
GEOMORPHIC CHANGE DETECTION

S. CLOSURE OF SEDIMENT BUDGETS



WORKSHOP PLAN – DAY 2… (AFTERNOON)

Q. GCD Budget Segregation

R. Applications of Change Detection

S. Closure of Sediment Budgets & 
Transient Storage

T. Self-Paced Change Detection Problem

U. Participant Feature Request, What We 
Didn’t Cover and Workshop Synthesis



NOT MANY EXAMPLES

• One of few examples 
of closing a sediment 
budget

• Why so few?

Erwin, SO, Schmidt, JC, Wheaton, JM and Wilcock, 
PR. 2012. Closing a sediment budget for a 
reconfigured reach of the Provo River, Utah, United 
States. Water Resources Research. 48: WR10512. 
DOI: 10.1029/2011WR011035.

http://etal.usu.edu/Downloads/wrcr13567.pdf
http://dx.doi.org/10.1029/2011WR011035


THE PROVO RIVER

Provo River is one of 
three large rivers 
draining from the 
western Uinta 
Mountains and 
Wasatch Range to 
the Great Salt Lake.

The Provo and 
Weber Rivers are 
extensively dammed 
and diverted. 
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RECENT HISTORY OF MIDDLE PROVO RIVER

• 1941 - Deer Creek Dam

• 1940s and 1950s – flow 
augmentation, channelization 
and levee construction

• 1993 - Jordanelle Dam

• 1999 to 2008 – construction   
of the Provo River Restoration 
Project

– $45 million total project costs

– 19 km reconfigured

– Largest river restoration project in 
Utah to date

Deer Creek
Reservoir

Jordanelle
Dam

never channelized,
never restored



THE PROVO RIVER RESTORATION PROJECT

The PRRP is simple in 
its objective: 

to create a more naturally 
functioning river system for 
the middle Provo River

From the final PRRP EIS

Other stated goals:

• a river channel with more diverse habitat 
for fish as well as aquatic invertebrates

• increase game fish populations and 
suitable habitat

• acquire angler access and establish 
public access areas

• restore fish habitat and replace riparian 
habitat

Aerial photos pre- and post-restoration

Photos from the Utah Reclamation, 
Mitigation, and Conservation Commission 

www.mitigationcommission.gov





THREE DISTINCT REACHES ON THE PRRP:

1. Sediment Deficit

Downstream from Jordanelle Dam, 

relatively static channel

2. Sediment Source

dynamic channel in the Never 

Channelized Reach

3. Sediment Accumulation

downstream from Midway, pronounced 

bar growth

Sediment
accumulation

Sediment
deficit

Sediment
source



2004 2006

AIR PHOTO ANALYSIS:
Casperville (CA) monitoring site

 Constructed 2004

 Qualitative observations of deposition 

sediment
accumulation

- What is the pattern 
of channel change?

- Net accumulation?

- Or just local 
redistribution of 
sediment?

- Is the response 
desirable? 



MONITORING CHALLENGES…

• How do we monitor and measure 
channel dynamics in systems that 
are designed to change? 
– What level of precision?

– What temporal resolution?

– What spatial resolution? 

– Local precision vs. spatial robustness?

• If maintenance is needed 
upstream (e.g. gravel 
augmentation), how do we 
monitor to inform future 
management?  



RECALL SEDIMENT BUDGET….

• Simple… conservation of mass

• What about time?



DEVELOPING A SEDIMENT BUDGET

• Often, one or more 
terms are calculated by 
subtraction  

• These “unmeasured 
residuals” reflect a 
combination of all 
errors for all measured 
terms

I = O + DS

Sediment 
flux in Sediment 

flux in
Change 
in storage

Morphologic
Sediment 
Budgeting

Closing a sediment budget:

Determining the same value for change in storage 
from (a) the difference between measured influx 
and efflux and (b) from measured changes in 
topography  



2009 SEDIMENT BUDGET FOR PROVO RIVER

I = O + DS

sediment
accumulation

I

O

DS
- Sediment budget developed for a   
4-km reach, for a discrete flood event

- Directly measured all terms in budget



QUANTIFYING SEDIMENT FLUX 

2009 Controlled Flood

• Sediment transport 
measurement stations established     
at the upstream and downstream 
boundaries of the study area  



QUANTIFYING SEDIMENT FLUX

• Used measured rates 
of flux to calibrate 
transport relations and 
model flux for 
duration of flood
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MEASURING CHANGE IN STORAGE

• Complete measurement of 
topography pre- and post-flood

• Combination of: 

– Ground survey (rtkGPS/total station)

– Modeled depths from RGB imagery



MEASURING CHANGES IN STORAGE

• Developed DEMs of 
difference (pre- and  
post-flood) for all 7 
reaches

• Different strategy for 
quantifying uncertainty 
depending on data inputs 
(ground survey vs. 
imagery)

• Much of the topographic 
change is quite subtle

Example – Reach 4 (rtkGPS data)



MEASURING CHANGE IN STORAGE

• Net channel change 
determined for each 
reach 

• Can determine cumulative 
change in storage



2009 SEDIMENT BUDGET

• Topographic data allows us to 
identify longitudinal patterns 
in deposition and erosion

• Both flux measurements and 
change in storage 
measurements predict net 
sediment accumulation

• However, we still have an 
order of magnitude range in 
uncertainty in our estimates of 
sediment deposition



SOME CAUTIONARY NOTES…

• There is unavoidable error and uncertainty associated 
with each term in a sediment budget

• Quantification of inputs and outputs is inevitably limited 
by the imprecision of transport relations

• In settings where morphologic adjustment is subtle and 
diffuse, changes in storage are masked by uncertainties

• Noise may swamp signal, especially when extending 
analyses to larger temporal and spatial scales

Proceed with caution when making inferences about 
unmeasured terms from measured components of a budget 



BUT, DO NOT DESPAIR…

• Direct measurement of sediment flux allowed us to 
calibrate transport relations, which can be used for 
modeling to inform future management

• Direct measurement of topographic changes provided 
insight into geomorphic styles of adjustment

– Bar development

– Bank erosion

– Channel scour

– Channel filling

– Diffuse channel adjustment

Study questions and management goals 
should guide your monitoring campaign


