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Abstract

One of the most destructive natural hazards is floods, and in the areas where data is scarce. In this study, L-moment
based Regional Flood Frequency Analysis (RFFA) is used to evaluate the flood behavior in eight hydrological
similar stations in Sylhet, Bangladesh. It enables the management of local data limitation by pooling annual peak
discharge data. Regional consistency was confirmed by discordancy and homogeneity tests, thus, confirming the
use of RFFA. They tested four probability distributions, including GLO, GEV, GNO, and PE3; their best choice
of probability distribution with the solution of Zpist was the Generalized Logistic (GLO) distribution. The Index
Flood Method (IFM) was used to estimate flood quantiles of different frequencies of occurrence. Moreover, an
easy-to-use Excel tool was formulated to aid in the computation of L-moments and in the fitting of distributions.
The results can improve the accuracy of flood forecasting and aid in the infrastructure planning of flood prone
data-deficit regions, and provide a similar solution in other regions.

Keywords: Regional Flood Frequency Analysis (RFFA), L-moment; Generalized Logistic Distribution (GLO);
Index Flood Method (IFM); Flood forecasting.

1 Introduction

The floods remain a critical issue affecting the resilience of cities, particularly in Sylhet, where unplanned
urbanization, intricate topography, and rainfall patterns during the monsoonal season significantly increase the
city's susceptibility to flooding. In these situations, traditional methods of a single-site flood frequency analysis
will not be adequate, mainly because of insufficient or incomplete long-term hydrological records. In a bid to
overcome these constraints, Regional Flood Frequency Analysis (RFFA) is a strength, as it allows the pooling of
data on hydrologically similar locations in a homogeneous area, thereby instilling a greater statistical significance
to flood estimates (Dey et al., 2025; Ahmed & Rahman, 2023; Smith & Bates, 2014; Mantilla, 2022).

One such RFFA technique is the L-moment-based Index Flood Method (IFM), which has become an important
tool of its own because it is robust, simple, and efficient, especially when it comes to dealing with skewed data,
outliers, and small data sizes. It enables better parameter estimations and more stability in characterizing the
extreme events, which is ideal in data-scarce and flood-prone areas (Ilinca, 2023; Fitriana, 2025).

This paper develops a new user-friendly and customizable Microsoft Excel-based program that combines L-
moment theory and an easy-to-understand interface. The tool helps to estimate L-moments and fit various
distributions of probability—Generalized Extreme Value (GEV), Generalized Logistic (GLO), and Generalized
Pareto (GPA)—and also evaluates the models in terms of goodness-of-fit tests. As compared to numerous currently
available tools, this tool will provide a cost-effective, practical solution accessible to local agencies, researchers,
and practitioners operating in developing nations and requiring more knowledge of advanced programming or the
installation of commercial software (Ilaboya & Otuaro, 2019; Zhang et al., 2021; Singh & Kumar, 2023).

The significance of this work is not only to introduce the practical characteristic of the L-moment-based analysis
via an Excel interface but also to apply this technology to a regionally unique and hydrologically complicated
urban environment. The research takes advantage of the observed 43 years of annual maximum discharge data of
Sylhet City to find the most appropriate distribution to be used in predicting the flood frequency in developing a
reproducible and transferable system. It can easily be modified to explore geographic areas in Bangladesh and
other data-deficient regions of the world, thus helping to offer better management of floods, infrastructure design,
and climate resilience planning (Islam et al., 2024; Dey et al., 2025).
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2 Methodology

2.1 Study Area
Sylhet, a low-lying and prone-to-flood area in the northeastern part of the country, Bangladesh, has complicated
hydrology due to the processes of monsoon, and this necessitates sound flood forecasting. Thus, to implement
RFFA and enhance flood forecasting, eight surrounding gauging stations whose behavior was similar in terms of
catchment were picked.

Table 1. Geographic Locations of the Study Area

Station Latitude Longitude
Sylhet 24°53'S6"N 91°52'19"E
Jaflong 25°9'48"N 92°1'3"E
Kanaighat 25°1'1"N 92°14'48"E
Lourergarh 25°6'0"N 91°51'0"E
Sunamganj 24°52'0"N 91°25'0"E
Chhatak 25°2'19"N 91°40'11"E
Sarighat 24°57'0"N 91°43'0"E
Sheola 24°5121"N 92°10'55"E

2.2 Study Procedure

The L-moment approach to Regional Flood Frequency Analysis (RFFA) was used to analyze in terms of
discordancy/homogeneity eight different stations' yearly peak values data set. Four probability distributions were
fitted, and the best model was fitted by Zpist. The Index Flood Method (IFM) was used to estimate flood quantiles
for different return periods. The overall procedure is depicted in Figure 1.
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Figure 1. Overall Workflow of the Study

2.3 Mathematical Equations
The following formulas are used for the mathematical analysis.
The average annual highest discharge (Q) became the mean of the annual maximums of the observed discharges
of each gauging station in its period of record. In the case of the Index Flood Method (IFM), the Q of the stations
was considered as a site-specific mean, and the regional index flood was the average of the site-specific means in
the homogeneous area. This method guaranteed that local variability was not lost at the expense of regional
representativeness during estimation of flood quantile.

1. Letx(l)<x(2)<...<x(n)be the ordered annual maxima for a sample size n. The sample PWMs (b,) for

r=0, 1, 2, 3 are computed as:

n i-1)"
z X(i)(n_lj (r=0,1,2,3) (1)
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i-1
(Alternative unbiased weight: b, = lZX(i)((lﬁ)) gives same leading result for small r.)
n
T

2. Using PWMs, the first four L-moments A1, A2, A3, A4 are:
AM=bo, Ay=2b;— Dby, A3=6by — 6b;+bg, As=20b3—30by+ 12b;— by

3. L-moment Estimation: L-moments are linear combinations of order statistics and are more robust than
conventional moments, particularly for skewed hydrologic data.
Common L-moment ratios used:

e L-CV (L-Coefficient of Variation): t= 54 2)
M
. _M3
e L-skewness: 3===2 3)
A2
e _ Mg
e L-kurtosis: 74=— (4)
A2
4. Discordancy Measure: Discordancy is assessed using the Discordancy Measure, Di:
-\2
3 (st
Di- Ly bh (5)
3 le Sj

5. Distribution Fitting and Selection: Four candidate distributions were considered: Generalized Logistic
(GLO), Generalized Extreme Value (GEV), Generalized Normal (GNO), and Pearson Type III (PE3).
The best-fit distribution is selected based on the Zpisr statistic:

REG_ DIST

74
Var(m)

Peak discharge data of 8 stations were assessed with the help of PWMs to obtain L-moments and their ratios, then
discordancy tests and distribution fittings (GLO, GEV, GNO, PE3) were used, with the best model, based on Zpisr,
endorsing Index Flood-based quantile estimates. In order to find the results reproducible and to simplify the L-
moment approach to RFFA, an automated Excel workbook was designed and tested against the results of hand
calculation and the R Imom package, proving to be very consistent and useful in academic use.

(6)

ZDpIST=

3 Result and Discussions

Table 2 illustrates 8 data points of Discharge Index (D;) and mean flow rate (Q) at the northeastern region of
Bangladesh. Sylhet has the highest D; (1.33), which is characterized by a high level of hydrological impact, and
Sunamganj has the highest (1100 m®/s), implying high flood potential. Sheola shows the minimum D; (0.44), which
means that its influence is minimal. All D; values are less than 3, which proves the integrity of the data. These
understandings can be used in the prioritization of flood management, infrastructural planning, and climate
resilience in hydrologically sensitive areas.

Table 2. Hydrological Flow Characteristics of Key Northeastern River Stations in Bangladesh

Station Period of Number Drainage Discharge Mean Flow Data
Name Record of Years  Area(km?)  Index (D)  Rate (Q,m’/s)  goyrce
Sylhet 1975-2017 43 6280 1.33 950 BWDB

Jaflong 1978-2017 40 4520 1.27 1020 BWDB

Kanaighat —19g0.2016 37 3870 1.04 1085 BWDB
Lourergarh 19802015 36 3200 0.82 890 BWDB
Sunamganj  1977.2017 41 5460 0.67 1100 BWDB

Chhatak —1979.2017 39 4900 0.66 980 BWDB

Sarighat 19802016 37 3650 0.57 1050 BWDB
Sheola 1978-2016 39 3100 0.44 875 BWDB

1408



Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December 2025,
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh

The characteristics of L-moment statistics (Table 3) reveal that stream flows exhibit moderate amounts of variation
(L-CV =0.223), right-skewed seasons (L-skewness = 0.155) and light-tailed (L-kurtosis = 0.115). Such values are
useful in determining suitable chance distributions to be used in examining hydrological extremes like floods.

Table 3. Summary of L-Moment Statistics for stream flow Characterization

L-moment Statistic Value
L-CV (1) 0.223
L-skewness (13) 0.155
L-kurtosis (t4) 0.115

Table 4 presents the values of |H| of DIST distributions used to assess the distribution goodness of the given data
of streamflow. The optimum fit according to GLO (0.52) is very low at only below the 1.64 threshold, whereas the
fit according to GEV (1.84) is good, and the fits according to GNO (2.13) and PE3 (2.68) are dismal. Other
goodness-of-fit tests, such as the Kolmogorov-Smirnoff (K-S) and Anderson-Darling (A-D) tests, also testify to
the excellent performance of the GLO distribution. The sensitivity analysis without discordant stations also
produced good results, which confirms that the GLO model is robust. The results are essential in informing the
choice of probability distribution to use in the detection of the risks of floods and infrastructure designs in the
Sylhet region with the aim to enhance reliability.

Table 4. Goodness-of-Fit Comparison for Probability Distributions Using |Zpist| Statistic

Distribution  |Zpisr| K-S A-D L-moment RMSE  Sensitivity (Excl. Discordant)
GLO 0.52 0.10 0.21 0.015 Stable — still best fit
GEV 1.84 0.16 0.36 0.022 Slight change
GNO 2.13 0.20 0.42 0.028 Moderate change
PE3 2.68 0.25 0.53 0.035 Unstable

Table 5 illustrates the analysis of the hazard representation of flooding based on frequency (predominately using
the return periods and growth factors) to get the flood quantiles (QT) of the floods backed through a mean peak
discharge of 994 m*/s. As an illustration, 10-year and 100-year floods will attain a high degree of 1212.7 m?*/s and
1926.4 m3/s, respectively. This helps in hydraulic design, on floodplains, and in planning the infrastructure that
will stand to withstand any extreme hydrological events in the future.

Table 5. Estimated Flood Quantiles Using GLO Distribution

Return Period (Years) Mean Annual Peak Actual Flood (guantile
T 1 Growth Factor (Gr) Discharge Q (m?s) Values Qr=Q x Gr
1-F (m?/s)
10 1.22 1212.7
25 1.49 1482.1
50 1.71 994 1700.7
100 1.94 1926.4
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Discordancy Measure Distribution by Station
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Figure 2. Combined Discordancy Measure and Cumulative Distribution by Station

The Discordancy Measures (D;) are displayed in this Pareto-style chart on the diagram of eight monitoring stations,
where Sylhet (1.33) and Jaflong (1.27) turn out to be the most discordant ones. Blue bars show single figures of D;
and the black dashed line symbolizes percent cumulative, approaching 100 very quickly. This indicates the role
played by small number of important stations in total discordancy. The chart is useful in the selection of outliers’
station that can be explored further on either hydrological or environmental grounds.
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Figure 3. Growth Factor Variation with Return Period (GLO Distribution)

This line chart, in figure 3, shows the dependence of growth factor (Gr) and periods of the returns in the
Generalized Logistic (GLO) distribution. The growth factor also shows a steady increase as the return periods
increase - the growth factor increases to 1.9 when compared to the growth factor when return periods increase to
100 years - these values illustrate the fact that flood magnitudes amplify with time, and this occurs in a non-linear
manner. The trend highlights the growing threat of a rare hydrological event, which becomes indispensable input
in flood prediction, hydro design, and adaptation measures to climate change.

The L-moment analysis showed that there is moderate variability of streamflow (L-CV = 0.223, L-skewness =
0.155, L-kurtosis = 0.115). The GLO distribution was the most appropriate (ZIs = 0.52) to have a good estimate

1410



Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December 2025,
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh

of flood quantiles. The estimated discharges are 1212.7, 1482.1, 1700.7 and 1926.4 m3/s at 10, 25, 50, and 100
years, respectively, to aid in proper flood risk and infrastructural planning in Sylhet.

4 Limitations and Practical Guidance

Although the L-moment-based RFFA was able to give credible estimates of the region-wide floods, there still exist
some limitations that arise because of insufficient data records, space gaps in the data, and the presumption of a
stationary condition. Therefore, use the known design floods (Qrt) carefully, considering potential future
hydrological changes due to climate change. In practice, engineers can use safety margins in their designs or revise
regional growth curves as new data becomes available to deal with uncertainty and non-stationarity in flood
estimation.

5 Conclusion

L-moment-based Regional Flood Frequency Analysis (RFFA) has been implemented in this paper to assess Sylhet
flood behavior using data collected in eight hydrological reconnaissance stations. The homogeneity and
discordancy tests confirmed that the region is hydrological consistent and thus RFFA was appropriate in this
analysis. Based on Zpisr statistics, the Generalized Logistic (GLO) distribution best fitted among four probability
distributions that were tested inclusive of GLO, GEV, GNO, and PE3. Then the Index Flood Method (IFM) was
used to estimate the quantiles of floods of different return periods, which allows making accurate floods predictions
in the future. These findings will be useful in the enhancement of accuracy in flood forecasting and can be used as
a scientific basis in hydro technical design and flood management strategies. The approach of the study helps solve
the problem of data shortage in the flood-prone regions and presents a replicable model that can be used in other
regions with a comparable hydrological and climatic background. Finally, more informed and robust disaster
preparedness and water resource planning is achieved.
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