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Technical Report 

The purpose of this Corps Regulatory Branch project is to assist the City of International Falls, Minnesota 

and the Minnesota Board of Water and Soil Resources in developing a comprehensive wetland 

management plan (CWMP). International Falls is located in a wetland-rich landscape and has had 

permitting challenges concerning development.  The plan is intended to streamline the permitting 

processes under the Federal Clean Water Act and the State of Minnesota Wetland Conservation Act and 

meet CWA Section 404 criteria, including identifying least damaging practical alternatives. Further, the 

CWMP is intended to serve as a model for use elsewhere in Minnesota. 

Project Methodology 
Objective:   To provide data to support policy and permitting procedures for the CWMP, this report 

provides the following data: (a) Wetland probability. Terrain analysis-derived landscape wetness and 

hydric soils were used to determine the distribution and density of wet areas ςand likely wetlands-- by 

watershed. (b) Drainage flow network. Drainage flow network for the City was mapped using LIDAR 

(Light Detection and Ranging) techniques. (c) Functional assessments. The Minnesota Routine 

Assessment Method was used to characterize the function of wetlands in the plan area. (d) Extent of 

Impervious Surface.  Given its detrimental effect to wetland function, impervious surface was 

determined by watershed.  (e) Environmental Corridors. Using MnRAM data, example corridors are 

shown. (f) Environmental Stressor Determination. Using a subset of MnRAM functions, the impact of 

development and human influence on overall wetland function is illustrated.  Taken together (emphasis 

added)1, these data offer several possible uses including: determining the extent and location of non-

wetland sites, determining the complexity of wetland delineations, aiding in the analysis of alternatives 

and identifying possible wetland management zones.  

Inputs2: 

 MN Routine Assessment Method (MnRAM) for wetlands 

 Compound Topographic Index (CTI / Wetness Index) 

 Soil Survey Geographic Database (SSURGO) Soils 

 Impervious Surface Analysis 

                                                           
1
  Although individual data elements have value, the utility of the data increases and better reflect a landscape 

view if they are used together as complementary pieces. 
2
 Maps in this report are generally shown at a planning scale.  As discussed later, implementation scale maps may 

be developed. 
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Light Detection and Ranging (LiDAR) Data: 

LiDAR is high resolution elevation data used for GIS analysis including hydrologic modeling.  LiDAR data 

for portions of Koochiching County including the city of International Falls were collected and processed 

by Fugro-Horizons through funding from the Army Corps of Engineers as an add-on to an existing project 

headed by the ACOE and the International Water Institute (IWI) to collect LiDAR for the Red River Valley.  

Koochiching LiDAR became available for this project in early February of 2010.  Subsequent quality 

assurance performed by the International Water Institute showed the data to have an overall vertical 

accuracy of +/- 12.5cm (approximately 5 inches).  Bare earth LiDAR data (where non surface factors such 

as vegetation and buildings have been removed) were used to create a 1-meter resolution digital 

elevation model (DEM) for use in this project. See Figure 1. 

   

Figure 1: Hill shade relief created from LiDAR derived 1m DEM. 
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Watershed Assessment Zones: 

The basin tool within the ArcGIS Spatial Analyst extension was used to delineate drainage basins within 

the city of International Falls.  The following excerpt from 9{wLΩǎ ƘŜƭǇ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ŘŜǎŎǊƛōŜǎ Ƙƻǿ ǘƘŜ 

software calculates drainage basins. 

 The drainage basins are delineated within the analysis window by identifying ridge lines between basins. 

The input flow direction raster is analyzed to find all sets of connected cells that belong to the same 

drainage basin. The drainage basins are created by locating the pour points at the edges of the analysis 

window (where water would pour out of the raster), as well as sinks, then identifying the contributing 

area above each pour point. This results in a raster of drainage basins. 

 

Nine distinct drainage basins were identified within the study area.  These drainage basins were used as 

the basis for assessment zones (Figure 2).  Hereinafter, these areas will be referred to as άǿatershed 

assessƳŜƴǘ ȊƻƴŜǎέ (WAZ).  The above-listed four inputs were summarized by WAZ.  This process will be 

described later in more detail. 

 

Figure 2: Watershed assessment zones within the city of International Falls.  Note that the north central portion of the city 

was not included in the area of analysis since the landscape is already significantly developed. 
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Compound Topographic  Index (CTI) : 

The compound topographic index (often referred to as the steady state wetness index) is a measure of 

the likelihood of water to pond in any given location on the landscape.  CTI is a function of slope and 

specific catchment.  Specific catchment is defined as the upstream contributing area per unit width (in 

this case square meters) orthogonal to the flow direction.  In general, areas with a relative low slope and 

relative high catchment area are more prone to surface water accumulation.  CTI was calculated using 

raster elevation data.  While this can be done using 30 meter USGS digital elevation models, using high 

resolution LiDAR derived data produced vastly superior results. 

Pre -processing the DEM: 

Any DEM product derived from LiDAR will contain some spurious errors.  Sinks may appear in the 

landscape where a pixel has no outlet to adjacent pixels, i.e. its elevation is lower than all neighboring 

pixels.  Although in some landscapes some of these sinks, or pits, may be legitimate, often they are a 

result of errors in the DEM.  Even where pits are legitimate, it is useful to fill pits in the DEM to allow 

subsequent calculation of flow networks to have adequate connectivity rather than letting flow 

terminate at sink locations.   

In some landscapes it is appropriate to determine how deep a pit must be before it is no longer 

appropriate to fill, i.e. flow of water does in fact terminate at the location of pits of a certain depth (this 

is related rainfall factors and the capacity of the pit to retain water).  However in the extremely low 

relief landscape of International Falls, it is assumed that any amount of water accumulation on the 

landscape will fill any given pit and continue flowing to the next lowest location.  Therefore the pit fill 

tool in the spatial analyst extension to ArcGIS Desktop was used to fill all pits within the DEM. 

Infrastructure data provided by the city was used as a starting point to create culvert and storm drain 

data that was then used to modify the DEM further.  Culvert locations in the infrastructure data were 

refined and supplemented via field verification.3  Culverts and the storm drainage system were then 

άōǳǊƴŜŘέ ƛƴǘƻ ǘƘŜ 59a ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ ŀƭǘŜǊŜŘ ŘǊŀƛƴŀƎŜ ƛƴ ǘƘƻǎŜ ƭƻŎŀǘƛƻƴǎΦ  ¢Ƙƛǎ ǿŀǎ ŘƻƴŜ ōȅ ŦƛǊǎǘ 

converting culvert and storm drain locations to raster and expanding the cells.  Elevation values 

representing the lowest possible elevation within the DEM were then assigned to the culvert/storm 

drain raster.  The pit filled DEM was then overlain with the culvert/storm drain raster using the raster 

mosaic tool within ArcGIS Desktop.  Minimum value was selected as the output pixel value so that all 

locations where culverts and storm drains occur within the DEM were given the lowest possible 

elevation value effectively making them into pits within the DEM.  The DEM was then pit filled a second 

time to bring the elevations of the culverts and storm drains to the lowest elevation of the surrounding 

pixels.  This accommodates flow through the culverts and storm drains. 

                                                           
3
  Refinement involved field- verification of the location of the culverts and adding additional culverts. Data points 

were documented by GPS coordinates and added to the GIS files. This work was done by staff of the BWSR and 
Koochiching SWCD, with assistance from the City of International Falls. 
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Calculation of terrain attributes:  

The primary terrain attributes slope, flow direction and flow accumulation were calculated using the 1-

meter DEM.   Slope was calculated in percent rise units and then divided by 100 for subsequent 

processing.   

 

Figure 3: Slope derived from DEM in a portion of International Falls.  The lighter areas indicate areas of higher slope. 

All attributes were calculated using the TauDEM (Terrain Analysis Using Digital Elevation Models) 

extension to ESRI ArcGIS Desktop software.  This extension was created by David Tarboton of Utah State 

University.  Similar tools within the ArcGIS Desktop Spatial Analyst extension may be used to calculate 

primary and secondary terrain attributes however TauDEM tools were used for this analysis due to their 

ability to calculate flow direction with the D-Infinity algorithm rather than the more common D-8 

algorithm.  (Note: due to restrictions on the maximum grid size for TauDEM processing the city was split 

into four separate grids for all processing then re-assembled at the end). 
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Flow direction determines the direction water will flow from cell to cell within the DEM.  Using the D-8 

algorithm each pixel in the DEM has a single flow direction.  This means that all flow leaving any given 

pixel is forced to flow into a single adjacent downstream pixel.  This approach can lead to serious 

misrepresentations of flow on the landscape when a subsequent flow accumulation grid is calculated.  

The D-Infinity method allows water from one pixel to flow to multiple adjacent pixels which better 

represents true landscape drainage scenarios and results in a more realistic flow accumulation grid.  See 

Figure 4. 

 

Figure 4: Flow direction grid in same portion of International Falls. 

The flow accumulation grid represents the number of upstream 1m2 pixels that flow into a given pixel, 

and depicts flow channels across the landscape (Figure 4).  This was calculated using slope and flow 

direction as inputs.  The flow accumulation value in a given pixel is analogous to its upstream catchment 

area, i.e. the value equals the number of 1m2 pixels flowing to that cell and therefore the catchment 

area in square meters.  See Figure 5. 
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Figure 5: Flow accumulation grid in same portion of International Falls. 

The lighter areas represent areas of greater upstream catchment area.  Notice the flow channels. 

 

From the flow accumulation grid, a flow network can be determined by pulling out the highest values.  

Observing Figure 5 one can clearly see these flow networks.  The next three pages depict the flow 

network of International Falls within the area of investigation. 
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After slope and flow accumulation were calculated, CTI was then calculated with the Spatial Analyst 

raster calculator using the following formula: 

Ln((C + 0.001) / (S + 0.001)) 

Where C is specific catchment (represented by the flow accumulation grid) and S is slope.  A value of 

0.001 is added to the grid values to avoid division by 0.  Although the raster calculator can be used to 

calculate CTI, this analysis used the wetness index calculator within the TauDEM tools to calculate CTI 

(Figure 6). 

After CTI was calculated, impervious areas were removed from the data to avoid building foundations, 

roads and other man made features being displayed as wetland area.  This process will be explained 

later in the section discussing impervious surface analysis. 

 

Figure 6: Compound topographic index in same portion of International Falls. 

The blue areas are areas of water accumulation on the landscape, i.e. potential wetland.  Notice impervious area is removed. 


















































