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Mapping Riparian Vegetation 
with Lidar Data
Predicting plant community distribution using  

height above river and flood height

Combining GIS and lidar data enabled predictive mapping for riparian 
areas for a portion of the Sierra Nevada mountain range. 
 Riparian areas pose many problems for vegetation modeling because 
of their narrow width, dendritic pattern, and the sensitivity of plant spe-
cies to subtle changes in topography that cannot be easily recorded by 
coarse-scale digital elevation models (DEMs). Vegetation mapping and 
monitoring in riparian areas have relied heavily on field-based surveys 
that record the distribution of plant communities along transects perpen-
dicular to the river. 
 Typically, these studies also collect ancillary variables, such as stage 
elevation or height above the river (HAR), soil texture, and soil moisture, 
that are used to predict the distribution of vegetation types. However, 
these methods are extremely time consuming and do not allow for the de-
velopment of predictive maps because the data collected cannot easily be 
extrapolated to a larger region. GIS and lidar data provide an opportunity 
to derive variables, such as HAR, for large areas, making wall-to-wall 
predictive mapping a possibility.

Deriving HAR from Lidar Data
Developing cross section profiles akin to traditional survey methods 
posed a number of problems. It is time consuming to digitize the 
thousands of cross sections that would be required to cover the entire 
200-mile stretch of the Walker River, which runs from the Sierra Nevada 
range in eastern California to Walker Lake in western Nevada. 
 However, automated approaches for generating transects also entail 
problems. If the transects are generated perpendicular to the river, the 
density of transects is less on the outside of a river bend than on the 
inside of that river bend. If transects are generated perpendicular to one 
another, they do not always cross the river at right angles. One- 
dimensional methods also suffer from problems because points located 
on different transects may be close to one another geographically yet 
have very different values because the transects they are on intersect the 
river at different elevations. When producing a predictive map from such 
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data, the result is many abrupt changes over small areas that make the 
map difficult to interpret.
 The authors of this study considered two-dimensional methods as 
an alternative to the traditional one-dimensional method of construct-
ing stage elevation from lidar data. Hydrologic functions in the ArcGIS 
Spatial Analyst extension were used to fill the DEM (i.e., to remove local 
“sinks” caused by errors in DEM construction) and calculate flow direc-
tion and flow accumulation for each grid cell. 
 The resulting flow accumulation grid was reclassified and subse-
quently edited so that the resulting stream network only included cells 
where the Walker River was located. A custom model was developed 
using ArcGIS ModelBuilder to calculate HAR. The model uses the 
Spatial Analyst extension’s kernel density function to calculate a 
distance-weighted average of river elevations, where cells in the river 
that were nearer to the upland grid cells receive a greater weight than 
cells located farther away. The weighted average river elevation was 
then subtracted from the elevation of individual grid cells to derive HAR 
for each location. 
 ModelBuilder, part of ArcGIS Desktop, was also used to derive 
additional variables from the HAR grid. Spatial Analyst cost-distance 
functions were used to identify grid cells below a user-specified HAR 
threshold that were physically connected to the river channel. This 
algorithm was extended iteratively using ModelBuilder to calculate 
inundation areas at one-centimeter vertical intervals up to five meters 
above the river. The inundation values from each iteration were summed 
and subtracted from 500 to get a flood height grid. The flood height grid 
describes the flow stage required to inundate a given grid cell, assum-
ing a simple bathtub model. [A bathtub model is a steady-state water 
quality model for simplifying the assessment and prediction of condi-
tions in reservoirs and lakes as related to eutrophication.] Low-lying 
cells separated from the river by higher ground required a flood height 
greater than the HAR value.
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The figure on the left shows cross sections that have been 
generated perpendicular to the river crossing the river channel 
every 10 meters. The figure on the right shows horizontal 
cross sections that are generated every 10 meters. Both figures 
illustrate the problems with automated methods of generating 
cross sections. On the left, large gaps are left in areas where 
coverage of cross sections is poor. Where cross sections come 
close to one another, values can differ greatly because they refer 
to different parts of the river. On the right, the cross sections can 
intersect the river in more than one location. 
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Results
The HAR method described here produced maps that were smoother, 
easier to interpret, and required less time to produce than ones created 
using comparable one-dimensional methods. All calculations were 
performed using ArcGIS and the Spatial Analyst extension and did not 
require fieldwork. The kernel size can be adjusted to vary the extent and 
smoothness of the height-above-river map. Larger kernel sizes incor-
porate longer stretches of the river into the calculation allowing greater 
mapping extent and a smoother surface. A smaller kernel size results in 
a smaller extent but more detailed and more precise estimates. 
 Estimates appear to be most accurate along low-gradient stretches 
of the river with few tributaries. These are precisely the same areas 
where a typical low-resolution DEM would have the most difficulty 
detecting subtle changes in elevation. Stretches of river with a non-
linear gradient and tributaries with strongly differing gradients are 
likely to produce less accurate results.
 HAR and flood height were incorporated into statistical models to 
predict the distribution of vegetation communities within the Walker 
River Basin. When predicting the 10 major vegetation communities 
in the basin, HAR and flood height were the first and second most 
important predictor variables. Wetland vegetation and communities 

dependent on frequent flooding exhibited the lowest HAR values, 
while communities that tended to be located farther from the river but 
were still dependent on groundwater exhibited higher HAR values. 
Upland communities able to tolerate low water tables had the highest 
HAR values.

Future Directions
As restoration efforts move forward for the Walker River Basin, HAR 
and flood height maps will be incorporated into a decision support 
system that helps land managers identify low-lying areas that can be 
reconnected to the river channel. Using HAR and flood height maps 
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The figure on the left is a 0.3048-meter-resolution aerial photograph of the Walker River in Nevada. The image on the right is the height-above- 
river map using a 300-meter kernel size and classified into 50-centimeter vertical intervals. In the upper left-hand corner is a eutrophic oxbow 
lake that is low lying yet disconnected from the river channel. Near the bottom of the map is a shallow river channel that periodically fills with 
water, cutting off the point bar. An irrigation ditch is visible on the right-hand side of the image.

will help minimize costs by targeting areas where restoration is most 
likely to be successful. Currently the Great Basin Landscape Ecol-
ogy Lab is using Toolbox for Lidar Data Filtering and Forest Studies 
(Tiffs) software developed by Qi Chen to delineate individual tree 
crowns derived from lidar. The individual tree maps will be used to 
map bird habitat and improve on existing vegetation maps for the 
Walker River Basin. Finally, the authors plan to make the HAR and 
flood height models available to the GIS community as part of the Ri-
parian Topography Toolbox, which will be available on the ArcScripts 
Web site (www.esri.com/arcscripts). 
 For more information, contact 
Thomas E. Dilts 
E-mail: tdilts@cabnr.unr.edu
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