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ABSTRACT

of climate extremities, both rural and urban communities
are facing increasing vulnerabilities. Not only do the coastal communities face
the brunt of climate extremities, the future of Kolkata is also at stake. Kolkata has
faced the ravages of cyclones Amphan (2020) anpi the most recent cyclone
Remal (2024), while the riparian communities of Indian Sundarbans have faced
repeated climate extremities during Aila (2009), Bulbul (2019), Amphan (2020),
Yaas (2021) and Remal (2024). The mean sea level shows a long-term rising
trend of about 1 mm/yr on an annual average on the Indian coast (Unnikrishnan
et al., 2006). Recent observations suggest a rising trend of 2.5 mm/yr. A relative
sea level rise of 10-20 mm/yr due to the coupled effects of eustatic sea level and
land subsidence is seen in the seaward part of the Bengal delta [1]. Not only
climate extremities, but also geomorphic problems have jeopardized the
ecosystem of this fragile region. The central sector of the Indian Sundarban is
deprived of freshwater due to the siltation of the Bidyadhari River. This has led to
the disappearance of sweet water-loving mangroves like Heritiera fomes
(Sundari) and Nypa fruticans (Golpata) [2]. Increasing salinity has brought about
top dying disease in mangroves which have been protecting this ecosystem over
the years. Mangroves act as efficient carbon sink and sequester huge amounts
of carbon in their biomass pool (stems, leaves, branches, wood, roots) and
seqllments. Ma_ngrove species globally can sequester about 4 Gigatons of carbon
which are basically accumulated as biomass in both above-ground and below-
ground structures [3]. Thus planting mangroves involving community participation

as proved as a mitigation strategy for these impeding hazards. This paper relies

in this present scenario
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- unprecedented ongoing increase in global [

gmate change. Global temperature changges havteeTr?de;ragtg:mee Icfyc:ﬁafsrrfd oy
4150 PUt the curr_ent nse in global temperature is more rapid th%r?wt%%gy
expepence_d previously. Mainly caused by anthropogenic interference ﬂ?z
ensuing climate change brings about climate extremities too. Increasiné sea

surface temperature and increasing intensity of tropical cycl
brunt of climate change [4]. ty P yclones have been the

Sundarban, the active delta is the result of alluvial deposition brought by rivers
Ganga and Brahmaputra. Modified by sediment reworking by waves and tides;
erosion and deposition, Sundarban forms one of the most vulnerable ecosystems
[256]. The islands of the Hugli estuary are ephemeral in nature and the
southern sea-facing islands of the Indian part of Sundarban have faced massive
efosion over a century. Gangasagar Island has lost about 12.982 I;mz_ of area
between 1968 and 2021 and gained an aread of about 10.244 km?* within the
same time span. The Indian Sundarban faces multiple vulnerabilties, which are
increased due to the effects of climate change. Cnsscrcr)nsssgutr)gein lggrl]%a;?br:ﬁ:
of tidal rivers which are severed from thelrdug:ltrfz!‘}l omches. ‘A inorease in
characterised by tidal marshes, mudfals S0 C:'een lovel at the rate of 3.14
temperature at the rate of 0.019°C and an m'E;rO e o, erosion of the islands in
mm/yr are observed at Sundarbans mievel rise alone.
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10.2 CLIMATE EXTREMITIES IN SUNDARBAN

acti C report an increase in temperature
he projections by IPC : : and sea :
Ioasfal regions of Asia including the Indian Sundarbans which woulg tl,zv:' I the
o increasing threats of coastal erosion. Xposeq
ot iani d was evaluated using Z statisti

A statistically sugnnﬂcaqt tren | d using Z statistics. wh ,

negative, the trend is said to be decreasing while if Z is positive, the treng? Zis

to be positive. Mann Kendall trend statistic is a non-parametric test for fin dirs\gszd
e

i d Sen's slope estimates the rat .
long-term trend of variables an : ne rate of chan
trend. To estimate the true slope (magnitude) of an existing trend, Segn‘?smnthe
parametric method was used. The maximum, Minimum and Mean temperaty, o
each parameter was analysed to observe the degree of human discomfort. oot

Trend analysis of surface temperature using Mann Kendall non-parametric t

shows a rising trend for minimum temperature in Sagar Island from Septembe retSt
March (1901-1950). Winter months showed an increasing trend; summer montho
showed a falling trend in Sagar Island in the first phase (1901-1950). In the Cas:
of the second phase (1951-1958), Mann Kendall trend statistics show 2 rising

trend for maximum temperature.

Table 10.1. Trend statistics of maximum, minimum and mean monthly
temperature at Sagar Island (1901-1950)

Months Tmax Tmin Tmean

V4 Q Z Q y4 Q
January 0.03 0.00 0.34 0.007 0.17 0.002
February -1.21 -0.01 0.78 0.013 0.28 0.003
March -1.59 -0.01 0.25 0.000 -0.30 -0.004
April -3.61 ***.0.03 -0.24 -0.004 -1.56 -0.019
May -5.36 ***.0.03 -0.51 -0.007 -2.50 *.0.025
June -2.24 *.0.02 0.35 0.002 -1.08 -0.012
July -4.78 ***.0.02 -0.70 -0.003 -2.61 *.0.02
August -5.07 =003 -112  -0.007 -276 *.0.02

September  -4.73 ***.0.02 0.02 0.000 253  *001

October 453 =002 003 0000 211 00}
November  -1.44  -0.01 103 0010 022 0002
December _-0.27  0.00 181 0030 143 00%

*Significant at 10%, * Significant at 5%, ~Significant at 1%

- ber,

3’22'&““’“ temperature showed a rising trend from September 10 pr?gr.;rgsing

trendar}/' and July. Winter months and summer months showed &n 'howed an
- In the third phase (1986-2022) Mann Kendall test statistics S
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e 10.2. Statistical analysis of inter and intra-annual temperature trends
Table T at Sagar Island (1901-1950)

@ (°C) Maximum Minimum

Mean Summer _ Winter

VAXIMOM 30.3 23.6 26.8 293 225
MINIMUM 273 179 23.4 25.8 18.7
MEAN 29.4 22 25.7 28.0 21.1
S 0.5 1.8 0.9 1.0 1.0
V(%) 1.8 8.0 3.7 3.5 438

A -4 84 0.49 -1.96 -2.49 0.18
Q(Sen's slope) *0.02 0.003 -0.010  *0.15 0.003

Table 10.3. Trend statistics of maximum, minimum and mean monthly
temperature at Sagar Island (1951-1985)
Months Tmax Tmin . Tmea(n;
z Q z Q
January 0337 0.006 090~ 0020 075 0018
Februay 087  .0.014 006 0000 08 L0
March 070 -0.008 -0.24 0.000 -8-64 i
Apri 014 0.000 150 0014 08
May 027  0.000 -0.46 -0.0007 054  0.005
June 091  0.0M11 0.07 0-884 o 0.006
July 114  0.010 0.69 06 004  -0.14  0.000
August 0.78  0.006 DI s 1.58 0.009
September 1.88  +0.015 0.70 0,015 2.49 %%2335
October 300 =~0033 131 ;g 183 P
November 239  *0.033 2)'38 0.006 _ 0-?‘137 :
December 067 0005 ___ —ant at 6%, - Significant at 176
*Significant at 10%, ™ S19

. nual temperature trends
lysis of inter and é';t.%'gg)
N an:tySagar island (19

Summer__Winter
e Minimum g‘f gn 29.2 235
Temperature (°C Maxim 24.7 25.8 27.7 20.9
e 30.0 22.8 6.5 28.6 22.3
MAXIMUM 28.6 23.6 S 3‘1 0.28 054
MINIMUM 59.3 0.38 58 0.99 2.43
MEAN 0.30 1.62 189 1.59 1.51
=D e 150, 0010 0008 0013
CV(%) 1. 0. :
0
Z 0.01

Q (Sen's slope
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10.5. Trend statistics of maximum, minimum and mean mong¢
Table temperature at Sagar Island (1986-2022) Ply

Tmax Tmin Tmean

Months 5 = = = > a
0.51 -0.008 -1.93 -0.041 -1.79 003

ézgl;:;yry 0.93 0.017 -3.31 **.0.053 -1.09 -0.012
March 2.54 *0.040 -0.80 -0.014 1.07 0.015
April 2.27 *0.026 0.77 0.011 1.54 0.022
May 2.37 *0.033 0.00 0.000 1.86 0.019
June 3.13 =0.053 1.24 0.012 2.72 *0.032
July 4,66 >0 044 0.93 0.007 3.14 0.026
August 425 **0.038 0.26 0.000 3.31 0.018
September 472 ==0.051 1.28 0.007 4.07 0.028
October 478 **0.045 -0.08 0.000 2.03 0.017

November 2.67 *0.030 -2.70 *-0.050 -0.99 -0.011
December -0.07 0.000 -2.04 *-0.036 -1.64  -0.022

*Significant at 10%, ** Significant at 5%, **Significant at 1%

Table 10.6. Statistical analysis of inter and intra-annual temperature trends
at Sagar Island (1951-1985)

Temperature (°C) Maximum _Minimum Mean Summer Winter

MAXIMUM 31.0 24.4 27.6 30.0 25.2
MINIMUM 28.8 225 26.2 275 20.6
MEAN 30.0 23.6 26.8 29.0 226
SD 0.54 0.42 0.30 0.49 0.76
CV(%) 1.82 1.79 1.13 1.70 34
4 4.42 -1.15 2.60 4.64 -2.13
Q (Sen's slope) ***0.032 -0.006 0.013 **0.024 *.0.020
yEARLY MAXIMUM TEMPERATURE (°C) - SAGAR ISLAND (1901-2022)
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Fig. 10.1. Yearly maximum temperature (°C) — Sagar Island (1901 -2022)
(Source: India Meteorological Department)

173



Surw‘ving Sundarba

ns: Tragedy and Hope
+ence or Impeding Vulnerabilities in the Light of Mangroves of Ingign Sundartyan
~prale Re&ken
UL,A

mmum TEMPERATURE (°C) - SAGAR ISLAND (1901

-2022)
§

-

N

APEHATURE
SIRAUPA T ER
MM e .
s
2 |
b rmmeommenrd

"
w

1
, |

SN

F———

!
® 1021 1841 1961 1881 2001 2021
y=-SE05xT + 0.38309x - 369 43 YEARS
R=0.2409
S
Fig. 10.2. Yearly minimum temperature (°C) - Sagar Island (1901-2022)
(Source: India Meteorological Department)
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