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Abstract 

Continuous measurements of sediment transport at reach-bracketing gaging stations allow for 
the construction of continuous mass-balance sediment budgets for the intervening reach.  
Although these budgets identify periods of sediment surplus (net deposition) or sediment deficit 
(net erosion), such analyses cannot identify the locations within the reach where channel change 
occurs. Because channel change and associated changes in habitat are of greater interest to river 
managers than the precise value of reach-scale loss or accumulation of sediment, it is important 
to explicitly link reach-scale changes in sediment mass balance to field measurements of channel 
change. In this study we evaluated the relationship between the magnitude of the sediment mass 
imbalance measured by acoustic-Doppler profilers and the resulting channel change on the 
Yampa River in Dinosaur National Monument.  

 

Introduction  
Maintenance and enhancement of in-channel and floodplain habitat are essential components of 
efforts to recover endangered big-river fish in the Colorado, Green, and San Juan rivers. In some 
cases, reservoir releases have been changed to be consistent with aspects of the life-history 
strategy of the target species, including providing favorable conditions for spawning, larval drift, 
and access to nursery habitat. However, clear-water reservoir releases also have the potential for 
unintended geomorphic consequences, because any reservoir release also transports fine 
sediment that is delivered to the mainstem channel from tributary watersheds or eroded from 
the channel bed and banks. Thus, reservoir releases for endangered-fish management have the 
potential to exacerbate or ameliorate perturbations to the sediment mass imbalance originally 
caused by the construction and operations of the region’s large dams, and these perturbations 
have the potential to adversely affect in-channel habitat. These unintentional consequences are 
especially of concern with respect to controlled floods.  
 
River and habitat managers are especially concerned with the efficacy and efficiency of fish-
management reservoir releases. In other words, managers want to know whether such releases 
achieve their intended goals and whether there are adverse consequences. For these reasons, it 
is useful to measure sediment transport and to determine whether these reservoir releases 
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improve or degrade habitat conditions caused by changes in channel form and geomorphology. 
Measurements of reach-scale sediment influx and efflux allow changes in streamflow, whether 
caused by reservoir reoperations or climate change, to be related to sediment transport and 
changes in sediment mass balance. Computation of sediment mass-balance perturbation – 
whether surplus or deficit – implies, but does not directly measure, changes in river channel 
form or habitat.   
 
The Green River in Dinosaur National Monument and the Uinta Basin is one such area where 
there is interest in linking decisions about upstream reservoir operations at Flaming Gorge Dam 
with downstream changes in within-channel and floodplain habitat. The existence of this 
linkage has inspired the National Park Service and the Upper Colorado River Endangered Fish 
Recovery Program to fund direct measurements of sediment transport at gaging stations in the 
upper and middle Green River affected by operations of Flaming Gorge Dam, as well as at 
gaging stations in the lower Yampa River (Figure 1). This sediment-transport measurement 
program is conducted by the U.S. Geological Survey Grand Canyon Monitoring and Research 
Center (USGS/GCMRC) using a novel approach of acoustic-Doppler side-looking profilers to 
measure suspended-sediment concentration and grain size at 15-minute intervals and episodic 
measurements of dune migration to estimate bedload transport of sand (Topping et al., 2018). 
These measurements are used to construct flux-based continuous mass-balance sediment 
budgets. Although these budgets allow for the determination of whether specific river segments 
are in sediment deficit or surplus, no studies have been conducted to link the magnitude of 
sediment mass imbalance with on-the-ground changes in habitat and other river resources. As 
part of this ongoing research program we ask, “What is the magnitude of sediment deficit or 
surplus that produces significant within-channel and floodplain changes, some of which may be 
of concern to river resource managers?”   
 
We use measurements of sediment mass imbalance and geomorphic analysis of channel change 
to evaluate the links among sediment flux, streamflow, and changes in channel morphology on 
the lower Yampa River (Figure 1).  This part of the Yampa River is ideal for developing a 
methodological framework to link sediment transport measurements to channel change.  Future 
work will apply this framework to longer river segments on the Green River and evaluate how 
reservoir releases from Flaming Gorge Dam affect habitat availability.    



 
 
Figure 1.  Map showing the locations of the study area near Dinosaur National Monument on the Yampa and Little 
Snake Rivers.  The study area is part of a larger area that encompasses a sediment-transport monitoring network at 
USGS gaging stations (i.e., sediment gages) that defines four flux-based sediment budget segments in the region (see 
inset map).  In the study area shown in this figure, volumetric change in storage was divided into three reaches: (1) 
Yampa River ~1 km upstream of the Little Snake River, (2) Yampa River downstream of the Little Snake River to the 
Deerlodge sediment gage, and (3) Little Snake River ~4 km upstream of the Yampa River, but we focus on results 
from the Yampa River downstream of the Little Snake River.  

 
On the Yampa River in Deerlodge Park, channel morphology, and within-channel habitat, are a 
consequence of fine-sediment (e.g., sand, silt, and clay) transport.  Sand transport is affected by 
rare pulses of fine sand that originate from Sand Creek, a tributary of the Little Snake River 
(Figure 1; Topping et al., 2018). These episodic inputs of sand cause the beds of the Little Snake, 
Yampa, and middle Green rivers to become finer (Topping et al., 2018). In the intervening 
periods between these pulses, bed winnowing coarsens the bed. Thus, the sand-transport 
capacity is controlled by two processes: bed-sand grain-size adjustment and changes in channel 
form. Flux-based measurements show that the efflux of sand exceeded the influx in every year 
since 2012, resulting in a sand deficit of 470,000 ± 320,000 metric tons, which corresponds to 
between 0.04-0.20 m of erosion averaged over a channel length of 12.5 km. The influx and efflux 
of silt and clay during the same period were in balance.   
 
We hypothesize that the total mass of erosion or deposition measured in the segments between 
the sediment gages cannot be used to predict detailed channel response and habitat change, 
because these flux-based sediment budgets do not account for different patterns of storage of 
different grain sizes in the channel. For example, when the mass of erosion was partitioned by 
sand size classes, fine to coarse sand was found to have been continuously in deficit since 2012, 
but very fine sand had accumulated in 2014 and since 2016 (Figure 2). Thus, any segment scale, 
net change in channel geometry must primarily involve those geomorphic units where fine to 



coarse sand was eroded and very fine sand was deposited. Conversely, there should be relatively 
little net change in geomorphic units that are primarily composed of mud, because the influx 
and efflux of silt and clay were in balance.   

 
Figure 2.  Partitioned and total flux-based sand budget.  

 

Methods and Results 
To characterize where sediment was stored or evacuated from different reaches, we used repeat 
aerial images to quantify channel change and a probabilistic method to account for uncertainty 
in digitizing and image co-registration. Planform channel adjustments were converted to a 
volumetric change in sediment storage using a Bayesian model to estimate heights of different 
geomorphic surfaces from a terrain model that covered part of the study area (Figure 1).   

LiDAR topography data were acquired with laser pulses in the near-infrared wavelength and 
provide no bathymetric data. To calculate bathymetry, we derived estimates of wetted channel 
depth using multi-spectral aerial images following the methods of Legleiter (2015), which do not 
require field measurements of water depth at the time of image acquisition. Legleiter (2015) 
developed the Flow Resistance Equation-Based Imaging of River Depths (FREEBIRD1) 
algorithm to derive a linear relationship between image pixel depth and the natural log of a ratio 
of two image bands (i.e., red, green, blue, and NIR wavelengths). FREEBIRD is based on a 
cross-sectional average velocity calculated from a Manning-like flow resistance equation that 
includes a single, quasi-universal conductance coefficient. FREEBIRD links image data to 
channel hydraulics by substituting the band ratio for depth in a series of incremental distances 
(i.e., pixels) along a cross-section to produce unit discharges that are summed to estimate the 
total discharge. A separate algorithm minimizes the differences in discharge between cross-
sections and the known discharge at the time of image acquisition by iteratively adjusting the 
slope and y-intercept of the image pixel depth-to-band ratio relationship. The final terrain 
model was generated by subtracting image-derived estimates of depth from LiDAR-derived 
water-surface elevations, then combining the resultant bed elevations with LiDAR elevations of 
terrestrial surfaces (Hicks et al., 2006; Legleiter, 2012). 

                                                           
1 Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement 
by the U.S. Government 
 



Aerial-image-derived volumetric changes in storage showed that the volume of bank erosion 
exceeded the volume of deposition along the channel margin on the Yampa River downstream 
from the Little Snake confluence in every year (Figure 3). At the same time, vegetated island 
expansion exceeded erosion (Figure 3). These results demonstrate that, in this river segment, 
the flux-determined sand deficit is driven by bank erosion, with partial offset by vegetated-
island expansion. Grain-size measurements suggest that the sand-size material in the channel 
banks is composed of fine to coarse sand, and vegetated islands are dominated by very fine to 
fine sand (Figure 4). The fine to coarse size sand evacuated from the banks and fine to very fine 
sand stored on vegetated islands can thus be linked to the partitioned flux-based sediment 
budget, which showed that fine to coarse sand was in deficit, and very fine sand accumulated.   

 
Figure 3.  Volumetric change in sediment storage between repeat aerial images on the Yampa River downstream of 
the Little Snake confluence (Figure 1).   

 
Figure 4.  Grain size distribution of geomorphic units used to calculate volumetric change in storage between repeat 
aerial images.  Vegetated islands are composed of the finest sand-size fractions and the bank is composed of fine to 
coarse sand.     
 
Calculations of channel width from aerial images showed that the channel narrowed from 2011 
to 2015 and slightly widened from 2015 to 2017 (Figure 5). Channel narrowing has primarily 
occurred by vegetated island expansion and bank attached bar deposition prior to 2015.  
Following 2015, vegetated islands continued to expand, but narrowing in these areas was offset 
by localized large areas of bank erosion. Thus, the flux-determined sand deficit can be linked to 
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a reduction in channel width caused by within-channel storage of very fine sand followed by a 
slight increase in channel width associated with bank erosion and evacuation of coarser-size 
sand.  It is likely that channel narrowing from 2011 to 2015 was a recovery response from the 
second largest flood of record, which occurred in 2011 before the aerial image was acquired.  
Presumably, the 2011 flood widened the channel and subsequent channel narrowing from 2011 
to 2015 was caused by channel recovery to pre-2011 widths. Future work will extend the aerial 
photo analysis to 1938 to confirm whether channel narrowing is a long-term trend or short-term 
response to the 2011 flood.  
 

 
Figure 5.  Channel width on the Yampa River downstream of the Little Snake confluence (Figure 1).  Width was 
calculated by subtracting the vegetated island area from the channel area and dividing by the centerline length.  
 
These results demonstrate that it is possible to explicitly link new channel change with sediment-
transport measurements to understand where and why channel change occurs.  Future work will 
extend this analysis to the Green River and aims to link changes in reservoir operations at Flaming 
Gorge Dam with changes in channel form through sediment transport measurements in order to 
evaluate changes in habitat availability.      
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