination experiments. Pollinated stigmas were stained, and attached pollen grains
obtained blue colour, whereas the germinated pollen tubes were hyaline (Figure 7D-G).
In the case of self pollination, the number of pollen grains germinated was 62 out of 834;
whereas, it was 300 out of 802 for cross pollination. Therefore, the percentage of pollen
germination was significantly higher (p < 0.000) in the case of cross pollination (32.9-41.3%)
than self pollination (4.2-8.6%; Figure 7F).

<« PT

50 pm

|HTTC staining
60 + [ In vitro pollen germination

Pollen viability (%)
~
<

30 4

20 ~

O o
SHYM7 SHYM16 BNDIL.23
D B. tulda populations————

Figure 6. Studies on pollen morphology and viability. (A) SEM image of a monoporate pollen having granular exine.
(B) Pollen grains stained using 2,3,5 triphenyl tetrazolium chloride (TTC) and (C) Germinated pollen grain. (D) Bargraph of
the pollen viability based on TTC staining (black bar) and germination assay (grey bar). Pearson’s chi-squared test revealed
that the differences in proportion were statistically not significant across B. tulda populations for both TTC and germination
assay. Abbreviations used: AN—Annulus, NP—Non-viable pollen, VP—Viable pollen, PT—Pollen tube.

2.6. Higher Rate of Seed Setting in Pseudospikelet Compared to Solitary Spikelet Inflorescences

To understand the importance of two different types of inflorescences and their impact
on overall seed setting, the total number seeds of obtained from solitary spikelets and
pseudospikelets were counted and compared (Figure 8A-C). To avoid any confounding
effect, due to the different number of spikelet units present in solitary vs. pseudospikelets
on the number of total seeds observed, single spikelet units having 7-9 florets were selected
from each inflorescence type. The percentage of seed settings in pseudospikelet was
significantly higher at p < 0.050 (17.3-25.7%) than solitary spikelets (3.2-9.6%; Figure 8D).
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Figure 7. Experimental design and microscopic observation to study in vivo pollen-pistil interaction
in B. tulda. (A) Time course experiment was conducted to identify the optimum time point for
pollination. (B) Line graph demonstrating the optimum time point for opening of the B. tulda flower.
(C) Schematic representation of the experimental set up. (D) Magnified view of stained stigma after
self pollination. Pollen tubes are marked by an arrow. (E) Magnified view of stained stigma after
cross pollination. Pollen tubes are marked by an arrow. (F) Histogram demonstrating the relative
abundance of self vs. crossed pollination in two populations of B. tulda. Two-sample approximate z-
test was performed to test statistical significance at p < 0.000. While performing the test of significance,
data for cross pollination obtained from BNDL23 and BNDL24 were pooled and compared to the
pooled data obtained for self pollination. (G) Scanning electron microscopic (SEM) image of stigma

after cross pollination. Abbreviations used: h—Hour, 5S—Stigma, PT—Pollen tube, P—Pollen.
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Figure 8. Studies on the rate of seed setting between solitary spikelets and pseudospikelets. (A) Soli-
tary spikelet inflorescence with single seed-bearing floret. (B) Pseudospikelet inflorescence with
multiple seed-bearing florets. Seeds are marked by an arrow. (C) Newly emerged young seedling.
(D) Histogram demonstrating differential seed set observed between solitary spikelets vs. pseu-
dospikelets. Two-sample two-sided t-test was performed to test statistical significance at p < 0.050.
While performing the test of significance, data for pseudospikelets obtained from the three popula-
tions were pooled and compared to the pooled data obtained for solitary spikelets.

3. Discussion
3.1. Flowering Time, Cycle and Inflorescence Types: Why So Much Diversity?

In B. tulda three kinds of flowering cycles, such as (i) gregarious (massively synchro-
nised), (ii) sporadic, and (iii) sporadic-massively synchronised, had been observed [9,10].
This indicates that even within one species, wide diversity exists with respect to flowering
time, which may be regulated by genotype, as well as environment [10,36]. Gregarious
flowering generally extends over a large area, while sporadic remain restricted in a few
culms. Sporadic events may or may not be followed by mass flowering. When a sporadic
cycle is converted into gregarious in subsequent years, it is referred to as sporadic-massively
synchronised. This study identified seven sporadic flowering incidents of B. tulda over
the last seven years (Table 1 and Table 52). In addition, noticeable differences were also
observed with respect to the rate of seed setting and senescence patterns between spo-
radic and mass flowering [33,37,38]. In mass flowering, the rate of seed production is
usually higher, and flowering culms wither after each cycle, which was not the case for
sporadic flowering. Since the ecological impact of gregarious flowering is huge, studies
have been conducted, and many hypotheses put forward, such as habitat modification,
seed predator and resource allocation [26,39]. In contrast, much less attention has been
paid to sporadic flowering, and it has mostly been considered an early indicator of future
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large scale flowering [40]. Our study indicates that sporadic flowering is more frequent
in smaller, fragmented populations, and may not necessarily be followed by synchronous
flowering.

Apart from the diverse extent of synchrony in flowering time, B. fulda also demonstrates
diversity in inflorescence morphology and appearance in sporadic flowering (Figure 2). In
this study, two types of inflorescences, referred to as solitary spikelet and pseudospikelet,
have been identified in B. tulda (Figure 3A-H). Although such types of inflorescences were
also reported from Guadua inermis, Phyllostachys aurea, Dendrocalamus menghanensis [41-43],
no studies have aimed to understand their relative abundance in a flowering cycle, par-
ticularly with reference to seasonal changes. This study identified that solitary spikelets
were more abundant during the early stages of the flowering cycle (March-May) in B. tulda,
whereas pseudospikelets were more abundant in the later stage (May—July; Figure 2). The
differential rate of inflorescence abundance might have occurred, due to the following
reasons- firstly, solitary spikelets developed from the apical meristem of a flowering branch,
and after their senescence, pseudospikelets emerged in clusters from axillary meristems
(Figure 3D,H). Secondly, during the late stage of flowering, the culm initiated to shed off
vegetative leaves and mobilised stored photosynthate towards reproductive growth.

3.2. Fragmented Flowering Population, Low Pollen Viability and Dispersal Lead to Reduced Seed
Setting

The rate of pollen viability was apparently low in B. tulda, as evidenced by TTC and
the in vitro pollen germination assay. These are effective, yet sensitive methods, which
can be affected by many factors, such as temperature, humidity, time of pollen collection,
maturity of the florets and composition of assay medium [44-47]. Although sufficient
precautions were undertaken to employ optimum conditions during pollen collection and
assay, there could have been issues like time to transport them to the laboratory and small
populations frequently subjected to anthropogenic impact, which might also have affected
overall pollen quality. Nevertheless, in Bambusa vulgaris, pollen germination was only
4.5%, which was linked to chromosomal abnormalities [48]. However, in B. tulda no such
chromosomal aberrations were observed (Figure S1). In contrast, a very high rate of pollen
viability (85%) was observed in M. baccifera [48]. Other than viability, successful dispersal
of pollen from the anther is also required for efficient dispersal. Also, population size
and physical distance between populations are other important factors that determine
mating success [35]. All the three populations used in this study were small, consisting
of approximately 10-50 clumps and each clump comprising of 7-52 culms. Moreover,
anthers of B. tulda display narrow apical suture, causing limited liberation of pollen grains
(Figure 4F). The optimum mating distance was ~0-50 m for Dendrocalamus membranaceus
and 0-1500 m for Dendrocalamus sinicus [35]. It has been observed that the optimum distance
for horizontal dispersal of pollen was ~55 m, and maximum dispersion could be up to
~370 m in maise [49]. The relatively long spatial separation between flowering populations
of B. tulda (BNDL23, BNDL24; ~340 m) might have resulted in a lower abundance of pollen
grains required for successful cross pollination (Figure 7C).

Other factors, such as the activity and abundance of pollinators, also influence the
pollination process [33]. In D. membranaceus and D. sinicus, mating success was not only
dependent on clump density, but also on pollinator abundance [33,37,50]. In this study;,
few insect visitors were observed, suggesting wind pollination as the primary mode of
pollen dispersal in B. tulda. This is in accordance with previous observations made in
Arundinaria gigantea, Ochlandra travancorica, Phyllostachys pubescens, D. membranaceus,
D. sinicus and Dendrocalamus strictus [33,51-54]. However, insect pollination has been
observed in few bamboo species, such as D. membranaceus, D. sinicus, Phyllostachys nidularia,
Guadua paniculata and G. inermis [33,34,55]. The size of pollen grains also influences the rate
of pollen dispersal by air. The pollen of B. tulda falls into category 3, which includes small
pollen having sizes ranging from 33.1-43.9 um [56], conferring higher buoyancy. Although
most grass pollen are known to be air-borne and allergenic, no such observations have
been reported for bamboo [57].
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A higher rate of seed setting was found to be correlated with flowering area in Sasa
senanensis, Sasa kurilensis and Sasa palmata, where the main determining factor was the
availability of sufficient pollen [32]. A larger flowering area implies a higher capacity
for pollen dispersal. The small size of a population, due to fragmentation is significantly
associated with a low seed set [Morgan, 1999]. Availability of pollen grains and pollinators
were two primary reasons behind higher amounts of seed setting, due to gregarious
flowering in D. membranaceus [37] and Schizostachyum zollingeri [58]. In contrast, this study
and others have recorded a very low amount of seeds in B. tulda (Figure 8A,D; [13]). Since
the studied populations (BNDL23, BNDL24 and SHYM?) were small and isolated, low
availability of pollen might be associated with low seed setting. This reduced seed setting
can also be linked to low pollen viability [59]. Similar findings were observed in B. vulgaris,
where a low rate of pollen viability was responsible for the lack of seed set [44].

Although the total amount of seeds produced, due to sporadic flowering, is low,
and their relative abundance is different between solitary spikelets and pseudospikelets
(Figure 8B,D). Pseudospikelets were more predominant during the later phase of the
flowering cycle, i.e., from May to July, which was right before the promotion of vegetative
growth. Therefore, it could be an adaptive strategy for B. tulda to ensure reproductive
success by maximising seed production preceding the monsoon season.

3.3. Protandry and High Rate of Genetic Incompatibility to Ensure Genetic Variability

Since flowering time is unusually extended in bamboo, the occurrence of genetic vari-
ability, due to sexual reproduction is less frequent. Therefore, the plant group may adopt
diverse morphological and reproductive mechanisms to promote self-incompatibility over
self-compatibility. Differential development of reproductive organs, known as protandry
and protogyny, increases the possibility of cross pollination. This study identified protandry
in B. tulda, where the androecium matured before the gynoecium, promoting the primarily
outcrossing nature of the plant (Figure 5A-H). This observation was similar to findings
in G. paniculata, G. inermis and Aulonemia aristulata [34]. Similarly, protogyny, i.e., earlier
development of the gynoecium than the androecium has been observed in other bamboos,
such as D. membranaceus, D. sinicus, Dendrocalamus sikkimensis, P. nidularia, P. heteroclada
and Phyllostachys nuda [33,55,60]. Even in some rare instances, e.g., in M. baccifera, both
protandrous and protogynous flowers have been observed [48].

Another strategy to ensure genetic variability is by maintaining a high rate of cross
pollination. In this study, the in vivo pollination experiment performed on two populations
of B. tulda (BNDL23, BNDL24; ~340 m) suggested predominance of cross pollination over
self pollination (Figure 7C-F). Wide variations exist across bamboo species with respect
to the predominance of self vs. cross pollination. For example, M. baccifera is primarily
a cross pollinated species [48]. In contrast, S. senanensis, S. kurilensis, S. palmata, S. cernua
and Phyllostachys edulis and P. pubescens are primarily self pollinated [32,61,62]. A few
others, e.g., D. membranaceus and D. sinicus, are predominantly cross pollinated, but may
undergo self pollination in unusual situations, such as spatial separation of flowering
culms and abundance of pollinators [35]. Consequently, the rate of self pollination is higher
in sporadic flowering, whereas it is much less in the case of gregarious one [63,64].

In grasses, the Gametophytic Self Incompatibility (GSI; [65]) is maintained by the two
unlinked, multiallelic loci S and Z, whereas in dicotyledonous plants, it is regulated by
the single S locus [66]. Since both S and Z loci are multiallelic, their allelic diversity can
be an important factor that determines the interaction between pollen and pistil during a
compatibility reaction [65,67]. In the case of cross pollinated species, self pollination may
occur, due to the unavailability of compatible pollen grains. This may result in the rejection
of majority pollen, due to lower allelic diversity during their interaction with the pistil.
This may lead to a lower rate of fertilisation, and consequently, low seed set. Although the
two loci based gametophytic SI (GSI) is known in grasses, molecular information regarding
the genes and their regulation are scanty, and in Bambusoideae they are even rarer. Since
diverse mating behaviour is observed in bamboos and an individual species can determine
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its mating nature based on the availability of pollen grains, pollinators and environmental
factors, it would be interesting to know if the S-Z loci based GSI system exists in bamboo.

3.4. Semelparous Gregarious Flowering vs. Iteroparous Sporadic Flowering: Ecological Benefits
and Costs

Most bamboos are monocarpic, and therefore, culm death is followed by flowering.
This has been corroborated by observing the induction of programmed cell death-related
genes in Bambusa arundinacea [68]. However, the extent of semelparity varies between
sporadic vs. gregarious types and even among populations. For example, in the case of
gregarious flowering, a single flowering cycle generally persists for two to three years,
which is followed by the death of whole flowering populations [14]. This reflects the
semelparous nature of gregarious flowering [38]. In contrast, sporadic flowering is predom-
inantly iteroparous, i.e., multiple flowering cycles may recur in a single flowering culm
until death [38]. Our observations on sporadic flowering in B. tulda revealed that rhizomes
of the flowering clump usually remained alive, and new culms may emerge every season
(Table 1, Figure 2). In contrast, the death of both culm and rhizome takes place in the case
of gregarious flowering, but is compensated by enormous production of seeds. Such mass
death causes a sudden decline in forest populations, leading to drastic changes in forest
dynamics [69-71], due to increased availability of light, deposition of extra organic matters,
interactions among species for survival of seedlings (Figure 8C) [69,72-75]. For example,
drastic changes in light intensity after mass death of bamboo culm results in quick growth
of new bamboo seedlings along with many tall tree species.

Sporadic flowering may or may not be followed by mass flowering events. Recurrent
death of only a limited number of clumps may have much less impact on population
dynamics. Yet, it may still cause habitat loss for several endangered species, particularly
in fragmented forest areas [26,70]. Additionally, solely sporadic events in D. strictus and
D. membranaceus revealed the consistently low frequency of seed setting [37,60]. However,
sporadic events, which resulted in gregarious flowering (sporadic-massive synchronised
type), may have a much more severe impact on forest populations [10]. One such study
revealed that high rates of seed setting in initial sporadic cycles before the onset of mass
flowering potentially initiated regeneration of bamboo population before mass death in
Sasa veitchii var. hirsuta [76]. Such an initial regeneration process may prevent the sudden
changes in interaction among the organisms present at diverse trophic levels [77]. It also
helps in continuous nutrient cycling and litter production to maintain soil fertility [74].

4. Materials and Methods
4.1. Population of B. tulda Studied

To study reproductive developments of bamboo, three populations of B. tulda, i.e.,
SHYM?7 (Rahuta, Shyamnagar, West Bengal, India, 22.830829° N, 88.405029° E), SHYM16
(Rahuta, Shyamnagar, 22.829591° N, 88.409095° E) and BNDL23 (Rajhat, Bandel, West
Bengal, India, 22.934348° N, 88.353255°E, Figure 1), which flowered sporadically were
monitored for seven years from 2013-2020 (Figure 2). For the purpose of pollination exper-
iments, BNDL23 and BNDL24 (Rajhat, Bandel, 22.932155° N, 88.355551° E) populations
were used. Each population was separated by a distance of at least 300 m and were com-
posed of ~10-50 clumps (=genets) [78], out of which flowering was recorded in 1-5 clump.
Each clump was comprised of ~7-52 culms (=ramets), and in few rare incidents >70 culms
were present. The height of an individual culm ranged from 15-20 m and diameter from
49-55 mm. All these populations were of mixed type and composed of B. tulda along with
other bamboo species (~1:3). The number of flowering clumps and culm in each studied
population were recorded for seven consecutive years (Table 1).

4.2. Studies on Inflorescence and Floral Morphology and Pollen Cytology of B. tulda

To study the morphology of inflorescences and floret, 20 intact inflorescences of each
type were obtained from different positions of flowering branches. Inflorescence having
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ready to open florets were collected from the field in an airtight plastic bag at 6:00 AM in
the morning and brought to the laboratory. Numbers of solitary spikelet vs. pseudospikelet
and florets per spikelet were obtained from three randomly selected flowering culm per
population (Figure 3A-H). Fresh florets and individual floral parts, such as glume, lemma,
palea, androecium and gynoecium, were dissected, observed and measured by a stereo
zoom microscope (50X, Carl Zeiss, Germany, Figure 4A-I). Florets located at the apex
of each spikelet was labelled as F1, and the subsequent florets towards the base were
labelled in increasing order. Florets in each of these positions were collected to study the
developmental progression of androecium and gynoecium (Figure 5SA-H). Pollen grains
were collected from anthers during post-anthesis of florets and observed in a bright field
microscope (Carl Zeiss, Axiostar Plus, Germany). To study the meiotic cell division in
pollen, young spikelets were fixed in Carnoy’s solution between 6:30-7:00 a.m. on the
plantation site. The pollen were stained with 2% acetocarmine and were observed under a
bright field microscope.

4.3. Scanning Electron Microscopy (SEM) Analyses of Inflorescence Buds, Floral Bracts and Pollen
Grains

To perform the SEM analyses of inflorescence buds, young buds (>3 mm) of both
solitary and pseudospikelets were collected. Outer protective layers were carefully re-
moved to expose the meristem tip prior to SEM analyses (Figure 3D,H). Lemma and palea
were obtained from freshly collected florets to observe both dorsal and ventral surfaces
(Figure 41-L). Similarly, pollen grains were collected from anthers during post-anthesis
(Figure 6A). Each sample was coated by platinum using POLARON-5C7620, Carbon Acces-
sory (Model-CA76) and were scanned with ZEISS EVO 18 SEM (Carl Zeiss SMT, Germany)
having a maximum acceleration voltage of 30 kV.

4.4. Test of Pollen Viability by Tetrazolium Staining and In Vitro Pollen Germination Assay

Viability of B. tulda pollen was assessed by staining with 2,3,5 triphenyl tetrazolium
chloride (TTC) and performing in vitro pollen germination assay (Figure 6B-D). For each
of the three populations studied (SHYM?7, SHYM16, BNDL24), florets were collected from
three randomly selected culms between 8:00-9:00 AM during May, 2015 (~34-37 °C). For
each culm, three florets were obtained from randomly selected flowering branches. Anthers
from fresh florets were collected during post-anthesis when the anthers were bright yellow
or purple. Collectively 18 anthers obtained from 3 florets from each culm were pooled
together and were subjected to TTC, as well as in vitro germination assay.

Anthers were immediately kept in micro centrifuge tubes containing ~1.0 mL of TTC
solution, incubated in the dark for 30 min and observed under a bright field microscope
(Figure 6B,D) [79]. A total of 2460 pollen were used for this analysis. Percentage of pollen
viability was calculated by counting stained (viable) vs. non-stained (non-viable) pollen
observed in three randomly selected microscopic fields (Figure 6D) and then dividing the
number of stained pollen by the total number of pollen and multiplying the proportion,
thus, obtained by 100.

For in vitro germination analyses, pollen were collected similarly as described in
the case of TTC assay and were immediately dusted in a 0.5 mL pollen germination
medium (PGM, Brewbaker and Kwack’s medium). To identify the ideal concentration
of sucrose for optimum germination, media were supplemented with 10, 15, 20, 25 and
30% sucrose (w/v), incubated for 30 min and observed under a bright field microscope in
their natural habitat itself. A total of 1175 pollen were used for this analysis. The optimum
percentage of germination was observed in media supplemented with 15% sucrose, and
hence, was used for in vitro germination assay. Pollen were incubated in PGM for ~2 h.
A total of 396 pollen were observed under a bright field microscope to score numbers of
germinated vs. non-germinated pollen (Figure 6C) [80]. Pollen grains were considered as
germinated, if the length of pollen tube was greater than the diameter of the pollen grain
as per the recommended procedure [81]. Percentage of pollen viability was determined by
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dividing the number of germinated pollen grains by the total number of pollen grains and
multiplying the proportion, thus, obtained by 100 (Figure 6D).

4.5. Artificial Pollination Conducted in Situ

To understand the nature of pollen-pistil interaction in B. tulda, self and cross pollina-
tion experiments were performed in their natural habitat (Figure 7A-C). Two individual
flowering populations located in Bandel, West Bengal, India (BNDL23 and BNDL24)
separated by ~340 m were selected for this study (Figure 7C). Since bamboos primarily
propagate via rhizomes, this experiment was performed in populations, which were dis-
tanced by at least 300 m to ensure genetic diversity. However, to ensure maximum pollen
viability during artificial pollination, population pairs (BNDL23 and SHYM16), which were
distanced by ~33 km. could not be considered (Figure 1). For an individual population,
~7-8 culms were used for this study. Approximately 30 spikelets obtained from each
population were used for pollination experiments. This was conducted during March,
2019. Selected florets were emasculated prior to pollination, and pollen were dusted within
15 min to ensure viability. The time for maximum floret opening was monitored for three
consecutive days at five different time points (6:00 a.m. AM, 8:00 a.m., 10:00 a.m., 12:00 p.m.
PM and 2 p.m.) in both populations (Figure 7B). In addition, to identify the optimum
time for pollen germination, pollination experiments were performed at four distinct time
points (8:00 a.m., 10:00 a.m., 12:00 p.m. and 2 p.m.; Figure 7A). Pollinated stigmas were
collected at 2 and 4 h post-pollination and were immediately fixed in formaldehyde, alco-
hol, acetic acid solution (FAA, 1:5:0.5). Subsequently, they were treated with 70% alcohol
followed by 4 M NaOH and finally washed with distilled water. Pistils were stained with
0.001 mg/mL aniline blue (Merck, Germany) and observed under a bright field microscope
(Figure 7D,E). Pollen grains that germinated on stigma were counted. For self and cross
pollination experiments, pollination was performed at 10:00 a.m., and the pollinated pistils
were collected at 12:00 p.m. In the case of self pollination, pollen from mature anthers
obtained from one population were dusted on the stigma of an open flower located on the
same clump (geitonogamy). On the contrary, cross pollination was performed by dusting
pollen collected from one population to the stigma in another population (xenogamy).
Immediately after pollen dusting, pollinated flowers were covered with plastic bags to
prevent any subsequent pollination. The percentage of germination was determined by di-
viding the total number of germinated pollen to the total number of pollen and multiplying
the proportion, thus, obtained by 100 (Figure 7F).

4.6. Seed Numbers Obtained from Solitary Spikelet vs. Pseudospikelet

To compare between the number of seeds obtained from solitary spikelet and pseu-
dospikelet, both the inflorescences were collected from ~7-12 culms from each of the three
populations from March to July, 2018 (SHYM7, SHYM16, BNDL23, Figure 8A-D). Seeds
were counted from 96 solitary spikelets and 99 spikelet units obtained from 120 pseu-
dospikelet. Both solitary and pseudospikelets were randomly selected from the flowering
branches of ~6-7 culms from a clump. To make the analysis comparable, only spikelets
containing 7-9 florets were selected from both the inflorescence types. In the case of solitary
spikelet, the total number of seeds produced by all the florets in that inflorescence was
counted. On the other hand, for pseudospikelet, only the fully developed mature spikelets
with a similar number of florets located in that cluster were selected, and the total number
of seeds were counted.

4.7. Statistical Analyses

For pollen viability assessed by staining, as well as in vitro pollen germination assay, a
Pearson’s chi-squared test was performed to analyse whether the differences in proportion
were statistically significant across B. tulda populations. A two-sample t-test of mean was
performed to test whether seed setting percentage for solitary spikelet and pseudospikelet
were significantly different. Similarly, a two-sample approximate Z-test t-test was per-
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formed to analyse the statistical difference between the proportion of pollen germination
in the case of self vs. cross pollination for B. tulda.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/plants10112375/s1, Figure S1: Cytological observation on dividing pollen mother cells of
B. tulda. (A) Metaphase I (B) Late anaphase I (C) Late telophase I (D) Metaphase II (E) Anaphase II
(F) Telophase II (G) Pollen tetrad (H) A multinucleate (marked with arrow) microspore, Table S1:
Percentage of pollen germination of Bambusa tulda in Brewbaker and Kwack’s medium supplemented
with 10, 15, 20, 25 and 30% sucrose (w/v), Table S2: Various flowering events recorded in Bambusa
tulda in India.
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Abstract

A 22-member ensemble from CMIP6 is used to analyze the projected changes and seasonal
behavior in surface air temperature over South America during the twenty-first century. In the
future projections, CMIP6 models shown a high dependency to the socioeconomic pathway
over each country of South America. The multimodel ensemble projects a continuous increase
in the annual mean temperature over South America during the twenty-first century under the
three future scenarios (SSP1-2.6, SSP2-4.5 and SSP5-8.5). Besides, it was possible to identify
consistent positive trends across all the models, with values between 0.45 + 0.05 and 2.05 +
0.31 °C cy* under the historical experiment, however largest trends occurs for the projection
periods (near, mid and far future), with values between — 0.87 + 0.84 t0 2.88 + 0.60 °C ¢y™*
(8SP1-2.6), 1.41+ 0.88 t0 5.32 + 0.81 °C cy* (SSP2-4.5) and 4.75 + 0.58 t0 8.76 + 0.74 °Ccy?
(SSP5-8.5) with maximum values at Bolivia, Brasil, Paraguay and Venezuela whilst minimum
values for Argentina and Uruguay, regardless of the SSP scenario used. From the seasonal
behavior analysis was possible to identify maximum values between January and March whilst
minimum between June and July, except in Brasil, Venezuela and Guyana—Surinam-French
Guayana, with annual range decreasing as the latidude decreases. By the end of the twenty-
first century the annual mean temperature over South america is projected to increase
between 0.92—2.11 °C, 0.97-3.37 °C and 1.27-6.14 °C under SSP1-2.6, SSP2-4.5 and SSP5-8.5
projection scenarios respectively. This projected increase of temperature across the continent
will produce negative repercussions in the social, economic and political spheres. The results
obtained in this study provide insights about the CMIP6 performance over this region, which
can be used to develop adaptation strategies and might be useful for the adaptation to the

climate change.
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Dwellers’ perception toward the Urban services of
Panskura Municipality, India: an application of
importance-performance models
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Abstract

The provision of urban servics and citizens" satizfaction is an important key issue in nrban
planning. Importance-performance analysis (IP4) is an effective and widely applicable
techniqne to explore consumer's zatizfacticn. IPA helps to pricritize the management
strategias for urban seTvicss using the IPA. Purposa of the present study i= to assess tha
performance of urban sarvices and citizen’s satisfaction level of Panslmra monicipality nsing
IP4 models and improvement index. A total of 629 valid honsehold responsas are collected
with the halp of the door-to-door primary swrvey technique. The study reveals that all the
zalected saven urban services have significant importance-performance gap excapt water
supply. Residents of the Panskmra municipality are very much satisfiad with the water supply
sarvice becanse of the very minimom improvement score. The combined result of 1PA matrices
and improvement index suggests residents are dizsatisfied to a great extent with the
performance of fonr urban services, ie. health, economy, transportation and sanitation. These
urban services requoire a problem-solving ngent action for restoration of the performance
statms. The improvement and prioritization of nrban service are alse required to fulfil the
demand of target proups.
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Abstract

Borders are part of countries that are the end of national sovereignty and the starting of
interaction to enter the international arena, and can play a role as a factor in creating war or in
establishing friendship and interaction. Therefore, border control causes internal security and
not cause problems with the neighboring country, but also reduces the problems. The present
study investigates the effect of establishing a single ethnic group on both sides of the border
for controlling it with emphasis on the Kurdish ethnic group. The method of the present
research was descriptive-analytical and the data collected in two sections: library and field
(questionnaire). The findings of the theoretical part of the research showed that based on
theories related to border control and ethnicity, 29 variables selected totally as the main items
of the research. In the field section, the results of the questionnaire analyzed by sending the
questionnaire electronically to 35 border experts and in this way MicMac software used. The
results of the present study show that 10 variables are the most important factors that
influence border control on the areas of establishment of Kurdish ethnic group on both sides
of the border. Lack of cultural cohesion on both sides of the border with the center,
concentration of threats, unemployment, border planning, political instability, population size,
terrorism, independence aspirations, political discrimination, the topographie situation of the
border area, and the importance of political and security components in controlling the

borders of Kurdish areas are those variables.
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Abstract

Omnea of the most important issues along the Iran-Iraq border (Enrdistan]) is the Enlbari
phenemenon. The phenomena have forced the inhabitants of these border regions, whether
old or young, men or women, to some extent be invobred. Problems of life and finances of thi=
phenemenon cannot be ignored by any viewer. The present paper is an attempt to study the
economic position of Kulban's in the north-western border villages of Iran mare specifically
the border villages of Paveh. For the same purpose the library dommmentary and fisld study
methods have been n=ed. A questionnaire was prepared keeping the statistical population in
mind, of which 113 gquesticonaires were answered. Besnlis thus obtained shows that the most
important parameter affecting the political dimension of the Kulbari phencmencon in the
border villages is the commmunication policy between the twa border states, the idaology, and
strategies of the two border states, and the border policy. In the economic dimension, the most
impartant parameter inclodas the supply of neces=ities of life, employment and
unemployment in the border region, the absence of agricnlinral and pasmre land; and in the
geceraphical dimension the most important parameters affecting the stability of the Enlbati
phencmenon is the development level of the border region relative to the center. Finzlly, the
paper alse provides some snggestions to solve the Enlbari issne in the study area.
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Russia’s Invasion of Ukraine & India-Russia Ties
Dr. Prafulla Kumar Das * & Kamal Sarkar®®

[ Whale raking a Brief (opk af the pattern of ndia 5 retaironship with the erswinle Sower Umon durmg the Cold
Far anthors eadesmuonr o focus o Dradlo-Russla selatiers on . ovelripde el festomons (v the posi-Cold War
alorg with specific reference fo the geopalitical dinelopmenis obiaining in the aftermath of the Ruvsian invasion

af Ukroine in Febrwary this year.|

he state of Russta emerged oo 1991 with the

brenkup of the former commmmist state of the

Soviet Umion. Even afier the breakup, Fussan s
the largest country 1 the world with a total arcn of
17,008,242 Km® ‘and o land area of 16,376 870 Km®,
couivalent te 11% of the izl world’s landmass, After.
the dissofution of the Soviet Union, Russia inherited its
close relationship with Indid which resulied in both
natsons sharing @ special relationship. The political
relationship was bolstered by 2 close economic
relatimship and an even closer defence hnk. The Indo-
Sovect ties were an imporiank factor in Asta. They coald
conmer any other equation m the regron and, from Indin’s
point of view, contribited 1o the mpintennnce of peace,
securtty and balanee i the regrom
Inglin-Russin relations during Indin’s Independence
Betore mowviowing India-Fos=sn relofons, it 15 imiportant
to know how Indin’s relations with the erstwhile Soviet
Linwon were. In the years following India s independence
m 47, Indin’s relations with the Soviet Union were
fad Froen cordial. Hecaise ol that hime the Soviel Unson
was mainly governed by Stabin's veaon. The mam features
of Stalin's policy were non-cooperalion with Western
capitaliel couniries and their allies and the expanzion of
the Soviet Unkon’s miluence afound the world was an
imporiant obpective of its diplomacy, In view of the
ersiwhile Sovien Union India achieved imndependence 2
perithe Mounthatten Plan, India, in facl, rempmed under
the control of the Westein impermlisis. Apart from tha,
the way in which India established various relations with
the Western coaminies for the sake of development that
displansedd the Smact Linion

Unfergettable Past of Indo-Russian {Soviei)
Friendship

Within @ lew davs of Independence of [ndia, Soviet Lo
chanped a kot and the attitude of the Sevict Unlon towards

* A Prol & Hend, Depd ofPol Sc Bhatter Callege, Thantan,
Pascham Modmipur
** Asal, Prof | Dept of Pol 5c;, Bhater l.'nl].l:!t. | EFTSET

Paschm Modmipar

in

Incliz bevamee positive. Indis hes been a1 logperheads with
Pakistan over Kuashmir issee sinee independence. India’s
relations with the United States delenioraied when the
US sided with Pakistan m this dispute. Second, India
remuined non-alipned 1o the Korean crisis rather thon
pnmng with the Western albionce. These two ingidents
changed the Soviet Lmon's perception of Indin. Apart
from that, the polscy makers of Indis ot that time urgently
fneeded the country's coonomie development, nol geltmg
mvolhved i allunce T.rulilin

India at that time thought that 1 was best to be close
with the Soviet Limon. The then Pome Minister of India
Jawnharial Nehru's imfluence agmm worked behind Indin’s
rebiance on the Soviel Union rather than the United
States. Nehro was a supporter of the Soviet Unson's
planmed ceomomy. India®s FoveYear PMlan was maodsel led
afler the Soveet planmng svatem. On the other hand, the
Sovret leaders also gaw e direction of India’s economic
and foresgn policy snd wndersiood that India would not
it least become o partner of the US allianee because of
ils being a pioneer of the non-alipned movement
Bezides, Prime Minister MNehrmo's anti-cojoninlism nnd
anfi-imperialism poficy atiracied the Sovct Union o
Indin

In wiew of these, lmdis wnd ihe Sovel Unioe sisris=d
geiting closer. In 1953 [his friendship was furiber
strengihened by the conclusion of an imporant trade
aereement beiwern the iwo couniries. Ablong with this,
mutual foreign vismits between the leaders of bath
countrics continucd. Among those visiis, the Indian
Preme Mimister's s to Moscow m 1955 and Sowiet
Prime Mamister Nikola) Bulgamn and Communst leader
Khrushchev's vieat to Ingdia i November of that year arg
particularly notable, During the=e visiy, several
coonomic techmical and polibcal cooperation plans were
taketi up betweeti the two comities Fid exnmple, the
Soviel Union promisad all posaible help to build j5on
and sl Bolories in Indis Apadt from that, de Seeciel
Union recognized Kashmir g an infeeral part of India,
Hoevery fime Pakisien tied to reise the Kashmir issue
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Post-Partition Migration and Transgenerational
Trauma: A Study of "Folie a Deux" in Anirudh Kala’s
The Unsafe Asylum: Stories of Partition and Madness

MIR AHAMMAD ALI
Abstract

Recent exploration in the field of ‘Migration Studies’ tends to
uncover the psychological depths of the trauma of the migrants.
The act of readjustment of the dislocated refugees in an entirely
new geopolitical space is never an easy and unproblematic one.
Some of the involuntary migrants have to suffer bouts of panic
attacks, fear psychosis, and an acutesense of dislocation which
lead to pathological disorders. This new interface between
‘Migration” and ‘Mental Health’ is a space which requires to be
explored. The Partition of India lefisome 15 million people
homeless and was undoubtedly thelargest mass migration in
human history. A few well-known Indian psychiatrists like
Sanjeev Jain and Alok Sarin observe that the trauma in some
partition victims leads to certain post- traumatic stress
disorders (PTSD) and in some cases, this trauma-induced
pathology can pass on to the next generation/sepigenetically.
This can be termed as transgenerational/ intergenerational
trauma. Anirudh Kala’s very recently released monumental text,
The Unsafe Asylum: Stories of Partition and Madness (2018),
deals with these issues. This collection of interlinking short
stories by the famous Indian psychiatrist from Ludhiana, Punjab
opens up new horizons of Migration Studies where the victims
are seen to be troubled by the inner psychological trauma. At
times, the buried trauma haunts them many years after the
actual Partition took place and as they ‘re-experience’ the past
traumatic events, they become disturbed mentally and
physically. A good number of characters in this anthology like
Rulda and Fattu, Igbal JunaidHussain’s son Asif in the story
“No Forgiveness Necessary”,
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Prakash  Singh Kohli in “Belly Button”, Harpreet
Cheema/Firdaus in “Sits’s Bus”, Venky in “Partitioning
Madness” suffer from trauma-induced pathological disorders.
In another story “Folie a Deux”, the fear psychosis of an
unnamed female narrator is transferred to her three offspring,
which is ‘transgemerational’ in nature. This paper seeks to
engage in a psychoanalytic exploration of the transgenerational
transmission of the trauma of the post- partition migrants. It
also tries to analyse the “Folie a Deux” syndrome in the titular
story and to see how the delusional disorder of a partition victim
is shared by her offspring.

Keywords: Trauma-induced Pathology, Madness and
Partition, Folie a Deux syndrome, Transgenerational Trauma,
Posttraumatic Stress Disorder (PTSD), Trauma Studies,
Partition Studies.

I

“There has almost never been a society which has not
experienced migration in some form or the other, and
currently no such society exists.”

— Levent Kiiey

Levent Kuey rightly pointed out that there had hardly beenany

society that had never faced migration in one way or the other.
What Kuey wanted to suggest is that “Migration has been a
collective experience for humankind throughout history.”!
Questions generally arise then how to study this human
migration? Over the last few decades, there isinvariably an
increase in scholarship in the field of Migration Studies. The
conventional approaches to Migration Studies

! Levent Kiiey pointed out the traumatic aftereffects of migration in his essay
“Trauma and Migration: The Role of Stigma” in Trauma and Migration:
Cultural Factors in the Diagnosis and Treatment of Traumatised
Immigrants.
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also underwent a momentous change over time. The traditional
approaches primarily sought to understand and analyse the
causes, nature and flows of migration. Recent scholarship, on
the other hand, tends to focus more on the ‘human dimension’?
of migration and tries to listen to the voices of affected ones
from beneath which had long been silenced. How do common
people suffer due to involuntary or forced migration? How do
the migrants readjust themselves in a new space when they are
forcibly relocated? What are the psychosocial effects of
migration upon its victims? What roles does the buried memory
play in their lives? Do the memories of their traumaticpasts
affect their present situation? Can trauma-inducedpathology be
transmitted to the next generation? There are several other
questions like the ones mentioned above thatdeserve critical
attention in this regard. This paper aims to explore such issues.

Recent exploration in the field of ‘Migration Studies’® tends to
uncover the psychological depths of the trauma of the migrants.
The act of readjustment of the dislocated refugees in an entirely
new geopolitical space is never an easy and unproblematic one.
Some of the involuntary migrants have to suffer bouts of panic
attacks, fear psychosis, and an acute sense of dislocation,
leading them to certain pathological disorders

2 Jan Talbot talked about the ‘human dimension’ of post-partition forced
migration in his essay, “A Tale of Two Cities: The Aftermath of Partition for
Lahore and Amritsar 1947-1957.” Modern Asian Studies, vol. 41, no. 1,
2007, pp. 151-185. JSTOR, www jstor.org/stable/4132347. p. 153

3 The psychological effects of migration, especially the traumatisation of the
migrants from a psychoanalytical point of view, have been discussed in
greater detail in two recently published books. Interested readers may look at
them. Trauma and Migration Cultural Factors in the Diagnosis and
Treatment of Traumatised Immigrants. Ed. by Meryam Schouler-Ocak.
Switzerland: Springer, 2015 and Migration Trauma, Culture, and Finding
the Psychological Home Within: Views From British Object Relations
Theory by Grace P. Conroy, London: Rowman and Littlefield, 2016.
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such as madness, chronic depression, and behavioural disorders
obsessive compulsion, delusion, paranoia and so on. This new
interface between Migration and Mental Health, or more
specifically, between Migration-induced Trauma and Literary
Fiction is a space which I would like to explore in this essay.
Hence, the prime focus would be on the post-partition migration
that had affected millions’ lives.

The Partition of India left some fifteen million people homeless
and is possibly the largest mass migration in human history. The
Radcliffe Line had carved a deep scar not only on the Indian
Territory but also on the minds of millions. Large kafilas* of
dislocated refugees began to cross the new border due to the fear
of persecution. After their involuntary migration, they found
themselves usually on the wrong side of the border. The
territorial politics of the nation-state madethem refugees which
often led them to traumatic moorings. Such unprecedented, life-
threatening, disturbing events evoke trauma in the victims and
this continues to haunt them later in their lives. Its
manifestations can be seen in the victim’s psychological and
behavioural disorders in their developmental years.

Some well-known Indian psychiatrists like Sanjeev Jain of
NIMHANS, Bengaluru and Alok Sarin of SBISR, New Delhi,
observed that the trauma experienced by the partition victims
leads to certain post-traumatic stress disorders (PTSD) and in
some cases, this trauma-induced pathology can pass onto the
next generation/s epigenetically. This can be termed as
‘transgenerational/intergenerational trauma’> in which different
types of psychic disorders can be found in their behaviour. For

4 Large scale convoy or mass procession.

> The very idea of 'transgenerational/ intergenerational trauma' was
popularised by several child trauma researchers like Byron Egeland, Inge
Bretherton, and Daniel Schechter around 1990s.
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example, long-term depression, disruptive thoughts, anxiety,
amnesia, insomnia, hallucination and delusions, dissociative
identity disorder, self-annihilation and suicidal tendency are
some of the well-known symptoms of Post Traumatic State
Disorders (PTSD) that have been found in some post-partition
migrants. The classic example of this kind of victim, suffering
from territorial anxiety is Saadat Hasan Manto’s protagonist
Bhisan Singh in “Toba Tek Sing.”® In this story, Bhisan Singh
is not merely a fictional lunatic but represents thousands of other
lunatics of the time who suffer from post-partition stress
disorders.

Alongside Manto’s story, there are a few more narratives which
represent this psychological aspect of migration caused by
partition. Very recently, Anirudh Kala's monumental text, The
Unsafe Asylum: Stories of Partition and Madness (2018) deals
with some of the above-highlighted issues. For example,
Anirudh Kala’s The Unsafe Asylum opens up new horizons of
Migration Studies where the victims are seen to be troubled by
the inner psychological trauma. It can considerably be
categorised as a vital specimen of ‘Trauma Fiction.”’, a
relatively new genre or an interdisciplinary field of engagement
with literary fictions taking both trauma studies and literary texts
together. Anne Whitehead rightly points out that “Trauma
fiction overlaps with and borrows from bothpostmodern and
postcolonial fiction in its self-conscious deployment of stylistic
devices as modes of reflection or critique” (Whitehead 2004:3).
Thinking from this perspective, Kala's postcolonial text could
be seen as a critique of theterritorial politics responsible for such
a large-scale human

% Find the story written by Saadat Hasan Manto, pp. 9-15, in the anthology
Bitter Fruit: The Very Best of Saadat Hasan Manto. Trans. & ed. Khalid
Hasan. New Delhi: Penguin Books India, 2008. Print.

7 Interested readers may look at Anne Whitehead. Trauma Fiction.
Edinburgh: Edinburgh University Press, 2004.
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migration. A good number of characters in this anthology like
Rulda and Fattu, Igbal Junaid Hussain’s son Asif in the story
“No Forgiveness Necessary”, Prakash Singh Kohli in “Belly
Button”, Harpreet Cheema/Firdaus in “Sita's Bus”, and Venky
in  “Partitioning Madness” suffer from trauma-induced
pathological disorders. In another story “Folie a Deux”, thefear
psychosis of an unnamed female narrator is transferred to her
three children, which is transgenerational in nature. DrKala’s
profession as a Ludhiana-based psychiatrist who had
encountered a good number of patients-cum-victims of post-
partition violence and migration helped him in shaping these
stories of madness and maladies. Dr Kala’s own family had to
migrate from Kala Shah Kaku, a village in Sheikharpura (now
in Pakistan) to Ludhiana in December 1947. In one of his
interviews, Anirudh Kala mentions,

Mental health is still not a priority in our country, so we
can imagine how things would have been 70 years ago.
What people went through is so painful that they fail
even to describe it. They have chosen to suppress it.
Numbness follows when the pain gets unbearable. People
who went through this great tragedy decided to bury their
feelings and fears, for it was just too painful torevisit. The
impact of the partition on people's mental health is the
least talked about aspect of this tragedy.®

The characters in this trauma fiction are representative of the
millions of actual migrants who had suffered from, what
Dominica LaCapra (1999) called, ‘founding trauma’, a unique

8 See the reporting "Partition of the Minds" by Divya Goyal published on
December 1, 2019 published in The Indian Express.
https://indianexpress.com/article/lifestyle/books/partition-of-the-minds-
anirudh-kala-the-unsafe-asylum-stories-of-partition-and-madness-5291163/
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sort of trauma, (either situational’ or historical'®) “that
paradoxically becomes the basis for collective and/or personal
identity.”!! In recent times, several geneticists like Nathaniel
Vincent Mohatt, Azure B. Thompson and Nghi D. Thai explored
that this situational or historical trauma can travel to the
survivors’ offspring. So, I intend to examine in my paper the
transgenerational transmission of trauma among thepartition
victims by closely analysing the text itself.

11

According to The International Dictionary of Psychoanalysis,
trauma essentially refers to certain horrific events of “violence
and suddenness” that lead the victims to an “inflow of
excitation” to such an extent that it “stuns the subject” (Alain De
Mijola 2005:1800). There has always been a significant debate
among psychoanalysts and trauma theorists regarding the
transgenerational transmission of trauma. Can trauma be
transmitted to the offspring of the victims? What are the

® Trauma arising out of a particular situation or phenomena, whether natural
or artificially created can be termed 'Situational Trauma'. Epidemic natural
disaster, catastrophic war, sexual abuse, routine violence, major accidents
etc. could give birth to situational trauma.

19 Originated with the study of Holocaust survivals, the ‘Historical Trauma’
refers to “the complex and collective trauma experienced over time and
across generations by a group of people who share an identity, affiliation, or
circumstance”. (Nathaniel Vincent Mohatt, Azure B. Thompson, Nghi D.
Thai, and Jacob Kraemer Tebes). This trauma can be transmitted across
generations. For more information, see the article “Historical trauma as
public narrative: A conceptual review of how history impacts present-day
health” by Nathaniel Vincent Mohatt, Azure B. Thompson, Nghi D. Thai,
and Jacob Kraemer Tebes, 2014. Published in Social Science & Medicine.
106: 128-136.  Published  online 2014 Jan 31. DOLI:
10.1016/j.socscimed.2014.01.043. Weblink: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC4001826/

' See p. 724 of LaCapra, Dominick, 1999. “Trauma, Absence, Loss.”
Critical  Inquiry, Volume 25(4), pp. 696-727. JSTOR,
www.jstor.org/stable/1344100.
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mechanisms for doing so? Or more specifically, can trauma be
intergenerational or transgenerational? A small number of
trauma theorists have recently explored that a certain kind of
trauma is “subtle but pervasive”!? and can be transmitted from
its direct victim/s to the later generation/s of trauma survivors.
This could be termed as transgenerational trauma or
intergenerational trauma. Studies related to this field are
relatively new. Ronald M Doctor and Frank N Shiromoto have
rightly pointed out in their The Encyclopedia of Trauma and
Traumatic Stress Disorders that “This type of trauma occurs in
children of traumatised individuals, but it is usually subliminal
or less obvious than trauma due to a firsthand experience.”
(Doctor & Shiromoto 2009:276)

Although Cathy Caruth has largely popularised the discipline
of ‘Trauma Studies’'?, there are several other trauma theorists
who have popularised the idea of transgenerational trauma. Dr
Vivian Rakoff first studied the transgenerational transmission of
trauma'* while working at the Jewish General Hospital in
Montreal in the case of some Brazilian offspring of Holocaust
survivors (OHS) (Braga 2012:134). Soon this approach attracted
global attention and many trauma theorists tried to link it with
the racial discrimination against African Americans. Further,
trauma theorists continued linking this with the World War
veterans, Vietnam War veterans, the Armenians survivors of
Turks attacks, survivors of the Atomic

12 See Ronald M Doctor and Frank N Shiromoto, 2009. The Encyclopedia
of Trauma and Traumatic Stress Disorders. New York: Facts on File Library
of Health & Living, P. 276

13 See the book by Cathy Caruth, 2016. Unclaimed Experience: Trauma,
Narrative, and History. Johns Hopkins University Press.

4 For more details see Braga, L.L., Mello, M.F. & Fiks, I.P.
Transgenerational transmission of trauma and resilience: a qualitative study
with Brazilian offspring of Holocaust survivors. BMC Psychiatry 12, 134
(2012) DOI:10.1186/1471-244X-12-134
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bombings of Hiroshima and Nagasaki by the US, and
Cambodian and Iraqi victims of war, 9/11 terror survivors and
so on. Later on, some child trauma theorists like Byron Egeland,
Inge Bretherton, and Daniel Schechter have advancedthe idea of
transgenerational trauma, based on the findings and clinical
observations of Selma Fraiberg.'

Under the umbrella of Transgenerational Trauma, one
significant disorder is ‘shared delusional disorder’, a psychiatric
syndrome generally known as ‘Folie a deux’. Inthis type of
disorder, the delusion or hallucinations caused by a certain
traumatic event is transmitted to the next generation/s and
somewhere the offspring ‘shares’ his/her post-traumatic
disarray. Two French psychiatrists, Charles Laségue and Jean-
Pierre Falret first coined the term 'Folie a deux', and
conceptualised it as “a relatively rare syndrome that has long
since attracted much clinical attention.”'® According to The
ICD-10 Classification of Mental and Behavioural Disorders!”,
this syndrome is generally known as ‘Induced delusional
disorder’; whereas the Diagnostic and Statistical Manual of
Mental Disorders 4 (DSM IV)!8 terms it as ‘Shared psychotic
disorder.’!!

This is no less evident in our present discussion of the story,
“Folie a Deux” by Anirudh Kala in The Unsafe Asylum: Stories
of Partition and Madness (2018). The story rightly chronicles
the trauma-induced psychopathology of an unnamed woman, a
post-partition  migrant, whose PTSD is transmitted
epigenetically to her offspring. Her delusional disorder is

15 Her monumental work "Ghosts in the Nursery" is the foundational text of
trans/intergenerational trauma.

16 Arnone, Danilo et al, 2006. The Nosological Significance of Folie a Deux:
A Review of the Literature. Annals of General Psychiatry, Vol. 5(11).
DOI:10.1186/1744-859X-5-11

17, World Health Organization.

18 The standard American Psychiatric Association's criteria.
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somewhat shared by her children who suffer recurring panic
attacks, chronic suicidal tendencies, and schizophrenic
aberrations of their mother.

The story very minutely portrays a couple who had forcibly
migrated from Multan, Pakistan to Patiala, Punjab in 1948. The
migrant woman, later on, became a patient of Dr Kohli. The first
panic attack of its kind was felt immediately after she had
migrated from Multan. Such sort of complex stress disorder
arising out of a particular situation can be termed as situational
trauma. All the significant symptoms of paranoid schizophrenia-
like auditory hallucination, paranoia, neurobiological
dysfunction of the brain, and delusion could beseen in the
patient. She could hear the auditory hallucination of the
“whisperings of a mob” (113) of some “bearded” men froma
rival community threatening to “carve her to pieces” and
“amputate her breasts”. In an utter sense of paranoid
schizophrenia, she “ran out into the rain” to avoid her
persecutors. Later on, she was taken to an exorcist, and it i1s with
the help of certain herbs as part of his treatment, that she began
to recover slowly in the next few months. This continued for
the next twenty years.

Meanwhile, she had lost her husband and given birth to three
children. Suddenly a second attack, though more severe
followed. She suffered from a delusion that “there was another
person sleeping inside her” (114). The woman then began to
suspect each and everyone close to her, and she used to hear
confused noises which did not exist in reality. The trauma
returned in the form of delusional disorder and to her alternative
reality, that not only she, but her daughters too wereunder the
threat of sexual assault. She could see some men “threatened to
rape” her daughters because “they have grown up nicely”
(114). Her pathological neurosis reached its
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culmination when she began to hide from her own family in an
utter paranoid psychosis.

Suddenly, one night as a certain wedding procession was
marching on the street nearby with firecrackers, a music band
and dholwallas'® the woman had another panic attack. She had
developed a delusion that somebody was approaching to capture
her and other members of the family and she started shouting
that some attackers “were battering down the front door and
shots were being fired” (116). One could easily guess the past
traumatic events of the partition (like sexual assault) that the
woman might have undergone. The fear psychosis returned to
her time and again through different symbolic structures, and
sometimes suicide attempts were followed. Finally, in utter
desperation and a confused delusional state, she jumped over
the roof of her house to death. This incidentof her suicide
happened to be another source of trauma for the rest of the
family members. Many of the traumatic traits of the Folie
imposée (the primary inducer) could be seen to have transferred
to her offspring, who are the secondary receptor. This
phenomenon has its explanation in the discipline of Trauma
Studies. One may be reminded of Cathy Caruth’s notion of
trauma as a “profound crisis of history.”?® According to Caruth,

If PTSD must be understood as a pathological symptom,
then it is not so much a symptom of the unconscious, as
it is a symptom of history. The traumatised, we might say,
carry an impossible history within them, or they become
themselves the symptom of a history that they cannot
entirely possess (Caruth 1995:5).

19 Drummers that play the drum at specific occasions
20 See Anne Whitehead p. 5
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It is evident in the text itself that the pathological symptoms seen
in the woman protagonist are not merely products of the
disturbed psyche/“unconscious” instead, they are the products
of the troubled history, and it is in this way, that the traumatised
subject, here, the victimised woman became a symptom of a
history that she cannot entirely possess. The distressing
symptoms of the troubled history could be located within her
and in her progeny later on.

I1I

The title “Folie a Deux” actually means shared delusional
disorder. I shall now discuss how the mother's delusional
disorder is shared by her offspring transgenerationally in the
second half of the story. The story relates to a similar sort of
panic attack in the character of Om (the only boy in the family)
who after his mother's death unexpectedly began to behave
“very strange” (117). Some schizophrenic disorders like the
auditory hallucinations of hearing the horrible murmurings like
her mother used to could be seen in him. His condition
deteriorated drastically, and he was taken to the mental hospital
by his elder sister to be investigated by Dr. Kohli.

The common symptoms that his mother had been suffering from
could be traced in him and a similar sort of delusion of the
bearded men with green armbands and their sickles comingto
capture him could be seen in him. The auditory hallucinations
of confused and chaotic murmurings that he heard were
epigenetically transmitted from his mother. It couldbe marked
out when he “plugged his ears with his fingers, and seemed
baffled that this did not muffle the obscenities” (117- 118), the
same way his mother did. The major disorders of his mother like
delusion, hallucination, and paranoia came unto him. On one of
his bus trips, he found (in his alternate reality) that all the
passengers inside the bus turned to be ISI agentsand were
planning to detain him. This repetitive compulsion
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was inherited from the mother that resurfaced at a different
symbolic level. Here the ISI agents represent the other for whom
her mother had developed a phobia. Om believed in his
'alternate reality' that the ISI agents jeered at his “manliness”
(I19) and in utter delusion, he considered that his mind was
being controlled by “a man named Jeevanditta who had been
dead for two hundred years but worked through a proxy in
Pakistan” (120). Her mother's fear of “Muslims with sickles”
(120) had resurfaced as the fear of ISI in Om. Later he stayed
there in the hospital for nearly a month and with heavy doses
of sedative, slowly began to recover.

v

After Om, the story takes us to Chitra, the youngest daughter
of the family, who suddenly began to behave “oddly, over and
above her regular fiery temper” (121). Somewhere she also
began to share the similar sort of malady of her mother much
like Om. Like her mother, she also suffered from obsessive-
compulsive disorder and visualised an 'alternate reality'. Like
her mother, Chitra began to believe that a 'Mussalman' doctor
had killed her mother. We can see pretty clearly how a similar
kind of traumatic disorder re-emerged at a different symbolic
level. The bouts of a panic attack and depression, delusion
disorder, anxiety and social withdrawal of Chitra and Om were
analogues to each other that they have primarily derived from
their mother. It became challenging for their elder sister to
continue the family as she is the only earning member in the
house and the only sane person.

Then, the story rapidly takes us to Dr. Kohli's chamber, who was
busy writing an abstract of a paper for his next conference.
Suddenly, the elder sister of the house came with her “hair
open and dupatta trailing, sobbing, loudly” (123). Dr. Kohli was
shocked by her abrupt appearance of this kind. His initial
thought was that perhaps Om had committed suicide. But the
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condition was much more gruesome and pathetic than he could
imagine. The girl shouted at Dr. Kohli and accused him saying,

Om and Chitra are not mentally ill, nor was my mother.
There are real bearded Mussalman men out there,
hundreds of them, carrying swords, shouting that they will
kill us. I [the elder sister said] heard them! They can
become small like Lilliputians, and crawl through the
ventilators. I saw them. You [Dr. Kohli] bastard! You have
been pumping drugs into my brother and sister. Youare on
their side. You killed my mother too. You are a psycho
yourself a killer (123). [Emphases mine]

It took no time for Dr. Kohli to understand that the only
remaining sane family member was also affected by the
transgenerational trauma. She also, much like others, began to
believe in an alternate reality. In her delusional state, she held
that Dr. Prakash Kohli was responsible for the family's mishap.
To her, Dr. Kohli was one of the agents or perpetrators of
violence, who belonged to the other side. Therefore, the ending
is very pathetic and alarming because the sickness did not spare
even the elder sister who took care of her siblings after their
parents' death. Her delusions of “real bearded mussalman men
out there, hundreds of them, carrying swords, shouting”
(123) were akin to those of her mother, Chitra and Om. She also
feared that her family would be exterminated by the Mussalman
men. To her, Dr. Prakash turned ultimately to be a psycho and a
killer, an ‘other’ from the rival community. Not only that, she
even accused Dr. Kohli of sexual assault. The story ends with
the bitter tears of Dr. Kohli due to his long term engagement
with this family. Professional detachment is indeed a must for a
psychiatrist. But here, in this case, he could not maintain
detachment. Dr Prakash Kohli was just wondering how the
transgenerational trauma and its resultant shared delusional
disorder arising out of post-partition
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migration affected the entire family. The concluding remarks
of Dr Kohli are worth noting:

For a long time, I sat dazed. Then simply put my head
down on the table and cried. The last time I had cried was
when my father had gone out and got himself killed by a
stray bullet. It was a similar blazing afternoon (123- 124).

Thus, the transgenerational transmission of trauma and its
associated delusional disorder gripped the entire family.

\%

The psychological effects of partition-induced trauma upon the
forced/involuntary migrants can be seen in the story. The text
rightly captures how buried/repressed memory resurfaces in
various pathological behaviours of the victims, and those
symptoms can recur in their offspring. It has its own
clue/explanation in the scientific discipline of ‘Epigenetics’.
Epigenetics actually talks about how trauma generally is
transmitted via genes inter/transgenerationally. Renowned
psychologist, N. Kellerman, who had worked extensively with
the children of Holocaust Trauma survivors notes that trauma
can be transmitted by the “parent's child-rearing behaviour.?!
Here, Kellerman wanted to suggest that through the interaction
between a child (trauma receptor) and the parents (trauma
inducer), the trauma and its resultant psychosis may be
transferred epigenetically.?? The traumatic disorders of an

2! Interested readers can look at the article by N. Kellerman, 2013. Epigenetic
Transmission of Holocaust Trauma. The Israel Journal of Psychiatry and
Related Sciences, 50(1), pp 33-39.

22 Shannon Sullivan has done groundbreaking research in this field published
in an essay called “Inheriting Racist Disparities in Health: Epigenetics and
the Transgenerational Effects of White Racism." The article is published in
Critical Philosophy of Race, vol. 1, no. 2, 2013, pp. 190-218.
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individual usually disrupt cellular function. According to
Kellerman, it is the traumatic environment of the inducer to
which the offspring is/are exposed, and it is in this process the
germ cell of the source agent could be transmitted to the
epigenomes of the offspring.

A handful of other geneticists like Supratim Choudhuri, Miguel
Almeida, Antonio Miguel de Jesus, Antonio Rene and others
have very recently discovered one such non-coding RNAZ,
which they think, functions in the transmission of
transgenerational trauma via epigenetic mechanisms. Again, a
few other researchers like Rachel Yehuda and Amy Lehrner
conjecture only in 2018 that the offspring’s early exposure to the
traumatic environment especially, at the post-natal period,
actually changes the methylation patterns, particularly the
glucocorticoid receptor (NR3C; ) gene.**

Another way of transmitting the genes of trauma and its related
delusional disorder to its later generation/s is to transfer the
genes at the gestational stage of a mother's pregnancy through
the uterine environment. Disturbing or chaotic stimuli enter
through the uterine environment during pregnancy, and it could
affect the offspring psychosomatically.® A similar mechanism
can be traced in the offspring of partition victims whose

23 Supratim Choudhuri, in his article "Small Noncoding RNAs: Biogenesis,
Function, and Emerging Significance in Toxicology" talked about this non-
coding RNAs which functions in that way of transgenerational transmission
of trauma. He has published his finding in Journal of Biochemical and
Molecular Toxicology, Vol. 24, No. 3: 195-216. (May—June 2010).
DOI:10.1002/jbt.20325. PMID 20143452

24 Rachel Yehuda and Amy Lehrner worked extensively on the survivors'
traumatic traits to their offspring in the post-natal stage. See their article
"Intergenerational Transmission of Trauma Effects: Putative Role of
Epigenetic Mechanisms". World Psychiatry, 17(3). September 7, 2018.

25 See Michael T Kinsella and Catherine Monk. (September 2009). "Impact
of Maternal Stress, Depression and Anxiety on Fetal Neurobehavioral
Development". Clinical Obstetrics and Gynecology. 2009; 52 (3): 425-440.
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parents were exposed to traumatic stimuli in the past. In this
story also, the same mechanism works in both cases — Chitra and
Om. The entire family shared a similar sort of delusion, of the
“Muslim men baying for blood and honour” and it “had been
passed down through the family like a cursed heirloom” (121).

It would be unfair to take this story of the particular family in
isolation or generalise this transgenerational transmission of
trauma connected with every migrant family. Anirudh Kala's
story primarily talks about the shared delusional disorder, one
of the many pathological, post-traumatic disorders that some
migrant families had suffered from. The source of the historical
trauma is the partition, but the manifestations of the traumatic
experiences of the migrants vary both at the individual and the
collective levels. In conclusion, it can be said that under the
umbrella of Partition Fiction, Anirudh Kala’s story secures a
distinctive  place because, it rightly captures the
transgenerational transmission of the trauma ofthe partition
migrants, which is unique in the context of the Partition-induced
migration. It deals with the “Folie a Deux” syndrome, an
emerging area of research in Psychoanalysis and Trauma
Studies. Kala’s expertise in psychiatry and his real-life
experiences of treating hundreds of partition migrants are
powerfully reflected in the stories of The Unsafe Asylum. This
story, “Folie a Deux” along with some other narratives like‘“No
Forgiveness Necessary”, “Belly Button”, and “Sita's Bus”,
“Partitioning Madness”, “Love during Armistice” open up a
new horizon in the realm of Trauma Fiction.
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Abstract: Optical properties of the solutions comprising of two or more miscible liquids have been of
immense interest both in the area of chemical and physical sciences. To date, there are reports on studies
regarding different combinations of binary liquid mixtures. However, the experiments involved are
either high-ended or using sophisticated instrumentation. Our prime objective is to set up a simple
laboratory arrangement to estimate the refractive index of typical binary-liquid mixtures obtained by
proportionate variations in combinations selecting from benzene, ethyl acetate, tetrahydrofuran, and
water; without involving high-standard instrumentation or expensive laboratory setups. In the present
study, we adopted a basic method to determine the refractive index of pure liquids of low polarity, like,
benzene (CsHe) and tetrahydrofuran or THF (C4HsO) and of high polarities, such as ethyl acetate or
EtOAc or EA (C4HgO3), and water (H,O) and also their binary homogeneous mixture with high
accuracy. Our experimental data involving variation of refractive index with molar volume fraction
matched very well with theoretical interpretations by Arago-Biot and Lorentz-Lorenz equation. In our
results, density corrections have been neglected as we have chosen non-volatile solvents.

Keywords: refractive index; binary-liquid mixtures; Arago-Biot equation; Lorentz-Lorenz equation;
benzene (C¢Hp); tetrahydrofuran (C4HgO); ethyl acetate (CsHsO»); low cost experimental setup.

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Optical, translational, molecular, structural, and other important physical properties of
liquid solutions, such as vapor pressure, surface tension, viscosity, ultrasonic velocity,
volumetric and acoustic properties alongside refractive index, have been seeking attention or
attracted the attention of physicists, physical chemists, and experimental theoreologists
primarily of both academic and practical interest[1-30]. In most cases, the physical properties
of pure liquid or mixture of liquids, such as dielectric constant, polarizability, density, mole
fraction (for mixtures), etc., have been explored through measurement of refractive index at a
different variation of concentration and temperature. On the one hand, polarization in optically
active solution involving solute-solvent combinations led us to determine the concentration and
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Abstract: Fabrication of Organic Solar Cells (OSC) using PEDOT:PSS, has been focussed on the
formation of the four-layered configuration of : ITO / PEDOT:PSS / P3TH:PC60 BM / LiF with Al
metal layers its electrode. The active layer comprised P3TH:PC60 BM, where P3HT formed the donor
and PC60 BM the acceptor components. Interestingly, it has been observed that the OSCs fabricated
from ethylene glycol doped PEDOT:PSS depicted Power Conversion Efficiency (PCE) of about 2 times
more than that of OSCs made from pure PEDOT:PSS. After optimizing process parameters(~ 16% of
DMF, ~10% of DMSO, and ~ 12% EG in PEDOT:PSS) and continued loading of doped components,
the conductivity reflected a decreasing trend. Such a phenomenon was attributed to an increasing
distance between the successive conductive grain/domain, which has been explained based on Atomic
Force Microscopy (AFM). Moreover, stress has been made on the inter-junction behavior of carrier
transport, particularly the hole conduction mechanism. Further, the perovskite-based solar cell has been
compared and discussed to understand material behavior and device performance better.

Keywords: organic solar cells; perovskite; AFM; conductivity; EG.

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Recently, there have been sincere efforts to venture into the development of Organic
Solar Cells (OSC) to make their entry in the device arena dominated by the conceptual and
fundamental silicon and its alloy materials by a remarkable and revolutionary route. The
amount of research and effort has been marvelous and of tremendous magnitude to open up
fundamental aspects and technological importance [1]. The prime concern and criteria for solar
cells along with other optoelectronic devices (LED, Photocell, Photo — Sensors, etc.), have
been cost factors, large-area fabrication, reliability, and stability. To date, there are a host of
references concerning both Organic Solar Cells (OSC) and PEDOT: PSS-based OSCs [2-39].
Thus, there are vast features to be attended a demanding lot of attention, study, and research to
solve the lingering problems to meet the energy crisis of the present and future world. One of
the main points of concern that still remains life is the multi-junction device characteristics that
work wonders but bring about many device complexities and pose difficulties for integrated
device application. The prime fundamental concept arose from the photo-generated carriers in
the active-intrinsic layer and the conduction of both electrons and holes through the inactive
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Abstract

In this article, Beyond Born-Oppenheimer {BBO) treatment is implemented to construct diabatic potential energy
surfaces {PESs) of 1,3,5-CH,F,” over a series [ighteen (15)] of two-dimensional (20) nuclear planes constituted with
eleven normal modes (@, & Gas Gz Qi Taane P Pre Qo Py and @y, ) toinclude all possible nonadiabatic
interactions among sie coupled electronic states (N2E", AL BIE" and 24, 1. We had formulated explicit
expressions of adiabatic to diabatic transformation (ADT) equations [5. Mukherjee, 1. Dutta, B. Mukherjee, 5. Sardar
and 5. Achikari, 2 Chem. Phys., 2019, 150, 064308] for the same system forming six state sub-Hilbert space and at
present, these ADT eguations are solved by incorporating MRCI level ab initic adiabatic PESs and CP-MCSCF
calculated nonadiabatic coupling terms (MACTs) to derive diabatic PESs and couplings. Such single-valued, smooth,
symmetric and continuous diabatic surface matrices are utilized to carry out multi-state multi-mode nuclear
dynamics with the help of time-dependent discrete variable representation (TDDVR} methodology to compute the
photoelectron (PE} spectra of 1,3.5-C.H,F,. Dur theoretically calculated spectra for Lo, A28, and g -1,
states using BBO treatment and TDDVR dynamics show peak by peak correspondence with the experimental results as

well as better than the findings of the multi-canfiguration time-dependent Hartree (MCTDH) method.
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]lloreover W, ent pha. )
o » f explore the[ cases of detection of the firm at different phases of its
¢ pbrocess and also assess the impact of de nce, if any,
Pof’ Ozla[eugcaloanctivm,. d f deterrence, if , on the scale

I Context of the Study

II: aeiitsveloplng and IOW-income country like India, where capitalist development

yet to reach its maturity, production and employment in the illegal sector of the
economy occupy an important position. With the growth and spread of capitalism,
the division between the legal and the illegal sectors gradually emerged. Unlike
overground business, underground business runs on oral contracts and mutual
trusts. Since the business is illegal in nature, and therefore risky, written contracts
are not feasible. Because of the oral nature of the contracts, the underground firms
are able to save a lot of transaction costs, which often become quite high in today’s
corporate world. An illegal economy is a secret market that is characterised by
non-compliance of institutional set of rules. Examples include illegal currency
transactions, drug trade, human trafficking, prostitution (where prohibited),
income tax evasion, etc. The preferred medium of exchange in illegal transactions
is cash, since it does not leave a footprint.

People tend to work in the underground economy for a variety of reasons.
Most of these lack the skills to obtain Jobs in the mainstream economy. Some
choose these types of work because these pay more than mainstream jobs. A third
category of workers prefer this because of the personal freedom they enjoy
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) Co ondence
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aped lound observad valies ol CSF for fifteen esteemed Indian physics journals over
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Butlatin of ihe Astronamical Sociely of indla shows large discrepancy betwaen aepected

and obsenved values with an average error of 14.3%.
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ARTICLE INFO ABSTRACT

Keywords: Samarium doped NapO-ZnO-TeO, (NZT) glasses were prepared by the melt quenching method. The glass-
Thermal analysis forming ability and glass stability of prepared glass was estimated by Hruby parameter using Differential
FTIR ' ' Thermal Analysis (DTA) and Thermo-gravimetric Analysis (TGA). The study of FTIR spectra and X-ray diffraction
;Z;Yelzcizs;rpnon described the ionic nature and the amorphous pattern of glass respectively. The absorption peaks were observed

for the transitions 6I‘I5/2>41:’3/2 at 402 nm, 6H5/2-4M19/2 at 418 nm, 6H5/2>4115/2 at 462 nm and 6H5/2-4111/2 at 478
nm in the absorption spectra. The optical band gap energy (E,) was calculated and observed to be decreased from
2.95 eV to 1.58 eV with doping concentration. The visible emission band was observed in the Sm®* doped glass
samples. The variation of dielectric constant with frequency was found to be independent for the frequency range
3 kHz - 2 MHz. The measurement of temperature-dependent dc conductivity showed Arrhenius type mechanism

Dielectric constant

of conduction.

1. Introduction

Tellurium di-oxide (TeOy) is a promising glass network maker in the
existence of alkali, alkaline earth and transition metal oxides (TMO) as
modifiers, but it does not form glass itself. So, TeO, is familiar as a
conditional glass producer, as it requires a modifier to produce the
glassy state of the materials. Tellurite glass materials have some inter-
esting properties like transparency at room temperature, hardness of
satisfactory strength and attractive corrosion resistance [1-3]. Tellurite
glasses are very interesting materials for linearand non-linear applica-
tions in optics, due to their significant characteristics such as low
melting point, small phonon energy and large refractive index. It has
also important for high dielectric constant, good chemical durability,
high thermal stability, non-hygroscopic, with a large transmission
window and the possibility to integrate a large quantity of rare-earth
ions. It can be also applied as micro-lenses in photocopiers and
mobile-phone cameras, IC photo masking in photolithography, photo-
sensitive glass, hard disks, substrates for solar cells, artificial bones for
mankind and dental transplants, etc. Besides these applications, the
tellurite glass has been used for the protection of X-ray radiations,

* Corresponding author.
E-mail address: kriti.basis2020@gmail.com (K.R. Sahu).

https://doi.org/10.1016/j.jpcs.2022.110776

gamma radiations and other ionizing radiations from radioactive ma-
terials. Radiation exposure from different nuclear sources such as nu-
clear power plants, radioactive mining, conservation of radioactive
sources etc. Can have a serious negative effect on the human body.
Earlier, lead (Pb) has been used to protect these radiations. But several
disadvantages have been found to use lead as a shielding material of
nuclear radiation. Recently, material scientists have suggested that the
tellurite/borate glass can be used as an efficient shielding material of
nuclear radiations without any environment pollution [4-11]. Glass
materials are practically used for optical appliances due to their various
compositions, physical isotropy and deficiency of grain boundaries.
Tellurite glasses are useful to study by industrial researchers not only
because of their methodological applications, but also owing to a
fundamental significance in thoughtful their microscopic mechanisms
[12,13].

The luminescence properties of optical materials have been broadly
observed not only for applications in phosphors, scintillators and laser
crystals but also for scientific importance during the last two decays
[14-20]. In presence of rare-earth ions, the glass materials are excellent
luminescence intensity because of their emission power due to 4f-4f and

Received 1 February 2022; Received in revised form 19 April 2022; Accepted 30 April 2022

Available online 12 May 2022
0022-3697/© 2022 Published by Elsevier Ltd.
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The Pathology of Partition: Analyzing the Trauma of Partition and its Psychological
Disorders in the Select Short Fiction of Bhisham Sahni
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Abstract

The psychological after-effects of the 1947 Partition of India, primarily in the form of
traumatic neuroses, constitute one of the emerging areas of critical engagement in the broad
domain of Partition Studies. Unlike the physical violence, the psychological wounds of
Partition could not be convalesced immediately. The deep-rooted traumas of partition lead
to further psychological disorders. Looking at its fictional representations, primarily the
short partition fiction of Bhisham Sahni, we may find that most of the characters in Sahni’s
short stories suffer from the ‘belated experience’ of Partition trauma that continues to haunt
their lives later on and affects their behavioural patterns. Sahni’s short narratives on
Partition like “The Train Has Reached Amritsar,” “Take Me Home, ” “Pali” and “Veero”
have depicted the traumatic disorders of the victims more than the partition violence. This
paper would focus on the select short Partition fiction of Sahni from a psychoanalytic point
of view and try to explore the psychological trauma of Partition and its associated
pathogenic effects as reflected in these stories.

Keywords: Partition and Psychological Trauma, Pathology of Partition, Psychological
Disorders in Bhisham Sahni’s Fiction

In an interview with Alok Bhalla on the theme of Partition, the Sahitya Academy
Award winner of modern Hindi Literature, Bhisham Sahni has rightly pointed out the main
crux of the Partition induced violence and its associated guilt or trauma in the following
words:

I think barbarism is not a permanent feature of human conduct. It depends on a

combination of circumstances which somehow incite man’s baser instincts. Under

certain circumstances men lose all sense of decency and proportion, and indulge in
butchery. After some time, the barbaric impulses slowly subside and give way to

reason. Men begin to repent their actions. (Bhalla 132)

Sahni has suggested here that Partition violence in its varied forms stemmed out
from a particular situation or “a combination of circumstances” that consequently engulfed
almost the entire social fabric. Widespread ‘barbarism’ in the form of communal frenzy and
the innate desires of the masses to annihilate the ‘other’ predominated in the social sphere in
such a way that men were seen, as Sahni puts it, to be devoid of their basic human traits as if
they had lost “all sense of decency and proportion™ and solely indulged in “butchery.” The
horrific cataclysm of Partition, in fact, turned millions of common civilians to bloodthirsty,
communal, barbaric beasts, and ‘bestiality’ (Chakraborti 101) emerged as one of the
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foremost guiding metaphors in the majority of the Partition fiction of Punjab province. This
sudden change of the mass civilized beings to violent beasts in the wake of a particular
historical juncture could be analyzed with the help of a number of other inter-disciplines like
Psychoanalysis, Trauma Studies, and Violence Studies and many others.

In fact, the psychological after-effects of 1947 Partition of India, primarily in the
form of traumatic neuroses, constitute one of the emerging areas of critical engagement in
the broad domain of Partition Studies. A number of responses are coming, very recently, in
the late 2010s and the early 2020s, from the mainstream Psychiatry and Trauma Studies
Departments, that have mostly been silent about the horrendous traumatic aftermaths of
Partition violence. The unprecedented physical violence that occurred during and after the
Partition of India, in the forms of multiple sectarian attacks, mass carnage, riots, arson, brutal
rapes, and body humiliations had been subjected to gradual convalescence with the passage
of time. The psychological wounds along with the deep-rooted traumas, however, could not
be surmounted overnight. On the contrary, they have led to multiple forms of pathological
neurosis in thousands of its victims like Anxiety Disorder, madness, panic attacks, Post
Traumatic Stress Disorder (PTSD), Acute Stress Disorder, Repetitive Compulsive Disorder,
Emotionally unstable personality disorder (EUPD), Rape Trauma Syndrome (RTS) paranoia,
and so on. This interdisciplinary dialogue between Partition Studies and Mental Health
Studies (Trauma Studies and Psychoanalysis) is altogether a new domain of research that
needs critical attention.

If we look at the body of Partition Literature of Punjab province, we could see that a
good number of writers of Partition fiction like Intizar Hussain, Mohan Rakesh, Krishan
Chander, Khuswant Singh, Chaman Nahal, Rajinder Singh Bedi, Saadat Hasan Manto, and
Ismat Chughtai among others have been keenly interested in representing both the physical
as well as the psychological aspect of Partition violence, although the psychological aspect
has not been much discussed. There has been another leading writer who, in his short
fictional pieces, is able to capture the traumatic aspect of Partition violence and its attendant
pathological disorders. He is none other than Bhisham Sahni (1915-2003). His fictional
masterpiece Tamas (1974) has vividly recorded the gloomy atmosphere of communal tension
in the form of interethnic violence. But his short narratives of Partition like “Amritsar Aaa
Gaya” (The Train Has Reached Amritsar), “Mujhe Mere Ghar Le Chalo” (Take Me Home),
“Pali” and “Veero”, have focused more on the traumatic disorders of the victims than on
representing partition violence.

This paper would be analysing Partition from a psychoanalytical point of view,
especially, how Partition has led to a kind of collective Psychological Trauma and its
associated pathogenic effects, as reflected in the select short stories of Bhisham Sahni. I shall
focus on the two short stories of Sahni: “The Train Has Reached Amritsar” and “Take Me
Home” taking help from the theoretical models of trauma and psychopathology, given by
Cathy Caruth, Sigmund Freud and a few other trauma theorists.

11

Cathy Caruth, the doyen of Trauma Theory, suggests that psychological trauma
arises out of certain unpleasant or distressing events that consequently fragment the identity
of an individual and the trauma continues to bedevil the victims later on in their lives.
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(Caruth, Unclaimed Experience 4) Looking at the body of Partition Literature of Punjab
province, especially the short partition fiction of Bhisham Sahni from a psychoanalytical
gaze, one may find that a number of characters of Sahni (much like those of Manto and
Chughtai) behave in a chaotic way due to the psychological trauma they have imbibed
during Partition. Sahni’s protagonists suffer from different sorts of psychic disorders that
sometimes last for a few hours to a few days, and sometimes they linger throughout their
lives. For example, Nathu’s guilt consciousness in Sahni’s Tamas is very much prolonged;
whereas the traumatic disorders of the protagonists in his short partition stories are quite
ephemeral or short-lived. The first story that I am going to analyze captures the
psychological/ traumatic disorder of a man that lasts for a brief period of time. In the story
“Amritsar Aaa Gaya” (The Train Has Reached Amritsar),! we observe a sudden change in
the mood/behaviour of a timid, frail-looking Babu, who suddenly got so furious due to
certain external stimuli like humiliations, jeering remarks, mockeries about his sexual
potency, his preference of food habits etc. by a group of men that he satisfied his ego only
through avenging the life of an innocent old man from the rival community.

Narrated mostly in the first person, the story recounts a train journey during the high
tide of Partition from the newly created Pakistan to the other side of the border. Among the
passengers were a Sardarji, three Pathans and a “frail looking” Babu, an old woman, and a
few other passengers along with the narrator in the same compartment. Most of them were
engaged in casual talks, occasional debates, funny gossips, jeering, teasing etc. The
passengers were absolutely confused about the newly created border, the abrupt decision of
the creation of Pakistan, and its terrible consequences. But the topic that fascinated them
most was the bloody riots that were happening all around. Each one of them was very much
tensed about an imminent attack on the train that may occur at any moment during the course
of their journey. However, a group of Pathans was absolutely indifferent to the apprehension
of the other passengers. Contrarily, they were busy cutting jokes at the frail-looking Babu by
offering him the boiled meat and a piece of naan in a very jovial manner knowing full well
that he won’t accept the meal. One of the Pathans told him

Here, Babu, eat. You will become strong like us. Your wife will be pleased. Eat it,

dalkhor. You are weak because you only eat dal. (2)

The Pathans continued to make fun of him and a few other passengers joined the
process soon. Time and again the Pathans tittered at his masculinity, his sexual potency, and
gendered identity etc, the issues that the Babu wanted to avoid inwardly but could not help it.
The harmless jeering of the Pathans turned out to be an acute source of trauma for the Babu
as he felt constantly humiliated. According to Sigmund Freud, disturbing or chaotic
situations like this may lead to a kind of “traumatic neurosis” in the victim (Caruth,
Unclaimed Experience 16) which may split off the self of the affected one. (Freud 8) This is
quite evident in the story.

As the train reached Wazirabad station and the news of the communal riots was
approaching the passengers, the Babu got very much frightened and continued to babble
absentmindedly that something was wrong (3). The tense situation deteriorated quickly and
an “eerie silence” pervaded all over the compartment. As soon as a couple tried to climb up
the over-crowded compartment with a huge bundle of luggage, one of the Pathans kicked
them off. The Babu witnessed this incident but preferred to remain silent. Contrarily, the
Babu became so much hyper-vigilant about an uncertain dread that he became panicked and
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“looked deathly pale.” (5) When the news of a riot reached the passengers and everyone
within the compartment was pulling their windows down and a loud rattling sound
approached, the Babu leaped off from his seat and reclined on the floor of the compartment
out of utter panic. To humiliate him, the Pathans resumed their mocking remarks:

Oh, coward, are you a man or a woman? Don’t lie there on the floor. You are a

disgrace to all men. (6)

However, the Babu did not pay any attention to them as he was trembling with fear and
the sense of panic disrupted his normal physical movement: “The Babu’s lips were dry. He
stammered something and then fell silent.” (6) This traumatic happening may be termed as
Acute Stress Disorder (ASD), which generally arises in a victim out of certain threats of
death or some serious injuries from certain outside forces. The pathological disorders were
very much conspicuous in his behaviour. Out of panic, he became speechless and his
thoughts were disrupted. He seemed to suffer from a certain trepidation that “people outside
were either throwing stones or firing at the train. (6)

However, his behavioural pattern changed drastically as he learned that the train was
finally approaching Amritsar after crossing Harbanspura. The frail-looking, timid Babu
suddenly screamed in excitement and shouted repeatedly that “We have arrived in
Amritsar!” (9) There was a sudden change in his personality, and unexpectedly, he began to
retort to the Pathans: “Come down, you bastard! You son of a bitch!... May your mother....”
(9) This sudden change in his mood/behaviour can be analyzed with the help of
Psychoanalysis. To consolidate his fractured self, the Babu was certainly looking for a
denominator in his subconscious mind that would allow him to preserve his ‘imagined’
species formation. As the event of the kicking off of the couple by the Pathans flashed upon
his mind, he began identifying himself along with the communal/ religious identity. The
falsifying of the ego would give him a kind of permissive logic to perpetrate violence upon
the ‘other’ to regain his lost/fractured identity.

As the train slowly arrived at the Amritsar station and the overcrowded platform
“was buzzing with talk about the riots” (10), the Babu mysteriously disappeared and came
later on with a lethal weapon in his hand only to see that the Pathans had left the
compartment. (10) He roared: “The sons of bitches...they have all escaped....” (10) The
frail-looking Babu suddenly became so fierce that nobody really dared to talk to him in a
casual tone anymore. He was very much gripped with communalism and fanaticism and
became so agitated that he could not sleep anymore. Almost all the potential symptoms of
ASD like sleeplessness, uncontrollable rage, restlessness, irritability could be seen in him.

Towards the end of the story, the Babu was finally able to satisfy his ego by
avenging the life of an innocent Muslim old man, who was merely pleading to open the door
of the compartment. The Babu initially, remained indifferent to his repeated pleas “Open the
door! In the name of Allah, open the door! (11), but opened the door abruptly and hit him on
his head with the same iron rod surprisingly. The dying man’s face was looking for an
answer to this act. His female companion too couldn’t grasp the logic and fell on the
platform at once. There was no apparent reason why the Babu had hit him suddenly. The
possible explanation one could offer was the widespread communal frenzy that allowed him
to regain his lost identity and to fulfill his aggressive, annihilatory desire only by inflicting
pain upon the ‘communal body’ (Misri 36) of the rival community. What would happen to
him next after that impulsive murder? Would he remorse or become re-traumatized? The
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story remains absolutely open-ended to such possibilities. The only clue we get is that the
Babu threw his weapon outside the door after his reverie broke down and he looked vacant
as if he had overcome from his trance. Communal antagonism was so pervasive during the
Partition that it turned countless innocent victims into brutal murderers.

I

In the early 2020s, a host of Indian psychiatrists like Alok Sarin, Sarah Ghani and
Sanjeev Jain have tried to explore the psychological roots of the Partition induced trauma. In
an essay called “Bad Times and Sad Moods,” they claim that: “abrupt and sudden
dislocations, loss of social rootedness and exposure to social unrest have all been identified
as causes of trauma.” (Butalia 249) In the story, “Mujhe Mere Ghar Le Chalo” (Take Me
Home),> we find a protagonist, who, like the millions of other dislocated refugees suffers
from the Partition induced psychological trauma. Much like Bhisan Singh in Manto’s “Toba
Tek Singh”, the pathological neurosis comes in the victim due to the “abrupt and sudden
dislocation” from his homeland and the resultant loss of his “social rootedness.”

The story describes a similar kind of train journey with a train full of refugees
waiting at the overcrowded station of Wazirabad. As there was scorching heat, the
passengers became very much thirsty but nobody really risked getting down at the station to
fetch some drinking water due to the dread of an imminent riot that may occur at any time
targeting any particular community. However, an old man who was dying of thirst, boarded
down at the station to drink some water. As the train suddenly began to move, the old man,
not knowing what to do, made “a wild rush” (2) to catch the train. Luckily, he was able to
reach the compartment and climb up into the running train but got somehow physically
wounded. His knees were bruised and “drops of blood oozed from where his chin had grazed
the floor of the compartment.” (2) His fellow passengers then felt pity for him and offered
him a little bit of water to drink. Some of them tore off a rag from his turban to wipe “the
blood off his chin.”(2) But the old fellow remained absolutely indifferent to all the physical
injuries as if he was possessed by something else. It took no time for the passengers to
understand that he was undergoing a certain sort of psychological pain, which was so heavy
on him that he hardly cared about his physical damages. He took no notice of his bruised
knees or bleeding chin. His relatives might have already departed by the previous train. One
is not sure about the whereabouts of his family or in which condition were they. Certain
chaotic thoughts hurdled together in his mind and he remained absolutely silent. The only
repetitive babble that he could utter was to take him to his home. (3) The passengers in the
compartment could not make out his confusing, continuous jabber. They started questioning
him:

But where is your home? What are you talking about, sir? No one has a home any

more. Where shall we take you? (3)

The old man absolutely paid no attention to their queries and continued to babble the same
thing again and again. The other passengers suspected that possibly, he was out of his head.
(3) After a few moments, shaking his head repeatedly, the old fellow suddenly shouted “In
Miyani. Miyani, district Shahpur” (3) to which the other passengers got infuriated and started
shouting at him. One of the passengers yelled:
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So we should take you to Miyani now, should we? ...Are you in your right mind?

Here we are, homeless and knocking about from place to place and here you are,

missing your blessed Miyani. Want to go there and sit in your mother’s lap, do you?

3)

The old man didn’t mind their retorts at all. On the contrary, he shook his head frantically
and sobbed “like a little child” (3) repeating the same cry “Take me home.” (3) One could
understand the intensity of the psychological pain that he was undergoing due to the forced
relocation. Like millions of the other migrants, this old fellow too had become so
traumatized due to the division and the undesired post-partition migration that he couldn’t
make any sensible activity. It took no time for the other passengers to understand that “he
was really out of his mind” (4) since he was repeating the same words repeatedly.

However, an old woman, who was sitting nearby and witnessing everything,
suddenly approached the old man and spoke something in Multani dialect, which was, of
course, unintelligible to most of the passengers. Listening to these words, the old frantic
fellow “suddenly became quiet. He opened his eyes. His head shaking, for a long time he
gazed at the face of the old woman” (4) and suddenly mumbled:

Miyani vasjaso? Main tuhanoo lai vajna? (‘You want to go to Miyani? Shall I take

you there?’) (4)

This turned a bit therapeutic for the old man, who suddenly woke up from his deep-rooted
malady of the mind. The passengers understood that both of them were speaking in the same
dialect. (4) The old man, who was behaving hysterically so far, suddenly broke down to tears
looking at the old woman and replied to her in the same dialect:

O Rabba dadiya!? Mainu kitthe liya suttiya ee (‘O Lord! Where have you gone and

flung me?’) (4)

His loud sobbing can be taken as a way out for releasing the repressed trauma that he
was carrying all the way. It is through the linguistic associations of the Multani dialect, he
could ease out the trauma and agony buried within. This event may be taken as the Freudian
‘return of the repressed’ which suggests that it is through revisiting the past, repressed
memory of a certain traumatic events, one may get cured or at least released from the
subdued trauma. Towards the end of the story, the fellow passengers understood that he was
not really “gone out of his mind”, rather disturbed by the unexpected and chaotic events of
Partition and its resultant forced dislocation.

1A%

Partition-induced violence and its traumatic aftermath led to different kinds of
psychological disorders in the individuals as well as in the collective masses. The
pathological symptoms found in the victims of Sahni’s stories were predominantly caused by
the territorial anxiety created out of the filthy game of Partition. Traumatized subjects like
the Babu or the old man inescapably bore the burden of a blotted history that they really
never deserved. Their traumatic/ psychological disorders like those of millions of others
were not simply the maladies of the mind or the unconscious selves, rather symptomatic of a
turbulent history. Victims like the Babu or the old man became the “symptoms of history”
itself. (Caruth, 7rauma 5) Whereas the old fellow in “Take Me Home” carried the
psychological trauma of being uprooted from his homeland, the Babu in “The Train Has
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Reached Amritsar”, on the other hand, suffered from the victim-turned-perpetrator
syndrome, which was quite common in the wake of Partition violence. Both of their
maladies can be classified under the DSM — 5 (The Diagnostic and Statistical Manual of
Mental Disorders) taxonomical tool. Whereas the abrupt hyperarousal disarray and its
associated disorders like hypervigilance, panic, sleeplessness, avoidance complex, etc. can
be categorized as the Sub-threshold Trauma or more prominently, Acute Stress Disorder
(ASD); the belated experiences of the traumatized, dislocated old man can be seen as part of
the Post Traumatic Stress Disorder (PTSD) with its related disorders like the Repetitive
Compulsive Disorder (RCD) or the Emotionally Unstable Personality Disorder (EUPD). In
conclusion, it can be said that the short partition fiction of Bhisham Sahni (along with certain
other stories of partition) offer us a new territory of ‘Partition Trauma Fiction’ within the
existing domain of Partition Literature or Partition Studies.

Notes

The text of “Amritsar Aaa Gaya” (The Train Has Reached Amritsar) is translated by Alok Bhalla and
taken from the anthology called Crossing Over: Partition Literature from India, Pakistan, and
Bangladesh. eds. Frank Stewart and Sukrita Paul Kumar, Honolulu: University of Hawaii Press, 2007.
2The text of “Mujhe Mere Ghar Le Chalo” (Take Me Home) is translated by Harish Trivedi, appeared
in the anthology Bruised Memories: Communal Violence and the Writer. Ed. Tarun K. Saint.
Calcutta: Seagull Books, 2000.
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Abstract : X b
wd corruption has been of special interest among socia

For over three decades, research on crime ar 5 ;
scientists. The present paper seeks to examine the decision-making behaviour of an flle.g'al Sirm "}
terms of a simple micro theoretic exercise. We set up simple models of a profit maximizing illega

industrial firm and derive conditions under which illegalisation of work and praductzoz? GCCUTS,
taking into consideration the fact that the probability of being detected of unlawful activity Is a

variable and being dependent on the scale of activity, measured in terms of output or emplil)’mte'”f;
Here, we 1ry 1o explore the cases where the firm is detected at different phases of its productio

Pprocess and also examine the impact of deterrence, if any, on the scale of illegal activiry.

Key Words: lllegal Sector, Fine, Profit A/Ia.rzﬁzizatt'on, Detection, Output, Labour.

JEL Classification Codes: D21, E26, K42.

X

Crime and corruption are in existence from the very beginning of humanity. It can be defined

as dishonest or fraudulent conduct by the people in power or those who have a prominent
position in the society. It typically involves bribery, nepotism, extortion, patronage,

cronyism, etc. It is like a disease to the economy of the country. Not only does it hqald the
economy from reaching new heights but also prevents the country’s development. It is one of
the biggest challenges faced by many countries all over the world. It has spread its roots so
deep in the society that it has become difficult to get rid of it. It is becoming bigger day by

day because of people’s increasing wants in life.

Crime is any action that violates the law of country or rules of the state. It is that illegal action
which is harmful to oneself or the society and is punishable by law. A crime can range from a
minor level of robbery to the extent of homicide or suicide. Thus, any individual who
commits a crinte is known as a criminal. In the present day, we are most vulnerable to various

criminals of the society. They can be kidnappers, rapists, murderers, or even terrorists. There
are criminals who are indulged in crime under the influence of politicians and businessmen.

1



VIDYASAGAR UNIVERSITY JOURNAL OF ECONOMICS
‘ ISSN: 0975-8003
UGC Listed Peer Reviewed Journal of

Depar ics, Vi
partment of Economics, Vidyasagar University, Midnapore

Instruction to Authors

I;i‘;:;‘::cilztz :(l:l:ntl;gufd for pul?lic?tion must be in Englis'.h. o pits
bl . publication on the understanding that they contain original unpublishe
su .mmed for publication elsewhere. Any special feature relating to the paper suchas it
presefltatxonlxxa seminar/conference must be clearly indicated atthe pottom of the first page-
'_rhe.m§‘ page should contain the abstract of the article, author or authors' designation, name of the
institution and full address. : .

All manuscripts should be typed in Times New Roman, Font Size 12, double space-

All quotations must be carefully checked for accuracy and duly acknowledged.

Footnotes should be listed consecutively in the text with subscript Arbic numerals:
TheAPAformatshouldbeusedforrefen‘ingbooks.articleinjoumals,etc.inthereference'. g
All the tables must be consecutively numbered and appropriately titled. Do not underline the ntlelo
tables. All notes to tables should be given atthe bottom of the respective table. The position of tables
should be clearly marked in the textat the appropfiate place. ) )

If mathematical equations/formulas are used, they should be preferably typewritten 10 Equation
Editor.

Diagrams, graphs,
All manuscripts must bein Englis
Editor and Managing Editor, Vidyasagar
Midnapore (W)- 721102, West Bengal India.

Publication Fee: Thereis no publication fee

es clearly positioncd.
be addressedin duplicate to the
omics, Dept. of Economics,

chaxts, etc. should be clearly drawin with all ax

hand the soft copy of the paper must
Unversity, Journal of Econ



VOL N°| 2 XXV| 2020"21

Publlcation Dato: 01.08.2021

The Daepartment o Economics, Vidyasagar University, Paschim

-[:f}edlglpu.'.‘ brings out this Journal which Is at present an annual publication.
10 Journal features arlicles on aconomic development Including rural
d‘?"°l°PmOnt — both theorles and applicalions. Prioritles are given to
original resoarch works, thoorolical and ompirical, in the areas
mentionad abova.

( Annual Subscription Rates

l
l
l
l
I
l
l
l
l
l
l
l
|
|
l
| Individual Rs. 100
' Institution . Rs. 150
l SAARC Countries
,l Overseas
l
l
l
l
l
I
|
l
I
l

All editorial and business correspondence should be made with the Editor,

Vidyasagar University Journal of Economics or HQD, Department o
Economics, Vidyasagar University, Paschim Medinipur, West Bengal -
721 102, India.

——-———.————.————_—_———————_—

Published by the Registrar, Vidyasagar University, West Bengal, India



| W I
.|' !!|.|l‘ i Ll [ f / L

st TSER
uawnmppum

! _. | | i h‘ .
Explering 120 years of Indian physics and astronemy Jmmm]s

Cropd s Da®, April Kosniar Das® srd Bahyarsi Duia® .
*Centéa] Ly, Santal i diode Sardbe Saishorabici Mahoisyalops, ﬂuhq,nﬁh-lﬂﬂr\-'rﬂ 174, Wes; Hengal;
Frmall pepd rada T grai o

*Ceraral Librury, Bl Cotleps, Dusisn, Feschirs Medinkna-TH 420, West u...pa; Lol apushusrardas) Wiiyahoa in
“Degarenl nrtmnlwmwuﬁma}wm mw-ﬂm
X | ruall: ichyanhi bhavea bikpnadl com

I .tn“hh;nhrmmwummr mm;r”iwr

This juper I ase Hhﬂ and Inerly yean peormey of kndian phyes aed llrwrnﬁ-kun.-. Of e 172 jawmrale
#um hawe been paklinbed aiive R0, 3 jraavls bave peaved pablikagos The shdes s (ekied prtkie was puldided is
1766 in ddsaved Reasarcier, (ke (il ke reeaich pericdical, The aldes Indban arveny pasesl PahBretuas of s
Mehacggs Tabktanug) (lacriamy el ito Beag 18 1902 fioen Pue ol cernd L The okl Indan phpies
jmiirel Avuavihs Kbl of The frovmn: of A Mroko Sianer sisied in the yoar 1000 fom Sadras dprewet-day
Utacrwsy 3 cmeetd 0 1914, n all, 7% o jesarols bbang 4 Wisad aimwe daiplins b pabdids skl es on s ol
wupedwny segalaly drig with sther iy s dacplmes sl By 139 ad 1350 paimb sty bokeg b ke
palpect prear, phesics, ol sy sppeokiely 11 i obatived gl motily 8P of praisab e ikl by the Indan
Ui [k, whike 20% of pashials are mdewd bry Dhe Indian Cdation indes, Sonqure, and Weh nf Seence. Wka, 3FGal
jnur-h e nnt indennd by ary climuen ibiskam I dhe 125 v vl e Bighe gianker of sevo M e ik
FecAng i the yoar 20T |

Kﬂ'ﬂﬂ'ﬂl. Iraban Physics Joarral; Iskan Aspnoary bowmmal. Mgk Jiemds ) Adbetony Joomel- Ildn IMpics and
Anianiy

Introducting

Joanmd; Cramth ol Lilesture- Piyskos; Crawth al Ligatae Apmmary

The fordarmenial scheme of all bmnches of sceeee
essemtmally mvolves the coneepl of low in mawme (o
wiew the nalural phenomena as an nrdersd sxpamce

ol evemis linkad ingether by a cham ol crmzifinn. (1

astromanny pavved th way iowaeds the Tresa ool s e
af modom ssirenomy in lia’ In' 1737, Madme
Uhservalnry was milinied by Wil Peifo, an oflicer
ol e Easl indin Comipoay, wiih the use @l fep 1°
achromaiic belescopes, tun: oevemizal clicks and 2



U.G.C.- CARE List-1 2021 approved journal, Indiap,
Language-Arts and Humanities Group, oyt of 16 Pages
placed in Page 3 & No.60 out of 319

EBONG MOHUA

Bengali Language, Literature, Research and Referreg With

Peer-Review Journal

23th Year, 142 Volume
Dec, 2021(Spl)
Published By
K.K. Prakashan |
Golekuachawk, P.0.-Midnapur,721101.W.B.
DTP and Printed By
K.K.Prakashan
Cover Designed By

Kohinoorkanti Bera

Communication :
Dr. Madanmohan Bera, Editor.
Golekuachawk, P.O.-Midnapur, 721101. W.B.

Mob.-9153177653
Email- madanmohanbera51@gmail.com/
kohinoor bera @ gmail.com




HONOURABLE EDITOR
Dr.Madanmohan Bera, Eminent Bengali Writer, Midnapore. W.B.

BOARD OF EDITORIAL ADVISORS
Dr. Taraknath Rudra, Eminent Bengali Writer, Midnapore. W.B.
Mr.Anuttyam Bhattacharya, Eminent Essayist and Writer_, Midnapore. W g
Dr.Tarun Kr.Pradhan, Professor, Rabindra Bharati University, W.B,
Mrs.Payel DasBera,Eminent Essayist and Writer, Midnapore.W.B
Mrs.Moumita Datta Bera,Eminent Essayist and Writer, Midnapore.W.B

HONOURABLE ADVISORS

Dr.Prakash Maity, Professor, Banaras Hindu University, U.P.
Dr.Krisnendu Datta, Professor, Sikim University, Gangtok, Sikim.
Dr.Snehalata Das, Professor, BhagalpurUniversity, Bihar.

Dr. Mamata Das Sharma, Professor, Patna University, Bihar.
Dr.Nirmal Das, Professor, Tripura University, Tripura.

Dr.Malay Deb, Professor, Tripura University, Tripura.

Dr.Sayak Mukherjee,.Professor, Tripura University, Tripura.
Dr.Jaygopal Mandal, Professor B.B.M.K.U, Dhanbad, Jharkhand

Dr.Nanda Kumar Bera, Professor, Ranchi University, Jharkhand.
Dr.Anirban Sahoo, Professor, Dr.S.P. Mukherjee University, Jharkhand.
Dr.Lili Ghosh, Professor, Jamsedpur Womens’ University, Jharkhand.
Dr.Subrata Kumar Pal, Professor, Ranchi University, Jharkhand.
Dr.Dayamoya Mondal, Professor, S-K-B University, Purulia, W.B.
Dr.Sudip Basu, Professor, Biswabharati University, W.B..

Dr.Mir Rejaul Karim, Professor, Alia University, W.B..

Dr.Anisur Rahaman,Professor,Alia University, W.B.

Dr.Sarojkumar Pan,Professor, VidyasagarUniversity.W.B.

Dr. Kousheyee Banerjee,Asstt.Prof (Bengali), Adamas University, W.B.
Dr.Achintya Kr.Banerjee,Professor, Gourbanga University, W.B.
Dr.Tarapada Bera,Eminent Bengali Writer,Prof. Tamluk College, W.B.
Dr.Manoj Mandal,Eminent Bengali Writer,Prof. Khidirpur College, W.B.
Dr.Ashis Adhikary, Eminent Bengali Writer,Prof, V.M.College, W.B.
Dr.Pradip Kr.Mandal,Eminent Bengali Writer,Prof.N.S. College, W.B-



22 W (MNIPINIMIN ., ocovvvnniranisinvarvisvini,

3. fe cAbsIAT I, BICEIE Qa2 qazla %o
L S TR e Tl |
SCRSBIUE (e e FE AU UM B "lfﬂ(*’ff‘"(u hr om0
& JUA ST FHo - o1 FIHS (AT sveo
Sowiiano B L SEESVRIT S AR TR P Yuy
38 (Ot (AT RIS P« WA ... Y44
¢ SN SPTHA S SIFPOIG A S SnfEpGs o
IR : iR AfSIRR Gy 9T 7 ke
DL aﬁfagawmn ............................................... g
QY 2T AT QOIS : IATCI RFG 2 37e] WA, 550
RS TRt I Givo 2AfT916 MF5 @ O caretfan
P P et SR S DR i r i A S R P g e 9%
b (Tl 6 GRIAE SRl ¢ o fSen (AF ot
A I e T 309
> B Fretsiafs a3 STy 93 o
AR T o ORI O i V¢
90 (oA IR - ST LAY (I (L5
TG AT LR :: RPREH AR ..o 238
0> T (ST NI TRATHI G 8 G
e e T R SER
O FALTHTO T 8 5eTe O a1y et
QU ST, ........ R Shas ekt e 99
00 SIET [RUHTR : 6T 35 TG @R FRSE
T3 SN - SR P IR, 8¢
08 FIINBLEI AMTGI 8 FAMTSIT SIS
R W
0¢ AMTA P HFF MR a7l @R (NoTor Fhet
o Lh ¥
wmmﬁaswfmﬁwww%mﬁr@wmm
N P 399
4 AN ; &3 HTt |



AATTRITO 7 8

vlete Siata @ty ataret
QY Teye|

HITATHFA:

FAGHAG LA A T TOJE 97 | TR AT AL
e S YO AR 20 5Ty w98 IS G eI Bl (fere]
&I QTR | Rfew efsfrmm Rfvy werare? g s 3t e A wesT
TR IMACP FOFOOIIE WRAS I | (1R AIFAOR IZCAF G5!
24 A 2T TAWOMTH T 8 BeTe 0o Sy 2Tt | @ Ty @ Sfere
ST SHIATS B T2 SRR R{isfe ARRe 906 7 | aNgwne MZTo
8 JRITS (51T W) @ BieTe ST THIATY (AT 9wy (ST AT | S
TH139 ADF 7 20T IATTRATSR CIPA~AR T I a1 0T | FUo
8 T O HIEng (I oS | (7t '8 FITETH AT AfSfame® Jrew
ORI T *I37 Y& (A HLey | TouI s aH=19 5157 37 ol
T oite Cofd FTRe INTERTET WY W T TRMBTE SRAGF|
FATIACHR Sorael W TR |
oI % T, TRANY, CRAET, wifawel, S, qmemia,
ARG, TARATE, TEA, SHARIFAT, (7!, G|

aifeotvy famw

@2 - bere fifAe ol 73tE [RREE fFrefv, oo, e
ST I FTITRA | (D TOJE AT TCA I QA ST AT
512f% | fof 3teTce --

“YTOT IR THIATId 7 Aifefaw (ofd 203 T | 92 I
. TR B oerat 3fer- - - G2 9 et A i Seorerat (- - - ot W w
QAT 7S] (TR 7OJ (12 THASI FICH, IF SN I Ty A vl
THGI | IREASIT CFLT G2 W SASIAR AN T1w) 510 qRE (H-5-

09 I 11932 A -fOrEa, 00



Volume 6 ¢ Issue1l+* August 2021



ISSN : 2455-6319




Anudhyan: An International Journal of Social Sciences ( AUSS)

Volume 6 = Issuel
Published on: August 2021

CHIEF ADVISOR
Prof. Tirthankar Purakyastha, Department of English, Vidyasagar University
CHIEF EDITORS

Dr. Rina Pal, Associate Professor, Department of History, RNLK Women's College
Dr. Sujoy Kumar Maity, Associate Professor, Department of Bengali, RNLK Womep, s Co .
COPY EDITOR

Bhibhas Chand, Assistant Professor, Department of English, RNLK Women's College
SCIENTIFIC EDITORS

Dr. Krishna Kumar Sarkar
Dr. Parthapratim Roy

EDITOREAL BOARD

Prof. Mesba Kamal, Professor of History, Dhaka University

Prof. Sanjoy Mukherjee, Professor of Film Studies, Jadavpur University

Dr. Sarbani Ganguly, Professor, Department of Sanskrit, Jadavpur University.

Prof. Layek Ali Khan, Professor, Department of Bengali, Vidyasagar University

Prof. Tanveer Nasreen, Professor, Department of History, Burdwan University.

Prof. Rajkumar Kothary, Professor, Department of Political Science with Rural Administration, Vidyasagar
University

Prof. Anil K. Jana, Retd. Professor, Department of Political Science with Rural Administration, V. idyasagar University

Prof. Prabhat Mishra, Retd. Professor, Department of Philosophy and the Life-world, Vidyasagar University

Dr. Sobhan Lal Datta Gupta, Rtd. Professor, Department of Political Science, Calcutta University.

Dr. Durga Shankar Rath, Professor, Department of Library Science, Vidyasagar University

Dr. Sankar Prasad Sinha, Retd. Professor, Department of English, Vidyasagar University.

Dr. Ambarish Mukhopadhay, Professor, Department of Political Science with Rural Administration, Vidyasagar
University.

Dr. Sumanta Kumar Mandal, Professor, Department of Physical Education, Biswabharati University.

Prof. Rabindranath Chattopadhay, Emeritus Professor, Architecture and Regional Planning, IIT-Kharagpur

Prof. Jayanta Jaydeb, Visiting Professor, Department of Philosophy, Utkal University, Former Director, School of
Women Studies, Utkal University.

Dr. Alak Pal, M.D., FRCOG, Consultant Obstetrician and Gynaecologist at Ealing Hospital NHS Trust, London.

Dr. Sebak Jana, Associate Professor, Department of Economics, Vidyasagar University.

Dr. Debashis Bandopadhyay, Associate Professor, Department of English, Vidyasagar University.

Dr. Papia Gupta, Associate Professor, Department of Philosophy, Vidyasagar University.

Dr. Tapan De, 4ssociate Professor, Department of Philosophy, Vidyasagar University.

Dr. Ramkrishna Maity, 4ssociate Professor, Department of Geography, Vidyasagar University.

Sri. Ladli Mukhopadhay, Film Director and Film Critic.

_ Dr. Pradip Kumar Ghosh, Musicologist



Contents

Mass Communication And Music -

A contextual review
Dr. Susanta Kumar Samanta

11
Identity Formation as a Site of Resistance: An investigation into

posthuman identities through Priya Sarukkai Chabria’s Clone
Anwesha Maiti

17
Returns to Education in West Bengal: The Role of Public Expenditure
Dr. Partha Pratim Roy

25
Physical Fitness Attributes among the Team Game Players of

Vidyasagar University
Dr. Krishnendu Pradhan

41
Analysis of Physical Fitness Components Between

Rural and Urban School Boys of Paschim Medinipur District
Subhadip Pal 51

A Study on the way of Realization In Swami Vivekananda’s Philosophy
Prof. Gargi Medda

60
Trauma(s) of Living in a Diseased Society: A Peep

into the ‘Duniya’ of Arundhati Roy’s The Ministry of Utmost Happiness
Atasi Sahoo

69
Reflections of Subalterns’ in Partite .Bengal’s
Selected Short Stories: 1990 — 2000

Dr. Amit Kumar Nandi 78
Effects of Depression on Language Use

Moumita Pramanik 88
Covid-19 Pandemic and the Global Order:

Interrogating International Relations and Security Studies
Dr. Prosenjit Pal

96
The Protection of Children from Sexual Offences Act, 2012

and the Protection of Children from Sexual Offences (Amendment) Act, 2019:
A Critical Analysis in Indian perspective

Rajesh Banerjee 109
Communalism and Communal Conflict in A Suitable Boy : An Analysis
Sk Mustafa Md N Ehsanul Hoque, 127



Rise and Evolution of the Malla Kingdom in Bishnupur
Amrita Karmakar
Roots of Student Movement in India

Manas Kumar Rana
Blurb: an indicator for the readers, a tool for the librarians

Dr. Biswajit Adhikary
An Essential Factor for Singing Rabindrasangeet

138
147
1M

Sutripta Mandal
18]

Sarala Devi Chaudhurani: A Woman Political
Organiser as reflected in her autobiography Jibaner Jharapata

Arundhuti Bhattacharjee
Kabiguru and Dr. Bidhan Chandra Roy
Susanta Kumar Mandal 19
The Concept of ‘Time-Theory’ in Indian Ragas
Dr. Sujata Roy Manna 0
T.S. Eliot and the Modern Poetry: Big Role of Little Magazines

207

Bibhas Chand

#if7e) Sraamm FAHAIL € FAodH TR (S0t THF - SOS IHAM)

G, FFA (7 s

AN A~ TS AHAHA |
oo faa 30
FUTH &S] @ Afaree ArooTeta AW

Agw e 200
@ FAFR 6 SR Al e

CRwtey A 8
T/WOR 7 eioom g2l Twifge Rrred '
AMEe @AW wemR 3¢o

Tefera sy il Rgfoged Tt
G.uﬁmm £

186



An Essential Factor for Singing Rabindrasangeet
Sutripta Mandal

Abstract

Rabindrasangeet is an unique art-form of literature and culture. The identity of it lies in the lyric,tune and

thythm as well as in .the.: usage of laf]guage itself. The inner significance of the song is expressed by
singing only. Pronunciation plays a pivotal role in singing Tagore Song,

Keywords: LyriC,‘ Melody, Rhythm, Pronunciation, Dexterity, Nectar, Dialect, Grasped, Endeavour,
Elegant, Colloguial, Revealed, Impulse,Posture,Syntax, Flourish, Preserve, Sophisticated, Desire,
Achieve.

Rabindrasangeet is based on literature. We cannot express this literary subject just by readin g.

Especially where music is not just a matter of lesson, it is a matter of singing. Therefore,

appropriate pronunciation is an essential approach for singing Tagore Songs.

Since nineteenth century various evolutionary changes concerning pronunciation have been
noticed in the context of singing Rabindrasangeet. If we want to feel Rabindrasangeet properly,
we have to know the literature and also the mystery behind the combination of lyric and melody.
The lyrical form of Rabindrasangeet helps us to picturize the proper image of the song. Therefore
itis a very salient feature that we have to understand the importance of Bengali language and
the linguistic pronunciation. Difference in bengali pronunciation is noticed most of the cases
among the inhabitants of different geographical areas. The form of Rabindrasangeet will be
changed completely if slightest modification in pronunciation has been done, which is not

desirable. The correct mood of the song is diminished by inappropriate pronunciation.

Let us start with Tagore’s thought of music —

ORI ALATSIR SMHOH Sl 0 e SRR TR FA0A TR AT Befs |
@ BITH ©IF ArieFBAC & 3, (IR BAIR A ©R AL FBATA WA T
e fm fAte »itf 17 (1)

Now it is understood that the music is the optimum means to express the position of mind.
Singers create a medium to make others feel the song which is possible when singer himself is
able to realize the son g properly and reveal it by singing. Rabindranath imposed a great importance
10 these two issues. The process of feeling may be transmitted into the reader or listener’s mind

Research Scholar, Department of Music, Raja N. L. Khan Women’s College, Paschim Medinipur
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with such a dexterity that they also feel it in the way Rabindranath portrayed. From thig Point of
v'iev-v, proper pronunciation is the technique to make the reader understand the right way of
singing.

The question arises in the mind of the theorist that the song may be properly understooq by
adopting so many methods. That is a new idea of the written form of the song which may come
to mind as soon as the song is recited. The essence of the song is hidden in the lyrical form, Just
reading of the lyric gives emotional momentum to the mind but when the lyric is sung in tune the
deep appeal of the lyric comes to the mind with clear and transparent idea. We are aware that
the lyrics are the nectar of Rabindrasangeet. Perception of mind is being awakened through the
correct pronunciation of the lyric. Simple, clear language binds people’s mind with deep
connotations and sensibilities unknowingly. Everyone’s mind is being liberated due to balanced

composition of language and melody by Tagore.

Now I would like to site an example of Rabindrasangeet—
R e ST ST @3 e
S Y& L@ GoTa e Qi |
RUCERSASIRIER LA e A e T
7e3-fRe% g% 331 Fow IS |
Reeuror Tewia SRR Ifgre-
& W R wref® -t 17 (2)

All'kind of human emotions like laughter, cry, happiness ,sorrow Joy, triumph, calamity are the
part of life. Human life is not fulfilled without them. Rabindranath denoted this world as “‘Fsreta

Jeelial” | If we want to keep ourself alive in this earth, we have to pass through sorrow and to
accept the natural system with courage. The door of the mind will be opened one day through
sorrow. Sadness helps to know the truth. Purification of mind will be acquired only by overcoming

danger. People will feel their own strength.

We have to unravel the underlying meaning of the song, with the correct pronunciation. The

dimensional notation must be followed accurately — viz. ‘Meer’(3), ’sparsho swar’ (*4*%%), ‘aa-
karanto’ (%1-3131%), ‘o~ karanto’(s-3rs), ‘otikomol’ (fermrT), ‘onukomol’ (Serat),  hasanto’
(¥), etc. These signs help to understand the pronunciation of song.
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Let us explain it with the help of the notation

e N -1 WM | W T W A | oww ey | ey o ]
w:s M L G fo -« -l e oy -l . o 9

I(h K W] e )} wm o o m o owm o4
a« € w S LT o L - wm g 1T ¥ f5 .

oot WMo -m D oW e -w | owet o | oW emy ]
o L MR L SRR B M X » W s e e

O . B R B R T TR ¢

N

B e e o

RABINDRANATH TAGORE, SWARABITAN-5, BISWABHARATI GRANTHANBIBHAG, PRAKASH
JOISHTHYO- 1349 (BENGALI YEAR), PAGE -126

The meaning of the words are easily grasped by the help of the notation. The poet has
explained the difficult mantras of life in simple language of the son g. The correct pronunciation
is essential to perceive these mantras.

His extraordinary artistic talent has obscured the art endeavour in such a way that it is
impossible to comprehend how it was created. We need to be aware of the literary aspect and
historical context of his creation, to know the nature of this work of art.His music was not
created in a day. Actually,lyric is the reflection of transformation of poem into song. How he
wrote the song, creation of lyric with the combination of sound words and the presence of
elegant language and colloquial language. How he wrote the song, why he wrote it and in what
occasion it was written, everything has been revealed in his poems, essays and literature.
Rabindranath was the first person who transformed the verse of earliest “Pali” and “Prakrit” to
keep the essence intact. He enriched his music with the unimaginable application of classical
thythm and light rhythm depending on the melody of literature and the poetry.

As there are various mysteries of lyrics, if the song is not sung in conjugation with the melody,
the novelty of the combination of lyric and melody remains elusive. So one thing is clear that the
Mmeaning and application of the word may not arouse deep impulse in the mind without the
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correct pronunciation. It turns out that singing or reading and saying anything is a normal h
: s 3 Uma
process. So, naturally there is a phonetic feature for pronouncing Bengali letters in ¢ ;
. ; ¥ ase o
song and in case of literature. These two forms are very important in music ;

We may quote another opinion of Rabindranath in pursuance of the thought of Herbert Spence
. r\

“FAfaee RS = Rien wtarfen s R 1 (3)

It is c.:]ear from these words that the way we speak has a special relationship with the emotion
In this context Rabindranath has mentioned some remarkable words -"signs of ideas” (4) anq
“signs of feeling.”(5) .All kinds of word have esoteric meaning. That is, some special words
may express the happiness of the heart along with the melody of sorrow. Most of the times, the
way we speak becomes more important. Because attitude has a relationship with music. If we
read verse and prose of Rabindranath, it is possible to understand the difference between
dictionary meaning and inner meaning. In this case, it is important to keep in mind the process
of recovering the emotional meaning. At the same time, it is important to know the phonetic
meaning. For example, the word “sitai” contextully pronounced as “isig” (hasanta) or the
word “SICAl” (o — karanto). A word with different syllable demands something more.It is not
limited to just narration. Actually,idea is revealed through pronunciation. Tagore witnessed so

many diversion along with pronunciation in his songs in his lifetime. That’s why he wrote—

“weE SieaE Rt afeia Sifs g Stalz @ Se O3 20E (@, SINE S0 O 190 0 Afeie am
W (O A I A 1”7 (6)

We have to come out of the dialect in order to maintain the uniqueness of the song. The
feeling of the song may be felt better, if we know the correct pronunciation of the language. We
have to sing Rabindrasangeet with proper pronunciation to keep it alive and to express the
meaning of the song as desired. We must be alart regarding correct pronunciation along with
variation, grammatical pronunciation, pronunciation posture and the rules of syntax positively.

The true meaning of the lyric of Tagore Song is flourished and the emotional meaning is
achieved by singing the song with sophisticated pronunciation only. It is the key to preserve the
unique feature of Rabindrasangeet and the aesthetic beauty of the song.
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Abstract: Neodymium-doped Na>O-ZnO-TeO, (NZT) glasses were prepared by the conventional melt
quenching technique. DTA and TG were used to confirm glass preparation through the glass transition
temperature at 447°C for the glass system. The analysis of FTIR spectra and X-ray diffraction described
the samples' nature as ionic and amorphous, respectively. The optical band gap energy was estimated
using absorption spectra and found to be decreased from 2.63¢eV to 1.32 eV due to the increase of doping
concentration. The intensity of the emission spectra was enhanced for the higher concentration of Nd**
ions. The dielectric constant of the glass samples was found to be constant for the large range of
frequency (3 kHz to 1 MHz). The variation of conductivity with the temperature of the samples had
shown the Arrhenius mechanism of conduction.

Keywords: thermal analysis; FTIR; XRD; UV-Vis absorption; fluorescence; dielectric constant.

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY)) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Tellurite glasses are extremely attractive materials for linear and non-linear application
in optics due to their important aspects such as their low melting temperature, low phonon
energy, and high refractive index, high dielectric constant, good chemical durability, high
thermal stability, non-hygroscopic, with a large transmission window and the possibility to
integrate a large amount of rare-earth ions [1-8]. It can be used as micro-lenses, IC photo
masking glass, hard disks, press modeling of spherical lenses, glass substrates for solar cells,
artificial bones, dental implants, and crowns. The optical property of rare-earth ions in tellurite
glasses depends on the chemical composition, which determines the structure and the nature of
the bonds of the glass matrix nature of the glass matrix bonds. Besides, understanding their
microscopic mechanism of structural and optical behavior gave much thrust and basic interest
for both academia and the industries. Tellurite glasses doped with rare-earth ions have attracted
researchers for their broad spectrum of applications in optoelectronic and photo-electronic
devices viz solid-state lasers optical switches, broad-band amplification, non-linear optical
devices, infra-red (NIR) laser windows, optical fibers[9,10]. The doping of rare-earth ions in
tellurite glasses has shown interesting properties like an amplification of optical signal in the

https://biointerfaceresearch.com/ 7927
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A Novel Method for Measurement of the Refractive
Indices of Transparent Solid Media Using Laser

Interferometry

Arnab Pal and Pradipta Panchadhyayee, Department of Physics (UG & PG), PX. College, Contai, Purba Medinipu,West Bengal, India
Kriti R. Sahu, Department of Physics, Bhatter College, Dantan, Paschim Medinipur, West Bengal, India
Debapriyo Syam, CAPSS, Bose Institute, Salt Lake City, Kolkata 700091, West Bengal, India

efractive index is a number that governs how light

Rﬁl‘langes its direction of propagation as it enters one

aterial medium from another. This phenomenon is
known as refraction and the angles of incidence and refrac-
tion of light, referred to the normal to the interface of the two
media at the point of incidence, are related by Snell’s law. Re-
fractive index (RI) depends on the color (or wavelength \) of
light."® Tables of values of refractive indices for various media
and wavelengths of light, with respect to vacuum, are readily
available.*” Refractive index of a material can be measured
by many methods, for example, by using a spectrometer in
conjunction with a prism made of the experimental substance.
An important class of methods of measuring RI involves the
formation of interference patterns. Interferometric measure-
ments are concerned with the study of separation between
bright fringes (or dark fringes) resulting from the superposi-
tion of light waves, originating from a single source and propa-
gating along paths of different optical lengths (refractive index
multiplied by geometric path length). Researchers have ex-
ploited the scope of availing nearly monochromatic light from
the laser sources to enhance precision in measuring refractive
index by applying the interferometric techniques.

In this article we present two simple laser-based experi-
mental arrangements to determine the values of RIs of trans-
parent materials. Both experiments can be set up easily and
one of the experimental methods leads to distinctly visible
circular fringes.

Theoretical background

Researchers have focused on the use of laser®” for the
measurement of R, instead of conventional light sources, due
to the exceptionally high coherence properties of laser. The
interference patterns exhibit remarkable sharpness, leading
to much better experimental accuracy. In the present work,
as mentioned above, we present two simple experimental
arrangements to determine the values of RIs of transparent
materials. In the first method we deposit a very thin layer of
chalk powder (~100 particles/cm?) over the free surface (top
of glass or plastic covering slab) of a mirror. A laser beam is
allowed to strike some powder particles located on the free
(top) surface of the transparent slab. The rays get scattered in
all directions. On hitting the top surface of the slab, one of the
scattered rays (that is, a ray resulting from the scattering of an
incident ray) splits into a reflected ray and a refracted ray. The
reflected ray leaves the top surface at an angle « (see Fig. 1) to
the normal. The refracted ray enters the slab at an angle 5 to
the normal and, after reflection at the back surface and subse-
quent refraction at the front surface, produces an emergent ray

that makes the same
angle o with the
normal to the front
surface. The first
reflected ray and

the emergent ray
interfere with each
other at a large dis-
tance (very large in
comparison with the
diameter of the la-
ser beam) from the d
mirror and, together |
with other similar
pairs of rays, form a
sharp interference

LASER beam

Front surface
of glass plate

Back surface (Reflecting)

pattern. We can Fig. 1. Schematic diagram to determine
easily take snapshots the RI of mirror materials (first method).

of the pattern by a

high-resolution camera and analyze the intensity distribution
using Image] software.® Subsequently the RI of the transpar-
ent material can be found using the relevant formula, which is
derived below.

In the first method, we note that the pattern is the natural
consequence of interference of the first scattered ray (or wave)
and the refracted ray (or wave). In Fig. 1, the phase difference
between the two rays is (a) 2ud cos 3 X27/\ or (b) 2uud cos 3
X2m/\ - m, depending on how phase changes on reflection,
where (i is the refractive index of the slab (see Ref. 1, p. 402).
Other scattered rays that enter the transparent slab at angles
different from [ interfere with the first scattered ray close to
the mirror; they are not responsible for the interference pat-
tern produced at a large distance.

Here, for case (a), if 2/1d cos 3 = n), then constructive
interference takes place and a bright ring is produced.® On
the other hand, if 2;1d cos 3 = (2n + 1) \/2, then a dark ring
results. (Note that for 5 = 0% n ~ 104, assuming d ~ 2 mm.) If
0 is the change of 3 between the nth and the (n + 1)th dark
rings, we can write the relation:

2ud X 8(cos B) =2ud X sin 383 =\ (1)
Also,
sina = psin 3, (2)

as, in practical situations, 3 is a very small angle, §3 = 8a: /1.
Therefore

u o= 2d (sinada/N).
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Abstract: The effects of 1.75 MeV N3' ion beams of varying fluences, ranging from 1x10'" to 5x10'
ions/cm? on structural, optical, and chemical properties of polyethylene terephthalate (PET) polymer,
have been investigated by x-ray diffraction (XRD), UV—Visible spectroscopy, and Fourier transform
infrared (FTIR) spectroscopy. The XRD patterns of PET samples show that the crystallinity increases
with ion irradiation of fluences 4x10'" and 5x10'? ions/cm?. Optical bandgap energy decreases more at
the ion fluences of 5x10'* ions/cm?. Absorption maxima shifted towards a higher wavelength value due
to the formation of extended conjugation. Acetylenic (-C=C-) group formation and free CO» group are
confirmed by FTIR spectroscopy. The reaction mechanism of the degradation product formation
chemistry is discussed.

Keywords: FTIR; UV-Vis spectroscopy; PET; XRD; polymer; ion beam; reaction mechanism;
radiation chemistry.

© 2022 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY)) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Polyethylene terephthalate (PET) is an essential polymer with a high melting point,
good mechanical properties, and resistance to moisture and heat. Its crystallinity can vary from
amorphous to moderately high. Application of PET in optoelectronics, thin-film processing,
polymer membranes, cable insulation, textile, space technology, and nuclear engineering
attracted more global attention [1-14]. This polymer is suitable for medical applications [15—
21] due to its high biocompatibility, low toxicity, and a range of beneficial mechanical
properties[22, 23]. Polymer membranes or thin polymer films with discrete pores, formed by a
bombardment of heavy ions and chemical etching [24, 25], have applications in creating
different microfluid diodes and biosensors [26, 27].

A significant modification in the few properties of a polymer material by using a chosen
ion beam irradiation in a controlled way is an egregious tool. Irradiation can create a chemical
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