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Duars is located along the foothills of the Eastern Himalayas with an assemblage of forest cover. It
extends from the river Tista in West Bengal to the river Dhunseri in Assam. Within this broad outline,
the areal extension between the rivers Tista and Sankosh covering West Bengal is now known as the
Bengal Duars or Western Duars and the rest of the portion that lies in the Assam district is named as
the Assam Duars or Eastern Duars. In the present study, multi-decadal variability and trends of climatic
events (temperature and extreme rainfall) in the Bengal Duars region have been analysed based on longterm dataset (more than 100 years). This region has experienced an increasing trend of temperature. The
results show that the average temperature increases by 0.027◦ C year−1 and extreme rainfall becomes 5%
higher than earlier since 1975.
Keywords. Himalayan foothills; climate change; Bengal Duars; West Bengal.

1. Introduction
Climate is deﬁned as the statistics of weather
conditions over longer periods of time (minimum
30 or 35 years). The Intergovernmental Panel on
Climate Change (IPCC) in its 4th Assessment
Report (2007b) stated that climate change as longterm changes in climatic variables (temperature,
humidity, clouds and rainfall). Like other physical
phenomena, climate is not static, rather it is fairly
dynamic in nature. It follows a natural rhythm of
change, but the rate and nature of change since
pre-industrial era have been accelerated by anthropogenic activities. Recently, the phenomenon of
climate change is considered to be of high academic
importance and scientists began to recognise the
inherent variability of climate on a temporal basis.
With an ever-growing awareness among the general public and the governments of the possibility
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of deterioration of Earth’s climate, climate change
has been viewed as a great concern for the future
of humans on the Earth’s surface.
As it is now evident from observations of average
air temperature and ocean temperatures, widespread melting of snow and rising global average
sea levels, there is no doubt that climate change is
a fact and is already taking place, and the warming
of the climate system is believed to be unambiguous (Nicholson et al. 2000; Dessai and Hulme 2001;
IPCC 2007a). The Earth’s average surface temperature had risen by 0.76◦ C since 1850 and most of
the warming that has occurred over the last 50
years is likely caused by anthropogenic activities
(Somorin 2010). IPCC (2014) in its 5th Assessment
Report (AR5) has projected the Representative
Concentration Pathways scenario of future global
surface temperature, which is likely to rise further
by 1.0–3.7 in this century. Ravindranath et al.
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(2011) in their study on climate change modelling
of India show that the Indian subcontinent is likely
to experience warming of over 3–5◦ C with a signiﬁcant change in the ﬂood and drought frequency and
intensity. The possible changes in extreme weather
events may cause an increase in the frequency of
heat waves and drought in the northern Indian
region (Sen Roy and Singh 2002).
Through the advancement of climate modelling,
the Global Circulation Models (GCMs) of the
21st century are applied by researchers to predict
the global future climate scenario considering the
broad areal extent with a horizontal resolution
between 100 and 300 km or more (e.g., continents) and also for micro-regions. GCMs often
fail to capture the ﬁne-scale structures that aﬀect
the regional climate due to their coarse resolution, speciﬁcally South Asian monsoon climate
(Rajendran et al. 2013). However, there exists large
uncertainty in projections of Asian monsoon precipitation (Turner and Slingo 2009). Moreover,
diﬀerent horizons of GCMs predict the future climate in a diﬀerent manner, thus validation and
reliability of GCMs for predicting the local climate are needed for further research. However, it is
important to either employ high-resolution models
or predict future climate on the basis of historical
climatic trends and oscillations.
There are extensive literatures which speciﬁcally
address the climate change in India with varying spatial and temporal details. One comparative
study has been done by Rajendran et al. (2013) to
observe and project the Indian summer monsoon
rainfall and extreme events at diﬀerent resolution
models. The very high-resolution model shows a
relatively heavy occurrence of summer monsoon
rainfall during 1979–2003, as well as a spatially
varying increasing trend is projected over the IndoGangetic plain and Northeast India. On the other
hand, the rainfall pattern is underestimated in the
ultra-high-resolution model around the northeastern part of India including West Bengal. Likewise,
104 years’ variability and trends of extreme rainfall event have been examined using high-resolution
gridded data by Rajeevan et al. (2008). However,
Rakhecha and Pisharoty (1996) and Sinha Ray
and Srivastava (2000) have studied the station-wise
variability of rainfall events of some places in India.
Sub-district level trend of rainfall has been assessed
by Kaur et al. (2017) in which 10% of the area
of India shows a signiﬁcant increasing trend and
8% of the area experienced a decreasing trend of
annual rainfall (1901–2013). Laskar et al. (2014)
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investigated the trending nature of temperature
and rainfall over Northeast India, where the rate
of change varies from station to station. A study
by Radhakrishnan et al. (2017) shows a signiﬁcant
positive trend of temperature and declining rainfall of India in the last 30 years over the period
of 1901–2014, and the seasonal variability is also
profound in their study.
In the present study, our objective is to analyse
the climatic variability of a micro-region (Bengal
Duars) to show the long-term climatic change. For
this, we analyse seasonal as well as annual climatic
variability and trends using high-resolution gridded data to get a clear overview of the previous
climate. Further, the inﬂuence of climatic anomalies can be seen in the variability and shifting of the
seasonal climate of the Duars region. Finally, the
trends of future climate are addressed by observing
the historical trends.

2. Is changing climate a non-escaping
phenomenon?
Climate has changed throughout the geological
timescales since the inception of Earth. Forcings
of past climate change include continental drift,
variations in the Earth’s orbit around the Sun,
changes in solar output, volcanic emissions, cosmic collisions and aerosols in the atmosphere. On
timescales of thousands of years, all these act very
slowly. Now, we are facing changes in the climatic
system due to large-scale emission of greenhouse
gases (GHGs) on the timescale of decades. Thus,
we are experiencing a similar impact on the natural
system, but in a much faster time frame, leading to
rapid catastrophic changes in the environment. At
the end of the last glaciations, the average global
warming occurred at the rate of about 1◦ C or
less per thousand years, although there were short
periods during which warming was much faster
(Pittock 2009).
The observed trends and other indicators of the
changing global climatic system have been evaluated in IPCC’s 5th Assessment Report. It has
been reported that the last three decades were successively warmer than any preceding decade since
1850. The period from 1983 to 2012 was likely to
be the warmest 30-year period of the last 1400
years in the Northern Hemisphere. The globally
averaged combined land and ocean surface temperature shows a linear trend of warming of 0.85◦ C
(0.65–1.06◦ C) during the period 1880–2012 and
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the global mean sea level rose by 0.19 m during
the period 1901–2010. The imprints of humans
on the environment can be seen at remarkably
early times in our planetary existence, but almost
at local and regional levels only. Human activities have recently become so pervasive that their
imprints on the environment at the global level
are quite obvious. GHG emission in the atmosphere causes temperature increase and associated
climate change by anthropogenic activities since
the mid-20th century. Overall, human imprints can
best be summarised as an increase in ‘domesticated land’, that is in cropland and pastures, at
the expense of forest and other more natural land
covers. Since Holocene, the most recent geological period of earth history, humans have developed agriculture, cities, industries and more complex civilisations. The arrival of the Anthropocene
causes paradigm shifts in the human–environment
relationship at a global level, changing the postulation of automatically continuation of the Earth’s
system.
According to NASA’s Goddard Institute for
Space Studies, 2015 was the warmest year since
modern record keeping began in 1880 and in this
year, for the ﬁrst time, the global average temperature was recorded as 1◦ C or more above the
1880–1899 average (Peterson and Baringer 2009).
Even though the 2000s witnessed a solar output decline resulting in an unusually deep solar
minimum in 2007–2009, surface temperatures continue to increase (Allison et al. 2009). Climate has
changed and is changing by its natural rhythm, but
changing physical (land use and land cover) and
chemical compositions (land, air and water pollution) in addition leading to a change in the surface
albedo of the Earth.

3. Duars region: An account of changing
climate
In the literature, Duars is known as ‘Doors or
Dooars’. As stated in the Rennie’s book ‘Bhotan
and the story of the Dooar War’ (1866), Duars
is located along the foothills of the Himalayas,
extending from the river Tista in Bengal to the
river Dhunseri in Assam. ‘Duars’ means ‘door’
or ‘corridor’ between the Bhutan hills and the
plains of India. The narrow strip of land, with a
breadth of 20–30 miles and length of about 180
miles, assemblages with the forest cover stretching between the river Sankosh in the east and
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the river Tista in the west, forms the northern
boundary of West Bengal and is known as Bengal
Duars or Western Duars, and the other parts in
Assam district are 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 like an umbrella on the
head of West Bengal. In the colonial period, the
numerous and valuable forest cover of the Duars
region was converted into tea gardens and reserved
forests. The study area, Bengal Duars, extends
from 26◦ 30 –27◦ 11 20 N to 88◦ 25 18 –89◦ 52 40 E
and now it covers a large portion of the Jalpaiguri district, Alipurduar district, part of Darjeeling
(before February 2017) and Koch Bihar district
(see ﬁgures 1 and 2).
The Duars region, owing to its proximity to the
hills, experiences rainfall that is much heavier and
temperatures that are seldom excessive (Gruning
1911) unlike the southern part of West Bengal
and heavy rains have made the climate damp and
the area marshy. This region is well known to be
unhealthy because it has an evil reputation for
malaria and blackwater fever. The most relevant
information related to the past climate was found
in Dr. Francis Buchanan Hamilton’s (1838) book
related to accounts of the district of Ronggopoor.
It had been reported that the temperature of the
Terai and Duars never exceeded 27◦ C, and now it
increases gradually especially in the summer season, the highest temperature recorded in Jalpaiguri
was 40◦ C in 1932 on 11th April (West Bengal District Gazetteers 1981). The region located in the
foot of Sikkim and Bhutan Himalayas receives an
annual rainfall of 3000 mm. Of this, 1800 mm of
rainfall occurs in the monsoon months only (Jana
2002). Therefore, the trend analysis of extreme
rainfall events is important, considering the ﬂood
vulnerability of this region.

4. Data sources and analytical methods
Daily and monthly climatic data of rainfall
(1901–2015) and temperature (1951–2014) were
extracted from the gridded (0.25◦ × 0.25◦ and
1◦ × 1◦ ) dataset of India Meteorological Department (IMD), Pune, and the temperature data
(1901–1950) were also collected from this web
link http://www.indiawaterportal.org/met data/.
Studies of climate change require a long period
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Figure 1. The Himalayan realms. Source: After Karan (1966).

Figure 2. The study area.

of data to identify long-term trends rather than
short-term ﬂuctuations (WMO 1996). In this study,
more than 100 years’ data have been used for the
analysis of the climatic variability of the Duars
region of West Bengal. In order to evaluate trends,
both parametric and non-parametric test statistics

have been executed. Further, multi-decadal
oscillation of climatic anomalies in extreme events
obtained from quantiles between sub-periods of
chosen length and the full or reference time series,
and box-and-whisker plot have also been used to
assess the trends in seasonal climate.
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4.1 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, n under the null
hypothesis (H0) of no trend in the data. The
Mann–Kendall test statistics value is computed as
S=

n
n−1 


sgn(xj − xi ) ,

(1)

i=1 j=i+1

where sgn(x) = −1 for x < 0, sgn(x) = 0 for x = 0
and sgn(x) = 1 for x > 0. A positive value indicates
an increasing trend and a negative value denotes a
decreasing trend.
If the sample size is ≥8, the test statistics S is
approximately normal and the variance of S is as
follows:
V (S) =

1
[n (n − 1) (2n + 5)] ,
18

(2)

where n denotes the length of the time series and
the standardised statistical test Z is computed as
S−1
Z=√
V (S)
S+1
=√
V (S)

if S>0,
if S<0.
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as a threshold, which corresponds to a speciﬁc
frequency of occurrence in time or a speciﬁc mean
recurrence interval.
4.3 Test of significance
To test whether the trends and anomalies
identiﬁed in the historical series are signiﬁcant
or not, conﬁdence intervals are calculated on the
anomalies factors. Under the hypothesis of randomness (no trends or non-persistence), the percentages of anomalies are calculated. When the empirical anomalies go beyond the conﬁdence level, nonpersistence hypothesis (no trends) can be rejected,
i.e., it is considered to be statistically signiﬁcant at
a speciﬁc conﬁdence interval. Whereas the region
inside the conﬁdence bounds is considered to be
insigniﬁcant (hypothesis accepted). On the other
hand, the 95% conﬁdence intervals are calculated
from the whole historical series. For example, 100
random samples (same size as historical series) are
generated. For each random sample, anomaly calculation is repeated leading to generate 100 values
of each year of historical series. After ranking the
100 values, 25th and 75th sample values deﬁne the
95% conﬁdence interval for each particular year.
5. Results

(3)

All tests were at α = 0.05 level. Linear regression
is used as a parametric test to analyse the linear
trend of climatic events.
4.2 Analysis of multi-decadal oscillations
Multi-decadal oscillations and anomalies in
climatic events have been analysed based on the
works of Ntegeka and Willems (2008) and Willems
(2013a, b). In the present study, we have considered 30 years as a sub-period for the analysis of
the trends and oscillations in temperature and rainfall of the Bengal Duars region. The extremes are
extracted from the full available series and based
on subsets of extremes in sub-periods of 15 or
30 years’ length. Quantiles in a sub-period are
compared with the corresponding quantiles derived
from the full series. The relative diﬀerence between
the sub-period-based quantile and the corresponding full-period-based quantile is computed for all
quantiles above a speciﬁc threshold. The above values are considered as an ‘extreme’ and are called

5.1 Trends of temperature and rainfall extremes in
Bengal Duars
Climate changes through the historical periods can
be assessed using the statistical trend analysis. It
also allows investigation of whether these changes
can be considered statistically signiﬁcant in comparison with the natural temporal variability (as
observed in long series). Here, the calculated test
statistics values (S) of temperature (6.64) and rainfall extreme (4.32) in the Duars region are greater
than the threshold value (1.96) at 5% levels of
signiﬁcance (see table 1). Therefore, the trends
of annual average temperature and extreme rainfall are increasing signiﬁcantly with an observing
trend. The rate of change in average temperature is
found to be higher compared to the rate of change
in rainfall extremes (see ﬁgures 3 and 4a).
5.2 Multi-decadal oscillations in temperature and
rainfall extremes
From historical time periods, the climate of this
region was damp due to heavy rainfall in the
monsoon season and temperature is rarely
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Table 1. Analysis of the test of significance.
Parameters
◦

Temperature ( C)
Rainfall extreme (mm)

Test-statistic value

Threshold level

p-value

Accept/reject/no change

6.64
4.32

1.96
1.96

<0.001
<0.001

Reject
Reject

Figure 3. Anomalies in annual temperature based on full 114 years’ length (1901–2014) using 15 years moving average.

excessive. But if we look at the multi-decadal
trends of average annual temperature, from 1990
onwards the temperature is increasing and goes
beyond the normal persistence (see ﬁgure 3).
Anomalies in the average temperature increased
around 1.5–2% (around 0.05◦ C year−1 ) from the
1990s onwards and R2 value (see ﬁgure 3) signiﬁes the linear positive trend. On the other hand,
lower extremes are found from 1910 to 1920 by considering more than 100 years of historical series.
However, as this region is prone to ﬂoods and
high extreme precipitation is generally observed
during the monsoon season (June–August), the
annual extreme rainfall is taken into consideration in the multi-decadal oscillations analysis.
Figure 4(a and b) illustrates the trends of anomalies in extreme rainfall events of the Bengal Duars
through 15 and 30 years of moving average. Multidecadal oscillations with higher rainfall quantiles
for 1930–1940s and 1980s onwards and lower quantiles in 1960–1970 are observed. From this trend,
the extreme events are ﬂuctuating in an oscillating manner, and after the 1970s, trends of
extreme 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, and the
oscillation altitude increased as an eﬀect of climate change on rainfall extremes. The resultant
recent cluster of heavy rainfall might be attributed
to anthropogenic-induced climate change, given
that the change in sign and order of magnitude is
consistent with the global warming impact predictions following the regional climate model (IPCC
2007a, b; Lenderink et al. 2007; Min et al. 2011;
Willems et al. 2012). Moreover, the analysis of this
attribute needs further research for better understanding of the phenomenon.
5.3 Variability in the seasonal climate of the
Duars region
The climatic variation on our planet can be described with a roughly bell-shaped curve, where the
normal weather is very common while the extreme
weather is rare. A small increase in temperature shifts the entire curve towards hotter high
temperatures (see ﬁgure 5a). Widespread seasonal
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Figure 4. (a) Anomalies in annual rainfall extremes based on full 115 years’ length from 1901 using 30 years moving average.
(b) The identical change observed 1970’s onward in rainfall extremes.

warming trends from the early 20th century to
the present can also be seen in ﬁgure 4, shifting
of monthly average temperature towards warm

seasons (April–May) and warm periods also
increased its length and frequency in the last 30
years. This region has experienced heavy rainfall
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Figure 5. (a) Seasonal shifting of temperature towards summer seasons (April–June) and (b) the dichotomous trend of
rainfall present in some months during the monsoon season (June–September).

during the monsoon season. Due to the increase
of extreme rainfall events, the amount of monsoon rainfall has increased over the last two

decades, but dichotomy is present in some months
of the monsoon period (see ﬁgures 5b and 6b).
Instead of a day-to-day change in the weather,
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Figure 6. Dispersion and seasonal trends of (a) temperature and (b) rainfall.
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the climate varies over seasons and years. Due
to the variations in the Sun’s radiation over the
Earth, inter-seasonal variation is quite common,
but for a long period of time, variability in
intra-seasonal climate has been very important
in climatological research. For example, historical records of extreme rainfall events are used to
calculate the probability of future rain events. We
use long-term averages to make a societal decision.
The production of crops, forest product and other
natural resources can also vary in accordance with
the shifting of seasonal climate (seasonal average).
IMD has classiﬁed the Indian climate into four
seasons such as pre-monsoon (March–May), monsoon (June–September), post-monsoon (October–
December) and winter (January–February).
In this study, we also divide the seasonal climate of the Duars region into four major seasons by
using IMD’s scheme. The impact of global warming
can also be seen in the regional climate as increasing trends of mean monthly average temperature in
all the seasons (see ﬁgure 6a). The outliers present
beyond the 1.5 times of inter-quartile ranges is an
indication of an increase in extreme rain events
especially during monsoon and post-monsoon periods. However, no signiﬁcant trends are found for
the winter season, but the amount of rainfall
increases in pre-monsoon and monsoon seasons (see
ﬁgure 6b).

6. Discussion
This study has attempted to analyse the trends
of climatic variability at a regional landscape of
Bengal Duars. India has experienced heterogeneous
climatic variability in its diﬀerent parts. Rajendran
et al. (2013) analysed the signiﬁcant increasing
trend of summer monsoon rainfall over Northeast
India including North Bengal by using present
day IMD observations (1979–2007) and also portray diﬀerent variability of rainfall patterns with
diverse resolution models. However, the decreasing
trend of summer monsoon rainfall over Northeast India (1970–2014) is addressed by Preethi
et al. (2017). Raha et al. (2014) have observed
the increasing trend of mean minimum temperature during the winter season and frequency of
the number of rainy days increased signiﬁcantly
over Jalpaiguri district (1979–2008). Basak (2014)
made a study on the variability of southwest monsoon in West Bengal and found that rainfall series
of Alipurduar, Jalpaiguri and Kalchini exhibited
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a positive trend at 5% level of signiﬁcance. The
extreme rainfall events over Northeast India are
found to be most abundant especially through
the course of monsoon period during 1951–2007
(Srivastava et al. 2016). The present study explores
linear as well as oscillating trends of temperature and rainfall extremes. The increasing trend in
annual average temperature and rainfall extreme
are observed. The dichotomous variability present
within the monsoon period of the Bengal Duars
has explored. This region also experienced a positive trend of temperature in all the seasons and
the amount of rainfall increased in recent decades
especially during the pre-monsoon and monsoon
periods. All together causes intra-seasonal climatic variability throughout the year. As this
region covers a large percentage of forest assemblage, these changes can aﬀect the timing of
many life cycle events which will have further
impact on the livelihoods of local people who are
dependent on forest resources. Above all, diﬀerent species may respond to diﬀerent environmental
cues, which may have an adverse eﬀect on whole
ecosystems.

7. Conclusions
There is a conformity in the results obtained from
the Mann–Kendall test as well as in the linear
trend line of the Duars region. On the basis of the
aforesaid technique for the recognition and analysis of changes in extremes, there is an increasing
trend in rainfall extremes followed by an oscillatory
behaviour at multi-decadal time scales. Moreover,
the recent upward trend of extremes is found to
be at the positive phase of this oscillation. Therefore, it is expected that rainfall extreme will be
5% higher than the normal trend. Even a decreasing trend (after few decades) might have been
initiated in the region, but considering the recent
amplitude of change, this decreasing nature will
not be as similar as in the 1960s. Increasing
trends of temperature have been found to be
statistically signiﬁcant (at 95% conﬁdence interval) at the rate of 0.027◦ C−1 . Therefore, it may
be inferred that temperature will increase at a
rate of 0.2◦ C or more in the next decades. On
the other hand, seasonal shifting of temperature
may cause disappearing of micro-seasons such as
spring, autumn, etc., due to overlapping of main
seasons.
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