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Length

meter (m) 3.281 foot (ft) 
kilometer (km) 0.6214 mile (mi)
kilometer (km) 0.5400 mile, nautical (nmi) 
meter (m) 1.094 yard (yd)

Area

cubic meter (m3) 1.308 cubic yard (yd3) 
cubic kilometer (km3) 0.2399 cubic mile (mi3) 
cubic meter (m3) 0.0008107 acre-foot (acre-ft) 
square meter (m2) 10.76 square foot (ft2) 

Flow rate

cubic meter per second (m3/s) 70.07 acre-foot per day (acre-ft/d) 
cubic meter per second (m3/s) 35.3170.07 cubic foot per second (ft3/s)

Conversion Factors and Datum

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
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Abstract
Geomorphic attributes were collected from natural color 

aerial orthophotography to develop a multiscale classifica-
tion for the downstream-most 220 kilometers of the Platte 
River in eastern Nebraska. The intent of this classification is 
to define discrete reaches that have geomorphic characteristics 
favorable to endangered interior least terns (Sternula antil-
larum) and threatened piping plovers (Charadrius melodus) 
who use riverine sandbars for nesting habitat. Annual to daily 
fluctuations in discharge present a challenge to characterizing 
emergent sandbar habitat directly from existing aerial ortho-
photography for the Platte River. Therefore, this classification 
is based on geomorphic measures that are relatively insensi-
tive to prevailing river discharge but may be physically related 
to emergent sandbar locations. Such features include valley 
width, channel width, and sinuosity. The results provide four-
cluster and seven-cluster classifications for the Lower Platte 
River based on naturally occurring, statistically determined 
clusters of features. The classification was validated using tern 
and plover nest data for 2006–08. Forty-nine percent of the 
nest locations fell within the same class type in the four-cluster 
classification, which represented 18 percent of the study area. 
This class is found primarily in the Eastern Platte River Gorge, 
downstream from Salt Creek and upstream from the junction 
of the Platte River with the Missouri River. 

Introduction
The 170 kilometers (km) of the Platte River from the 

Loup River junction to its mouth (the Lower Platte River) 
have historically been nesting areas for the endangered interior 
least tern (Sternula antillarum) and threatened piping plover 
(Charadrius melodus) (Lingle, 1993; Lott, 2006). The riverine 
habitats these shore and seabirds utilize for nesting, foraging, 
and rearing on the Lower Platte River include sparsely veg-
etated channel sandbars, sand and gravel beaches on islands, 
temporary pools on sandbars and islands, and river shorelines 
(Ziewitz and others, 1992; Lingle, 1993; Kirsch, 1996). Suc-
cessful tern and plover nesting has been historically docu-
mented on ephemeral sandbars in the Lower Platte River and 

adjacent sandpits, and some level of monitoring has occurred 
since the species were listed in 1985 and 1986 (U.S. Fish and 
Wildlife Service, 2006; Brown and Jorgenson, 2008). Tern and 
plover nesting on the Platte River is denser downstream from 
the junction with the Loup River, a relatively undeveloped 
sand-bedded tributary, compared to upstream Platte River 
reaches (Ziewitz and others, 1992; Joel Jorgenson, unpub. 
data, Nebraska Game and Parks Commission, 2009). 

A river classification can serve as a useful template to 
guide habitat management and to aid design of monitoring 
programs. For instance, a geomorphic river classification may 
define discrete reaches with processes necessary for the main-
tenance of nesting habitats. One potential application of the 
classification presented here would be to enable Federal, State, 
and local resource managers to integrate regional conservation 
planning for Platte River resources by grouping reaches with 
similar physical characteristics.

Purpose and Scope

This report presents a longitudinal, multivariate classi-
fication for the Lower Platte River based on remotely-sensed 
geomorphic characteristics. The intent of this classification 
was to identify reaches of the Platte River with similar geo-
morphic characteristics and physical processes. The classifica-
tion will provide a landscape-scale perspective on Platte River 
physical habitats that may aid in determining reach-scale 
characteristics related to tern and plover nesting.

Least Tern and Piping Plover Habitat

Interior least terns and piping plovers nest on emergent 
sandbar habitat on the Platte River and sandpits in the Platte 
River Valley (Kirsch, 1996; Lott, 2006). On the Platte River, 
nesting occurs on bare to sparsely vegetated sandbars with 
generally less than 25 percent vegetation (Kirsch, 1996). Terns 
and plovers tend to nest on the highest elevation unvegetated 
areas of sandbars on the Platte River (Sidle and others, 1992; 
Ziewitz and others, 1992). Terns and plovers have been found 
to nest on sites with a wide active channel and large mid-chan-
nel sandbars on the Lower and Central Platte River (Ziewitz 
and others, 1992). Platte River riverine environments are 
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important for foraging and congregation for terns and plovers 
that nest on off-river sandpits (Lingle, 1993). 

To create and maintain bare sandbars for nesting, periodic 
high flows are necessary to scour vegetation on existing bars 
and create new bars (Sidle and others, 1992; Parham, 2007). 
The timing of high flows is crucial to nesting success. High 
flows that occur too late in the nesting season may result in 
high mortality, and sustained high flows that cover sandbars 
and last throughout the nesting season result in habitat inunda-
tion (Sidle and others, 1992). High flows that recede early 
in the season should not affect nesting, and high flows that 
occur late in the nesting season will not adversely affect many 
nests when chicks are mobile and can usually move to higher 
ground (Sidle and others, 1992). 

Physical Setting and Study Section

We examined the geomorphic features of the down-
stream-most 220 km of the Platte River in Nebraska to 
develop a geomorphically based channel classification (fig. 
1). The Lower Platte River is designated as the segment 
downstream from the Loup River junction near Columbus, 
Nebraska. We also included fifty km of the Platte River 
upstream from the Loup River junction in the analysis; while 
not conventionally part of the Lower Platte River, this section 
provided a comparative example of a hydrologically distinct 
segment of the Platte River. 

The Platte River generally is a wide and shallow sand-
bedded braided river with numerous variously vegetated bars 
and islands. From Ashland, Nebraska, to the Missouri River, 
the Lower Platte River flows through a narrow valley known 
as the Eastern Platte River Gorge (Joeckel and Henebry, 
2008).

The term emergent sandbar habitat specifically refers to 
the high-elevation unvegetated regions of dry sand on bars that 
are above the water surface during the tern and plover breed-
ing season. We were unable to explicitly measure emergent 
sandbar habitat in this study as elevations cannot be deter-
mined from aerial photography with variable discharges. We 
refer to dry sand, wet sand, and braiding index and recognize 
that these variables will change with fluctuations in discharge.

Hydrology

The Platte River flow regime has been altered substan-
tially, beginning in the early 19th century and extending to 
the present day, by irrigation diversions and canals, dams and 
reservoirs, and groundwater pumping (Hadley and others, 
1987; Randle and Samad, 2003). Reservoir construction on 
the North and South Platte Rivers has reduced total annual 
and mean annual flow, and substantially altered the seasonal 
snowmelt peaks coming from the Rocky Mountains and plains 
(Williams, 1978; Simons and Associates Inc., 2000; Randle 
and Samad, 2003). This has resulted in a reduced frequency 

of flows that create and maintain bare sandbar nesting habitat. 
Average annual flows on the Platte River have been reduced 
significantly because of agricultural diversions (Randle and 
Samad, 2003). Historically, the Platte River above the Loup 
River probably had experienced very low flows during the late 
summer, and the channel may have been at times dewatered 
(Hadley and others, 1987; Simons and Associates Inc., 2000). 
The Central Platte River often is dewatered upstream from the 
Loup River. The Lower Platte River’s present-day flow regime 
is characterized by cyclical daily flow changes from hydro-
power peaking upstream, as seen in instantaneous discharge 
data for the Platte River at North Bend, Nebraska (fig. 2). Such 
flow fluctuations make it challenging to acquire aerial photog-
raphy for any large segment of river at a similar discharge. 

The Loup River, Elkhorn River, and Salt Creek are 
tributaries that enter the Platte River 166.5, 52, and 43 river 
km, respectively, upstream from the mouth of the Platte at the 
Missouri River. These tributaries retain a seasonal flow pattern 
with flood peaks corresponding to spring and early summer 
months and low flows in the late summer (fig. 2) and also 
contribute sediment to the Lower Platte River. The Loup River 
power canal near Genoa, Nebraska contributes fluctuating 
discharge from hydropower production and enters the Platte 
River just downstream from the Loup River, 163 km upstream 
from the Missouri River (fig. 2). The Platte River streamflow 
gage at Louisville, Nebraska, is located downstream from 
where the Loup River, Loup power canal, Elkhorn River, and 
Salt Creek flow into the Lower Platte River (figs. 1–2). The 
daily minimum and maximum discharges at the Louisville 
gage illustrate the effects of power peaking in the Lower Platte 
River (fig. 2, table 1). 

Geomorphology

Since the mid-19th century, the Platte River’s active chan-
nel has experienced a reduction in width and an increase in 
woody vegetation (Johnson, 1994; Simons and Associates Inc., 
2000; Randle and Samad, 2003; Murphy and others, 2004; 
National Research Council, 2004). Most research has focused 
on narrowing of the active Platte River channel upstream from 
Grand Island, Nebraska. Average channel width measure-
ments from maps and aerial photographs on the Platte River 
from North Platte to Grand Island, Nebraska, show channel 
narrowing varying from 87–54 percent from 1865 to 1998 
(Murphy and others, 2004). A recent study of the geomorphic 
history of the Lower Platte River, specifically downstream 
from Grand Island, Nebraska, demonstrates that the history 
of the Lower Platte differs from the central and western Platte 
River (Joeckel and Henebry, 2008). Lower rates of channel 
area reduction and higher rates of bank erosion were measured 
from 1860–2005 in the reaches of the Lower Platte down-
stream from the Loup and Elkhorn Rivers compared to the 
upstream reaches (Joeckel and Henebry, 2008). 
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Table 1. Dates and river discharges for 2006 digital photography.

[NAIP, National Aerial Imagery Program; km, distance upstream from the Platte River’s junction with the Missouri River, in kilometers; m3/s, cubic 
meters per second; Platte River streamflow-gaging stations and identification numbers: Grand Island, Nebraska, 6770500; North Bend, Nebraska, 
6796000; and Louisville, Nebraska, 6805500]

2006 
NAIP

quarter
quadrangle

Image date
Beginning 

river 
(km)

Ending 
river  
(km)

Maximum 
discharge 

(m3/s)

Minimum 
discharge 

(m3/s) 

Mean  
discharge 

(m3/s)

Nearest  
streamflow 

gage

Clarks SW 7/24/2006 216.0 209.0 0 0 0 Grand Island
Clarks NE 7/30/2006 216.0 209.0 0 0 0 Grand Island
Swedehome NW 7/29/2006 208.5 207.5 0 0 0 Grand Island
Silver Creek SW 7/29/2006 207.5 195.0 0 0 0 Grand Island
Silver Creek SE 7/29/2006 207.5 195.0 0 0 0 Grand Island
Silver Creek SE NW 7/29/2006 195.0 183.0 0 0 0 Grand Island
Silver Creek SE NE 7/29/2006 195.0 183.0 0 0 0 Grand Island
Columbus SW NE 7/26/2006 183.0 178.0 0 0 0 Grand Island
Duncan SE 7/26/2006 178.0 171.5 0 0 0 Grand Island
Columbus SE 7/26/2006 171.5 160 0 0 0 Grand Island
Columbus SW 7/26/2006 171.5 160 0 0 0 Grand Island 
Richland SE 7/23/2006 160 149.0 32.28 6.65 15.89 North Bend
Richland SW 7/23/2006 160 149.0 32.28 6.65 15.89 North Bend
Schuyler SE 7/22/2006 149.0 137.5 26.87 8.78 17.08 North Bend
Schuyler SW 7/22/2006 149.0 137.5 26.87 8.78 17.08 North Bend
Rogers NE 7/29/2006 137.5 125.5 25.43 9.29 16.45 North Bend
Rogers NW 7/22/2006 137.5 125.5 26.87 8.78 17.08 North Bend
Rogers SW 7/22/2006 137.5 125.5 26.87 8.78 17.08 North Bend
North Bend NW 7/29/2006 125.5 114.5 25.43 9.29 16.45 North Bend
North Bend NE 7/29/2006 125.5 114.5 25.43 9.29 16.45 North Bend
Malmo NW NE 7/28/2006 114.5 103.0 26.50 7.28 15.57 North Bend
Malmo NW SE 7/28/2006 114.5 103.0 26.50 7.28 15.57 North Bend
Malmo NW NW 7/29/2006 114.5 103.0 25.43 9.29 16.45 North Bend
Malmo NW SW 7/29/2006 114.5 103.0 25.43 9.29 16.45 North Bend
Fremont West NW 7/28/2006 103.0 91.0 26.50 7.28 15.57 North Bend
Fremont West SE 7/28/2006 103.0 91.0 26.50 7.28 15.57 North Bend
Fremont West SW 7/28/2006 103.0 91.0 26.50 7.28 15.57 North Bend
Fremont East SW 7/28/2006 91.0 85.5 26.50 7.28 15.57 North Bend
Leshara NE 7/28/2006 85.5 74.0 26.50 7.28 15.57 North Bend
Leshara SE 7/28/2006 85.5 74.0 26.50 7.28 15.57 North Bend
Valley SW 7/28/2006 74.0 68.5 25.29 17.73 7.56 Louisville
Wann NE 7/19/2006 68.5 53.0 38.23 26.59 11.64 Louisville
Wann SE 7/19/2006 68.5 53.0 38.23 26.59 11.64 Louisville
Wann NW 7/28/2006 68.5 53.0 25.29 17.73 7.56 Louisville
Wann SW 7/28/2006 68.5 53.0 25.29 17.73 7.56 Louisville
Ashland East NE 7/19/2006 53.0 35.5 38.23 26.59 11.64 Louisville
Ashland East SE 7/19/2006 53.0 35.5 38.23 26.59 11.64 Louisville
Ashland East NW 7/28/2006 53.0 35.5 25.29 17.73 7.56 Louisville
Ashland East SW 7/28/2006 53.0 35.5 25.29 17.73 7.56 Louisville
Springfield SW 7/19/2006 35.5 33.0 38.23 26.59 11.64 Louisville
Manley NE 7/19/2006 33.0 29.5 38.23 26.59 11.64 Louisville
Springfield SE 7/19/2006 29.5 22.5 38.23 26.59 11.64 Louisville
Cedar Creek NW 7/19/2006 22.5 10.5 38.23 26.59 11.64 Louisville
Cedar Creek NE 7/18/2006 22.5 10.5 52.39 31.15 21.24 Louisville
Plattsmouth NE 7/18/2006 10.5 0 52.39 31.15 21.24 Louisville
Plattsmouth NW 7/18/2006 10.5 0 52.39 31.15 21.24 Louisville
Plattsmouth SE 7/18/2006 10.5 0 52.39 31.15 21.24 Louisville
Plattsmouth SW 7/18/2006 10.5 0 52.39 31.15 21.24 Louisville
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River Classification

River classification typically is based on one of two broad 
approaches. In the first, pre-determined classification schemes 
are applied to assign parts of a river to physically meaningful 
classification units. For example, an a priori classification of 
the Lower Platte River might be based on the major hydro-
logic segments (Loup River to Elkhorn River, Elkhorn River 
to Salt Creek, Salt Creek to the mouth) assuming that geo-
morphology and physical habitat will be controlled primarily 
by variation in flow and sediment regimes associated with the 
main tributaries. 

A contrasting approach is to measure a suite of channel-
geomorphology characteristics and to apply multivariate 
statistical techniques to extract naturally occurring clusters of 
characteristics. Statistical classification schemes have advan-
tages in minimizing dependence on prior, potentially untested 
assumptions. Previous work has illustrated the broad frame-
work of statistical approaches to river classification (Kondolf 
and others, 2003), although much of the existing literature 
focuses on classifying drainage basins (Higgins and others, 
2005; Keaton and others, 2005) or valley segments (Rabeni 
and Sowa, 2002; Sowa and others, 2005) at broader scales 
than the reach scale addressed in this study. Within the cluster-
ing approach, two contrasting strategies exist. In the first, a 
large suite of potentially applicable variables is assembled and 
subjected to an ordination procedure (such as Principal Com-
ponent Analysis, PCA) to explore relations among potentially 
redundant variables and to reduce variables to factor scores. 
These data then are subjected to a clustering analysis to assess 
how the factor scores cluster. Assigned clusters can be used as 
the basis for a discriminant analysis to define the mathematical 
functions that best describe the classified clusters.

A variation on this general strategy is to explore variables 
and reduce them using scientific judgment to select specific 
variables containing the most useful information content. In 
effect, this approach is a hybrid of the a priori and statistical 
methods because physical understanding is used to select the 
relevant variables. Variables chosen in this fashion may not 
have as much statistical power to define individual clusters, 
but they are more amenable to physical interpretation com-
pared to multivariate factors that would reflect interactions of 
several variables.

A key step in variable selection is to define variables that 
are potentially controlling or independent variables, and which 
are adjustable, or dependent, variables. Geomorphic variables 
can be considered dependent or independent, depending on the 
time-frame and spatial extent of interest (Schumm and Lichty, 
1963; Piégay and Schumm, 2003). In order to scale this analy-
sis to management issues, our emphasis is on variables that 
can be considered independent over decadal time scales and 
1–100-km spatial scales. In this context, valley width, active 
channel width, bedrock interactions, engineered structures, 
and broad-scale sinuosity can be considered independent 
variables. 

The Lower Platte River is an especially dynamic river 
channel with braid bars and shifting channels that change 
rapidly at the scale of 10’s to 100’s of meters (m). In addition, 
the Lower Platte River is subject to rapidly varying discharge 
because of reservoir releases and natural hydrologic events. 
Because of this dynamic nature, remotely sensed images 
rarely capture equivalent hydrologic conditions along the 
river. Therefore, classification approaches need to emphasize 
features that are relatively independent of short-term chan-
nel dynamics and hydrologic condition. Reliance on remotely 
sensed imagery also dictates a classification that can resolve 
channel features at the reach scale (1,000–10,000’s m). Finer-
scale classifications at the channel unit and meso-habitat 
scale (Frissell and others, 1986) will require more intensive 
approaches.

The Lower Platte River also is characterized by dynamic 
changes to vegetation communities on sandbars, such that 
bars may exist in a range of vegetated conditions. Although 
channel characteristics and riparian vegetation communities 
interact to affect many channel morphological features, the 
potential for sandbars to become vegetated or remain unveg-
etated largely is a function of physical condition of a channel, 
including the flow regime, sediment regime, and local mor-
phologic conditions that determine shear stress and sediment 
transport. Therefore, we treat the vegetation status of sandbars 
as a dependent variable in this classification.

Approach and Methods
We collected geomorphic information from high-

resolution remotely sensed imagery to serve as the basis for 
classification of the Lower Platte River. Geomorphic features 
that required interpretative identification were digitized from 
the imagery and image classification techniques were used to 
automate mapping of in-channel features (sandbars, veg-
etated bars, braiding index). The geomorphic information was 
attributed to address points at 500 m spacing along the channel 
and analyzed statistically for naturally occurring classification 
units.

Aerial Orthophotography

We used 2-m resolution digital natural-color orthopho-
tograph quarter-quadrangles (DOQQ) from 2006 taken by 
the Farm Service Agency’s National Agricultural Imagery 
Program (FSA/NAIP). Variations in photograph dates and 
significant temporal variation in discharge unavoidably led to 
non-uniform hydrologic conditions within the imagery set for 
each year (fig. 3, table 1). Aerial photography dates ranged 
from July 18 to July 30. During this time, the discharge was 
zero at the Grand Island, Nebraska, streamflow gage upstream 
from the study area, and the channel was essentially dewatered 
upstream from the Loup River and Loup River Power Canal 
(fig. 3, table 1). Downstream from the Loup River and power 
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photographs used in this study at the Grand Island, North Bend, and Louisville streamflow gages on the Platte 
River, Nebraska.
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canal differences between the daily minimum and maximum 
flows were between 16 and 26 m3/s (cubic meters per second) 
at the North Bend gage, and between 8 and 21 m3/s at the 
Louisville gage (fig. 3, table 1). For this reason, it was not pos-
sible to map in-channel river features over long river reaches 
under consistent hydrologic conditions. The photographs were 
mosaicked and compiled in a geographic information system 
(GIS) by using the ArcGIS software package (ESRI, Redlands, 
Calif.). All data derived from the orthophotography have the 
horizontal datum North American Datum, 1983 (NAD 83). 
The projection used for all data associated with this report is 
Universal Transverse Mercator, Zone 14 (UTM 14).

Channel and Valley Boundary Determinations

The river channel boundary was digitized manually on 
a computer screen at a 1:5,000 scale on the mosaicked 2006 
orthophotography. All areas of the river that appeared to be 
“active channel” were digitized as part of the channel. The 
active channel was identified by steep slope breaks on banks, 
presence of open water, and geomorphic and sedimentologi-
cal features indicative of frequent sediment transport. This 
method, as opposed to defining the channel boundary at the 
water’s edge, allowed for comparison of channel width and 
other characteristics between orthophotographs with highly 
varied discharges. 

The Platte River Valley was digitized at the same scale 
as the river on the 2006 orthophotography. Topographic and 
geologic maps as well as a Digital Elevation Model from the 
National Elevation Dataset (U.S. Geological Survey) aided in 
determining the Platte River Valley boundary. 

Address System

To establish the address system, the channel centerline 
was drawn between the digitized channel boundaries using a 
computer-automated method (fig. 4). The address system and 
data-collection methods used are similar to those developed 
for the Missouri National Recreational River; see Elliott and 
Jacobson, (2006) for more details.

 Address points were defined along this centerline with 
500-m intervals, comparable to the average width of the 
Lower Platte channel (fig. 4). To collect attributes from raster 
and polygon classifications, a polygon address system was cre-
ated by using generally perpendicular transects drawn through 
the address points to divide the channel into quadrilateral 
polygons (fig. 4). Address polygons were intersected with the 
classification raster or polygon datasets to assign attributes to 
address points. 

The digitized channel boundary lines were converted to 
closely-spaced points (1-m apart) to calculate river width. A 
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Figure 4. Address system created for data collection based on the channel centerline. Address points were 
created at 500-meter intervals. Address system includes polygons that can be intersected with data for raster- or 
polygon-based area data collection.
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distance function was then used to measure the distance from 
an address point to the closest channel boundary point on the 
right and left banks. These values were added together to cal-
culate total channel width. Channel width, therefore, measures 
the width of the active channel, including all mid-channel bars 
and islands, as well as sandbars along the sides of the channel. 
The same process was used to calculate valley widths for the 
Platte River Valley. 

Sinuosity is calculated by dividing the distance between 
points as measured along the thalweg by the straight-line dis-
tance between points. Because of the highly braided nature of 
the Lower Platte River, we were unable to define a thalweg at 
the scale of braiding; therefore, we used the channel centerline 
as the basis for calculating a modified channel sinuosity index. 
This effectively defines minimum scale of sinuosity resolution. 
Additionally, because sinuosity can vary greatly with the scale 
of measurement, sinuosity values were calculated for 1,000; 
2,000; 4,000; 8,000; and 16,000-m reaches of the Lower Platte 
River. 

Image Classification for In-Channel 
Characteristics

Images were classified for the entire area within the 
channel boundaries for the Platte and Loup Rivers to identify 
in-channel characteristics. The 2006 mosaicked imagery was 
masked to the channel region and exported to ERDAS Imag-
ine (Erdas Inc., Norcross, Georgia). Classification categories 
were selected to differentiate between deep water (channel 
bottom not visible), dry sand, wet sand, non-woody vegetation 

(light vegetation unit), and woody vegetation (dark vegetation 
unit). Several of the best representatives from each class were 
selected for use as training samples (fig. 5), and these samples 
then were used to generate a computerized classification of the 
entire in-channel area. 

Although computer classification allowed for greater 
consistency and took much less time than manual digitization 
of the categories, some errors were introduced in the process. 
Many of the errors occurred in relation to classification of 
bars with woody vegetation. No consistent way was found to 
classify areas of nonvegetated ground within the islands, and 
many of the darker shadows from the woody vegetation ini-
tially were classified as deep water. Additionally, some areas 
of deep water were misclassified as woody vegetation. 

To correct for these errors, we used the ArcMap software 
to convert the woody vegetation raster layer into a polygon 
layer. Polygons with areas less than 2,500 square meters (m2) 
were deleted, which allowed for selection of only true veg-
etated bars, rather than areas of deep water that were misclas-
sified as vegetation. Any holes in the remaining polygons were 
filled, which corrected for false classification of bare sediment 
and deeply, shadowed regions. These island polygons were 
then recombined with the initial raster classification to create a 
finalized classification raster.

Problems remaining in the final raster include but are 
not limited to: misclassification of bridges (generally as sand 
with the darker shadows classified as deep water); misclas-
sification along the channel boundaries and edges of the 
island polygons, which could not be corrected by the process 
described above; gaps in the classification raster where deep 
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Figure 5. Selection of training samples for the woody vegetation category of the computerized classification.
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water, nonwoody vegetation, or other classes initially had been 
classified as woody vegetation; and misclassification of dark 
patches of sand as nonwoody vegetation.

In order to evaluate the effectiveness of automated clas-
sification as opposed to manual digitization of the classifica-
tion categories, a 2-km representative section of river was 
selected for manual classification (table 2, fig. 6). The reach 
was interpreted manually and digitized at a scale of 1:5,000, 
and the entire area was classified —based on a visual estima-
tion of color and texture—into the same categories used in the 
computer classification. For the purposes of the manual classi-
fication, any sandbars that were not at least 50 percent covered 
by vegetation were classified as bare sand. 

A braiding index representing the total number of chan-
nels was calculated at each address point. Polygons created by 
combining the wet sand and deep water classification catego-
ries were intersected with the perpendicular transects through 
each address point. The number of channels was calculated by 
counting the number of times each transect intersected a poly-
gon. Only intersections greater than 10 m long were consid-
ered to be true channel; line segments shorter than this length 
were disregarded. The number of bars also was calculated as a 
complementary metric. The number of bars within an address 
polygon was tabulated by counting the number of bar polygon 
centroids, and this number was assigned to the address point.

Statistical Classification

Geomorphic and in-channel characteristic variables and 
their interpretations are listed in table 3. The addressing sys-
tem allows the data to be illustrated in a longitudinal frame-
work (fig. 7). 

The address-point data were examined for correlation 
and to assess normality of distributions. Many of the variables 
are interrelated, as shown by principal component analysis 
(PCA, fig. 8) and scatterplots (fig. 9). The PCA shows vari-
ables related to channel complexity (braiding index, numbers 
of bars, channel width, and wet sand area) are related and are 
positively loaded on factor 1. Importantly, dry sand area is 
negatively loaded on factor 1, indicating that under the hydro-
logic conditions prevailing during the imagery collection in 
2006, wet, deep water areas are inversely related to dry chan-
nel areas. Dark vegetation (older, more established vegetation 
communities) and light vegetation (younger, less established 
vegetation communities) are associated with channel width 
(negatively loaded on factor 2) indicating that bar stabil-
ity is associated with increased channel width. Deep water 
areas are positively associated with factor 3, as are sinuosity 
at the 2,000-m and 8,000-m scales, indicating an association 
between channel sinuosity and flow concentration.

Table 2. Comparison of automated and manual classifications of a 2-kilometer reach of the Platte River.

Classification

Manual 
deep water, 
in number 

of grid cells

Manual  
dry sand,  
in number  

of grid cells

Manual  
wet sand, 
in number 

of grid cells 

Manual 
non-woody 
vegetation, 
in number 

of grid cells

Manual 
woody 

vegetation, 
in number  

of grid cells

Manual 
unclassified 

(bridge),  
in number  

of grid cells

Total  
number of 
grid cells

Percent of total 
grid cells in  

agreement with 
automated  

classification

Automated deep 
water 6,401 151 4,134 322 241 22 11,271 57

Automated dry sand 36 30,138 7,920 1,273 5 1,410 40,782 74

Automated wet sand 3,262 8,425 142,283 3,091 88 192 157,341 90

Automated non-
woody vegetation 5 4,803 3,908 14,139 205 42 23,102 61

Automated woody 
vegetation 357 0 917 2,620 27,302 0 31,196 88

Automated  
unclassified 1 0 0 0 0 0 1 0

Unclassified (woody 
vegetation manu-
ally removed)

1,256 233 3,347 2,206 646 122 7,810 16

Total number of 
grid cells 11,318 43,750 162,509 23,651 28,487 1,788 271,503 --

Percent of total grid 
cells in agree-
ment with manual 
classification

57 69 88 60 96 0 -- --
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Table 3. Variable names, abbreviations, and definitions.

Variable name Abbreviation Definition

Channel width CWIDTH Width of channel, high bank to high bank, in meters perpendicular to the center line
Valley width VWIDTH Valley width perpendicular to the channel center line, in meters
Sinuosity at 2000 meters SIN2000 Ratio of distance along the channel centerline over 2,000 meters to the straight-line 

distance between the two end points
Sinuosity at 8000 meters SIN8000 Ratio of distance along the channel centerline over 8,000 meters to the straight-line 

distance between the two end points
Percent area of deep water DEEP Percent area of deep water identified through aerial imagery and classification
Percent area of dry sand DRYSAND Percent area of dry sand identified through aerial imagery and classification
Percent area of wet sand WETSAND Percent area of wet sand identified through aerial imagery and classification
Percent area of light vegetation LTVEG Percent area of light vegetation identified through aerial imagery and classification;  

Non-woody vegetation communities
Percent area of dark vegetation DKVEG Percent area of light vegetation identified through aerial imagery and classification;  

Woody vegetation communities
Number of sand bars BAR_COUNT Number of sand bars in address channel polygons
Braiding index BRAID_INDEX Number of channels crossed by transects at address points

Through an iterative process, we focused on four key 
variables that were judged to be relatively independent from 
one another and indicative, adjustable geomorphic variables. 
The four variables were valley width, channel width, 2,000-m 
sinuosity, and 8,000-m sinuosity (fig. 10). To minimize depen-
dence among spatially adjacent sample points in the clustering 
analysis, we randomly selected approximately one quarter of 
the points for initial clustering and analysis. The four variables 
were standardized by the range of values and examined for 
normality. Normality is not critical for cluster analysis, but is a 
fundamental assumption of discriminant analysis. Violation of 
normality, however, is not considered critical to useful analysis 
(Hill and Lewicki, 2006). The variables were not considered 
critically non-normal. 

Hierarchical cluster analysis of the standardized, ran-
domly selected dataset was used to examine the clustering 
structure of the dataset (fig. 11). This analysis supported 
identification of four distinct clusters. Additional clusters were 
identified but were not as clearly distinguished as the first four.

The standardized, randomly selected dataset also was 
analyzed by K-means cluster analysis stipulating 2 to 10 clus-
ters. K-means cluster analysis starts with predefined number 
of clusters (K) and divides the data into K mutually exclusive 
groups by maximizing the between-group variation (Wilkinson 
and others, 2004). We used Euclidean distance as the distance 
metric, and a plot was developed of between-group sum of 
square differences and within-group sum of square differences 
by cluster number (fig. 12). Similar to a “scree” plot, breaks 
in the slopes of these curves were interpreted as numbers of 
clusters at which information content of the clustering process 
changed. The plot clearly indicates a break in slope at four 
clusters, similar to the hierarchical cluster result. Moreover, 
“cluster-parallel” plots (figs. 13, 14) indicated a divergence at 
eight clusters, so we also chose seven clusters as the basis for 

a more detailed classification. The cluster-parallel plots were 
arranged with the variable having the highest discrimination 
capability at the top of the plot and the least at the bottom. 

After assigning classes for four and seven clusters, 
discriminant analysis was used to develop classification func-
tions for the clusters. Discriminant analysis plots (figs. 15, 16) 
show distinct groupings of cluster classes along the first two 
factored axes. In addition, the discriminant classifications were 
cross validated using a jackknife procedure, which indicated 
that 78-100 percent of all points were correctly classified 
(table 4). Success in classification was least for clusters with 
small representation, such as clusters three, five, and six in the 
seven-cluster dataset.

We classified the previously non-selected three-quarters 
of the data points using the discriminant functions for the four- 
and seven-cluster cases, and transferred the classifications 
back to the address GIS dataset. By examining the cluster par-
allel and profile plots, and the physical context of the river, we 
assigned descriptive categories to the classes (table 5; fig. 17). 

Classification Assessment

The utility of the geomorphic classification was assessed 
based on its ability to discriminate in-channel characteristics 
and to classify a limited number of tern and plover nesting 
locations. Variation of in-channel characteristics was assessed 
graphically using comparative box plots of proportions of 
deep water, dry sand, braiding index, and dark vegetation by 
four- and seven-cluster classes. To assess the utility of the 
classifications in identifying nesting habitat, we compared 
proportions of class types to proportions of nests found in 
those class types as mapped 2006–08 by the Nebraska Game 
and Parks Commission (Joel Jorgenson unpub. data, Nebraska 
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Game and Parks Commission, 2009; Brown and Jorgenson, 
2008). This dataset consisted of 265 nest locations total, 16 
mapped in 2006, 85 in 2007, and 164 in 2008. Nests were 
located by field-based survey during the nesting season and 
locations were georeferenced using handheld global position-
ing systems to nominally +/- 5-m accuracy. Because these data 
do not necessarily indicate nesting success, nest data should be 
viewed as a measure of physical nesting potential. Out of the 
265 nests, 92 percent (245) were least tern nests. For classifi-
cation validation all nests from 2006–08 and the two species 
were lumped together. We calculated Ivlev’s selectivity coef-
ficients to quantify the strength of nesting selection for specific 
river reaches (Manly and others, 2002). Selectivity coefficients 
were calculated as:

 Ei = (oi – pi ) / (oi + pi )

where Ei is the selectivity coefficient for resource unit i 
(from-1 to +1), oi is the sampled proportion of reaches with 
nests, and pi is the sampled proportion of available reaches. 

Values of selectivity coefficient near 0 indicate habitat is used 
in proportion to its availability. Positive coefficient values 
indicate habitat selection, whereas negative coefficient values 
indicate avoidance. Although these coefficients do not indicate 
a probability of nesting in a reach, they do document the rela-
tive strength of selection among a range of reaches.

Results
Geomorphic and in-channel characteristics of the Lower 

Platte River vary substantially along its length (fig. 7). Valley 
width and 8,000 to 16,000-m sinuosity vary at a broad scale, 
whereas short-scale sinuosity, measures of braiding, channel 
width, and most of the in-channel characteristics vary at a fine 
scale. 
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Figure 11. Hierarchical cluster dendrogram of 
the reduced dataset. Selected variables were 
standardized for this analysis.
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K-means procedure for four clusters. 
Cluster-parallel plots show standardized 
values of the variables (relative to mean) 
for each cluster. The variables are arranged 
generally from most to least affect from top 
to bottom.
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Figure 15. Canonical scores for the four-cluster classification. 
Ellipses show the groupings used for classification. 
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Figure 16. Canonical scores for the seven-cluster 
classification. Ellipses show the groupings used for 
classification.

Table 4. Result of jackknife validation of discriminant function classification of four- and seven-cluster classifications.

Classification

Classification 1 2 3 4
Percent 
correct

Four-cluster class

Classified by jackknife

1 30 0 0 0 100

2 0 19 0 0 100

3 0 0 10 0 100

4 1 0 0 40 98

Total 31 19 10 40 99

Classification

Classification 1 2 3 4 5 6 7
Percent 
correct

Seven-cluster class

Classified by jackknife

1 18 0 0 0 0 0 0 100

2 0 18 0 0 0 0 0 100

3 0 1 7 0 1 0 0 78

4 0 0 0 26 0 0 0 100

5 0 0 0 1 7 0 0 88

6 0 0 0 1 0 7 0 88

7 1 0 0 0 0 0 12 92

Total 19 19 7 28 8 7 12 95
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Table 5. Names and interpreted physical significance of clustered classes. 

[NA, not available; LPR, Lower Platte River]

Classification

Dominant 
relation to 

four-cluster  
(see table 4)

Descriptive  
name

Physical process interpretation

Four-cluster classification

1 NA Wide valley, low 
sinuosity

This unit characterizes the LPR upstream from the Loup River confluence. Channel 
width is variable and the 8,000-meter sinuosity is low. The 2,000-meter sinuosity 
is somewhat higher indicating greater flow complexity at shorter scales.

2 NA Narrow valley, low 
sinuosity

This unit occurs in the narrow valley of the Eastern Platte River Gorge (Joeckel and 
Henebry, 2008).

3 NA Narrow valley, 
high sinuosity

This unit occurs in the narrow valley of the Eastern Platte River Gorge (Joeckel and 
Henebry, 2008). High sinuosity at 8,000-meter scale captures the valley-scale 
bends. A few bends within the Elkhorn-Loup segment also are included.

4 NA Medium valley, 
high channel 
width

This unit includes most of the remainder of the Elkhorn-Loup segment, character-
ized by medium valley width and low-medium sinuosities. Some relatively wide 
channel reaches are included in this cluster.

Seven-cluster classification

1 1 Wide valley, low 
sinuosity

This unit characterizes the LPR upstream from the Loup River confluence. Channel 
width is variable and the 8,000-meter sinuosity is low. The 2,000-meter sinuosity 
is somewhat higher indicating greater flow complexity at shorter scales.

2 2 Narrow valley, low 
sinuosity

This unit occurs in the narrow valley of the Eastern Platte River Gorge (Joeckel and 
Henebry, 2008).

3 3 Narrow valley, 
high sinuosity

This unit occurs in the narrow valley of the Eastern Platte River Gorge (Joeckel and 
Henebry, 2008). High sinuosity at 8,000-meter scale captures the valley-scale 
bends. A few bends within the Elkhorn-Loup segment also are included.

4 4 Medium valley, 
high channel 
width, low 
sinuosity

This unit occurs in the Elkhorn-Loup segment, characterized by medium valley 
width and low-medium sinuosities. 

5 4 Medium valley, 
high channel 
width

This unit occurs in the Elkhorn-Loup segment, characterized by medium valley 
width and low-medium sinuosities. This unit has higher channel widths than 
units 4 and 6; these reaches tend to have established, vegetated islands.

6 4 Medium valley, 
low channel 
width, medium 
sinuosity

This unit occurs in the Elkhorn-Loup segment, characterized by medium valley 
width, medium sinuosities, and medium channel widths.

7 1 Wide valley, low 
medium sinuos-
ity and channel 
width

This unit characterizes the LPR upstream from the Loup River confluence. Channel 
width is slightly greater than unit 1 and the 2,000-meter sinuosity also is slightly 
higher than that of unit 1, indicating reaches with somewhat greater flow com-
plexity at shorter scales.
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Valley and Channel Width

The Lower Platte River flows through a valley ranging 
from 1.1 to 26.9 km wide (fig. 7, table 6). The average valley 
width above the Loup River is 24.5 km. The segment between 
the Loup and Elkhorn Rivers averages 11.8 km, and the seg-
ment below the Elkhorn in the Eastern Platte River Gorge is 
the narrowest, ranging from 1.1 to 7.6 km, with an average 
width of 4.8 km. 

Active channel width varies considerably along the entire 
Lower Platte ranging from 120 m to 1,358 m with a mean 
width of 485 m (fig. 7). The narrowest segment of the study 
area is upstream from the Loup junction with a mean width of 
375 m. The segment between the Loup and Elkhorn Rivers is 
the widest with channel widths ranging from 200 to 1,385 m, 
with a mean width of 535 m. 

Sinuosity

Sinuosity has been shown to relate to channel curvature, 
flow separation, and hydraulic diversity (Barbour and others, 
1999). Sinuosity ranges from 1.01 to 1.14 when measured at 
scales from 1,000 m to 16,000 m on the Lower Platte River 
(table 6). All values for sinuosity on the Platte River are fairly 
low and are indicative of a generally straight channel when 
measured along the active channel centerline. Sinuosity is 
highest at all scales in the reach downstream from the Elkhorn 
River (fig. 7, table 6). Sinuosity generally increases with scale 
on the Platte River. 

Braiding

The number of channels counted by intersecting wet sand 
and deep water is used as a relative braiding index for reaches 
downstream from the Loup River. Upstream from the Loup 
River it was not possible to discriminate between dry sand and 
channel features because of the dry conditions in available 
imagery, so braiding index was not calculated. Based on the 
classification and enumeration method and the flow conditions 
at the time the imagery was collected, the Lower Platte River 
along its course has between 1 and 24 channels, with an aver-
age of 8.8 channels (fig. 7, table 6). The segment of the Platte 
River between the Loup and Elkhorn Rivers exhibits a higher 
average braiding index (9.3) than the segment downstream 
from the Elkhorn River (7.6).

Statistical Classification

In general, the classifications provided physically realistic 
and distinct classes for the 2006 channel (fig. 17). Valley width 
had the greatest affect in both classifications, indicating the 
large amount of variation in valley width from upstream to 
downstream. The next variable in the cluster analysis with the 
greatest affect was sinuosity at the 8,000-m scale, followed by 

channel width and sinuosity at the 4,000-m scale. Although 
the K-means cluster analysis does not necessarily result in 
hierarchical nesting of clusters, the seven-cluster classes tend 
to fit within the four-cluster classes (table 5), and the seven-
cluster classes generally can be described as subunits of the 
four-cluster classes.

Classification Assessment Based on In-Channel 
Dependent Variables

The approach to classification was to select relatively 
independent geomorphic variables and determine how they 
naturally clustered. This classification can be explored further, 
in part, by assessing how well dependent variables relate to the 
geomorphically defined classes. We identified percent area of 
deep water, braiding index, percent area of dry sand, and per-
cent area of dark vegetation as indicative dependent variables 
(figs. 18–19). 

In the four-cluster classification, cluster 1 is preferen-
tially mapped in the Lower Platte River upstream from the 
Loup River. Imagery used to classify the Lower Platte River 
documented low to no flow water conditions (fig. 3, table 
1). Cluster 1 is characterized by low area of deep water, low 
braiding index (because it was not possible to discern channels 
upstream from the Loup River, braiding index was not cal-
culated for much of cluster 1), and high area of dry sand and 
dark vegetation (fig. 18). The co-occurrence of large areas of 
dry sand and dark vegetation in cluster 1 emphasizes that clus-
ter 1 can have stable islands and abundant emergent sandbars. 
Clusters 2 and 3 mostly are in the Eastern Platte River Gorge 
with narrow valley width and relatively high sinuosity. These 
clusters have relatively large areas of deep water and high 
braiding indices. They both have relatively small areas of dry 
sand, but cluster 2 (the low-sinuosity cluster in the Gorge) has 
small areas of stable, dark-vegetated islands, whereas cluster 
3 has substantially greater areas of vegetated islands. Cluster 
2 contained 81 percent of Platte River tern and plover nests 
from 2006 to 2008, whereas cluster 3 contained 11 percent. 
Cluster 4 of the four-cluster classification has moderate values 
of braiding index, dry sand, and dark vegetation with areas of 
deep water that are similar to cluster 1 and substantially lower 
than clusters 2 and 3.

The seven-cluster classification essentially subdivides 
cluster 1 of the four-cluster classification into clusters with rel-
atively low sinuosity and channel width (cluster 1) and some-
what higher sinuosity and channel width (cluster 7, fig. 18). 
Clusters 1 and 7 have similar amounts of deep water. Because 
cluster 1 is almost entirely within the segment upstream from 
the Loup River, braiding index was not calculated; braiding 
index of cluster 7 is low for all samples indicating difficulty 
with identifying channel in dewatered reaches. Clusters 2 
and 3 for the seven-cluster classification map almost entirely 
into the same clusters in the four-cluster classification and 
have the same distributions of deep water, braiding index, dry 
sand, and dark vegetation. Cluster 4 of the of the four-cluster 
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classification splits into clusters 4, 5, and 6 in the seven-cluster 
classification. Cluster 4 has moderate values of deep water, 
braiding index, dry sand, and dark vegetation. Cluster 5 stands 
out in having low area of deep water, substantially higher 
braiding index, and relatively low areas of dry sand. Among 
the three related clusters, cluster 5 has the highest area of dark 
vegetation, which probably is explained by the relatively high 
channel width that allows for survival of stable islands. Cluster 
6 is remarkable for moderate levels of deep water, braiding 
index, and dry sand; cluster 6 has low areas of dark vegetation 
coincident with narrow channel widths. 

Classification Assessment Based on Nesting 
Locations

To assess the utility of the classification for predicting 
nesting habitat, least tern and piping plover nest locations for 
2006–08 mapped by Nebraska Game and Parks Commission 
(Joel Jorgenson, unpub. data, Nebraska Game and Parks Com-
mission, 2009; Brown and Jorgenson, 2008) were spatially 
joined with classified reaches. Tern and plover nests primarily 
fell in reaches belonging to clusters 2 and 4 of the four-cluster 
classification and clusters 2 and 6 of the seven-cluster clas-
sification (table 7). Contingency table analysis shows that the 
distribution of nests is significantly nonindependent of reach 
class for both class systems (Chi-square, P< 0.01). Cluster 2 of 
the four-cluster classification primarily is located downstream 
from where the Elkhorn and Salt Rivers enter the Platte River 

Table 6. Lower Platte River geomorphic attributes summarized by hydrologic segment.

[--, no data]

Platte River
above

Loup River

Platte River
between
Loup and

Elkhorn Rivers

Platte River
downstream 

from the
Elkhorn River

Entire  
Platte River  
study reach

Beginning kilometer 167 52 0 0
Ending kilometer 216 167 52 216

Total kilometers 49 115 52 216

Valley width, in kilometers

Maximum valley width 26.9 24.0 7.6 26.9

Minimum valley width 22.2 5.3 1.1 1.1

Average valley width 24.5 11.8 4.8 12.9

Channel width, in meters

Maximum channel 
width 660 1,385 847 1,385

Minimum channel 
width 120 200 185 120

Average channel width 375 535 470 485

Sinuosity

1,000-meter sinuosity 1.01 1.02 1.02 1.02

2,000-meter sinuosity 1.02 1.02 1.03 1.02

4,000-meter sinuosity 1.03 1.04 1.05 1.04

8,000-meter sinuosity 1.04 1.06 1.08 1.06

16,000-meter sinuosity 1.04 1.08 1.14 1.08

Braid index

Maximum braid index -- 24 20 24

Minimum braid index -- 1 1 1

Average braid index -- 9.30 7.6 8.80
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Figure 18. Response variables by four- and seven-cluster classifications. 
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Figure 19. Percent channel type from supervised imagery classification, by reach, for the Lower Platte River.

Table 7. Tern and Plover nest locations and selectivity coefficients by cluster type.

Classification
Number of

reaches
Percentage of 
total reaches

Number of tern 
or plover Nests

Percentage of total 
tern or plover nests

Selectivity 
coefficient

Four-cluster

1 127 29 9 3 -1.00
2 78 18 113 49 .55
3 40 9 36 14 .08
4 189 44 89 34 -.22

Total 434 265

Seven-cluster

1 80 18 4 2 -1.00
2 71 16 129 49 .54
3 32 7 36 14 .37
4 106 24 36 14 -.77
5 47 11 2 1 -.82
6 49 11 53 20 .38
7 49 11 5 2 -1.00

Total 434 265
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in the Eastern Platte River Gorge. Cluster 2 makes up only 18 
percent of the reaches in the Lower Platte River, yet supported 
49 percent of the Tern and Plover nests in 2006–08. Cluster 
4 in the four-cluster classification, on the mainstem Platte 
River primarily between the Loup and Elkhorn Rivers, had 34 
percent of the nests, and comprises 44 percent of the reaches 
in the Lower Platte River (table 7). For the seven-cluster clas-
sification 49 percent of the nests fell within cluster 2, which 
represents 16 percent of the reaches in the Lower Platte River 
and occurs primarily downstream from where the Elkhorn and 
Salt Rivers enter the Platte River (table 7). Reaches with low 
percentages of nest locations such as clusters 1, 5, and 7 in 
the 7-cluster classification also had high percentages of dark 
vegetation (table 7, fig. 18).

Selectivity coefficients (table 7) indicate that among the 
4-cluster reaches, cluster 2 reaches were selected in greater 
proportion compared to its abundance. Although 34 percent of 
the tern and plover nests were located in cluster 4, this class 
comprises 44 percent of the available reaches, and the selec-
tivity coefficient of -0.22 indicates relative avoidance. Among 
the seven-cluster reaches, clusters 2, 3, and 6 were selected, 
whereas clusters 1, 4, 5, and 7 were avoided. Selectivity coef-
ficients support the importance of the Eastern Platte River 
Gorge and relatively high sinuosity reaches of the Loup-Elk-
horn segment for nesting. 

Discussion
Given the general availability of sand in the Lower Platte 

River, the extent and persistence of emergent sandbars on 
the Lower Platte River likely is limited by discharges that 
are capable of transporting sand and destabilizing vegetated 
bars. The capacity for the channel to develop necessary shear 
stresses will be determined by the flow regime in the segment 
and mediated by geomorphic controls on flow concentration. 
An a priori hierarchical classification for the Lower Platte 
River, therefore, would place the hydrologic segmentation 
of the Lower Platte River in the first tier, recognizing the 
potential for affects on the flow regime from the mainstem 
upstream, the Loup and Elkhorn Rivers, and Salt Creek.

The classification presented here addresses the geo-
morphic mediation of flow regime and provides an indirect 
assessment of sandbar habitat potential for least terns and pip-
ing plovers. Suitability of classified river reaches for sandbar 
habitat must be inferred from understanding how the physical 
processes responsible for creating the geomorphic forms relate 
to physical processes that create and maintain habitat. Valley 
width and channel width act to constrict flow and, thereby, 
enhance sediment transport and bar building. Upstream from 
the Elkhorn River, valley width would rarely, if ever, constrain 
flood flows because of its breadth. Downstream from the 
Elkhorn River and Salt Creek, and especially in the East-
ern Platte River Gorge, constriction of large floods could be 
expected to increase scour and reworking of bars, potentially 

resulting in greater persistence of bare sandbars for nesting. 
This reach made up 18 percent of the four-cluster classifica-
tion and contained 49 percent of all tern and plover nests for 
2006–08. Conversely, relatively wide channel segments (for 
example, cluster 5 in the seven-cluster classification) would 
minimize constriction for bankfull flows, and potentially allow 
for persistence of vegetated bars and islands. Cluster 5 in the 
seven-cluster classification contained 11 percent of the reaches 
and 1 percent of all tern and plover nests from 2006–08.

Confined width also was implicated as a dominant control 
on channel morphology in an adjacent upstream segment of 
the Platte River (Fotherby, 2009). Fotherby (2009) classified 
a segment of the Central Platte River into braided and anas-
tomosing reaches. At confined widths less than 600 m, fully 
braided channel configuration was maintained, but at widths 
greater than 600 m, vegetated islands and an anastomosed 
channel pattern dominated. The inverse relation between val-
ley width and braiding index in the data (fig. 7) confirms this 
association.

At the scales measured in this study, channel sinuosity 
is an indirect measure of flow complexity associated with 
channel curvature. Compared to a straight channel with similar 
width, flow regime, and sediment supply, a sinuous channel 
will be characterized by greater concentrations of shear stress 
associated with convergence of flow on the outsides of bends 
and stronger secondary currents. Secondary currents may lead, 
in turn, to maintenance of point and lateral sandbars. The rela-
tive role of sinuous channels in maintaining emergent sandbar 
habitat in the Lower Platte River may be enhanced to the 
extent that flow regulation reduces frequency or duration of 
flows that would be capable of transporting sand and maintain-
ing bars in straight, braided segments. Under flow-regulated 
conditions, sandbars in straight reaches may have a greater 
tendency to become stabilized by vegetation than those in 
sinuous reaches. 

Implications for tern and plover habitat also can be 
inferred from associated in-channel characteristics. For exam-
ple, reaches with higher densities of stable, vegetated bars are 
unlikely to provide large areas of bare sandbars suitable for 
nesting. Reaches that have higher densities of dark vegetated 
bars include clusters 5 and 7 (fig. 18), which combined had 
few tern and plover nests in 2006–08 (3 percent). Cluster 5 
is notable for having low areas of dry sand as well. Reaches 
characterized by more area mapped as deep channel probably 
are less likely to support large areas of emergent sandbars, 
although as noted above, they may be associated with high 
sinuosity and sandbar persistence. Reaches with a relatively 
high braiding index but lower percentages of dark vegetation, 
such as cluster 6, also are more likely to have more emergent 
sandbars than other clusters. This cluster had a quarter of the 
nests (20 percent) mapped in 2006–08 (table 7). 

 Because a narrow valley and high sinuosity will enhance 
sediment transport and contribute to bar instability, the Eastern 
Platte River Gorge downstream from the Elkhorn River would 
be expected to have persistent sandbars, although the narrow 
valley width would limit their areal extent. Under conditions 
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of declining peak flows, this segment of the river may provide 
the most persistent sandbar habitat. Less than one-half (49 
percent) of the tern and plover nests in the Lower Platte River 
were mapped as cluster 2 (in the four-cluster classification) in 
the Eastern Platte River Gorge (table 7).

Daily fluctuations in discharge (fig. 1, table 1) complicate 
mapping of sandbars from available remotely sensed imagery 
and, thereby, present a substantial challenge to river clas-
sification and habitat assessment on the Lower Platte River. 
When flows fluctuate rapidly over the course of a single day, 
the timing of aerial photography can change what is identi-
fied as channel or sandbar. For example, in the 2006 imagery, 
reaches of the Platte River upstream from the Loup are nearly 
dewatered in some photographs in the NAIP imagery, and a 
high proportion of the channel was mapped as dry sand. It 
is likely that much of this sand is not available as habitat to 
nesting least terns and piping plovers over the course of their 
nesting period. Therefore, consideration of fluctuations in river 
discharge and timing of aerial photography is crucial when 
assessing the distribution of available sandbar habitat on a 
river.

Classification of the Lower Platte River could be 
improved with hydrologically consistent aerial photography 
or other remotely sensed imagery of sufficient resolution. To 
accomplish this, imagery would have to be acquired while 
major discharges and withdrawals to the Lower Platte River 
were held constant. Ideally, flows within each segment would 
be at the same flow exceedance, and the flow would be appro-
priate for assessing nesting habitat. Timing imagery acquisi-
tion for these conditions would allow for sandbar habitat to be 
uniformly identified and mapped on the Lower Platte River 
in a way similar to classifications established for the Missouri 
River below Gavins Point Dam (Elliott and Jacobson, 2006).

Identification of the use of sandbar habitat availability 
on the Platte River may require finer-resolution data than that 
available from remotely sensed images. Nest habitat data on 
the Platte River indicate that bar elevation relative to water 
surface may be an important factor in predicting nest sites 
(Ziewitz and others, 1992). Given the daily fluctuations in 
discharge on the Platte River, measurements of emergent 
sandbar habitat may require elevation data from airborne Light 
Detection and Ranging (LIDAR) measurements or finer-scale 
field survey measurements. 

Summary 
Geomorphic attributes collected from aerial photography 

were used to develop a classification of the downstream-most 
220-km of the Platte River in Nebraska. The classified river 
segments include the hydrologically distinct reaches of the 
Platte River 50-km upstream from the Loup River, between 
the Loup and Elkhorn Rivers, between the Elkhorn River 
and Salt Creek, and downstream from Salt Creek. An address 

system with 500-m spacing was developed for collection of 
geomorphic attributes.

The multiscale classification includes four-cluster and 
seven-cluster classifications that characterize the Lower Platte 
River channel using active channel width, valley width, and 
sinuosity as variables. Results indicate that the variation 
in valley width is an important variable from upstream to 
downstream on the Lower Platte River. The classification was 
validated using dependent geomorphic and vegetation vari-
ables derived from a supervised classification of 2006 NAIP 
orthophotography. These variables included the percent area 
of deep water, dry sand, dark vegetation, and braiding index. 
Validation of the classification with tern and plover nest-
ing data for 2006–08 identified relative selection of cluster 
2 reaches among the four-cluster classification, and relative 
selection of clusters 2, 3, and 6 reaches from the seven-cluster 
classification for nesting. 

A direct inventory of emergent sandbar habitat at a 
constant flow exceedance during nesting season would be 
preferred for tern and plover nesting habitat assessments. This 
was not possible using existing aerial photography because of 
variations in hydrologic conditions within photographic data-
sets. Nonetheless, validation of the geomorphic classification 
indicates that broad-scale geomorphic features are useful for 
classifying the nesting potential of emergent sandbar habitats. 
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