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Student Research Presentations
Student Union Memorial Center ~ Grand Ballroom
8:00am ~ Registration & Continental Breakfast
8:45am ~ Dr. Thomas Maddock, Department Head
9:00am ~ 10:00am ~ Oral Presentations
10:00am ~ 11:00am ~ Poster Session
11:00am ~ 12:00 ~ Oral Presentations
12:00pm ~ 1:30pm
Buffet Lunch ~ Registration Required
Luncheon Speaker ~ Dr. Daniel Stephen
“Principles of Hydrogeology 250 Years Ago”
1:30pm ~ 2:00pm ~ Poster Session
2:00pm ~ 3:00pm ~ Oral Presentations
3:00pm ~ 3:30pm ~ Poster Session
3:30pm ~ 4:30pm
Guest Speaker ~ Dr. R.A. Freeze
“Some Thoughts on Environmental Decision-Making”
4:30pm ~ Award Presentations
Montgomery Prize ~ By Elizabeth León Mora
Best Oral Presentation ~ $1,000
Hargis Awards ~ By David Hargis
First Place Poster ~ $1,000
Second Place Poster ~ $400
HWR Awards ~ By Jim Washburne
Best Speaker ~ $400
Best Poster ~ $400
Agua-Man ~ By Lissette de la Cruz, HWRSA President
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The Montgomery Prize
The Department of Hydrology and Water Resources
would like to thank Errol L. Montgomery & Associates, Inc. for
their support of the 17th Annual El Dia Del Agua. For several
years, Montgomery & Associates has sponsored a special cash
award, The Montgomery Prize, for the best oral presentation at
the annual student symposium. This prize is in addition to the
two departmental awards (best oral and best poster presentations)
and will be presented to the winner by Ms. Elizabeth León Mora
with Montgomery & Associates. The award symbolizes the company’s commitment to encouraging and rewarding excellence in
oral presentation of hydrologic research. Montgomery & Associates offers similar awards during annual events at the University
of Arizona and Northern Arizona University Geology Departments.
Errol L. Montgomery & Associates, Inc. is a hydrogeologic consulting group with more than 20 years of experience
addressing groundwater availability, sustainability, and quality
issues for municipal, industrial, mining, and governmental clients.
Professional services include:
•
•
•
•
•
•
•

Groundwater exploration and development
Contaminant assessment and remediation
Artificial groundwater recharge
Assured and Adequate Water Supply demonstrations
Hydrologic monitoring
Satellite image analysis
Groundwater flow and solute transport modeling

The firm’s principal office is located in Tucson, Arizona, and
branch offices are maintained in Scottsdale, Arizona and in Santiago de Chile.

4

The Hargis Awards
The Department of Hydrology and Water Resources
would like to thank Hargis + Associates, Inc. for their continued
support of the Annual El Dia del Agua. This year, Dr. David
Hargis will present a first and second place cash award for the
best poster presentations at the annual student symposium.
Evaluation will be performed by a panel selected by Dr. Hargis.
The Hargis Awards are made in recognition of the need for excellence in technical communications and serve as an incentive for
participating students to demonstrate excellence in writing, visual
presentation, and oral communication skills in support of their
research projects.
Hargis + Associates, Inc. is a nationally recognized hydrogeology and engineering consulting firm founded in Tucson in
1979. The firm specializes in consultations in water resources,
environmental assessment and remediation, litigation support, and
mining. Headquartered in San Diego, California, the firm also has
offices in Tucson and Phoenix, Arizona.
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Message from the HWRSA President
Dear El Dia del Agua Participants,
On behalf of the Hydrology and Water Resources Student Association (HWRSA), we would like to welcome you to the 17th annual
El Dia del Agua Student Research Symposium. El Dia del Agua
(EDDA) is the perfect opportunity for students to present their current
work at the Department of Hydrology and Water Resources (HWR) of
the University of Arizona, which is known worldwide for its cuttingedge research in hydrology and related sciences.
This year we are glad to host a full-day event with nine oral
presentations, fourteen research posters and two guest alumni speakers.
This symposium is an event “for the students” and “by the students” in
which we can receive a first hand response from fellow hydrologists.
Through the years, university faculty and professional hydrologists
have supported and attended EDDA. This tradition serves to strengthen
the hydrology community as well as to facilitate knowledge transfer
between academia and the professional community. Furthermore,
EDDA is a great place for prospective students to learn about the wide
range of interesting research opportunities available to HWR students.
The success of EDDA is possible thanks to the joint efforts of HWR
faculty, administration, students, and sponsors. To all them goes our
gratitude.
Thank you for taking the time to attend El Dia del Agua. After
the awards session and closing ceremony please join us for SUDS at No
Anchovies at 5 pm!
Lissette De La Cruz
HWRSA President

Carlos Soto-Lopez
HWRSA Vice-President

Scott Simpson
HWRSA Treasurer

Andrew Neal
HWRSA Social Chair

Support your HWRSA by purchasing a T-shirt! On sale now!
Website: http://www.hwr.arizona.edu/%7Ehwrsa/index.html
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Special Thanks to Our Corporate Sponsors
Anteon Corporation
Arcadis US Inc.
Balleau Groundwater, Inc.
Basin & Range Hydrogeologists, Inc.
Bill Allen Technical Services
Brown & Caldwell
Clear Creek Associates
Community Water Company of Green Valley
Daniel B. Stephens & Associates, Inc.
Errol Montgomery & Associates
ECOMON
Geosystems Analysis, Inc.
Golder Associates
Groundwater Quality Consultants
Groundwater Resources Consultants, Inc.
Haley & Aldrich, Inc.
Hargis + Associates, Inc.
HydroSystems
Hydro Geophysics, Inc.
In-Situ, Inc.
Komex Environmental Engineering
Malcolm Pirnie & Associates, Inc.
Metro Water District
Peter Mock Groundwater Consulting, Inc.
Southwest Groundwater Consultants
Truchas Hydrologic Associates, Inc.
Turner Laboratories, Inc.
URS Corporation
Water Management Consultants
Westland Resources, Inc.
WESTWATER, LLC

Special Thanks to Our Friends
Michael W. Block
Michael Carpenter
Stanley N. Davis
Michael Geddis
Leslie Graser
Michael Osborne
Elaine Resnick
Agricultural Research Service
Arizona Hydrological Society, AHS
National Weather Service
Salt River Project, SRP
U.S. Geological Survey

7

El Dia del Agua Organizing Committees
Thomas Maddock III, Department Head
Technical Committee
James Washburne, El Dia del Agua Chair
Dennis Scheall, El Dia del Agua Co-Chair
Thomas Meixner, El Dia del Agua Co-Chair
Administrative Support
James Broermann ~ Tim Corley
Margie Dewitt ~ Erma Santander

Evaluation Committee for Awards
Montgomery Prize
Errol Montgomery ~ Elizabeth León Mora ~ Don Young
Hargis Awards
David Hargis ~ Leo Leonhart ~ Dennis Scheall
HWR Oral Award
Robert Casavant ~ Francina Dominquez ~ Wylie Cox
HWR Poster Award
Michael Carpenter ~Jennifer McIntosh ~Gary Woodard
HWRSA El Dia del Agua Committee
Lissette De La Cruz ~ President
Carlos Soto-Lopez ~ Vice-President
Scott Simpson ~ Treasurer
Andrew Neal ~ Social Chair
Sponsorship Committee
Aida Arito
Patrick Broxton
Jesse Driscoll
Andrew Neal
Moderators:
Mehmet Akif Sarikaya,
Gretchen P. Oelsner
Andrew Hinnell
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Event Coordinators
Nataliya Bulygina
Navid Dejwakh
Eleonora De Maria
Jessica Driscoll
Eden Feirstein
Jeff Kennedy
Steve Osborne
Edgar Uribe
Caitlan Zlatos

Department Advisory Council (DAC)
David R. Hargis
Hargis + Associates ~ San Diego, California
Paul Hsieh
U.S. Geological Survey ~ Menlo Park, California
R. Bruce Johnson
City of Tucson Water ~ Tucson, Arizona
Leo S. Leonhart
Hargis + Associates ~ Tucson, Arizona
Peter Moch
Peter Moch Groundwater Consulting, Inc.
Paradise Alley, AZ
Errol L. Montgomery
Errol L. Montgomery & Associates ~ Tucson, Arizona
Michael M. Mooradian
PSI, Inc. ~ Long Beach, California
Charles E. Ester III
Salt River Project ~ Phoenix, Arizona
Thomas R. Schultz
Golden Associates ~ Tucson, Arizona
Daniel B. Stephens
Daniel B. Stephens & Associates ~ Albuquerque, New Mexico
Betsy Woodhouse
Southwest Hydrology, SAHRA ~ Tucson, Arizona
Don Young
WESTWATER, LLC ~ Phoenix, Arizona
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EL Dia Del Agua ~ Lunch Guest Speaker
Dr. Daniel B. Stephens
“Principles of Hydrogeology 250 Years Ago”

Daniel B. Stephens, Ph.D. is Principal Hydrologist and Chairman of the
Board of Daniel B. Stephens & Associates, Inc., a firm of over 100 employees
providing hydrology and engineering services with offices in New Mexico,
Texas, and California. Dr. Stephens received his Ph.D. in Hydrology from the
University of Arizona in 1979; his M.S. in Hydrology from Stanford University in 1974; and his B.S. in Geological Science (with honors) at Pennsylvania
State University in 1971.
Formerly Chairman of the Geoscience Department at New Mexico Institute of
Mining and Technology in Socorro, New Mexico, he began private consulting in
1976 and founded Daniel B. Stephens & Associates, Inc. (DBS&A) in 1984.
Dr. Stephens’ firm provides services in water resources, remediation, and soil
properties testing, and litigation support. He has published extensively in peerreviewed professional journals and is the author of the text Vadose Zone Hydrology.
Dr. Stephens serves on the Department Advisory Council and the College of
Engineering’s Industry Advisory Council. He also was recently elected to the
Board of Directors of the NGWA’s Association of Ground Water Scientists
and Engineers.
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EL Dia Del Agua ~ Guest Speaker
Dr. R. Allan Freeze
“Some Thoughts on Environmental DecisionMaking”

R. Allan Freeze is President of R. Allan Freeze Engineering Inc. based in
White Rock, BC, Canada. He consults widely for private sector clients and
government agencies on projects involving groundwater supply, groundwater
contamination, geotechnical seepage, land subsidence, and nuclear waste disposal. Prior to establishing his consulting practice, Allan Freeze worked for
Environment Canada in Calgary, AB, the IBM Thomas J. Watson Research
Center in Yorktown Heights, NY, and the University of British Columbia in
Vancouver, BC. During his 18 year career at UBC, he was Director of the Geological Engineering Program for six years and Associate Dean of Graduate
Studies for three years. During his academic career Allan Freeze published
over 100 research papers.
He has received the Horton and Macelwane Awards from the American Geophysical Union, the Meinzer Award from the Geological Society of America,
the Hubbert Award from the National Ground Water Association, and the
Theis Award from the American Institute of Hydrology. He is a Fellow of the
Royal Society of Canada. He is a former Editor of the journal Water Resources
Research, and a former President of the Hydrology Section of the American
Geophysical Union. He is coauthor, with John Cherry, of the textbook Groundwater. He is also the author of the popular-science book The Environmental
Pendulum: A Quest for the Truth about Toxic Chemicals, Human Health, and
Environmental Protection.
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El Dia del Agua ~ Program Schedule

TIME

SCHEDULE

8:00 - 8:45

Registration & Check-In

8:45 - 8:55

Opening Remarks: Dr. Thomas Maddock III,
Department Head

Moderator

Mehmet Akif Sarikaya

9:00 - 9:20

Nataliya Bulygina: Model Structure Identification and Correction Through Data Assimilation

9:20 - 9:40

Aleix Serrat-Capdevila: Modeling Hydrological
Impacts of Climate Change the Case of the Transboundary San Pedro Basin

9:40 - 10:00

Carlos D. Soto-López: Subsurface Stream Processes and Spatiotemporal Controls on Nutrient Cycling, Upper San Pedro River

10:00 - 11:00 Poster Session
Moderator

Gretchen P. Oelsner

11:00 - 11:20 Erica L. DiFilippo: Investigation of Mass Flux
Reduction as a Function of Source Zone Mass Removal for Immiscible Liquid Contaminated Aquifers
11:20 - 11:40 Maite Guardiola-Claramonte: The Effects of
Introducing Non-Native Vegetation on Hydrological Partitioning in a Tropical Catchment
11:40 - 12:00 Kristopher L. Kuhlman: Development of Transient Elliptical Analytic Elements and their Direct
Solution
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El Dia del Agua ~ Program Schedule
Continued
TIME
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SCHEDULE

12:00 - 1:30

Buffet Lunch and Speaker, Daniel B. Stephens,
“Principles of Hydrogeology 250 Years Ago”

1:30 - 2:00

Poster Session

Moderator

Andrew C. Hinnell

2:00 - 2:20

Prafulla Pokhrel: Estimation of Spatially Distributed Model Parameters Using a Regularization
Approach

2:20 - 2:40

Hoori Ajami: Application of GIS-based Tools in
Ecohydrologic Modeling-Mobile to Desktop Applications

2:40 - 3:00

Ann Youberg: Debris Flow Generation from Extreme Precipitation in Adjacent Unburned and Recently-Burned Areas, Coronado National Memorial, Arizona

3:00 - 3:30

Poster Session

3:30 - 4:30

Guest Speaker Dr. R. Allen Freeze,“Some
Thoughts on Environmental Decision Making”

4:30

Award Presentations
Montgomery Prize ~ By Elizabeth León Mora
Hargis Awards ~ By David Hargis
HWR Awards ~ By Jim Washburne
Aqua-Man presentation ~ By Lissette de la Cruz

Model Structure Identification and Correction
Through Data Assimilation
Nataliya Bulygina and Hoshin Gupta
Department of Hydrology and Water Resources
The University of Arizona
The physical laws governing water movement at small scales
have been understood for decades. What we don’t understand
well enough is how to apply these physical laws to systems that
are complex, heterogeneous on all scales. To date, most
‘physically based’ models of hydrologic systems are based on an
implicit up-scaling premise that behavior at the model’s scale will
be described by the same governing equations with state variables
that are averaged, and with ‘effective’ parameters. The up-scaling
assumption may be wrong, and the effective governing equations
for such heterogeneous systems may be different in form, not just
different in parameters, from the small-scale physics equations.
Suppose, there is a conceptual model of a hydrologic system, i.e.
main processes and their interconnections are identified. As measurements of system driving force and some of system responses
become available, is it possible to correct or construct the mathematical relationships in question through data assimilation? The
proposed method is based upon construction of the ‘posterior’
joint probability density functions for the relationships in question, in such a way that data assimilation helps to correct ‘prior’
belief about the dependences, but in regions where no data are
available the ‘prior’ knowledge dominates.
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Modeling Hydrological impacts of Climate Change
the Case of the Transboundary San Pedro Basin
Aleix Serrat-Capdevila1, Juan B. Valdes2, Javier Gonzalez
Perez3 , Kate Baird4, Luis J. Mata5, Thomas Maddock III4
1,4

Department of Hydrology and Water Resources
The University of Arizona

The US Southwest is an arid and semi-arid area where temporal
and spatial variability have important impacts on water resources
availability and management. Integrating this uncertainty into
planning and decision making is a key issue, both for operation
optimization and risk management strategies. A study in the San
Pedro Basin, combining climatic data series analysis with climate
change projection from global circulation models, aims at providing a basis for the inclusion of climatic scenarios into the Basin’s
decision and policy-making process. Changes in precipitation result in changes in mountain-front recharge. Long-term changes in
the basin’s water budget are assessed using existing hydrological
models for the San Pedro Basin. An effort is made to clearly present a broad range of results corresponding to different scenarios
for water managers and policy makers. This analysis will benefit
the inclusion of a climatic component into the Decision Support
System (DSS) model of the Upper San Pedro Basin.
1

Department of Hydrology and Water Resources, SAHRA(Sustainability of
Semi-Arid Regions and Riparian Hydrology), Udall Center for Studies in Public Policy, University of Arizona, P.O. Box 210011 Tucson, AZ, 85721, Tel:
(520) 3260927, aleix@email.arizona.edu
2
Department of Civil Engineering and Engineering Mechanics and SAHRA
(Sustainability of Semi-Arid Regions and Riparian Hydrology), University of
Arizona, P.O. Box 210072, Room 206, Tucson, AZ 85721, Tel: (520) 6216564, Fax: (520) 621-2550, jvaldes@u.arizona.edu
3
Universidad de Castilla-La Mancha, Ciudad Real, Javier.Gonzalez@uclm.es
4
Department of Hydrology and Water Resources, University of Arizona,
kbaird@hwr.arizona.edu & maddock@hwr.arizona.edu
5
Center for Development Research [ZEF], University of Bonn, L.mata@unibonn.de
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Subsurface Stream Processes and Spatiotemporal Controls
on Nutrient Cycling Upper San Pedro River
Carlos D. Soto-López and Thomas Meixner
Department of Hydrology and Water Resources
The University of Arizona
Studies at Sycamore Creek, Arizona have demonstrated that
streambed upwelling zones are important for stream nutrient cycling in semi-arid lotic systems. Other studies show that episodic
floods carry high concentrations of organic matter and nutrients; as
a result these nutrients are reflected in groundwaters and later return to the stream through upwelling. The main goal of this research is to answer the following question: How does the spatial
and temporal variability and availability of surface water nutrients change in relation to subsurface processes and post
flood successional stage?
To address this question, chemical measurements together with
paired surface and sediment water temperature measurements are
being conducted using a nested hierarchy approach on a 10km
river segment at various stages of post flood succession. We have
found that upwelling sites in the stream, as identified by temperature data, are highly localized and appear to increase nitrate and
phosphate concentration. Also, we have found that May nitrate
concentrations at all scales increased on average 9 times when
compared to March concentrations and the variability of the concentrations (as standard deviation) in March also increased on average 5 times when compared to March concentrations. At the
same time sulfate to chloride ratios decrease steadily downstream
indicating a more basin ground water dominated system. Analysis
is still in progress for samples taken in November.
Also, the location and spatial scale appears to influence these relationships; at larger scales the variability of nutrients is controlled
by in-stream processes while at smaller scales it is more variable
and controlled by the direction of water exchange.
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Investigation of Mass Flux Reduction as a Function of
Source Zone Mass Removal for Immiscible Liquid
Contaminated Aquifers
Erica L. DiFilippo1, Justin C. Marble, Mart Oostrom3, Mark L.
Brusseau1,2
1

Department of Hydrology and Water Resources
The University of Arizona

There is immense interest in using the relationship between mass
flux reduction and source zone mass removal to evaluate the effectiveness of source zone remediation efforts. This relationship
was investigated using a series of experiments conducted with
columns and flow cells with varying hydraulic conductivity and
DNAPL distributions. In heterogeneous columns with nonuniform DNAPL distribution, low mass removal fractions produced significant reductions in mass flux. For example, removing only 25% of the DNAPL mass from the column resulted in a
50% decrease in the mass flux. In contrast, a homogeneously
packed column with uniform DNAPL distribution required a 90%
reduction in DNAPL mass to produce the same reduction in mass
flux. In addition to laboratory experiments, published data collected from a series of different field remediation efforts were examined to evaluate the relationship between mass flux reduction
and mass removal. The studies considered represent a variety of
source zone architectures, immiscible liquids and remediation
technologies. Source zone mass removal at these sites ranged
from 30% to near complete mass removal. Reductions in mass
flux also exhibited a wide range of values. The majority of the
studies; however, fell within a band that is roughly approximated
by a 1:1 relationship between mass flux reduction and mass removal.
2

Department of Soil, Water and Environmental Science, University of Arizona,
Tucson, AZ 85721
3
Pacific Northwest National Laboratory, Environmental Technology Division,
Richland, Washington 99352

17

The Effects of Introducing Non-Native Vegetation on
Hydrological Partitioning in a Tropical Catchment
Maite Guardiola-Claramonte and Peter A. Troch
Department of Hydrology and Water Resources
The University of Arizona
The present study investigates the hydrologic implications of land
use conversion from native vegetation to rubber (hevea brasiliensis) in Southeast Asia. Introduction of non-native species with
different water consumption rates and timing possibly disturbs the
hydrological water balance and the partitioning of hydrological
fluxes. In this paper, we propose a novel approach to understand
and predict changes in the hydrologic cycle when introducing a
non-native plant species in an experimental catchment (69 km2) in
Southwest China. The study area is divided into four different
characteristic land cover types: tea, secondary forest, grassland
and rubber. Continuous records of soil moisture profiles in each
of the characteristic covers, and surface radiation balance data
during the dry season, help understanding phenology and timing
of water demand. Results show that the water demand of most of
the native vegetation is controlled by water availability, whereas
rubber water demand is controlled by day-length. Therefore, root
water uptake by rubber trees happens weeks before the first precipitation events, as opposed to the native vegetation that activates with the arrival of the first monsoon rainfall. This results in
important differences of soil moisture characteristics under rubber, with possible significant effects in the basin’s water balance.
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Development of Transient Elliptical Analytic Elements
and their Direct Solution
Kristopher L. Kuhlman and Shlomo Neuman
Department of Hydrology and Water Resources
The University of Arizona
Newly developed elliptical and linear elements for the LaplaceTransform Analytic Element Method (LT-AEM) are presented,
along with a simplified direct solution method. Both developments increase the flexibility and applicability the the LT-AEM
as a transient groundwater modeling tool for the hydrologists
toolbox.
Using elliptical coordinates, a new general solution was developed for a transient line source as a degenerate ellipse. For both
elliptical and linear elements, the final solution is in terms of radial and angular Mathieu functions, which are generalizations of
trigonometric and Bessel functions. The current solution is much
more general than previous attempts at transient line source solutions.
A simplified direct method for solving LT-AEM (as well as traditional steady-state AEM) problems is illustrated. Previous solution methods used an unstable fixed-point iteration which often
involved dozens to hundreds of iterations to solve. The direct
method can utilize the power of available matrix solution libraries
(e.g., LAPACK) to simplify the solution, as well as generalize the
formulation and approach.
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Estimation of Spatially Distributed Model Parameters
Using a Regularization Approach
Prafulla Pokhrel and Dr. Hoshin Gupta
Department of Hydrology and Water Resources
The University of Arizona
Increased spatial resolution of the parameter search space increases the dimension of the parameter estimation problem making it difficult to calibrate. However, the spatial variability of watershed properties in the watershed is usually well behaved, and
exhibits some sort of pattern, which if recognized properly allow
us to reduce the dimensionality of the parameter estimation problem. The National Weather Service, Hydrology Lab, has developed a method to derive apriori estimates of 11 SACSMA parameters based on the soil information obtained from the STATSGO soil database. It is envisaged that the information embodied in the apriori parameter estimates can be used to derive constraints on the parameter variability and allow the use of existing
global optimization techniques to calibrate distributed RER models of higher dimension. Analysis of the variability of apriori parameters with easily calculated variables like, the curve numbers,
and soil depth in the Blue river basin have shown some interesting trends, which have been captured using simple linear, logarithmic or exponential equations. The coefficients of these equations have been calibrated instead of the regular SACSMA parameters, thus reducing the dimension of the calibration problem
from 858 to 33 and resulting in significant reduction of the objective function values.

20

Application of GIS based Tools in Ecohydrologic
Modeling-Mobile to Desktop Applications
Hoori Ajami, K. Baird, T. Maddock III
Department of Hydrology and Water Resources
The University of Arizona
Application of spatially explicit data in ecohydrologic research
and groundwater modeling has increased recently due to the increase in availability of spatial data and the advancement in Geographic Information Systems (GIS). GIS software products from
Environmental System Research Institute (ESRI), such as ArcGIS
and ArcPad provide a powerful environment for spatial analysis,
and custom application development that can be incorporated into
ecohydrologic research.
Two sets of GIS based applications have been developed ranging
from field data collection application to data analysis tools. The
development of GPS, Personal Digital Assistants (PDA’s) and
ArcPad GIS software allows technicians to navigate to a target
location, and acquire high quality field data. The developed customizations maintain data integrity and complete field attribution.
Two ArcGIS desktop applications were also developed for ArcGIS 9.1; RIP-GIS to improve simulating riparian/wetland
evapotranspiration (ET) and Arc-Recharge to improve quantifying and distributing mountain front recharge along MODFLOW
cells.
RIP-GIS is an ArcGIS custom application that was developed to
provide parameters for the RIP-ET package. RIP-ET is an improved MODFLOW ET module that simulates ET using a set of
eco-physiologically based ET curves.
These tools significantly decrease the time that is required to develop ecohydrologic models and increase accuracy of the model
parameters by incorporating spatial data.

21

Debris Flow Generation from Extreme Precipitation in Adjacent Unburned and Recently-Burned Areas,
Coronado National Memorial, Arizona
Ann Youberg, Victor R. Baker1, Philip A. Pearthree2
1

Department of Hydrology and Water Resources
The University of Arizona

Southeastern Arizona experienced an extremely wet interval near
the end of July 2006 that generated floods of record and numerous debris flows in some of the mountain ranges of this region.
Intense precipitation in Coronado National Memorial near the international border with Mexico generated approximately 66 debris flows in steep mountain drainages. Coronado National Memorial encompasses 1924 ha, of which approximately 135 ha
were burned by a wildfire in May, 2006. Debris flows of various
sizes, some with deposits up to 3 m thick, were generated in both
unburned and recently-burned areas. Although extreme precipitation was the cause of debris flow generation, the presence of debris flows in both unburned and burned areas provides an opportunity to evaluate the influence of wildfires on debris-flow initiation mechanisms and volumes. We mapped each debris flow,
identified probable initiation mechanisms, and surveyed selected
debris-flow channels to estimate debris-flow volumes. Preliminary observations suggest that debris flows in burned areas initiated by intense runoff and failures in multiple small hillslope rills,
whereas most debris flows in unburned areas initiated as either
discrete shallow failures of colluvium over bedrock or failures of
channel sediment by intense runoff over bedrock cliffs.

________
2

Arizona Geological Survey, Tucson, Arizona
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El Dia del Agua ~ Poster Presentations
(Three Sessions: 10:00-11:00, 1:30-2:00, and 3:00-3:30)

HWR STUDENTS RESEARCH PROJECTS
Julio Cañón Barriga: Spatiotemporal analysis of droughts in the
Lower Rio Grande/Rio Bravo basin
Lissette De La Cruz: Determination of baseflow inputs in riparian areas along a North American Monsoon gradient
Andy D. Hale: Climate Change and Policy Effects on
Cameron County Water Availability
Christopher A. Jones: Factors Affecting Recharge in Ephemeral Stream Channels: A Multivariate Analysis
Jeffrey Kennedy: Parameterization of an Urban Runoff Model
Kazungu Maitaria: Statistical Downscaling of Warm Season
Precipitation in the Core North America Monsoon Region
Guillermo F. Martinez: Evaluation and Diagnosis of the abcd
Water Balance Model Using the HCDN Dataset
Mehmet Akif Sarikaya: Evolution of the landscape of Cappadocia
Scott C. Simpson: Riparian aquifer recharge in the Upper San
Pedro River
Anne Stewart: Review of Effects of Air Pressure Changes on
Ground Water Levels During Storms
Caitlan M. Zlatos: Groundwater Sources, Flowpaths, and Residence Times in the Middle Verde River Watershed
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Spatiotemporal analysis of droughts in the
Lower Rio Grande/Rio Bravo basin
Julio Cañón Barriga1,2 and Juan Valdés3
1

Department of Hydrology and Water Resources
The University of Arizona

Water management under drought conditions is a critical issue for
the future development of the communities settled in the Lower
Rio Grande-Rio Bravo basin (LRGB). As they continue to experience prosperous economies and sustained population growth,
concerns about future water rationings have led to initiatives for
developing models to predict droughts in terms of their spatial
distribution and temporal persistence.
The poster presents the ongoing results of implementing two climate drought indices in the LRGB: the Standardized Precipitation
Index (SPI) and the Drought Frequency Index (DFI). The goals
are to determine the spatial distribution, severity and temporal
persistence of hydrologic droughts on the basin and to evaluate
the vulnerability of the communities to increases in water demands.
The SPI has proven effective in characterizing abnormal moisture
conditions whereas the DFI gives a stochastic characterization of
extreme droughts by their return period. The indices show that
abnormally dry and wet conditions in the valley are likely to occur both locally and at a regional scale. The incorporation of both
indices in a geospatial database helps determining which areas
and communities are prone to experience the effects of droughts
and how severe the impact would be depending on their location
and persistence.

2

Universiad de Antioquia, Colombia
Department of Civil Engineering and Engineering Mechanics, University of
Arizona

3
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Determination of baseflow inputs in riparian areas along a
North American Monsoon gradient
Lissette De La Cruz, Thomas Meixner and James Hogan
Department of Hydrology and Water Resources
The University of Arizona
Determining the water source to rivers in semi-arid regions is important to enable informed river management. Using geochemical and isotopic mixing techniques the waters sources of the San
Pedro have been shown to include a significant fraction of flood
water. We seek to extend this understanding to other more (San
Miguel) or less (Verde) monsoon dominated river systems. Two
sampling campaigns have been executed in the San Miguel (premonsoon and monsoon) and one in the Verde (pre-winter). These
data show stream flow in these basins follows the climatological
pattern with the San Miguel more enriched in 18O and D; while
samples from the Verde are more depleted. The isotopic data for
the San Pedro Basin has a larger isotopic spread, due to more data
availability and possibly due to more diverse moisture sources
within the basin. Comparing surface water samples to groundwater data indicates that the San Miguel derives flow from summer
storm events whereas this is not the case in the Verde. With more
data we expect to be able to draw more certain conclusions. Two
years of samples will be collected in each river basin across the
summer and winter rainy seasons and dry seasons.
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Climate Change and Policy Effects on
Cameron County Water Availability
Andy D. Hale1 and Juan Valdes2
1

Arid Lands Resource Sciences
The University of Arizona

Water demand in Cameron County for both agricultural and municipal purposes will continue to increase for the foreseeable future. The primary crops produced are cotton, sugarcane, grain
sorghum and corn. Production costs for sugarcane are greater
than for other crops, and water costs account for roughly 16% of
variable costs. Sugarcane is also significantly more profitable
than other crops, due largely to tariff rate quotas that limit U.S.
sugar imports.
The interaction of agricultural policy, water availability and agricultural production decisions is extremely complicated, and will
be further complicated by global climate change. The primary
factor that can be controlled is agricultural policy. In the LRGV,
water prices are subsidized, water transport is subsidized, and the
primary water use, agricultural production, is also subsidized.
Agricultural subsidies not only promote inefficient water usage
domestically, but they also distort world markets and hurt producers in the developing world. Given the current state of domestic
agricultural production, security threats resulting from the inability of poorer nations to advance, and the imminent global climate
change that is upon us, now is the time to take steps toward reforming U.S. agricultural policy.
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Department of Civil Engineering, University of Arizona
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Factors Affecting Recharge in Ephemeral Stream Channels:
A Multivariate Analysis
Christopher A. Jones1, James Callegary2 and James Leenhouts2
1

Department of Hydrology and Water Resources
The University of Arizona

In semiarid and arid environments, groundwater is often the primary source for water. Recharge is difficult to quantify, therefore
we examine factors that are likely to affect recharge. Recent
studies have concluded that recharge in ephemeral-stream channels can be substantial. Conventional methods for estimating recharge are typically costly and time consuming. We conducted a
survey of two channels in the Sierra Vista sub-watershed roughly
spanning from the mountain front to the San Pedro River. The
survey focused on a set of variables thought either to directly affect recharge or to serve as a proxy for recharge-influencing factors. Measured variables were bed-sediment apparent electric
conductivity, channel geometry and vegetation characteristics. In
order to reduce the number of these variables to the most important few; a principal component analysis was performed on the
data. Preliminary interpretations indicate that apparent conductivity, incision width, and grass density are highly correlated with
principal component 1. Application of these methods can used to
determine areas susceptible to groundwater contamination and
maximum recharge locations for retention basin.
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Parameterization of an Urban Runoff Model
Jeffrey Kennedy1, James Leenhouts2, David Goodrich3,
Carl Unkrich3
1

Department of Hydrology and Water Resources
The University of Arizona

Parameters considered when modeling runoff from urban areas
typically include the amount of impervious area, watershed slope,
and soil infiltration properties. Deriving this information from
different sources can lead to significant variations in model output. In this study, three levels of model identification are compared. The first level comprises values identified from readily
available sources – the “literature”. The NRCS SSURGO database provides soil infiltration, previous urban runoff studies provide impervious area percentages, and a USGS digital elevation
model provides slope and watershed boundary information. In the
second level of model identification, the watershed is represented
in greater detail, as parameters are distributed in space rather than
lumped. Watershed topography is measured directly by means of
a GPS survey, and impervious area identified from aerial photographs. The third level of model identification builds on the second level, but soil infiltration and channel roughness parameters
are identified by calibrating the model to available rainfall and
runoff data. Model performance with level two identification is a
small improvement over level one; performance with level three
identification is much better than both one and two. Without data
for calibration, model performance does not improve with a more
detailed representation of the watershed.
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US Geological Survey, Tucson, Arizona
USDA-ARS Southwest Watershed Research Center, Tucson, AZ

3

28

Statistical Downscaling of Warm Season Precipitation
in the Core North America Monsoon Region
Kazungu Maitaria1,2,*, David Gochis3, Steven Mullen1,4,
David Yates3 and James Shuttleworth1,2,4
1

Hydrology and Water Resources
The University of Arizona

Predicting precipitation within the North America Monsoon System (NAMS) is complex. This study seeks a practical solution by
developing statistically downscaled estimates of warm season
precipitation over the core region of the North American Monsoon Experiment (NAME). Gridded precipitation data for JulyAugust-September (JAS) from 1950 to1998 were first analyzed
using eigen-based techniques to define three precipitation regions.
Using output variables from the 1998 version of the NCEP medium-range forecast (MRF) model, then we determined MRF predictors of the hydrometeorology in each region. The KNearest
Neighbor statistical downscaling technique was then applied to
derive local-scale predictions from these synoptic scale weather
patterns. We evaluated the quality of the downscaled product using a standard suite of verification metrics. The results suggest
that KNN algorithm is an effective tool for analyzing precipitation in the NAMS.
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National Center for Atmospheric Research, Boulder, CO 80307.
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Evaluation and Diagnosis of the abcd Water Balance Model
Using the HCDN Dataset
Guillermo F. Martinez and H.Gupta
Department of Hydrology and Water Resources
The University of Arizona
Increasing model complexity demands the development of new
methods able to mine larger amounts of information from model
results and available data. Methods commonly used to compare
models with data typically lack diagnostic ‘‘power’’. This work
therefore explores strategies to identify the causes of discrepancy
between models and hydrologic phenomena, as well as to increase the knowledge about the input-output relationship of the
system. In this context, we evaluate how the abcd monthly water
balance model, used to infer soil moisture conditions or groundwater recharge, performs in 764 watersheds of the conterminous
United States. Work done under these guidelines required the integration of the Hydro-Climatic Data Network dataset with spatial
information to summarize the results and relate the performance
with the model assumptions and specific conditions of the basins.
The diagnostic process is implemented by the classification of the
watersheds, the evaluation of hydrologic signatures and the identification of dominant processes. Knowledge acquired during this
process is used to test modifications of the model in hydrologic
regions where the performance is poor.
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Evolution of the landscape of Cappadocia
Mehmet Akif Sarikaya, M. Zreda1, and A. Ciner2
1

Department of Hydrology and Water Resources
The University of Arizona

Cappadocia tuffs from central Turkey are spectacular and unique
landforms composed of lava flows and interbedded tuff layers.
The evolution of this landscape starts with gently-sloping plateaus, which are then dissected to form fairy chimneys
(mushroom-like structures forming where hard lava flows are underlined by soft tuffs), and eventually completely destroyed by
continuing erosion. We have determined erosion rates at these
three stages of evolution using cosmogenic 36Cl inventories in
bedrock samples from pre-chimney (plateaus) stage, from chimney stage, and from post-chimney stage. The plateaus erode at a
low rate of 0.6-0.9 cm/ky, the chimneys have higher erosion rates
of 2.3-3.3 cm/ky, and once the chimneys disappear, erosion rates
increase by orders of magnitude. Our results attest to the youthfulness of the Cappadocian landscape.
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Riparian aquifer recharge in the Upper San Pedro River
Scott C. Simpson and Thomas Meixner
Department of Hydrology and Water Resources
The University of Arizona
In the Upper San Pedro River, riparian groundwater recharged
during high monsoon season flows is a major contributor to
streamflow for the rest of the year. Previous research has shown
that the amount of riparian groundwater derived from this monsoon recharge can vary widely (10-90%). Chemical and isotopic
data (δ18O, δ2H, anions) thus far indicates that riparian groundwater in two perennial reaches is almost entirely basin groundwater,
even close to the river immediately after a high flow. The data
also indicate that in two intermittent reaches riparian groundwater
is dominated by monsoon storm flow.
We are developing a nine-segment model to understand the observed stream-aquifer interaction. Each segment represents a distinct reach of the river and is composed of three reservoirs:
streamflow, basin aquifer and a third for mixing of the two, representing the near-stream riparian aquifer. With groundwater level
data at four points along the river and chemical data at more, we
will be able to assess the relative importance of monsoon storm
flow versus basin groundwater in sustaining river flows. Additionally we will determine the relative importance of mixing versus storage in the alluvial aquifer system in chemical signatures
showing storm flow influence on sustained baseflows.
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Review of Effects of Air Pressure Changes on
Ground Water Levels During Storms
Anne Stewart and Hoshin Gupta
Department of Hydrology and Water Resources
The University of Arizona
As a storm passes through a region, water levels in the region’s
aquifers and in wells tapping into them fluctuate in response to air
pressure changes related to the storm. If storms occur during aquifer pumping tests, hydrologists analyzing the test data should correct the measured water levels for fluctuating air pressure; for this
reason, barometric pressure should be logged with other aquifer
test data. Other than to correct aquifer-test measurements, ground
water level fluctuations caused by storm-related air pressure fluctuations are usually ignored. When describing the effects that air
pressure fluctuations have on water levels in wells, the phenomenon of interest, called “barometric efficiency of the well”, is related to the degree that the wells function as barometers. Barometric efficiency of wells varies with well diameter and the type
of aquifers tapped. A related phenomenon, called the “barometric
efficiency of the aquifer”, refers to fluctuations of the potentiometric surface(s) of the effected aquifer(s) due to air pressure
fluctuations associated with storms. We discuss these related efficiencies, distinguish between them, describe their mechanisms in
detail, and present a compilation of methods used for correcting
effected data.
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Groundwater Sources, Flowpaths, and Residence Times
in the Middle Verde River Watershed
Caitlan M. Zlatos, James Hogan, Thomas Meixner
Department of Hydrology and Water Resources
The University of Arizona
As the population within the Verde River Valley is projected to
double by 2050, efforts to improve the conceptual understanding
of basin hydrogeology and to better estimate recharge rates within
the watershed are crucial for future water resources management.
Through analysis of O and H stable isotopes, the radioactive isotopes tritium (3H) and carbon-14, and a suite of solute ratios and
isotopes, we seek to determine the hydrologic connection between
aquifer units in the Coconino Plateau recharge zone and the
Verde Valley regional aquifer, and to gain an understanding of
how these water sources and flowpaths contribute to and sustain
baseflow within the Verde River. Preliminary data collected in
November 2006 serve as a measurement of winter baseflow conditions within the watershed. 39 samples from the Verde River,
its tributaries (notably Oak Creek and Wet Beaver Creek), and
several wells were analyzed for δ18O and δ2H values, major anion
concentrations, as well as geochemical parameters including pH
and alkalinity. Here we present the initial results of this dataset,
and explore their implications for the goal of discerning sources,
flowpaths, and residence times of groundwater within the hydrogeologically complex Verde Valley.
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Hydrological modeling of the semi-arid Andarax river basin
in southern Spain - A comparison of two models based on traditional meteorological data and remote sensing data.
Flemming H. Andersen1, H. Gupta2, and K. H. Jensen1
1

Geological Institute
The University of Copenhagen, Denmark
The 2,265 km2 Andarax river basin located in Southern Spain is
one of the most arid regions in Europe with a mean annual precipitation of 250-350 mm. The terrain changes from sea level at
the coast to more than 2,500 m in the Sierra Nevada Mountains.
The total recharge within the catchment determines the water
availability in the delta region. Due to the high evapotranspiration in semi-arid or arid regions groundwater recharge can be as
low as 1 % of the precipitation. Thus is essential to accurately
predict the seasonal and regional distribution of actual
evapotranspiration (ET) within the river catchment as this it will
lead to better estimate of the groundwater recharge and hereby of
the groundwater availability in the delta region.
The hydrological behaviour of the Andarax river basin is simulated by the MIKE SHE code. In the first scenario we only use
traditional meteorological data and standard values for the vegetation characteristics. To improve the estimation of evapotranspiration we use an energy-based two-layer SVAT model and apply
remote sensing derived variables as input data. Specifically surface temperature, global radiation, albedo and leaf area index
(LAI) are derived from remote sensing images.

2
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Development and Evaluation of a Streamflow Forecasting
Tool to Improve Reclamation Operational Water Supply
Forecasts in the Carson River
Seshadri Rajagopal1, Douglas P Boyle2, Gregg Lamorey2,
Scott Bassett2, Jeff Rieker3, and Shane Coors3
1

Department of Hydrology and Water Resources
The University of Arizona

Researchers at the Desert Research Institute and Reclamation,
Lahontan Basin Area Office are conducting research aimed at improving streamflow forecasts on the Carson River as part of the
Water 2025 initiative. The goal of the research is to improve long
term streamflow forecasts on the Carson River through the development, application and testing of a coupled hydrologic model
that consists of; (1) a physically based hydrologic model, the
Modular Modeling System - Precipitation Runoff Modeling System; and (2) an operational river routing model, RiverWare.
These models were developed to simulate streamflow at three
points along the river. The National Weather Service (NWS) Ensemble Streamflow Prediction approach was used with the coupled model to generate streamflow forecasts at the headwater
nodes which, in turn, were used as input to the RiverWare model
to produce forecasted streamflow downstream. The streamflow
forecasts made with the coupled model at the three forecast points
were evaluated through a comparison, which includes traditional
statistical analysis and probabilistic techniques, with forecasts
made by the NWS, the NRCS, and historic observed streamflow
volumes. Based on forecast analysis, a set of recommendations is
made to guide Reclamation managers on the suitability of the
various forecasts.

2
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Desert Research Institute, Reno, Nevada
Reclamation, Lahonton Basin Area Office, Carson City, Nevada

Stochastic-Fuzzy Multi Criteria Decision Making
for Robust Water Resources Management
Mahdi Zarghami1 and Ferenc Szidarovszky2
1

Civil Engineering Department
University of Arizona

All realistic Multi Criteria Decision Making (MCDM) problems
in water resources management face various kinds of uncertainty.
In this study the evaluations of the alternatives with respect to the
criteria are assumed to be stochastic. Fuzzy linguistic quantifiers
are used to obtain the uncertain optimism degree of the Decision
Maker (DM). A new approach for stochastic-fuzzy modeling of
MCDM problems is then introduced by merging the stochastic
and fuzzy approaches into the Ordered Weighted Averaging
(OWA) operator. The results of the new approach, entitled
SFOWA, give the expected value and the variance of the combined goodness measure for each alternative, which are essential
for robust decision making. In order to combine these two characteristics, a composite goodness measure is defined. By using
this measure the model gives more sensitive decisions to the
stakeholders whose optimism degrees are different than that of
the decision maker. The methodology is illustrated by using a
water resources management problem in the Central Tisza river
in Hungary. Finally, SFOWA is compared to other methods
known from the literature to show its suitability for MCDM problems under uncertainty.
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