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Abstract. Flash floods result from the abundant precipitation occurring in the Meghna basin, leading to sig-
nificant losses of agriculture (specially Boro rice, the only crop of the farmers) in the north-eastern region of
Bangladesh. Present practice to save the crop is compartmentalization of depressed area by submersible em-
bankment. After harvesting, water is allowed to enter for fish cultivation with having objective to maintain
biodiversity of that area. However, the crop is frequently damaged due to early flash flood before harvesting.
Allocating necessary storage to provide spaces for excess water can save the crop. The present study calculates
the necessary storage with a new method: Flood duration curve (FDC) to ameliorate floods and estimates wa-
ter storage capacity of 6 compartments (locally termed as “Haor”) by using satellite-based citizen science haor
volume estimation technique. According to the capacity it is observed that early flash flood can be managed by
sacrificing crops of one or two haors.

1 Introduction

Abundant precipitation in the Meghna basin specially in
Meghalaya state of India has remarkable consequences for
flash floods in depressed areas (locally termed as “Haor”) of
the north-eastern region of Bangladesh. Moreover, as a result
of climate change, the more frequent occurrence of intense
precipitation may further amplify both the frequency and in-
tensity of flash floods (Masood and Takeuchi, 2016; Masood
et al., 2015). This unique climatic characteristics in that area
often result in agricultural losses.

In April–June 2022 a devastating flood occurred in this
area which caused about 7.2 million people severely affected,
254 251 ha2 of croplands damaged (HCTT, 2022) and esti-
mated total damage at USD 547.6 million (PDNA, 2023). Re-
markable characteristics of this flood was its prolonged pe-
riod due to slower releases of water through the Surma river.
After the devastating event, a 9 members’ technical commit-
tee has been formed by the ministry of water resources to in-
vestigate the probable causes of delayed flood release and to
recommend feasible solutions. Major two recommendations
were (a) Keeping few haors out of crop cultivation and con-

verting them into permanent reservoirs; (b) Identifying some
suitable haors where early harvesting rice variety or any other
crop can be cultivated and in emergency case these haros can
be sacrificed by allowing flood, so that other areas will be
saved from risk. In brief, by converting some haors as reser-
voirs early flash flood can be managed in that area (Masood
et al., 2022).

Present practice to save the crop from flash floods is com-
partmentalization of depressed area by submersible embank-
ment. The height of submersible embankment is designed in
such a way that the embankment can protect flood up to har-
vesting of rice crops (usually up to 15 May). After harvest-
ing, water is allowed to enter in each compartment/haor for
fish cultivation with having objective to maintain biodiversity
of that area. However, if pre-monsoon comes earlier (before
harvesting) these embankments cannot save the crops as wa-
ter level exceeds design level. In that case, storing the excess
water in a reservoir could potentially save the crops as rec-
ommended by the technical committee.

This study estimates necessary storage at three stations us-
ing Flood duration curve (FDC) method (Takeuchi and Ma-
sood, 2017; Masood and Takeuchi, 2015). The study also es-
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timates water storage capacity of 6 haors by using satellite-
based citizen science haor volume estimation technique (Ah-
mad et al., 2020; Khan et al., 2023). Finally, the study inves-
tigates the viability of the strategy of deliberately allowing a
haor to be inundated as a means of safeguarding other haors.

2 Study area

The downstream of the Meghna basin, in north-eastern
Bangladesh is particularly recognized as a flash flood prone
region. The Meghna river initiates in Manipur, India, where
it is known as the Barak, and upon entering Bangladesh,
it splits into two branches. The northern branch, known
as Surma, flows northwards along the eastern side of
Bangladesh, passing by Sylhet town. This basin encompasses
two of the world’s wettest places, Mawsynram and Cher-
rapunji, both situated in Meghalaya state, India, with aver-
age annual precipitation of 11 871 and 11 777 mm, respec-
tively (Masood and Takeuchi, 2016). 2458 mm of rainfall
was recorded in just three days from 15–17 June 2022 in
Cherrapunji which is the highest precipitation in 122 years’
history since the rainfall recording has started (PDNA, 2023).

The main crop in this region is Boro rice, a variety cul-
tivated during the dry season in lower lands (Kamruzzaman
and Shaw, 2018). The annual production of Boro rice from
this area exceeds 3 million metric tons, accounting for ap-
proximately 17 % of the country’s total production. Notably,
Local Boro rice, a native variety, contributes around three-
fourths of the total production (Masood and Takeuchi, 2016).
Unfortunately, this crop often faces challenges due to flash
floods, caused by the influx of river water from the moun-
tainous regions in India.

The key geo-physical characteristic of the area is its lower
topography compared to adjacent area; locally which is
called “Haor”. In brief, a haor is a wetland ecosystem in the
north eastern part of Bangladesh which physically is a bowl
or saucer shaped shallow depression. There are 373 haors
comprising an area of about 8590 km2 (CEGIS, 2012). How-
ever, up to June 2022 about 99 haors are protected by about
2728 km length submersible embankment which are con-
structed by Bangladesh Water Development Board (BWDB)
with the assistance of government of Bangladesh and foreign
aided fund (BWDB, 2022).

3 Data to be analysed

Observed river water level (daily) and discharge data
(weekly) from 1980 to 2022 at three stations of Surma river,
Kanairgat_SW266, Sylhet_SW267 and Sunamganj_SW269
were collected from the Hydrology Division, BWDB. For
better result, here, daily water level data was used to draw
FDC and the available discharge and corresponding water
level was used to establish the stage-discharge relationship
(H -Q rating equation) in each station.

4 Methodology

First, the FDC was potted from observed water level to esti-
mate necessary storage.

4.1 Plotting of FDC

FDC presents the extreme values of moving averages of dis-
charge over m-period (days) estimated from the observed
time series. In this study, m was varied from 1 to 365 d. Gen-
eralized extreme value (GEV) distribution has been applied
on this series to estimate extreme values for 5, 10, 20 and
50-years return periods. Detail procedure of plotting FDC
with mathematical expression is presented by Masood and
Takeuchi (2015).

In general, duration curves are drawn with considering an-
nual maxima (maximum in monsoon period) from daily dis-
charge data. However, in this study duration curves are drawn
(a) with water level data instead of discharge data because of
the availability of daily water level data and (b) with con-
sidering pre-monsoonal maxima (maximum in pre-monsoon
period; March–May) series instead of annual maxima series
as the main focus of this study is to alleviate pre-monsoonal
early flash flood.

4.2 Estimation of necessary storage

The necessary storage indicates the volume of water neces-
sary to store somewhere for flood control at the beginning
of flood season. This storage can be calculated from FDC as
illustrated by Takeuchi and Masood (2017). In short, the nec-
essary storage is obtained from the largest inner rectangular
area that just fits to the area surrounded by a duration curve,
the target discharge level and the vertical axis at the origin.
Rectangular area under FDC is expressed as volume of water
[L3] which is multiplication of x-axis; m [T] and y-axis; dis-
charge [L3 T−1]. In our study, to draw FDC we choose water
level instead of discharge. Therefore, to get storage volume
we had to estimate discharge from corresponding water level,
which is calculated from H -Q rating equation of each gauge
station. And, in our case, the submersible embankment crest
level is chosen as the target level. Because, when river water
level exceeds that level water overtops the embankment and
causes flood in haor area.

4.3 Estimation of reservoir volume of haors

Satellite-based citizen science haor volume estimation tech-
nique has been used to estimate reservoir volume of haors.
The technique is developed by the University of Washing-
ton SASWE Research Group under NASA-supported project
led by University of North Carolina. With the technique,
volumetric storage for 6 haors is calculated by employing
extensive remote sensing data, which included information
on water surface extent and elevation. Additionally, citizen-
contributed gauge data was incorporated into the analysis.
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Figure 1. Haor map of north-eastern region of Bangladesh. The study haors are yellow marked.

A trapezoidal bathymetry was assumed, and an area-volume
relationship was established for specific haors. This relation-
ship was then applied to extrapolate volumetric estimates
across all haors in the region. The detail methodology is de-
scribed by Ahmad et al. (2020).

5 Results and discussions

5.1 Hydrologic characteristics

Using the 42-year (1980–2022) daily water level data for
three stations Fig. 2 plots (a) box-and-whisker plot depicting
the range of variability for each month, (b) pre-monsoonal
daily water levels of historical floods in 1998, 2007, 2017
and 2022. The major observations from the figure are as fol-
lows:

– In the boxplots for all stations it is observed that vari-
ation of water level is high in April–May compared to
that of other months. This higher variability of water
level is due to higher variability in rainfall pattern in
those months. In pre-monsoon season often high precip-
itation occur in Meghalaya region of India which cause
early flash flood in haor area.

– It is also observed in the boxplots that number of outlier
in February–April is higher than that of in other months.
Outliers is often regarded as the presence of extreme
values which may underestimate or overestimate a study
because it lies at an abnormal distance from other values

in a random sample from a population. These outliers in
higher ranges represents very high extreme water level
due to flash floods resulting from high precipitation in
upstream.

– Pre-monsoonal daily water levels show how water rises
suddenly in late-March to mid-April. In particular, dur-
ing the devastating flood of 2017, water overtopped al-
most all embankments, resulting in the loss of all crops
for that season. It is also observed that water levels are
significantly higher than pre-monsoonal monthly mean
of all stations.

5.2 Necessary storage

FDCs of three stations for 5, 10, 20, and 50-year return period
have been plotted in Fig. 3. Largest rectangle within the FDC
and above the thick line shown as dotted line in the figure.
Area of the rectangle represents volume of storage needed to
manage flood. The estimated necessary storages at three sta-
tions for different return period are listed in the Table 1. It is
observed that necessary storage increases with the increase of
return period. This is attributed to the elevated magnitude of
floods associated with longer return periods. Consequently, a
greater storage is essential for effectively managing floods of
higher magnitudes. It is also observed that necessary storage
at Sunamganj station is higher than that of other two stations.
For example, necessary storage at Sunamganj is 1100 M m3
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Figure 2. Box-and-whisker plot of monthly mean and pre-monsoonal daily water levels of historical floods.

Table 1. Necessary Storage of three stations for different return pe-
riod.

Return Necessary storage
period (M m3)

Kanairghat Sylhet Sunamganj

5 2 62 475
10 23 168 780
20 65 300 1100
50 155 498 1449
100 244 646 2126

while that at Kanairghat and Sylhet is 65 and 300 M m3, re-
spectively for 20-year return period. It is obvious that higher
storage is necessary at downstream than that at upstream to
manage flood as accumulated discharge increases towards
downstream.

5.3 Water storage capacity of haors

The selection of 6 haors took into account the following fac-
tors: (a) adjacent to the Surma River to facilitate a quicker
impact on flood with rapid water release, and (b) size of haor
ranging from smaller to larger.

Reservoir volume of these haors have been calculated by
the technique described in Sect. 4.3 and listed in Table 2. Fig-
ure 4 shows time series (from January 2017 to October 2022)
of volume of water stored in Kalner haor which is located just
upstream of Sunamganj station. It shows that water stored
in the haor is nearly zero during the dry and pre-monsoon
season. Because, at that time the haor is bounded by em-
bankment to protect crops. After harvesting (usually after
15 May) water is overtopped the embankment and haor is
submerged quickly. In general, haor reaches its highest ca-
pacity in monsoon (June–July). Maximum volume of wa-
ter stored in Kalner haor is about 172 M m3. However, at
water level near the crest level of submersible embankment
(end of May) volume of water stored in Kalner haor is near
about 100 M m3. Time series plots of water storage capacity
of these haors are presented in the Supplement.

5.4 Early flash flood management by sacrificing any
haor

The necessary storage denotes the volume of water that needs
to be stored at upstream at the onset of the flood season for
the purpose of flood control at a specific location. Therefore,
it also indicates the relative difficulty or ease of flood man-
agement. In our study area, there is insufficient space to store
excess water during floods unless a haor is deliberately al-
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Figure 3. FDCs for three stations for 5 (black), 10 (red), 20 (blue), 50 (green)-year return period (thick line indicates embankment crest
level). [SOB = Survey of Bangladesh].

Figure 4. Time series of water volume stored in Kalner haor.

Table 2. Volume of water storage capacity of different haors.

Name of Area Volume of water stored
haor (km2) (M m3)

Monsoon Pre-monsoon

Chatal 24.7 144 48
Zilkar 46.0 111 25
Dekar 251.3 1239 512
Karchar 64.1 238 178
Kalner 84.9 172 100
Nainder 93.4 159 76

lowed to be inundated. Thus, opting to sacrifice the crops
in one haor may be a viable solution to protect the crops in
other haors.

From Table 1, it is observed that management of early
flash flood at Kanairghat and Sylhet is relatively easier than
that at Sunamganj as necessary storages are lower. The flood
of those area can be relieved by sacrificing crops (i.e by al-
lowing to be submerged) of one or two medium sized haors.
However, for flash flood management at Sunamganj (neces-

sary storage is 1100 M m3 considering flood of 20-year re-
turn period), two large haors (like Dekar haor whose water
storage capacity is 512 M m3) need to be sacrificed.

This is an alternative solution for early flash flood man-
agement. However, if such a scenario is necessary, the gov-
ernment must provide compensation to farmers for their crop
losses; otherwise, it could lead to a social crisis and conflicts
among farmers.

6 Conclusions

This study presents an innovative methodology to estimate
necessary storage for early flash flood management by FDC
using long-term time series of water level data at three sta-
tions. It also calculates water storage capacity of 6 haors
using satellite-based citizen science haor volume estimation
technique. According to the capacity it is observed that early
flash flood can be managed by sacrificing crops of one or
two haors. Nevertheless, in order to prevent social conflicts
and adequately compensate farmers for their losses, the gov-
ernment should implement necessary measures.

The study still has some limitations which can be ad-
dressed in future studies. For example, the uncertainty in
estimating the storage, linked to the frequency distribution
method, H -Q rating equation and availability of satellite
data, requires attention. In this study, the investigation into
an alternative approach for early flash flood management fo-
cuses solely on six haors. Including a larger number of haors
in the analyses can enhance the comprehensiveness of the
study, providing a more thorough understanding and present-
ing improved alternatives for selecting a viable solution.
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