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Introduction 
 
River elevation modeling, as a general concept, is the use of hydrological simulations to 
create a river water surface based on physical, geospacial, and hydrological properties of 
a given channel network.  Assuming sufficient information regarding the channel is 
available, such simulations can produce a series of water elevations along the channel as 
a function of flow rate.  The motivations for conducting such simulations are numerous, 
including flood plain extent mapping, habitat mapping of aquatic flora and fauna and the 
determination of water table depth along riparian corridors.  Several software simulation 
packages that perform this task are in common use, the most ubiquitous of which is the 
Hydrological Engineering Center’s River Analysis System, or HEC-RAS, distributed as 
freeware by the U.S. Army Corps of Engineers. 
 
HEC-RAS iteratively solves a one dimensional energy balance to produce water 
elevations based on river geometry, channel roughness, flow rate and boundary 
conditions.  The river geometry is provided in the form of channel cross-sections at 
regular intervals along the direction of flow.  (A typical cross section is shown in fig. 1.) 
Cross section data is traditionally produced through manual acquisition of x, y and z 
coordinates of the river channel bottom using GPS or physical gauging.   
 

 
Figure 1.  a typical HEC-RAS cross section 
 
Although HEC-RAS utilizes this coordinate data to produce a water elevation at each 
cross section for a given flow rate, it has no inherent mapping abilities.  True mapping of 
these water surfaces must be done manually, either through the use of detailed contour 
maps or by manually entering data into a geospacial analysis software like arcGIS.  The 



creation and processing of both the input and output data is, as a result, labor intensive, 
expensive and time consuming. 
 
Recognizing the potential power of the arcGIS environment to significantly streamline 
this process (pun intended), the Hydrologic Engineering Center produced an arcGIS 
extension called GeoRAS, which appears as a series of tools within Arcmap.   GeoRAS 
has two main functions:  firstly, it allows for the creation of HEC-RAS input from digital 
terrain maps of the channel and flood plain and, secondly, allows the import and mapping 
of HEC-RAS output, automatically creating a continuous water surface that can interact 
with the digital terrain model to produce flood plain extents, water depth grids and other 
geospacial analyses. 
 
Objective 
 
The objective of this project is to outline the procedure employed in using geoRAS to 
create the input data required by HEC-RAS, and then map the resulting water elevation 
output, all within the Arcmap environment.  The detailed operation of HEC-RAS itself is 
considered beyond the scope of this project.  Ample documentation on HEC-RAS 
operation is available at the Army Corps of Engineers website. 
 
Data Requirements 
 
The employment of the GeoRAS procedure is contingent on the availability of a detailed 
digital terrain model (either a DEM or TIN) of the river bottom and surrounding flood 
plain.  This data may be difficult to acquire and is the largest single limitation on the 
applicability of the procedure.  The level of detail required to produce accurate cross 
sections is quite high and requires a high resolution digital elevation map, such as LIDAR 
data.  This data may be unavailable or prohibitively expensive for the area in question.  
Typical 30 m or 10 m quads will not have high enough resolution except for surfaces 
with the most gradual changes in topology.  In addition, even high resolution data can be 
problematic, especially in developed areas, due to the noise generated by buildings, 
roads, even vehicles being interpreted by Arcmap as true surface elevations.  Often, 
numerous spot elevations must be manually added from additional sources, such as 
detailed contour maps, to eliminate these problems.  Another, even more significant 
complication is that the existing water surface of a river is reflective to LIDAR signals, 
and thus the true channel bottom is hidden from view.  As a result, it is desirable to 
employ LIDAR data taken on a day of very low or no flow.  Finally, the user must be 
aware that natural channels, especially those with sandy bottoms, morph substantially 
with time and flow rate, and thus may have evolved significantly since the time of 
LIDAR acquisition. 
 
In spite of these limitations, there are numerous cases in which geoRAS can greatly 
simplify the production of river elevation surfaces.  As data resolution and availability 
increase, which is occurring at a rapid rate, its usefulness will increase proportionally.  It 
is with these caveats in mind that the GeoRAS methodology is presented. 



Work Area 
 
Given the data limitations previously discussed, the choice of work area with which to 
demonstrate the use of GeoRAS was crucial.  The area selected was an approximately 
one-mile long stretch of the Calabacilla arroyo, just northwest of Albuquerque, NM, and 
is shown in fig. 2.  Calabacilla arroyo is a large, natural drainage channel which flows 
from the west into the Rio Grande just beyond Alameda Blvd.   The channel is normally 
dry but can have significant flows during storm events.  According to the Army Corps of 
Engineers, the 100 year design flow for the channel is 15,400 cfs.  The site, however, was 
selected more for viable exploration of the GeoRAS procedure than its hydrological 
significance.  In other words, the site had available data of suitable resolution, (from 
LIDAR data taken on a no flow day) and was almost completely devoid of tall vegetation 
or development that could produce elevation anomalies.  The LIDAR elevation data was 
provided by Bernalillo County and consisted of a 568x568 grid of 9 ft cells.  The actual 
LIDAR DEM is shown in fig. 3. 
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re 2.  location of the work area (Calabacilla Arroyo) NW of Albuquerque, NM 



 

Calabacilla Arroyo

Coverage: 5000 ft  x 5000 ft 
Cell size: 9 ft x 9 ft 

Figure 3.  LIDAR DEM of work area 
 
Procedure 
 
The procedure essentially involves using GeoRAS drawing tools to create the various 
polyline features that represent the channel’s flow geometry and are used by GeoRAS to 
create the cross section’s x, y, z coordinate data needed as input to HEC-RAS.  These 
features include the stream centerline, left and right overbank lines, left, center and right 
flow direction lines and stream cross section lines.  There are various pre-processing 
tasks that, while not required, can aid in the creation of these polylines.  Converting the 
DEM into a TIN and creating contour lines (shown in fig. 4) and the use of “fly-bys” in 
Arcscene (fig. 5), can assist the user in viewing important channel details.  The mapping 
of the stream network, via the creation of a flow accumulation grid, (fig. ), can be useful 
in the creation of the stream centerline.  



 
Figure 4.  Calabacilla Arroyo and surroundin floodplain as a TIN with 2 foot contours 
 

 
Figure 5. 3D rendering of the TIN in arcscene 
 



 
Figure 6. The stream network 
 
 
 
Stream centerline 
The stream centerline identifies the low point of each channel cross section and their 
relative distance from each other. It must be continuous and be drawn in the downstream 
direction. 
 

 
Figure 7.  The stream centerline  
 
 
Left and right over-bank lines 
The left and right over-bank polylines identify the points at which the channel will first 
overflow onto the surrounding floodplain.  These points may or may not be obviously 
defined for a given cross section and are not required to be continuous. 
 



 
Figure 8. The left and right overbank lines (in red) 
 
 
Left, center and right flow direction lines 
These lines assist HEC-RAS determine the direction of flow in the channel and along the 
floodplain, as well as allow it to calculate the distances between the cross sections.  
Contour lines can be especially helpful in the creation of this feature.  The flow direction 
lines must be continuous, non-intersecting and drawn in the downstream direction. 
 

 
Figure 9.  Flow direction lines (in blue) 
 
Cross section lines 
Each cross section line should be perpendicular to the flow direction at every point along 
its length and extend far enough along the flood plain in both directions to cover the area 
of interest.  This may involve an iterative process of creating cross sections, exporting the 
data, running HEC-RAS, and adjusting the cross sections if they do not completely 
contain the water surface for the highest desired flow.  Each cross section must intersect 
the centerline, over-bank lines and flow direction lines exactly once. 
 



 
Figure 10. Cross section lines (in yellow) 
 
Manning’s coefficient 
Manning’s roughness coefficient, n, is required by HEC-RAS for the left, center and right 
region of each cross section.  If the channel and floodplain are of essentially constant 
roughness, as is the case for this project, the roughness coefficient is most easily entered 
manually in HEC-RAS.  A single value can be entered for all regions (n=0.3 was used in 
this case).  If the roughness factor is changing significantly, there are two options 
available.  GeoRAS can interpret A SSUSGO  land-use grid and automatically create a 
table of corresponding n values.  Alternately, one can create a series of polygons with an 
“N_VALUE” field as an attribute.  GeoRAS can create the table from this polygon class. 
 
Miscellaneous features 
It is important to note that, for many channels, a number of other physical features may 
need to be represented, including bridges, flow impediments, storage areas and so forth.  
In addition, multiple reaches will require the creation of connection nodes where the 
reaches join.  The channel studied here is a single continuous reach with such no 
modifications or impediments. 
 
Data export 
As the polyline features are created, GeoRAS creates and popoluates a personal 
geodatabase which contains all the related tables that will be the basis of the HEC-RAS 
data file.  The attributes of these tables are essentially the x, y, z coordinates of the 
features and the relative distances between them.  These tables are then used to 
automatically create the data file imported into HEC-RAS, using the “extract GIS data” 
command, as shown below. 



 
Figure 11.  Creating the HEC-RAS input files 
 
Running HEC-RAS 
The details of HEC-RAS operation are beyond the scope of this paper, but in essence, the 
user must only provide the boundary conditions and flow conditions necessary to run the 
simulation.  All cross section, flow path and channel data are automatically provided by 
GeoRAS.   Of course, proper determination of these factors is crucial.  It may be that the 
results of running HEC-RAS will indicate a need for change in the original input, such as 
additional cross sections in key areas or the adjustment of over-bank or flow direction 
lines.  As a result, using GeoRAS should be considered an iterative process.  The 
essential output of HEC-RAS is the water elevation at each cross section at a given flow 
rate.  The results of multiple flow rate simulations can be included in a single output file.  
A sample of the HEC-RAS output is shown below. 
 



 
Figure 12. HEC_RAS output, showing water surface elevations at a flowrate of 2000 cfs 
 
Importing and processing HEC-RAS output. 
GeoRAS is now used to import the HEC-RAS output back into Arcmap.  A second set of 
GeoRAS tools is dedicated to the conversion of this data into water surfaces.  Upon using 
these tools, a water surface is interpolated over the entire extent of the cross sections, for 
each flow rate simulation that was performed in HEC-RAS.  These surfaces do not yet 
correspond to the actual TIN of the land surface.  In other words, they extend the water 
surface, at its calculated elevation, to the complete extent of the cross section, even if the 
water surface would in reality intersect and pass through the land surface.  Thus, water 
surfaces must clipped and intersected with the existing TIN of the flood plain to generate 
true flood extent surfaces.  Although this task can be performed easily enough with 
existing ArcGIS tools, it is slightly simpler to do it with the built-in GeoRAS clip 
command.  The results of this entire process are shown in the three figures below, for 
channel flow rates of 200, 500, 2000 and 10,000 cfs. 
 



 
Figure 13.  Water surface extent, flowrate=200cfm 
 
 

 
Figure 14.  Water surface extent, flowrate=500cfm 
 



 
Figure 15.  Water surface extent, flowrate=2000cfm 
 

 
Figure 16.  Water surface extent, flowrate=10,000 cfm 
 
 
 
 
 
 
 
 
 
 
 



Once a flood extent surface has been created, it is a simple task to create a water depth 
grid by subtracting the land surface elevation from the water surface elevation.  Again, 
this can be performed easily with the raster calculator, or, alternatively, with the “create 
water depth grid” included in GeoRAS.  The depth grid for the flood extent 
corresponding to a 10,000 cfs flow rate is shown below. 
 

 
Figure 17.  Water depth, flowrate=10,000 cfs, in feet 
 
Conclusions and future work 
 
It is clear that the GeoRAS procedure can save an enormous amount of time and money 
in comparison with traditional methods of mapping water surface elevation, assuming the 
necessary data is available.  That data must consist of a high resolution DEM or TIN of 
the dry river channel and surrounding floodplain.  Given such data, GeoRAS provides an 
easy to use interface which can create unlimited cross sections, create the HEC-RAS 
input file, convert and import the HEC-RAS output into Arcmap and create water surface 
extents and depth grids.  There are clearly many applications that meet these data 
criterion, such as the work area of this study. 
 
On the other hand, many, if not most, river systems include reaches either without free or 
inexpensive LIDAR coverage, or have perennial flows that hide the channel bottom.  For 
such systems an alternative method of generating and mapping cross sections must be 
found, if GIS still to be employed.  Several options seem promising and deserve further 
exploration.  
 
The first is to use existing surveyed cross sections, if available.  These could be 
incorporated in two ways.  First, GeoRAS could be used to create “dummy” cross 
sections at the location of the actual surveyed sections.  The procedure then continues as 
described earlier, but once in HEC-RAS the GeoRAS-generated cross section data is 



replaced with the surveyed data.  This will allow the HEC-RAS results from the surveyed 
sections to be imported into Arcmap and still be properly georeferenced.  If one is only 
interested in extreme flood events, this method should produce acceptable results, 
because during such events the water surface extents will be well above the central 
channel.  At low flows, however, the water surfaces cannot be accurately intersected with 
the digital terrain map, because that map does not include the actual channel bottom. 
 
The second methodology involving surveyed cross sections is to somehow enter the 
actual x,y,z coordinates of the sections into Arcmap and use an interpolation scheme to 
generate a digital river bottom.  With the use of scripts, this procedure could be 
automated, but could still be very time consuming, and unless the cross sections are close 
together, the resulting surface may be cruder than the LIDAR data. 
 
Finally, it may be possible to use parameters of river geomorphology, such as average 
width, depth, slope, and sinuosity, to generate a 3D river bottom by some regression 
based algorithm. While unlikely to be accurate on the level of a specific cross section, it 
may produce fairly accurate water levels in HEC-RAS. This is, in the authors mind, an 
exiting possibility that should be explored fully. 
 


