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Flood-inundation Map Libraries for Selected Communities in Indiana and 
Countywide Floodplain Mapping Generated from Soils Data 

 
A proposal to the Indiana Office of Community and Rural Affairs for a forward-thinking 

mitigation activity in 82 counties eligible for Community Development Block Grant 
Disaster Recovery Funds. 

 
 
Executive Summary 

Indiana has seen loss of life and increasing damages from flooding. This project, 
in order to protect low and moderate income communities from future flood damages, 
proposes a forward thinking mitigation activity to develop flood inundation mapping 
within the 82 counties eligible for CDBG disaster recovery assistance. This activity 
proposes two classes of floodplain map products: (1) detailed libraries of flood 
inundation maps for 23 selected NWS flood forecast or observation points in 
communities within the 82 eligible counties; and (2) county-wide floodplain extent maps 
using the Natural Resources Conservation Service (NRCS) National Cartography and 
Geospatial Center Soil Survey Geographic (SSURGO) Database. The advantage to 
communities and rural residents in the 82-county area of this approach is that the detailed 
flood inundation maps, tied to existing streamgage/forecast points, will be a valuable 
mitigation, response, and recovery tool for densely populated and flood prone 
communities whereas the SSURGO generated maps will provide flood extents for entire 
counties very economically. 

This project will meet the CDBG Disaster Recovery program national objectives: 
(1) benefit persons of low and moderate income; and, (2) meet other urgent community 
development needs because existing conditions pose a serious and immediate threat to the 
health and welfare of the community where other financial resources are not available. 
Flooding is a serious and immediate threat to communities in and near floodplains, these 
products will provide tools that will allow communities to plan low and moderate income 
developments that are resilient to flood inundation hazards. 

The estimated start of this project is October 1, 2010 and end of project is 
September 30, 2013. The total funding needed for this project is $1,450,000. 
 
Background 

Flooding causes more deaths and damage than any other weather-related 
phenomena, and three-quarters of all federal disaster declarations are due, at least in part, 
to flooding (National Hydrologic Warning Council, 2006). There has been a trend of 
increasing flood damages in Indiana: from 1955—1989, total recorded flood damages in 
Indiana were estimated at $419 million (in today’s dollars); for the period 1990—2003 
total damages were estimated at $701 million. From January 2008 through March 2009, 
Indiana had six severe flood events that resulted in the loss of life and property damage in 
the hundreds of millions of dollars. As a result, 82 Indiana counties became eligible for 
Department of Housing and Urban Development allocated Community Development 
Block Grant Disaster Recovery Assistance (fig. 1). Grantees may use CDBG Disaster 
Recovery funds for recovery efforts involving housing, economic development, 
infrastructure and prevention of further damage to affected areas.  
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Two of the most effective ways of preventing further flood damage to at-risk 

communities are to (1) identifying the potential risk of future flooding through the 
development of flood inundation mapping; and (2) combining flood inundation mapping 
with real-time and forecast river level data that communities can use to protect lives and 
property before and during flood events. Timely flood forecasts save lives and aid 
disaster preparedness, which decreases property damage by an estimated $1 billion 
annually (Mason and Weiger, 1995). The National Weather Service (NWS) is charged by 
law with the responsibility for issuing river forecasts and flood warnings. The NWS uses 
many sources of data when developing its flood forecasts. The U.S. Geological Survey 
(USGS) is the principal source of data on river depth and flow (Mason and Weiger, 1995) 
from a nationwide network of streamgaging stations. The NWS provides flood forecasts 
at designated flood forecast points on streams; these points are often collocated at USGS 
stream gages. Inundation maps linked to these forecast points will provide information on 
the spatial extent and depth of flood waters for forecast river levels ranging from minor 
flooding through the largest observed flood on record. Combined with near-real time 
river data from USGS streamgages and NWS flood forecasts, these maps enhance the 
communication of flood risk and provide users additional information needed to better 
mitigate the impacts of flooding and build more resilient communities (National Weather 
Service, 2008).  

This project, in order to protect low and moderate income communities from 
future flood damages, proposes a forward thinking mitigation activity to develop flood 
inundation mapping within the 82 counties eligible for CDBG disaster recovery 
assistance.  

 
Purpose and Scope 

This activity proposes two classes of floodplain map products: 
1. detailed libraries of flood inundation maps for 23 selected NWS flood 

forecast or observation points in communities within the 82 eligible 
counties (table 1) – an example of a portion of a library for Findlay, Ohio 
is shown in Fig. 2. 

2. county-wide floodplain extent maps using the Natural Resources 
Conservation Service (NRCS) National Cartography and Geospatial 
Center Soil Survey Geographic (SSURGO) Database 

The advantage to communities and rural residents in the 82-county area of this 
approach is that the detailed flood inundation maps, tied to existing streamgage/forecast 
points, will be a valuable mitigation, response, and recovery tool for densely populated 
and flood prone communities whereas the SSURGO generated maps will provide flood 
extents for entire counties very economically (because detailed computer stream models 
will not be needed). The SSURGO technique is a new, state-of-the art scientific method 
developed by Purdue University (see fig. 3).  

Grantees may use CDBG Disaster Recovery funds for recovery efforts involving 
housing, economic development, infrastructure and prevention of further damage to 
affected areas, if such use does not duplicate funding available from the Federal 
Emergency Management Agency (FEMA), the Small Business Administration, and the 
US Army Corps of Engineers (USACE). The preceding agencies do not have a funding 
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mechanism for products 1 and 2. FEMA does fund development of floodplain maps in 
order to regulate the National Flood Insurance Program, but these are produced using 
more traditional techniques such as computer stream models. FEMA does not fund flood 
inundation map libraries tied to streamgages or state-of-the-art science for producing 
floodplain maps. The Indiana Silver Jackets hazard mitigation taskforce, recognizing the 
critical need for flood inundation libraries, has pursued funding for activity 1 through 
FEMA Hazard Mitigation Grant Program (HGMP) and USACE Planning Assistance to 
States (PAS) funding without success; it appears that activity 1 lies outside the scope of 
these programs. The U.S. Geological Survey (USGS) is developing a National 
infrastructure for serving map libraries such as those produced under item 1, but does not 
have direct funding to produce the libraries listed in table 1.  

 
Table 1. Flood Inundation Map Library Locations 
 
Streamgage/forecast Point   

County 
East Fork White River at Shoals Martin 
White River at Indianapolis Marion 
Wabash River at Lafayette Tippecanoe 
Wabash River at New Harmony Posey 
White River at Anderson Madison 
White River at Petersburg Pike 
Mississinewa River at Marion Grant 
White River at Spencer Owen 
Blue River at Shelbyville Shelby 
White River at Newberry Greene 
Wabash River at Logansport Cass 
Yellow River at Plymouth Marshall 
St. Joseph River at Elkhart Elkhart 
Elkhart River at Goshen Elkhart 
Tippecanoe River at Ora Starke 
Tippecanoe River at Winamac Pulaski 
St. Marys River at Decatur Adams 
Kankakee River at Davis Newton 
Wabash River at Vincennes Knox 
Sugar Creek at Crawfordsville Montgomery 
Lost River near Prospect Orange 
Spy Run Creek at Fort Wayne Allen 
Haw Creek at Columbus Bartholomew 
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Figure 1. Counties approved for Disaster Assistance 
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Benefits 

1. This project will meet the CDBG Disaster Recovery program national objectives:  
a. benefit persons of low and moderate income – this activity will benefit 

persons living in flood prone low and moderate income by providing tools 
to planners, emergency managers, and government officials for making 
the communities more resilient to flood hazards. The inundation mapping 
is a valuable tool for mitigating flood impacts not only for residences and 
businesses in a floodplain, but also upon the transportation, water and 
wastewater treatment, and power infrastructure that serves those 
residences and businesses.  

b. meet other urgent community development needs because existing 
conditions pose a serious and immediate threat to the health and welfare 
of the community where other financial resources are not available – 
flooding is a serious and immediate threat to communities in and near 
floodplains, these products will provide tools that will allow communities 
to plan low and moderate income developments that are resilient to flood 
inundation hazards.  

2. Observed and predicted flood-inundation maps will allow officials to make 
operational and public safety decisions based upon flood extents and depths. 
When coupled with effective response plans, the project products would enable 
citizens and public servants to act to protect people and property before 
floodwaters reach critical levels and thus provide tangible economic benefits 
during a flood. 

3. The project would bring together federal, state, and local agencies and institutions 
in a collaborative effort that will enhance flood mitigation planning and response.  

4. The project will effectively leverage a large pool of existing resources including 
NRCS SSURGO data, the USGS streamgaging network, a new USGS 
infrastructure for disseminating flood inundation mapping, and NWS flood 
forecasting functions.  

Deliverables 
1. Inundation map libraries for each streamgage/forecast point specified in Table 1. 

To facilitate use of the libraries for community planners, emergency managers, 
and the general public in effected communities, the libraries will be available in 
the following formats: 

a. Downloadable Geographic Information System (GIS) polygon and line 
shapefiles, grid raster files, and XML metadata files: these formats will 
allow experienced GIS application users to use the files for purposes such 
as flood preparedness and response, flood loss estimates (e.g. HAZUS-
MH) and flood mitigation projects. 

b. KML/KMZ format: Keyhole Markup Language (KML) and KML-Zipped 
(KMZ) files are used by applications, most commonly Google Earth, to 
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display geospatial data. This format allows for Google Earth applications 
such as animations and fly-throughs. The KML/KMZ files will be created 
from the ESRI shapefiles. 

c. PDF files: Portable Document files will allow viewing and printing of 
maps by a broad audience. The PDF files will be created from the 
available GIS layers in item 1 above. 

d. Web map viewer: A Web-based viewer developed by the USGS 
Wisconsin Water Science Center will host the map libraries. This simple-
to-use viewer allows users to zoom into a community, and using a scroll 
bar quickly ascertain the extent and depth of real-time and forecast 
flooding on a street level. 

2. County-wide floodplain extents developed from the NRCS SSURGO database. 
These maps will be available for download in a GIS file format and for viewing 
through the Web; hosted by the USGS National Map, and published through the 
new WaterHUB cyber portal under development at Purdue University. 
WaterHUB is based on the HUB Zero technology developed at Purdue University 
(see https://hubzero.org/). 
 

 

 

 
Figure 2. Example of graph of flood levels from USGS streamgage (top) – these levels 
correspond to example flood inundation maps for 14 feet (left) and 18 feet (right). 

https://hubzero.org/�
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Approach 

1. Compilation of hydrographic and topographic data sets: Data sets used for the 
project as well as project deliverables will have for a vertical datum the North 
American Vertical Datum of 1988 (NAVD 88) and for a horizontal datum the 
North American Datum of 1983 (NAD 83). Conversions from other datums will 
be made as needed using standard conversion techniques such as VERTCON 
software for vertical datums.  

Flood Inundation Libraries 
For each streamgage/forecast point, the following tasks will be accomplished:  

a. Hydrographic data sets will include stream gage datum elevation, historic 
flood peak information, stream gage rating curve, and high-water mark 
data, historic flood profiles, FEMA flood insurance study (FIS) materials, 
existing hydraulic models (such as those done for the Indiana Department 
of Natural Resources – INDR - floodway permits) and existing AHPS text 
descriptions of the local impacts to property, structures and roads.   

b. A base topographic data source will be identified and obtained. The 
National Elevation Dataset (NED) 1/3 arc second (10 meter) Digital 
Elevation Model (DEM) (Reference 2) will be the minimum resolution 
data used for a base topographic data source.  In some cases, higher 
resolution topographic data may have been developed by local 
communities or as part of Federal Emergency Management Agency 
(FEMA) National Flood Insurance Program (NFIP) studies (Reference 3).  
The highest resolution topographic data that is available shall be used as 
the base topographic data source.  

2. Selection of a predefined map stage interval: A predefined map stage interval will 
be selected based on (a) the consideration of the range of river levels between 
onset of flooding and flood of record and (b) the change in areal extent of 
flooding per unit.  The minimum interval between maps within a library will not 
be less than what is justified by supporting data and the modeling technology 
selected for the particular flood study.  

3. Field surveying: USGS field crews will conduct field surveys to collect data 
required for hydraulic model production and calibration.  This will include 
photographic channel and overbank documentation for selection of model 
roughness coefficients, channel bathymetric surveys where needed, overbank land 
surveys where needed, and bridge geometry (bridge opening, pier configuration, 
road elevations) where needed. The extent of the surveys will depend on whether 
existing information (for example, as-built bridge plans) adequately reflects 
existing site conditions. At most sites some surveying will likely be needed. 
While many sites are within the study reach of an existing FIS, the FIS may be 
based on data that is 10 years old or older.  These sites may have experienced 
significant environmental changes during that period that could impact the flow of 
water within the area.  Also, there is evidence that recent major flooding has 
resulted in substantial channel changes even on larger rivers. Bathymetric surveys 
will be conducted with acoustic depth sounders, acoustic Doppler current 
profilers, or conventional surveying techniques. Bridge geometry and ground 
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elevation surveys will be made using total station and real-time kinematic DGPS 
technologies. Survey data will be collected using NAVD88 and NAD 83 datums. 

4. Hydraulic modeling: Water-surface profiles for the inundation map library will be 
created using a hydraulic stream model. For most, if not all, of the sites in this 
study, it will be valid to assume steady-state conditions.  

a. Boundary conditions for each model will consist of streamflow and 
downstream starting water-surface elevation for each predefined map 
interval. Streamflow will be obtained from the most current rating curve 
from the collocated stream gage. For the two points without a stream gage, 
a drainage-area ratio technique will be used to estimate streamflows – the 
number of gages on the main stem of the White River should allow for 
reasonable estimates using this technique. The downstream water-surface 
elevation will be determined by high-water mark data, historic profile 
data, and/or specifying an energy slope that will be used to determine 
normal depth. The model will be calibrated to one or more storm events, 
depending upon the available data.  

b. Calibration will consist of using a storm peak streamflow and matching 
high-water marks and/or historic water-surface profiles (profiles for many 
floods are maintained by IDNR). Data from recent events will be used 
where possible so that the calibration runs reflect current conditions. 
Because IDNR and USGS set many high-water marks in the flood-
affected areas in 2008, there will be many recent high-water marks 
available for model calibration. In some cases this will allow a longer 
reach to be modeled than would otherwise be possible. NWS draft 
specifications state “While the maximum extent of river reach modeled 
will depend on local conditions, in most cases, the analysis should not 
extend much beyond a mile or two upstream and downstream of the river 
gage location.” Generally this guidance will be followed; however, for the 
Nora forecast point and for the Tippecanoe River at Delphi point it will be 
possible to model much longer stretches of river because of the quantity of 
high-water marks and the absence of major tributary inflows.   

5. Generate elevation grids: The hydraulic model will provide the hydraulic analysis 
to generate a series of water surface GRIDS (at the same resolution as the DEM) 
that correspond to the selected river stages. A subtraction of the water surface 
DEM and the ground DEM will be performed using Map Algebra in a GIS.  The 
result will be a Depth GRID.  Positive values of the Depth GRID will be 
inundated areas and negative values will be dry areas. The Depth GRID raster file 
will be converted into polygon layers for all positive (inundated) cells. A cleaning 
and smoothing of the resulting polygon to remove unconnected polygons and 
smooth jagged edges will be performed.  This process will be done for all 
flooding at predetermined flooding increments. The flood layers will extend from 
river bankfull conditions to the flood of record or above NWS major flooding 
status, whichever occurs first. 

6. Create base maps: The largest scale that allows display of the full extent of 
inundation will be used. A vector depiction of roads, water bodies, and significant 
structures will be included as a minimum on the base map. Orthophotography will 
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be used as a map base if the clarity and resolution is sufficient; otherwise, the 
most recent basemap information available will be used to show roads, 
watercourses, and structures.  

7. Ready products for delivery: A technical summary report for each map library 
will be completed, and all GIS products will be documented with metadata.   The 
metadata will include information as appropriate about topographic data sources 
used in the creation of the data, stage-discharge relations, boundary conditions, 
model selection, simulation and results, people and involved organizations, 
locations of data and processes, and limitations. 

 

1. Soil Geodatabase Development: A state-wide GIS database will be developed for all 
Indiana by combining the spatial and Tabular information from the National 
Resources Conservation Services (NRCS) SSURGO data.  

County-wide floodplain mapping developed from SSURGO database. 
 

2. Creation of Floodplain Maps: Flood extent for all Indiana streams will be created by 
using different soil attributes (e.g., soil geomorphic description, map unit name and 
flood frequency) from the Indiana SSURGO geodatabase created in the previous 
step1. This approach, which provides floodplains around rivers, will be extended to 
include additional attributes and information (e.g., landuse and hydrography) to 
display flood areas that are typically not included in a FEMA study. Our preliminary 
work shows that a floodplain map created from SSURGO matches very closely with 
FEMA maps (see example for Tippecanoe County in Fig. 3). After creating the 
floodplain layer, the approach and the output will be validated by working closely 
with the Indiana Silver Jackets. 
 

  
FEMA Map SSURGO Map 

Figure 3. Comparison of FEMA map with SSURGO flood map for Tippecanoe County. 
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3. Floodplain layer description: All floodplain maps created in Task 2 will then be 
standardized to include attributes similar to that included in the national hydrography 
dataset (NHD) closely working with the USGS central office and the environmental 
protection agency. Specifically, this task will involve inclusion of new attributes, 
modification of existing attributes and formatting to conform to other layers in the 
NHD.  

4. Publication of floodplain layer: The state-wide floodplain layer will be published 
through the new WaterHUB cyberinfrastructure in conjunction with various basemap 
layers such as stream network, land use, soil and roads. A utility will be included to 
query and download the data. We will closely work with Indiana Silver Jackets and 
other state and federal agencies to get feedback and disseminate the floodplain layer 
in the most effective and user friendly manner 

 
Administrative Considerations 
 
Timeline 
The estimated start of this project is October 1, 2010 and end of project is September 30, 
2013.  
 

ITEM Hourly cost Hours Subtotal

Labor - GS-12 Hydrologist 132$                     1,800 237,600$        
Labor - GS-11 Hydrologist 109$                     3280 357,520$        
Labor - GS-9 Hydrologist 102$                     2840 289,680$        
Labor - GS-9 Hydrologist 102$                     2800 285,600$        
Labor - GS-9 Hydrologic Technician 96$                       540 51,840$          
Lodging and Per Diem n/a n/a 25,300$          
Vehicle costs n/a n/a 2,460$            

Subtotal 1,250,000$    

Labor - Graduate Research Assistant 34$                       3,120 104,520$        
Labor - Hydrology Faculty 83$                       960 79,680$          
Labor - Undergraduate Research Assistant 8$                          1000 8,000$            
Publication Costs n/a n/a 1,800$            
Travel n/a n/a 6,000$            

Subtotal 200,000$        
Grand Total 1,450,000$    

Inundation Map Libraries

County-Wide Floodplain Extents

Budget 
The total funding needed for this project is $1,450,000 
Flood-inundation libraries: $1.25 Million 
County-wide floodplain mapping: $200,000 
 
Itemized Budget Table: 
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