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Abstract This study analyzes the trends of extreme rainfall
indices over northeast Bangladesh for the period of 1984 to
2016 for the pre-monsoon andmonsoon seasons. The research
was framed as part of a project co-producing knowledge of
climate variability and impacts through collaboration between
scientific and local communities in northeast Bangladesh,
which found pre-monsoon and monsoon rainfall to be most
important. With access to a greater number of rainfall stations
than previous work in northeast Bangladesh, we investigated
trends in extreme rainfall events using the Mann–Kendall
trend test and Sen’s slope estimator. To appraise the quality
of the data, we used the Standard Normal Homogeneity and
the Pettitt tests to check its homogeneity. Among the seven
stations, only Sunamganj was found inhomogeneous, and was
not considered for trend analysis. All indices of rainfall

extremes showed a decreasing trend in both seasons, with
the most significant decrease during the monsoon.
Importantly, we saw a decreasing trend in the seasonal total
rainfall and consecutive wet days, whereas there was an in-
creasing trend in consecutive dry days. Moreover, we saw a
decreasing trend in 1-day maximum rainfall, 5-day maximum
rainfall, the intensity of the daily rainfall over 25 mm during
the pre-monsoon and 50 mm during monsoon, which together
may indicate a future decrease in the magnitude and intensity
of flash floods and monsoon floods. If this trend continues, the
northeast Bangladesh may suffer from water stress, which
could affect the lives and livelihoods of communities living
there.

1 Introduction

Global climate change is arguably changing rainfall patterns
in different regions of the world, with far-reaching environ-
mental, social, and economic impacts for local communities.
One important change can be to the frequency and severity of
extreme rainfall events, which can exacerbate risks of climate-
related damages in a region. Insofar as rainfall patterns are
specific to different regions, any changes to rainfall brought
by global climatic change will be similarly specific (Visbeck
2008). For this reason, communities need high-quality scien-
tific information on the particular historic rainfall trends for
their region, including rainfall extremes, which they can use to
support adaption to changes in the rainfall; both relative to
current climate variability, and future climatic change (Moss
et al. 2013). To this end, it is important that scientific investi-
gations are based in local observations of historical climate,
rather than global or continental understandings. It is also
important that these investigations of rainfall are integrated
with local adaptation efforts, to be salient, legitimate, and

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00704-017-2285-4) contains supplementary
material, which is available to authorized users.

* Md. Abul Basher
mbashar725@gmail.com

Mathew Alexander Stiller-Reeve
mathew.reeve@uni.no

A. K. M. Saiful Islam
akmsaifulislam@iwfm.buet.ac.bd

Scott Bremer
Scott.Bremer@uib.no

1 Institute of Water and Flood Management (IWFM), Bangladesh
University of Engineering and Technology (BUET), Dhaka 1000,
Bangladesh

2 Uni Research Climate, Bjerknes Centre for Climate Research,
Bergen, Norway

Theor Appl Climatol (2018) 134:441–452
https://doi.org/10.1007/s00704-017-2285-4

https://doi.org/10.1007/s00704-017-2285-4
mailto:mbashar725@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s00704-017-2285-4&domain=pdf


credible in a particular region (Cash et al. 2003, 2006; Dilling
and Lemos 2011).

This study investigates trends of extreme rainfall indices for
the period 1984–2016 of northeast Bangladesh. It is motivated
by recent research by Stiller-Reeve et al. (2015) that highlights
the unique and important pre-monsoon and monsoon rainfall
patterns distinguishing northeast Bangladesh, and discusses
how local adaptation might be hindered by significant uncer-
tainty about the causes and timing the monsoon onset, in rela-
tion to scientific and local understandings. Our study was un-
dertaken as part of the wider Norwegian Research Council-
funded TRACKS project (TRAnsforming Climate Knowledge
with and for Society), which attempts to Bco-produce^ an im-
proved understanding of climate variability more generally in
northeast Bangladesh through active collaboration between sci-
entific and local communities (see, e.g., Bartels et al. 2013;
Hegger and Dieperrink 2014 and Meadow et al. 2015). This
study of extreme rainfall is novel and important for two main
reasons: (i) it is framed by the adaptation priorities of commu-
nities in northeast Bangladesh; and (ii) it goes beyond previous
studies of Sylhet rainfall by drawing on a greater number of
rainfall stations for a more comprehensive understanding of
regional rainfall patterns.

The TRACKS project adopts an extended mode of scien-
tific enquiry that facilitates interaction between scientists and
Sylhet communities at different phases of the research pro-
cess, including in (a) framing the research problem, (b) mobi-
lizing and appraising different knowledge systems salient to
the problem, and (c) communicating and applying the co-
produced research (see a similar approach by Lang et al.
2012). In the framing phase, the project completed 234 qual-
itative interviewswith people from communities in Jamalganj,
Sunamganj, Hakaluki Haor, and Barlekha, in November
2014; with these interviews helping to identify the weather
phenomena that have the most important impact on commu-
nities, and the information they need to adapt to these phe-
nomena. The interviews voiced communities’ need for infor-
mation on rainfall, storms, and associated flooding as a prior-
ity, particularly in the pre-monsoon season. During this time,
the region receives more than 900 mm rainfall, which is three
times higher than the average rainfall of the whole country
(Kripalani et al. 1996). The pre-monsoon rainfall is also char-
acterized by severe local storms known as nor’westers or
Kalbaishaki. These storms bring heavy rain, hail, gusty wind,
lightning, and sometimes tornadoes (Karmakar and Alam
2006; Yamane et al. 2010; Murata et al. 2011). This severe
weather can kill people and livestock, destroy houses, infra-
structure, and the Boro rice crops, which is the year’s main
harvest in this region (Alam et al. 2010). This research focuses
on the pre-monsoon and monsoon rainfall, which has been
subsequently validated through further discussions with these
communities, most recently in workshops in May 2017. It is
this research framing work that has motivated and steered this

study of extreme rainfall indices. It also marks the study as
unique, because our focus on the pre-monsoon rainfall is truly
guided by our interactions with the local communities in
northeast Bangladesh.

Northeast Bangladesh is located in the downstream part of
the Meghna river basin. The total catchment area of the
Meghna basin is roughly 6500 km2 of which only 33% lies
in northeast Bangladesh and remaining 67% is within India
(Masood and Takeuchi 2016). Previous studies have either
considered Bangladesh (Ahmed and Karmakar 1993;
Karmakar and Khatun 1995; Rahman et al. 1997) or India
(Mirza et al. 1998; Jain et al. 2013; Oza and kishtawal 2014)
separately. These studies often consider trends in seasonal
(including pre-monsoon and monsoon) or annual rainfall.
The trends vary between positive (Deka et al. 2013; Kumar
and Jain 2011) and negative (Das et al. 2015; Kumar et al.
2010; Mirza et al. 1998), depending on the region and the time
period analyzed, but none have been statistically significant.
Common to these studies covered in Bangladesh, they only
use the Sylhet station for analysis. These studies have shown
increasing trends for pre-monsoon and decreasing trend for
monsoon (Shahid 2011; Kripalani et al. 1996), which is sim-
ilar to most studies over India. However, total seasonal or
annual rainfall is just one rainfall characteristic that can
change. Fewer studies have looked at changes of other char-
acteristics. For example, Shahid (2011) found insignificant
increase of 1-day maximum rainfall while decrease of 5-day
maximum rainfall, consecutive wet day, and consecutive dry
day for Sylhet station for the last 60 years (1958–2007). Over
the border in India, Prokop and Walanus (2015) found that
low-intensity rainfall has decreased and high-intensity rainfall
had increased in Cherrapunji, but only during the pre-mon-
soon. These results imply less, but more intense rainy days
over the region. By comparison, the Barak Basin further east
seems to have experienced an increase in the number of pre-
monsoon rainy days (Kumar and Jain 2011).

Much of the Meghna basin is within India, which make
observational data challenging to obtain. This study therefore
extends on previous studies of rainfall in northeast
Bangladesh. Many of the previous studies on rainfall in north-
east Bangladesh have been limited to a single rainfall station:
Sylhet. A single rainfall station might not represent the sur-
rounding climate (Wu et al. 2015), as it may be influenced by
a particular local climate (Janis and Robeson 2004). This
study therefore draws on a wider data observational dataset
from the BangladeshWater Development Board (BWDB) and
Bangladesh Meteorological Department (BMD). We analyze
the rainfall records from seven stations located across the
northeast Bangladesh. We identify trends in seasonal totals
as well as seven other rainfall indices depicting different rain-
fall characteristics. We consider trends in the pre-monsoon
and monsoon seasons separately. Rainfall in these seasons
can have different convective triggering mechanisms, but
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can also impact the lives of the local communities in very
different ways.

In Section 2, we describe our methodology, including the
indices, homogeneity test, and trend analysis methods. We
present and discuss the results in Section 3, before we con-
clude the paper in Section 4.

2 Materials and method

2.1 Study area

The northeast Bangladesh is located between 24° N to 25° N
and 90.62° E to 92.50° E (Fig. 1) which is part of the Meghna
river basin. It is situated on the flatlands to the south of the
southern slopes of the Meghalaya Plateau, where this plateau
is thought to act as a barrier against the southwesterly mon-
soon (Kataoka and Satomura 2005). This region receives

heavy rainfall during pre-monsoon and monsoon caused by
topographic lifting by the Meghalaya Plateau and other mech-
anisms (e.g., Murata et al. 2008; Terao et al. 2008; Murata
et al. 2011; Reeve 2015). The region’s climate is characterized
by sub-tropical humid conditions with wide seasonal varia-
tions (Hasan et al. 2012). From a climatic perspective, the
predominant seasons are dry winter (December to February),
pre-monsoon (March to May), monsoon (June to September),
and post-monsoon (October to November) (Rafiuddin et al.
2010). Because of the large seasonal variations, the weather
plays an important role in the socio-economic development
and livelihoods of local people, as well as the ecological bal-
ance of the region.

This region is known as the Bhaor region^ due to the ex-
pansive lakes (or haors) that materialize during the pre-
monsoon and into the monsoon season. The biodiversity of
the haor region makes it a unique wetland ecosystem. The
local geography is mainly low-lying flat land, but is also
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characterized by a number of special topographical features
like hills, hillocks, and haors, with vast reserve forests, large
tea gardens, and growing rubber gardens. The Boro rice dur-
ing pre-monsoon accounts for the majority of agricultural out-
put (Alam et al. 2010) which contributes significantly to total
rice production of the country. Since this Boro rice is harvest-
ed before the large-scale monsoon begins, it is easy to under-
stand why the pre-monsoon rains are so important in the
Sylhet Division.We have heard from the locals that if flooding
happens early, then the Boro crop can be damaged or
destroyed.

The rivers in this region originate from the hills of Shillong
and Meghalaya, India. Cherrapunji, widely known as the
wettest place on Earth, is situated very close to the study
area (Fig. 1). To illustrate the rainfall patterns over this
Meghna basin, we present seasonal rainfall totals in Fig. 2
using WFDI (WATCH Forcing Data methodology applied to
ERA-Interim) data. It is a meteorological forcing dataset
which is produced using land surface and hydrological models
based on ERA-Interim data. The mean pre-monsoon and
monsoon rainfall of Cherrapunji is about 1700 and
7400 mm. From this figure, we can see that the rainfall pattern
over the Indian hills can greatly influence flooding over the
low-lying region of northeast Bangladesh. Flash floods
resulting from heavy rainfall in the hills can be disastrous this
region where crops and property can easily be damaged. We
need to keep these impacts in mind since, in this study, we
only concentrate on weather stations situated within this low-
lying region.

2.2 Data

Our main dataset is comprised of daily rainfall observations
from seven weather stations in northeast Bangladesh. Among

the stations, only the Sylhet station is maintained by
Bangladesh Meteorological Department (BMD) and others
are maintained by Bangladesh Water Development Board
(BWDB). In this study, we analyze the observations from
the period 1984–2016. Supp. Table 1 shows a list of the ob-
servation stations, their names, and their locations (also shown
in Fig. 1). As we do not have the access to observed daily
rainfall data over Indian weather stations, we usedWFDEI for
preparing spatial distribution mean seasonal rainfall of the
Meghna basin.

2.3 Quality control of data

Before performing trend analysis, the quality of the data must
be checked for possible errors. Homogeneity and autocorrela-
tion tests were performed to check the data quality. The reli-
ability of the data series is tested using homogeneity test. This
test is used to check if there is any error in data series due to
several reason such as station relocations, equipment changes,
equipment drifts, and changes in the method of data collec-
tion. If the data series is subjected to any kind of error other
than climatic factors, the data series is called inhomogeneous.
This inhomogeneous data series need to be either adjusted or
discarded from further analysis. The homogeneity test can be
classified as absolute homogeneity and relative homogeneity
(Firat et al. 2010). Data series from different stations are
tested individually in absolute homogeneity tests, while
they are compared with neighboring reference stations in
relative homogeneity tests. But in practice, it is very diffi-
cult to find a reference station with a high correlation and a
homogeneous structure. Hence, in this study, we applied
the absolute homogeneity test to check for reliability of the
data series. Within this test category, we chose to use the
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Standard Normal Homogeneity (Alexandersson 1986) and
the Pettitt (1979) tests.

The indices of rainfall extreme obtained from observed
data series must be a series of random events in order to get
reliable trends from the trend analysis. The autocorrelation is
generally performed to check randomness of the data series. If
the data series is positively autocorrelated, then it is not a
random event and the resulting trend may be not realistic
(Mondal et al. 2012). In this study, we performed first-order
autocorrelation. The theory of the above mentioned statistical
tests is discussed in supplementary materials.

2.4 Selection of extreme rainfall indices

The decision to focus on extreme rainfall indices was guided
by the collaborative research-framing phase, as part of the
TRACKS project approach to co-produce knowledge of cli-
mate variability for adaptation, with communities in northeast
Bangladesh. This framing, or co-design, of the research
sought to identify those weather phenomena most important
to local people, and emerged over several rounds of interac-
tion between scientific project partners and different actors in
communities in northeast Bangladesh. This began with a
broad scoping meeting in Sylhet city September 2014, bring-
ing together local government officials, representatives of
non-governmental organizations, scientists at local universi-
ties and research institutes, and other groups such as teachers
and journalists. This scoping meeting identified local Sylhet
communities that are vulnerable to climate variability and
change and led to a second round of interaction; conducting
234 interviews in Sunamganj Sadar, Jamalganj, Barlekha, and
Hakaluki Haor in December 2014, with diverse Bgrassroots^
actors. A third round of interaction brought together a subset
of those people interviewed in workshops in Sunamgnaj Sadar
and Barlekha in March 2016. Through this interaction, com-
munities were able to make clear the weather information that
was most important to support local adaptation efforts, and
scientists were in turn able to make clear limitations of the
science, and what information it is possible to provide. This
interaction also allowed for discussion across different knowl-
edge systems, with climate and meteorological information
discussed relative to other local and traditional ways of know-
ing the weather and seasons, using traditional calendars and
natural signs for instance. Framing of this research also drew
on the published literature.

These interactions showed us that the local communities
are particularly concerned about the pre-monsoon rainfall,
particularly its amount and distribution. For instance, heavy
rain at this time can cause flash floods that can damage or
destroy the year’s main Boro rice crop. This can have a huge
economic impact on the local society. Once we understood the
importance of rainfall in the pre-monsoon season, we had to
split our analysis between both the pre-monsoon andmonsoon

seasons.We understand that the onset of the monsoon changes
from year-to-year (Stiller-Reeve et al. 2014); however, we
apply a static definition of the monsoon and pre-monsoon
seasons in order to facilitate comparison with previous studies
(e.g., Rahman et al. 1997 and Shahid 2011). In this study, we
define the pre-monsoon as the months of March–May and
the monsoon as June–September. Next, we had to identify
appropriate rainfall indices to analyze. We chose indices
(Table 1) that reflect rapid flash floods, wet and dry pe-
riods, and seasonal totals. The selection of indices is there-
fore meant to reflect some of the challenges the local peo-
ple told us about, but also be comparable to previous and
future climate studies.

Through considerable discussion, we selected eight indices
of rainfall extremes as also proposed by Frich et al. (2002) and
Alexander et al. (2006). These indices are presented in Table 2
with their respective definitions. Both the RX1DAY and
RX5DAY represent extremely heavy rainfall; RX1DAY
causes flash flooding while RX5DAY is more likely to cause
long-term riverine flooding.We learnt through our discussions
with the locals that the amount and distribution of PRCPTOT
especially during pre-monsoon is very important for Boro rice
production, since it influences the water levels in the seasonal
haor lakes.

2.5 Trend analysis

The trend of indices of rainfall extremes listed in Table 2 was
performed using Mann–Kendall test (Mann 1945; Kendall
1975) and the slope of the trend was determined by Sen’s
slope estimator (Sen 1968). The Mann–Kendall test is widely
used for trend analysis of rainfall and other climatologic
events (Yang et al. 2012; Fu et al. 2013; Zarenistanak et al.
2014; Wu et al. 2015). It is a non-parametric test and is less
sensitive to non-homogeneous time series. It can be applied
for non-normally distributed data and for the data which con-
tain outliers and non-linear trends (Birsan et al. 2005).
According to this test, the null hypothesis H0 indicates that
there is no trend and alternative hypothesis H1 indicates that
there is a trend (Onoz and Bayazit 2012).

Sen’s slope method (Sen 1968) is then applied to esti-
mate the magnitude of the trend. A time series of equally
spaced data is required for this method and is not influ-
enced by missing values or gaps in the input data. Supp.
Table 1 in the supplementary materials showed location of
the rainfall stations and their respective percentage of
missing daily rainfall values. Among the rainfall station
considered, Sylhet station has less missing values (0.5%)
and Netrokona has more missing values (3.9%). There are
several methods used for filling missing values of daily
rainfall values. The most common methods generally used
in filling of the missing data include closest station, sim-
ple arithmetic averaging, inverse distance weighting,
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multiple regression, and normal ratio (Makhuvha et al.
1997; Xia et al. 2001; Moeletsi et al. 2016). In this study,
inverse distance weighting (IDW) method for filling the
missing values has been applied as this widely used meth-
od is suitable for rainfall stations that are closely spaced
and the orographic features of the stations are almost sim-
ilar to each other (Bennett et al. 2007; Moeletsi et al.
2016). For more information about the theory, please see
the supplementary material.

3 Result and discussion

In this section, we firstly describe the rainfall climatology of
the northeast Bangladesh according to the new data that we
use. Thereafter, we move on to the results from the homoge-
neity and the autocorrelation tests. We will also discuss how
we dealt with the data from one station that proved to be
inhomogeneous. In the final sub-section, we present the re-
sults from the trend analysis.

3.1 Spatial distribution of annual and seasonal rainfall

For the seven stations combined, the mean annual, monsoon,
and pre-monsoon rainfall of the study area was 3232, 1765,
and 780 mm respectively. The spatial distribution of annual
mean rainfall (Fig. 3) shows that the north receives higher
rainfall than the south. The same pattern emerges throughout
the year, where the mean annual rainfall ranges from 6000mm
along in the north to 2000mm in the south (Fig. 3c). Themean
monsoon and pre-monsoon rainfall increases respectively
from 1000 to 3700 mm, and from 590 to 950 mm between
the north and south of the northeast Bangladesh (Fig. 3a, b).
The mean annual, monsoon, and pre-monsoon rainfall of
Sunamganj was higher than other stations. This is understand-
able due to the station’s close proximity to the Meghalaya
foothills and Cherrapunji, India the wettest weather station
in the world.

The long-term variation of annual, pre-monsoon, and mon-
soon rainfall for each station is presented as a Box-and-
Whisker plot in Fig. 4. The variability of rainfall is high in
Sunamganj for the pre-monsoon as well as monsoon seasons.

Table 2 The first-order autocorrelation coefficient for the indices of rainfall extreme for seven stations of north-east region of Bangladesh for the
period of 1984 to 2016

Station RX1 RX5 R25 PRCPTOT CWD CDD SDII

Pre- monsoon Sylhet −0.02 −0.10 −0.15 −0.30 −0.08 −0.05 0.06

Habiganj 0.10 0.03 −0.19 0.00 −0.13 −0.19 −0.01
Moulvi Bazar 0.18 0.15 −0.10 0.05 −0.06 −0.28 0.10

Netrokona 0.17 0.21 0.05 0.15 −0.13 0.17 0.24

Brahmanbaria −0.17 −0.09 −0.17 −0.13 −0.11 0.00 −0.30
Bhairab Bazar −0.01 −0.01 0.06 0.00 −0.10 −0.33 0.14

Monsoon Sylhet −0.02 0.00 −0.27 −0.19 0.22 −0.17 −0.02
Habiganj −0.14 0.16 −0.32 −0.29 −0.03 −0.07 −0.21
Moulvi Bazar −0.10 −0.27 −0.10 −0.11 −0.22 −0.22 0.01

Netrokona 0.22 −0.07 0.18 0.09 0.16 0.10 0.03

Brahmanbaria −0.09 −0.17 −0.24 −0.23 0.10 0.14 −0.15
Bhairab Bazar −0.11 0.10 0.03 0.08 0.04 −0.24 −0.06

Table 1 List of indices of rainfall extremes used for trend analysis and their definition

Index Descriptive name Definition Unit

RX1DAY Daily maximum rainfall Seasonal maximum 1-day rainfall mm

RX5DAY 5-day maximum rainfall Seasonal maximum 5-day rainfall mm

R25mm Frequencies in days Number of extremely heavy rainfall days (RR ≥ 25 mm) during pre-monsoon days

R50mm Frequencies in days Number of extremely heavy rainfall days (RR ≥ 100 mm) during monsoon days

PRCPTOT Seasonal total wet day precipitation Seasonal total precipitation in wet days (RR ≥ 1 mm) mm

CWD Consecutive wet days Maximum number of consecutive wet days in a season with RR ≥ 1 mm days

CDD Consecutive dry days Maximum number of consecutive dry days in a season with RR < 1 mm days

SDII Simple daily intensity index Seasonal total precipitation divided by the number of wet days in the season mm/day

446 A. Basher et al.



Other stations showed much lower inter-annual variability.
These results show how detailed the local meteorology of
the northeast region can be varied.

3.2 Quality control of the data

The trend of test statistics for Sunamganj station is not analo-
gous to other stations (Fig. 5). The test statistics for most of the
stations decreased from 1992 to 2000 and remained below the

critical line while the Sunamganj test statistic remained above
the critical line for the same period. For the data sets to be
considered homogeneous, the test needs to give a Btest
statistic^ below a critical value. The critical values are taken
from Khaliq and Ouarda (2007) for SNHT and Pettitt (1979)
for Pettit test. The maximum values of test statistics for annual
rainfall for all seven stations except Sunamganj stayed below
the critical value for the 95% confidence level. Since the null
hypothesis for the SNHTaswell as Pettitt test were accepted at
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95% confidence level, these stations were considered as ho-
mogeneous at this confidence level. Whereas, the rainfall of
Sunamganj station was said to be inhomogeneous and the null
hypothesis was rejected.

Before we took a decision about whether or not to discard
the Sunamganj data, we attempted to find out what was wrong
with the data set. We started by trying to identify any change
points in the time series using Student t test at 95% confidence
level. It is found that the trend in the Sunamganj data changed
at 2005 (Supp. Fig. 1). The field office who is responsible for
data collection confirmed us that there were irregularities in
the data collection for some years before 2005. The compar-
ison of de-trending annual rainfall of Sunamganj with the
nearest and meteorologically similar station of Sylhet also jus-
tified the argument of field office (Supp. Fig. 1).We found that
the de-trending annual rainfall pattern of these two stations are
similar before 1998 and after 2005 which is not the case in
between 1998 and 2005.

The interval of autocorrelation coefficient at 95% confi-
dence limit depends on sample size and the order of lag. In
our study, the sample size is 33 and hence, for two-sided test,
the interval of autocorrelation coefficient at 95% confidence
limit is −0.37 to 0.31. The lag 1 autocorrelation coefficient of
indices of rainfall extreme for pre-monsoon and monsoon sea-
son were within the range of 95% confidence limit which

means that the indices were not autocorrelated either random
event (Table 2).

3.3 Trend of indices of rainfall extremes

The trend analysis was performed on those stations which
passed the quality control tests. All the stations passed the
autocorrelation test while the Sunamganj station failed to pass
homogeneity test. Hence, the Sunamganj station was not con-
sidered for trend analysis. The trend of extreme indices for
pre-monsoon and monsoon season are discussed separately
in the following sections.

3.3.1 Pre-monsoon season

We observed decreasing trends of 1-day maximum rainfall
(RX1) for all stations except Sylhet and the 5-day maximum
rainfall (RX5) for all stations (Fig. 6a). However, none of the
stations showed significant change of these two indices at the
95% confidence level. The largest decreases of RX1
(1.17 mm/year) and RX5 (2.0 mm/year) was at Moulvi
Bazar (Table 3). The R25, PRCPTOT, and SDII also de-
creased inmost of the stations but not statistically significantly
anywhere (Fig. 6a). The largest decreases of R25, PRCPTOT,
and SDII was 0.1 days/year at Habiganj, 7.64 mm/year at

a) b)

Fig. 5 The test statistics of homogeneity test for annual rainfall for seven stations of northeast of Bangladesh for the period of 1984 to 2016. a SNHT
test. b Pettitt test

RX1 RX5 R25 PRCPTOT CWD CDD SDII
3

2

1

0

1

2

3
Sylhet
Netrokona

Moulvi Bazar
Habiganj

Brahmanbaria
Bhairab Bazar

95% confidence level(Zs = 1.96)

95% confidence level(Zs = 1.96)

N
or

m
al

iz
ed

 M
an

n
ke

nd
al

l
Te

st
 S

ta
tis

tic
s 

(Z
s)

RX1 RX5 R50 PRCPTOT CWD CDD SDII
3

2

1

0

1

2

3
Sylhet
Netrokona

Moulvi Bazar
Habiganj

Brahmanbaria
Bhairab Bazar

95% confidence level(Zs = 1.96)

95% confidence level(Zs = 1.96)

N
or

m
al

iz
ed

 M
an

n
ke

nd
al

l
Te

st
 S

ta
tis

tic
s 

(Z
s)

a) b)

Fig. 6 The normalized test statistic (Zs) for the Mann–Kendall test of the
indices of rainfall extremes of six stations of northeast Bangladesh for the
period of 1984 to 2016: a pre-monsoon and b monsoon. The absolute Zs

value which are greater than critical value (Zc = 1.96) are considered as
statistically significant at 95% confidence level
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Moulvi Bazar, and 0.24mm/day/year at Bhairab Bazar respec-
tively (Table 3). The CWD of most of the stations showed a
decreasing trend, and the CDD of most of the stations showed
an increasing trend. However, these indices were not statisti-
cally significantly at any of the stations.

3.3.2 Monsoon season

The RX1 at most of the stations exhibited downward trends in
which Sylhet and Netrokona decreased statistically signifi-
cantly at 95% confidence level (Fig. 6b). The RX1 decreased
at rate of 2.76 mm/year at Sylhet and 1.90 mm/year at
Netrokona (Table 3). The RX5 decreased at all stations in
which it decreased significantly at Sylhet, Netrokona, and
Moulvi Bazar. The decreasing rates of these three stations
are 4.0, 3.43, and 3.33 mm/year respectively. The
PRCPTOT also demonstrated falling trends at every station,
in which it decreased significantly at Netrokona and Moulvi
Bazar stations at the rate of 25.35 and 17.02 mm/year respec-
tively. At all stations, the R50 showed deceasing trend in
which one station decreased significantly. The trend of
CWD and CDD during monsoon season had almost similar
trend like pre-monsoon season where most of the station
showed negative trend for CWD and positive trend of CDD.
The CWD deceased significantly at Sylhet and Brahmanbaria
at the rate of 0.33 and 0.14 days/year respectively. The CDD
increased significantly at Brahmanbaria only at the rate of
0.2 days/ year. Among six stations, the SDII showed falling
trend at four stations while rising trend at two stations.
However, none of them were statistically significant.

Several of the stations show decreasing (but not significant)
trends in total pre-monsoon rainfall, which agrees with previ-
ous studies (e.g., Shahid 2011 and Deka et al. 2013). Overall,
the pre-monsoon climate does not seem to be changing very
rapidly since we observed no significant trends for any rainfall
index during this season. With regards to the monsoon season,
previous studies have concluded that long-term monsoon rain-
fall over the Assam and Meghalaya state of India have de-
creased, but not significantly (Naidu et al. 2009; Kumar et al.
2010; Kumar and Jain 2011; Deka et al. 2013 and Sinha et al.
2015). Our results show that the monsoon seasonal rainfall has
decreased in all stations, most significantly at Netrokona. We
also see significantly decreasing trends in RX1 and RX5 at the
same station, including Sylhet. These results do not align with
the narrative that total rainfall can decrease, but extremes can
increase. Overall, the results vary for index to index and station
to station. This shows how local the climate can be even in a
relatively small region like northeast Bangladesh.

Being located in the downstream part of theMeghna Basin,
northeast Bangladesh receives a large portion of water from
the adjoining part of India. As we did not have access to
observed rainfall data from India, we identified trends using
observed data from Bangladesh only. Our trend analysis can
therefore not directly indicate any changes in flash flood, riv-
erine flood, or drought occurrence over the entire basin.

4 Conclusion

In this study, we analyzed trends of rainfall extremes of north-
east Bangladesh for the period of 1984 to 2016 for the pre-

Table 3 The Sen’s slope estimator (Q) for indices of rainfall extremes for six stations of north-east region of Bangladesh for the period of 1984 to 2016
for monsoon. The slope which is significant is in italics

Station RX1 (mm/
year)

RX5 (mm/
year)

R25/R50
(days/year)

PRCPTOT (mm/
year)

CWD
(days/year)

CDD
(days/year)

SDII (mm/day/
year)

Pre-monsoon Sylhet 0.06 −0.36 0.09 4.32 −0.02 0.17 0.15

Netrokona −0.69 −1.91 −0.02 −2.74 0.04 −0.16 −0.12
Moulvi

Bazar
−1.17 −2 −0.09 −7.64 −0.03 −0.03 −0.17

Habiganj −0.64 −1.57 −0.1 −2.98 −0.04 0.13 0.01

Brahman
Baria

−0.17 −0.27 0.05 1.62 −0.09 −0.19 −0.12

Bhairab
Bazar

−0.74 −1.59 −0.07 −6.85 −0.01 0.1 −0.24

Monsoon Sylhet −2.76 −4.00 −0.02 −13.61 −0.33 −0.03 −0.11
Netrokona −1.90 −3.43 −0.25 −25.35 0.04 0.05 −0.13
Moulvi

Bazar
−1.82 −3.33 −0.11 −17.02 −0.08 0.09 −0.09

Habiganj −1.03 −1.95 −0.09 −3.79 −0.11 −0.01 0.10

Brahman
Baria

0.25 −0.76 −0.04 −10.93 −0.14 0.20 0.10

Bhairab
Bazar

−1.19 −2.54 0.02 −12.02 −0.06 0.03 −0.15
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monsoon and monsoon seasons. This research was designed
and framed through collaboration between scientific and local
communities in northeast Bangladesh, as part of a wider effort
to co-produced research into climate variability and impacts in
that area. From this point of departure, the daily rainfall data of
seven stations, representing the seven administrative districts
of this region, were used for this study. The trend analysis
considered a number of different indices of rainfall extremes,
and was performed using the Mann–Kendall trend test and
Sen’s slope estimator.

Before applying the trend test, the Standard Normal
Homogeneity Test (SNHT) and the Pettitt test was applied to
check homogeneity of the data. The randomness of the index
of rainfall extremes were checked using an autocorrelation
test. Among the seven stations, all stations were found to be
homogeneous except Sunamganj, which was found to be in-
homogeneous, and all the stations passed the correlation test
meaning the index of rainfall extremes resulted from random
events. Using change point analysis, comparing de-trending
annual rainfall with nearby station and information from field
office, we identified that there were irregularities in data from
the Sunamganj station from 1998 to 2005, which caused in-
homogeneity of rainfall data of that station. Hence, the
Sunamganj station was not considered for the trend analysis.

In general, all the indices of rainfall extremes showed a
decreasing trend in both seasons over the region with most
of them were decreased significantly during monsoon. The
most important finding is that over this region, the seasonal
total rainfall and the consecutive wet day exhibited a decreas-
ing trend, whereas consecutive dry days saw an increasing
trend. One the other hand, the decreasing trend of 1-day max-
imum rainfall, 5-day maximum rainfall, the intensity of the
daily rainfall over 25mmduring the pre-monsoon, and 50mm
during monsoon indicate a decrease in the magnitude and
intensity of rainfall, with implications for seasonal and flash
floods. While these trends were observable over most stations,
the trends were not always found to be statistically significant,
demanding continued research into rainfall extremes in the
future.

The findings of this study are being fed back into the pro-
cess of co-producing knowledge with communities in north-
east Bangladesh, exploring the impacts of reduced rainfall on
the lives and livelihoods of vulnerable groups in these com-
munities. In the workshops inMarch 2016, and again in work-
shops in May 2017, communities appraise these scientific
findings, combine them with their own understandings of
the weather and seasons, and look at how this information
can support various adaptation strategies. Indeed, these find-
ings corroborate the experience of local people who, in inter-
views in 2014, voiced a concern about a reduced water supply
in the pre-monsoon and monsoon seasons (Bremer et al.
2017). Another important facet to this co-productive scientific
research is engaging community actors in the hands-on

measurement and observation of rainfall. We have supplied
certain actors in Sunamganj, Jamalganj, Barlekha, and
Hakaluki Haor with rain gauges and training in recording rain
readings, and schools with weather stations, and we are re-
cording these rainfall readings on an open-access website
from 2016 to 2018. In this way, local communities are learn-
ing more about rainfall in their region, and perhaps one day
their observations can be compared with government measur-
ing stations for insights into rainfall in the region.

If these decreasing trends in rainfall continue into the fu-
ture, the north-east region of the country may suffer from
significant water stress. While extreme flooding can be harm-
ful for these communities, they have learned to live with the
phases of Bnormal^ flooding. For example, the reduction of
pre-monsoon rainfall and increase of consecutive dry days
could affect Boro rice production. Likewise, flooding brings
a significant amount of coarse sand, stone, and boulders from
the surrounding mountains, with the harvesting of this valu-
able resource employing many people. Similarly, the mon-
soon floods are necessary for fertilizing the paddy field and
replenishing fish stocks in the haor. Hence, the findings from
this study together with future climate projection from climate
model will be helpful for future planning and management of
water resources of the region.
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