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Scientific Introduction

 HEC-RAS is a computer based program.

 This program is one-dimensional.

 The program was developed by the US
Department of Defense, Army Corps of Engineers

 It was developed in 1995 and has found wide
acceptance in hydrologic community since.

 Hydrologic Engineering Center (HEC) in Davis,
California developed the River Analysis System
(RAS).

 It includes numerous data entry capabilities,
hydraulic analysis components, data storage and
management capabilities, and graphing and
reporting capabilities.



The HEC-RAS Modelling System

 1D River Hydraulics

 Graphical User Interface

 Steady & Unsteady Flow

 Bridges, Culverts, Dams, weirs, levees, gates, etc…

 Data storage/management

 Graphics, Tabular Output & Reporting

 GeoRas – ArcGIS



Hydraulic Information and Parameters

⦁ Necessary for planning, flood risk

reduction, design, environmental

impact assessment and mitigation,

restoration

1. Velocity

2. Depth

3. Shear

4. Width

5. Area



Study area

⦁ The project area (about 9000 km2) covers the area downstream of the Akosombo and Kpong dams, down to the

estuary of the Volta River with relief below 100 m.

⦁ The entire Volta Basin covers a surface area of 409,000 km2 .



Material

1. Remote Sensing Data for

Land-Use/Land-Cover

Type Classification

2. The HEC-RAS Model

3. DEM Data

4. Streamflow Data



Methodology

1. LULC Classification

2. Satellite-Based Flood

Damage Assessment and

its Validation

3. Mapping the Spatial

Extent of Floods of

Different Return Periods

and Comparing the Ex-

tent of the 2014 Flood

with MODIS Imagery



⦁ Geometry

◦ Cross Section

◦ Spacing

◦ Structures

◦ Manning’s n

⦁ Flows

◦ Calibration Data

⦁ Graphical

⦁ Tabular

⦁ Profile

⦁ Section

Output

⦁ Back ground picture

⦁ Tabular data output

How does it work



How does it work

 Basic computational procedure of HEC-RAS for steady flow.

 Energy losses are evaluated by friction and contraction / expansion.

 The momentum equation may be used in situations where the water surface

profile is rapidly varied. These situations include hydraulic jumps, hydraulics of

bridges, and evaluating profiles at river confluences.

 For unsteady flow, HEC-RAS solves the full, dynamic, 1-Dimensional

Saint Venant Equation using an implicit, finite difference method.

 HEC-RAS is equipped to model a network.

 Commercial application in floodplain management and flood insurance studies

to evaluate floodway encroachments.



HMS-RAS Integration Overview

 Mix of planning, GIS, and H&H modeling operations – not a push button operation.

 Types of integration

 Modeling support (preparing data for model input)

• e.g. land use/soils/CN or rainfall processing – Arc Hydro or general GIS data 

processing

 Linked

• GeoHMS

• GeoRAS

 Integrated

• DSS



Key Steps

 Plan (roughly) hydrologic and hydraulic model layouts – flow exchange locations

• e.g. location of HMS modeling elements and RAS cross-sections

 Identify sources of precipitation input into the hydrologic model and techniques for 

their incorporation into the dataset

• e.g. Nexrad rainfall

 Develop GeoHMS model (and precipitation sub model)

 Finalize and run HMS model and generate results (DSS)

 Develop GeoRAS model

 Finalize and run RAS taking HMS results as input

 Feedback between HMS and RAS is manual

• e.g. modification of time of concentration or routing parameters



Integration Planning

 Identify where outputs from one model (HMS) 

become input to the second one (RAS)

 Place hydrologic elements (subbasins, reaches, 

junctions) to capture flows at points of interest 

(confluences, structures)

 Place hydraulic elements (cross-sections) at points 

of interest

 Identify/specify element naming conventions 

between the two models (persistent or transient 

names)



Precipitation Sources

Identify sources of precipitation input 

into the hydrologic model and 

techniques for their incorporation into 

the dataset

Point (rain gage)

Polygon (Nexrad cells)

Surface (TIN/grid)



Develop GeoHMS model

 Follow all principles in development of a 

hydrologic model

 In addition, take into consideration integration 

planning aspects developed earlier

 Placement of flow exchange points

 Naming conventions

 Incorporate precipitation submodel

 Develop Arc Hydro time series for the final 

subbasin delineation and export to DSS

 Export to HMS



Meteorological Component

Develop a custom “gage” 

for each subbasin or for 

each rainfall observation 

element with corresponding 

weights for subbasins.

 Export the time series for 

the subbasin “gage” from 

Arc Hydro time series data 

structure into DSS

Arc Hydro

DSS

Arc Hydro to DSS transfer



Finalize and Run HMS

 Complete HMS model with any additional parameters including meteorological model and control 

specifications

 Follow all principles in HMS model development (calibration, etc.)

 Do the final run and generate results (DSS)

DSS View

HMS View



Develop GeoRAS model (pre-processing)

⦁ Follow all principles in development
of a hydraulic model for element
placement (confluences, structures,
…)

⦁ In addition, take into consideration
integration planning aspects
developed earlier

⦁ Naming conventions (add name of
the HMS element to the cross-
section that will get the element’s
flows)

⦁ Export to RAS



Finalize and Run RAS

• Complete RAS model with any additional parameters including initial and boundary 

conditions

• Follow all principles in RAS model development (calibration, etc.)



Process RAS results in GeoRAS

• Construct the floodplain based 

on the results in the sdf

• Review the results with respect 

to spatial integrity (extents of 

cross-sections, ineffective flow 

areas, disconnected flood areas, 

…)

• Clean results

• Revisit RAS



Flood Inundation Floodplain Delineation

Cross-section

Left Overbank

Channel centerline
and banklines

Right Overbank



Results

• Changes in LULC After the Flood

• Accuracy Assessment 

• Damage Assessment

• Frequency Analysis

• Flood Plain Mapping



Changes in LULC After the Flood

Before the flood, the watershed, covering a surface area of approximately 581.8 km2,
consisted of 63.8% crop/agricultural land, 11.3% built-up area, 21.1% barren land, 0.9%
sand, and 1.1% deposited material (left side). The ‘Water/Wetlands’ category covered
only 1.1% of the watershed area, but, as expected, this increased dramatically to 38%
during the flood, there-fore affecting other LULC types.



Accuracy Assessment  

• The highest overall accuracy (OA) value, i.e.,

96%, was obtained from the pre-flood image

(July 22), while the post-flood image (September

24) had the lowest OA of 90%.

• The highest UA of the ‘built-up’ area class was

attained for the pre-flood image, with a value of

98.98%, while the lowest was 80.11% for

‘water/wetland’ class for the image taken during

the flood (August 8).

• The OA and K for study area as a whole are 0.96

and 0.94 (corrected samples, 576), 0.93 and 0.91

(corrected samples, 545), 0.90 and 0.85 (corrected

samples, 560) for the pre-flood, during the flood,

and post-flood image, respectively.



Damage Assessment

 This study shows that the
‘crop/agricultural land’ was the
most damaged LULC class
because of the 2014 flood.

 Approximately 371.2 km2 of
crop/agricultural land was
inundated compared to 65.98 km2

for the built-up area.

 Furthermore, the results highlight
that deposited material damaged
about 45.91 km2 of
agricultural/cropland and 11.57
km2 of built-up area.
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Frequency Analysis

 The maximal instantaneous discharges at 

Lower Volta River in Ghana for floods 

of different return periods are indicated 

using the LN, Gumbel, and LP3 

distributions

 Figure depicts the discharge for each of 

those distributions. 

 For the three distributions, the recorded 

discharge values are higher

 The expected flood peaks using the LN 

distribution are larger than those obtained 

using the LP3 and Gumbel distributions 

for all return periods greater than 50 

years. 



Frequency Analysis

 The LP3 distribution was used to predict flood 

peaks at Lower Volta River in Ghana based on 

the value of the K-S statistical test. 

 For the return periods of 5-, 10-, 50-, 100-, and

150-year as well as for the 2014 flood, the

instantaneous flows derived from the LP3

distribution were used as steady flow inputs into

the HEC-RAS model.

 The first segment was downstream from Lower 

Volta River in Ghana at some distance. The 

topography was comparatively precise compared 

to the upstream parts, while the second part was 

at the intersection of the Indus River. 

 Both floods with 100- and 150-year return

periods show higher water levels than the water

levels that occurred during the 2014 flood



Flood Plain Mapping



Discussion

 Ghana is a country highly vulnerable to floods 

 In 2014, heavy monsoon rains resulted in a high discharge of the Lower Volta River in

 Ghana, which exceeded the channel capacity, causing a major flood in study area.

 This paper also shows that sediment build-up can also be detected with good accuracy 
over crop/agricultural fields and built-up areas 

 This analysis identified ‘sand’ with an accurate accuracy, however, wet sand has often 
been mistaken with water and vegetation/agricultural land in some instances. This is also 
observed in some situations where blurred pixels, crop/agricultural land, and built-up 
areas are also misclassified in transition areas.

 To evaluate the suitability of the HEC-RAS model to simulate the water surface profiles 
and determine the spatial extent of floods of different return periods. It was found that the 
HEC-RAS model was able to replicate the magnitude of the 2014 flood. The floodplain 
map showed that the flood levels were about four times higher for a flood with a 50-year 
return period than those under typical flow conditions. 



Conclusion

 Using GIS and RS to depict the spatial extent of the 2014 flood of the Lower Volta River 

in Ghana, comparing the model output with MODIS satellite imagery, and determining the 

extent of floods of different return periods for the basin.

 Landsat images to identify the various LULC types over the watershed and the approach 

was subsequently evaluated using Google Earth images and field data with an overall 

classification accuracy of 85% obtained.

 Evaluated the HEC-RAS model to simulate the 2014 flood and using the model to simulate 

floods of different return periods.

 The K-S statistical test identified the LP3 probability distribution to be best at simulating 

the flow regime of the Lower Volta River in Ghana, and this distribution was then used to 

identify the peak river discharge for floods with a 5-, 10-, 50-, 100-, and 150-year return 

period, which was then used as input into the HEC-RAC model to estimate the areas of the 

watershed at risk of flooding for each return period. 
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