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ABSTRACT. The Bengal Duars, a beauty of Himalayan foothills extended from river Tista to Sankosh as a unique
landscape assemblage with forest cover. In the present study, the annual and seasonal variability and trend of temperature
and rainfall in Bengal Duars based on more than 100 years’ climatic data is explored. The study revealed that the degree
of warming is prominent over all seasons. But the trend of rainfall varies in different seasons. The variability in climate
has studied by calculating anomalies, where the oscillating trend has observed throughout the long period. But the
significant rising trend of annual average temperature is noticed from 1985 onwards. On the other hand, rainfall extreme
become 5% higher since the 1990’s.

Key words — Bengal Duars, Variability, Trend, Anomaly.

In the recent era of Anthropocene, human beings
technocentric acts in the name of development of
civilisation have resulted in havoc change in the earth’s
natural climatic system. This has started since the time of
industrial revolution, late in the 18" century. Being the
most rational terrestrial creature humans started to collect
ecosystem services rapidly from the terrestrial ecosystems
by clearing forest cover, changing land use pattern in the
20" century and has been continued the pace in the
21% century too. Anthropogenic drivers are detected
throughout the climate system and are likely to be the
dominant cause of the observed warming since the mid-
20th century (IPCC, 2014). The earth’s average surface
temperature had risen by 0.76 °C since 1850 and most of
the warming over the last 50 years is likely to be caused
by anthropogenic activities (Somorin, 2010). In India, the
mean annual temperature increase at the rate of 0.57 °C in
the last century (Pant and Kumar, 1997). Rabindranath
et al. (2011) reported that the Indian Sub-continent is
likely to experience a warming of over 3 to 5 °C with a
significant change in flood and drought frequency and
intensity. Radhakrishnan et al. (2017) studied a significant

positive trend of temperature and declining rainfall of
India in the last 30 years (1901-2014) with seasonal
variability. On the other hand, a decreasing trend of
annual rainfall (1901-2013) has observed over 8% of the
area and significant increasing show over 10% of the area
in India by Kaur et al. (2017). Rajendran et al. (2013)
projected spatially varying increasing trend of Indian
summer monsoon rainfall over Indo-Gangetic plain and
North East India during the period of 1979-2003 by using
high-resolution model.

Nature and changing characteristics of rainfall and
temperature is not uniform all around the world, rather
regional variation is apparently clear in climatically
different regions (Yue and Hashino, 2003). A
comprehensive understanding about changing the pattern
of temperature and rainfall is very essential for the
development of a particular landscape. North-east India
popular for its forest and agricultural resource bases and
considered as a separate macro-region (Winstanley, 1973;
Parthasarathy et al., 1987). The strategic location, geo-
ecological fragility, socio-economic instability makes this
region highly prone to climate change (Laskar er al.,
2014). The Bengal Duars region located in the foothill of
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Fig. 1. Spatial distribution of Bengal Duars

Eastern Himalaya and received highest amount of rainfall
in West Bengal. The climatic variability and trend of
Bengal Duars is still less academically searched by the
researchers. Therefore, the present study intends to
explore the long-term climatic variability of the Bengal
Duars region by using high-resolution climatic data to
depict a comprehensible view of annual and seasonal
variability and trend.

2. Bengal Duars; a beauty of Himalayan foothills

Duars is located along the foothill of the
Himalayas extending from the river Tista in Bengal to the
river Dhunseri in Assam. The narrow strip of land, with a
breadth of 20 to 30 miles and about 180 miles in length,
assemblage with forest cover stretching between the river
Sankosh in the east and the river Tista in the west, forms
the northern boundary of West Bengal is known as Bengal
Duars or Western Duars and other parts in Assam District
is popularised as Assam Duars or Eastern Duars (Gruning,
1911). This region acts like an ecotone of sub-Himalayan
physiography and the Brahmaputra plain. The immense
beauty of nature with an assemblage of forestry and
biodiversity acts as an umbrella on the head of West
Bengal. The study area, Bengal Duars extends from
26°30'0" N to 27°1120" N and 88°25'18" E to 89°52'40" E

and now it covers a large portion of Jalpaiguri, Alipurduar
and Kalimpong district and a small part of Koch Bihar
District (Fig. 1).

The climate of Duars region owing to its proximity
to the hills, the rainfall is much heavier and temperatures
seldom excessive (Gruning, 1911) The region receive an
annual rainfall of 3000 mm out of these, 1800 mm of
rainfall occur in the monsoon months only (Jana, 2002).
Therefore, trend analysis of extreme rainfall events is
important, considering the flood vulnerability of this region.

3. Data sources and methodology

Daily and monthly climatic data of rainfall (1901-
2015) and temperature (1951-2014) were extracted from a
gridded dataset of India Meteorological Department (IMD),
Pune and temperature data (1901-1950) also collected from
this web link http://www.indiawaterportal.org/met_data/.

3.1. Multi-decadal oscillations analysis

Ntegeka and Willems (2008) and William (2013a,b)
have analysed the recent trends and the multi-decadal
oscillations of precipitation intensities, this was done by
means of a technique identifying anomalies in extreme
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quantiles. The same method is applied in the present study
to investigate multi-decadal oscillations and anomalies in
climatic events.

An anomaly is a study of relative change of climatic
parameters (e.g., temperature, rainfall) in comparison to
the long-term average. In the present study, continuous
anomalies are calculated through 15 or 30 years’
interval, corresponds to the whole periods. After
converting individual anomaly in percentage, it has
plotted against the middle of a particular block length.
Percentages of anomalies help to identify the rate of
changes in decadal and centurion term. The above
which the values are considered as an “extreme” is
called as a threshold, which corresponds to a specific
frequency of occurrence in time or a specific mean
recurrence interval. On the other hand, the 95%
confidence intervals are calculated from the whole
historical series. Such for example, 100 random samples
(same size as historical series) are generated. For each
random sample, anomaly calculation is repeated and
leading to generate 100 values of each year of historical
series. After ranking the 100 values, 25™ and 75" sample
values define the 95% confidence interval for each
particular year.

3.2. Analysis of climatic trends

The non-parametric Mann-Kendall Trends test is
applied to determine whether there exists any
trend or not in the data series. It is valid for a sequential
dataset of independent and identical distributed values
xi, i=1, nunder the null hypothesis (HO) of no trend in
the data. The Mann-Kendall test statistics value is
computed as:

S= Z?:_f }"l=i+1 sgn (xj _xi) (1)
where, by sgn (x) =-1 forx <0, sgn (x) =0 forx =0
and sgn (x) = 1 forx> 0. A positive value indicates an
increasing trend and a negative value denotes a decreasing

trend.

If, sample size =8, the test statistics S is
approximately normally and variance of S as follows:

V(S)=1/18 [n(n — 1)(2n + 5)] ©)

where, n denote the length of the time series and
standardized statistical test Z is computed as:

Z=S-1/VV(S) if,S>0, (3)

=S+1 /VV(S) if,S<0
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Fig. 4. Seasonal trend of maximum temperature (1901-2014) with Sen’s trend line

The magnitude of the trend is examined by using
Sen’s slope estimator, which was proposed by Sen (1968).
The magnitude is predicted by the slope (7;) from all data
pair computed as follows:

T=X;- X, [ji 4)

where, X; and X; are as rainfall values at the time
of j and i (j > i). the median value of 7; represented
as Sen’s slope estimator. Sen’s slope estimator
is calculated as Queg = T(N+1)/2 if N is odd and
Qued = [T(N+1)/2 + T(N+1)/2]/2 if N is even. Thereafter
trend is tested 100 (1-a)) % confidence interval.

4. Results and discussion

4.1. Multi-decadal oscillation of temperature and
rainfall extreme

The climate of this region was damp due to heavy
rainfall in the monsoon season and temperature is rarely
excessive. In Fig. 2, the multi-decadal trends of average
annual temperature go beyond the normal persistence
from 1985s onward and R? value signifies the linear
positive trend. On the other hand, lower extremes are
found from 1920 to 1930 by considering more than 100
years of historical series. As this region is prone to flood
and high extreme precipitation observed during monsoon
season (June to August), henceforth, annual extreme
rainfall is also taken under consideration in multi-decadal

oscillations analysis. Figs. 3(a&Db) illustrate multi-decadal
oscillations with higher rainfall quantiles for 1930-1940s
and 1980s onwards and lower quantiles in 1960-1970 are
observed. From this trend, it has observed that after
1970’s trends of extremes events are not similar as
approximate cyclic variations. Extreme precipitation
quartiles are found to be around 5% higher than the
previous cluster periods of the past decades, oscillation
altitude increased as an effect of climate change reflects
on rainfall extremes. The resultant recent cluster of
extreme rainfall might be attributed to anthropogenic
induced climate change, given that the change is in sign
and order of magnitude consistent with the global
warming impact predictions following regional climate
model (Lenderink et al., 2007; IPCC 2007a,b; Min et al.,
2011; Willems et al., 2012).

4.2. Seasonal trend of temperature and rainfall

The Mann-Kendall and Sen’s slope are estimated to
analyse the trend and rate of change of seasonal
temperature (1901-2014) and rainfall (1901-2015) of the
studied region.

4.2.1. Pre-monsoon

During pre-monsoon period, a significant positive
trend of maximum and minimum temperature is observed
(Figs. 4&5) and both are found to be significant at 95%
and 99% level of significance with a slope of 0.017
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Fig. 6. Seasonal trend of rainfall (1901-2015) with Sen’s trend line

and 0.018 respectably (Table 2). Whereas a significant 4.2.2. Monsoon

positive trend is found during this season specially in the

month of April and May in case rainfall (Fig. 6 & Table 3). The Bengal Duars region has received the highest
The trend of rainfall is found to be significant at a 99% amount of rainfall during this period. In this season, the

level of confidence (Tables 3&4). trend of maximum and minimum temperature is found to
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TABLE 1

Mann Kendall (Z) and Sen's Slope (Q) estimate of monthly temperature

Z Q Significance
Month
Max Min Max Min Max Min
Jan 1.527 2.035 0.005 0.006 NS *
Feb 2.888 4.458 0.011 0.014 Hkk HxE
Mar 1.579 3.134 0.007 0.011 NS NS
Apr 1.645 2.307 0.006 0.007 * *
May 2.356 2.859 0.007 0.008 & &
Jun 2.489 2275 0.005 0.004 * *
Jul -0.032 1.159 0 0.002 NS NS
Aug 2 1.076 0.002 0.002 * *
Sep 0.778 0.679 0.001 0.001 NS NS
Oct 2417 2.402 0.007 0.007 * *
Nov 3.472 2.492 0.011 0.007 Rt &
Dec 3.484 3.9 0.01 0.012 Hkk Hxx
TABLE 2
Mann Kendall (Z) and Sen's Slope (Q) estimate of seasonal temperature
V4 Q Significance
Season
Max Min Max Min Max Min
Pre-monsoon 2.71 5.94 0.007 0.018 gt bl
Monsoon 3.07 4.67 0.003 0.007 o ok
Post-monsoon 5.42 6.49 0.011 0.017 oot bl
Winter 3.37 6.44 0.007 0.019 Hkk o

Note: significant at *** 99%, ** 95%, * 90% level of confidence and NS for not significant

be significant in the months of June and August (Table 1).
However, increasing trend of temperature is observed at
90% confidence level in both cases (Table 2). But rainfall
doesn’t experience any significant trend during this period
(Table 4).

4.2.3. Post-monsoon

An increasing trend of temperature has observed
during the post-monsoon period (Figs. 4&5). From the
month of October to December, the rate of change of
maximum and minimum temperature is quite high.
Maximum temperature with a Sen’s slope of 0.011 in
November and 0.010 in December. On the other hand, the

minimum temperature increased with Sen’s slope 0.007 in
November and 0.012 in December (Table 1). But in case
of rainfall, no significant trend has found during this
season (Table 4).

4.2.4. Winter

Change of temperature during the winter season is
quite interesting in nature. The rate of change in
maximum and minimum temperature is higher than the
monsoon period (Table 2, Figs. 4&5). Especially in the
month of February with a Sen’s slope estimate of 0.011
and 0.014 respectively (Table 1). The high rate of the
positive trend of minimum temperature is observed as an
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TABLE 3

Mann Kendall (Z) and Sen's Slope (Q) estimate of monthly rainfall

Month Z Q Significance
Jan 1.175 0.013 NS
Feb -1.134 -0.025 NS
Mar 0.887 0.041 NS
Apr 3.275 0.42 ok
May 2.796 0.711 ol
Jun 0.234 0.098 NS
Jul 1.472 0.874 NS
Aug 0.945 0.356 NS
Sep 1.694 0.573 NS
Oct -0.515 -0.084 NS
Nov 0.865 0.01 NS
Dec -0.906 -0.001 NS
TABLE 4

Mann Kendall (Z) and Sen's Slope (Q) estimate of seasonal rainfall

Season z Q Significance
Pre-monsoon 3.782 1.138 ookl
Monsoon 1.583 1.444 NS
Post-monsoon -0.176 -0.045 NS
Winter -0.51 -0.017 NS

Note: significant at *** 99%, ** 95%, * 90% level of confidence and
NS for not significant

indication of warming winter. It has also been found that
there is an absence of any statistically significant trend of
rainfall during this period (Table 4), though the Sen’s
slope is estimated at -0.017.

5. Conclusions

In conclusion, it may be stated that the temperature
and rainfall conditions in the Bengal Duars region are
changing. Long-term analysis of the climatic data exposed
that the annual average temperature has increased at the
rate of 0.0227° C' and rainfall extreme also become 5%
higher since the 1990’s. Among the four seasons, the only
significant rising trend of rainfall is observed in the pre-
monsoon period. Moreover, the increasing trend of rainfall
in monsoon and decreasing trend in post-monsoon and
winter periods are observed in Bengal Duars though are
not statistically significant. Through Sen’s slope analysis,
the significant rising trend of maximum and minimum
temperature are found in all the four seasons. Seasonal
shifting of temperature may cause disappearing of micro-

seasons like spring, autumn etc. due to overlapping of the
main seasons. Different species may respond to different
environmental cues may cause an adverse effect on the
whole ecosystem of the Bengal Duars region.
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