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ABSTRACT
This paper describes the development of the Cooperative Atmosphere Surface Exchange Study (CASES), its synergism with the development of the Atmosphere Boundary Layer Experiments (ABLE) and related efforts, CASES field
programs, some early results, and future plans and opportunities. CASES is a grassroots multidisciplinary effort to study
the interaction of the lower atmosphere with the land surface, the subsurface, and vegetation over timescales ranging
from nearly instantaneous to years. CASES scientists developed a consensus that observations should be taken in a
watershed between 50 and 100 km across; practical considerations led to an approach combining long-term data collection with episodic intensive field campaigns addressing specific objectives that should always include improvement of
the design of the long-term instrumentation. In 1997, long-term measurements were initiated in the Walnut River Watershed east of Wichita, Kansas. Argonne National Laboratory started setting up the ABLE array. The first of the long-term
hydrological enhancements was installed starting in May by the Hydrologic Science Team of Oregon State University.
CASES-97, the first episodic field effort, was held during April-June to study the role of surface processes in the diurnal
variation of the boundary layer, to test radar precipitation algorithms, and to define relevant scaling for precipitation and
soil properties. The second episodic experiment, CASES-99, was conducted during October 1999, and focused on the
stable boundary layer. Enhancements to both the atmospheric and hydrological arrays continue. The data from and information regarding both the long-term and episodic experiments are available on the World Wide Web. Scientists are
invited to use the data and to consider the Walnut River Watershed for future field programs.
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1 . Introduction
The Walnut River Watershed east of Wichita, Kansas, has become the focus of investigations to study
the interaction of the lower atmosphere with the land
surface, subsurface, and vegetation. Since 1997,
Argonne National Laboratory (ANL)1 has operated the
Atmospheric Boundary Layer Experiments (ABLE)
array in the southern part of the watershed, and the
Hydrologic Science Team (HST) of Oregon State
University has operated a rain gauge array in the
Whitewater subbasin, which now includes a 3.5-ha
soil-moisture and temperature array with profiles to

'Acronyms used more than once are also defined in the appendix.
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130 cm beneath the surface. The watershed was selected for this purpose in a series of meetings organized
by the Cooperative Atmosphere Surface Exchange
Study (CASES) coordination group. The goal of CASES
is to facilitate multidisciplinary surface-atmosphere
interaction research and education efforts, through promoting the use of the data and facilities, seeking opportunities for enhancement of the instrumentation,
and facilitating the larger field programs in the watershed. The first such field program, CASES-97, took
place from 21 April to 17 June 1997. Its goals were to
study the role of surface processes in the diurnal variation of the boundary layer, to test radar-based precipitation algorithms, and to define relevant scaling for
precipitation and soil properties. CASES-99, a second
month-long field program within the ABLE array, was
conducted during the month of October 1999 to study
the nocturnal boundary layer and the morning and
evening boundary layer transitions.
The idea to investigate atmosphere-earth coupling
in a mesoscale watershed through long-term observations with episodic enhancements grew out of a realization that many questions about the workings of
weather and climate involve the atmospheric boundary layer and its interaction with the underlying surface
over a region; or, conversely, that better understanding
of regional near-surface hydrology requires a knowledge of atmospheric processes. For example, how does
the boundary layer over terrain with nonuniform vegetation evolve over the diurnal cycle, and what is the
impact on weather and climate? What are the influences of the precipitation history in an area on future
rains or floods or other types of weather? How does
one scale up more traditional hillside or small-basin
hydrology to larger scales? At the same time, bringing
together the people with the skills and knowledge to address the atmospheric, hydrologic, chemical, and biological processes involved to address these problems
has been difficult. In the last two decades, scientists
have teamed up to study earth-atmosphere interaction
through a blend of modeling studies and series of field
programs, including FIFE [First ISLSCP (International
Satellite Land Surface Climatology Project) Field Experiment; Sellers et al. 1992], HAPEX-MOBILHY
(Hydrologic Atmospheric Pilot ExperimentModelisation du Bilan Hydrique; Andre et al. 1988),
HAPEX-Sahel (Goutorbe et al. 1994), and BOREAS
(Boreal Ecosystem-Atmospheric Study; Sellers et al.
1995). Intending to combine the best points of these
efforts and capitalizing on the advantages of focusing
on a watershed, a group of atmospheric scientists, hy758

drologists, chemists, and ecologists proposed CASES
to address such questions using a strategy that combines long-term, periodically enhanced measurements
with interdisciplinary research and modeling studies.
Here, we describe the development of CASES and
its synergism with the development of ABLE and related efforts, present some early results from CASES97, and discuss future plans and opportunities. We
discuss the CASES concept and the origin of ABLE
in section 2. Section 3 describes the long-term instrumentation in the watershed and planned enhancements. Section 4 describes the goals, measurements,
and early results from CASES-97, which illustrate the
advantages of comprehensive measurements. Section
5 discusses CASES-99. Section 6 provides a brief
summary and outlines current activities and the research opportunities they offer.

2. The CASES concept and the
emergence of ABLE
By the mid-1990s, results from modeling studies
and a number of field programs including HAPEXMOBILHY (Andre et al. 1988), FIFE (Sellers et al.
1992), and HAPEX-Sahel (Goutorbe et al. 1994) had
indicated that surface-atmosphere interactions affect
atmospheric processes on daily (e.g., Pielke et al.
1997), monthly (Beljaars et al. 1995), and longer timescales. Yet up to that time, the experiments were
either short in duration [e.g., HAPEX-MOBILHY
(Andre et al. 1988)], local [e.g., Long-Term Ecological Reserves (Michner et al. 1990)], over a small area
(e.g., FIFE), or in remote locations with little information on the synoptic context [e.g., BOREAS (Sellers
et al. 1995,1997)], making it difficult to apply a model
to the observations to isolate problems with surfaceatmosphere parameterization schemes. Furthermore,
it had been evident for years that surface and planetary
boundary layer (PBL) processes are linked, making it
necessary to measure and model the boundary layer
and the surface energy budget together (Priestley and
Taylor 1972). Data were needed to assess the contribution of air-surface interaction to the budgets of various trace gases (e.g., National Research Council 1994).
Improved understanding of surface-exchange or
boundary layer processes was included among the objectives of many scientific programs, including GCIP
[GEWEX (Global Energy and Water Cycle Experiment) Continental-Scale International Project;
Coughlan and Avissar 1996], the USWRP (U.S.
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Weather Research Program; Emanuel et al. 1995), egy combines sustained data collection over several
PILPS (Project for Intercomparison of Land-Surface years with "episodic" intensive field campaigns. Such
Parameterization Schemes; Henderson-Sellers et al. field campaigns benefit from working in a known en1993), and the IGBP (International Geosphere- vironment with known instrumentation. Strategy for
Biosphere Program; NCR 1994). Finally, it was be- and interpretation of multiyear measurements benefit
coming evident that students needed exposure to from intensive analyses of data collected during the
"hands-on" measurements in order to appreciate the episodic experiments.
opportunities and pitfalls in collection and analysis of
After a number of site surveys and meetings indata (Takle 1989; Atlas et al. 1989; Serafin et al. 1991). volving meteorologists, hydrologists, chemists, and
The time was opportune for an effort that would ecologists, the Walnut River Watershed just east of
combine the best of previous field efforts to obtain Wichita, Kansas (Fig. 1), was selected in 1995 as the
data fulfilling the needs of these diverse communities. first choice for the CASES site for several reasons
New remote-sensing technologies were emerging and (CASES 1995). Measuring 100 km from north to
becoming widely available. A new array of modern south and 60 km from east to west, it has the desired
Doppler radars spanned the United States (e.g., Crum size and shape. From a hydrologic perspective, it inand Alberty 1993; Crum et al. 1998), and the National cludes the headwaters of the Whitewater and Walnut
Oceanic and Atmospheric Administration (NOAA) rivers, minimizing stream-gauge differencing errors;
wind profiler network (e.g., Ralph et al. 1995) was and both basins are monitored with stream gauges. It
providing near-continuous wind profiles through the is a reasonably tight watershed, with minimal leakage
Midwest, with densest coverage in Oklahoma and into the substrata; and the shapes of the streambeds
Kansas. Special observing networks were in place, in- are reasonably stable. The area typically has one flood
cluding the Atmospheric Radiation Measurements/ per year, and a particularly devastating event occurred
Clouds and Radiation Testbed (ARM/CART; Stokes in 1998 (Fig. 2). The watershed is located in a region
and Schwartz 1994) and the Oklahoma Mesonet with a strong east-west gradient of annual precipita(Brock et al. 1995); and GCIP (NRC 1998) was col- tion (from 76 cm on the west side to 86 cm on the east)
lecting datasets to better understand the water budget (Environmental Data Service 1979), geology, vegetation, and population. The western half is cropland
over North America.
being
encroached by urbanization, and the eastern half
CASES was envisioned as multidisciplinary, integrating the efforts of meteorologists, hydrologists, chem- is grassland at the edge of the Flint Hills (Fig. 3).
ists, and ecologists. CASES
focused on a watershed because
watersheds are natural integrators of many of the atmospheric,
surface, and subsurface processes of interest. The watershed
would be of the order of 5 0 100 km across. This scale is large
enough for definitive atmospheric
boundary layer investigations,
and provides an opportunity to
study hydrologic processes at a
scale intermediate between the
smaller scales typically studied
[e.g., 10-100-m hillsides up to the
20 km x 45 km Little Washita
basin in southern Oklahoma, see
FIG. 1. Geographical location of the Walnut River Watershed. The large rectangle is the
Kustas and Jackson (1999)] and
GCIP Large Scale Area (LSA) - southwest, which outlines the Arkansas-Red River Basin;
the 500-1000-km scales being
the inner rectangle is the Atmospheric Radiation Measurements Clouds and Radiation
addressed by GCIP (Coughlan Testbed site. Locations of WSR-88D radars and NOAA wind profilers in or near the ARM/
and Avissar 1996; Stewart et al. CART site are indicated; these are near the center of much larger networks. The Walnut
1998). The measurement strat- River Watershed lies mostly within the northeast triangle of the profiler hexagon.
Bulletin of the American Meteorological Society
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ing has occurred. Average annual snowfall is about 35 cm.
The data coverage is excellent.
The Walnut River Watershed
has five established streamgauging stations, and there are
25 operational or climatological
rain gauges in and around the
watershed. A WSR-88D Doppler radar in western Wichita,
and three others lie within 200 km
of the watershed (Fig. 1). The
watershed lies within the
ARM/CART array and in the
region with the densest NOAA
404-MHz wind-profiler coverage. Low-level boundary layer
aircraft flights are possible over
FIG. 2. Flood at Augusta, KS, 31 October-1 November 1998, looking east. This flood, most of the area.
which caused millions of dollars in damage, followed a prolonged period of dry weather
A schematic of the enviand mandatory water restrictions in Augusta, which is close to the center of the Walnut River
sioned long-term CASES array
Watershed. (Photo courtesy of J. Lucas.)
in the Walnut River Watershed
is shown in Fig. 4. Twenty surface mesonet stations (wind, pressure,
temperature, moisture, rainfall) are arranged in a grid pattern to determine
mesoscale fields. Ten eddy-correlation
flux stations (complete energy balance
plus momentum transport) are placed according to land cover, elevation, slope,
aspect, and geographical location to
maximize the probability of obtaining an
accurate average surface flux over the
watershed. Each flux site includes rain
gauge measurements and soil-moisture
and temperature profiles down to 1.5 m
below the surface. In addition to the five
stream gauges already in the watershed,
three additional stream gauges were proposed, to make available additional
subbasins for hydrologic scaling and
modeling studies. There are six profiling
sites for determination of PBL properties
and atmospheric transport of mass, heat,
FIG. 3. The Walnut River Watershed, with topography and major streams. etc., in and out of the watershed. Five
Grassland is denoted by shading; the rural land to the west is mainly planted in profiling sites lie along the border of the
crops. Most of the population is concentrated in the western part of the watershed.
watershed and one lies near the center.
Each includes a 915-MHz radar wind
Vegetation in the grassland consists mostly of profiler with a radio acoustic sounding system
tallgrass prairie plants, although some shortgrass prai- (RASS), a celiometer, and a Doppler minisodar. Iderie species thrive there, especially where heavy graz- ally, each site would also have continuous water-vapor
760
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profiling capability. However, in view of the difficulty
in obtaining affordable and reliable water-vapor profiles, one was specified for the central site only. Several options are being explored, including DIAL
(Differential Absorption Lidar; Wulfmeyer and
Bosenberg 1998) and a technique similar to that of
Stankov (1988) to derive profiles from total water
vapor based on ground-based GPS receivers (Global
Positioning System; Rocken et al. 1993; Businger
et al. 1996).
In a parallel development that underscored the
community's interest in multiyear observations, ANL
began conceptual planning of the ABLE facility. The
objectives and design blended well with those being
developed for CASES. ABLE was initially designed
to investigate on a continuous basis the dynamics of
the atmospheric boundary layer and its interaction
with the underlying surface and the free troposphere.
It was planned to provide the framework within which
scientists could make detailed investigations of airsurface exchange, near-surface energy budgets,
mixed-layer dynamics, mesoscale weather system
development and modification, severe weather phenomena, and more. The current emphasis of the work
for DOE is evaluation of the carbon cycle at the surface. A continuous picture of the air-surface exchange
rates of C0 2 at one or more flux stations and of the
PBL from a network of radar wind profilers with
RASS, weather stations, and energy flux stations
would be provided with real-time data access and
complete data archiving. By 1995, a strong partnership had developed between CASES and the ABLE
team, which culminated in the decision to place ABLE
within the Walnut River Watershed. This has enabled
CASES to begin to realize its potential.

3. Current long-term measurements
ANL began to set up the ABLE array in 1997
(Coulter et al. 1998; Wesely et al. 1997). Its present
configuration appears in Fig. 5; current and archived
data from the ABLE network can be accessed on the
World Wide Web (Table 1). There are four profiling
sites, at Beaumont, Whitewater, Oxford, and at the
ABLE Project Office (APO). The first three locations
are equipped with a 915-MHz radar wind profiler for
winds from 100 m to a few kilometers above ground
level (AGL), RASS for virtual temperature profiles
from 100 to 2000 m AGL, a Doppler minisodar for
winds from 10 to 200 m AGL, and an Automatic
Bulletin of the American Meteorological Society

FIG. 4. Original plan for instrumentation for the Walnut River
Watershed, from CASES (1995): (a) surface flux and mesonet
stations; (b) hydrological and profiling measurements. Profiling
site includes 915-MHz radar wind profiler with RASS, Doppler
minisodar, celiometer, and HST rain gauge; Operations Center has
profiling site equipment plus humidity profiling. WSR-88D is
Wichita Doppler radar.

Weather Station (AWS) for winds at 10 m, temperature and humidity at 2 m, and precipitation. The APO
has a 915-MHz wind profiler, an AWS, and an office
trailer with power and phones and facilities to accommodate guest investigators. The Smileyberg station
(SMI in Fig. 5) records eddy-correlation fluxes of sensible and latent heat and C0 2 , and also has an AWS.
Air pressure is measured at Smileyberg and the APO.
In addition, an ARM/CART eddy correlation station
with soil moisture and temperature profiles and extensive radiation data is located in the northwestern portion of the watershed (ARM 1999).
The ABLE surface-flux array will include three sites
by the year 2000: two eddy-correlation stations and an
energy balance Bowen-ratio flux station. All flux stations
will be equipped to measure all terms in the surface energy budget, and at least one station will make long-term
measurements of the net air-surface exchange of CO r
The eddy-correlation sites will have soil moisture and temperature profiles to 1 m below the surface. Other planned
enhancements include two infrared thermometers to
measure surface infrared temperature at more than
one location, a reflectometer to periodically estimate
normalized difference vegetation index (NDVI), a
sensor to measure downwelling photosynthetically
active radiation (PAR), and a ceptometer to estimate
leaf-area index and PAR absorbed by the canopy.
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FIG. 5. Current long-term instrumentation in the Walnut River
Watershed. The outer triangle connects NOAA 404-MHz wind
profilers at Hillsboro, KS (to north); Neodesha, KS (to east), and
Lamont, OK (to southwest); the inner triangle connects the ABLE
profiling sites. Each ABLE profiling site has a Doppler minisodar,
a 915-MHz profiler with RASS, and an automated weather station (AWS). A 915-MHz radar wind profiler and AWS is located
at the ABLE Project Office, and an AWS is collocated with the
flux station at SMI. The HST 171.5 m x 200 m soil-moisture array and the ABLE energy balance Bowen ratio flux station are
located at WHI. The ARM eddy-correlation flux station is an
ARM/CART extended facility at Towanda, KS. The HST rain
gauge network is depicted for 21 May 1997, the last day of
CASES-97. For number of rain gauges as a function of time, see
Table 2. The nearest point of the watershed to the Wichita WSR88D radar is 18 km and farthest point, 89 km. Other nearby radars with nearest and farthest points (km) from the watershed:
Vance AFB (109, 200), Topeka (157, 254), and Tulsa (166, 262).
The Whitewater watershed is indicated by shading. Location
abbreviations: BEA = Beaumont, OXF = Oxford, WHI =
Whitewater, ROS = Rose Hill, and SMI = Smileyberg.

The Whitewater profiling site will have a unique
combination of instruments to characterize the surface energy budget and its relationship to boundary layer evolution and soil moisture and
temperature profiles. The ABLE energy balance
Bowen ratio and AWS stations will provide the
surface energy budget and meteorological conditions; the radar system and Doppler minisodar will
provide the wind and virtual temperature profiles
and the b o u n d a r y layer depth. The HST of
762

FIG. 6. Oregon State University Hydrologic Science Team
(HST) soil moisture and temperature profile array at Whitewater.
(a) Plan view of sensor layout, consisting of 15 sensor clusters;
(b) Schematic of sensor cluster. Profiles are sampled continuously
every 30 min. Surface temperature is monitored using one infrared thermometer located at the center of the site.

Oregon State University has set up two perpendicular transects of probes to sample soil temperature and
moisture profiles to 130 cm below the surface at halfhour intervals (Fig. 6). The transects, one 200.0 m in
length, and the other 171.5 m long, cover an area of
almost 3.5 ha. Since this area is large enough to contain several pixels of remote sensing data from some
Vol. 8 7, No. 4, April 2000
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TABLE 1. Important Web sites for obtaining information about CASES and ABLE, and other efforts related to the Walnut River
Watershed.
Web address

Information

http://www.joss.ucar.edu/cases

CASES white paper; CASES-97 operations plan; links to other
Web sites for data and information; updates on CASES-97;
maps of watershed

http://www.colorado-research.com/cases/CASES-99.html

CASES-99

http://www.joss.ucar.edu/codiac

CASES-97 data; links to CASES-97 and ABLE data; links to
other important datasets (in progress)

http://www.atd.ucar.edu/sssf/projects/cases97

For CASES-97 stations 1-8; 5-min (netcdf) or 30-min (ascii)
data, logs, plots

http://www.atmos.anl.gov/ABLE/

Real-time and archived profiler wind profiles, RASS virtual
temperatures, signal-to-noise ratio, boundary layer height,
surface AWS and flux data; description of instrumentation with
pictures

http://bre.orst.edu/hst/nsf_hydro

Rain gauge data from Oregon State University HST network

http://www-ks.cr.usgs.gov/Kansas/rt/

Stream gauge data

satellites, the Whitewater site will provide excellent
data for evaluation of land surface modeling schemes
using satellite data or for ground truth in remote sensing studies.
The hydrologic network (Fig. 5) provides an excellent dataset for rainfall estimation and runoff studies. The Wichita WSR-88D Doppler radar lies 18 km
west of the watershed, and there are three additional
radars within 200 km of the watershed. There are currently five stream gauges, operated by the U.S. Geological Survey (USGS) and the Army Corps of
Engineers. The operational rain gauge networks include 17 cooperative climatological gauges operated
by the NWS and eight additional gauges operated by
the Corps of Engineers and USGS in and around the
Walnut River watershed. Starting in 1997, this operational network has been greatly enhanced, with five
rain gauges operated by ABLE and a rain gauge network operated by HST (Table 2). Figure 5 shows the
33 HST rain gauges operating as of 21 May 1997, including three collocated with the ABLE profiling sites.
The number of HST rain gauges increased to 42 during CASES-97 but is usually smaller because of instrument problems; data are available on the World
Wide Web (Table 1). The HST network covers the
Whitewater subbasin (shaded area in Figure 5), which
Bulletin of the American Meteorological Society

is close to the WSR-88D radar, and which has a stream
gauge at its mouth. The Whitewater profiling site lies
within this subbasin.

4. CASES-97
a. The field observations
Episodic experiments are carried out with shortterm enhancements of the long-term instrumentation
in the Walnut River Watershed. The first, CASES-97,
was conducted from 21 April to 17 June 1997. Its
primary objectives were to study the role of surface
characteristics in the diurnal variation of wind, temperature, and moisture in the boundary layer; to examine rainfall and soil-moisture scaling; to test
WSR-88D and polarimetric precipitation estimation
algorithms; and to provide datasets suitable for initiation and evaluation of boundary layer simulations and
the development of better coupled surface-boundary
layer parameterization schemes. The objectives are
listed along with the principal investigators and phases
of the experiment in Table 3. CASES-97 also took
measurements in support of the JET Experiment
(JETEX) (Yang et al. 1999) conducted by Iowa State
University to study the nocturnal low-level jet, and
68 7
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erages are available (see Codiac Web site in Table 1).
In addition to fluxes, high-frequency (10-20 Hz) wind,
temperature, mixing ratio, and 0 3 and C0 2 concentrations are available from stations 7 and 8, which are
Number of
Period covered
NCAR Atmosphere-Surface Turbulent Exchange
operational
Research (ASTER) stations (Businger et al. 1990).
gauges
Start
End
The instrumentation at Whitewater, Beaumont,
and Oxford during CASES-97 was similar to the long6
7 May 97
28 Apr 97
term instrumentation, except that Oxford had an older
915-MHz radar wind profiler, and the Whitewater site
21
7 May 97
29 May 97
had no AWS. NCAR/CLASS radiosonde systems,
30
15 Jun 97
29 May 97
which also included a 3-m tower to measure wind,
temperature, humidity, and pressure, were installed at
42
15 Jun 97
24 Jun 97
Whitewater, Beaumont, and Oxford. In addition, GPS
receivers were mounted at these three sites for inte44
22 Jul 97
24 Jun 97
grated humidity estimates. The NCAR S-Band Pola22 Jul 97
27 Jul 97
30
rimetric Doppler radar (S-Pol) was located 10 km west
of the Wichita WSR-88D radar to map precipitation
32
27 Jul 97
16 Aug 97
and to provide winds, boundary layer depth, and eddy
structure on fair-weather days. Radar precipitation es24 Sep 97
42
16 Aug 97
timates were supplemented with the rain gauge data.
24 Sep 97
12 Oct 97
8
Three types of sampling were done in CASES-97:
continuous, intensive observing periods (IOPs), and
12 Oct 97
27 Dec 97
23
intermittent.
Continuously sampled data were collected from 21
12 Feb 98
35
27 Dec 97
April to 21 May, the fair-weather portion of CASES12 Feb 98
37
20 May 98
97 (Table 3). The surface-flux stations, AWSs, rain
gauge networks, and profiling systems all sampled
34
20 May 98
25 Jul 98
continuously. The profiling systems recorded spectral
data for the entire period. The ABLE profiling sites
34
25 Aug 98
25 Jul 98
and surface flux site and the HST rain gauge network
continued
operating after the experiment. On most
32
24 Oct 98
25 Aug 98
days, radiosondes were released at least at 1100 and
24 Oct 98
27 Dec 98
33
1400 central standard time (CST) from two of the three
profiling sites. Supplementary datasets for this period
were archived by the University Corporation for AtCASES-97 data are included in the GCIP archive. mospheric Research (UCAR) Joint Office for ScienInformation on and data from CASES-97 are available tific Support (JOSS) for ARM-CART, GCIP, and
CASES. These include satellite (GOES-8, VIS, IR, and
on the Web (Table 1).
fog
product), gridded synoptic analyses for the GCIP
The CASES-97 experimental network consisted of
the instrumentation shown in Fig. 7, and up to 42 HST domain, selected WSR-88D products (Klazura and Imy
rain gauges (Table 2; for gauge location as of 21 May, 1993; Crum et al. 1993) for both fair and rainy weather,
see Fig. 5). The surface flux stations were sited at a surface data, NWS rawinsonde data, River Forecast
range of elevations and in rough proportion to land Center products, stream gauge data, and ARM/CART
cover. Most measured all the terms in the surface en- radiosonde data. ABLE archived AVHRR (advanced
ergy budget—net radiation, sensible and latent heat very high-resolution radiometer) satellite data.
The fair-weather IOPs (Table 5) were designed to
flux (using eddy correlation), and heat flux into the
soil—plus wind, temperature, and humidity. Table 4 study 24-h periods with fair weather, steady wind dilists the stations, land cover, duration of measure- rection, and no precipitation. During IOPs 1-5, radioments, and additional measurements. The typical flux sondes were released at 90-min intervals from the three
averaging time is 30 min, although shorter time av- profiling sites, and the University of Wyoming King

TABLE 2. Number of operating precipitation gauges in the Oregon State University HST rain gauge network.
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TABLE 3. CASES-97 objectives.
Experiment

Affiliation

Pi's

Times

Objectives

CASES-97-la

R. Grossman
M. LeMone
R. Coulter
M. Wesely

Univ. of Colo.
NCAR
ANL
ANL

21 Apr-21 May
(includes 5 24-h
IOPs)

a. Characterize PBL diurnal cycle
b. Perform budgets of PBL heat,
moisture momentum to determine
role of surface processes
c. Provide dataset for use in models,
testing of parameterizations for
surface/PBL
d. Evaluate ABLE instrumentation
and identify critical needs for longterm observations
e. Test techniques for examining
mesoscale eddies

CASES-97-lb

T. Weckwerth

NCAR

21 Apr-17 Jun

a. Field-test new bistatic radar
b. Roll-vortex investigations

CASES-97-lc

R. Cuenca

Oregon State Univ.

1 May-present

Determine length scales for soilmoisture content, soil hydraulic
processes, and precipitation

CASES-97-2

E. Brandes
J. Vivekanandan
J. Wilson
D. Zrnic
V. Chandrasekar

NCAR
NCAR
NCAR
NSSL
Colo. State. Univ.

21 Apr-17 Jun

a. Improve existing WSR-88D
rainfall estimation
b. Evaluate dual-polarization rainfall
estimation

Air and the NOAA Twin Otter aircraft flew
two sets of coordinated missions, one from
0800-1300 CST, and one in the after-

FIG. 7. The instrumentation and preset flight
tracks for CASES-97. Surface flux sites used
eddy correlation. Stations 1-6 are NCAR PAM
Ills (Horst and Oncley 1995; Militzer et al. 1995),
stations 7 and 8 are NCAR ASTER sites, station
9 was operated by R. Quails (University of Colorado), station 10 was operated by NOAA Atmospheric Turbulence and Diffusion Division,
station 11 (Smileyberg) by ABLE, and station 12
by ARM/CART. BEA, OXF, and WHI are
ABLE profiling sites with collocated NCAR/
CLASS radiosonde systems. Automated weather
stations (AWSs) were located at OXF, BEA, and
Smileyberg. S-Pol is the NCAR S-band polarimetric Doppler radar. Of the preset flight tracks,
the southern three were used almost exclusively.
Contour interval is 20 m; profiling site elevations
(m MSL) are Beaumont, 478; Oxford, 360;
Whitewater, 420. Surface-flux station elevations
appear in Table 4.
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noon. During a mission, each aircraft
TABLE 5. CASES-97 fair weather IOPS.
flew straight-and-level legs over its
assigned track (examples in Fig. 7) at
Times
two to several levels between 30 m
IOP
Date
(CST)
Special features
above the surface and the top of the
PBL to obtain fluxes, and performed
1
28-29 Apr
1530 (beg)
Increasing S winds; surface dry;
frequent soundings to estimate bound1400 (end)
no rain for several days; evidence
ary layer depth; at least one flew "triof migrating birds or insects
angle" patterns connecting the three
2
profiling sites to compare aircraft and
4—5 May
0500
Low-level jet develops during
0330
night; good soil moisture variation
radar wind profiler measurements and
two days after rainfall
to provide estimates of horizontal gradients, and both flew a straight-and3
10-11 May
0500Apparent strong subsidence; mixing
level wing-to-wing intercomparison
0330
ratio above PBL extremely dry
leg between the array and the aircraft
(near zero mixing ratio around 2.53 km msl); moderate rain 7-8 May
base at Ponca City, Oklahoma. The S(see Fig. 8)
Pol radar performed alternating 360°
scans and vertical RHI (range-height
4
16 May
0500-2000
PBL grows into moister air; uneven
indicator) scans at horizontal angle
soil moisture due to uneven
intervals of 5° over the experimental
distribution of precipitation the
array. The 360° scans sampled boundnight of 13-14 May
ary layer eddy structure, and can be
20-21 May
5
0500
Light E to NE winds; heavy rains
used for wind-profile estimates from
0330
18-19 May (see Fig. 8)
the VAD technique or wind-field estimates from TREC (Tracking Radar
21 May
E to SE winds; radiosonde releases
6
0800-2000
Echoes by Correlation) (Rinehart and
from Whitewater only
Garvey 1978; Tuttle and Foote 1990).
The RHI scans were used to monitor
PBL depth. For IOP 6, radiosondes
were released from Whitewater only, and only the 21 April-21 May fair-weather portion of CASES-97:
King Air flew patterns.
2 May, 7-8 May, 13-14 May, and 18-19 May. All
During precipitation IOPs, the S-Pol and WSR- were documented with the S-Pol radar except for the
88D radars mapped rainfall over the Walnut River 13-14 May event. On fair weather days, including all
Watershed. Twelve rainfall episodes were docu- the fair-weather IOPs, cloud cover, if any, was mainly
mented: 2 May, 7-8 May, 13-14 May, 18-19 May, scattered to broken cirrus; fair weather cumulus were
25-26 May, 26-27 May, 29-30 May, 4 June, 12 June, rare.
13 June, 16 June, and 16-17 June.
Intermittent data were generally collected between b. Some early results of CASES-97
In this section we present some early results to ilthe IOPs. Soil moisture profiles were sampled weekly
lustrate
the benefits of an array with integrated instruat 5-cm intervals down to 70 cm below the surface at
station 7 and down to 90 cm at station 8 using a Trime- mentation, using mostly data from IOP 3(10 May) and
FM time-domain reflectometry (TDR) system lowered IOP 5 (20 May). These days were selected because of
into a buried vertical Fiberglas pipe. About every 10 contrasting soil-moisture and vegetation characteris_1
days, surface characteristics (description of ground tics, but similar daytime PBL windspeeds (5-6 m s
_1
cover and photographs in the four cardinal directions) from the SSW on 10 May, and 6-7 m s from the east
were documented at stations 1-9. All surface and pro- to ENE on 20 May).
Figure 8 compares S-Pol rainfall estimates corfiling sites were photographed from the air on 21 May.
rected
using rain gauge data, for the event just precedThe S-Pol performed VAD scans at night to obtain
ing each IOP, and shows the time series of soil
wind profiles during JETEX IOPs.
The weather during CASES-97 was unseasonably moisture 5 cm below the surface at stations 1 (grasscool. There were four major rainfall events during the land), 3 (bare ground), and 6 (winter wheat). The maxiBulletin of the American Meteorological Society
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FIG. 8. Accumulated rainfall for (top left) 2300 UTC 7 May-0610 UTC 8 May and (top right) 2300 UTC 18 May-1300 UTC 19
May. Amount indicated by shading (scale at right), and (bottom) soil moisture from the NCAR stations 1 (grass), 3 (bare ground with
small seedlings toward end of period), and 6 (winter wheat). S-Pol-estimated rainfalls are adjusted with a least squares fit to remove
the mean radar biases. Root-mean-square errors at rain gauge sites (squares) after adjustment are 3.6 mm on 7-8 May and 7.2 mm on
18-19 May. For further detail, see Brandes et al. (1999).

mum rainfall amounts within the watershed were
60 mm for 7-8 May and 90 mm for 18-19 May. With
more recent and heavier rainfall, the soil moisture on
20 May was higher and more uniform than on 10 May.
Airborne observers noted "standing water in the fields"
on 20 May.
Figure 9 illustrates the relationship of the relative
size of the latent heat flux (LE) and sensible heat flux
(//) to vegetation type for 10 and 20 May. The relationship is definitely stronger for 10 May (left panels)
than for 20 May (right panels). For 10 May, LE > H
over the thick and rapidly growing winter wheat at
station 6; LE ~ H at station 2, where green grass averaging 10 cm in height occupied about 50% of the surface; and LE was generally smaller than H at the
bare-ground site. In contrast, LE > H for all three
stations on 20 May. We hypothesize that fluxes were
768

more uniform on 20 May than 10 May because of
wetter ground at station 3, more mature winter wheat
at station 6 (LE smaller due to less evapotranspiration),
and more green grass at station 2 (LE larger due to
more evapotranspiration). The heat flux into the soil
was similar for the two days, with the largest flux into
the bare ground, intermediate flux at the winter wheat
site, and the smallest flux at the grassland site.
The differences between surface characteristics for
the two days are also reflected in the infrared radiometric surface temperature from the King Air (Fig. 10).
The magnitude, rate of increase, and horizontal variability are all greater for 10 May than 20 May. This
reflects the presence of dry surfaces or surfaces with
little or no green vegetation on 10 May. These surfaces
warm much more rapidly than those with large evaporation or transpiration. In contrast, the more uniformly
Vol. 8 7, No. 4, April 2000
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green and wet surface of 20 May heated
up more slowly and more uniformly. Consistent with the greater magnitude and variability in surface temperature on 10 May,
the surface sensible heat flux varied more
with location (Fig. 9) and averaged about
10% higher (LeMone and Grossman
1999) than on 20 May.
The Twin Otter data in Fig. 11 show
that H at 30 m follows a pattern similar
to H at 2 m. Here, H has more horizontal
variability and a greater average on 10
May than 20 May. The variability on 10
May is clearly related to vegetation, with
larger H associated with less downward
C0 2 flux (less photosynthesis) and lower
values of NDVI (less green vegetation).
Likewise, the larger average value of H
on 10 May is associated with less plant
activity compared to 20 May, as indicated by smaller average NDVI and
downward C0 2 flux. There is little correlation among the three quantities on 20
May, perhaps because of the small magnitude and horizontal scale of the horizontal variability. Though differences
FIG. 9. The surface energy budget Rn = H + LE + G for selected stations for 10
between the two days could relate to the and 20 May. From Table 4, station 2 (grassland) is at the highest elevation for the
different locations of the flight legs, the array; station 3 is a bare-ground river-bottom site with small seedlings toward end
conclusions would be unaffected: the of period, and station 6 is a river-bottom site with winter wheat. Here, Rn = net
flight tracks of 10 and 20 May cross simi- radiation; H = sensible heat flux, LE = latent heat flux; G is heat flux into the
ground. Here, -G is plotted to separate it from H and LE.
lar vegetation (Figs. 3, 7).
The evolution of the mixed layer for
these two IOPs is compared in Fig. 12. The symbols Whitewater differs from that at Beaumont by an
show the height of the mixed layer as defined by that amount approximately equal to the difference in surpoint immediately below the maximum in the verti- face elevation, so that the boundary layer top is nearly
cal profile of radar wind profiler signal-to-noise ratio horizontal, even early in the day. On 10 May, however,
(SNR), where the vertical SNR gradient reaches a the height of the mixed layer above ground level at
maximum (Coulter and Holdridge 1998). The mixed Beaumont is the same or significantly higher than at
layer on 10 May reaches a depth of 1400-1600 m, Whitewater, so that the top of the mixed layer seems
about 300 m deeper than for 20 May. The shallower to exaggerate the terrain. It is tempting to associate the
mixed layer on 20 May is consistent with the strong deeper boundary layer at Beaumont to the grassland
inversion (Fig. 12) and secondarily related to slightly fetch to the SSW, where there is higher sensible heat
smaller surface buoyancy fluxes.
flux (Figs. 3, 7, 9). However, much of the large
The presence of three profiling systems in a well- difference after 1300 CST is due to the fact that the mixed
documented area enables a glimpse at horizontal vari- layer top begins to descend at Whitewater 1-2 h beability of the mixed-layer depth. Figure 13 relates the fore this occurs at Beaumont (Fig. 12). Aircraft data from
mixed-layer depth to location for 4 and 20 May (moist the IOPs will enable detailed investigations of mesosurface, see Fig. 8) and 10 May (drier surface) for scale variability in mixed-layer depth.
Whitewater [elevation 420 m above mean sea level
Figure 14 compares the temperature evolution 2 m
(MSL)] and Beaumont (elevation 478 m MSL). For above the surface for stations 1-8 for 10 and 20 May.
the two moist days, the mixed-layer height at On both days, the largest spatial variation of temperaBulletin of the American Meteorological Society
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FIG. 10. Leg-averaged infrared (9-11 fim) surface temperature from downward-looking radiometer on the University of
Wyoming King Air for 10 May (triangles) and 20 May (circles).
Vertical lines are standard deviations (<J) for an individual "flux"
run of 5-10-min duration (+<7 for 10 May, -crfor 20 May). Flight
track along southernmost line in Fig. 7 on 10 May, and on eastwest flight track just north of Beaumont on 20 May. Values not
corrected for intervening air; data from flight tracks with average
altitudes greater than 300 m AGL were not plotted.

ture is from 0400 to 0600 CST, and the nature of the
variation changes in the early to midmorning. The
early-morning temperature is a function of station elevation ("early-morning" insets). The range of earlymorning temperatures is much larger (about 11°C) on
10 May than 20 May (about 3°C), consistent with
greater static stability near the surface (Fig. 15). After
midmorning, land-cover effects become evident, particularly after correction for station elevation ("daytime" insets, Fig. 14). The grassland sites are warmest
on both days, with 10 May again showing more contrast than 20 May.
The dependence of the late-morning warming rate
on height above the ground, shown in Table 6 for 10
and 20 May, illustrates the influence of PBL depth on
the temperature at 2 m. The radiometric surface temperature warms more rapidly on 10 May than on 20
May, due to drier surfaces and less green vegetation.
In spite of this, the temperature at 2 m warms more
slowly on 10 May compared to 20 May, consistent
with slower warming in the lower PBL. The PBL
warms more slowly on 10 May than on 20 May because the heating is spread through a greater depth
(Fig. 12).
The evolution of the mixing ratio at 2 m on 10 and
20 May is shown in Fig. 16. Three features are immediately evident, particularly for 10 May: daytime
mixing ratios noticeably higher over the winter wheat
770

sites than over grass or bare ground, a large peak in
the morning just after sunrise (-0530 CST), and a secondary peak in the evening just before sunset
(-1930 CST). Between 1000 and 1800 CST, the mixing ratio over the winter wheat was 1.5 g kg-1 greater
than that over the grassland on 10 May, compared to
a 0.5-1 g kg -1 difference on 20 May. As discussed
earlier, the greater contrast on 10 May is associated
with the greater horizontal differences in surface characteristics. The morning and evening mixing-ratio
peaks have long been associated with a combination
of water-vapor release from soil and plants in response
to sunlight, and the atmosphere's inability to disperse
the water vapor due to stable thermal stratification and
light winds near the ground (Geiger 1966). The small
or absent morning mixing-ratio peaks on 20 May are

FIG. 11. The 7.2-km averaged fluxes of sensible heat (H) and
carbon dioxide (solid line) at 30 m above the ground, from the
NOAA Twin Otter, and NDVI (dashed line), as a function of longitude, for 10 and 20 May 1997. Means removed using a 100-s
(~6 km) Butterworth filter. For 10 May, each mean and standard
deviation (error bars) represents eight estimates, from five different passes along the flight track just north of Beaumont in Fig. 7;
for 20 May, each point represents seven estimates from five lowlevel flight legs along an east-west path (not shown) over station
10 in Fig. 7. Error bars are standard deviations. NDVI values are
(r2 - rl)/(r2 + rl), where rl and r2 are the spectral reflectances at
650 and 862 nm, respectively.
Vol. 8 7, No. 4, April 2000
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FIG. 12. Growth of the mixed layer at Beaumont and Whitewater, as revealed by 915-MHz radar SNR profiles normalized for
distance effects, and radiosonde potential temperature (0) profiles. SNR increases with refractive-index (mostly humidity) gradients
and turbulence intensity. Symbols indicate mixed-layer top as defined by Coulter and Holdridge (1998). For the soundings, 0 for the
air at the surface is plotted at the sounding time; the horizontal scale for 0 is indicated at the upper left. Colors, from weak to strong
SNR: white, black, violet, dark blue, blue-green, green, light green, yellow, orange, red, and white.
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due to 5 m s_1 surface winds and less stable thermal reflects the ground cover and terrain. For example, the
stratification (Fig. 15). The mixing ratio declines af- morning peak is largest at station 6, the station located at
ter 0800 to 0900 CST, when the deepening mixed the lowest elevation and in the Walnut River floodlayer begins to dry in response to PBL growth and en- plain. Here, low temperatures (Fig. 14, inset) resulted
trainment of dry air from above (Grossman 1992; in water-vapor saturation for several hours, which faGrossman and Gamage 1995). The peak occurs at dif- vored heavy dew on the dense winter wheat. After
ferent times at different places, as observed by sunrise, calm winds and cold temperatures inhibited
Lenschow et al. (1979). The
mixing ratio measured by airTABLE 6. CASES-97 temperature trend d T/dt(K h 1 ) as function of height: 0930-1230 CST.
craft in the lower mixed layer
exhibits behavior similar to the
Surface
mixing ratio at the surface,
2m
Lower mixed layer
(radiometric
Mixed
reaching a minimum of about
King Air legs
(stations 1-8,
(aircraft; LeMone
layer depth
1030 CST before increasing on 10
and Grossman 1999) (1200 CST)
Date at < 300 m AGL) arithmetic avg)
May, but increasing throughout
the day on 20 May.
10 May
0.8
0.72
1.4 km
3.0
The range of morning mix2.6
0.9
0.90
1.1 km
20 May
ing-ratio maxima on 10 May
Bulletin of the American Meteorological
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FIG. 13. Evolution of mixed-layer depth as defined in Fig. 12, for days with wet surface (4 and 20 May), and one day with a drier
surface (10 May).

dispersion of the water vapor produced by dew evaporation and transpiration. In contrast, the smallest peak
is at station 2, the station at the highest elevation. The
temperature stayed high (Fig. 14, inset), keeping relative humidities at 2 m below 50%, and the grass was
sparse, consistent with less dew available for evaporation and less transpiration than at station 6. The 1-2
m s_1 average wind speed provided some ventilation.
The morning peak was intermediate at station 3, a
bare-ground site located in the Walnut River floodplain, at an elevation only 12 m higher than station 6.
As at the other floodplain site, the temperature was
cool (Fig. 14) and ventilation poor but the lack of vegetation surface available for dew formation and transpiration reduced the supply of water vapor.
Currently several analysis and modeling efforts are
underway. Brandes et al. (1999) have just completed
a comparison of radar reflectivity-derived precipitation estimates from S-Pol and the Wichita WSR-88D.
Coulter (1999) is using the radar wind profiler data
to estimate mesoscale (-60 km) vertical velocity, and
LeMone and Grossman (1999) are computing timedependent budgets of lower-PBL temperature and
mixing ratio for the late morning (1000-1200 CST).
Song et al. (1999) are using AVHRR data and algorithms describing air-surface exchange processes to
estimate surface evapotranspiration rates and relative
soil moisture content in the vegetation root zone.
F. Chen and D. Yates (1999, personal communication)
772

are using a land-surface model and surface runoff formulation to generate multiscale gridded maps of surface heat fluxes and soil moisture conditions in the
Walnut River Watershed, using techniques described
in Chen et al. (1996). Such analyses will provide
lower-boundary information for mesoscale model runs
in the future.

5. CASES-99
The CASES-99 experiment, conducted from 1-31
October 1999, focuses on statically stable atmospheric
conditions (for Web site, see Table 1). CASES-99
combines extensive, primarily nocturnal, clear-sky
measurements, and data analyses with mesoscale,
large-eddy simulation (LES), and direct-numerical
simulation (DNS) modeling techniques to investigate
four areas of scientific interest (Table 7). The choice
of these topics was motivated by the need to delineate
physical processes that characterize the stable boundary layer, which are still not well understood (e.g.,
Nappo and Johansson 1998).
Even though the boundary layer is typically stably stratified over more than half of the diurnal cycle
over land and therefore must be accounted for in models of weather and climate, current surface and PBL
parameterizations do not perform well under these
conditions (e.g., Chen et al. 1997). Models of surface
Vol. 8 7, No. 4, April 2000
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fluxes are critically needed to account
for processes in the nocturnal boundary layer (Mahrt 1998). Yet MoninObukhov similarity theory fails under
stable conditions (e.g., Derbyshire 1995;
Mahrt 1999), particularly for
Richardson numbers greater than 1,
when turbulence is intermittent.
Existing subgrid-scale and surfacelayer turbulence parameterizations are
prone to error in stable conditions.
There are many reasons for these
failures. Foremost, the stable boundary layer is often characterized by intermittent turbulent bursts that last
from tens of seconds to minutes. These
sporadic events are not well described
by models of statistically steady state
turbulence, the cornerstone of existing
theory, and are generated by a number
of sources (Coulter 1990; Nappo
1991; Weber and Kurzeja 1991;
Revelle 1993; Mahrt et al. 1998;
Blumen et al. 1999). Quantitative formulation of nocturnal boundary layer
(NBL) fluxes requires a detailed understanding of the processes responsible for the turbulent burst activity,
and simulation of these processes is
only now becoming possible.
To achieve the goals of the CASES99 field program, it is necessary to
identify and quantify the sources of
the mixing phenomena that populate
the stable boundary layer, using a variety of observational techniques.
Thus the array shown in Fig. 172 was
designed to sample gravity waves,
overturning Kelvin-Helmholtz billows,
terrain-generated phenomena such as
density currents, effects of surface heterogeneity, and heat and radiative flux
divergences. The primary measurements are concentrated in a 3 km x 5 km
area within the ABLE triangle that is
quite flat (typical slopes are 0.5°).

2

This is the planned array; for the array actually implemented, consult the CASES-99
Web site (Table 1).

FIG. 14. Evolution of 2-m temperature at stations 1-8 for during IOP 3 (10 May)
and IOP 5 (20 May). The early morning insets relate temperatures averaged from 0500
to 0600 CST to station elevation [line slope corresponds to a change of temperature
with elevation of 7.24 K (100 m)'1 for 10 May and 1.17 K (100 m)"1 for 20 May]. The
daytime insets illustrate the relationship of land use and temperature, corrected to the
elevation of station 2 assuming the dry-adiabatic lapse rate. Solid line: grassland;
dotted line: bare ground; dot-dash: winter wheat. Average in 20 May inset uses station 4 as grass because of east to northeast wind fetch; using it as a bare-ground site
makes almost no difference.
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The array includes several instruments and platforms to sample NBL evolution and fluxes, including multiple aircraft and sonde systems, lidars, a kite
system, a heavily instrumented 55-m tower, and 24
smaller towers. ARM measurements will be available,
including data from special radiosondes released during
CASES-99 IOPs from Lamont, Hillsboro (see Fig. 5) and
Morris, which is near Haskell, the southeast point on the
NOAA profiler hexagon in Fig. 1. Including data from
ABLE, ARM, and other sources, the CASES-99
dataset documents both the small-scale phenomena and their context at scales from millimeters to
100 km.
The data analysis and numerical simulation
planned for after the field program will focus on the
relative contributions of gravity waves, KH instabilities, density currents, etc., to surface-layer heat, moisture and momentum fluxes, and flux divergences.
Atpresent over 40 scientists plan to participate in
CASES-99.

6. Conclusions and a look to the future
FIG. 15. For Oxford and Whitewater 0500 CST, (top) profiles
of potential temperature 0 from unedited maximum-resolution
(1.5 s) radiosonde data; (bottom) profiles of wind components U
(positive east) and V (positive north). Vertical temperature gradients for 10 May (lowest 50 m): 18 K (100 m)"1, 20 May (lowest
170 m), 4.8 K (100 m)"1.

The Cooperative Atmosphere-Surface Exchange
Study is a long-term, grass-roots effort, developed by
a large group of atmospheric scientists and hydrologists, with help from chemists and ecologists. The goal
of CASES is to obtain a quantitative understanding of

TABLE 7. C A S E S - 9 9 objectives.

Objective

Description

1. Important phenomena: description and role

For Kelvin-Helmolz shear instabilities, internal gravity waves, and
turbulence events in the NBL determine the following:
a. time history
b. relative contribution to intermittent heat, moisture, and
momentum fluxes

2. Departure from similarity theory for weakly stable
(0.25 < Ri < 1) and very stable (Ri > 1) conditions

Measure heat, momentum fluxes and their divergence for events
contributing to turbulence, transport, and mixing through NBL and
especially surface layer

3. Shallow drainage currents

a. define the relative importance of surface heterogeneity,
particularly under light winds, in their initiation,
b. estimate their horizontal and vertical transports

4. Evening and morning transitions

a. Acquire data during transitions
b. Assess their role in initiation of inertial oscillations and the
enhancement of low-level jets 100-300 m above the surface

774
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the interactions among the subsurface, the
surface vegetation and soil, and the atmosphere—from the surface through the
boundary layer into the free troposphere,
over time- and space-scales ranging from
those associated with turbulence up to years
and 100 km, respectively. This goal will be
achieved through tightly coordinated modeling and measurement efforts over a mesoscale watershed. The plan calls for basic
long-term measurements over the watershed, periodically enhanced by intensive
field projects aimed at furthering
CASES goals.
The first episodic experiment, CASES97, was conducted during April-June
1997 to look at the role of surface characteristics in determining the diurnal
variation of wind, temperature, and moisture in the PBL; to study rainfall and soilmoisture scaling; and to test WSR-88D
precipitation-estimation algorithms. The
early results of CASES-97 illustrate the
advantages of sampling the coupling of
the atmosphere with the surface and its
vegetation over a mesoscale area, with
attention to rainfall as well as fairweather processes. A strong relationship
of temperature and mixing ratio to terrain
as well as surface cover is evident because of an array of surface stations at
different elevations. The evolution of
the 2-m temperature
is more strongly
reR
° J
lated to P B L temperature than to surface

c

,,

.

.

, .,

. ^ . ,

...

«
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FIG. 16. As
in Fig. 1yl
14, but for mixing ratio. Data from stations02, 3, and 6 in
F i g 9 h a v e b e e n highlighted with thicker lines,

temperature; this underscores the need
to measure PBL depth and evolution.
Quantitative assessment of the relationship of surface and PBL fluxes to soil moisture and vegetative
cover may be made possible through integrating
accurate rainfall estimates with the boundary layer measurements through numerical models. CASES-99,
conducted during October of 1999, offers similar opportunities for the stable PBL and the morning and
evening boundary layer transition periods through its
comprehensive measurement program and modeling
opportunities. The long-term instruments in the watershed and its vicinity will provide data for hydrometeorological studies on climate timescales, and snapshots of
interesting and significant weather events.
The CASES team is distributed. ABLE is operated
by Argonne National Laboratory (R. L. Coulter, B. M.
Bulletin of the American Meteorological Society

Lesht, D. L. Sisterson, and M. L. Wesely), with a site
scientist (G. E. Klazura) resident at the watershed. The
HST rain gauge and soil moisture/soil temperature network is operated out of Oregon State University (R. H.
Cuenca). UCAR's JOSS coordinates the data-management for CASES-97 as part of its GEWEX/GCIP datamanagement system. JOSS also maintains the CASES
Web site (Table 1). ABLE data management is coordinated by the Environmental Research Division of
Argonne (ER/ANL). Scientific coordination of
CASES is carried out through personnel from ABLE,
Oregon State University (Cuenca), University of Colorado (R. L. Grossman), and NCAR (M.A. LeMone).
The enhanced measurement network in the Walnut River Watershed offers unique opportunities for
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FIG. 17. Schematic of planned measurements for CASES-99. (a) Mesoscale measurements with main site outlined, (b) main site, which covers an area including six 1-mi
(1.6-km) sections (outlined); (c) schematic of measurements on 55-m tower. In (a), COT
is the CASES Operations Trailer, collocated with the APO. GPS sondes are launched at
the Beaumont site as well as those indicated. Jabara Airport is base of operations for the
King Air; Eldorado Airport is base of operations for the LongEZ; Leon is a town. In (b),
microbarographs are located at the vertices of the concentric triangles and on the central
tower; solid lines near the SC symbols are scintillometer paths. In (c), squares on tower
represent flux measurements; Ts are 5-Hz temperature sensors.

both research and education. In addition to the
continuous measurements in the ABLE and HST arrays,
there are long historical records from five stream
gauges and numerous rain gauges. The present measurements are nested within the NOAA 404-MHz radar wind profiler network, within dense WSR-88D
radar coverage, within the ARM/CART array, and
within an area for which GCIP is archiving data. Such
a network offers an excellent context for shorter-term
field efforts, such as CASES-97 and CASES-99,
or longer-term documentation of trace-gas fluxes.
Surface energy budget measurements, particularly at
the HST 200 m x 171.5 m soil-temperature and profile site at Whitewater, present a unique opportunity
776

for remote-sensing ground-truth
studies or testing land-surface
models that use satellite data. In
addition to such larger episodic experiments, individual investigators,
including students, are invited to
bring instruments for testing and
comparison using ABLE facilities
(for further information contact R.
L. Coulter at rlcoulter@anl.gov or
see ABLE Web site, listed in Table
1). Such hands-on experience is invaluable, whether one focuses on
modeling or observations later on.
Much of the data described
herein is available over the World
Wide Web or from the individual
Pis. Table 1 lists important Web
sites for viewing and obtaining
data, or obtaining information on
current research or planned field
programs; other potentially useful
sites can be reached through the
CASES Web site. ABLE data are
available in real time and in archive
form back to its inception; the
data can be extracted in digital or
graphic form. Important products
include surface fluxes (heat, moisture, C0 2 ), surface meteorological
data (wind, temperature, humidity,
rainfall), time-height cross sections
of wind, signal-to-noise ratio, and
boundary layer depth.
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CASES
FIFE
GCIP
GEWEX
GPS
H
HAPEX
HST
IOP
ISLSCP
JETEX
JOSS
LE
MOBILHY
MSL
NBL
NCAR
NDVI

Appendix: List of acronyms

NOAA

ABLE

NWS
PAR
PBL
RASS
RHI

AGL
ANL
APO
ARM
ASTER

AVHRR
AWS
BOREAS
CART

Atmospheric Boundary Layer
Experiments array, operated by ANL
Above ground level
Argonne National Laboratory
ABLE Project Office
Atmospheric Radiation Measurements
Atmosphere-Surface Turbulent
Exchange Research, flux station
operated by NCAR
Advanced Very High Resolution
Radiometer
Automatic Weather Station
Boreal Ecosystem-Atmospheric
Study
Clouds and Radiation Testbed (as
in ARM/CART)
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SNR

S-Pol
TDR

UCAR

Cooperative Atmosphere-Surface
Exchange Study
First ISLSCP Field Experiment
GEWEX Continental-Scale International Project
Global Energy and Water Cycle
Experiment
Global Positioning System
Sensible heat flux in W m~2
Hydrologic Atmospheric Pilot
Experiment
Hydrologic Science Team, Oregon
State University
Intensive observing period
International Satellite Land Surface
Climatology Project
JET Experiment, an experiment to
study the low-level jet
Joint Office for Scientific Support,
part of UCAR
Latent heat flux in W m 2
Modelisation du Bilan Hydrique (as
in HAPEX-MOBILHY)
Height above mean sea level
Nocturnal boundary layer
National Center for Atmospheric
Research
Normalized difference vegetation
index = (ch2 - chl)/ch2 + chl),
where chl is the red waveband
defined as AVHRR channel 1, and
ch2 is the near-infrared waveband
defined as AVHRR channel 2
National Oceanic and Atmospheric
Administration
National Weather Service
Photosynthetically active radiation
Planetary boundary layer
Radio acoustic sounding system
Range-height indicator (vertical
radar scan)
Signal-to-noise ratio from 915-MHz
radar wind profiler, used to estimate boundary layer depth
S-band polarized radar, operated by
NCAR for the NSF
Time-domain reflectometry, a
technique used to measure soil
moisture
University Corporation for Atmospheric Research
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USGS
USWRP
VAD
WSR-88D

United States Geological Survey
United States Weather Research
Program
Velocity azimuth display
Weather Surveillance Radar-1988
Doppler
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