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CHAPTER 1: INTRODUCTION

In 2008 flooding occurred over a majority of lowa, damaging homes, displacing
residents, and taking lives. Governor Chet Culver called the 2008 floods, “the worst
natural disaster in the state’s history,” after 85 of the 99 counties were federally declared
disaster areas (Baldwin, 2008). Estimated damages to the state totaled $10 billion
(Baldwin, 2008). Nearly one third of the total damage was to the agricultural
community, including the inundation of 16 percent of the state’s 25 million tillable acres
(Baldwin, 2008). Whole towns were underwater causing the evacuation of 40,000
lowans. This event has left its mark on the residents of lowa that will not soon be
forgotten, see Figure 1.1.

Following the 2008 floods the U.S. Department of Housing and Urban
Development (HUD) provided a $15 million grant to the state of lowa for floodplain
mapping in the 85 counties which were declared presidential disaster areas. The lowa
Department of Natural Resources (IDNR) contracted the lowa Flood Center (IFC), a unit
of the University of lowa’s IIHR Hydroscience & Engineering (IIHR), to conduct a pilot
project. The study refined the hydrologic analysis, hydraulic analyses, and GIS
methodologies to take advantage of improved resolution and accuracy from the statewide
LiDAR dataset. The project also quantified the time required to perform the individual
tasks to maximize the impact of the provided federal funding. From the pilot project
IDNR surmised the IFC would be best suited to complete the floodplain mapping for the
85 declared disaster counties under the supervision of the IDNR. The lowa Department of
Economic Development (IDED) allocated $10 million to the IFC to produce maps that
can be accepted FEMA, with the additional $5 million to submit maps to the FEMA
approval process. Additional funds have been supplemented by IDNR to complete the

mapping of the other 14 non-disaster counties.



Flood mapping procedures are to follow the FEMA guidelines for and
approximate analysis. FEMA defines approximate methods as, “Semi-automated
hydrologic, hydraulic, and mapping tools, coupled with digital elevation data, allow
prediction of the floodplain limits, especially in lower-risk areas. If these tools are used
without benefit of any field survey data, the study is an approximate study,” (National
Research Council, 2007). Approximate studies emphasize areas of rural development by
expanding mapping projects to cover larger areas with less funding. Before adoption by
FEMA the maps are used to identify risks informing policy makers and citizens in the
state, and allowing them to better plan and manage land cover and development
activities. Mapping will begin in southwest lowa moving west and north over a four year

time period identifying the floodplains in all 85 declared disaster counties, see Figure 1.2.

Figure 1.1: Downtown Cedar Rapids, lowa during 2008 flood (Olson, 2008)
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Figure 1.2: Counties with federal disaster declaration post 2008 floods (Ralston, 2010)

The floodplain mapping procedure requires a reliable and accurate ground
elevation dataset provided by the 1-meter LIDAR derived DEM. Each procedural
component for the Floodplain Mapping (FPM) Project enlists the LIiDAR dataset to
extract and manipulate elevation data in production of flood boundary maps.

This procedure begins with the identification of the stream network. Through
raster manipulation tools imparted on the 1-meter DEM, and aerial photography a stream
centerline is digitized manually. The centerline derived from this procedure is to replace
the USGS NHD centerline as it is deemed to be more relevant and accurate than the
existing information.

Hydrologic modeling procedures are based on IDOT and IDNR standard
practices, which use a combination of two regional regression analyses for predicting
annual exceedance flow in lowa streams. Regional regression analyses determine flow
by relating measure geomorphic and climatic characteristics. Through raster

manipulation techniques applied to the LIiDAR derived DEM, drainage areas within the



streams are determined, representing a key geomorphic feature. The hydrologic analysis
produces stream flows for eight different annual exceedance discharges.

Hydraulic modeling procedures utilize Army Corps of Engineering tools HEC-
GeoRAS and HEC-RAS. Hydrologic Engineering Center tool GeoRAS is utilized to
process geospatial data in preparation of use by HEC-RAS. The River Analysis System
(RAS) is used to predict water surface elevations based on the standard step backwater
method for each of the eight annual exccedance discharges output from the hydrologic
modeling procedure.

Floodplain boundaries are identified through use of HEC-GeoRAS. The Army
Corps of Engineering program utilizes the water surface elevations from the hydraulic
modeling procedure and the LiDAR derived 1-meter DEM to produce the floodplain
boundaries. Flood boundaries are adjusted to eliminate artifacts introduced by the DEM.
Based on need and funding the developed maps are adopted to be by FEMA and included

into the National Flood Insurance Program (NFIP).



CHAPTER 2: BACKGROUND INFORMATION

Prior to the initiation of the lowa Floodplain Mapping Program a combination of
development near bodies of water and natural disasters led to national devastation. The
National Flood Insurance Program (NFIP) and Floodplain Mapping (FPM) programs
were developed to prevent and recover from flood based disasters. Advancements in
technology and a better understanding of flooding encouraged the establishment of new
national policies and procedures. A brief synopsis of the nation’s history with flood
based disasters and the response on a federal, state, local level are documented in the

proceeding sections.

2.1 National Flood Insurance Program (NFIP)

The U.S. Congress established the NFIP through the National Flood Insurance act
of 1968 (FEMA, 2002). NFIP enables property owners in participating communities to
purchase federally subsidized insurance as a protection from flood losses. This act
provided an insurance alternative for disaster assistance to meet the escalating costs of
repair to buildings and properties caused by floods (FEMA, 2002). Prior to 1968 federal
involvement in flood damage mitigation was provided primarily in response to significant
events, through the use of structural flood-control projects, such as dams and levees.
Despite the billions of dollars invested into structural solutions, the loss of life, property,
and the amount of federal assistance continued to increase (FEMA, 2002).

The United States Congress has charged the NFIP with four major
responsibilities. Within in participating communities flood risk areas are identified, and
communicated to the public. Local and state governments are encouraged to
appropriately develop the land identified to be within flood risk areas to minimize
damage caused by flooding. Finally, the NFIP makes flood insurance available
nationwide allowing individuals to recover from flood losses, mitigate future damages,

save lives, and reduce individual and national expenditures.



Initially inclusion of communities and individuals into the federally subsidized
flood insurance plan was voluntary (FEMA, 2002). This proved catastrophic as shortly
after the conception of the NFIP, Tropical Storm Agnes hit in 1972 causing extensive
riverine flooding along the east coast. This disaster caused more damage than any
previous disaster in the nation’s history (Wright, 2000). As a result, the U.S. Congress
passed the Flood Disaster Protection Act (FDPA) of 1973. This prohibited federal
agencies from providing disaster assistance to any community within the floodplain
which did not participate in the NFIP (FEMA, 2002). NFIP was further amended in 1982
with the Coastal Barrier Resources Act (CBRA), and in 1994 with the Flood Insurance
Reform Act (FIRA). The CBRA prohibited federal funds including insurance as aide in
designated undeveloped costal barrier islands. The FIRA reduced federal funding to
repetitive loss properties through buyouts, elevations, relocations, or flood proofing
(FEMA, 2002).

“The National Flood Insurance Act of 1968 authorizes the director of FEMA to
establish and carryout a national flood insurance program which will enable persons to
purchase insurance against loss resulting from physical damage to or loss of real or
personal property” (FEMA, 2002). Flood insurance can be purchased by individuals
located in a participating community. Insurance is provided through state-licensed
property insurance agents working directly with FEMA, or through private insurance
companies involved with the “Write Your Own” (WYO) program. The WYO program
enables the private sector to sell flooding insurance on behalf of the NFIP, 95% of flood
policies are issued this way (FEMA, 2002). Insurance rates are determined actuarially by
flood risk zone, occupancy type, and building type. The NFIP offers subsidized rates to
buildings erected prior to 1975 as they were created without the occupants full
knowledge and understanding of the flood risk (Wright, 2000). As of March 2002 over
$606 billion in flood insurance was covered by the NFIP. The insurance premiums and

federal policy fees are collected and stored in the National Flood Insurance Fund (NFIF).



When a flood inundates at least two or more acres over at least two properties of
normally dry land, a flood insurance claim is submitted to acquire funds to repair
damages.

Flood hazard maps are required for floodplain management regulations,
calculating flood insurance premiums, and to determine whether a property owner is
required to obtain flood insurance. The 1-percent-annual-chance flood was chosen to
illustrate this, on the basis that it provides a higher level of protection while not imposing
overly excessive costs on land owners. Before a community is allowed to participate in
the NFIP the flood risk zones must first be established. FEMA uses a two approach
method to identifying flood risk areas depending on a communities flood hazards. A
detailed approach is used to identify flooding sources which affect developed or
developing areas. While approximate studies are used for undeveloped or sparsely
developed areas. Flood hazard maps have been issued for over 19,000 communities at a

cost of over $1.5 billion (FEMA, 2002).

2.2 FEMA Mapping

FEMA splits the mapping efforts through an integrated approach of detailed
studies and studies by approximate methods. Each of the three primary periods of FEMA

mapping applies a combination of these studies in varying formats and methods.

2.2.1 Early Conventional Flood Maps
Initially, the NFIP relied upon its small underfunded in house staff to map the
floodplains for communities new to the NFIP. They utilized base maps provided by the
participating communities, which were augmented by flood data generated by federal
agencies (FEMA, 2002). The NFIP intended to implement a detailed study for every
community before they were allowed into the program identified as a Flood Insurance
Rate Map (FIRM), see Figure 2.1. While the study was being conducted a simpler and

faster study was performed by approximate methods allowing the community to begin



managing the floodplain and for insurance agencies to produce actuarially sound
insurance rates, identified as Flood Hazard Boundary Maps (FHBM), see Figure 2.2.
The approximate limits were delineated on topographic maps. At first the flood
prone areas were identified in a rectilinear fashion following easily identifiable
landmarks. In 1973 with the FDPA the FHBMs needed to be more accurate (Wright,
2000). Curvilinear flood boundaries which followed contour maps became the new ideal.
Techniques involving contour interpolation, from USGS 7.5 minute contour maps were
typical flood estimation processes. Topographic maps, soils maps, aerial photography,
and early HEC models with few cross sections were among the common components
included in the early flood boundary identification techniques. With the increased need
for actuarial boundaries NFIP focused on producing maps by approximate methods to

fulfill the incoming requirements.

Figure 2.1: Paper FIRM identifying cross section locations, elevation changes, flood
boundary, and political features (Ralston, 2010)
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Figure 2.2: Paper Special Hazard Boundary Map produced through approximate methods
identifying the flood boundary and political features (Ralston, 2010)

2.2.2 Map Modernization

The Flood Map Modernization Program is a multiyear process undertaken by
FEMA to provide a technology based, cost effective, long term process, for updating
maintaining, storing, and distributing flood hazard and risk information (FEMA, 2007).
Conventional flood maps involved paper-based cartographic methods provided limited
accuracy in a quickly changing physical environment. Through a lack of funding in the
1980’s and 1990’s for flood hazard mapping, most NFIP maps began to age, representing
flood inundation poorly (FEMA, 2010). FEMA typically uses the prevailing map
production techniques. With advancements in GIS technologies and digital production

processes, the long used paper processes began to make way for a digital production.
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The five year plan beginning in 2003 was to convert the entire flood map
inventory to a digital format, see Figure 2.3. In the digitization process, current maps
were upgraded with new information when possible. Additionally, over 13,000 new
digital map panels would be created for flood prone communities without maps (Wright,

2000).

Figure 2.3: Digital Flood Insurance Rate Map (Ralston, 2010)

Using GIS based methods, new approximate flood area delineations were
developed for areas not having a detailed study. In this time period approximate studies
were no longer performed by interpolation techniques. Peak flow transfer, regional

regression, or the rational formulas are implemented to identify the 1 percent-annual-
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chance-flood. Normal depth calculations though Manning’s equation or highway culvert
nomographs were used to identify the flooding height. HEC-2, HEC-RAS, Quick-2, and
HEC-SSP are among the computer programs accepted by the NFIP to identify discharges
or water surface elevations.

As a part of Map Modernization, a program called Cooperating Technical
Partners (CTP) enabled local communities, states, and regional agencies to integrate into
the mapping process. The program allows partnering entities to perform all of the data
collection, mapping tasks, and management (FEMA, 2002). With a more local approach,
specialized procedures can be tailored to areas containing unique conditions, which
wouldn’t be identified by a federal overview.

Through Map Modernization, 100,000 of the nation’s flood maps were made
accessible through a digital platform (FEMA, 2009). Improved accuracy, relevancy, and

accessibility of flood risk maps were made available.

2.2.3 Risk MAP

Risk Mapping, Planning, and Assessment (Risk MAP) is a five year program
beginning in the fiscal year of 2010. It is built on the foundation of Map Modernization
through a continuation of map updating and public awareness. The program invested
itself into improving elevation data, mapping procedures and databases, risk
management, and community involvement and coordination.

FEMA is investing $20 million annually into elevation data acquisition, targeting
areas of high flood risk (FEMA, 2010). Accurate topographic data is the most important
factor in determining water surface elevations, and flood extents in riverine areas
(National Research Council, 2009). LiDAR technology is significantly changing the way
the surface of the earth and buildings, vegetation and other features are mapped (FEMA,
2009). Improvements in LIDAR technology and rapidly declining costs are quickly

making this the preferred form of elevation data.
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Watershed based mapping and coordination is among the new concepts realized
by Risk MAP. Watershed based coordination facilitates communities functioning
together in discussion of joint risks and consequences. Mapping completed by watershed
is also a more intuitive approach compared to the previously accepted by political
boundary based mapping.

Risk MAP’s approach to risk management is through an integrated approach,
providing a suite of decision making tools for development of land, capital
improvements, and transportation systems. To enable improved risk comprehension,
risks are to be delivered to communities in terms of probabilities and consequences,
encompassing the social impacts of flood risk. Programs have been created to integrate
flood, earthquake, and hurricane wind risks together allowing individuals a
comprehensive understanding of total risk.

The NFIP has identified that sound and reliable flood risk information is a
necessary component of useful risk analysis. The dynamic nature of the floodplain
requires periodic map updating to maintain a reliable inventory. Risk MAP ensures by
2014 that 80% of the nation’s flood hazard maps are current through creating, updating,
or validating hazard maps (FEMA, 2009). FEMA will utilize engineering and mapping
contractors along with CTP’s to ensure that progress made through Map Modernization
does not go to waste.

Mapping procedures although systematically similar to the Map Modernization
procedures are identified by FEMA mapping requirements with an alternative
nomenclature. Previous DFIRMs contained detailed studies, limited detailed studies, and
approximate studies. The flood hazard studies are now identified as either a base study or
an enhanced study. This better identifies the methods used to produce the maps.
Enhanced studies are identified by a continuum of enhancements directly related to the
incorporated modeling procedures. Secondary datasets are to be produced improving an

individual’s understanding of risk. These products include, an image of flooding depth
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for the all annual exceedance discharges, and 50, 20, and .05 percent annual exccedance
flows with the corresponding flood boundaries (FEMA, 2011).

Throughout history FEMA and the NFIP have altered their approach to floodplain
mapping. The early conventional maps were paper based cartographic estimations of
flooding extents, using topographic information to identify the floodplain. Map
Modernization Program aspired to create a full inventory of Digital Flood Insurance Rate
Maps (DFIRM), while updating maps where it was needed through new hydrologic and
hydraulic models. Risk MAP’s vision is to deliver a product in a manner that increases

public awareness, an action that will reduce risk.

2.3 Statewide Mapping Projects

States and other large communities have begun to produce and manage the
floodplain mapping within their political boundaries. The CTP, Map Modernization, and
Risk MAP programs provide funding through FEMA for digitization of paper maps and
new mapping projects. North Carolina, West Virginia, Indiana are primary examples of

the FEMA mapping programs.

2.3.1 North Carolina Statewide Mapping Project

North Carolina faces extreme hazards often occurring in short intervals. Since
1989 the state has had over 25 federally declared disasters, while 95 of the 100 counties
were affected (State of North Carolina, 2008). Limitations of the state’s current risk
management became evident over this time period. Many of the flood hazard maps were
identified to be irrelevant. As a result North Carolina established a statewide remapping
program and became the first Cooperating Technical State (CTS) within FEMA’s CTP
program in 2000. To date North Carolina has allocated more than $128 million towards
the project $60.6 million coming from FEMA (State of North Carolina, 2008). The state

updated the flood hazard maps for all communities with digital maps by 2008.
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Through a combination of LIDAR data collection and field surveys, topographic
information was taken for the entire state. Through the post processing of the LIDAR
data 20-foot DEM’s and bare earth break lines used as stream centerlines were
developed. A basin wide approach using regional regression equations and gage
weighting where appropriate output the peak flows. Detailed hydraulic studies were
performed for 3,000 stream miles using a HEC-RAS standard step-backwater method.
Field survey data for bathymetries of the river was coupled with LiDAR surface data to
create detailed cross sections. Limited Detailed studies were performed for 17,000
stream miles using HEC-RAS and cross sectional data extracted from the LiDAR
information only. Six thousand stream miles of hazard maps were redelineated using
previous FIS to fit the data to the new base map. Approximate analyses were performed
for the remaining 2,000 stream miles only the flood hazard areas were identified through
a HEC-RAS model. Costal analyses were performed for the 212 miles of coast line along
the eastern state line, including storm analysis, and wind, tidal and wave models.

In total the North Carolina Statewide Floodplain Mapping Project completed over
28,000 river miles of analysis and redelineation. State contractors and state government
offices completed flood maps for the entire state in eight years. To date the project has
spent $128 million to restudy, map, and to increase awareness of the flooding issues.
North Carolina led the way for other states to take control of the flood hazard mapping,

and risk assessment.

2.3.2 Other State Projects
Through FEMA funded Map Modernization and Risk MAP programs states and
local agencies have begun to include themselves into the mapping process. Currently
over 115 states and agencies have been recognized by CTP program alone (FEMA,

2002).
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FEMA has allocated over $500 million to West Virginia from 1996 to 2004 in
flood assistance (West Virginia Conservency Agency, 2011). Many of the state’s flood
hazard maps were created using studies performed in the 1980°’s, which lack sufficient
detail to easily identify at risk properties. Stemming from this time period the West
Virginia Conservancy Agency along with other local agencies identified a need for a new
statewide flooding plan. LiDAR will become a key component of the future hazard
mapping. The funding for the project is to come from multiple sources within the state,
and the CTP, and Map Modernization programs. The state of West Virginia is increasing
the knowledge of risks and risk management techniques associated with flooding.

Other states such as Indiana and the associated Department of Natural Resources
aim to become a part of the Map Modernization mapping effort through the CTP
program. Indiana is to digitally remap, update, and complete new FIS for the entire state
over a five year time period (Indiana Department of Natural Resources, 2004).

The state of Louisiana looks to aid the Map Modernization mapping effort,
though not involved with the CTP or CTS programs. Mapping firms complete hazard
maps in the coast parishes prone to the largest flood risks (LaMP, 2007). The Louisiana
Mapping Project specifically acts as an intermediate between FEMA and the public,
offering technical help to mapping partners and aiding in public outreach.

Mapping efforts through coordination with states and local agencies are becoming
increasingly common as it streamlines the map coordination process and offers a single
point of contact for FEMA. North Carolina, West Virginia, and Indiana among others are

leading the way in state wide mapping efforts.

2.4 Chapter Summary

The NFIP was established in response to the escalating financial burden put on

the taxpayers by natural disasters. Privatization of flood risk was the major aim in the
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initialization of the flood insurance program. Amendments to the National Flood
Insurance Act strengthened and focused the purpose of the NFIP.

The one percent annual chance flood was identified as the measure of a
significant event. Mapping the one percent flood can be completed by either an
approximate study or a detailed study. Mapping technologies and procedures have been
altered throughout history reflecting the knowledge of the day. Map Modernization,
Cooperating Technical Partners, and Risk MAP each have influenced the current FEMA
mandated procedures and technologies.

Through these mapping programs many states and large communities have begun
identify flood risks within their jurisdiction. North Carolina is the primary example of
this with the completion of a statewide mapping effort in eight years, receiving nearly
$60 million in funding from FEMA programs. Inclusion of local communities into the
mapping process streamlines mapping procedures.

NFIP, Map Modernization, and Risk MAP are among the FEMA based programs
advancing the mapping standards and procedures. Enabling FEMA to keep up with
current technology, research, and risk management. Current mapping procedures and
technologies mandated by FEMA have been honed over time though trial and error

enabling the creation of relevant flood hazard maps.
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CHAPTER: 3 FEMA METHOLOLOGY

Inundation maps are employed as a flooding estimation tool. Combinations of
hydrologic and hydraulic modeling with stream gage history, stream geometry data, and a
comprehensive LIDAR based elevation dataset aid in the completion of statewide
floodplain maps. The process utilizes computer modeling paired with GIS mapping to
provide accurate estimations of flooding in varying flow scenarios. Inundation mapping
can be divided into four major processes hydrographic delineation, hydrologic modeling,

hydraulic modeling, and mapping. Each is described in detail in the following sections.

3.1 Source Data

Hydrographic, hydrologic, and hydraulic analysis require established datasets to
extract information and complete the corresponding modeling procedures. Published
information produced by the lowa Department of Natural Resources (IDNR), United
States Geological Survey (USGS), Environmental Protection Agency (EPA), and other
sources are input into the modeling scheme to produce flood inundation maps. LiDAR
derived rasters, NHD streamlines, NLCD land use products, USGS stream gage
information, and hydrologic zone shapefiles are of the used products discussed in the

following section.

3.1.1 LIiDAR
Light Detection and Ranging (LiDAR) is a mapping technology that determines
the distance to an object or surface by measuring the travel time of laser pulses (Sanborn,
2011). An airplane mounted LiDAR device sends thousands of pulses per second,
receives the reflected information and outputs a point cloud of elevation data over a given
flight path. With the addition of inertial measurement units, aerial GPS, and ground

based GPS units, the pitch, roll, and location of the aircraft are measured multiple times
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per second, see Figure 3.1. In unison the devices effectively position and correct all of

the LIiDAR elevation data.

LiDAR: Operating Principles -SANB@RN - Total Geospatial Solutions
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Figure 3.1: Airplane based LIDAR measurement apparatus (Sandborn, 2011)

The primary product of the LIDAR imaging is a one meter Digital Elevation
Model (DEM). This is a three dimensional representation of the bare ground surface. An
ArcGIS extension called LP360 is applied to analyze 3-D point cloud datasets. LIDAR
collection devises measure multiple returns of the laser signal. The first reflection data
returned to the tool is off the higher surfaces, trees and buildings. The last returns are off
the lowest points, typically the ground surface, see Figure 3.2. LiDAR flights for bare

earth datasets are recorded only during leaf off and no snow periods reducing error
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introduced from environmental sources. LP360 separates the bare earth points from the
others to produce the DEM. The point cloud dataset of the terrain is divided into one
meter grid cells. The points are averaged to produce a single elevation in each grid space,

outputting the one meter DEM.

LiDAR: First and Last Return Data SANB@RN - Total Geospatial Solutions
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Figure 3.2: LIDAR data measurement, first returns come from the tree tops and last data
returns reflect of the ground surface(Sandborn, 2011)

Before the implementation of LiDAR technology other techniques were applied to
create lower resolution rasters. The IDNR previously used 30 meter USGS Level 1 and 2

DEMs (Kollasch, 2011). These DEMs are derived from 7.5 minute contour information
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for small islands inside of the flood extents at a 500 square meter threshold. This

produces a cleaner map identifying major flood inundation locations.

Figure 4.29: Ponds upstream of the one mile drain area threshold

Note: a) Pond area post downstream river model. b) Pond boundary delineation c) Pond
inundation extent d) Pond depth grid
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4.5.1 Section Summary
Flood inundation areas and depths are identified from the water surface
elevations. A water surface TIN is created from the water surface elevations at each
cross section. The difference between the DEM and water surface TIN is used to
determine the flooded areas and the associated depths. The bounding areas are smoothed
and extraneous polygons and islands are removed. Finally, the inundations are merged

together in preparation for DIRM mapping.

4.6 Chapter Summary

Chapter 4 Case Study applies the principles discussed in Chapter 3 FEMA
Methodology to an lowa watershed. Images, example calculations, and detailed
strategies are employed to offer another description of the routines necessary to delineate
flooding extents. Chapter 4 follows a parallel topic structure to the previous chapter
discussing centerline digitization, regional regression hydrologic modeling, HEC-RAS
based hydraulic modeling, and floodplain boundary delineation.

Identification of an accurate stream centerline requires a reliable representation of
the ground surface found in the one meter DEM. Stream centerline digitization is split
into small and large stream based on channel width. Small stream are located by
inputting the DEM into a series of ArcGIS based raster manipulation tools. Large
streams are located by first identifying the location where the water surface meets the
land and averaging the distance across. Common trouble shooting techniques in
identification of both the small and large streams are stated throughout the section
including the use of alternate datasets.

Annual exceedance discharges are identified at each stream location through a
gage weighted regional regression analysis, utilizing two USGS based regional regression
analyses. Drainage areas in the streams are identified first through a series of raster

manipulation tools. The flows are calculated based on the stream locations relation to a
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stream gages. Examples, images, and detailed descriptions are utilized to better
understand the hydrologic analysis.

Water surface elevations are identified at each stream location through a one
dimensional HEC-RAS steady flow model. Geometries are identified for each reach
within ArcGIS and extracted with HEC-GeoRAS. Overland flow resistance is computed
with the NLCD. Flow values and overland roughness values are applied to each cross
section location and the model is run producing water surface elevations.

Water surface elevations at each cross section are extrapolated in production of a
water surface TIN. The ground surface DEM is subtracted from the TIN to identify the
water depth grid and flood inundation area. Upstream ponded areas are manually
modeled and abnormalities in the flooded areas are smooth and removed from the
inundation. The final product of Chapter 4 Case Study is a flood boundary for a given

reach.
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