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Inundation Mapping Fundamentals

1. Obtain elevation data (DEM)
– Assumed NAVD 88 – Official Civilian Datum

2. What water (tidal) level datum?
– Perform conversion if necessary

3. Get model output (if applicable)

4. Map inundation extent and depth











Spatial Framework
• Coordinate system: projection, 

datum, ellipsoid
• Vertical datum used to reference 

height and depth values

Resolution
• Cell size that will be used to 

represent elevation data
• Scale of application/analysis 
• Topographic data are usually 

available at a higher resolution 
than bathymetric data

Purpose
• What do you intend to do with 

the results?
• What are your accuracy 

requirements?

Processing the data
• Converting data into a 

consistent format
• What tools are available to help 

you do this?

Elevation Data
Integrating Elevation Data: What to Consider?



• A datum serves as a reference point             
for calculating surface locations, heights,       
and depths 

• A datum can be geocentric (Earth-centered) 
or locally established

• Types of Datums:  
– Horizontal datum: defines the position of 

the ellipsoid relative to the Earth, and is 
used for measuring X,Y locations on the 
Earth’s surface

– Vertical datum: references a modeled 
surface for calculating height or depth at a 
particular location on the Earth’s surface. 

Earth’s Surface

Meades Ranch, Kansas
NAD 27, Clarke 1886

Earth’s Surface

Earth-Centered Datum
NAD83, GRS80

Mapping Fundamentals
Datums



• To create a continuous grid of the Earth’s 
surface, data sets must reference the 
same datum so that the height and depth 
values are consistent

• Types of vertical datums:
– Ellipsoidal: geometric model
– Orthometric: physical model of          

mean sea level
– Tidal: water levels derived from        

tidal stages

• Topographic data usually reference an 
orthometric datum, while bathymetry data 
reference a tidal datum (mean lower low 
water, or MLLW)

Ellipsoidal Datums

Tidal Datums

Mapping Fundamentals
Vertical Datums



Vertical Datums Commonly Used in the U.S.

Datum Model Type Examples

North American Vertical 
Datum of 1988 (NAVD 88)

Orthometric USGS NED Digital 
Elevation Models

National Geodetic Vertical 
Datum of 1929 (NGVD 29)

Orthometric Older FEMA Flood Maps

Mean Lower Low Water 
(MLLW)

Tidal Hydrographic Surveys

Mean High Water (MHW) Tidal Shoreline Data

WGS84, NAD83 Ellipsoidal Lidar-derived    
topographic data

Mapping Fundamentals
Vertical Datums



• An ellipsoid is a simplified representation 
of the Earth’s shape and size

• Primary means of horizontal         
reference, but can also be used              
as a vertical reference

• Height is the distance between a point  
on the Earth’s surface to the ellipsoid

• This is referred to as height above the 
ellipsoid, or as the geodetic height

Mapping Fundamentals
Ellipsoidal Datums



• The orthometric height is the elevation 
above the geoid

• A geoid is “the equipotential (level) 
surface of the Earth’s gravity field that,  
on average, coincides with mean sea 
level in the open undisturbed ocean” 
(NDEP, Guidelines for Digital             
Elevation Data)

• Geoid Models: GEOID03 and GEOID99

• The geoid height can be above or 
below the ellipsoid, therefore can be 
either positive or negative value

Topographic Surface

Geoid

Ellipsoid

H h

N

H = Orthometric Height

h = Ellipsoidal Height 

N = Geoid Height

H = h - N

Mapping Fundamentals
Orthometric Datums



• These are local datums

• Tidal epoch is derived using an 
averaging technique for a specific 
time period of 19 years. The 
current epoch is 1983-2001. 

• Most tidal datums are referenced 
to fixed points called benchmarks.

Source: Tidal Datums and Their Applications

Mapping Fundamentals
Tidal Datums



• Topographic data are commonly referenced to an  
orthometric datum

• Bathymetric data commonly reference a tidal datum 
(ex.MLLW)

• Merging these into a single data set requires the user to 
define a common vertical datum so that the elevation values 
are consistent

• Tools are available to perform these transformations

Transformations
Vertical Datum Transformations



NADCON  
• The North American Datum 

Conversion tool  
• Converts between NAD27 and 

NAD83
• www.ngs.noaa.gov/TOOLS/Nadc

on/Nadcon.shtml

VERTCON
• Vertical conversion tool
• Converts between NGVD29 and 

NAVD88
• www.ngs.noaa.gov/TOOLS/Vertc

on/vertcon.html

Conversions need to be done separately for horizontal datums and vertical datums

VDATUM
• Vertical Datum Transformation tool
• Converts between ellipsoidal, 

orthometric, and tidal vertical 
datums

• http://vdatum.noaa.gov/

Mapping Fundamentals
Datum Transformation Tools

CORPSCON
• Converts between horizontal 

and vertical (orthometric) 
datums

• http://crunch.tec.army.mil/soft
ware/corpscon/corpscon.html



NGS Geodetic Tool Kit: Tidal and Orthometric 
Elevations – www.ngs.noaa.gov/TOOLS/

• Will display tidal and orthometric 
elevations of a specific survey 
control mark

• Displayed will be the differences 
between the published NGS’s 
NAVD88 and NGVD29, and the 
CO-OPS’ MLLW datums 

• User can enter “PID” (control mark 
identifier) or latitude and longitude

• Entering lat/long coordinates will 
generate a list of PIDs within a 25 
mile radius

Transformations
National Geodetic Survey (NGS) Tidal and 
Orthometric Elevations Tool Kit



National Height Modernization



National Height Modernization

• Program in NOAA’s National Geodetic Survey 
using Global Position System (GPS) and 
other new technologies to increase accuracy 
of elevation measurements that make up the 
vertical portion of the National Spatial 
Reference System (NSRS).

• NSRS’s survey marks provide the foundation 
for positioning and navigation activities for 
the U.S.

Geodetic Control is the 
Critical Layer for GIS 

Applications



Accurate Heights Are Critical for 
Floodplain Mapping

• Make sure that 
those who need it, 
have it.

and

• Those who don’t 
need it, don’t have 
to pay for it.

Help Determine Who 
Needs Flood Insurance:



Height Modernization:
Where Are We Today?

Previously Funded States

States that Have Shown an Interest

Inactive States

Regional Ht Mod Leaders

Spatial Reference Centers

State Ht Mod Leaders



Creating Inundation Polygons
(Sea Level Rise Example) 



Georgetown County, SC DEM
I. Lidar derived
II. 2-meter horizontal resolution
III. Vertical Datum – MHW Meters

• Converted from NAVD 88
IV. Water masked out 



Editor Toolbar > Start Editing
• Select By Attributes
• "GRIDCODE" = 0
• Deletes “Dry” Features
• Save Edits – Stop Editing

Mapping Current MHW



+1 m Sea-Level Rise

Editor Toolbar > Start Editing
• Select By Attributes
• "GRIDCODE" = 0
• Deletes “Dry” Features
• Save Edits – Stop Editing





Creating Depth Grids



Spatial Analyst Toolbox 
> Map Algebra 

> Single Output Map Algebra

1 m Sea-Level Rise 
Depth

CON (Georgetown DEM <= 1, 1- Georgetown DEM)







Questions?
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