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rid and semiarid environments cover

more than one-third of the world’s land

urface (Branson et al. 1981). Sound
water and soil management in these areas is
crucial because those resources are particularly
sensitive to climate variability and anthro-
pogenic effects. An international symposium,
Water Research and Management in Semiarid
Environments, was convened to focus on these
issues. The goals of the symposium were to
evaluate the collective knowledge of arid and
semiarid hydrologic and erosion processes by
reflecting upon past accomplishments, the
state-of-the-science, and research trends for the
21st century. In addition, the symposium was a
vehicle to honor Dr. Kenneth G. Renard for his
accomplishments leading to a berter under-

standing of the warter and soil resources of arid
and semiarid environments and their manage-
ment, as well as his contributions to the estab-
lishment of the renowned Walnut Gulch Exper-
imental Warershed (see front cover).

The symposium

The symposium was held November 1-3,
1994, in Tucson, Arizona, USA. Participants
included nationally and internationally known
experts on water and soil conservation research
in arid and semiarid regions. Formal oral pre-
sentations, poster sessions, panel discussions,
and water and soil resource conservation com-
puter-model demonstrations were held over a
two-day period culminating with a field day ar
the Walnut Gulch Experimental Warersh ed.
Major categories of topics discussed at the sym-
posium included spatial and temporal charac-
teristics of precipitation and infiltration; model-
ing of hydrologic processes in arid and semiarid
regions; the importance of watershed research;
sediment transport and delivery, and soil ero-
sion prediction models such as the Revised
Universal Soil Loss Equation (RUSLE) and
WEPP (Water Erosion Prediction Project). A
selected group of research papers addressing
these topics are compiled in this special issue of
the Journal of Soil and Water Conservation.

The career

Dr. Kenneth G. Renard’s distinguished 38-
year career with the United States Department
of Agriculture’s (USDA) Agricultural Research
Service (ARS) began in 1957 at Madison, Wis-
consin. In 1959 he was assighed to the Walnut
Gulch Experimental Watershed in Tombsto ne,
Arizona, where he pioneered watershed-engi-
neering research in arid and semiarid areas. He
was also a leader in development, design, and
construction of unique instrumentation for
measuring runoff in sediment-laden ephemeral
streams (Smith et al. 1982; Renard et al. 1986).
Dr. Renard, Research Leader of the Southwest
Watershed Research Center in Tucson, Arizona
(1968-1987), provided major inputs to formu-
lating research at the Center and was instru-
mental in directing the program to the stature
it enjoys today. Under his leadership, inidal ef-
forts to inventory and instrument hydrologic
and erosion processes have advanced to the cur-
rent emphases on water quantity, water quality,
and global change in the hydrologic cycle.

Dr. Renard has made important contribu-
tions to the understanding and management of
water and soil resources of arid and semiarid
environments including studies of precipita-
tion, infiltration, evaporation, runoff, ground-
water, and erosion and sedimentation (Renard
1970; 1986; Renard et al. 1990; Renard er al.
1993). In addition, he has participated actively

on national research teams resulting in the
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EPIC (Erosion Productivity Impact Calculator;
Williams et al. 1983), and SPUR (Simulation of
Production and Utilization of Rangelands; Re-
nard et al. 1983) models, and, most recently, led
the effort to revise the Universal Soil Loss Equa-
tion (RUSLE; Renard et al. 1991; 1994) togeth-
er with a computer program and documenta-
tion. Dr. Renard is recognized nationally and
internationally as an expert in erosion, sediment-
transport, and delivery processes. He has been an
invited participant in water resource and erosion
projects through the United Nations and in sev-
eral foreign countries. During his career, Dr. Re-
nard has been active in many professional soci-
eties including the Soil and Water Conservation
Society, the American Society of Civil Engineers,
and the American Society of Agricultural Engi-
neers. Dr. Renard has also had notable impact on
the careers of numerous scientists and land man-
agers both directly, through collaboration, en-
couragement and training, and indirectly,
through development of the Walnut Gulch Ex-
perimental Watershed.

The watershed

Perhaps the foremost contribution of Dr. Re-
nard’s career to arid/semiarid environmental
science was the establishment, development,
and instrumentation of the USDA-ARS Wal-
nut Gulch Experimental Watershed [150 km?
(58 mi?)]. The watershed, in southeastern Ari-
zona (31° 43'N, 110" 41"W) just north of the
transition between the Chihuahuan and Sono-
ran Deserts encompasses the historic town of
Tombstone. It is assumed to be representative
of 60 million hecrares of brush- and grass-cov-
ered rangeland of the semiarid Southwest (see
Renard et al. 1993, for a detailed watershed de-
scription). It was selected as a primary research
facility by the USDA in the mid 1950s as part
of a national effort to establish highly instru-
mented watersheds of approximately 100-400
km? (38-154 m#’) in the primary hydroclimatic
regions of the country. The initial mission was
to quantify the influence of upland conserva-
tion on downslope water supply (Kelly and
Glymph 1965; Goodrich et al. 1994).

Rainfall and runoff instrumentation on the
Walnut Gulch Experimental Watershed was ini-
tially installed in 1954 and was expanded in the
1960s, under the guidance of Ken Renard. The
network now includes 85 recording raingages
and 11 Walnut Gulch Supercritical flumes on
main drainages (Osborn et al. 1979; Gwinn
1970; Smith et al. 1982—see lower right cover
photo). Runoff from 10 small [< 40 ha (< 99
ac)] watersheds is measured using various gaging
structures and sediment discharge is monitored
by automatic pump samplers and sediment
traps above weirs and a total-load automatic tra-
versing slot (Renard et al. 1986) on supercritical
flow flumes. In addition, regular soil moisture
and energy flux measurements are being made

at grass and desert shrub dominated sites within
the watershed. Largely due to the diligent efforts
and leadership of Ken Renard, the Walnut
Gulch Experimental Watershed is an exception-
al outdoor laboratory, as no other semiarid wa-
tershed in the world has comparable hydrologic
instrumentation in time and space.

The extensive hydrologic network, data- and
knowledge-bases that have arisen from the vi-
sion of Dr. Renard and the Southwest Water-
shed Research Center have had far-reaching im-
pacts on the development of semiarid warer
management technology and society. It is esti-
mated that well over 300 publications are based
at least in part on data and research conducted
at the Walnut Gulch Experimental Watershed.

A partial listing of some of the major impacts
resulting from efforts conducted at the Walnut
Gulch Experimental Watershed includes the
following:

1) Quantification of spatial and temporal
variability of precipitation and development of
design storm characteristics employed for de-
sign and construction throughout the South-
west (Renard and Osborn 1966; Osborn and
Hickok 1968; Osborn and Lane 1969; Osborn
et al. 1972; Smith and Schreiber 1974; Osborn
et al. 1979; Osborn 1983; Frasier et al. 1984;
Woolhiser and Osborn 1985; Simanton and
Renard 1986; Osborn and Renard 1988);

2) Development of instrumentation and
techniques in measurement of ephemeral
streamflow and sediment yield (Osborn et al.
1963; Hickok and Ree 1965; Gwinn 1970;
Smith et al. 1982; Renard et al. 1986);

3) Quantifying the role of stream channel
transmission losses in the water balance of
semiarid watersheds (Keppel and Renard 1962;
Osborn and Renard 1973; Renard and Laursen
1975; Lane 1982; Lane 1983);

4) Development of flood-frequency relations
for ephemeral streams employed for design and
construction throughout the Southwest
(Boughton and Shirley 1983; Boughton and
Renard 1984; Reich and Renard 1981);

5) Quantifying the impact of ephemeral
streams on sedimentation and groundwater
recharge (Lane 1982a; Osterkamp et al. 1983;
Renard et al 1964; Wallace and Renard 1967);

6) Investigating the consequences of possible
climate change on soil, water, and plant re-
source utilization in arid areas (Frasier et al.
1987; Cox et al. 1988; Frasier 1989; Lane et al.
1994);

7) Using experimental watersheds and rain-
fall simulation experiments to establish the
databases necessary for natural resource model
development (Renard 1986; Simanton and Re-
nard 1986; Lane and Nearing 1989; Woolhiser
et al. 1990; Simanton et al. 1991; Renard et al.
1991);

8) The historical data and knowledge base, as
well as the instrumentation and research infra-
structures have made Walnut Gulch an ideal lo-
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cation to conduct large-scale, multi-disciplinary
research; included are studies of the water and
energy balance using remotely sensed and con-
ventional ground based data (Kustas et al.
1991; Kustas and Goodrich 1994; Moran et al.
1994; Nichols 1994); and,

9) Incorporation of natural resource models
into decision support systems to offer alterna-
tive management practices for efficient and sus-
tainable use of water and soil resources in
arid/semiarid environments (Yakowitz et al.

1992; Renard et al. 1993).

The future

Based on discussions from the Symposium,
research and management regarding water use
in arid and semiarid areas will likely focus on
improved efficiency and conservation. Popula-
tion increases and the corresponding demand
for food, fiber, and amenities of life will require
technology development that increases water re-
sources in water-deficient areas and insures en-
vironmental protection and enhancement.
Rapid advances in computer technology and as-
sociated modeling capability will allow us to ex-
plore additional and more complex manage-
ment alternatives for the use of arid and
semiarid areas. Multi-objective decision mak-
ing, geographic information systems, digital el-
evation databases, expert systems, remote sens-
ing, and other new and improving electronic
technologies are innovative tools for natural re-
source management. At the same time, intensi-
fying land use, climate change, and other stress-
es on natural resources pose new challenges.
Qur analytical capabilities are advancing more
rapidly than our ability to collect data with
which to test hypotheses and refine our knowl-
edge of natural resources. The National Re-
search Council (1991) report “Opportunities in
the Hydrologic Sciences” noted the data-poor
nature of the hydrologic sciences, the growing
“schism berween data collectors and analysts” as
well as the erosion in long-term data collection
programs. Therefore experimental watershed
research and long-term data acquisition for
model development and validation are essential
to advance our science and enable new technol-
ogy to be applied to arid and semiarid areas
with confidence.

The special issue of the Journal

The sequence of papers in this special issue
of the Journal begins with several commentaries
and a feature article related to semiarid hydrol-
ogy and water management and a discussion on
the importance of experimental watersheds.
The first group of technical articles deals with
basin characterization using remote sensing
methods. The next set of articles relates to re-
search on various phases of the hydrologic cycle
moving from precipitation to infiltration to
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runoff generation and water harvesting. The
next large grouping of papers deals with erosion
and sedimentation. This group includes papers
on erosion prediction models, soil factors affect-
ing erosion and several studies of sediment trans-
port on alluvial fans, tepetates, and in large chan-
nels. The special issue ends with a technical note
on the availability of data from a large collection
of watersheds and finally, summary and closing
remarks by Dr. Renard are presented.

Several general concerns and themes were ap-
parent in a large percentage of the presentations
and papers included herein. A noted concern re-
lated to the “scale” problem in which research
and data collection are often carried out over a
limited range of time and spatial scales and result-
ing methods based on that research are applied
outside the range of scales utilized. A related issue
was the measurement of natural variability in
time and space of a variety of climatic and water-
shed characteristics and its treatment in models
and resource management methods.
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