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An Improved Algorithmic Approach to Iterative Floodway 
Modeling using HECRAS and GIS 

 
 

Sivasankkar Selvanathan 
 
 

(ABSTRACT) 
 
 

Hydrologic Engineering Center’s River Analysis System (HEC-RAS) software is 

commonly used to perform hydraulic analysis for floodplain delineation studies.  In 

addition to floodplains, the hydraulic analysis also includes modeling a floodway in 

detailed floodplain study areas.  Floodway modeling is an iterative process in which 

the 1% annual chance flood discharge is restricted within a floodway without 

exceeding a designated increase, called the surcharge (usually 1 foot), in water 

surface elevation.  An engineer models flows along a reach to meet Federal 

Emergency Management Agency’s (FEMA) surcharge requirements.   

We present a tightly coupled system comprising of a commercial GIS (ArcGIS) 

and HECRAS that automates HECRAS’s floodway encroachments modeling.  The 

coupled system takes an automated approach, in which an initial floodway is 

developed by running HEC-RAS in an iterative fashion with minimal user 

intervention.  A customized ArcGIS visual environment has been developed to edit, 

remodel, spatially analyze and map floodway boundaries.  Four different 

encroachments fine-tuning options are provided which eliminates the need for a 

modeler to switch between HECRAS and GIS in the floodway modeling process.  

Thus, the tool increases the productivity of a modeler by cutting down on manual 

modeling time during floodway iterations and transition between HECRAS and 

ArcGIS.  The transfer of HECRAS model output into the ArcGIS environment 

facilitates quick and efficient spatial analysis.   

The final step in the floodway modeling process is to develop a smooth floodway 

boundary that can be mapped on a DFIRM.  We have developed automated mapping 

algorithms that accomplish this task.  Some manual fine-tuning is required to finalize 

the floodway to be printed on FEMA’s Flood Insurance Rate Maps (FIRMs).  
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1 Introduction 
 

A floodplain is “an area adjacent to a body of water” that gets inundated by 

precipitation in that watershed.  The Federal Emergency Management Agency 

(FEMA) defines a floodplain as “any land area susceptible to being inundated by 

flood waters from any source” (CFR, Vol.1 Sec 59.1). Historically, losses due to 

flooding have been addressed by structural flood control measures like levees and 

reservoirs. In the latter half of the 20th century, repeated losses due to flooding caused 

a shift in focus from flood “control” to flood “management”.  The goal of flood 

management is to prevent life loss, reduce flood damage and formulate effective 

plans for recovery and rehabilitation efforts.  The term “flood management” can be 

used interchangeably with “floodplain management”.  Code of Federal Regulations 

(CFR) defines floodplain management as “the operation of an overall program of 

corrective and preventive measures for reducing flood damage, including, but not 

limited to, emergency preparedness plans, flood control works and floodplain 

management regulations” (CFR, Vol.1 Sec 59.1).  Such a transformation from flood 

control to flood management was due to major efforts in federal policy and program 

development.  

Federal policy changes in floodplain management that started in the 1950s 

culminated in the formation of the National Flood Insurance Program (NFIP).  Three 

main components of the NFIP are flood insurance, floodplain management and 

floodplain mapping.  Flood insurance was formulated to assist in flood disaster relief 

thereby reducing property repair costs.  Floodplain management constituted 

regulatory and engineering efforts to minimize flood damages.  Floodplain mapping 

involved identifying and mapping flood hazard areas.  The floodplain maps serve as a 

tool to assess flood insurance for new constructions and land development.   
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Floodplain mapping studies involve hydrologic and hydraulic modeling of 

flooding streams to estimate the amount of flooding that may occur in the event of a 

rainfall.  Singh and Woolhiser (2002) list and describe the various hydrologic 

principles and methods that are used by water resources engineers.  US Army Corps 

of Engineers (USACE) developed hydraulic modeling programs with their 

Hydrologic Engineering Center (HEC) suite of tools.  HEC’s River Analysis System 

(HECRAS), developed in 1995 has served as a comprehensive and popular hydraulic 

model in the United States.  In addition to determining the floodplain or flood 

inundation boundary, HECRAS also has provisions to model a floodway. 

Modeling a floodway is a key step in hydrologic and hydraulic modeling (H&H).  

It is usually modeled as one of the final steps in determining a floodplain.  A 

floodway is designated as a zone or area around the flooding stream reach where no 

form of construction or development is allowed.  The area near the floodway that get 

flooded during a heavy rainfall event is termed as the floodway fringe.  The floodway 

and the floodway fringe together make up the floodplain (Figure 1.1).  Floodways are 

modeled following an iterative procedural approach coupled with sound engineering 

judgment.   

Geographical Information Systems (GIS) are now commonly used for spatial and 

temporal data handling in floodplain analysis.  It should be noted that there is a spatial 

component to the hydrology and hydraulics of water flow along a reach.  Maidment 

and Djokic (2000) have discussed specific interfaces and algorithms integrated in a 

GIS to account for the spatial influence in hydrologic and hydraulic modeling.   

GIS has been extensively used with HECRAS for floodplain modeling and 

visualization of floodplain extents (Whiteaker et al., 2006).  While pioneering steps 

have been taken towards coupling GIS and HECRAS for flood mapping studies, a 

void still remains due to lack of a partially or fully automated tool for modeling 

floodways.  The goal of the dissertation is to conceive an algorithmic approach to 

floodway modeling and to develop an automated floodway modeling tool.  
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Developing such a tool would increase the productivity of an engineer as it would 

save an appreciable amount of modeling time. 

 

 

Figure 1.1.  Floodplain and floodway schematic (used with permission of Bentley Institute 
Press and Haestad Press) 

 

1.1 Background 
 

Floodplain delineations are carried out throughout the United States as part of the 

National Flood Insurance Program (NFIP) administered by the Federal Emergency 

Management Agency (FEMA).   As early as 1950, a Water Resources Policy 

Commission identified floodplain zoning as an important part of flood management 

(L.R.Johnston Associates 1992).  Since then, there has been a constant evolution in 
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government policies and the involvement of various governments (federal, state and 

local) in floodplain management. 

The flood control acts legislated in 1917, 1928, 1936, and 1938 continually 

broadened the scope of federal government involvement in flood control.  The 

continuously increasing urban development and the relationship between land and 

water uses led to a shift in government policy and a parallel growth in H&H 

principles and technology.  The shift was very clear from the 1950s, when the focus 

was on controlling floods by structural means (levees and reservoirs), to the 1960s 

when the focus was more about using non-structural practices largely termed as the 

floodplain landuse management (Sheaffer J.R 1960, USACE 1968).  A floodplain 

landuse management includes operating guidelines for managing both land and water 

resources.  Day (1973) noted that combining floodplain landuse management with 

engineering solutions would be a challenging task.  

The flood control act of 1960 empowered the Corps of Engineers to formulate a 

national program for floodplain management services. A Unified National Program 

for Managing Flood Losses was first submitted for review in Congress in 1966.  The 

unified national program was followed by two key pieces of legislation,   the National 

Flood Insurance Act (1968) and National Environmental Protection Act (1969), 

which propelled the scientific and environmental development in floodplain 

management. 

The NFIP started in 1968 and has evolved into a collaborative effort by the 

federal, state and local governments along with the insurance companies to regulate 

flood insurance. The NFIP involves identifying special flood hazard areas and flood 

risk, mitigating and managing the flood risk, and spreading awareness about flood 

risk and mandating flood insurance policies (Burby 2001).  The data and models were 

translated into maps termed as Flood Insurance Rate Maps (FIRMs).  Flood insurance 

rates were determined based on the “zones” (riverine zones like AE, A; coastal zones 

like V, VE; lesser risk flood zones like B and X).   
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In the first five years of the NFIP, less than 20% of the local governments 

identifying flood risk zones and the necessity for establishing floodplain building 

regulations (Burby and French 1985).  As government involvement continued to 

grow, FEMA took over the chairmanship of the national program in 1982 to help the 

federal government work with the state and local governments towards floodplain 

management and mitigation.  FIRMs map the floodplains and identify flood hazard 

areas.  In addition to floodplains, FEMA also mandates a floodway concept for flood 

insurance purposes.   

A typical floodplain management workflow to produce floodplain maps consists 

of performing hydrologic modeling to measure the flows entering a flooding stream, 

generating hydraulic models to regulate the flow along that stream, mapping the flood 

inundation extents and disseminating the information to the public.  Hydrologic 

modeling is necessitated by commercial development, which increased surface 

imperviousness in the area of interest. 

Any form of development in a watershed has the potential to increase risk due to 

flood hazards.  Development increases the amount of runoff entering the stream. 

Hydrologic principles are applied to reduce the runoff to that of pre-development 

conditions.  Many case studies (Burns et al., 2005, Rose and Peters 2001) have been 

documented explaining the effects of urban runoff on a watershed. Engineers employ 

Best Management Practices (BMPs) and Low Impact Development (LID) 

technologies to combat the increase in surface water runoff.   From a floodplain 

management perspective, there is a need to balance the gains of economic 

development with the increase in flood risk.  The concept of floodway and floodplain 

modeling and delineation is a means to minimize flood hazard risks due to 

development. 

The HECRAS has been used extensively for floodplain and floodway modeling 

under the NFIP program.  FEMA has established a list of numerical hydrologic and 
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hydraulic models that can be used for NFIP studies.  Some of the major hydraulic 

modeling software packages and their capabilities are listed in Table 1.1.   

 

Table 1.1. FEMA approved list of numerical hydraulic modeling software 

Hydraulic Model Floodway 
modeling 

GIS export Public 
Domain 

HECRAS Yes Yes Yes 

HEC-2 Yes No Yes 

Water Surface PROfiles 
(WSPRO) 

Yes No Yes 

Water Surface Pressure Gradient 
(WSPG) 

No No No 

StormCAD, Pond Pack No No No 

XP-SWMM Yes Yes No 

Full Equation (FEQ), Full 
Equation Utilities (FEQUTL) 

No No Yes 

FLDWAV No No Yes 

FLO-2D Under 
review 

 No 

MIKE FLOOD No No No 

 

HECRAS software was selected for our research based on the following 

criteria: 

1. HECRAS provides five stable steady state methods to model a floodway. 

2. It is capable of exporting model output into GIS for further analysis. 

3. HECRAS is available for free on public domain and has been widely used in 

hydraulic studies for many years. 
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encroachment methods is provided in Section 1.6.  The goal is to keep the encroached 

profile water surface elevations within a pre-determined surcharge value, usually 1 ft.  

It involves iterative floodway modeling runs to produce a best floodway fit that 

would satisfy surcharge and other local development requirements.  

The modeled HECRAS floodway output can be exported as GIS-compatible files 

which enable the modeler to examine the results in a GIS environment.  If the 

resultant model output requires changes, the modeler has to remodel the floodway in 

HECRAS and repeat the process of GIS export in order to take advantage of the 

spatial analysis capabilities in a GIS.  It should be noted that linking HECRAS and 

GIS facilitates a better approach to floodplain and floodway hydraulic modeling.  The 

process of linking an engineering model (HECRAS) and a GIS is termed as coupling.  

Sui and Maggio (1999) describe the various coupling concepts that are in used in 

daily engineering practice.  

An effective coupling environment would be one in which both the HECRAS and 

GIS functionalities are completely available to a modeler.  This dissertation 

introduces a coupled system called FloodwayGIS, in which the GIS and hydraulic 

model are maintained as separate entities.  The GIS contains libraries or functions that 

facilitate executing the HECRAS model and reading model input-output from within 

the GIS.  A schematic of such a coupling scenario is shown in Figure 1.3. 
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1. Develop and implement an algorithmic, automated approach for iterative 

floodway modeling using HECRAS’s modeling engine and Environmental 

Systems Research Institute’s (ESRI) ArcGIS software. 

2. Develop an interactive visual ArcGIS environment for floodway modeling 

which enables the modeler to alter floodway boundaries within ArcGIS and 

remodel the floodway using HECRAS engine. 

3. Translate the HECRAS floodway output into smooth floodway boundaries 

(using 3 different methods) that can be modified with minimal user 

adjustment to be printed on DFIRMs.  

 

1.3 Scope and limitations 
 

The scope of this work is to model floodway boundaries for one flooding reach at 

a time.  A stream network in HECRAS has to be trimmed to contain one reach before 

it can be imported into the FloodwayGIS environment.  The floodway algorithm 

requires a HECRAS project with exactly two profiles.  Multi-profile HECRAS 

projects are not supported by the algorithm.  The floodway modeling process requires 

engineering judgment, typically, at structures and ineffective flow areas.  Hence, the 

floodway algorithm is restricted in its capability to function as a fully-automated tool 

for floodway modeling.  The research highlights significant savings in modeling time 

for the floodway.  The manual modeling times are based on a modeler’s estimate of 

the time to model the floodway.   

The capability of the algorithm and the visual modeling environment is limited by 

the amount of information that the HECRAS software shares with ArcGIS.  For 

example, the surcharge information for the structures (bridges, culverts etc.) is not 

readily available from within ArcGIS.  Thus, the modeler has to manually check for 
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the surcharges at the structures and adjust the floodway encroachments upstream or 

downstream of the structures to satisfy surcharge requirements. 

The floodway mapping algorithms described in the dissertation are structured to 

produce floodway boundaries that can be added to a DFIRM.  However, it should be 

noted that some amount of manual editing is necessary to make the floodway 

boundary meet FEMA mapping requirements.   

 

1.4 Overview of the process 
 

Floodway modeling is the final step in the hydrologic and hydraulic modeling 

process performed after delineating the floodplain for the study reach.  The HECRAS 

model for floodway modeling comprises of two profiles.  A modeler performs 

iterative encroachment analysis in HECRAS, followed by a GIS export into ArcGIS 

to develop a smoothed spatial floodway layer.  The overview of the floodway 

modeling and development process is shown in Figure 1.4.  The manual modeling 

routine can be automated, thereby saving appreciable amount of modeling time. 
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work.  The three independent chapters (Chapter 2, 3 and 4) are written in manuscript 

format. 

• Chapter 1 – Chapter 1 introduces the goals and objectives of this research 

and a detailed background of the theory behind hydraulic modeling using 

HECRAS.  The chapter also provides a comprehensive review of literature 

related to floodplain and floodway modeling and mapping concepts. 

• Chapter 2 – An algorithmic approach to iterative floodway modeling using 

HECRAS and GIS – Chapter 2 outlines the proposed algorithm to perform 

iterative floodway modeling in an automated manner.  The algorithm 

workflow follows manual modeling procedures taking into consideration 

some of the engineering hydraulic variables that govern the position of the 

floodway encroachment stations along a cross-section 

• Chapter 3 – FloodwayGIS: An ArcGIS visualization environment to 

remodel a floodway.  Chapter 3 showcases the capabilities of a visual 

environment inside ArcGIS to model a floodway.  The visual environment 

is interactive, acting as a visual aid to a modeler trying to edit floodway 

encroachments.  FloodwayGIS is equipped with 4 different encroachment 

editing tools that enable faster communication between HECRAS and 

ArcGIS to display the model output on the map.  

• Chapter 4 – Floodway smoothing algorithms: challenges and solutions.  

Chapter 4 describes the various algorithms developed to smooth a 

floodway.  The algorithms attempt to produce floodway extents that can 

be mapped on DFIRMs with minor editing.  The algorithms work on the 

basis of maintaining the floodway topwidth, following the stream 

sinuosity along the reach.  The chapter also highlights the various 

challenges involved in implementing the algorithms and the workarounds 

used.   
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• Chapter 5 – Summary and recommendations: Chapter 5 summarizes the 

results and also reviews whether or not the research objectives have been 

met. It also outlines future research directions and enhancements that can 

be made to the algorithms.  

 

1.6 Theoretical HECRAS modeling background 
 

There are different ways of classifying flows in hydraulics such as: steady-

unsteady flow, uniform-varied flow, gradually-rapidly varied flow and subcritical-

supercritical flow.  HECRAS can model both steady and unsteady flows.  A steady 

flow is one in which the depth and velocity do not change over time.  Although, 

unsteady flow is common in real-world conditions, common hydraulic modeling is 

performed assuming steady flow.  The hypothesis is that depth and velocity change 

occurs so slowly over time that a steady state solution provides a good estimate of the 

water surface elevations (Haestad et al 2003).  When the velocity and depth change 

over distance, then the flow is classified as varied flow.  A rapidly varied flow (abrupt 

change over distance) is considered to be a local phenomenon (Chow 1959).  

Examples of rapidly varied flow are hydraulic jump and hydraulic drop.   

Froude number is a dimensionless number used to differentiate subcritical and 

supercritical flows.  It is given as a ratio of inertial forces to gravitational forces.  

Subcritical flows occur when gravitational flows dominate (Froude number > 1).  

Subcritical flows are modeled from the most downstream cross-section moving 

upstream.  For NFIP floodplain and floodway modeling, the flow is modeled in a 

subcritical regime.  FEMA does not allow supercritical flows and it is assumed that 

any flow shift to supercritical regime is a very transient condition during the 

modeling.  HECRAS uses a gradually varied flow regime to model water surface 

profiles.   
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HECRAS uses the standard step method (Chow 1959) for computing water 

surface elevations at cross-sections.  The standard step method is suited to compute 

gradually varied flow under subcritical and supercritical conditions.  Bernoulli’s 

energy equation is the basic governing equation in solving steady, gradually varied 

flow in HECRAS.  Figure 1.5 shows the variables at two consecutive cross-section 

locations (1 and 2) that are used in HECRAS standard step computation method.  The 

governing energy equation for HECRAS can be stated as: 
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                                (1) 

Where,  

WSEL1,2 = water surface elevation above datum in the channel at the cross-

sections (ft) 

α1, α2 = velocity weighting coefficients 

V1, V2 = velocities at the cross-sections (ft/s) 

g = acceleration due to gravity (ft/s2) 

hL(1-2) = total energy head loss between the cross-sections (ft) 

EGL = energy grade elevation line between the two cross-sections 
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Figure 1.5. HECRAS variables for standard step method (used with permission of Bentley 
Institute Press and Haestad Press) 

 

The energy head loss is the sum of friction loss (hf) and expansion-contraction 

loss (h0) between the two locations. 

                                                   hL(1-2) = hf + h0                                             (2) 

Substituting the values for the individual energy losses, 
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Where, 

L = length of flow path between the cross-sections (ft) 

Sf = average energy slope between the cross-sections (ft/ft) 

Ce = Coefficient of expansion 

Cc = Coefficient of contraction 



 

17 

 

The length L is a distance weighted flow path length between the two cross-

sections.  It is calculated as: 

                                    
robchlob

 robrobchchloblob

Q Q Q
Q * L  Q * L  Q * L

++
++

=L                        (4) 

Where, 

Llob, Lch, Lrob = cross section flow lengths in left overbank, main channel and 

right overbank respectively 

Qlob, Qch, Qrob = average flow between cross-sections for left overbank, main 

channel and right overbank respectively 

 

Combining and rearranging equations (1), (2) and (3) , we arrive at an 

computational equation for water surface elevation at cross-section 2 (upstream cross-

section). 
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FEMA floodway modeling usually assumes subcritical flow.  The computation 

procedure for modeling subcritical flow is outlined below: 

1. Usually, the modeling starts from the most downstream cross-section or from the 

cross-section whose water surface elevation, conveyance and velocity head are 

known.  A water surface elevation is assumed at the next upstream cross-section. 

2. The velocity head and the conveyance (flow) are computed based on the assumed 

water surface elevation.  
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3. The next step is to calculate the energy slope (Sf) for friction losses and the total 

energy head loss, hL(1-2).   

4. Based on the computed velocity head and energy losses, the water surface 

elevation (WSEL2) is computed by solving equation (5).    

5. If the assumed estimate approximates the computed value, the model moves on to 

the next upstream cross-section.   Otherwise, steps 1-4 are repeated until the water 

surface elevations between two consecutive iterations are within a user defined 

tolerance value.   

 

1.6.1 Excessive and negative surcharges 

 

The main goal of floodway modeling is to keep surcharges values above zero up to a 

maximum allowable limit (typically 1 ft).  A modeler traverses each cross-section from 

downstream to upstream checking for excessive and negative surcharges.  The floodway 

bounds are usually within the floodplain bounds. When flow is constricted at a cross-

section, there is an increase in the water surface elevation of the floodway profile.  

Assume a two cross-sections profile as shown in Figure 1.5.  If the flow is constricted at 

cross-section 2, there is an increase in WSEL2.  The velocity head and the friction losses 

change accordingly to maintain the balance in the energy equation (Equation 5).  The 

final computed WSEL2 might be less than the corresponding water surface elevation of 

the base profile.   

Negative surcharges occur when the water surface elevation in the floodway profile is 

less than the natural profile.  At any cross-section, the energy grade line is given by the 

sum of the water surface elevation and the velocity head.  Negative surcharges can occur 

during one of the following situations: 
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1. When the flow is constricted too far into the floodplain (floodway is very 

narrow), the velocity head increases sharply that the resultant water surface 

elevation in the floodway profile is less than the base flood profile. 

2. The hydraulic structures in the reach are designed differently in the base 

profile and the floodway profile.  It can cause abnormal differences in the 

energy grade elevation between the two profiles and negative surcharges. 

3. The cross-sections are not sufficient to model a study reach.  Additional cross-

sections may be required if velocity head difference between two consecutive 

cross-sections is greater than 0.5 ft; the conveyance ratio (ratio of conveyance 

of current cross-section and the downstream cross-section) is between 0.7 and 

1.4; or the distance between two cross-sections is greater than 500 ft. 

Excessive surcharges can occur if one of the following hydraulic conditions is 

observed in the model: 

1. If the energy grade elevation difference between the floodway profile and 

base profile is greater than the maximum allowable surcharge at a cross-

section, then the water surface elevation at the next upstream cross-section 

may increase to balance the energy equation.  Hence, it can result in the cross-

section upstream to have an excessive surcharge. 

2. In the floodway profile, if the velocity head at a cross-section is less, water 

surface elevation increases to balance the energy grade elevation.  If the 

velocity head is less than that of the base profile, the water surface elevation 

difference may be higher than the allowable surcharge limit. 

 

1.7 Floodway encroachment methods in HECRAS 
 

HECRAS follows an encroachment analysis procedure to designate a floodway 

for a flooding stream.  The base flood flow is constricted thereby decreasing the 
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cross-sectional area available for conveying the flow.  Reduction in available cross-

sectional area increases the water surface elevation for the floodway profile compared 

to the unencroached profile (base flood).  Floodway modeling is an iterative 

procedure conducted until the surcharges at all cross-sections are within an acceptable 

limit.  Some of the engineering variables that are considered in floodway modeling 

are conveyance, velocity, top width, energy grade and critical depth (Haestad et al., 

2003). HECRAS has 5 methods to model a floodway under steady state.  They are as 

follows: 

1. Specify encroachment stations 

2. Specify floodway top width 

3. Specify percent conveyance reduction 

4. Specify target surcharge with equal conveyance reduction 

5. Optimization with two targets 

 

1.7.1 Method 1: Specify encroachment stations 

 

Method 1 involves specifying the left and right encroachment stations as shown in 

Figure 1.6.  The modeler specifies the stationing along the cross-section of interest.  

The difference in elevation between the natural water surface and the encroached 

water surface indicates the surcharge.  Since this method involves manual positioning 

of the encroachments on either side of the main channel, an equal conveyance 

condition doesn’t exist.  It is also the modeler’s responsibility to make sure that 

encroachment stations aren’t specified within the channel banks.  
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Figure 1.6. Method 1 – Specify encroachments (used with permission of Bentley Institute 
Press and Haestad Press) 

 

1.7.2 Method 2: Specify floodway top width 

 

In Method 2, a modeler specifies a floodway width for each cross-section.  The 

program designates the floodway encroachment stations on both sides centered from 

the channel centerline as shown in Figure 1.7.  The encroachment stations are 

positioned in such a way that the floodway width (top width) is split equally on either 

side.  HECRAS doesn’t support encroachment into the main channel.  So, if the top 

width is very narrow, then the encroachment stations are fixed at the channel bank 

stations.  The software also allows for an offset on each side which acts like a buffer 

from the channel bank stations where encroachments are not allowed.  Equal 

conveyance is not maintained on both sides.   
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Figure 1.7. Method 2 – Specify floodway top width (used with permission of Bentley 
Institute Press and Haestad Press) 

 

1.7.3 Method 3: Specify percent conveyance reduction 

 

In Method 3, the modeler inputs a percentage reduction in conveyance half of 

which will be reduced on each side at the cross-section of interest.  The total 

conveyance is reduced by the specified percent and the reduced conveyance is split 

equally between two sides of the main channel (Figure 1.8).  ‘%K’ represents the 

percent reduction in conveyance to be modeled.  If the conveyance on one side of the 

channel is less than the amount to be removed, HECRAS will balance the conveyance 

on the other side. As in method 2, encroachments within the channel banks are not 

allowed.  HECRAS provides options for equal conveyance reduction or a 

proportional conveyance reduction.  In a proportional conveyance reduction scenario, 

if the conveyance in the left side of the channel is twice as much as the right side, 
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then, for a 10% conveyance reduction, two-thirds (67%) is removed from the left and 

one-third (33%) is removed from the right side.  

 

 

Figure 1.8. Method 3 – Specify percentage conveyance reduction (used with permission of 
Bentley Institute Press and Haestad Press) 

 

1.7.4 Method 4: Specify target surcharge with equal conveyance reduction 

 

In Method 4, the modeler specifies a target surcharge (difference between the 

encroached and natural water surface elevations).  HECRAS calculates the 

conveyance difference between the encroached and base flood elevations and an 

equal conveyance reduction is performed.  The conveyance at the encroached cross-

section is matched with that of the unencroached.  A surcharge of 1ft indicates that 

the water surface elevation cannot exceed 1 ft more than the base flood elevation of 
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the 100-year flood profile.  The program positions the encroachment stations based 

on the surcharge value and the equal conveyance reduction.  It is not necessary that 

HECRAS will reduce the conveyance to be contained within the 1 ft surcharge at all 

cross-sections.  In some cross-sections, it is common to have excessive and also 

negative surcharges (especially near the structures).  Figure 1.9 depicts the concept 

behind method 4.   Method 4 also has a default option for equal conveyance as noted 

in Figure 1.9 (%K/2 on each side).  HECRAS also provides a proportional 

conveyance reduction option as explained in Method 3.  

 

 

Figure 1.9. Method 4 – Specify target surcharge with equal conveyance (used with 
permission of Bentley Institute Press and Haestad Press) 
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1.7.5 Method 5: Optimization with two targets 

 

Two targets are specified, a water surface elevation target and an energy grade 

elevation target, which would be met by equal conveyance (default).  If only one of 

the target values is provided by the modeler, HECRAS meets only the specified 

target.  HECRAS tries to achieve the water surface elevation target without exceeding 

the energy grade line target. In situations in which both the targets cannot be 

achieved, HECRAS meets only the energy grade elevation target.  Figure 1.10 shows 

the two target elevations and the equal conveyance reduction being modeled.  

HECRAS tries to meet the two targets in 20 iterations.  At the end of 20 iterations, if 

both the targets cannot be met, then the best iteration values are picked from the 20 

iterations.   

 

 

Figure 1.10. Method 5 – Optimization with two targets (used with permission of Bentley 
Institute Press and Haestad Press) 
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1.8 Literature Review 
 

Floodway modeling and mapping can be achieved by coupling a H&H model 

with a commercial GIS.  It is important to understand the principles involved in H&H 

modeling for delineating a floodplain or a floodway boundary.  The next step is to 

take advantage of the H&H modeling capabilities in a GIS environment by coupling 

techniques.  The final step would be to map the H&H output as a smooth boundary.  

This section provides an extensive review of the current literature pertaining to the 

use of H&H models and GIS in floodplain management. 

   

1.8.1 H&H modeling for floodplain extents 

 

H&H modeling of flooding streams is an integral part of detailed floodplain 

management studies.  H&H modeling estimates the amount and extent of flooding 

that may occur in the event of a rainfall.  Hydrologic models estimate the flows into a 

study reach from the contributing watershed which forms the input for hydraulic 

models to generate floodplain extents.  Singh and Woolhiser (2002) list and describe 

the various hydrologic principles and methods that are used by water resources 

engineers.  These methods include, but are not limited to, Mulvany’s rational method, 

Green and Ampt’s infiltration method, Muskingum flow routing, Modified Puls 

method for flow routing, United States Geological Survey (USGS) regression 

equations and the Natural Resources Conservation Service’s (NRCS) curve number 

method. 

Watershed models like the Stanford Watershed Model (SWM, now HSPF) 

(Crawford and Linsley 1966), O’Donnel mathematical model  (Dawdy and O’Donnel 

1965) and HEC-1 were introduced in  the 1960s. It should be noted that these early 

models of the 1960s were based on a large number of parameters and the calibration 
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was based on a best-fit scenario.  In other words, there were a lot of discrepancy 

between the models and reality.  Such factors inspired the development of physically 

based hydrologic models like the Storm Water Management Model (SWMM) 

(Rossman 2009), Systeme Hydrologique Europeen (SHE) (Abbott et al., 1986) and 

Precipitation-Runoff Modeling System (PRMS) (Leavesley et al., 1983) based on 

mathematical partial differential equations.  

The advent of computers resulted in hydrologic models that estimate flows based 

on numerical simulations (Pinder and Gray 1977, Abbott et al., 1986, Bates and de 

Roo 2000, Vieux and Gauer 2008).  Todini (1988) identified the importance of 

satellite and remote sensing technology in hydrology underlining the inherent spatial 

component in hydrology.  Satellite and remote sensing techniques would provide a 

large amount of data that pertains to the physical conditions on the ground.  The 

processing speed of computers helps in computing differential equations faster.  

Todini foresaw that computers would be extensively used for hydrologic modeling at 

very low costs. 

Hornberger and Boyer (1995) discuss the need to integrate spatial variability in 

hydrologic modeling processes.  Most of the processes are grid-based systems 

creating finite element meshes to process hydrologic parameters.  Farajalla and Vieux 

(2006) discuss a case study about identifying an appropriate resolution to capture the 

spatial variability for infiltration parameters on a watershed scale.  

The flows modeled in hydrology are used as input to hydraulic models to 

delineate floodplains.  Hydraulic models like FLOODSIM, HECRAS, MIKE11, 

MIKE21, WSPRO, FLO-2D and RMA-2 have been applied in channel routing and 

floodplain studies.  The majority of these models were initially developed as 

standalone applications, usually without any user interface, requiring data to be in 

American Standard Code for Information Interchange (ASCII) format following 

certain input rules set up by the developer.  Many models lacked a graphical user 

interface until their later versions.   
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Simulating flood inundation boundaries for river reaches involves dynamic flood 

modeling using St. Venant’s Equations.  A simpler method would be to intersect a 

water surface elevation plane with digital terrain data to identify areas which are 

above the natural terrain.  The areas above the terrain are categorized as flooded.  

Many hydraulic models MIKE11, MIKE21, HEC-RAS, ISIS, RMA-2 etc use some 

form of St. Venant’s equation to perform continuous dynamic modeling.  The model 

complexity determines the amount of data that is required. Most of the models deal 

with channel and floodplain routing separately.   

Storage cell models (Cunge et. al., 1976, Estrela and Quintas 1994) treat a 

floodplain as a series of cells which are hydraulically connected.    FLOODSIM and 

LISFLOOD model floodplains as uniform flow patterns using Manning’s equations.  

More complex models like MIKE11 and HECRAS use 1D equations while RMA-2, 

and MIKE21 solve for flood inundation boundaries using 2D St Venant equations.  

The governing equations in each type might be different or the same.  The simplest 

representation would be to assume that the pressure terms are negligible resulting in a 

kinematic wave approximation.  Such an assumption has been found to be sufficient 

to model flood inundation levels at a small scale (Haestad et al., 2003).  Listed below 

are some of the numerical methods and programs that are available for hydraulic 

modeling to get floodplain inundation boundaries: 

1. Gradually varied steady flow – HEC-2, HEC-RAS, WSP2, WSPRO 

2. Gradually varied unsteady flow (1D) – HEC-RAS, FLDWAV, FEQ 

3. Gradually varied unsteady flow (2D) – RMA-2, FESWMS-2DH 

4. Gradually varied unsteady flow (3D) – RMA-10 

Table 1.2 shows some of the models that are currently used in floodplain 

inundation modeling.  The models use some kind of numerical methods like the 

Newton-Raphson or Range Kutta methods in the finite difference schemes.  The finite 
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element methods also involve using unstructured mesh of usually triangular elements 

to solve flooding problems (Horritt and Bates 2002).   

The RMA-2 (King and Norton 1978) model has been hugely popular in 

performing numerical finite element scheme solutions to shallow water equations 

(Gee et al., 1990) for estimating floodplain extents.  The finite element mesh schemes 

were first used on small reaches and their research concluded that the mesh scheme 

can be scaled up without causing any instability in solving the numerical equations.  

Baird et al., (1992) discuss a hybrid scheme of using HYMO3 (on reaches with no 

inundation) and RMA-2 to model flow for reaches that get inundated.  The RMA-2 

model is structured to solve for the Navier-Stokes equation in a two-dimensional 

approach.  Hardy et al., (1999) identify that the spatial mesh resolution used in 

hydraulic models affects the numerical simulation results.  In addition to modeling 

and calculating floodplain extents, some hydraulic models such as WSPRO and 

HECRAS also have the capability to model floodways (Table 1.1).   

In the past, floodplain extents have been modeled using flood frequency analysis 

(Bradley et al., 1996), remote sensing data (Bates et al. 1997, Wang et al. 2002), 

raster-based one dimensional methods using LISFLOOD-FP and digital elevation 

models (Bates and De Roo 2000) and two-dimensional finite element methods (Bates 

and Anderson 1993).  The delineation process can be as simple as a planar 

intersection of water surface elevations with the terrain.  On the other hand, 3D 

solutions of flow equations considering turbulence closures (Thomas and Williams 

1995), meandering channels and out-of-bank flow processes (Knight and Shiono 

(1996) have also been performed.  In summary, three different methods are available 

for tackling a floodplain hydraulics problem:  

1. Engineering experience – relying extensively on engineering judgment for 

making hydraulic decisions due to lack of sufficient data to completely model 

a hydraulic problem. 
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2. Physical modeling – mostly started on a research scale in universities and 

laboratories trying to build a model based on existing ground conditions.  

These model parameters cannot be universally applied to all the river systems 

and are expensive to construct and operate.  

3. Numerical Modeling – These are based on analytical methods developed 

using numerical and mathematical principles.  Numerical modeling has 

distinct advantages over the other two types of models.  It allows for checking 

the modeling parameters with sensitivity tests on model performance. 

 

Table 1.2. Examples of floodplain inundation models 

Name of the model Channel Routing Floodplain Routing Modeling domain 

FLOODSIM 1D model running 
between floodplain 
cells 

Uniform flow 
formulae (weir-type 
equations) 

TIN with channels 
placed on the cell 
faces. 

LISFLOOD-FP 1D kinematic wave 
approximation 
solved by explicit 
finite difference 
procedure 

Uniform flow 
Manning Equations  

Raster-based 
discretization 
derived from a 
DEM 

1D models like 
MIKE11, ISIS, 
HEC-RAS, ONDA 
etc 

Full solution of 1D 
St. Venant equations

Full solution of 1D 
St. Venant equations

Treats domain as a 
series of cross-
sections 
perpendicular to the 
flow direction.  

2D models like 
MIKE21, 
TELEMAC 2D, 
RMA-2 

Full solution of 2D 
St. Venant equations 
with turbulence 
closure 

Full solution of 2D 
St. Venant equations 
with turbulence 
closure 

Finite difference 
schemes and Finite 
element methods 
using various 
geometries, but, 
typically triangles or 
quadrilaterals. 
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Bates and de Roo (2000) indicate that a more complex model solving 2D and 3D 

equations does not guarantee better results than a 1D equation solution.  In the United 

States, HECRAS has been used as a popular hydraulic model under the NFIP.  

HECRAS models a study reach by partitioning the reach into smaller segments, 

placing cross-sections at appropriate intervals.  The placement of the cross-sections is 

dictated by the slope of the terrain and the flow along the reach.  As mentioned 

earlier, HECRAS iteratively employs one dimensional gradually varied flow 

equations to solve for water surface elevations at each cross section (or river station) 

using the standard step method (Chow 1959, Haestad et al. 2003).  It should be noted 

that there is a strong spatial component to the hydrology and hydraulics of water 

flow. 

Many of the H&H models employ 1D or 2D flow equations with a numerical 

method scheme to estimate floodplain extents.  The floodplain boundary is 

determined by the water surface elevation above the underlying terrain.  The water 

surface elevations are computed by established hydraulic flow equations.  In contrast 

to a floodplain, a floodway is a best-fit flow boundary that allows the base flood 

discharge in a constricted flow area.  Hence, there is no single solution for a floodway 

boundary.  The best-fit practice allows for automated routines to estimate a potential 

spatial extent for a floodway. 

GIS are now commonly used for spatial and temporal data handling in floodplain 

analysis (Townsend and Walsh 1996, Dutta et al. 2000, Al-Sabhan et al. 2003).  

Maidment and Djokic (2000) have discussed specific interfaces and algorithms 

integrated in a GIS to account for the spatial influence in hydrologic and hydraulic 

modeling. GIS has successfully been used to develop high resolution terrain models 

for floodplain mapping (Tate et al. 2002). More recently, GIS data models have been 

developed to link H&H data with GIS (Whiteaker et al. 2006). 
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1.8.2 GIS coupling with H&H models 

 

The availability of digital topographic data in raster grid format has aided in 

computations in hydrology using automated processes inside GIS.   The ease of 

computations using raster-based GIS models is well documented (Maidment 1992, 

Johnson and Miller 1997, Jain et al., 2004).  Hence, GIS, as a standalone application, 

has the capability to perform hydrologic functions.  The automated processes for 

hydrologic modeling with GIS include the D8 method for flow direction (Fairfield 

and Laymarie 1991), drainage basin delineation (Marks et al., 1984) and identifying 

drainage networks and sub-catchments (Martz and Garbrecht 1992).  All these 

concepts have found widespread application in many watershed and vector stream 

network delineation models. 

GIS and H&H modeling have developed as parallel technologies since the 1960s.  

In the 1980s, researchers identified a need to utilize the spatial capabilities of GIS in 

H&H modeling. The data structures in GIS cannot handle complex H&H functions as 

a standalone application.  Fotheringham and Rogersen (1994) and Goodchild et al 

(1992) have documented efforts in the late 1980s to couple GIS with hydrologic 

models with a focus on harnessing the analytical capabilities of GIS.  Demand for 

higher resolution terrain models (Clark 1998, Singh and Fiorentino 1996) has 

influenced linking GIS with H&H models.  

Interpreting H&H model results can be greatly improved by enabling 

visualization of model outputs.  GIS provides a good visualization platform for model 

outputs.  Most of the earlier efforts (DeVantier and Feldman 1993, Maidment 1993, 

McDonnell 1996) were focused on linking GIS and hydrologic modeling processes.  

GIS was extensively used for identifying topographic features in watershed 

hydrologic models (Garbrecht and Martz 1997, Moore et al. 1988) in a raster grid 

environment.  Storck et al (1998) describe a study in which GIS serves as a pre and 

post processor in converting GIS data into ASCII format for input into a H&H model.   



 

33 

 

Interfacing GIS with hydrologic models have been accomplished by simple 

linking models like HEC-GeoHMS.  More complex standalone packages like USEPA 

BASINS, PRMS and WMS contain a Graphical User Interface (GUI) that interacts 

between the GIS and the H&H models (Martin et al. 2005).  Commercial GIS 

packages like Environmental Research Systems Institute’s (ESRI) ArcGIS have 

analysis functions for estimating flows on a watershed scale. 

There are abundant applications of GIS coupling with hydrologic models.  

However, the same cannot be said about coupling GIS with hydraulic models.  Very 

few coupling models exist that take advantage of the combined capabilities of GIS 

and H&H models.  One of the earliest linking of GIS with hydraulic modeling was 

the development of ARC/HEC2 (Beavers 1994).  HEC developed ArcInfo Macro 

Language (AML) scripts in 1997 as a pre and postprocessor for HECRAS software.  

ESRI developed the AVRAS processor (Griva et al. 2003) which linked HECRAS 

with ArcView software.  The Center for Research in Water Resources (CRWR) at 

Austin, TX developed the HECGeoRAS geodatabase model and the MapToMap 

application (Whiteaker et al. 2006) using the HECRAS modeling engine to generate 

floodplain extent output and export it into GIS-compatible formats.   

There are different levels of integrating GIS with hydrologic and hydraulic 

models. The two fundamental principles of integrating GIS and H&H models are 

embedding and coupling (Sui and Maggio 1999).  Embedding consists of using either 

the GIS or the H&H software as the host application, with the other software 

“embedded”.  The two options are: 

1. H&H functionalities in a commercial GIS package – This approach takes 

advantage of all the spatial analysis capabilities of the GIS. However, the 

H&H modeling functionalities are limited and very simplistic as it 

becomes very difficult to bundle the complexity of a H&H system in a 

GIS. 
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2. GIS capabilities in a commercial H&H package – This approach results in 

limiting GIS strictly to act as mapping software.  Visualization capabilities 

of GIS are not completely utilized.  However, it provides ample scope for 

the model developers to produce a sophisticated H&H model and 

constantly update it without any interference from GIS data structures.  

A coupling approach differs from an embedded approach, wherein the GIS and 

H&H components are kept as separate entities and are linked (or coupled) by input-

output manipulation or a common GUI. 

1. Loose coupling – Loose coupling is easy to achieve because the model and 

GIS are independent without a common interface (Figure 1.11).  It 

involves converting model data into a GIS readable format and vice-versa 

(Karssenberg 2002).  Loose coupling has an advantage that it minimizes 

programming but suffers from the cumbersome conversion process.  It 

also requires extensive knowledge of both the hydrological and spatial 

models and their input-output formats. 

2. Tight coupling – Such systems consist of a shared data model in which the 

hydrologic model output is stored in a common, shared database which the 

GIS accesses to perform spatial analysis (Figure 1.12).  The GIS and H&H 

model are kept as separate entities. 
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1. Category 1 tools are those that work with pre and post processor tools 

that build H&H input files.  These tools are independent modules that 

can modify input files or display output data from H&H models.  

2. Category 2 tools comprise models and tools that have modeling 

capabilities which emulate one or more models in FEMA’s accepted 

model list. These tools are reviewed and approved by FEMA before 

they can be used for flood hazard modeling. 

3. Category 3 tools are those that employ novel H&H methods for 

floodplain mapping.  These methods can be locally-suited to a specific 

study area or can have a broader scope of application.  

Category 2 and 3 tools are accepted if they satisfy the conditions stipulated in 

Paragraph 65.6 (a)(6) of the NFIP regulations.  They are listed below: 

1. The model must be reviewed, tested, and accepted by a government agency 

responsible for the implementation of programs for flood control and/or 

regulation of floodplains. 

2. The model must be well-documented, including source code and user’s 

manuals. 

3. The model must be available to the Federal Emergency Management 

Agency (FEMA) and all present and future parties impacted by flood 

insurance mapping that is developed or amended through the use of the 

model.” 

An Interface Data Model (IDM) is also used for linking GIS with H&H models.  

An IDM serves the purpose of acting as a bridge between the spatial component and 

the H&H component (Figure 1.13).  Such a data model provides a framework which 

allows for storing data to be accessed by both the spatial and modeling H&H 

component.  The main difference between an interface data model and a GIS pre/post 

processor (Figure 1.11) is that the input-output variables of the H&H model are stored 

in a GIS format.   
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The process models include the H&H modeling component/programs which are 

linked with GIS to produce flood inundation output.   In MapToMap, the NEXRAD 

rainfall data is imported into the ArcHydro data model and associated with the 

watersheds in the area of interest.  The watershed-based time series data is modeled in 

HEC-HMS using HEC Data Storage System (DSS) file format input.  HEC-HMS 

produces runoff hydrographs at stream confluences and watershed outlets.   The 

hydrograph timeseries data are converted to geodatabase timeseries table. The 

timeseries data is then associated with cross-sections along the reach and a HEC-DSS 

file is written for HECRAS.   

HECRAS is executed from within the GIS and the water surface profiles are 

written to the geodatabase.  It involves converting the HECRAS output to a Spatial 

Data Format (SDF) and subsequently to XML format.  It is important to note that the 

models (HMS and HECRAS) are executed without user intervention.  The water 

surface elevations are then used to create a water surface elevation TIN which is 

intersected with the underlying topographic terrain to create the floodplain boundary.  
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Figure 1.14. ArcCatalog view for HECRAS IDM 

 

HECGeoRAS 

 

HECGeoRAS (Figure 1.15) is another GIS tool suite that employs the HEC object 

library to execute HECRAS export and import data capabilities.  The toolset creates 
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HECRAS layers and stores them in a geodatabase.  This version is called as a pre-

RAS database.  Once the HECRAS layers are generated, they are imported into  

 

 

Figure 1.15. HECGeoRAS capabilities 

 

HECRAS.  The user executes the HECRAS model and the final water elevation 

information is stored in a Spatial Data Format (SDF) file.  HECGeoRAS allows for 

HECRAS post-processing and the information is stored in another geodatabase in the 

working folder.  This version is called as a post-RAS database.  HECGeoRAS 

provides tools to read the water surface elevation data and create a surface (TIN) 

which is intersected with the cross-section TIN to produce the floodplain boundary. 
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All these data models and programs limit themselves to delineating floodplain 

boundaries as modeled by the governing equations in HECRAS.  Floodway 

delineation is based on HECRAS encroachments analysis.  There is no documentation 

in academia that automates floodway analysis.  H&H modeling is followed by 

mapping the output on DFIRMs.  HECGeoRAS maps the floodplain boundary and 

the output is stored in a geodatabase that can be added in ArcGIS for display and 

further editing. 

 

1.8.3 Mapping issues 

 

GIS stores and displays geographic data as discrete objects in digital format.  

However, in reality, geographic data are complex, continuous data.  Hence, 

displaying spatial data requires generalization, abstraction and approximation 

(Goodchild et al., 1992).  The rules by which the objects are defined and displayed 

are governed by a data model (Tsichritzis and Lochovsky 1977).  Older automated 

techniques for floodplain mapping were based on DEM models, which are restricted 

by the raster cell size of the original elevation data.  The interpolation methods used 

in digital terrain models fail to reproduce reality (Schut 1976).   

Vector display of objects as points, lines and polygons are closer to retaining real 

shapes.  The evolution of Triangulated Irregular Networks (TINs) and Terrain data 

models have improved floodplain delineation due to their better representation of the 

topography in vector format.  They are not restricted by grid resolution issues as 

noticed in DEMs. The floodplain delineation methods using DEMs have since then 

been superseded by TINs and terrain datasets.  A TIN represents topography as 

irregular triangles.  The three vertices of a triangle are termed as the nodes while the 

line joining any two nodes is termed as an edge.  TIN construction is based on the 

Delaunay Triangulation method (Lee and Schacter 1980, Watson and Philip 1985) 

which requires that a circle drawn using three nodes do not contain any other node. 
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ArcGIS software generates TIN data using the Delaunay triangulation method.  

Typically, correct triangulation satisfying Delaunay’s criterion would produce near 

equiangular triangles (Lawson 1977).  However, in floodplain mapping, thin angular 

triangles are formed when triangulation occurs connecting points that are far apart 

causing misrepresentation of flood depths (Noman et al., 2001).  Hence, care should 

be taken that mapping is not adversely influenced by spurious triangulation patterns.  

The HECRAS model provides data at each cross-section to map a floodplain or 

floodway boundary.  However, the area between the two cross-sections needs to be 

mapped using smooth lines and interpolated elevations.  GIS software creates 

surfaces from point elevation data.  Such interpolation techniques generate smooth 

surfaces which have been well documented in literature (Franke 1982, Gold 1984, 

Gold 1988).  Generating smooth boundaries also requires sufficient elevation points 

in order to prevent triangulation across a long distance.   

FEMA requires that the floodway boundary match the encroachment stations at 

each cross-section and a smooth boundary approximately following the shape of the 

stream centerline between any two cross-sections.  It is also recommended that a 

consistent floodway topwidth be maintained along the reach.  ArcGIS provides 

smoothing and generalizing algorithms that can be employed to map the floodway 

boundary.  ArcGIS also provides multiple spatial adjustment methods like affine 

transformation, projective transformation (Hartley 1999), similarity transformation, 

rubbersheeting (White and Griffin 1985) and edge matching that can be used to 

spatially adjust the floodway boundary to satisfy FEMA requirements.  

 

1.9 Research significance 
 

HECRAS is one of the FEMA approved H&H software to models a floodway under 

their National Flood Insurance Program.  In HECRAS, a modeler has great control in 

modeling a floodway iteratively by editing encroachments at each cross-section along a 
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study reach till all the FEMA requirements are met.  A modeler makes an editing decision 

based on the surcharge, floodway topwidth, and other hydraulic variables at a cross-

section.  Currently, no standard automated method exists to edit encroachments 

continually to fit a floodway for a reach.  Hence, automated floodway modeling holds 

great promise by the amount of modeling time it can save.  An automated floodway 

routine will provide a modeler with a good starting floodway which can be further fine-

tuned to satisfy all stipulated requirements. 

HECRAS floodway modeling methods enables a modeler to determine the floodway 

boundary at each cross-section in a study reach.  However, there is a functionality gap in 

extending the model output to a continuous floodway boundary.  The void in floodway 

mapping is due to the fact that HECRAS visualization and spatial analysis capabilities are 

very limited.  Thus, there is a need to develop an improved and efficient mapping routine 

that can also perform spatial analysis. ArcGIS is equipped with robust spatial analysis 

routines to perform overlay and proximity analysis.  Coupling ArcGIS with HECRAS 

enables a modeler to achieve floodway modeling and mapping in a single platform. 

The final output of a floodway mapping procedure is a continuous spatial boundary.  

Currently, there are no automatic floodway mapping routines available in the public 

domain that translates HECRAS output to a continuous boundary to be printed on a map.  

This research addresses the void in floodway mapping to produce a smooth floodway 

boundary.  The research significantly contributes to the floodway modeling step in the 

NFIP’s floodplain mapping process.    
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2 An algorithmic approach to iterative floodway modeling 

using HECRAS and GIS 
 

Abstract 

Hydrologic Engineering Center’s River Analysis System (HEC-RAS) software is 

commonly used to perform hydraulic analysis for floodplain delineation studies.  In 

addition to floodplains, the hydraulic analysis also includes modeling a floodway.  

Floodway modeling is an iterative process in which the 1% annual chance flood 

discharge is restricted within a floodway without exceeding a 0.3m increase in water 

surface elevation.  An algorithm has been developed to automate floodway modeling 

using HEC-RAS.  The algorithm was tested on Plum Creek in Montgomery County, 

Virginia.  The algorithm’s runtime was 4.4 minutes and all but one of the cross-sections 

was found to have acceptable surcharges while maintaining sub-critical flow in the 

model.  The floodway was mapped using GIS and HECGeoRAS tools. The algorithm 

was also tested on 5 other hydraulic study reaches.  The algorithm achieved significant 

savings in modeling time providing a good initial floodway that would require minor 

fine-tuning before being finalized. 

 

2.1 Introduction 
 

Floodplain management is “the operation of an overall program of corrective and 

preventive measures for reducing flood damage, including, but not limited to, emergency 

preparedness plans, flood control works and floodplain management regulations” (CFR, 

Vol.1 Sec 59.1).  Floodplain management studies typically involve hydrologic and 

hydraulic modeling of flooding streams to estimate the amount and extent of flooding 

that may occur in the event of a rainfall.  Hydrologic models estimate the flows into a 

study reach from the contributing watershed which forms the input for hydraulic models 

to generate floodplain extents.   
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A floodplain is any area near the main channel which is susceptible to flooding due 

to excessive runoff.  Floodplain extents are dependent on the terrain and the flows 

corresponding to the various recurrence intervals for floods.  The 100 year and 500 year 

floods are significant events that are usually considered for modeling and planning 

purposes.  In the past, researchers have mapped floodplains using flood frequency 

analysis (Bradley et al. 1996), remote sensing data (Bates et al. 1997, Wang et al. 2002), 

raster-based one dimensional modeling (Bates and De Roo 2000) and two-dimensional 

finite element modeling (Bates and Anderson 1993).   

Floodplain delineations are carried out throughout the United States as part of the 

National Flood Insurance Program (NFIP) administered by the Federal Emergency 

Management Agency (FEMA).   As early as 1950, a Water Resources Policy 

Commission identified floodplain zoning as an important part of flood management 

(L.R.Johnston Associates 1992)  A Unified National Program for Managing Flood Losses 

was first submitted for review in Congress in 1966.  The unified national program was 

followed by two key pieces of legislation,   the National Flood Insurance Act (1968) and 

National Environmental Protection Act (1969), which propelled the scientific and 

environmental development in floodplain management. 

The NFIP started in 1968 and has evolved into a collaborative effort by the federal, 

state and local governments along with the insurance companies to regulate flood 

insurance. The NFIP involves identifying special flood hazard areas and flood risk, 

mitigating and managing the flood risk, and spreading awareness about flood risk and 

mandating flood insurance policies (Burby 2001).  In addition to floodplains, FEMA also 

mandates a floodway concept for flood insurance purposes.  

A floodway consists of the main channel of flow and its adjoining areas that are 

maintained to allow base flood discharges without increasing the water surface elevation 

beyond a stipulated height.  The base flood is the 100 year flood (1% annual chance 

flood) that has a one-percent probability of occurrence or exceedance in any given year.  

The “stipulated height” is termed as surcharge, which is the increase in the water surface 

elevation from the base flood elevation due to constricted flow through a floodway.  The 
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process of delineating floodplains and floodways emphasizes the strong spatial 

component of the hydrology and hydraulics of water flow along a reach. 

Geographical Information Systems (GIS) increasingly are being used for spatial and 

temporal data handling in flood analysis (Townsend and Walsh 1996, Dutta et al. 2000, 

Al-Sabhan et al. 2003).  Maidment and Djokic (2000) have discussed specific interfaces 

and algorithms integrated in a GIS to account for the spatial influence in hydrologic and 

hydraulic modeling. Previous studies (Tate et al. 2002, Whiteaker et al. 2006) have also 

established the use of GIS for floodplain mapping.  

Advancements in GIS data models to include hydrologic and hydraulic data for 

floodplain mapping (Whiteaker et al. 2006) has not been matched by floodway modeling 

efforts.  Lack of data models for modeling floodways can be attributed to the iterative 

nature of a floodway modeling routine.  Floodway modeling involves fitting an area 

around the main channel to carry a given volume of conveyance without exceeding a 

stipulated flood elevation.  The best fit involves repeated modeling trials by a modeler to 

contain the base flood discharge. 

This paper describes an attempt to link floodway modeling and GIS by developing 

an algorithm that automates floodway modeling.  The algorithm aims at producing a 

floodway which would require some manual fine-tuning to be consistent with the 

development agenda of the local community.  The results from the model would be 

coupled within a GIS environment.  Sui and Maggio (1999) discuss various levels of 

coupling GIS with hydrologic models and the issues involved with them.   

 

2.2 Modeling background 
 

One of the primary goals of the NFIP is to identify flood hazard areas where special 

flood insurance policies apply.  It involves hydrologic and hydraulic modeling in a 

watershed or along a stream reach.  Some examples of hydrologic principles that are used 

for estimating flows include the Natural Resources Conservation Service’s (NRCS) curve 

number method, Muskingum flow routing, and the United States Geological Survey 
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(USGS) regression equations.  Singh and Woolhiser (2002) provide a more 

comprehensive list of the various hydrologic principles and methods that are used by 

water resources engineers.   

FEMA has established a list of numerical hydrologic and hydraulic models that can 

be used for NFIP studies.  Some of the major hydraulic modeling software packages and 

their capabilities are listed in Table 2.1. 

 

Hydrologic Engineering Center’s River Analysis System (HEC-RAS) software was 

selected for this research based on the following criteria: 

1. HEC-RAS provides five stable steady state methods to model a floodway. 

2. It is capable of exporting model output into GIS for further spatial analysis. 

3. HEC-RAS is available for free on public domain and has been widely used in 

hydraulic studies for many years.  

4. It provides a user friendly graphics user interface for modelers.  

 
Table 2.1. FEMA approved list of numerical hydraulic modeling software 

Hydraulic Model Floodway 
Option 

GIS Export Public 
Domain

HEC-RAS Yes Yes Yes 
HEC-2 Yes No Yes 
Water Surface PROfiles (WSPRO) Yes No Yes 
Water Surface Pressure Gradient 
(WSPG) 

No No No 

StormCAD, Pond Pack No No No 
XP-SWMM Yes Yes No 
Full Equation (FEQ), Full Equation 
Utilities (FEQUTL) 

No No Yes 

FLDWAV No No Yes 
FLO-2D Under review  No 
MIKE FLOOD No No No 

 

The United States Army Corps of Engineers (USACE) pioneered the development of 

hydraulic modeling programs with their HEC suite of tools.  USACE developed and 
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released HEC2 in 1968 which served as the most widely used hydraulic program.  

Deficiencies in the HEC2 program like the outdated bridge and culvert computation 

routines and fixed format input and output led to the development of HEC-RAS in 1995. 

Since then, it has served as a comprehensive hydraulic model in the United States.  

HEC-RAS uses one dimensional gradually varied flow equations to solve for water 

surface elevations at each river station along a reach.  The program uses the standard step 

method (Chow 1959, Haestad et al. 2003) in an iterative fashion to compute the water 

surface elevation.  Figure 2.1 shows a typical profile across two cross-sections and the 

hydraulic variables used for estimating water surface elevations.   The water surface 

elevation computations are used to identify the floodplain boundary limits.  

The equation that is used in the standard step method is: 
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Where, 

WSEL1,2 = water surface elevation above datum in the channel at the cross-sections (m) 

α1, α2 = velocity weighting coefficients 

V1, V2 = velocities at the cross-sections (m/s) 

g = acceleration due to gravity (m/s2) 

L = length of flow path between the cross-sections (m) 

Sf = average energy slope between the cross-sections (m/m) 

Ce = Coefficient of expansion 

Cc = Coefficient of contraction 
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Figure 2.1. Computation variables for HEC-RAS standard step method (used with permission 

of Bentley Institute Press and Haestad Press) 

 

The software assumes a water surface elevation and computes the velocity head and 

conveyance based on energy and Manning’s equations. Based on these values, the water 

surface elevation is computed using equation 1. If the assumed estimate is close to the 

computed value, the software moves to the next cross-section. 

For flood insurance purposes, a floodway model in HEC-RAS requires a minimum 

of two water surface profiles - the base profile and the floodway profile.  The base profile 

contains water surface elevations for the base flood event (1% annual chance flood) and 

the floodway profile contains water surface elevations for the floodway.  

When modeling a floodway, HEC-RAS follows an encroachment methods analysis 

(Haestad et al. 2003).  The software constricts the flow between two encroachments, one 

on each side of the main channel.  The encroachments are placed in such a way that the 

conveyance is contained within the two encroachments without exceeding the surcharge.  

In other words, the goal is to keep the encroached (floodway) profile water surface 

elevations within a pre-determined surcharge value, usually 0.3m.  Conveyance is 

computed using the Manning’s equation as 

 

3/21 AR
n

K =                                                          (2) 
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where K denotes the conveyance in m3/s, n denotes the Manning’s roughness, A denotes 

the cross-sectional area in m2 and R represents the hydraulic radius of the cross-section in 

m.   

There are five different methods to perform steady-state floodway modeling in HEC-

RAS (USACE 2002).  They are: 

Method 1: Specify left and right encroachment stations 

Method 2: Specify fixed floodway top width 

Method 3: Specify percent conveyance reduction 

Method 4: Specify target surcharge with equal conveyance reduction 

Method 5: Specify target surcharge and maximum energy increase 

 

The common modeling approach is to perform a Method 4 floodway analysis and 

then finalize the floodway using a Method 1 analysis.   

In Method 4, the modeler specifies a target surcharge value for the encroached 

profile.  HEC-RAS calculates the conveyance difference between the encroached and 

base flood elevations and an equal conveyance reduction is performed.  The program 

positions the encroachment stations based on the surcharge value and the equal 

conveyance reduction.  Ideally, the resultant increase in water surface elevation should be 

less than the specified target surcharge at each cross-section.  However, it is common to 

have excessive surcharges or negative surcharges at few cross-sections (especially near 

the structures).  Figure 2.2 (a) depicts the concept behind Method 4.  The modeler repeats 

the process by changing the target surcharge elevation until most of the cross-sections are 

within the allowable surcharge limit.  Another approach is to create multiple floodway 

profiles and model each profile with different target surcharges.   

Method 1 involves specifying the left and right encroachment stations as shown in 

Figure 2.2 (b).  The modeler specifies the stationing along the cross-section of interest.  

Since Method 1 involves manual positioning of the encroachments on either side of the 

main channel, an equal conveyance condition does not exist.    During the floodway 

finalization process, there might be a need to further adjust the floodway for hydraulic 

consistency.  A hydraulically consistent floodway may be one where there are no 
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abnormal jumps in the velocity from one cross-section to another and the top widths are 

relatively uniform. 

 

 
Figure 2.2. Common floodway modeling approach in HEC-RAS: (a) Method 4 cross-section 

sketch, (b) Method 1 cross-section sketch (used with permission of Bentley Institute Press and 
Haestad Press) 

 

A typical floodway modeling analysis in HEC-RAS is an iterative process consisting 

of multiple runs of Method 4 and Method 1 until all the cross-sections along the study 

reach have an elevation increase less than the allowable surcharge. Thus, there is a need 

to have an automated procedure in place to perform floodway modeling in HEC-RAS. 

The automated algorithm described below initiates multiple floodway runs in HEC-RAS 

without any intervention from the modeler and produces a floodway where most of the 

cross-sections would satisfy the allowable surcharge requirement.  Currently, the 

algorithm is bundled as a standalone executable file with a user interface, but work is 

continuing to integrate the software into the ESRI ArcGIS environment.  

 

2.3 Description of the algorithm 
 

The main goal of the algorithm is to provide the modeler with a good floodway 

model that can be fine-tuned with minimal modeling effort.  The algorithm employs the 
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HEC-RAS modeling engine from within a Visual Basic environment to perform the 

floodway analysis runs.  The algorithm is developed following the common modeling 

approach outlined previously.  The algorithm workflow schematic is shown in Figure 2.3.  

The algorithm starts with a Method 4 run with an initial target surcharge of 0.15 m (0.5 

ft). The user has an option to change the initial surcharge.  The floodway at cross-sections 

with negative surcharges is narrowed by increasing the target surcharge to 0.3 m (1.0 ft) 

and Method 4 is re-run.  The output surcharge information is then imported into a Method 

1 input file.  In Method 1, the algorithm starts at the most downstream cross-section and 

moves upstream solving the surcharge to be between -0.003 m and 0.3 m (-0.01 ft and 1.0 

ft) at each cross-section.  Adjusting encroachment stations at each cross-section is limited 

by a fixed number of iterations.  

 

 
Figure 2.3. Algorithm flowchart schematic 
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The algorithm takes into consideration various engineering parameters while 

deciding to narrow or widen the floodway at each cross-section.  For example, 

conveyance of encroached profile may be less than that of the base profile.  The 

algorithm attempts to widen the floodway at that cross-section to allow more conveyance 

and thereby reducing the surcharge below the acceptable limit. Sometimes, a narrow 

floodway results in a high velocity head causing negative surcharges.  The algorithm 

widens the floodway at that current cross-section.  Thus, the algorithm has been 

developed to be more intelligent than simply positioning encroachments along a cross-

section to model the floodway.  It is common modeling practice to adjust encroachments 

downstream in order to reduce the surcharge upstream.  This algorithm is capable of 

adjusting encroachments at as many cross-sections downstream as necessary to solve for 

a cross-section.  If a cross-section cannot be solved after traversing to the most 

downstream cross-section, the algorithm moves to the next cross-section upstream of the 

defaulting cross-section.  

 

2.4 User interface options 
 

The algorithm is supported by an interface which allows the user to set some 

modeling and computational criteria.  The sole input to the program is a HEC-RAS 

floodway project.  The HEC-RAS project should contain exactly two profiles – the first 

profile is the 100 year flood profile and the second profile is the floodway profile.  The 

HEC-RAS project should also contain the flow data for both the profiles.  The program 

reads the HEC-RAS project and identifies the various river and reach information in the 

project.  The user can identify cross-sections at which the floodway would match the 

floodplain boundary or the channel boundary. 

 Some of the key operating parameters that govern the functioning of the algorithm 

are: 

1. Initial target surcharge for the Method 4 run.  
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2. The maximum number of trials to be performed at each cross-section. 

3. Number of cross-sections to traverse downstream for solving a cross-section 

upstream. 

4. Snapping tolerance for encroachments to the floodplain or ineffective area limits 

The algorithm was tested on a study creek where hydrologic analysis had previously been 

completed.  

 

2.5 Study area description and model setup 
 

Plum Creek is a 6.6 km long creek located partially in Montgomery County and 

partially in Radford City, Virginia.  It drains into the New River (Figure 2.4).  The land 

cover in the surrounding areas of Plum Creek is comprised of densely forested trees 

(28%), thick brush (24%), open field/pasture (18%), medium shrub (7%) and a few paved 

roads.  Thus, the area is primarily rural and the creek is characterized by narrow channels 

widening out further downstream.    

The contributing watershed from Plum Creek and its main tributaries encompass 

18.6 square km. Since Plum Creek is not gaged, the hydrologic estimations were based 

on USGS regression analysis (Bisese 1995; Mason Jr and Fuste 2001).  The terrain model 

used for this study was developed from LiDAR data for Montgomery County and 

Radford City.  The hydrologic analysis was performed using Watershed Information 

System (WISE) software developed by Watershed Concepts.  

Hydraulic model setup requires information on the structures along the creek.  The 

structure elevations were surveyed and the hydraulic model was developed in HEC-RAS.  

The flow information was obtained from the hydrologic analysis.  In addition to placing 

cross-sections upstream and downstream of structures, additional cross-sections were 

placed based on changes in slopes and flow area.  Once the HEC-RAS model was set up 

completely, the algorithm was used to perform floodway modeling.  
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Figure 2.5. Estimated surcharges along Plum Creek 

 

Out of 114 cross-sections, 20 cross-sections were found to be at or close to critical 

depth.   It is critically important to keep the water surface elevations above critical depth 

in order to prevent supercritical flow conditions.  The Froude number was less than or 

equal to one for all the cross-sections (96% cross-sections had Froude number less than 

one and 4% were equal to one).  Thus, this algorithm is highly successful in maintaining 

sub-critical flow in the model.   

HEC-RAS output can be exported as GIS format and mapped in a GIS environment 

(Figure 2.6) using HEC-GeoRAS tools. HEC-RAS maps the floodway by joining 

encroachments along each cross-section by linear line segments.  Such a mapping 

procedure does not consider the sinuosity of the stream centerline.  Hence, in order to 

produce the final floodway polygon, further smoothing is necessary.  Another important 

factor in floodway modeling is the active top width of the floodway.  The active top 

width should be fairly constant or gradually changing along the reach.  This algorithm, in 

its current form, does not check for top width criterion.  It will be considered in 

continuing research to map the floodway within ArcGIS. 
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Figure 2.6. Floodway mapping as modeled by HEC-RAS 

 

The algorithm was also tested on five other HEC-RAS floodway models.  The 

efficiency of the algorithm is measured in terms of the number of cross-sections having 

positive surcharges less than 0.3m.  From Table 2.2, it can be observed that the algorithm 

is efficient in modeling a majority of cross-sections within the stipulated 0.3m surcharge.  

The algorithm solved at least 96% of the cross-sections in the models used for testing. 

  
Table 2.2. Salient statistics of algorithm runs on various study streams 

Model Length 
(km) 

Manual 
modeling 

time 
(mins) 

Algorithm 
runtime 

 
(mins) 

Percent 
time 

savings 
(mins) 

Number 
of 

iterations 

Number 
of cross 
sections 

Percent 
solved 
cross 

sections 
Plum Creek 6.6 180 4.4 97.5 22 114 97.4 
Pitner Creek 3.67 30 1.8 94 8 51 96 

Noonday 
Creek 

17.82 90 8.4 90.6 38 152 96.7 

Yellow River 28.94 110 23.2 78.9 41 190 97.4 
Waikapu  8.87 75 3.6 95.2 18 84 97.6 

Upper 
Susquehanna 

114.26 300 36.5 87.8 63 307 98 

 

The algorithm runtimes indicate greater time efficiency when compared to the time it 

takes for manual floodway modeling.  On average, the algorithm saved about 90% over 
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manual modeling with HEC-RAS, a significant savings.  The longest study reach tested 

(Upper Susquehanna) reduced modeling time by 88%.  However, the length of the reach 

is not directly correlated to the time savings as the time taken to model a floodway to 

meet the surcharge requirement depends on the complexity of the hydraulic model, 

including the structures and the slope of the terrain.   The automation of floodway 

modeling enables modelers to invest time in other areas of building the hydraulic model.  

 

2.7 Limitations of the algorithm 
 

1. The program cannot automatically create new floodway profiles and import 

boundary conditions in HEC-RAS. So, it is the modeler’s responsibility to 

provide a HEC-RAS project with a base flood profile and a floodway profile.   

2. The program cannot rectify structure modeling issues without user involvement. It 

is also difficult to access surcharge information for the structures. 

3. The program does not attempt to adjust the floodway for a consistent topwidth.   

 

2.8 Summary and conclusions 
 

The algorithm is a very good utility tool for automating floodway modeling for 

floodplain mapping studies.  The algorithm provides a good starting floodway which can 

be fine-tuned with much lesser efforts from the modeler to produce the final floodway.  

The algorithm also uses key hydraulic engineering parameters in the modeling process, 

thus making the tool hydraulically reliable.  The algorithm saves a lot of modeling time 

for a modeler performing floodway analysis.  Since the algorithm uses HEC-RAS 

software engine for the hydraulics, it also facilitates easy transfer of output into existing 

GIS data models like HECGeoRAS.   
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2.9 Future work 
 

Future work would involve creating an interactive component for visualizing and 

modifying the floodway within the ArcGIS environment.  The interactive model is 

expected to allow the modeler to adjust encroachments on a map and also perform spatial 

analysis.  A floodway topwidth smoothing routine would also be developed.  
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3 FloodwayGIS - An ArcGIS visualization environment to 

remodel a floodway 
 

Abstract 

Floodway modeling has been performed extensively using HECRAS in floodplain 

studies.  The model output is typically exported in GIS format and the floodway 

boundaries are overlaid on other spatial data to further edit or remodel the floodway to 

meet FEMA and local development requirements.  In this paper, a tightly coupled system 

comprised of a commercial GIS (ArcGIS) and HECRAS is presented.  FloodwayGIS 

provides a comprehensive visual environment to edit, remodel, spatially analyze, and 

map floodway boundaries.  The environment uses the HECRAS executable engine for 

every remodeling iteration.  Four different encroachment editing options are provided 

within FloodwayGIS, which eliminates the need for a modeler to switch between 

HECRAS and GIS in the floodway modeling process, and results in savings of modeling 

time.  FloodwayGIS also provides a mapping algorithm based on TIN intersection to 

produce smooth floodway boundaries that can be mapped in Digital Flood Insurance Rate 

Maps (DFIRMs) with minor editing. 

 

3.1 Introduction 
 

 Floodway modeling involves an iterative process of delineating an area of a 

stream channel to convey a given volume of water without exceeding a stipulated 

increase in water surface elevations.  The Federal Emergency Management Agency 

(FEMA) regulates floodway modeling and development by quantifying the allowable 

increase in the water surface elevations.  Floodways are modeled using a hydraulic model 

that identifies floodway boundaries satisfying FEMA requirements for a floodway.   

 Floodway modeling using a hydraulic model is preceded by hydrologic modeling 

that estimates the discharge into a stream.  The estimated flow is input into a hydraulic 
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model to determine the extent of flooding along the stream.  The modelers estimate the 

floodway limits by repeated model runs until all FEMA floodway requirements are met.  

Selvanathan and Dymond (2009) have documented a method to automate such an 

iterative process to produce an initial floodway which can be fine-tuned to produce the 

final floodway for a stream. 

 Modelers typically use a hydraulic modeling environment to determine floodway 

limits.  There is a constant need to empower hydraulics with spatial analysis capabilities 

in order to adjust and remodel floodways based on actual field conditions.  Hence, many 

hydraulic models have a simple visual interface that displays a map of the study stream.  

However, the spatial analysis capabilities are very limited when compared to a 

commercial Geographical Information System (GIS).  A good GIS is important because 

FEMA does not allow any form of land development inside a floodway and a hydraulic 

modeling environment does not have the capability to perform overlay functions to 

identify buildings in a floodway.  A better spatial modeling environment would provide 

more useful information for a modeler to estimate floodway extents. 

 This paper deals with linking a commercial GIS package with a hydraulic model. 

It enables the modeler to perform extensive spatial analysis before finalizing a floodway.  

A visual interface with interactive tools has been developed to help the modeler perform 

floodway adjustments from within the GIS.  While the modeler interacts with the GIS, 

the floodway extents are modeled by a hydraulic model on the back end.  Thus, this 

interface acts as a bridge for constant communication between the GIS and the hydraulic 

model in modeling the floodway. 

 

3.2 Background 
 

Hydrologic and hydraulic (H&H) modeling of flooding streams is an integral part 

of detailed floodplain management studies.  H&H modeling estimates the amount and 

extent of flooding that may occur in the event of a rainfall.  Singh and Woolhiser (2002) 

list and describe the various hydrologic principles and methods that are used by water 
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resources engineers.  These methods include, but are not limited to, Mulvany’s rational 

method, Green and Ampt’s infiltration method, Muskingum flow routing, Modified Puls 

method for flow routing, United States Geological Survey (USGS) regression equations 

and the Natural Resources Conservation Service’s (NRCS) curve number method.  

Hydrologic models estimate the flows into a study reach from the contributing watershed, 

which forms the input for hydraulic models to generate floodplain extents.  

Hydraulic models like FLOODSIM, HECRAS, MIKE11, MIKE21, WSPRO, 

FLO-2D and RMA-2 have been applied in channel routing and floodplain studies.  The 

majority of these models were initially developed as standalone applications, usually 

without any user interface, requiring data to be in American Standard Code for 

Information Interchange (ASCII) format following certain input rules set up by the 

developer.  In addition to modeling and calculating floodplain extents, some hydraulic 

models such as WSPRO and HECRAS also have the capability to model floodways. 

 Floodplain delineation studies in the United States are managed by the FEMA’s 

National Flood Insurance Program (NFIP).  The NFIP, started in 1968, involves 

identifying special flood hazard areas and flood risk, mitigating and managing the flood 

risk, spreading awareness about flood risk, and mandating flood insurance policies 

(Burby 2001).  FEMA also mandates a floodway model in certain special flood hazard 

areas for flood insurance purposes.  A floodway consists of the main channel of flow and 

its adjoining areas that are maintained to allow base flood discharges without increasing 

the water surface elevation beyond a designated height.  For flood insurance studies, the 

base flood is the 100 year flood that has a one-percent probability of occurrence or 

exceedance in any given year.  The stipulated height is termed as surcharge, which is the 

increase in the water surface elevation from the base profile due to constricted flow 

through a floodway.  Figure 3.1 shows a simplified schematic of the floodway concept in 

which the floodway is shown as a constricted flow area within the floodplain.  In addition 

to using qualified hydraulic models, floodway modeling is also subjective to the 

interpretation of the modeler. 



 

of the

used 

comp

HECR

cross

the sl

dimen

cross

2003)

hydra

 

(Tow

Djok

data (

and D

1993)

flood

devel

 

 

 

 

The Hydr

e FEMA-app

for estima

prehensive h

RAS model

-sections at 

lope of the t

nsional grad

 section (or 

).  It should

aulics of wat

GIS are i

wnsend and W

ic 2000).  In

(Bates et al. 

De Roo 200

).  GIS has 

dplain mapp

loped to link

F

rologic Engi

proved softw

ating floodp

hydraulic mo

s a study re

appropriate 

terrain and t

dually varied

river station

d be noted th

ter flow. 

increasingly

Walsh 1996

n the past, f

1997, Wang

00) and a tw

successfull

ping (Tate e

k H&H data 

Figure 3.1. A si

ineering Cen

ware models 

lain and fl

odel for floo

ach by parti

intervals.  T

the flow alon

d flow equat

n) using the s

hat there is a

y being used

6, Dutta et a

floodplain m

g et al. 2002

wo-dimension

ly been used

et al. 2002)

with GIS (W

64 

implified schem

nter’s River 

under the N

loodway ext

odplain stud

itioning the 

The placeme

ng the reach

ions to solve

standard step

a strong spa

d to handle 

al. 2000, Al

mapping has 

2), a raster-b

nal finite el

d to develop

). More rec

Whiteaker et 

matic of a floo

Analysis Sy

NFIP.   Henc

tents.  HEC

dies in the U

reach into s

nt of the cro

h.  HECRAS

e for water s

p method (C

tial compon

spatial data

l-Sabhan et 

been model

based one dim

lement meth

p high resol

cently, GIS 

al. 2006). 

 

odway 

ystem (HEC

ce, it has bee

CRAS has 

United States

maller segm

oss-sections 

S iteratively 

surface eleva

Chow 1959, H

nent to the h

a in flood re

al. 2003, M

led using re

mensional m

hod (Bates a

lution terrain

data model

CRAS) is on

en extensivel

served as 

s since 1995

ments, placin

is dictated b

employs on

ations at eac

Haestad et a

ydrology an

elated studie

Maidment an

mote sensin

method (Bate

and Anderso

n models fo

ls have bee

ne 

ly 

a 

5.  

ng 

by 

ne 

ch 

al. 

nd 

es 

nd 

ng 

es 

on 

or 

en 



 

65 

 

3.3 Coupling GIS with H&H models 
 

 GIS and H&H modeling have developed as parallel technologies since the 1960s.  

In the 1980s, researchers identified a need to utilize the spatial capabilities of GIS in 

H&H modeling. Fotheringham and Rogersen (1994) and Goodchild et al (1992) have 

documented efforts in the late 1980s to integrate GIS with hydrologic models with a 

focus on improving the analytical capabilities.  Demand for higher resolution terrain 

models (Clark 1998, Singh and Fiorentino 1996, Tate et al. 2002) has influenced linking 

GIS with H&H models.     

Interpreting H&H model results can be greatly improved by enabling 

visualization of model outputs.  GIS provides a good visualization platform for model 

outputs.  Most of the earlier efforts (DeVantier and Feldman 1993, Maidment 1993, 

McDonnell 1996) were focused on linking GIS and hydrologic modeling processes.  GIS 

was extensively used for identifying topographic features in watershed hydrologic models 

(Garbrecht and Martz 1997, Moore et al. 1988) in a raster grid environment.  Storck et al 

(1998) describe a study in which GIS serves as a pre and post processor in converting 

GIS data into ASCII format for input.  Interfacing GIS with hydrologic models has been 

accomplished by simple linking models like HEC-GeoHMS.  More complex standalone 

packages like USEPA BASINS, PRMS and WMS contain a Graphical User Interface 

(GUI) that interacts between the GIS and the H&H models (Martin et al. 2005).  

Commercial GIS packages like Environmental Research Systems Institute’s (ESRI) 

ArcGIS have analysis functions for estimating flows on a watershed scale. 

One of the earliest linking of GIS with hydraulic modeling was the development 

of ARC/HEC2 (Beavers 1994).  HEC developed ArcInfo Macro Language (AML) scripts 

in 1997 as a pre and postprocessor for HECRAS software.  ESRI developed the AVRAS 

processor (Griva et al. 2003) which linked HECRAS with ArcView software.  The Center 

for Research in Water Resources (CRWR) at Austin, TX developed the HECGeoRAS 

geodatabase model, in which the researchers (Whiteaker et al. 2006) have used the 
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model data into a GIS readable format and vice-versa (Karssenberg 2002).  

Loose coupling has an advantage that it minimizes programming but suffers 

from the cumbersome conversion process.  It also requires extensive 

knowledge of both the hydrological and spatial models and their input-output 

formats.  The loose coupling concept is very similar to the GIS pre- and post 

processing environment (Figure 3.3) 

2. Tight coupling – Such systems consist of a shared data model in which the 

hydrologic model output is stored in a common, shared database (Figure 3.4) 

which the GIS accesses to perform spatial analysis.  The GIS and H&H model 

are kept as separate entities.            

 

 
Figure 3.4. Tight coupling of GIS and H&H models schematic 

 

We are introducing a coupled system called FloodwayGIS, in which the GIS and 

hydraulic model are maintained as separate entities.  The GIS contains libraries or 

functions that facilitate executing the H&H model and reading model input-output from 

within the GIS.  A schematic of such a coupling scenario is shown in Figure 3.5.  Sui and 

Maggio (1999) categorize such an approach as a tightly coupled system, wherein macros 

or functions are available to access model output while Werner (2004) categorizes it as a 

loosely coupled system (due to lack of a shared data model).  However, it should be noted 

here that the H&H model shares its input-output data with GIS and there is no data 

conversion from one format to another.   
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in order to alter floodway boundaries and then remodel the floodway to satisfy surcharge 

and community-specific requirements.   

 

3.4 Current floodway modeling methodology  
 

 HECRAS uses one-dimensional steady flow St.Venant equations (Chow 1959) to 

estimate water surface elevations for a given flow of water.  A typical floodway model in 

HECRAS consists of two water surface profiles – a base flood profile and a floodway 

profile.  For the NFIP, a base flood is the 1% annual chance flood that has a one-percent 

probability of occurrence or exceedance in any given year.  A floodway profile consists 

of encroachments along each cross-section.  HECRAS provides 5 different methods to 

model a floodway.  They are: 

1. Specify left and right encroachment stations 

2. Specify fixed floodway top width 

3. Specify percent conveyance reduction 

4. Specify target surcharge with equal conveyance reduction 

5. Specify target surcharge and maximum energy increase 

 

A typical floodway modeling approach is to perform a Method 4 analysis, followed 

by a Method 1 analysis to finalize the floodway. A Method 4 analysis allows the modeler 

to specify a target surcharge to be attained.  A Method 1 provides more flexibility for the 

modeler to manually adjust the left and the right encroachment stations to meet FEMA’s 

surcharge requirements.  USACE (2002) explains all the floodway encroachment 

methods in detail. Typically, a modeler performs repeated Method 4 runs to produce an 

initial floodway which is followed by fine-tuning of the floodway using Method 1 runs 

on HECRAS.  In order to perform further spatial analysis, the modeler exports HECRAS 

output data into GIS format and then uses a database model like HECGeoRAS to view 

the output within the ArcGIS mapping environment.  It should be noted that the export 

and conversion process becomes tedious when the modeling involves repeated tweaking 
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of the floodway.   This highlights a need for an efficient GIS-Hydraulic coupling system 

that would provide a visualization environment for mapping model output, thereby 

minimizing the overall modeling time. 

 

3.5 Software Used 
 

FloodwayGIS links ESRI’s ArcGIS v9.3.1 spatial modeling software with HECRAS 

v4.0 hydraulic modeling software.  HECRAS software models a floodway by employing 

an encroachment method approach (Haestad et al. 2003).  The interface and linking has 

been developed using Visual Basic 9.0 in a Visual Studio 2008 .NET environment.  The 

Visual Studio 2008 Integrated Development Environment (IDE) provides means to build 

ArcGIS tools and functionalities programmatically using ArcObjects, the ArcGIS library 

of software components.  

 

3.6 FloodwayGIS - System description 
 

 FloodwayGIS is an ArcGIS and HECRAS coupling environment consisting of a 

custom user interface within ArcGIS, which aids in visualizing the HECRAS model 

output on a map. It also equips the modelers with interactive tools to re-adjust the 

floodway.  The user interface is integrated into ArcGIS as a new “Floodway” tab in the 

table of contents in addition to the display, source and selection tabs.  The only input that 

the modeler has to provide is the HECRAS project file (.prj) for the study area of interest.  

The program reads the HECRAS plan file associated with the project for encroachments 

from the floodway profile and maps the encroachments, floodplain, and channel banks as 

point shapefiles on the map.     

The current encroachment stations along the cross-sections are marked as point 

graphic elements on the map.  The point graphics are joined together on each side to 

indicate the current floodway boundary (similar to “Plot profile reach bounds” in 
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modeler is allowed to alter the encroachment to a new position between the 

floodplain station and the channel bank station at that cross-section. 

2. Dual encroachments editor – Dual encroachments editor tool enables the modeler 

to move both the encroachment stations at a cross-section without changing the 

floodway topwidth.  It facilitates orienting the floodway at a cross-section so that 

the conveyance can be distributed on both sides of the main channel.   

3. Floodway encroachments manager – FloodwayGIS employs an interactive 

encroachments management approach in which the modeler is provided 

information about encroachment stations and surcharges at each of the edited 

cross-sections.  The manager displays encroachments information for five 

previous trials performed at a cross-section. It provides a means for the modeler to 

rollback to previous modeling scenarios in the event of a poor model response to 

the changes made at that cross-section.   

4. Floodway smoothing – FloodwayGIS also incorporates floodway smoothing 

algorithms to translate the HECRAS encroachments stations output at each cross-

section into a smooth boundary along the entire reach.  Smoothing involves 

identifying locations (or points) on the map between two cross-sections by 

linearly interpolating the top widths between any two cross-sections.  

 

 

FloodwayGIS also provides other subtle interactive tools which help the modeler with the 

remodeling process. They are: 

• The encroachment information is available on the map (as a graphic) as well as in 

tabular form.  The table provides information about the surcharges at each cross-

section.  The color coding helps in identifying the cross-sections with excessive or 

negative surcharges.  

• When a record (cross-section) on the datagrid table is selected, the map zooms to 

the corresponding cross-section extents on the map.  It enables faster navigation 

on the map to cross-sections at which the floodway encroachments need to be 

altered. 
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• The environment provides a dynamic label display (Figure 3.7) for encroachment 

stationing on the map as the modeler moves the mouse along a cross-section using 

single encroachment editor or dual encroachments editor.  It facilitates control of 

the distance the encroachment station is shifted from the current position.  The 

modeler can move the encroachment by a specific distance by following the 

dynamic display. 

• One of the FEMA guidelines in modeling a floodway is to maintain a consistent 

floodway top width and minimize drastic changes in top width moving from one 

cross-section to another.  In order to keep an eye on the top width change as the 

modeler alters the encroachment, a dynamic top width information display for the 

previous and current modeling trials is provided (Figure 3.7).      

• In addition to using the single and the dual encroachments editor, a modeler can 

also edit the floodway encroachment stations by manual input in the datagrid.  It 

automatically sets up a HECRAS input plan file to model based on the 

encroachment input. 

• Any form of encroachment change immediately is reflected on the datagrid table 

by changing the row color to white.  The color coding makes it easy for the 

modeler to identify the cross-sections at which the encroachments have been 

altered during that iterative trial.  The map is also updated to reflect the change in 

encroachment stationing.   
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156 and 179 have negative surcharges (Table 3.1).  The floodway can be narrowed at 

cross-section 45, which would increase the surcharge at that cross-section.  The single 

encroachment editor can be used to perform this operation.  Once the single 

encroachment editor tool is activated, the modeler clicks on the left encroachment 

graphic at cross-section 45 and moves it towards the channel bank.  As the modeler 

moves the mouse in the desired direction, the encroachment graphic automatically moves 

along the cross-section line. Once the new encroachment station is finalized, 

FloodwayGIS provides a command button that would update the encroachment station on 

the HECRAS plan file and re-run the model to produce a floodway based on the new 

encroachments. The map display is also updated with the new encroachments.  A similar 

operation is performed at cross-section 179 to narrow the floodway width. Figure 3.9 

shows the change in map after remodeling.  Table 3.2 shows the encroachment and 

surcharge information after this change.  It can be observed that the adjustments made to 

encroachments at cross-sections 45 and 179 resulted in acceptable surcharges at all the 

four cross-sections.  The dual encroachments editor also works in a similar fashion, the 

only difference being that it moves both the encroachments maintaining the floodway 

topwidth.  

 



 

Cro

 

iterat

basis 

 

 

Fi

Table 

ss-section 

ID 

45 

156 

179 

209 

The flood

tions perform

at which th

igure 3.9. Upd

3.2. Encroachm

Left enc

st

49

49

49

49

dway encroa

med at a cro

he modeler h

dated map disp

ments and surc

croachment 

tation 

980.36 

981.5 

977.96 

973.75 

achments ma

oss-section. 

has an optio

78 

play after chan

charge informat

Righ

anager stores

 The mana

on to pick fr

nges to cross-s

tion at the dow

ht encroachm

station 

5014.66 

5014.66 

5045.4 

5029.32 

s information

ager works o

rom one of t

sections 45 an

wnstream end a

ment Su

n about the 

on a single 

the previous

 
nd 179 

after editing 

urcharge (m

0.14 

0.013 

0.006 

0.023 

five previou

cross-sectio

s trials at tha

m) 

us 

on 

at 



cross

sectio

result

m (-0

(-0.02

rollba

this c

encro

encro

cross

flood

FEM

 

durin

topw

docum

flood

as a s

 

 

-section.  Th

on record in

ted in succes

0.0337 ft) an

24 ft).  The 

ack the chan

cross-section

Manual 

oachments t

oachment sta

-sections ha

dway bounda

MA’s Flood In

 

The topw

ng the QA/Q

idth is publ

ment.  Flood

dway topwid

straight line 

he informatio

n the datagr

ssive surcha

nd 0.0004 m 

modeler ca

nges made b

n does not ro

datagrid ta

table in the

ation value 

ave met FEM

ary to produ

nsurance Ra

width of a flo

QC process 

lished in th

dwayGIS em

dths between

between tw

on is listed (

rid table.  In

arges of -0. 0

(0.0013 ft). 

an select the

y the fifth tr

ollback chang

able input 

e “Floodwa

in the datag

MA’s surcha

uce a cartog

ate Maps (FIR

Figure 3.10. Fl

oodway is o

before Digi

he floodway

mploys a sm

n two cross-s

wo cross-sect

79 

(Figure 3.10)

n this exam

033 m (-0.10

 The fifth tr

e fourth trial

rial.  It shou

ge made at o

also remod

ay” tab.  T

grid and rer

arge requirem

graphically a

RMs). 

loodway encro

one of the im

tal FIRM (D

y data table 

moothing alg

sections.  Fig

tions (HECR

) when the m

mple, four tr

097 ft), -0.00

rial produced

l that yielde

uld be noted 

other cross-s

dels the fl

The modeler

run the HEC

ments, the l

aesthetic flo

oachments man

mportant cri

DFIRM) pro

in a Flood

orithm that 

gure 3.8 sho

RAS method

modeler click

rials at cross

06 m (-0.019

d a surcharge

ed a better s

that the cha

ections.  

loodway ba

r can direc

CRAS mode

ast step is t

oodway to b

 
nager 

iteria that F

oduction.  T

d Insurance 

is based on 

ows the flood

d).  We have

ks on a cross

s-section 17

98 ft), -0.010

e of -0.007 m

surcharge an

anges made t

ased on th

ctly input a

el.  After th

o smooth th

be printed o

FEMA check

The floodwa

Study (FIS

interpolatin

dway mappe

e developed 

s-

79 

02 

m 

nd 

to 

he 

an 

he 

he 

on 

ks 

ay 

S) 

ng 

ed 

a 



TIN 

cross

delin

to pro

each 

 

width

This 

the re

TIN e

sectio

cente

1

2

 

 

 

 

intersection 

-sections.  

eations wher

oduce the flo

cross-sectio

The algor

hs are gover

ensures that 

each.  A TIN

extends wid

ons 3336 an

erline.  The f

.  The flood

. The flood

technique to

The TIN in

rein the wat

oodplain bou

n is used as 

rithm create

rned by the o

the coverag

N is created u

der than the e

nd 3774, it c

floodway ma

dway bound

dway bounda

Figure 3

o map (or in

ntersection t

er surface T

undary.  For

elevation in

es multiple r

overall mini

ge area of the

using the mu

encroachmen

can be seen 

apped on DF

dary should m

ary should no

3.11. Straight l

80 

nterpolate) t

technique ha

TIN is interse

r floodway s

nputs in the T

ring buffers 

imum and m

e buffers inc

ultiple ring b

nt stations at

that the stra

FIRMs shoul

match the en

ot intersect w

line floodway a

the floodway

as been wid

ected with th

smoothing, h

TIN creation

of the rive

maximum top

clude all the 

buffer layer (

t each cross

aight line flo

ld satisfy two

ncroachments

with the rive

and TIN of the

y topwidths 

dely used fo

he underlyin

however, the

n process. 

r centerline.

p widths alo

encroachme

(Figure 3.11

-section.  Be

oodway cros

o technical c

s at the cross

er centerline.

 
e river buffer 

between tw

for floodplai

ng terrain TIN

e topwidths a

.  The buffe

ong the reach

ent stations o

).  The buffe

etween cross

sses the rive

criteria: 

s-sections.  

. 

wo 

in 

N 

at 

er 

h.  

on 

er 

s-

er 



river 

the r

techn

top w

cross

width

vertic

sectio

flood

 

 

map t

 

 

It is a rec

centerline.  

river sinuosi

nique is crea

width at that

-section was

hs. In addit

ces.  The den

on pair alon

dway bounda

The TIN 

the floodway

commended

The bufferi

ity to some

ated using th

t cross-secti

s split into t

tion to that,

nsification p

ng the reach

ary (Figure 3

Figure 3.1

intersection

y boundary a

d practice to

ing of the riv

e extent.  T

he cross-sect

ion.  In orde

two and elev

, the cross-

process impr

h.  The two 

3.12).   

2. Smoothened

n approach b

across the en

81 

o map floodw

ver centerlin

The second 

tion features

er to produc

vated accord

sections lin

roved the TIN

tins were i

d floodway bou

based on th

ntire length o

ways follow

ne is expecte

TIN used 

s, each of w

ce a better T

dingly using 

nes were de

N triangulat

intersected t

undary after TI

e topwidths

of the stream

wing the sin

ed to help in

in the TIN

which is elev

TIN represe

the left and

ensified to c

tions betwee

to produce t

 
IN intersection

 enables a q

m.  It should 

nuosity of th

n maintainin

N intersectio

vated with th

entation, eac

d the right to

contain mor

en each cross

the smoothe

n 

quick way t

be noted tha

he 

ng 

on 

he 

ch 

op 

re 

s-

ed 

to 

at 



 

82 

 

the generated floodway boundary does not match the encroachments stations at all the 

cross-sections. The advantages of using TIN intersection method are: 

1.  The river buffer helps to maintain the sinuosity of the river, especially at 

cross-sections at which the top widths are narrow. 

2. TIN intersection approach eliminates the problem of the floodway boundary 

intersecting with the river centerline.  

3. Since the cross-sections are elevated by their top width values (different width 

on either side of the river centerline), the boundary would match the 

encroachments in majority of the stations.  It also prevents the floodway 

boundary to be mapped inside the encroachments at any cross-section.  

 

The limitations of the TIN intersection approach are: 

1. The first major limitation is that the floodway boundary would not match the 

encroachment stations at all the cross-sections.  Hence, some manual editing 

is required to finalize the floodway. 

2.  The buffer rings are generalized moving farther away from the stream 

centerline.  Hence, at cross-sections with very wide topwidths, the boundary 

would be mapped wider than necessary. 

3. Long cross-sections with wings and curved cross-sections might adversely 

influence the TIN interpolations between them.  It might result in 

underestimating or overestimating the interpolated elevations which would 

affect the floodway mapped between those two cross-sections.  

4. In some cases, the topwidth variations between two consecutive cross-sections 

might be high, resulting in complex triangulation patterns. 

 

3.9 Summary and Conclusions 
 

 FloodwayGIS provides an improved tightly coupled system linking ArcGIS and 

HECRAS for floodway remodeling and editing.  The FloodwayGIS visual environment 
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combines HECRAS’s hydraulic modeling capabilities with ArcGIS’s mapping and 

spatial analysis functionalities to aid the modeler to produce a final floodway boundary 

that meets FEMA requirements.  Within the ArcGIS environment, FloodwayGIS 

facilitates map overlay with building and landuse layers to help the modeler meet the 

community’s local requirements for floodways.  It should be noted that FloodwayGIS 

works with a HECGeoRAS cross-section output featureclass, which enables the 

FloodwayGIS outputs (encroachments, floodplain boundary, channel banks and the 

floodway boundary) to be combined into the existing HECGeoRAS geodatabase schema.  

The FloodwayGIS outputs act as a bridge providing a visualization interface to the 

HECRAS model output.  FloodwayGIS produces an immediate mapping visual of a 

floodway during repeated floodway modeling trials, thereby eliminating the need to 

export HECRAS output to a GIS format.  This results in savings in the overall modeling 

time.   

 The smoothing algorithm, regardless of its drawbacks, provides a good starting 

point to fine-tune the floodway boundary to produce final mapping output.  There are 

mapping issues involved in the process, such as the lack of sufficient elevation points for 

TIN triangulations and scalloped shape of the boundary due to buffering.  These can be 

improved by densifying the data that participate in TIN creation or by defining smaller 

processing blocks for TIN creations.  
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4 Floodway mapping algorithms: challenges and solutions 
 

Abstract 

Floodway modeling using HECRAS is based on encroachment analysis methods.  

The floodway output from HECRAS consists of encroachment stations (or encroachment 

points) identified at each cross-section.  For mapping purposes, the point floodway output 

has to be transferred onto a map that would display the floodway as a smooth boundary.  

In this paper, we have discussed three different algorithms that were considered for 

floodway mapping.  We also present the deficiencies and capabilities of each method.  

We have developed a floodway mapping algorithm that is based on TIN intersection for 

floodway delineation.  The TIN intersection algorithm was found to produce a smooth 

floodway boundary that reduces manual smoothing and editing by a modeler to a large 

extent.  This paper details the challenges during implementation and the solutions that 

were used to produce the smoothed floodway.  Rubbersheeting transformation was 

employed to fit the floodway output to pass through the encroachments at each cross-

section.  It was found that a localized similarity transformation method also produced 

desirable floodway boundary output. 

 

4.1 Introduction 
 

The Federal Emergency Management Agency (FEMA) administers the National 

Flood Insurance Program (NFIP) regulating flood insurance for property owners to 

protect themselves from flood hazards and risk.  In exchange, the property owners and 

the communities are required to accept the federal floodplain management policies.  The 

NFIP, started in 1968, involves identifying special flood hazard areas and flood risk, 

mitigating and managing the flood risk, spreading awareness about flood risk, and 

mandating flood insurance policies (Burby 2001).  In addition to these goals, the NFIP 
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also identifies and maps floodplains across the United States.  However, it should be 

noted that flood insurance estimates and mapping extents cannot be achieved without a 

risk assessment standard. 

NFIP established the 1-percent annual chance flood (100 year flood) as the base 

standard for flood risk assessment and mapping.  The 1-percent annual chance flood is 

the base flood that has a one-percent probability of occurrence or exceedance in any 

given year.  It was chosen on the basis that the 1% chance flood provides a good balance 

between providing flood protection and economic costs incurred by the property owners 

((L.R.Johnston Associates 1992).  In addition to mapping floodplains, FEMA also 

mandates a floodway at special flood hazard areas that are prone to higher flood risk.     

HECRAS is one of the hydraulic models approved by the NFIP to perform floodway 

modeling.  Floodway modeling follows floodplain modeling in the sequence of steps 

undertaken to produce Flood Insurance Rate Maps (FIRMs).  Thus, there is a need to 

transfer HECRAS modeling output to a mapping environment that can additionally 

perform spatial analysis before creating the final floodplain or floodway boundary. 

The floodway boundary has to be aesthetically appealing and it should also follow 

FEMA guidelines as stipulated in the Code for Federal Regulations.  Transferring the 

HECRAS encroachment output points at each cross-section to a smooth boundary along a 

study reach involves good understanding of the mathematical capabilities of GIS with 

regards to mapping.  We have described various algorithms that were considered for 

floodway mapping listing their advantages and disadvantages.  The mapping algorithms 

are part of a visual environment which is capable of accessing the HECRAS executable 

engine and repeatedly run the software for floodway modeling. Selvanathan and Dymond 

(2009) have documented a method to automate the iterative process to produce an initial 

starting floodway. The final smoothed boundary has to be checked by the modeler and 

some fine-tuning will be required.  
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4.2 Background  
 

GIS and H&H modeling have developed as parallel technologies since the 1960s.  In 

the 1980s, researchers identified a need to utilize the spatial capabilities of GIS in H&H 

modeling. Fotheringham and Rogersen (1994) and Goodchild et al (1992) have 

documented efforts in the late 1980s to integrate GIS with hydrologic models with a 

focus on improving the analytical capabilities.  Demand for higher resolution terrain 

models (Clark 1998, Singh and Fiorentino 1996, Tate et al. 2002) has influenced linking 

GIS with H&H models.  There is extensive literature available linking GIS with 

hydrologic models for modeling water quality and quantity (Di Luzio et al. 2004, Baker 

et al. 2001, De Roo et al. 2000, Stork et al., 1998).   The Center for Research in Water 

Resources (CRWR) at Austin, TX developed ArcHydro as a full geodatabase model for 

linking hydrologic modeling (Maidment 2002).  

One of the earliest linking of GIS with hydraulic modeling was the development of 

ARC/HEC2 (Beavers 1994).  HEC developed ArcInfo Macro Language (AML) scripts in 

1997 as a pre and postprocessor for HECRAS software.  ESRI developed AVRAS 

processor (Griva et al. 2003) which linked HECRAS with ArcView software.  In addition 

to ArcHydro, the CRWR also developed the HECGeoRAS geodatabase model, in which 

the researchers (Whiteaker et al. 2006) have used the HECRAS modeling engine to 

generate floodplain extent output and export it into GIS-compatible formats.   

The two fundamental paradigms of integrating GIS and H&H models are embedding 

and coupling. Sui and Maggio (1999) describe these paradigms in greater detail 

discussing the major issues involved.  We have developed a tight-coupling system with 

ArcGIS and HECRAS (Figure 4.1).  In this system, ArcGIS and HECRAS interact with 

each other through libraries and functions that facilitate executing HECRAS model from 

within ArcGIS. 
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The HECRAS model provides data at each cross-section to map a floodplain or 

floodway boundary.  However, the area between the two cross-sections needs to be 

mapped using smooth lines and interpolated elevations.  GIS software creates surfaces 

from point elevation data.  Such interpolation techniques generate smooth surfaces which 

have been well documented in literature (Franke 1982, Gold 1984, Gold 1988).  

Generating smooth boundaries also requires sufficient elevation points in order to prevent 

triangulation across a long distance.   

FEMA requires that the floodway boundary match the encroachment stations at each 

cross-section and a smooth boundary approximately following the shape of the stream 

centerline between any two cross-sections.  It is also recommended that a consistent 

floodway topwidth be maintained along the reach.  ArcGIS provides smoothing and 

generalizing algorithms that can be employed to map the floodway boundary.  In addition 

to smoothing and generalizing, ArcGIS also provides transformation techniques to 

modify lines and polygons.  

Spatial adjustment in ArcGIS is performed by five different methods – affine 

transformation, projective transformation, similarity transformation, rubbersheeting and 

edge matching (ESRI 2009).  In ArcGIS, the transformation methods (affine, projective 

and similarity) are used to move or convert data into a coordinate system.  The general 

principle behind transformation is shown in Figure 4.2.  Based on the method used, the 

shape may be preserved or skewed followed by rotation and translation. The source and 

the destination control points are provided as displacement links (shown as lines joining 

the four corners of the square in Figure 4.2).  
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4.3 Mapping algorithms 
 

 Floodway mapping involves creating a smooth boundary around the river 

centerline that maintains the floodway topwidth at each cross-section as modeled by 

HECRAS.  Three different algorithms were considered to map the floodway boundary for 

a flooding reach.  All three methods considered floodway topwidth while trying to 

interpolate the width between two cross-sections.  Two of the three methods were based 

on linear interpolation of floodway topwidth between two consecutive cross-sections.   

 

4.3.1 Method 1 – Stream morphing 

 

The stream morphing method is a simple rubbersheeting technique based on the shape 

of the river centerline.  In stream morphing method, the source control points were 

defined along with the river centerline where it intersects with the cross-sections.  The 

destination points were the points of floodway encroachments at the cross-section. In 

other words, the displacement links were drawn from the point of intersection of river 

with the cross-section to the encroachment station on each cross-section.  The input curve 

is the river centerline that gets transformed to match the destination points as defined by 

the displacement links.  Figure 4.3 shows the output from the stream morph method.  In 

ArcGIS, rubbersheeting stretches the surface stretched using a piecewise transformation 

method preserving the linear portions. Thus, this method ‘morphs’ the river centerline 

between two cross-sections in such a way that the transformed curve pass through the 

encroachment stations at each cross-section.   
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The topwidths at each cross-section are used as elevation values to create another TIN 

(XSTin).  The two TINs are intersected and the difference between them would yield the 

floodway boundary.  The TIN intersection approach is widely used for floodplain 

delineation purposes.  For floodway mapping, the TIN elevations are based on the 

floodway topwidths at each cross-section.  Figure 4.7 shows the difference in floodway 

delineation as mapped by the buffer floodway technique and the stream morph method.  

In this paper, more focus has been provided on the challenges in implementing the buffer 

floodway algorithm.  We also detail the potential workarounds that have been employed 

to improve the algorithm to produce an aesthetically pleasing floodway boundary.   

 The buffer floodway method based on the topwidths enables a quick way to map 

the floodway boundary across the entire length of the stream.  It should be noted that the 

generated floodway boundary does not match the encroachments stations at all the cross-

sections. The advantages of using the buffer floodway method are: 

1. The river buffer helps to maintain the sinuosity of the river, especially at 

cross-sections at which the top widths are narrow. 

2. The buffer floodway approach eliminates the problem of the floodway 

boundary intersecting with the river centerline.  

3. Since the cross-sections are elevated by their top width values (different width 

on either side of the river centerline), the boundary would match the 

encroachments in the majority of the stations.  It also prevents the floodway 

boundary being mapped inside the encroachments at any cross-section.  
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3. Long cross-sections with wings and curved cross-sections might adversely 

influence the TIN interpolations between them.  It might result in 

underestimating or overestimating the interpolated elevations which would 

affect the floodway mapped between those two cross-sections.  

4. In some cases, the topwidth variations between two consecutive cross-sections 

might be high, resulting in complex triangulation patterns. 

 

4.4 Challenges in buffer floodway method 
 

 The buffer floodway method necessitated both data pre-processing and post-

processing of the resultant floodway.  The river buffer widths were determined based on 

the minimum and maximum floodway width on either side of the river centerline.  It 

ensured that the buffer rings would encompass all the encroachment stations along the 

reach.  The minimum and maximum topwidths also determined the buffer ring intervals.  

The XSTin was created with cross-sections with an elevation value equal to the floodway 

topwidth at that cross-section.  Numerous pre-processing procedures were applied before 

building the XSTin. They are listed below: 

1. The left and right topwidths at each cross-section are different.  Each cross-

section was split at the point where it intersected with the river centerline.  

The left and right cross-section features were then assigned elevations 

pertaining to the topwidth.  This preprocessing of the cross-section was 

necessary to generate accurate TINs on either side of the river centerline. 

2. The cross-section input features contain no intermediate vertices.  Lack of 

sufficient vertices affected the TIN triangulation patterns as shown in Figure 

4.8 (left).  It can be seen that the TIN interpolation bands between two 

consecutive cross-sections is not smooth.  Such triangulations are not 

desirable while interpolating between two cross-sections.  Typically, the TIN 

interpolation process is expected to produce long near-linear striations.  
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4.5 Post-processing the floodway polygon output 
 

The TIN intersection output is a polygon that shows areas where one TIN was higher 

in elevation that another.  Two major post-processing operations on the TIN intersection 

polygon were geometry cleanup and transformation.  The geometry cleanup involved 

exploding the multipart features and simplifying the floodway boundary polygon.  These 

cleanups resulted in the deletion of small internal and external islands.  Such artifacts are 

attributed to the tightly constructed multiple buffer rings and large differences in 

topwidth from one cross-section to the next. 

The last post-processing operation was to transform the curve to pass through the 

encroachment stations at each cross-section.  ArcGIS software provides five spatial 

adjustment routines – affine, projective, similarity, rubbersheeting and edge matching.  

Manual tests were conducted to see which method fit the curve to intersect with the 

encroachment stations along each cross-section.  Since the transformations were aimed at 

generating a visually pleasing floodway boundary, the statistical validity like the Root 

Mean Square (RMS) error of the fitted curve was not considered.   

We concluded that the rubbersheeting technique gave the best fit for the application at 

hand.  The rubbersheeting process managed to transform the curve to pass through a 

majority of the cross-sections.  The rubbersheeting process provided the most acceptable 

floodway boundary that made the boundary pass through most of the cross-sections.  

Figure 4.10 shows the difference between the rubbersheeted boundary and the raw 

floodway from TIN intersection.  It can be seen that the transformed rubbersheeted 

boundary (hatched symbology) has a good fit.   
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4.6 Summary and Conclusions 
 

 The floodway mapping process involves identifying a best-fit curve that satisfies 

FEMA requirements and passes their QA/QC process.  Any automated mapping process 

should take into consideration the topwidth of the floodway and minimize jagged lines 

that traverse in and out from one cross-section to another.  This paper presented three 

algorithms that would perform floodway smoothing.  We have also highlighted some of 

the issues that can affect or unduly influence the floodway boundary.  Preprocessing the 

data (densification and elevated wall) is vital to the success of the recommended buffer 

floodway algorithm.   

 The buffer floodway algorithm is not without its drawbacks.  However, it should 

be noted that the final output (after post-processing) from the algorithm provides a very 

good floodway boundary for the modelers to fine-tune manually.  The DFIRM 

production mapping scales should also be considered.  There is still room for 

improvement in this algorithm.  For example, we found that localized rubbersheeting 

provided better results in some locations.  Alternatively, we can also provide the outputs 

from various transformation methods and let the modeler pick the best fit for the study 

reach.  The buffer floodway algorithm makes good use of the spatial and cartographic 

capabilities of ArcGIS to develop smoothed floodway boundaries between modeled 

cross-sections.  
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5 Summary and Conclusions 
 

Manual floodway modeling is a time-consuming process depending on the 

complexity of the study reach.  The floodway outputs are then exported to a GIS and 

analyzed in order to factor in the local community’s development constraints and 

other spatial variables.  The next step is to generate a smooth floodway boundary that 

is fine-tuned to produce the final floodway extents.  This final output is then mapped 

on DFIRMs and made available in the public domain. 

 

5.1 Summary 
 

FEMA administers the National Flood Insurance Program (NFIP) in the United 

States for regulating flood insurance for property owners.  One of the main goals of 

the NFIP is to identify the nation’s floodplains and map them for flood insurance 

purposes.  FEMA designates the areas covered by the base flood as Special Flood 

Hazard Areas (SFHAs).  In some of the SFHAs, termed as detailed study areas, it is 

mandatory to perform both floodplain and floodway modeling. 

Floodway modeling is an iterative process of identifying a best-fit boundary 

around the main river channel that allows the base flood discharge without increasing 

the water surface elevation above a stipulated surcharge.  A typical manual modeling 

process takes repeated HECRAS model runs and exporting the results to a GIS 

whenever necessary to perform a spatial check on the model results.  It should be 

noted that the iterative process coupled with repeated export of HECRAS model 

output to a GIS results in wastage of modeling time. In a professional working 

environment, it becomes necessary to minimize time losses and improve efficiency. 

The principal goal of the research is to develop an algorithmic approach to 

automate the HECRAS floodway modeling process aimed at saving modeling time.  

The HECRAS software lacks a good mapping and spatial analysis environment that 
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can display and analyze the model output.  The ArcGIS environment has been used to 

act as a visual platform setting up HECRAS input files and communicating the 

floodway output to the modeler.  The ArcGIS software also facilitates the modeler to 

perform extensive spatial analysis and topology checks before sending the floodway 

for FEMA’s QA/QC process prior to final mapping. The research goal was achieved 

by completing the following objectives: 

1. Develop and implement an algorithmic, automated approach for iterative 

floodway modeling using HECRAS’s modeling engine and Environmental 

Systems Research Institute’s (ESRI) ArcGIS software. 

2. Develop an interactive visual ArcGIS environment for floodway modeling 

which enables the modeler to alter floodway boundaries within ArcGIS and 

remodel the floodway using HECRAS engine. 

3. Translate the HECRAS floodway output into smooth floodway boundaries 

(using 3 different methods) that can be modified with minimal user 

adjustment to be printed on DFIRMs.  

The first objective was achieved by developing an algorithm which executed the 

HECRAS software engine repeatedly until all the cross-sections along the reach are 

within acceptable floodway surcharges. Chapter 2 provided detail information about 

the algorithm that was used to automate floodway modeling.  A typical manual 

approach to HECRAS floodway modeling would be to perform Method 4 

encroachment analyses, followed by repeated Method 1 runs before finalizing the 

floodway model output based on the surcharges.  The algorithm does the same 

wherein it checks for excessive and negative surcharge cross-sections along the study 

reach (Figure 2.3).  Such cross-sections are iteratively modeled by editing the 

HECRAS input file based on engineering decisions.   

The key engineering variables that govern the algorithmic routines are output 

surcharges, critical depth, encroachment stations, ineffective areas, channel banks, 

floodplain boundary, and change in energy grade elevations.  The algorithm achieved 

significant time savings (Table 2.2).  It should be noted that the algorithm may not 
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produce a floodway output that has all cross-sections with acceptable surcharge.  A 

modeler has to manually perform some fine-tuning to the encroachments and ensure 

that the model is ready to be mapped. 

The second objective has been met by developing a tight-coupling system (Figure 

3.5) called FloodwayGIS, which enables the modeler to edit, remodel and analyze 

floodway output from HECRAS. Chapter 3 in the dissertation explains the 

components of FloodwayGIS.  FloodwayGIS environment translates HECRAS model 

output into a visual map output.  The visual environment is equipped with four 

different tools to edit floodway encroachments.  The modeler can use these tools to 

remodel floodway extents while visually inspecting the new position of the 

encroachments on the map.  In addition to being more efficient in displaying 

HECRAS model output, FloodwayGIS also saves time during the process.  The 

sequential procedure with manual modeling includes going back and forth between 

HECRAS and ArcGIS by using ‘Export GIS Data’ in HECRAS.  FloodwayGIS 

eradicates the need for repeated transfers and the model output after each edit trial is 

immediately updated on the map display. 

The next step in floodway modeling is to translate the floodway output 

(encroachment stations) at each cross-section into a smooth and continuous floodway 

boundary. FloodwayGIS provides various automatic mapping routines and algorithms 

that achieve this task.  The modeler is provided with different mapping outputs from 

which the best fit boundary can be chosen.  It should be reiterated that some manual 

fine-tuning will be necessary before finalizing the mapping output. 

Smooth floodway boundary generation is a complicated task in which care should 

be taken not to delineate boundaries inside the main channel and also snapping the 

boundaries at the encroachment stations at the cross-sections.  Objective 3 was aimed 

at generating such boundaries which would require minimal user adjustments.  

Chapter 4 details the various algorithms that have been developed to smooth a raw 

floodway output from HECRAS.  Smoothing has been achieved by a combination of 

TIN interpolation and mathematical curve transformation techniques (Figures 4.10, 

4.11).  In addition to achieving Objective 3, Chapter 4 also discusses the various 
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advantages and disadvantages of using a particular method for mapping.  It also 

highlights the spatial interpolation capabilities of ArcGIS.  Some pre- and post-

processing procedures were performed which vastly improved the floodway boundary 

output. 

The research presented here outlines FEMA’s technical requirements for a 

floodway modeling and mapping process for the NFIP.  The research also highlights 

the significance of automating the floodway modeling process and the time savings 

thus achieved.  A sophisticated and efficient mapping environment in ArcGIS has 

been developed to map a floodway.  Employing a fully commercial GIS like ESRI’s 

ArcGIS as a mapping environment empowers a modeler to perform detailed spatial 

analysis on the floodway output.  The research also evaluates multiple GIS algorithms 

for floodway mapping and combines spatial and mathematical techniques to establish 

a continuous floodway boundary. 

 

5.2 Contributions 
 

Numerous GIS-H&H coupling systems exist that tap into the analytical 

capabilities of ArcGIS while still using the full capabilities of a full-fledged H&H 

model.  ArcGIS has been coupled with HECRAS to map and manage floodplain 

mapping studies.  However, there has been a big void in coupling ArcGIS and 

HECRAS for floodway modeling purposes.  This research has made a successful 

attempt to fulfill that functionality gap coupling ArcGIS and HECRAS for floodway 

modeling.  Some of the principal contributions are as follows: 

1. The automation procedure provides an improved algorithmic approach to 

HECRAS floodway modeling.  Computers have the capability to perform 

engineering computations more rapidly without human error.  Although 

operator errors are inevitable, this study has contributed a smartly 

implemented algorithm for iterative floodway modeling.   
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2. The time savings are significant which translates into better productivity in a 

professional environment. 

3. The FloodwayGIS visual platform provides the ability to perform a full-

fledged HECRAS floodway modeling. Visualizing the changes being made 

almost immediately provides the modeler with useful spatial information with 

regards to placement of encroachments.  This information can be efficiently 

used to improve the quality of floodway modeling.  

4. FloodwayGIS also lets a modeler map older floodway boundaries done in a 

previous study by just re-running the HECRAS model.  Again, the time 

savings can be significant especially if aerial photos and existing floodway 

boundaries are readily available to be used as guides in editing 

encroachments. 

5. The smoothing algorithms and their investigation have brought forth pointers 

about best utilizing the capabilities of ArcGIS in mapping applications.  Such 

techniques may be extended to other engineering applications. 

 

5.3 Future work 
 

1. There is high potential to use this research as a starting point in developing flood 

risk maps.  Future projection estimates of urbanization, population growth, 

increase in the number of structures and river channel modifications (based on 

development) are some of the information that can be very useful in generating 

risk maps.  Such risk maps can be a good predictive tool in urban planning 

applications. 

2. The present research was based on 1-percent chance flood for FEMA’s NFIP 

program.  However, local communities can use the tool to generate similar extents 

for shorter and higher frequency storm events.  Such investigations can reveal 

susceptibility to a more immediate flood risk.  From an insurance standpoint, 

flood risk involves estimating damage to a property in an area.  Based on the 
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design life expectation and the location of the property, the flood risk can be 

calculated.  Such data can be used for emergency disaster management procedures 

and flood damage assessments. 

3. Availability of spatial data like the landuse, buildings, population density, and 

watershed buildout can be used to develop a decision support system for 

finalizing the floodway during modeling. 

4. More investigation can be done on the performance of the floodway modeling 

algorithm based on the length, sinuosity and flow volumes along a reach.   

5. Another interesting study would be to assess the performance of the algorithm 

when there are a lot of structural obstructions regulating the flow.  The floodway 

morphology can be investigated near the structures and identify any structural 

design parameters that adversely affect the floodway morphology.   
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Source code availability and tool distribution 
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Primary contacts: Sivasankkar Selvanathan (sivasankkar@gmail.com) or Dr. Randy 

Dymond (dymond@vt.edu).   

Source code availability: public. It can be requested by emailing one of the contacts.  

Client side requirements:  Visual Studio 2008 professional edition, .NET Framework 

2.0 (or higher) to view and make modifications to the source code.   

Code dependencies: ArcGIS 9.3 libraries and HECRAS 4.0 libraries. 

Tool distribution: Dynamic Link Libraries (dlls) 

Main distribution library: CustomsContentsView.dll 

Interoperability libraries: Interop.ADODB.dll, Interop.ADOR.dll, Interop.ADOX.dll, 

Interop.ADODB.dll, Interop.MsComDlg.dll and Microsoft.VisualBasic.PowerPacks.dll 

Registration utility: regasm 

Regasm location: “C:\WINDOWS\Microsoft.NET\Framework\v2.0.50727” 

Regasm usage syntax: regasm “<path to dll>” /codebase 

Appearance:  Custom tab in ArcGIS’s ArcMap  


