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ABSTRACT

Flooding is a common issue along the eastern coast of India, particularly in the lower
Yerrakalava River Basin, which spans 2,402 km? and forms part of the Kolleru-Upputeru
watershed. Despite the frequent flooding, this region lacks a practical flood analysis
model. Therefore, we selected the Yerrakalava River Basin for hydrological modeling
research. We developed the HEC-HMS Event Hydrological model for this area using a
spatial database that included rainfall, soil types, slopes, drainage networks, geology,
geomorphology, and land use/cover data. The model includes validation, calibration,
sensitivity analysis, and flood predictions. HEC-HMS primarily generates key input
parameters for the model, with tools like HEC-GeoHMS and ArcGIS 9.3 supporting the
process. The calibration focused on factors such as the recession constant, threshold base
flow, and Muskingum K. After calibration and validation, the model was considered
effective when the efficiency value exceeded 0.82. The HEC-HMS model did a great job
of simulating the hydrology of the Yerrakalava River Basin when it was used with the
Thiessen polygon rainfall method, the SCS transform, recession base flow, Muskingum
routing, and daily rainfall data. Results highlight the significant influence of curve
numbers on the model's output.

Keywords: Yerrakalava River Basin, Watershed, Flooding, Hydrological Model, HEC —
HMS Model.
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Abbreviation

HEC-HMS Hydrological Engineering Center- Hydrological Modeling System

HEC-RAS Hydrological Engineering Center — River Analysis System
HRAP Hydrologic Rainfall Analysis Project
HSG Hydrological Soil Groups
HSPF Hydrological Simulation Program-Fortran
HBV Hydrologiska Byrans Vattenbalansavdelning
EPA Environmental Protection Agency
ERDAS Earth Resources Data Analysis System
ET Evapotranspiration
ETM Enhanced Thematic Mapper
EV Explained Variance
FCC False Color Composite
GeoHMS Geoprocessing Hydrological Modeling System
GIS Geographic Information System
GLEAMS Groundwater Loading Effects of Agricultural Management System
GPS Global Positioning System
u/p Upstream
D/S Downstream
INTRODUCTION

Recent advancements in Geographic Information Systems (GIS) have significantly
contributed to the development of hydrological models for watershed systems (Anderson
et al., 2002; Tandel et al., 2023; Dhiwar et al., 2021). Combining GIS technology with
hydrological modeling tools provides a cost-effective solution for conducting watershed
studies by facilitating data sharing and integration (Dervos and Mimikou, 2024; Verma
et al.,, 2022a). GIS software makes it easier to make both lumped and distributed
hydrological parameters through spatial analysis, which is faster and more accurate than
the old ways of doing things (Srinivasa, 2010; Verma et al., 2022b). It is worth noting
that GIS software has always contributed to the improvement of many fields such as
hydraulics (El Hmaidi et al., 2015; Koussa and Berhail, 2021; Zegait et al., 2021).

Asia experiences the highest per capita rate of fatal weather-related disasters globally,
accounting for more such events than any other continent (Mays et al., 1988; Verma et
al., 2022c; Abd Rahman et al., 2023). The region's vast and diverse geography,
encompassing numerous river basins and floodplains, makes it highly susceptible to
natural disasters (Tucci et al., 2008; Hafnaoui et al., 2023; Verma et al., 2024a).
Additionally, densely populated areas in disaster-prone regions further exacerbate
vulnerability (Rasmussen et al., 1986a; Verma et al., 2024b; Verma et al., 2024c; Mehta
etal., 2023).

Weather-related disasters include both floods and droughts, which affect countries
throughout the world, particularly Africa where the most regions are in arid and semi-arid
states (Derdour et al., 2017; Bouguerra and Benslimane, 2017; N’Guessan Bi et al., 2020;
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Doumounia et al., 2020). Floods and droughts are caused by climate change (Kouassi et
al., 2013; Benkhaled et al., 2013; Assemian et al., 2021), and not only cause human
disasters but also affect water resources (Nichane and Khelil, 2015; Remini, 2020;
Chadee et al., 2023; Nakou et al., 2023; Remini, 2023). For these reasons, it is more than
essential to find adequate solutions to mitigate, master, and manage the effects of floods
and drought, analyzing the climate regionalization (Ayari et al., 2016; Bekhira et al.,
2019; Cherki, 2019; Hountondji et al., 2019; Kouao et al., 2020; Zegait and Pizzo, 2023;
Trivedi and Suryanarayana, 2023; Verma et al., 2023; Ben Said et al., 2024; Shaikh et al.,
2024; Mehta and Yadav, 2024), propose effective preventive scenarios to improve the
quality of predictions of heavy rains that cause flooding (Gassi and Saoudi, 2023),
anticipate risks (Nezzal et al., 2015; Aroua, 2020; Benslimane et al., 2020), provide a
comprehensive and advanced examination of flood frequency analysis (FFA) (Rao and
Hamed, 2001; Hachemi and Benkhaled, 2016), determining the most robust intensity-
duration-frequency (IDF) model (Houichi, 2017), focusing on the influence of the
hydrographic networks structure on the hydrologic response during episodes of flooding
for watersheds (Abdeddaim and Benkhaled, 2016), stormwater runoff management (Mah
et al., 2023), and develop a regional climate model to assess flood risks (Pang and Tan,
2023). Floods must also be exploited through effective hydro-agricultural planning, with
the functions of Irrigation, Recharge, and Security (IRS) (Bemmoussat et al., 2017,
Remini, 2019; Qureshi et al., 2024)

For the Yerrakalava River Basin, there is currently no established hydrological model to
analyze and understand its hydrological processes (Zhang et al., 2013; Azharuddin et al.,
2022; Sahu et al., 2022; Chadee et al., 2021). Frequent flooding in the lower basin areas
causes significant agricultural damage (Pellejera et al., 2011; Sahu et al., 2024). GIS
software has made complex modeling easier by letting us do things like spatial overlays
to figure out hydrological parameters that are important for calculations that are done on
a basin-wide or grid-based level.

Various studies have demonstrated the capabilities of remote sensing (RS) and GIS in
hydrology and environmental assessments (Kerboub et al., 2016; Faregh and Benkhaled,
2016; Saidi et al., 2016; Samaké et al., 2021; Jaiswal et al., 2023; Deb, 2024). Yuksel et
al., (2008) utilized RS and GIS to identify erosion-prone areas in Turkey's Kartalkaya
Dam region. Similarly, Ray and Dadhwal (2001) used these tools to estimate seasonal
crop evapotranspiration in the Mahi Right Bank Canal. Collischonn et al., (2008)
employed Tropical Rainfall Measuring Mission (TRMM) satellite data to model
hydrology in the Amazon basin (Al-Abed et al., 2005).

Hydrological models simplify the complex processes within watersheds, enabling
researchers to explore how they respond to various inputs (Kang and Ramirez, 2007,
Chibane and Ali-Rahmani, 2015; Djellouli et al., 2015; Abdi and Meddi, 2015). The
history of hydrological modeling dates back to the 19th century, rooted in civil
engineering advancements for designing infrastructure like drainage systems
(Baudhanwala et al., 2023; Mah et al., 2024), bridges, canals, and water supply systems
(Gupta et al., 1999; Boutebba et al., 2014; Patel and Mehta, 2022; Pandey et al., 2022;
Kouloughli and Telli, 2023). Initially, these models focused on conceptualizing
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components of the hydrological cycle, including overland and channel flow, infiltration,
evaporation, and subsurface flow (Singh and Woolhiser, 2002; Chadee et al., 2024).

The evolution of mathematical modeling began with approaches such as Mulvany’s
(1850) rational method and event-based models, which linked storm runoff peaks to
rainfall intensity (Singh and Woolhiser, 2002). Green and Ampt (1911) developed an
infiltration capacity rate formula, while studies by Richardson (1931), Cummings (1935),
Boutoutaou et al. (2020), and Remini (2024), explored the drying up of the lakes and their
evaporation. Penman (1948) and Thornthwaite (1948) advanced evapotranspiration
models significantly (Jensen, 2001). Other relevant research has been conducted on
evapotranspiration estimation using the well-known GR2M hydrological model, or
remote sensing (RS) and Mapping Evapotranspiration at high Resolution with
Internalized Calibration, known as METRIC (Hamimed et al., 2017; Soro et al., 2018).
Horton (1919) also devised empirical methods for estimating storm interception across
various vegetation types, while many studies assessed the performance of green roofs in
managing stormwater runoff using the Storm Water Management Model (SWMM). The
research focuses on the green roof's ability to reduce peak discharge and delay runoff,
contributing to urban flood mitigation strategies (Bentalha, 2023).

In other hand, many researches investigate how different rainfall intensities influence
runoff initiation times and volumes in various soil types and land uses. The findings
highlight the direct correlation between increased rainfall intensity and accelerated runoff
response, emphasizing the importance of land management in erosion control (Riahi et
al., 2020).

DESCRIPTION OF CASE STUDY

The Kolleru-Upputeru watershed, located between the Krishna and Godavari River
basins, encompasses the Yerrakalava River basin. This basin primarily spans the West
Godavari district of Andhra Pradesh, with a small portion extending into the Khammam
district of Telangana. The deltaic area and the uplands divide the West Godavari district
along Andhra Pradesh's eastern coast into two main physiographic regions. The Godavari
and Tammileru rivers cause flooding in the western part of the district (Anderson et al.,
2002). The Yerrakalava and Gunderu rivers flow from the northern parts of the basin
toward the south, ultimately converging at Nandamuru village (Anil et al., 2011). The
Yerrakalava River passes under the Nandamuru Aqueduct of the Eluru Canal and later
flows into the Bay of Bengal, joining the Yanamadurru drain, previously referred to as
the Yerrakalava (Baltas et al., 2007).

The Yerrakalava River basin (Fig. 1) lies between latitudes 16°51" and 17°25' N and
longitudes 80°54' and 81°39' E (Bhaduri et al., 2000). The terrain's elevation varies from
10 to 731 meters above mean sea level. Survey of India topographic maps with index
numbers 65C15, 65C16, 65G3, 65G4, 65G7, 65G8, 65G12, 65HS, and 65H9 map the
study area at a 1: 50,000 scale. The northeastern part of the region has the highest
elevation, while the southern part is the lowest. According to district statistics, major
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crops cultivated in the area include paddy (34.5%), sugarcane (13.76%), and oilseeds
(13.69%).

The Yerrakalava River and its tributaries, including Jalleru, Jalavagu, Baineru, and
Turpukalava, drain the basin. Bosch and Hewlett (1982) constructed a significant
reservoir near Jangareddygudem, where the Jalleru and Yerrakalava rivers meet.
Constructed in 1988, the reservoir boasts a gross storage capacity of 155.4 million cubic
meters, designed to regulate a flood discharge of 1370.5 cubic meters per second. The
reservoir irrigates approximately 24,700 acres of land and provides a flood control
capacity of 3 TMC (Dadhwal, 2001; Kumar et al., 2008).
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Figure 1: A map showing the location of the Yerrakalava River Basin

MATERIAL AND METHODS
Sample Collection

Topo sheets were a fundamental source of data on drainage, transportation networks, and
land use/land cover. Field observations and satellite imagery validated and updated this
information (Brath et al., 2006). Utilizing fieldwork and satellite data processed with
remote sensing (RS) and geographic information system (GIS) methodologies, the
boundaries of the study area were refined (Young et al., 2015). We developed the district's
geological map by combining remote sensing data, selected field observations, and topo
sheets from the Geological Survey of India, and generated the soil map of the Yerrakalava
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River Basin using data from the National Bureau of Soil Survey and Land Use Planning.
Spatial databases for these tasks were created using ArcGIS and ERDAS software.

The study utilized rainfall data from 14 rain gauge stations located at mandal headquarters
across the region (Candela et al., 2012). Daily rainfall records spanning 1990 to 2024
were analyzed, focusing on the spatial distribution of average monthly and annual rainfall
across the Yerrakalava Basin. The hydrological modeling was conducted using the
Hydrological Engineering Center-Hydrological Modeling System (HEC-HMS),
developed by the US Army Corps of Engineers (Van Chinh et al., 2013; Fernando et al.,
2021; Atallah et al., 2024; Mehta and Yadav, 2024; Kherde et al., 2024).

The model underwent verification and calibration for several rainfall events occurring
between 2006 and 2024 (Choudhury et al., 2002). Cunderlik and Simonovic (2004)
employed performance metrics to assess the accuracy of the model and evaluate the
sensitivity of input parameters under varying conditions. Geomorphological features were
characterized through a combination of remote sensing data, contour information from
topo sheets, and limited field observations.

Analysis of Surface and sub-surface water sources

Every simulation combines the control, precipitation, and basin components (Golian et
al., 2011). As stated in the HEC-HMS User's Manual, all landforms within a watershed
consist of either permeable or impermeable surfaces that are structurally interconnected,
as detailed in Table 1 (Gopinath et al., 2014).

HEC-HMS MODEL CONFIGURED

The Hydrological Modelling System (HEC-HMS) from the US Army Crops Hydrological
Engineering Centre is the hydrological model for the research region. This model is global
and local (Fleming, 2009). Applications are what motivate its usage. In HEC-HMS, a
distinct sub-model represents each stage of the runoff process, including models that
determine base flow, runoff generation, rainfall loss, and channel routing (Fleming,
2009). The flow diagram in Fig. 2 depicts a detailed process.
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Figure 2: Flow diagram displaying an extensive process

Table 1: Physical properties were obtained using the HEC-GeoHMS model.

Data Physical Attribute .
Layer Characteristics Table Head Hydrological Formula References
Stream Length Up- RivLen Fro = Vi q Yasin et al.,
= ———= ———
Layer Stream ElevUp 9. N \/E (1988)
Sub-Basin Areas Area K = rp 028 P Golian et
Layer €T ovmA VA al., (2011)
Centroid Centroid Elevation _ Y(h; .Sp) Golian et
Layer Location. Hmed = A al., (2011)
Centroid
Elevation.
Longest Location of Longest FL. 0.007 (nL)%® Baltas et al.,
Flow Path Longest Flow sh = (P,)05 504 (2007)
Layer Path
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Basin Model

The primary data sources for the study include basin information, land use/cover, and soil
texture, all of which are key characteristics derived from the Digital Elevation Model
(DEM). The DEM, generated using 90-meter resolution data from the Shuttle Radar
Topographic Mission (SRTM) (Rawat et al., 2014), is processed using the HEC-GeoHMS
GIS pre-processor in combination with ArcGIS software. This segmentation of the
watershed into multiple interconnected sub-basins effectively simulates the stream
network (Tibangayuka et al., 2022).

The Consultative Group for the International Agricultural Research Consortium of Spatial
Information provides public access to the data (Ahmed, 2009). The study area is located
in Zone 44 of the Universal Transverse Mercator (UTM) projection system. ArcGIS
software delineates the specific region of interest based on its boundaries. Fig. 3 outlines
the sequential steps involved in generating the drainage system for the study area
(Jafarzadegan and Merwade, 2017).

Comparing the drainage derived from topographic maps with the digital elevation model
yields highly accurate results (Fereshtehpour et al., 2024). Consequently, the current
HEC-HMS modeling study employs the SRTM DEM with a 90-meter resolution. The
HEC-GeoHMS tool in ArcGIS analyzes stream data from the study area to determine the
number of sub-basins, leading to the formation of 12 interconnected sub-basins (Rao et
al., 2011). These sub-basins, along with the drainage network and topographical
attributes, serve as inputs for the HEC-HMS model. Fig. 4 illustrates the final drainage
network and sub-basin delineations produced by the HEC-HMS model (Valencia Ortiz,
and Martinez-Grafia, 2024).

Curve Number Generation

The Soil Conservation Service (SCS) simplified the combined impacts of soil types,
watershed features, and land use into a single parameter known as the curve number (CN).
According to Lerat et al., (2012), this parameter reflects the potential runoff from a
hydrologic soil-cover complex. Watersheds with diverse land uses and soil types assign
a specific runoff curve number based on each unique combination of land use and soil
type (Maity et al., 2013). Water resource projects worldwide widely adopt the SCS curve
number. It is particularly popular in Mediterranean regions for practical flood modeling
applications (Tramblay et al., 2011). Once we determine individual curve numbers, we
can use the following relationship to calculate the weighted curve number.

Y (CNyXa,+CNyxay+--+CNyXay)
Ya

The weighted curve number (CN) is calculated using the formula where
ala lalrepresents the area of a specific land unit, > a denotes the total area, and CNI1,
CN2, CNn is the curve number for land unit 1 (Meenu et al., 2012). Consider two
polygons from the previous example, each with areas of 30 and 40 hectares and
corresponding curve numbers of 79 and 89. Applying this relationship, the resulting

CN =

(1)
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weighted curve is 84.7. This process is repeated for every sub-basin to derive a weighted
curve number. Fig. 5 illustrates the curve number map under moderate conditions.

Loss Model

The HEC-HMS model incorporates three key parameters: the curve number, the
impervious percentage, and the initial abstraction (loss) as defined by the SCS loss
method. According to USACE (Koneti et al., 2018), the model utilizes these parameters
in Eq. (2).

(r-1a)*
Fe = P—Ig+S &Y
P represents the total rainfall, Ia denotes the initial abstraction, S is the watershed's
maximum potential retention or storage capacity, and Pe is the cumulative excess rainfall
or direct runoff (Niehoff et al., 2002). The SCS established an empirical relationship
between Ia and S based on multiple experimental analyses, expressed as Ia = 0.2S. Here,
S corresponds to the maximum storage capacity of the catchment (in mm), derived using
the specified formula and the curve number (CN) in Eq. (3). Based on rainfall records,
soil texture, antecedent moisture condition, and land use/cover were used to calculate the
curve number values.

25400
S= -

3
N 254 3

The lumped curve number for individual sub-basins varies between 48.3 and 73.4. Land
use/land cover information provided the impervious data needed for the loss model
(Golian et al., 2011). Papathanasiou et al., (2015) classified all artificial structures within
the research area, including roads and buildings, as impermeable zones for this study.
These impermeable areas disrupt the water cycle and hinder natural drainage, increasing
the community's susceptibility to flooding (Ranzi et al., 2002). The proportion of
impermeable surfaces within the study area ranges from 6.2% to 14.1% (Sharma and
Kujur, 2012).

87



Ande R. & al. / Larhyss Journal, 62 (2025), 79-106

—
) wae
T~

<

Filled DEM Flow Direction

wose

Stream Definition Flow Accumulation

Figure 3: Sequential steps involved for creating the drainage system for the study
area

81 “q'O"E 81°1 I5'0“E 81 “3?'0"E

A

= =
= =3
o - i
~ P~
= =
= s
= EH
= =

Legend

Reservoir

River1

[ subbasin

S50 5 10 15

2.

T T T
81°0'0"E 81°15'0"E 81°30'0"E
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Figure 5: Curve number map under moderate conditions

RESULTS AND DISCUSSION

Transform Model

Dadhwal (2001) suggests using the SCS Unit Hydrograph method to effectively estimate

the excess precipitation contributing to surface runoff within the study area. The

transform model in the HEC-HMS software implements this approach. Roy et al., (2013)

describe how to use the HEC-GeoHMS CN lag method tool to determine the basin lag

time.

LO8x((F—10)+1)°7 .
1900xY0-5 )

Lag =

The hourly basin lag time, represented as "lag," is determined by the hydraulic length of
the watershed (L, measured in feet) and the basin slope fraction (Y). In the Yerrakalava
River basin, the standard curve number values range between 49 and 73, as noted by
Samanta and Paul (2016). Golian et al., (2011) cited research by the Natural Resource
Conservation Service, which established a correlation between the unit hydrograph (UH)
peak and its timing.

A
Up=Cr 5)

C, representing the conversion constant of 2.08 in the SI system, and A, denoting the
watershed area are key parameters. The duration of the additional precipitation unit
influences the peak time, also known as the time of ascension (Sharma and Kujur, 2012).
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t
Tp = >+ tiag (©)

The basin lag (y) represents the time difference between the peak of the unit hydrograph
(UH) and the centroid of the surplus rainfall. The period of excess precipitation (p), which
also serves as the computational interval for the analysis, is crucial (Agarwal et al., 2013).
To determine the basin lag, it is essential to know the curve number (CN) and the slope
of the sub-basin (Basin Slope) (Singh and Woolhiser, 2002). The SCS transform
algorithm utilizes the calculated lag time to incorporate the characteristics of the study
area's sub-basins, as outlined in Table 2.

Table 2: Characteristics of the research area's sub-basin

Statistical analysis

The smallest drainage areas are found in sub-basins W1400 (121.1 km?), W670 (134.1
km?), and W1410 (131.5 km?), while the largest drainage areas are observed in sub-basins
W560 (358 km?) and W700 (329 km?). The slope is lowest in W1050 (1.11%) and W1400
(1.22%), with W1260 reaching the highest slope of 8.23%. W1210 has the highest
weighted (lumped) curve number at 73.4, while W560 has the lowest at 48.3 (Tramblay
et al., 2011). W1360 exhibits the highest percentage of impermeable land at 14.1%, in
contrast to W560, which has the lowest at 6.2% (Warburton et al., 2012). The lag time
for W570 is 480.7 minutes, and for W560, it is 1534.4 minutes. Table 3 presents the
stream parameters for the study area (Chu and Steinman, 2009). The stream network and
sub-basin data, as described earlier, are extracted using HEC-Geo HMS for running the
HEC-HMS model. Fig. 6 shows the unscaled map of the HEC-HMS model for the
Yerrakalava River Basin and its twelve sub-basins.
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Table 3: Study area's stream parameters
Elevation Elevation River Elevation Elevation River
Slffe‘““ S({,‘}l’)e up D/S Length Slffe“m s('.f}l’)e u/p D/S Length
ame ° (m) (m) (m) ame ° (m) (m) (m)
R10 0.0008 57.00 56.00 129426 R340  0.0037 188.00 161.00 7239.88
R20 0.0007 49.00 46.00 4153.16 R360  0.0022 161.00 129.00 14717.64
R30 0.0012 49.00 46.00 2464.19 R370  0.0034 147.00 129.00 5278.16
R40 0.0029 63.00 56.00 2380.04 R380  0.0026 190.00 161.00 11218.71
R50 0.0030 85.00 68.00 5603.19 R390  0.0068 277.00 111.00 24399.95
R60 0.0027 91.00 68.00 852136 R400  0.0038 125.00 111.00 3649.81
R70 0.0012 29.00 25.00 3306.14 R410  0.0024 129.00 96.00 13735.43
R80 0.0019 71.00 25.00 23650.83  R420  0.0027 111.00 96.00 5501.39
R90 0.0020 56.00 29.00 13572.75  R460  0.0236 96.00 95.00 4243
RI00  0.0010 14.00 13.00 1038.20 R470  0.0018 104.00 95.00 5040.11
RII0  0.0005 23.00 13.00 18260.13  R480  0.0022 116.00 112.00 1837.02
RI20  -0.0012 13.00 15.00 1648.86 R490  0.0039 174.00 112.00 16066.83
RI30  0.0000 25.00 25.00 84.85 R450  0.0037 115.00 84.00 8364.44
RI40  0.0011 25.00 23.00 177037 R1030  0.0038 112.00 93.00 4985.88
RI50  0.0000 29.00 29.00 84.85 R440  0.0016 93.00 84.00 5482.20
RI60  0.0008 29.00 23.00 7259.85  R1080  0.0036 151.00 110.00 11414.51
RI170  0.0082  404.00 54.00 42893.69  R1130  0.0011 84.00 79.00 4632.79
RI80  0.0046 53.00 51.00 434.56 RI170  0.0021 95.00 79.00 7708.08
RI90  0.0038 51.00 49.00 531.84 R310  0.0012 110.00 99.00 9561.69
R200  0.0167 54.00 52.00 120.00 R290  0.0084 101.00 99.00 238.49
R210  -0.0032  52.00 53.00 31243 RI230  0.0009 99.00 93.00 6885.29
R220  0.0000 55.00 55.00 169.71 RI270  0.0029 80.00 74.00 2103.82
R230  0.0023 55.00 53.00 852.43 R300  0.0039 118.00 74.00 11297.53
R240  0.0000 49.00 49.00 60.00 R350  0.0013 114.00 110.00 314735
R250  0.0011 56.00 49.00 649139  RI1330  -0.0015 112.00 114.00 1319.74
R260  0.0000 79.00 79.00 567198  RI370  0.0015 121.00 114.00 4788.56
R270  0.0020 79.00 57.00 1073418 R320  0.0032 58.00 55.00 930.62
R280  0.0013 37.00 29.00 5981.03 R430  0.0029 74.00 55.00 6446.83
R330  0.0007 46.00 37.00 12297.93  R1430  0.0018 68.00 57.00 6158.38
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Validation of the HEC-HMS model

The initial abstraction represents the amount of precipitation required for surface runoff
to take place. The initial abstraction is adjusted by different scenarios of + 10%, + 20%,
and + 30%, while other model parameters remain constant (Kang and Ramirez, 2007).
The model is then executed under these varied abstraction conditions, and the resulting
hydrographs are compared with the baseline hydrographs shown in Fig. 7 (Joo et al.,
2014). The runoff (m?/s) is plotted on the Y-axis, and the date is shown on the X-axis. As
observed in Fig. 7, an increase in Ia leads to a reduction in stream flow on the rising limb
(Gopinath et al., 2014). Table 4 illustrates the variation in stream flow when Ia is altered
by -30% to +30% (Golian et al., 2011).

Table 4: Stream flow (m3/s) due to a change in initial abstraction

Date Baseline -30 -20 -10 +10 +20 +30
Y% % % % % %
Oct. 2, 2024 25.8 25.8 25.8 25.8 25.8 25.8 25.8
Oct. 3, 2024 15.6 15.6 15.6 15.6 15.6 15.6 15.6
Oct. 4, 2024 8.7 9.6 9 8.7 8.7 8.7 8.7
Oct. 5, 2024 166 185.6 179.1 172.6 159.6 153.3 147.1
Oct. 6, 2024 292.1 308.8 303.3 297.8 286.3 280.6 275
Oct. 7, 2024 105.7 107 106.6 106.1 105.2 104.6 104
Oct. 8, 2024 24.6 27.6 26.6 25.6 23.6 22.6 21.6
Oct. 9, 2024 43.6 429 43.1 433 43.8 44 441
Oct. 10, 2024 10 11.3 10.9 10.4 9.6 9.2 8.8
—o—baseline —#—-30% -20% -10% —+—10% —+—20% -#-30%
600
500

400

300

200

Stream flow, m3/s

100

0 .
2-0ct-24 3-Oct-24 4-Oct-24 5-Oct-24 6-Oct24 7-Oct-24 8-Oct-24 9-Oct-24 10-Oct-24

-100 -
Time, days

Figure 7: Event model sensitivity on the curve number of stream flow
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The rainfall distribution over several months, as observed through various rain gauge
stations. High-elevation regions receive more rainfall compared to low-elevation areas
(Table 5). The areas with the highest rainfall in the basin are the rain gauges at
Dommapeta and Buttayagudem, both located in elevated, forested regions (Sempre
Torres, 2001). This indicates that the lower basin, with its intense rainfall, is more prone
to flooding (Choudhury et al., 2002). The study region's vulnerability has increased over
the years, driven by higher rainfall in the upper basin and increased rainfall intensity in
the lower basin (Choudhury et al., 2002). HEC-HMS Event Model to the Yerrakalava
River Basin, incorporating methods such as SCS loss, SCS transform, recession base
flow, and Muskingum routing. During calibration and validation, the Nash-Sutcliffe
Model Efficiency (NSE) values were 0.865 and 0.826, respectively, confirming the
robustness of the model. These findings support the conclusion that the model applies to
the Yerrakalava River Basin (Candela et al., 2012). Furthermore, the peak discharge
deviation during both calibration and validation was less than 5%, except in one instance
(Candela et al., 2012). Fig. 8 demonstrates the accuracy of the peak discharge prediction,
making it suitable for flood forecasting studies (Abushandi, 2013). All events showed a
peak deviation of zero, meaning the peak timing aligns perfectly with the observed data
(Soni et al., 2023). Furthermore, the study area accurately recognizes the flood volume
with a volume deviation of less than 20% (Anbazhagan et al., 2005).

Table 5: Shows the Yerrakalava River Basin's average monthly rainfall (mm)
from various rain gauges

Nal{]f:;)({:ll:f' H{[l[%l;m Jane Febo Maro Apro Maye June Jule Augo Sepe Octx Novo Deca ™

Aswaraopetad 1802 §6u  S6n 1230 154n 723w 136.2c 270.1m 28410 162.30 110.62 374n [24ay
Buttayagudema 1350 580 93w 148z 1320 613w 151.7c 29042 31092 188.30 141.00 392u  [2.2ax
Chintalapudin 139z 1272 79 2030 2382 6272 136.0c 256.00 274,00 165.40 1416w 39.50 12.00x%

Devarapalli 58a 420 56m 1530 1000 45.60 103.65 197.00 196.0m 159.70 133.50 40.120 1430k
Dommapetac 4o 870 100m I4Im 2370 78.1m 15245 303.72 31462 199.60 1190 5320 [1.3ay
Tirumalac 100 782 58 2640 1170 60.6m 120.4c 225.02 23637 180.80 12630 45.50  13.1ax

Gopalapuram 550 1050 670 1590 1192 61.5¢ 134.3c 229.87 210.69 180.00 1362 32.60  16.00x
Jangareddi-Gudema 960 S6e 70a 1920 1832 56.0u 152.7c 257.57 252.0m 189.60 140.3m 44.1m 1202y
Jilngumillic 1570 830 68a 1720 1602 5732 135.0c 254.02 279.1m 165.70 11650 384a 1020y
Kamavarapu-Kotaa 1132 760 800 2420 1060 65.0% 12210 223.69 25650 18340 12170 3690 9.7a

Koyyalagudemc 920 9.61 781 1572 1067 53.20 141.2c 259.4n 259.0m 200.30 14350 4320 12.00%
Nallagerlax Sl 8.1n 58 13.0a 118 6022 115.4c 208.6 23130 17440 14240 400m 13.1ax
Nidadavolur 24o 730 57 1172 211 69.7e 12758 207.20 22620 174.70 155,10 63.300 11.70%

Narasapurame 1220 751 822 1500 181 38.60 121.5¢ 230.70 254.6m 141.80 114.4m 3520 10.8ax
Averagee  8.0m 720 1680 154m 6l.6o 132.1c 243.80 256.1m 176,10 13167 4200 1229%

Mine 420 S6a 1172 10.02 4561 103.6c 197.02 196.00 141.80 110.62 3260 9.7a 1

Maxze 12720 10.0= 2640 2380 78.1o 152.7c 303.72 314.62 200.30 155.12 6332 16.0nx
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Figure 8: The distribution of various rain gauges' average monthly rainfall

CONCLUSIONS

The sensitivity analysis of the model with seven factors reveals that the curve number
plays a crucial role. A £30% variation in the curve number leads to a significant change
in peak discharge, exceeding 50%. As the curve number increases, both peak discharge
and flood volume increase and vice versa. Other factors like initial abstraction,
impervious area, base flow threshold ratio, recession constant, Muskingum K, and basin
lag have a smaller effect on the model. When these factors change, they only cause a 6%
change in peak discharge and volume. The Curve Number, which reflects soil type,
antecedent moisture conditions, and land use/cover, makes the model particularly
sensitive to these factors. In the Yerrakalava River watershed, land use and cover
significantly influence flow, as soil type remains constant over time. We have identified
a potential reservoir location at the confluence of the Yerrakalava, Baineru, and
Turpukalava rivers to manage floodwaters from the upper basin, based on the thematic
maps created.

A 30% increase in rainfall results in a flood inundation area of 12,213 acres of agricultural
land, exceeding the baseline inundation area of 9,475.6 acres. Runoff analysis of the sub-
basins indicates that the upper reaches of the Yerrakalava River Basin are the primary
contributors to flooding. Specifically, the sub-basins W1210 and W1260, located just
below the Yerrakalava Reservoir on the northeastern edge, are identified as responsible
for the largest peak floods, and these areas lack flood control measures. The HEC-HMS
model is currently simulated on a daily rainfall time step, but performing the simulation
on an hourly basis is recommended to pinpoint the exact timing of the peak flood.
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Running the HEC-HMS model for past land use/land cover scenarios is suggested to
predict future conditions using techniques like the Cellular Automata-Markov model, as
the model is highly sensitive to curve numbers. For future studies, using river hydraulic
models such as HEC-RAS is recommended to accurately assess flood inundation in lower
areas.

FUTURE SCOPE OF THE STUDY

The rainfall increments for the selected event of August 2008 are assumed to be 10%,
20%, and 30%. Corresponding to these increments, the peak discharges are calculated as
972.2 m’/s, 1047.3 m3/s, and 1122.2 m?%/s, respectively. A 10% increase in rainfall results
in flood submergence of 10,388 acres, representing a 9.6% increase compared to the
baseline inundation area of 9,475.6 acres. For 20% and 30% rainfall increases, the flood
submergence areas expand to 11,302 acres and 12,213 acres, indicating a 19.6% and
28.8% rise in flooded areas, respectively. Sub-basin rainfall analysis shows an increasing
trend across most sub-basins. Consequently, the model is projected for future scenarios
with higher rainfall increments, considering the current land use, land cover, and soil
conditions.

LIMITATIONS OF THE STUDY

The research focuses on the preparation and analysis of a spatial database containing
information on rainfall, drainage, geology, geomorphology, soil, slope, and land use/land
cover. We employed methods like visual image interpretation and digitization, along with
spatial analysis tools in ArcGIS 9.3, to create the spatial database for the Yerrakalava
River Basin. We then used this database as input for the HEC-HMS hydrological model.
We conducted flood forecasting studies using satellite data to estimate the submergence
area for various rainfall events. The analysis included determining the threshold peak
flood at the Anantapalli river gauge, which is responsible for flood submergence in the
basin's lower regions; assessing rainfall characteristics and trends across different sub-
basins; estimating the expanded inundation area in response to increased rainfall;
evaluating runoff from various sub-basins contributing to flood submergence; and
recommending appropriate flood control structures.
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