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Project Spotlight: Quantifying surface runoff and
water infiltration in arid and semiarid areas
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Arid and semiarid regions
depend on sustainable water
resources for development.
However, surface runoff and
infiltration processes in these
regions control the amount of
precipitation that is available to
generate stream flow and replenish
aquifers. “Nevada has an arid/
semiarid climate, which makes its
hydrology different from other
regions,” explains Dr. Li Chen,
one of the principal investigators
of the project, which also included
Dr. Yong Zhang and Dr. Donald
Reeves. “In this region, stream
flow processes are closely related
to surface runoff and infiltration,

which affect groundwater recharge.
Because of the complexity of the
region’s natural environment,
predicting surface runoff is usually
difficult.”
The topography and soil hydraulic
properties of arid and semiarid
regions can create complex patterns
of overland flow and transport that
make measuring runoff and
infiltration processes challenging.
The runoff can also cause flooding
and debris-flow hazards that affect
multiple biological and ecological
processes. For this study, the
researchers investigated the complex
dynamics of surface runoff and
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For this study, the researchers used mathematical methods to investigate Nevada’s
nonlinear surface runoff and infiltration dynamics.
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infiltration using mathematical
methods to account for the highly
nonlinear runoff-infiltration
behavior.
Standard modeling techniques
could not adequately represent
surface runoff because they did not
take into account the region’s
complex flow patterns. “Our main
objectives were to explore new ways
to predict surface runoff, develop a
new theoretical framework based on
stable laws, and build nonlocal
transport models for surface runoff
to account for the impact of system
heterogeneity,” says Chen. The
researchers used approaches such as
fractal derivative equations and
fractional-order differential laws to
describe the system and develop the
models. These methods allowed
them to include the watershed’s
geomorphic structures and soil
spatial heterogeneity in the model.
The researchers then used a
fractional-order continuity equation
to model the behavior of overland
flow. Both Eulerian and Lagrangian
solvers were then developed and
cross verified to approximate the
model. “We hope that this new
modeling approach can provide
simple conceptualization and
accurate quantification of these
complex processes and help further
protect the valuable water resources
in Nevada,” says Chen. The model
can describe the general pattern of a
hillslope runoff hydrograph and
numerical analysis shows that the

Nevada’s highly varied topography creates complex patterns of overland flow and
transport.

model’s space-fractional diffusive
term does not lead to early
arrivals in the rising limb of the
hydrograph. Additionally, the
time-fractional term in the model
accounts for the strong timenonlocal influence of net recharge
on the receding limb of the
hydrograph and a wide range of
late-time flow behavior.
Over the past year, the
researchers have published a paper
in the Journal of Vibration and
Control titled “A fractional-order
tempered-stable continuity model
to capture surface water runoff.”
They have also presented their
findings at several academic

conferences and plan to use their
results to assess surface-runoff
scaling. Scaling is a fundamental
issue in hydrology that affects
surface runoff processes in
particular. “In real-world hydrologic
processes, hydrographs usually
exhibit scale-dependent trends,”
Chen explains. “However, this
feature has not been fully addressed
in current studies because the scale
of field observations is usually much
smaller than those in hydrologic
applications. We hope to bridge this
gap and benefit not only water
resource studies in Nevada, but also
the entire hydrology community.” ■

“We hope that this new modeling approach can provide simple conceptualization and
accurate quantification of these complex processes and help further protect the valuable
water resources in Nevada.” – Li Chen
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PI Spotlight: Li Chen
Water is a critical resource,
particularly in arid and semiarid
regions, and drought and climate
change greatly affect the
hydrologic processes that govern
this valuable resource. The desire
to find better ways to protect and
sustain water resources is what
drives Dr. Li Chen’s interest in
hydrologic science. “Water is a
critical resource for everyone, but
Nevada in particular is a region
where water scarcity is the most
severe,” Chen says. “To understand
how climate change affects our
water resources, we need to have a
better understanding of the
physical mechanisms of the
hydrologic cycle and their
interactions with the environment,
especially in an arid environment.”
Chen’s research focuses on water
flow and water-initiated material
transport in surface and shallow

ground environments.
His research includes
the dynamics and
numerical modeling of
rainfall, infiltration, and
runoff processes;
sediment transport
monitoring and
modeling in natural
water bodies;
hydrodynamic and
contaminant transport
modeling in near-surface water
systems; and soil erosion dynamics
and geomorphologic evolution.
What Chen appreciates most about
his research for NIWR is that it
provides him with the opportunity
to conduct pioneering hydrologic
modeling research. “The research I
do for NIWR allows me to think
and work in different ways than
traditional hydrologic studies,
which gives me a new

understanding of complex
hydrologic systems,” he explains.
“My goal is to find new ways to
model these systems that could
affect future hydrologic practices.”
When asked what he would do if he
had six months with no obligations
or financial constraints, Chen said,
“I would spend the time reading
books and traveling.” ■

2015 NGWA Conference on Groundwater in Fractured Rock; Burlington, VT
September 28-29: www.ngwa.org/Events-Education/conferences/Pages
/5017sep15.aspx
NVWRA 2015 Fall Symposium; Reno, NV
October 19-20: www.nvwra.org/2015-fall-symposium
Water Rights in Nevada Class; Reno, NV
October 21: www.nvwra.org/water-rights-seminar-october
Advanced Water Rights in Nevada Class; Reno, NV
October 22: www.nvwra.org/advwater-rights-seminar-october
GSA 2015; Baltimore, MD
November 1-4: www.geosociety.org/meetings/2015
ASA, CSSA, and SSSA 2015 Annual Meeting; Minneapolis, MN
November 15-18: www.acsmeetings.org

UPCOMING EVENTS
AGU Chapman Conference on The Width of Tropics; Santa Fe, NM
July 26-31: chapman.agu.org/tropics
2015 Tahoe Science Conference; Reno, NV
September 21-23: www.nvwra.org/2015-tahoe-science-conference
NGWA Upper Great Plains Groundwater Conference; Cheyenne, WY
September 22-23:
www.ngwa.org/Events-Education/conferences/Pages/5010sep15.aspx

AWRA 2015 Annual Water Resources Conference; Denver, CO
November 16-19: www.awra.org
5th International Alluvial Fans Meeting; Christchurch, New Zealand
November 30-December 4: www.alluvialfans.co.uk
AGU 2015 Fall Meeting; San Francisco, CA
December 14-18: meetings.agu.org/upcoming-meetings
2015 Groundwater Expo; Las Vegas, NV
December 15-17: groundwaterexpo.com
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Postdoc Interview: Mark Hausner
We asked Maki Postdoctoral Fellow
Dr. Mark Hausner about his current
research and his continuing research
plans. Here’s what he had to say:
What sparked your interest in water
resources research?
I took a surface hydrology class
toward the end of my undergraduate
degree (I was in civil engineering) that
really got me interested in the field.
What do you find most interesting
about water resources research,
particularly working in an
arid/semiarid environment such as
Nevada?
The most interesting thing about
water in the arid/semiarid West is how
important it is to everything that goes
on. It’s a dry environment, but just
about every physical and biological
process is influenced by the presence or
absence of water.
What kind of research are you
currently working on and what have
you learned so far from this research?
One of my primary focuses is on
quantifying the linkages between
physical processes and the ecological
impacts of those processes. Currently,
I’m working primarily in spring
ecosystems, which are defined by their
connection to groundwater. These
systems are stressed not only by climate
change, but also by local and regional
groundwater withdrawals. In some of
these ecosystems, the impacts of
groundwater resource development are

an order of magnitude greater than the
impacts of climate change.
What do you hope to learn more about
from the research you are doing?

incorporating those interests into
your work as you continue in your
career?

Once you can quantify the effects of
climate change and water resource
We know that humans are driving
changes in the environment and we know development, the natural next step is to
consider how to address those impacts.
that those changes are going to affect
I’d like to incorporate adaptation and
ecosystems, but actually putting a
mitigation methods into my future
number on those impacts is really
work.
difficult. However, it’s really important
because a lot of policy is driven by
If you were shipwrecked on a
numbers.
deserted island, but all of your
human needs (food, water, etc.) were
Do you have a preference for lab work
taken care of, what two items would
or field work and if so, why?
you want to have with you?
Field work—and it’s not a close contest.
Assuming my family isn’t allowed, I’d
Like a lot of people at DRI and in the
choose a guitar and a dog (if a dog
geosciences, a big part of why I got into
this field was because I like to be outside. counts as an item).
If you had six months with no
What are some of your other research
obligations or financial constraints,
interests? Do you have any goals for
what would you do with the time?

“One of my primary focuses is on quantifying the linkages between
physical processes and the ecological impacts of those processes.”
– Mark Hausner

I would go on an around-the-world
trip without a firm itinerary; I’d just
move from place to place whenever it
felt like it was time to go. ■
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Success and the dedication to quality research have established the Division of Hydrologic Sciences (DHS) as the Nevada
Water Resources Research Institute (NWRRI) under the Water Resources Research Act of 1984 (as amended). As the
NWRRI, the continuing goals of DHS are to develop the water sciences knowledge and expertise that support Nevada’s
water needs, encourage our nation to manage water more responsibly, and train students to become productive professionals.
Desert Research Institute, the nonprofit research campus of the Nevada System of Higher Education, strives to be the world
leader in environmental sciences through the application of knowledge and technologies to improve people’s lives throughout
Nevada and the world.
The work conducted through the NWRRI program is supported by the U.S. Geological Survey under
Grant/Cooperative Agreement No. G11AP20092.
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