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Welcome!
The Water bLog is the semi-annual 
newsletter of the Utah Center for Water 
Resources Research, housed at the Utah 
Water Research Laboratory (UWRL).  

The Center supports the development 
of applied research related to water 
resources problems in Utah and 
promotes instructional programs 
that will further the training of water 
resource scientists and engineers.  

Each issue of The Water bLog reports on 
a small selection of current or recently 
completed research projects conducted 
at the center. More information is 
available online at:

https://uwrl.usu.edu/research/ucwrr
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Message from the Director 

Spring runoff is upon us here in Cache Valley, yet as we 
watch the Logan River flow outside our building, we 

cannot help but wish it was flowing a little higher. While our 
proximity to the river is crucial to much of our research, a 
less obvious advantage is how it serves as a daily reminder 
of what our work is about: research to benefit rivers, as well 
as other water sources, for generations to come.

One river that I have had the privilege of studying 
throughout my career is the Colorado River. Recently, UWRL 

graduate student Homa Salehabadi and I began investigating 
just how dire a drought in the Colorado River Basin could 

get. This issue of the Water bLog features that research, along with another 
project from Anzy Lee and Belize Lane that furthers the development of software 
used to create synthetic models of river channel topography and will assist in the 
restoration of the ecosystem functions supported by our rivers. 

David Tarboton, UWRL/UCWRR Director

The projects highlighted in this issue of the Water bLog represent only a fraction of 
the active research in which the faculty experts at the UWRL/UCWRR are engaged 
as they continue to generate the knowledge needed to solve water-related natural 
resources problems throughout Utah, the nation, and the world.

Utah Center for Water Resources Research at the Utah Water Research Laboratory

UWRL researchers such as Belize Lane (above) are conducting a wide range of 
basic and applied research to better understand river functions and processes 

in the face of the current, unprecedented drought, .
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As drought conditions persist 
in the Colorado River Basin, 

managers, researchers and the public 
are all left wondering: just how bad 
can the drought get? UWRL graduate 
student Homa Salehabadi and director 
David Tarboton sought to answer 
this question by using historical 
drought data to project flowrates of 
the Colorado River as future drought 
scenarios. Guided by the idea that if 
it has happened in the past, it might 
happen again in the future, they found 
that future drought conditions could 
produce even lower flow rates than 
the present drought. This suggests 
a need for alternative management 
strategies in the Colorado River Basin.

“The hope is that this research 
provides easy to use, openly 
available, documented scenarios 
for water managers to evaluate 
different release and management 
alternatives,” explains Tarboton. 

Digging into the Data
To establish the significance of 
this drought in the history of the 
river, as well as project potential 
scenarios for the future, Salehabadi 
and Tarboton evaluated Colorado 
River flow rates at Lees Ferry in 
northern Arizona. For periods that 
predate modern measurements of 
the river, they relied on data from 
dendrochrolologists who have, through 
the correlation of tree ring widths with 
streamflow, been able to reconstruct 
streamflow back from 1416. 

More recent flow rates originate from 
Lees Ferry, just below Glen Canyon 
Dam, where flow rate is measured 
and the natural flow is calculated 
by the Bureau of Reclamation. 
Natural flow is what the flow in 
the river would be were it not for 
upstream diversions, storage, and 
consumptive use. The mean natural 
flowrate at Lees Ferry calculated 
using data from 1906 to 2021 was 
14.67-million-acre feet per year (maf/
yr). Using more recent observations 
from 2000 to 2021, however, that 
amount dropped to 12.3 maf/yr. 

For water managers and policy makers, 
this decrease in flowrates is cause for 
concern. As Tarboton explains, “we 
seem to be in a period of aridification, 
one that is perhaps a new normal. We 
should expect and plan for lower uses 

to match reduced supply.” Typically, 
the total demand for Colorado River 
water hovers around 15 maf/yr, 
while recent annual flows have been 
closer to 12 maf/yr. This deficit has 
exhausted the supply offered by Lake 
Powell and Lake Mead, which provide 
about 50 maf of combined storage.

Past and Future Droughts
Looking at tree-ring data, as well 
as natural flowrates at Lees Ferry, 
Salehabadi and Tarboton identified 
three major drought periods 
affecting the Colorado River Basin: 

 6 A paleo tree-ring derived drought 
from 1576 to 1600, in which 
flowrates dipped more than any 
other period in the historical record

 6 The mid-20th century drought 
from 1953 to 1977

 6 The current drought from 
2000 to the present day  

Salehabadi and Tarboton selected 
random flows from the records of 
each of these droughts and created 
100 sequences of low-flow scenarios 
(traces) for each of the three. Each 
trace comprised 42 years of monthly 
streamflow for the Colorado River 
basin. The three sets of traces produced 
drought scenarios extending from 
2018 to 2060. Salehabadi and Tarboton 
also compared these simulations to 
climate models that project future 
Colorado River flowrates and found 

How Dry Can the 
Colorado River 

Basin Get? 
Looking to the past to 

better predict the future

Historical Droughts and 
Mean Natural Flow

Scenario (time period) Mean

Paleo tree-ring  
drought (1576–1600) 11.76

Mid-20th century 
drought (1953–1977) 12.89

Millennium drought 
(2000–2021) 12.30

Historical mean  
(1906–2021) 14.67
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that, while the climate-projected 
streamflows from the different 
climate models show considerable 
variability, simulations from the 
randomized drought scenarios are not 
inconsistent with the climate models. 
This indicates that their simulations can 
serve as plausible extreme scenarios 
for the Colorado River Basin.

The findings conclude that future 
droughts may be even worse than 
the current one and suggest that 
alternatives to the current paradigm for 
managing the Colorado River may need 
to be considered. This has implications 
for both water supply and hydroelectric 
power generation as reservoirs along 
the river may fall below minimum pool 
levels necessary for power generation. 
While it is tempting to suppose that the 
current drought is an extraordinarily 
rare occurrence that should not evoke 
any permanent change, this research 
pushes back against that notion. 
Results suggest that the measures 
we now may think of as temporary 
may need to become permanent. 

Supporting Solutions

Drought research is not new to 
UWRL and USU researchers. In 
1995, Tarboton was part of a large 
multi-state Colorado River Severe 
Sustained Drought study led by then 
UWRL director L. Douglas James that, 
based on tree-ring reconstructions, 
contemplated a much more dire water 
supply scenario than had occurred in 
the past century. The present situation 
is quite similar to the severe sustained 
drought foreseen then. The study 
explored institutional arrangements 
regarding how the river is operated, 
noting that institutional inflexibility 
presents a significant challenge. 

More recently, others at USU have 
added to the research informing 
drought management. In a series of 
white papers, USU’s Center for Colorado 
River Studies led by Jack Schmidt has 
evaluated the accuracy of the Bureau 
of Reclamation’s models, researched 
alternative management paradigms 
and streamflow losses, among other 
topics. To serve as a basis for discussion 
and to encourage the flexibility needed 

to address the Colorado’s dwindling 
supplies, David Rosenberg at the UWRL 
has developed a Colorado River Basin 
participatory modeling activity that 
allows participants to explore flexible 
water accounting to achieve sustainable 
water allocation solutions. Thus, while 
the current drought situation in the 
Colorado is alarming, considerable 
research-based information is 
available from these prior and ongoing 
studies to help water managers 
work through these difficulties. 

PI: David Tarboton 
Director, Utah Water Research Laboratory, 
Professor, Dept. of Civil & Environmental 

Engineering, Utah State University  
(435) 797-3172, david.tarboton@usu.edu

Student: Homa Salehabadi 
Graduate Student, Civil & Environmental 

Engineering, Utah Water Research Laboratory, 
homa.salehabadi@usu.edu

Other Researchers:

Jack Schmidt, Professor (USU), David 
Rosenberg, Professor (UWRL)

Salehabadi 
and Tarboton 
created three 
drought 
scenarios based 
on data from 
the current 
and previous 
droughts. Each 
value along the 
x-axis indicates 
a continuous 
period, with 
the grey area 
representing the 
climate change 
projections.
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Rivers are dynamic and diverse 
features in any landscape, which 

makes them exciting to study but 
at times quite difficult. Measuring 
the topography of river channels, in 
particular, can be resource intensive. 
Still, it is foundational to evaluating 
potential impacts of channel or 
streamflow changes on aquatic 
habitat and in-stream processes. 

To create these models, researchers 
perform detailed, resource-intensive 
channel surveys to create high-
resolution topographic maps. Even 
after the significant time and effort 
required, these maps do not provide a 
way to test different river restoration 
and channel design options. Historically, 
engineers have relied on Computer-
Aided-Design (CAD) and worked as 
artists to alter channel features by 
hand, using their expert opinion. 

Thus, exploring easier and more 
process-driven ways to model river 
channel topography is a worthwhile 
effort that could lower the barriers to 
improving our rivers and conserving 
the water that flows through them. 

Creating Synthetic Channels

With this goal in mind, UWRL 
postdoctoral scholar Anzy Lee and 
professor Belize Lane, in collaboration 
with professor Gregory Pasternack 
at UC Davis, have been advancing 
an alternative method of modeling 
river channel topography. Lee and 
Lane used River Builder, an open-
source software that creates complex 
synthetic channels with various 
geomorphic parameters and functions. 
This technology allows them to create 
3D terrain models of river channels by 
layering key features of topographic 

variability at multiple nested scales 
to capture the topographic controls 
on hydraulics and aquatic habitat. 

Recently, Lee and Lane have shown that 
by incorporating certain topographic 
variability functions– thalweg elevation 
variability, bed roughness, and bankfull 
width variability– these synthetic 
channels can be used to simulate 
hydraulic and ecological conditions 
comparable to those simulated using 
high-resolution surveyed topography. 

Matching model attributes 
to channel type

As Lee and Lane created the synthetic 
models, they found certain aspects 
of topographic variability to be more 
conducive to representing certain 
channel types. Bed roughness, 
for example, proved to be more 
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Building a River: Exploring 
advanced geometric modeling of 
river channel topography
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Lee and Lane compared high-resolution topographic maps with their models created 
in River Builder. These examples show site photos along with a high-resolution 
topographic map and the most accurate synthetic model type for each site.

High-resolution 
topographic map

High-resolution 
topographic map

Synthetic model  
using bed roughness

Synthetic model  
using thalweg elevation

Synthetic model using  
width variability

High-resolution 
topographic map

important in modeling steep mountain 
channels than other factors. Lee has 
demonstrated that this approach 
works in a range of channel settings 
and can represent the habitat needs 
of different aquatic species.

Knowing how specific synthetic 
model variations apply in particular 
situations simplifies the surveying 
and modeling process. If, in the 
future, researchers need to model a 
mountain channel, Lee and Lane have 
provided evidence that bed roughness, 
which can be estimated by grain size, 
will be the most useful element in 
replicating that channel’s topography 
as particle sampling is much easier 
than surveying the entire reach. 

Accurate 3D channel terrain models 
can be used by engineers and 
hydrologists working to restore or build 
important infrastructure along our 
rivers. This research, however, does 
more than just map the topography 
of rivers as they are. In addition to 
creating synthetic models, River 
Builder also allows for modeling 
of steps, dams, and bed element 
groups within a channel to explore 
alternative channel designs and further 
evaluate how proposed infrastructure 
would affect flow patterns and 
associated ecological functions.

This research shows how the 
mathematical modeling of river 
channels, as opposed to the 
cumbersome collection of high-
resolution topography, has value and 
can make maintaining and restoring 
rivers and the environments they 
support more cost-effective. 

PI: Anzy Lee 
Post doctoral fellow, Utah Water Research 

Laboratory, anzy.lee@usu.edu

PI: Belize Lane  
Assistant Professor, Utah Water Research 

Laboratory and Department of Civil & 
Environmental Engineering,  

Utah State University  
(435) 797-3172,  

belize.lane@usu.edu

Collaborators:
Gregory Pasternack, Professor (UC 

Davis), 'River Builder' developer
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In the News: Future Issues: 

“Real-time decision 
making with AggieAir 
and edge computing”  

(new computational techniques 
will generate real-time thermal 
and multispectral information 
that can support immediate 
decisions related to crop 
management, wildfires, floods, 
and other water-related needs) 

ContaCt:

Utah Water Research Laboratory
Utah State University
Logan, UT 84322-8200 
(435) 797-3157

Director:  
David Tarboton

Associate Directors:
Steven Barfuss  
Jeffery Horsburgh 

Writer:
Micah Safsten

Publication Editor:  
Carri Richards

uwrl.usu.edu

Collaborations

USU Named Member of National 
Water Research Institute
USU is part of a new consortium 
of 14 universities and many other 
federal, industry, and academic 
partners coming together to form 
the Cooperative Institute for 
Research to Operations in Hydrology 
(CIROH), headquartered at the 
University of Alabama. Thanks to 
substantial funding from the 
National Oceanic and Atmospheric 
Administration, the Institute will 
support four broad themes:

 6 Water resources prediction 
capabilities

 6 Community water resources 
modeling

 6 Hydroinformatics

 6 Application of social, economic 
and behavioral science to water 
resources prediction

"Our country has a wealth of water-
related data available, but the 

infrastructure doesn’t exist yet 
to put all of the pieces together. 
We’re excited to translate more 
than a decade of research on 
hydrologic information systems into 
operational infrastructure that can 
improve our country’s modeling and 
forecasting systems,” says UWRL 
faculty member Jeff Horsburgh.
Read more

Land, Water and Air Report 
In December 2021, USU's new Institute 
for Land, Water, and Air published and 
presented their first report to Utah's 
governor. UWRL faculty members 
Randy Martin, Bethany Neilson, 
David Rosenberg, David Tarboton and 
Alfonso Torres-Rua all contributed to 
the report. The Institute, established 
last year, serves to connect the crucial 
research done at USU in the areas of 
land, water, and air with policymakers 
throughout the state of Utah. 
Read the full report here

Faculty Achievements 

UWRL 
Director 
David 
Tarboton 
received the 
2020 David 
R. Maidment 
Award from 

the American Water Resources 
Association at its Geospatial Water 
Technology Conference in May. 
Although he was the recipient of 
the award in 2020, he was not able 
to be recognized in-person until 
this year, due to the COVID-19 
pandemic. The award recognizes 
excellence and leadership in the 
world of water resources data. 

Colin Phillips, 
assistant 
professor in 
USU's civil and 
environmental 
engineering 
department 
and at the 

UWRL, recently received an award 
from the National Science Foundation 
(NSF) that will fund his research on 
the dynamics of coarse-grained river 
channel response to perturbations 
across scales. This research will 
help researchers and engineers 
to determine which river systems 
are vulnerable to erosion due to 
changing climate and landscapes. 
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