Estimation of linear geographical distance from grid data models
Recently the GIS unit of the WVDEP delivered a raster data product that represented the flow distance from any point in a state-wide stream network to the farthest downstream point on the network.  Such a grid could be used to calculate flow distance between any two hydrologically connected points on the network by simply subtracting the downstream value from the upstream value.  The problem arose when it became apparent that the length estimates were longer than the length of the original vector stream lines in nearly every case.
To investigate this problem, a synthetic dataset was created that consisted of 90 vector line segments, each 1000 meters long, with an orientation that varied from 0 to 89 degrees in 1 degree increments (figure 1).  The line segments were converted to a raster format and embedded into a synthetic elevation model that was tilted toward an origin point in the lower left corner.  This process simulated a common technique of enforcing drainage in an elevation model to match a reference vector stream network.  
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Figure 1.

[bookmark: _GoBack]After calculating flow direction, flow length was calculated along each line segment.  Figure 2 shows the one end of an original line segment (in blue), and the 9-meter raster grid representation (gray).  The equivalent path used to calculate flow length from the grid is shown in green.  Because the raster representation only allows distance to be calculated from grid cell centers to an immediate neighbor, the grid-based flow length calculation will overestimate the flow distance in most cases. 
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Figure 2.

Figure 3 shows the error for each of the original stream segments, which form a distinctive m-shaped pattern.  Minimal error occurs for stream segments that approach the 8 cardinal angles between a grid cell and one of its immediate neighbors, while maximum error is associated with angles that are at the midpoint between the cardinal angles.  Across the range from 0 to 89 degrees, errors ranged from 0.1% to 8.7%, with an average of 4.7%.

Figure 3.
Hydrological analysis often uses a gridded representation of stream networks.  These grids can be based on vector line networks such as the National Hydrology Dataset.  For a particular analysis, flow distance along a stream channel may be an important factor, so the limitations of grid data models in estimating distance along a linear feature may adversely impact the reliability of the result.  
This investigation is an explicit demonstration of a problem inherent in a gridded representation of some geographical phenomena.  For any given grid size, a raster representation of a linear feature may add some amount of error in distance calculations due to its inability to perfectly model the original feature.  The broader issue of how long something actually is (e.g. the coastline of Britain) is far beyond the scope of this technical note.  For our purposes, the point is only that raster representations of linear features will tend to overestimate length relative to a vector representation of the same set of features.
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