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A few thoughts about a good staff:

Offering comprehensive,
hydrogeologic services
in five integrated areas:
Groundwater Development —
extensive knowledge of and
experience with well drilling
technology, borehole evaluation
and well design, plus an Arizona
well driller's license
Groundwater Modeling —
technical abilities combined with
interpretive skill acquired through
five decades of collective team
experience in creating and
interpreting models

The value of our service equals the sum of our staff.
We are scientists, problem solvers, implementers. People who love what
we do. Clear Creek Associates are a group of people whose collective
expertise in groundwater-related projects in Arizona is unmatched. We’re
dedicated to offering quality-focused, very responsive hydrologic services to
clients throughout the Southwest.
We’ve built our reputation on a foundation of strong professional
capabilities, finely honed project coordination and communication skills,
and extensive statewide experience.
With each addition to our staff over the past six years, the value of our
service has grown. You can find out more about our newest staff members,
and other matters of interest, at our Web site, www.clearcreekassociates.com.

in Phoenix:
6155 E. Indian School Rd., Suite 100, Scottsdale, Arizona 85251
(480) 659-7131, (480) 659-7134 fax
in Tucson:
221 N. Court Ave., Suite 101, Tucson, Arizona 85701
(520) 622-3222, (520) 622-4040 fax
www.clearcreekassociates.com

Hydrogeologic investigations —
focused application of
hydrogeological analyses to
resolve groundwater issues,
address regulatory concerns and
water rights issues, or support
water resources planning
Environmental Services —
resolving problems in a cost
effective and timely manner by
integrating scientific, technical,
analytical and legal capabilities,
with proven relationships with
regulators
Mining Support —
clarifying communications,
streamlining permitting, and
helping companies develop
positive relationships with
environmental agencies

Levelogger Proven to be
Worth its Weight in Gold

Junior ...
...the newest addition
to the Levelogger
Family

Reduce Your Bottom Line
A low cost alternative in the
Levelogger Series

Mandate To Deliver Quality
Since the Levelogger Gold was launched at the beginning of 2006,
Solinst has shipped thousands and thousands of units to satisfied
customers all over the world.
"Our mandate is to design and deliver high quality products, and back it up
with our 3 Year Warranty, demonstrating the Solinst commitment to our
customers."
— Sarah Belshaw, President

Dependable Water Level Datalogger

Accuracy of 0.1% FS
32,000 Datapoints
5 Year Battery
1 Year Warranty
Compatible with Levelogger
Gold Series, Software
and Accessories

Leveloader Gold

Maintenance Free Design/Lifetime Calibration
Backwards Compatible
3 Year Warranty
Real-Time View
User-selectable Sampling Schedule
10 Year Battery (1 reading/minute)
SCADA Ready (SDI-12)

The Levelogger Gold is a self contained water level datalogger, which is
completely designed, developed and manufactured in-house, in the tradition
of all Solinst high quality products. The Levelogger Gold uses infra-red data
transfer, providing the flexibility of installing by use of a simple wireline or by
using a Direct Read Cable to surface. The Levelogger Gold includes a
pressure transducer, temperature thermistor, 10 year lithium battery (based
on 1 reading per minute), and internal data logger with a capacity of 40,000
temperature and water level data points.

Solinst Canada Ltd., 35 Todd Road
Georgetown, ON L7G 4R8
Tel: +1 (905) 873-2255; (800) 661-2023
Fax: +1 (905) 873-1992; (800) 516-9081

Rugged Data Transfer Device
Dedicated to Levelogger Series
Stores 1.39 Million Datapoints
Real-Time View
Re-program in the Field

Website: www.solinst.com
E-mail:
instruments@solinst.com
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From the
Publisher
Evapotranspiration—the sum of water evaporated from bare ground and open water
plus water transpired by vegetation—is a significant component of the water balance in
the Southwest, and one of the hardest to measure. It varies enormously across an area,
depending on such factors as how much sun reaches the surface, how much is reflected,
the temperature and moisture content of the air, the wind speed, how much moisture and
heat are in the ground, the type and density of plants growing, and many more hard-tomeasure and highly variable factors.
It’s often simpler to measure precipitation, then subtract runoff and groundwater
infiltration and assume ET is what’s left. For a rough estimate, that approach works. But
more precise ET rates are important to some. Irrigators need to know how much water to
order. Groundwater modelers want to calibrate their models accurately. Water managers
need to know how much water they can properly transfer from an irrigation right to
a municipal one. In this issue, our feature authors describe various ways ET can be
measured, and where the errors in measurement come in.
We are pleased to be starting our seventh year of Southwest Hydrology. Our mailing
list has grown to more than 6,000, with a readership that’s even greater. Many of our
37 advertisers have been with us from the very first issue. We thank all of you—readers,
authors, and advertisers—for being part of Southwest Hydrology.

Betsy Woodhouse, Publisher

Atomic force microscope image of the
lower surface of a plant leaf showing
stomata, which regulate transpiration,
the transfer of water vapor and other
gases to the atmosphere.
Photo: nanoAnalytics GmbH. See
www.nano2life.org.
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Irrigation Canals

WE

MEASURE

FLOW

Natural Streams

(in places you never thought possible)

Real-Time Discharge
A remarkably simple concept that you can afford.
We understand what it’s like out in the field, because that’s where we got our start.
We have made using precision-based acoustic Doppler technology easy to use in even
the most rugged, and challenging conditions.
More options, better customer support and more value for less money.

Sound Principles. Good Advice.
[+1.858.546.8327]
9940 Summers Ridge Road
San Diego, California, USA

For FREE technical notes, access to web-based training
and product information, visit www.sontek.com.
Questions? E-mail: inquiry@sontek.com.
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Evapotranspiration
With all the sunshine and warm temperatures we have in the Southwest, we have the
potential for very high rates of evapotranspiration—if water is available. The question is
how much ET actually occurs? ET is a difficult parameter to measure, but various methods
have been developed to try to get at that upward flux of moisture. These range from direct
measurement at a single point to direct measurement from space, or indirect measurement
over an equally large range of scales. Who is using these methods? For what uses? What
sorts of values are being measured? Our contributors address these questions and more.

18 Why Do We Care About ET?

Richard G. Allen
What is ET and why do we need
to measure it? Find out why
hydrologists, engineers, groundwater
modelers, agronomists, ecologists,
and water managers care about ET
and how its measurement figures
into their decision-making.

26 Quantifying Riparian
Evapotranspiration

Russell L. Scott, David G. Williams,
Travis E. Huxman, Kevin R. Hultine, and
David C. Goodrich
Efforts to improve measurement of
riparian ET using micrometeorological
and plant physiological techniques
are resulting in greater appreciation of
the importance of riparian vegetation
in the water balance of Southwest
basins and of the impacts of vegetation
change from grassland to shrubland.

20 Approaches to ET Measurement

Betsy Woodhouse
Relatively precise means to measure
ET over crops have been developed,
but what if you need to know ET
for an entire watershed and don’t
have an NSF grant handy?

28 ET – The Key to Balancing the Water
Budget in the Southwest

Michael T. Moreo, Nancy A. Damar and
Randell J. Laczniak
The accuracy of basin water budgets
is an essential factor for models to
effectively predict the potential effects
of groundwater pumping. But obtaining
basin-wide ET to include in the water
budget is no small task. Read about
one such approach in eastern Nevada.

22 Evapotranspiration Measurement
Methods

W. James Shuttleworth
Methods for direct measurement of
ET generally involve water budget
and vapor flow measurements. This
handy table compares the assumptions,
strengths, weaknesses, measurement
scale, and error rates of the more
commonly used approaches ... and
a few of the up-and-coming ones.

30 From High Overhead: ET Measurement
via Remote Sensing

24 Challenges and Cautions in Measuring
Evapotranspiration
John M. Baker
Micrometeorological methods
of measuring ET, such as eddy
covariance and the Bowen ratio/
energy balance, have improved the
currency and accuracy of ET data,
or have they? Potential users need
to be aware of pitfalls, limitations,
and costs of these methods.

Richard G. Allen, Jan M.H. Hendrickx,
David Toll, Martha Anderson, Jan
Kleissl, and William Kustas
Combining spatial ET data from
satellites with point measurements of
ET and soil moisture and modeling
data is proving to be a cost-effective
way to improve accuracy of ET
mapping. The approach is being used
in a wide range of water management
and monitoring applications.

42 Calendar
Publishing Southwest Hydrology furthers SAHRA’s
mission of promoting sustainable management
of water resources in semi-arid regions.
This publication is supported by SAHRA (Sustainability of semi-Arid Hydrology and Riparian Areas) under the STC Program of the National Science Foundation, Agreement
No. EAR-9876800. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the
views of SAHRA or of the National Science Foundation.
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