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Abstract: Flood is the most common natural disaster in Sri Lanka.
Therefore, it is important to identify future flood-prone areas
to mitigate damages caused by a flood. The present study was
carried out for a selected area of the Attanagalu Oya basin situated
in the Gampaha district for flood forecasting. The two software
packages Hydrologic Engineering Center-Hydrologic Modeling
System (HEC-HMS) and Hydrologic Engineering Center -River
Analysis System (HEC-RAS) were used for the simulations.
Holt-Winters’ time series forecasting method was used to forecast
climate data (rainfall and evaporation) which are the needed
inputs for HEC-HMS. In addition, ArcGIS software was used
for geo-referencing and measuring the relevant areas of the flood
areas. The model performances and flood area simulations were
numerically analyzed using several statistical criteria proposed in
the literature. Simulated and actual flood areas were overlapped
with 72% of accuracy and forecasted flood areas and actual flood
areas were overlapped with 68% of accuracy. Therefore, this
study can show a reliable forecast of the flood in the selected area.
In addition, results concluded that HEC-HMS and HEC-RAS are
the ideal software for flood simulation, and the procedure can be
adopted for forecasting future flood-prone areas.
Keywords: Flood; HEC-HMS; HEC-RAS; Holt-Winters’
method.

INTRODUCTION
Flood is a significant natural disaster that affects Sri Lanka,
and their impacts are considerably affecting the economy
and the country’s development. Many flood-prone areas
are associated with agriculture, infrastructure, and various
human activities. Therefore, it is worth analyzing the
behaviour of river flow to mitigate future flood damages.
Stochastic (Todorovic and Zelenhasic, 1970; Karim
et al., 2017) and deterministic models (Thompson and
Frazier, 2014; Vo, 2015) are used for flood modelling, and
various techniques such as artificial neural networks, fuzzy
logic are used for solving model equations.
The computerized models have become vital for
analyzing flood events, monitoring water levels, designing
water management systems, etc. Further, the computerized
models are easy to handle and possible to generate graphical
outputs such as water level variation with time, runoff, and
flood inundation area. Further, the statistical parameters

such as Nash-Sutcliffe efficiency (NSE), percentage
bias (PBIAS), and Root Mean Square Error-observation
standard deviation ratio (RSR) can be used for checking
the accuracy of the flood modelling.
Hydrologic Engineering Center (HEC) models are
one of the computer-based software which is widely used
for many hydrological and hydraulic simulations such as
flooding, flood frequency, stream restoration, etc. since
these models have a good graphical user interface and
need a small amount of input data (Unduche et al., 2018;
Wijayarathne and Coulibaly, 2020). Further, these models
include numerous data entry capabilities, hydraulic analysis
components, data storage, and management capabilities,
and graphing and graphical representing capabilities. HEC
models were developed by US Army Copes of Engineers
and are freely available on the US Army Copes Engineers
web page, and they are user-friendly software.
Hydrologic Engineering Center - Hydrologic
Modeling System (HEC-HMS) can even be used, when the
observed water discharge data are not available at every
junction of the flow reach. The loss model and transform
model of the HEC-HMS calculate relevant runoff
considering the land use, rainfall, and evaporation rates of
the sub-basin. Therefore, HEC-HMS can be used in any
river if it does not have observed water discharge rates.
HEC-HMS has been successfully applied to many
river basins. Tassew et al. (2019) simulated the runoff in
the Lake Tana Basin, Ethiopia using six extreme daily timeseries events. Romali et al., (2018) have carried out a flood
risk assessment providing peak flows in 2011 for Segamat
town, Malaysia. Oleyiblo and Li, (2010) have investigated
the applicability, capability, and suitability of the model
for flood forecasting in Misai and Wan’an catchments in
China. Further, De Silva et al., (2014) simulated the river
flow of the Kelani river, Sri Lanka for extremely high
rainfall events, Halwatura and Najim, (2013) simulated
long-term flow rates for the Attanagalu Oya, Sri Lanka, and
Sampath et al., (2015) estimated the runoff in the Daduru
Oya, Sri Lanka.
Further, Hydrologic Engineering Centres - River
Analysis System (HEC-RAS) has also been widely used for
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flood analysis. Hicks and Peacock, (2005) have investigated
the suitability of HEC-RAS for flood forecasting using
unsteady flow routing in Peace River in Alberta. Horritt and
Bates, (2002) simulated flood inundation areas using HECRAS, LISFLOOD-FP, and TELEMAC-2D in River Severn,
UK, and HEC-RAS and TELEMAC-2D were given better
predictions of inundated areas than the LISFLOOD-FP
model. Agrawal and Regulwar, (2016) carried out a flood
analysis simulating the surface water elevation of Dhudhana
River in the upper Godavari Basin, India. Nandalal, (2009)
has presented water levels and flood inundation areas along
Kalu Ganga river using HEC-RAS. Further, some studies
have used both HEC-HMS and HEC-RAS models to flood
analysis. For example, Pushpakumara and Isuru, (2018)
and Samarasinghea et al., (2010) have used both models
for flood modelling of the Attanagalu Oya basin and Kalu
Ganga river basin in Sri Lanka respectively.

geographic information system for forecasting floods. This
method has been used to identify flood occurrences using
past water debit data in their study.

Holt-Winters’ method is a very popular time series
forecasting method. It has been used widely in various
fields because of its simplicity and low data storage
requirements. Further, Holt-Winters’ method can handle
both seasonality and trends using triple exponential
smoothing. There are two variations in Holt-Winters’
method, namely, the additive Holt-Winters’ method and
the multiplicative Holt-Winters’ method. An appropriate
variation is selected according to the nature of the seasonal
and trend component.

MATERIALS AND METHODS

Dantas et al., (2017) have used Holt-Winters’
method for forecasting air transportation demand. AlHafid and Al-maamary, (2012) have forecasted daily peak
electricity demand and Yang et al., (2017) have analyzed
aircraft failure rates using the Holt-Winters method.
Further, this method has been used successfully to forecast
meteorological and hydrologic data. For example, Puah
et al., (2016) have examined the rainfall patterns, and
Muhamad and Din, (2015) have forecast water levels
using the Holt-Winters method. In addition, Abdurrahman
et al., (2017) have used the Holt-Winters method and the

Figure 1: Study area of the Attanagalu Oya basin.

In literature, mostly flood analysis was carried
out using observed data and minimum attention has been
given to flood area forecasting. Therefore, this study
aims to forecast flood-prone areas of the Attanagalu Oya
basin using the hydrological model HEC-HMS and the
hydraulic model HEC-RAS using forecasted rainfall and
evaporation data since, lateral inflow (qL) of the shallow
water equations depends on rainfall and evaporation rates.
Additive Holt-Winters’ time series forecasting method was
used to forecast rainfall and evaporation rates which are the
inputs for HEC-HMS. The novelty of this study is the flood
area forecasting using forecasted rainfall and evaporation
rates with HEC-HMS and HEC-RAS.

Study area
Approximately 100 km2 area with 16 km long of the
Attanagalu Oya, which is located in the Gampaha district,
was selected as the study area (Figure 1). Attanagalu Oya
flows across Gampaha, Katunayake, Negombo, and the
longest length of the Oya is about 76km (Pathirana et al.,
2012). The total catchment area of the Attanagalu Oya
is about 727km2 (Wijesekera and Perera, 2012). Starting
point and the endpoint of the river were named as upperstream and down-stream, respectively, for convenience of
the study.
Data collection
Daily water discharge data and cross-section data at the
Dunamale gauging station and an actual flood map based
on the flood event in May 2018 (considered flood area from
May to July in 2018) were collected from the Irrigation
Department, Colombo, Sri Lanka.
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Daily rainfall data at Henarathgoda rain gauging
station and daily evaporation data at Colombo agrometeorology station were collected from the Meteorology
Department, Colombo, Sri Lanka.
The Digital Elevation Model (DEM) file of the
Attanagalu Oya basin was collected from the Survey
Department, Sri Lanka.
Workflow
The Figure 2 shows the summary of the work.
Flow simulation
HEC-HMS was used to simulate water discharge rates at
the upper-stream and Dunamale gauging station. HECHMS needs three input components, i.e., the basin model,
meteorological model, and control specifications. The
basin model represents the physical watershed, and it
contains sub-basin, junction, reach, source, sink, etc. The
meteorological model prepares the boundary conditions
that act on the watershed during the simulation. Control
specification describes the time period and time step of the
simulation. Further, climate and discharge data are stored
as time series and cross-sectional data as paired data. In
addition, HEC-HMS consists of separate models to process
rainfall loss, direct runoff, and flow routing.

Figure 2: Summary of the workflow.
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The loss model calculates the runoff volume by
computing the volume of water that is infiltrated, stored,
evaporated, and subtracting it from the precipitation. The
Soil Conservation Service - Curve Number (SCS-CN)
model was selected among the several loss models for the
simulation. SCS-CN model calculates the accumulated
rainfall excess at time t using the following relationship.
(1)
Pe is the accumulated precipitation excess at time t (mm),
P is the accumulated rainfall depth at time t (mm), Ia is the
initial abstraction (initial loss) (mm) = αS, α is 0.2 and
(2)
is the potential maximum retention (mm), where CN is the
SCS curve number.
The Transform Prediction model simulates the
process of the direct runoff of the excess precipitation on the
watershed. Clark Unit Hydrograph model was selected as
the transform prediction model for the study. This method
needs the time of concentration and storage coefficient, and
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they were calculated using the Kirpich formula and can be
expressed as:
(3)
(4)
where tL is lag time, tc is the time of concentration, L is the
travel length, and S is the slope (Pushpakumara and Isuru,
2018).
The Muskingum-Cunge method was selected as
the routing method of the channel which is based on the
solutions of the shallow water equations (Equations 5 and 6)
and calculates the outflow at the end of the channel and the
storage flow of the reach.
(5)
(6)
where A – cross-sectional area of the flow, Q- water
discharge, qL- lateral inflow, Sf - frictional slope, S0- bed
slope.
The model was calibrated from 2016 to 2017 and
validated for 2018 and 2019 using the observed flow
discharge rates at the Dunamale gauging station. The
minimum flow rates of each month in 2018 were used as the
base flow. In addition, daily rainfall rates, daily evaporation
rates, and cross-sectional data, river length: 9700m, area of
the sub-basin: 119 km2 average slope of the study area: 0.03
were used as inputs for the HEC-HMS for flow simulation
(Figure 2). The slope of the area and the cross-section along
the reach were considered as constants and lateral inflow
(qL) and the water discharge rates are used as the initial
and boundary conditions, respectively for this method.
The length of the reach, area, and slope of the river basin
were measured using Google Earth and ArcGIS software
and the default value was used for Manning’s roughness
coefficient which is available in the software. In addition,
using the SCS curve number obtained from Pushpakumara,
and Isuru (2018) the time of concentration was calculated
using Equation (4).
Then, the model was optimized using the
optimization procedure which is available in HEC-HMS.
That gives the best-fitted model with the observed data using
several iterations. Then, the optimized model was validated

for 2018 and 2019. Further, the accuracy of the model
can be observed by comparing simulated and observed
peak discharge rates and the date of the peak discharge.
In addition, the model performance of the calibration and
validation were numerically analyzed according to NashSutcliffe efficiency (NSE), percentage bias (PBIAS), and
Root Mean Square Error-observation standard deviation
ratio (RSR). Table 1 shows the performance rating
according to the above statistics (Ang and Oeurng, 2018;
Moriasi et al., 2007).
NSE indicates the deviation between measured and
predicted values and is defined as
(7)
obs

sim

where Yi - i th observation, Yi - i th simulated value,
mean
Y
- mean observed data
PBIAS measures the average tendency of the
simulated values to be larger or smaller than their actual
counterparts and is defined as:
(8)
RSR is calculated as the ratio of the RMSE and
standard deviation of measured data and defined as:
(9)
Flood area simulation
Flood inundation was simulated using HEC-RAS for the
study area in Figure 1. A two-dimensional diffusive wave
equation (Equation 10) was used for the simulation. The
diffusive wave equation solver uses an implicit finite
volume algorithm to calculate the water depth at each cell
of the selected study area.
(10)
H is water surface elevation, q is
a source/ sink flux term, n is Manning’s number and R is
hydraulic radius.

Table 1: Performance ratings for HEC HMS according to the (Ang and Oeurng, 2018; Moriasi et al., 2007).
Performance rating

NSE

PBIAS

RSR

Unsatisfactory

NSE ≤ 0.5

PBIAS ≥ ±25

RSR > 0.7

Satisfactory

0.5 < NSE ≤ 0.65

±15 < PBIAS ≤ ±25

0.6 < RSR ≤ 0.7

Good

0.65 < NSE ≤ 0.75

±10 < PBIAS ≤ ±15

0.5 < RSR ≤ 0.6

Very good

0.75 < NSE ≤ 1

PBIAS < ±10

0.5 < RSR ≤ 0
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DEM file of the Attanagalu Oya basin was used
for the study, and it gives the physical description of the
land. The study area was selected as a two-dimension
closed polygon on the DEM, and the flow area was started
with completely dry. The present study used rectangular
cells of 50m by 50m and used two boundary conditions:
flow hydro-graph and normal depth. Flow hydro-graph
boundary condition was used at the upper-stream, and the
normal depth boundary condition was used at the downstream. Simulated water discharge rates by the HEC-HMS
were used as the upper stream boundary condition. Normal
depth (0.03) was approximated using an energy slope,
which measured the slope of the down-stream reach. It can
be measured using HEC-RAS (Brue, 2021).
In addition, the time step (2min) for the simulation
was estimated according to the following formula:
(11)
where V: maximum velocity in that area, ∆x: average cell
size, and maximum velocity was calculated using the crosssectional data and water discharge rates at the Dunamale
station.
HEC-RAS simulates the daily flood area for the
period of May-July in 2018. Union of all flood areas was
obtained as the overall flood inundation area for the flood
event that occurred in May 2018. Then, the simulated flood
area was compared with the actual flood map. ArcGIS
software was used for geo-referencing and measuring
simulated, actual, and intersected flood areas of the flood
maps. Then, measured values were used for evaluating the
accuracy of the simulated flood area using several indices
proposed in the literature. These are Hit Ratio (HR), False
Alarm Ratio (FR), Critical Success Index (CSI), and
Simple Error Bias (Bias) (Dottori et al., 2016; Quirogaa et
al., 2016; Sofiati and Nurlatifah, 2019).
HR evaluates the agreement of the simulated flooded
area with the observed flooded area, and it is defined as:
(12)
where, A0 is the total observed flooded area and Am is the
total simulated flooded area. The value of HR ranges from
0 to 1 and values closer to 1 give the better performance.
Over prediction is quantified by FR and it ranges between
0 to 1 and better performances give values closer to 0. FR
is defined as:
(13)
The Critical Success Index (CSI),
(14)
gives a more comprehensive agreement between the
simulations and the observations, and the range of CSI is
from 0 to 1. The better performance gives the values closer
to 1.

The Bias measures whether a simulation is biased
forwards under predictions or over predictions, which
ranges from 0 to ꝏ. The value 0 indicates an unbiased
model, positive bias indicates the bias towards over
prediction and negative bias indicates the bias towards
under prediction. The Bias is defined as follows:
(15)
Forecasting climate data
The Additive Holt-Winters’ time series forecasting method
was used for forecasting the daily rainfall and evaporation
rates in this study. R statistical software was used for the
statistical analysis. The time series were prepared using
daily data of rainfall (mm) and evaporation (mm) for
the period of 1st January 2016–31st December 2017.
Augmented Dickey-Fuller (ADF) test was used to check
whether the time series is stationary. Then, time series was
decomposed and fitted the additive Holt-Winters’ method
for both time series. Next, the daily data were forecasted
for 2018. The accuracy of the model was tested using Root
Mean Square Error (RMSE) and Mean Absolute Error
(MAE). Equations (16) – (19) show the additive HoltWinters’ model equations (Lima, S. et al., 2019).
(16)
(17)
(18)
(19)
where St is the smoothed observation at time t, Xt is the
observed data at time t, α is the data smoothing factor i.e.
0 ≤ α ≤ 1, β is the trend smoothing factor i.e. 0 ≤ β ≤ 1, γ is
the seasonal change smoothing factor i.e. 0 ≤ γ ≤ 1, Bt is
trend factor at time t, Ct is seasonal index at time t, Ft+m is
the forecast at m periods ahead of time t, L is the length of
the cycle of seasonal change and m*L = [(m-1) mod L] + 1.
Further, the same procedure was used for the forecasting
rainfall (mm) and evaporation (mm) rates for 2020 using
time series from 1st January 2016 – 31st December 2019.
Flood area forecasting
The forecasted rainfall and evaporation rates were used in
HEC-HMS for flow simulation. The maximum forecasted
values of the forecasted rainfall range were used for the
simulation because the high rainfall rates were expected
in the flood period (May 2018). The forecasted data were
input to HEC-HMS to simulate water discharge rates at the
upper-stream and Dunamale gauging station. HEC-HMS
model performance was evaluated using the same statistics
(NSE, PBIAS, and RSR). Then, the simulated water
discharge rates at the upper-stream were input to HECRAS to simulate future flood inundation areas. Forecasted
flood inundation area was compared with the actual flood
area using the same statistics (HR, FR, CSI, and Bias).
The same procedure was used to generate flood inundation
areas of the flood event that occurred in May 2020.
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RESULTS AND DISCUSSION

Flood area simulation for 2018 using HEC-RAS

Flow simulation for 2016-2017 (model calibration),
2018 and 2019 (model validation)

The flood area for the flood event that occurred in May
2018 was simulated using HEC-RAS using simulated
water discharge rates by HEC-HMS, and the flood area
was graphically generated by the system. Accuracy of the
simulated flood area was evaluated by comparing with
actual flood map according to the statistics mentioned in
Equations (12) -(15).

The water discharge rates at the upper-stream and Dunamale
gauging station were simulated by HEC-HMS using input
data mentioned in Figure 2, and graphical outputs and
statistics were generated by the HEC-HMS.
Results showed that both simulated and observed
flow data fitted best after the optimization. It was confirmed
using model performance statistics of HEC-HMS
(Table 2). According to the performance ratings (Table 1),
the model before the optimization is at the unsatisfactory
level according to NSE, PBIAS, and RSR, but the model
after the optimization is at the satisfactory level according
to NSE value, good level according to RSR value and
unsatisfactory according to PBIAS value. However, overall
results are at an acceptable level after the optimization.
Table 3 shows the relevant statistics of the model
performances for the validation periods (2018, 2019).
Both models are at a very good level according to NSE
and RSR values and at a good level according to PBIAS
values. According to the results, overall performance is at
a good level. Therefore, the optimized HEC-HMS model
can be used to simulate the flow discharge of Attanagalu
Oya. Further, simulated water discharge rates at the upperstream by the optimized model were input into HEC-RAS
for flood area simulation.

Figure 3 shows the simulated flood area based
on actual data for the flood event in May 2018. The
performance of the simulated flood area against the
actual flood map was evaluated according to the statistics
proposed in the literature (Equations (12) -(15)). The results
indicated that HR: 0.7160, i.e., 72% of the observed flood
area was correctly simulated, FR: 0.3290, i.e., 33% of the
flood area was wrongly simulated as flood, CSI: 0.5387,
54% of the simulated flood area were correctly simulated
and Bias: 0.0262 is indicating slight over simulation of the
flood area. According to the results, the model provides a
good agreement with the observed flood map. Figures 3 and
4 show the simulated and actual flood areas, respectively.
Forecasting climate data
Additive Holt-Winter’s model was used for forecasting
rainfall and evaporation rates for 2018 and 2020. The
accuracy of the fitted model was checked according to
RMSE and MAE vales.

Table 2: Model performances statistics and summary of the performance of the HEC-HMS model before and the after the optimization.
Model
calibration
(01. 01. 2016 –
31. 12. 2017)

Peak discharge (m3/s)

Date of peak discharge

Total volume (mm)
NSE

PBIS

RSR

Simulated

Observed

Simulated

Observed

Simulated

Observed

Before
optimization

148.1

120.1

17 May
2016

17 May
2016

5334.41

4103.09

-0.427

29.99

1.2

After
optimization

102.9

120.1

17 May
2016

17 May
2016

5524.28

4103.09

0.628

34.61

0.6

Table 3: Model performances statistics and summary of the performance of the HEC-HMS model for the validation periods.

Model
Validation

Peak discharge (m3/s)

Date of peak discharge

Total volume (mm)
NSE

PBIS

RSR

2851.78

0.760

13.21

0.5

2689.82

0.761

13.20

0.5

Simulated

Observed

Simulated

Observed

Simulated

Observed

2018

104.9

110.8

25 May 2016

26 May 2018

3228.18

2019

73.6

98.9

25 September
2019

22 October
2019

3098.20
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Figure 3: Simulated flood area using HEC-RAS for flood event occurred in May 2018.

Figure 4: Actual flood area for the flood events occurred in May 2018.

Rainfall forecasting for 2018 and 2020
ADF test stated that the time series is stationary.
Decomposition of the time series shows that the trend is
not specifically increasing or decreasing, and a complex
consistent seasonal pattern can be observed in each year.
Additive Holt-Winter’s model with α = 0.0732, β = 0, and
γ = 0.1 was fitted to the time series, and RMSE and MAE
were indicated as 13.4261 and 5.7810, respectively. Then,
the fitted model was used to forecast the rainfall in 2018.
Predicted values are shown in the blue line, and prediction
intervals are shown in gray (Figure 5).
The Additive Holt-Winter’s model was also used to
forecast rainfall in 2020, and smoothing and error values
of the fitted additive Holt-Winters’ model are α = 0.0776,
β = 0 and γ = 0.1514, RMSE=16.0167 and MAE=8.2430.
Evaporation forecasting for 2018 and 2020
The ADF test stated that the time series is stationary. The
decomposition of the time series shows that the trend is
decreasing from mid of 2016 to mid of 2017 and a complex
consistent seasonal pattern can be observed in each year.

Additive Holt-Winter’s model with α = 0.3607, β = 0, and
γ = 0.1 was fitted to the time series, and RMSE and MAE
were indicated as 1.0948 and 0.6277, respectively. Figure 6
shows the forecasted evaporation rates for 2018.
The Additive Holt-Winter’s model was also used to
forecast evaporation rates in 2020, and the smoothing and
error values of the fitted model are α = 0.2674, β = 0 and
γ = 0.3786, RMSE = 1.2779 and MAE = 0.9282.
Flood area forecasting for the flood event occurred in
May 2018 and May 2020
The water discharge rates at the upper-stream and Dunamale
gauging station were simulated using forecasted rainfall
and evaporation rates as inputs for HEC-HMS during the
year 2018. The simulated water discharge rates at the upperstream during the model validation (2018) and actual data
at the Dunamale gauging station were used as observed data
for HEC-HMS for checking the model performance. Table 4
shows the model performance statistics for the simulation.
The model is at the unsatisfactory level according to NSE
value and RSR value and at a very good level according to
PBIAS value (Table 2). However, overall performance is at
an unsatisfactory level.
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The forecasted flood area is given in Figure 7 for
the flood event that occurred in May 2018. The forecasted
flood area was compared with the actual flood area. The
results indicated that HR: 0.6797, i.e., 68% of the observed
flood area was correctly forecasted, FR: 0.2179, i.e., 22%
of the flood area was wrongly forecasted as flood, CSI:

0.5590, 56% of the forecasted flood area were correctly
forecasted, and Bias: -0.0609 is indicating slight under
prediction of the flood area. Further, the results showed
that forecasted and actual flood areas are in an acceptable
range. The same procedure was used to forecast flood areas
of the flood event that occurred in May 2020 (Figure 8).

Figure 5: Forecasted rainfall (mm) for 2018.

Figure 6: Forecasted evaporation (mm) for 2018.

Table 4: Model performances statistics and summary of the performance of the HEC-HMS that used forecasted data.
Peak discharge (m3/s)
Junction

Date of peak discharge

Total volume (mm)
NSE

PBIS

RSR

2851.78

0.345

2.03

0.8

3225.26

0.207

-9.85

0.9

Simulated

Observed

Simulated

Observed

Simulated

Observed

Dunamale
gauging station

100.8

110.8

27 May
2016

26 May
2018

2908.04

Upper-stream
junction

101.0

105.1

27 May
2016

25 May
2018

2907.45

Figure 7: Forecasted flood area for flood event occurred in May 2018.
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Figure 8: Forecasted flood area for flood event occurred in May 2020.

The river length, slope and area of the sub-basin
were measured using ArcGIS and Google Earth software
and the default value, which is available in the HEC-HMS
was used as Manning’s roughness coefficient. Otherwise,
a field investigation should be conducted and field experts
are needed for measuring the data which is time consuming
and costly. If these data are measured using such a field
investigation, the results can be improved. Further, the
model was validated for only Dunamale gauging station,
since Attanagalu Oya has only one gauging station
(Dunamale). Therefore, the HEC-HMS was validated
for only Dunamale gauging station. If the data could be
collected at another point, the model validity can be
improved. In addition, flood area simulation for Attanagalu
Oya was also validated for 2018, since the actual flood map
for Attanagalu Oya is available for only 2018. This work
can be improved further, by doing a field investigation and
with the help of field experts by measuring the required
data.
CONCLUSION AND RECOMMENDATIONS
Flood area was forecasted using HEC-HMS and HECRAS and the Additive Holt-Winters’ method. The Additive
Holt-Winters’ method was used to forecast climate factors
which are the inputs for HEC-HMS for flow simulation,
and HEC-RAS was used for flood area simulation. The
simulated flood area based on the climate data overlapped
the actual flood map with 72% of accuracy, and forecasted
flood map overlapped the actual flood map with 68% of
accuracy. According to the results, this study can be used to
forecast flood areas with 68% accuracy.
Moreover, the results of this study will help farmers
to have better agricultural management procedures such as
crop selection, identifying suitable harvesting time, and the
residencies of the Attanagalu Oya basin, and policymakers
to take effective mitigation steps. Further, this study can be
used as an early warning in periods that expect high rainfall
rates.
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