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In the January 2016 Newsletter, we presented one way to accomplish river flattening using 
TerraModeler. In this article, we introduce an updated approach to this process, which should be more 
efficient. 

 

Hydro-flattening is a common requirement when it comes to delivering surface models to the U.S. 
Geological Survey (USGS) National Elevation Dataset (NED). According to the USGS LIDAR Base 
Specification version 1.2, a hydro-flattened surface refers to a specific kind of digital elevation model 
(DEM) that is required for inclusion in the NED. Hydrologically flattened waterbodies, streams, rivers, 
and other water surfaces should be flat and level from bank-to-bank. Rivers and streams should follow a 
downhill water surface, which would reflect the more natural behavior of the environment.  

There are different methods a user can employ to create hydro-flattened surfaces. The method outlined 
within this article is only one of those options. In this suggested method, breaklines will be created to 
represent river flattening and then used to enforce the surface, resulting in a flattened surface from 
bank to bank which flows in the downstream direction. 

Terrasolid Workflow 
Creating a hydro-flattened surface within the Terrasolid software begins with making sure the data has 
gone through a complete QA/QC process to verify ground classification and to remove any artifacts such 
as bridges or buildings from the ground dataset. Once the data has been verified, surface models 
representing ground classification can be generated. These ground classified surfaces will be used to 
generate breaklines. The ground surfaces should be generated using the “No Exclusion” option to allow 
the surface to be created across a river or waterbody regardless of the widths, and also to help indicate 
any possible classification issues.  

There are two requirements to hydro-flattening a river:  

1. A river centerline that is set to flow in a downstream direction, and  
2. An outline of the river body.  

“Hydro-flattening is the process of creating a LIDAR derived 
DEM in which water surfaces appear and behave as they 

would in traditional topographic DEMs created from 
photogrammetric digital terrain models (DTMs).”1 
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River Centerline 
There are multiple Terrasolid tools which can be used in the generation of the river centerline. The use 
of each tool is dependent upon the data and, in some cases, personal preference. To begin, it can be 
helpful when digitizing to set-up the views in such a way that the view displaying the vertical cross-
section and the main view are synchronized with one another. To set-up synchronization between views 
within TerraScan, go into the View Laser toolbox and select the Synchronize Views tool. Select the view 
where the cross-section will be displayed and choose the option to synch that view with the main view 
(Figure 1).  

 
Figure 1 - Synchronize Views 

To allow automatic rotation in your main view and allow the Synchronize Views tool to work as 
expected when digitizing, use the Place Railroad String tool, located on the Railroad toolbox within 
TerraScan (Figure 2) instead of a simple smart line.  

 
Figure 2 - Place Railroad String 

To return the main view back to its original orientation: select the key-in command view=top and click in 
the main view, or use the MicroStation View Rotation toolbox and select the Top View button (Figure 3). 
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Figure 3 - Return View to Top View 

The placed railroad string does not assign elevation values to the feature, so the feature will need to be 
draped to the ground surface. This can be accomplished using the Drop Element on Surface tool located 
on the TerraModeler Draw using Surface toolbox. The generated centerline is first selected, and then 
the parameters of the drape are specified, at which point the elevation values are assigned to the 
centerline from the ground surface model (Figure 4).  

 
Figure 4 - Drape River Centerline 

In some cases, the data may not lend itself to a draped centerline that can be subsequently downstream 
constrained. This, in part, is due to the nature of the downstream tool. The tool is limited to correct only 
small aberrations and will hold the start and the end vertices as they are. In these cases one may wish to 
assign elevation values directly from a specific class while digitizing. The TerraScan Mouse Point 
Adjustment tool can be used (Figure 5) to adjust the data point with the elevation specified based upon 
the parameters, including the ability to apply an elevation offset.  

Note: If the parameters are not satisfied, for instance if there are no points of the selected class within 
the given distance, the vertex will not be placed.  

 
Figure 5 - TerraScan Mouse Point Adjustment 

Prior to assigning a downstream flow to the feature it is important to perform a quality control check on 
the centerline. This is accomplished using the Draw Profiles tool located on TerraModeler’s Profiles 
toolbar (Figure 6). In Figure 7, note how the current centerline undulates over the length of the line. 
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Figure 6 - Generate Profile  

 
Figure 7 - Draped Centerline 

After digitizing the stream centerline, the next step is to force a downstream flow on the feature. This 
tool is available within TerraModeler on the Drawing Utilities toolbox (Figure 8).  

 
Figure 8 - Force Downstream Flow 

The tool is designed to make small modifications to the elevation values of the vertices of linear features 
to ensure a consistent down slope direction. There are two options for using the force downstream flow 
tool: either select the tool and then specify the elements and accept the element selection; or select the 
elements first, then select the tool and accept the selected elements. As with many tools within 
Terrasolid and MicroStation, the success or failure is communicated via the message dialog generally 
located in the bottom left of the MicroStation window (Figure 9). 

 
Figure 9 - Message showing status 
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After assigning the downstream flow to the centerline, it is important to perform another QC step. In 
this instance, it should be verified that the tool did indeed downstream constrain the centerline (Figure 
10). This is accomplished using the profile tool and a surface that is generated from the downstream 
constrained centerline. 

 
Figure 10 - Downstream Flow assigned to centerline 

River Outline 
There are two ways one can digitize the river banks. The first and simple way is to take the river 
centerline and simply use the Copy Linear Element tool to offset the centerline to represent the banks. 
During this process the elevation information can be copied from the original centerline onto the copied 
elements. 

The simple process works well if the river bank is fairly straight and there are not a lot of twists and 
turns. If that is not the case, then one would want to digitize the river banks in the same manner that 
the river centerline was digitized. It is not important to be concerned with the vertical values being 
assigned to the river banks as that will be taken of in the next step. Note that it is not important at this 
stage to digitize the banks as a polygon and, in fact, is easier if you do not. Once the river banks have 
been digitized as linear features, the next step is to assign the same downstream flow information to the 
river banks as exists on the river centerline.  

To accomplish this, select the centerline and the Copy Linear Element tool available on the Drawing 
Utilities TerraModeler toolbox (Figure 11). In this instance, the elevation information will be assigned 
based upon the gradient from another element (namely, the downstream flow constrained river 
centerline) and the values will be projected from the centerline perpendicular onto the river banks. 
Another option, instead of assigning the elevation using the gradient from another element, is to assign 
the elevation using the Dz (elevation difference) from another element. This option gives the users more 
advanced options, if for instance they need to move the river banks up or down a bit from where the 
centerline elevation values ended up. In addition, there are two options with respect to how the values 
are projected onto the features. The first option is the shortest distance, in which each vertex is 
compared against the closest position on the other element and the second option is perpendicular, 
where each vertex is projected perpendicularly to the other element and the elevation is derived from 
the project location. The shape of the features will determine which projection option works best.   
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Figure 11 - Copy River Centerline Parameters 

 
Figure 12 - River Bank Elevations Assigned 

To copy the elevation information from the river centerline to the river banks, select one of the banks 
while the Copy Linear Element tool is active and then select the centerline. Click on the river bank 
feature again to accept the copy. Repeat this step for the other river bank such that when a profile is 
drawn across the river, the river bank features are at the same elevation as the river centerline, as seen 
in Figure 12. Follow the instructions in the MicroStation messages window for assistance. 

An important QA step at this point is to validate your results. To do so, generate a surface model from 
only the breaklines by using the Insert Breakline Element tool under TerraModeler’s Create Surfaces 
toolbox. Verify that the surface generated from the river banks contains a proper flow without any 
artifacts which may have been caused by an improper downstream constrained centerline, or self-
intersections introduced during the copy offset or digitization process.  
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Once the breaklines are validated, it is important to remove any points contained therein to prevent any 
conflicting elevations. Polygons are required in order to reclassify any points that exist within the river 
banks. The quickest way to generate some processing polygons is to use the Design Blocks Boundaries 
tool found within TerraScan. To accomplish this, create linear features that cut through the river bank 
features ensuring overlap. Don’t be concerned with snapping the features. It is important to do this for 
larger features as smaller polygons take significantly less time to process.   

 
Figure 13 - Line Work 

 
Figure 14 - Design Block Boundaries to generate River Outline 
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Figure 15 - River Outline for reclassifying 

Creating Hydro-Flattened Surface 
After the river outline has had the downstream flow elevation values assigned to it, the river outline 
element can then be used in the surface generation process to generate a hydro-flattened DEM. If 
delivering a surface model to USGS’s NED program, specifications require that all bare-earth points near 
a breakline should be classified to an Ignored Ground (Breakline Proximity) (class value equal to 10 for 
LIDAR Base Specification (LBS 1.2) or a proposed class value of 12 for LBS 1.3 - the Reserved (Overlap 
Points) in the LAS v1.4 specification).  

Keeping this in mind, prior to generating a surface, the data needs to be reclassified within TerraScan. 
First, reclassify any points that fall within the breakline feature. This can be accomplished using the 
Classify by Polygon macro step (classify insides/outside shapes in the v8/v8i versions) (Figure 16). 

“This process prevents unnatural surface artifacts from 
being created between mass points and breakline 

vertices. The proximity threshold for reclassification as 
Ignored Ground is at the discretion of the data producer, 

but in general will not exceed the ANPS.”  
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Figure 16 - Classify Inside Shapes Parameters 

After reclassifying any points within the feature, the next step is to reclassify the points within the 
breakline proximity. Create a macro, to be run on the entire project, using the Classify by Centerline step 
(Figure 17). To use this tool, specify the “From class” as “2 – Ground:” and the “To class” as “12 - Ignored 
Ground“, specify which elements to use, and then specify the offset upon which the reclassification will 
happen. As mentioned previously, the distance specified should not exceed the ANPS. 

 
Figure 17 - Classify Breakline Proximity Points 

Once the reclassification process has been completed, the surface model can then be generated using 
the river outline breakline. Use the Triangulate Elements tool located on the TerraModeler Create 
Surfaces toolbox to create a breakline rules file containing the river outline rule (Figure 18).  
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Figure 18 - Add Breakline Rule 

Surfaces can be exported manually or via batch using the TerraModeler Surfaces dialog and Export 
Lattices. The lattice settings will consist of the classes to use in the creation of the DEM (2 - Ground), any 
vector elements (defined via the breakline rule file), and the type of file to export (Figure 19). After 
defining the lattice model parameters, the triangulate surface dialog will appear, at which point the user 
should specify to generate additional points along the breakline (Figure 20), to ensure the surface 
respects the breakline.  

 
Figure 19 - Lattice Model Settings 
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Figure 20 - Generate Surface 

Figure 21 shows the resulting flattened river using a profile created within TerraModeler examining 
across the river from bank to bank.  

 
Figure 21 - Hydro-Flattened River 

Conclusion 
For inclusion of a surface into the USGS’s NED, it is necessary that the surface is hydro-flattened prior to 
delivery. There are multiple tools available within TerraScan and TerraModeler to enable both the 
generation and quality control/quality assurance of a properly hydro flattened surface. This tool set 
includes, but is not limited to, Force Downstream Flow, Drop Element on Surface, Display Shaded 
Surface, and Draw Profile. For any questions or concerns about this workflow, please contact GeoCue 
Group Support (support@geocue.com).  


