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An Agrometeorological model (MAGRET) was de-
veloped to solve the energy balance over vegetated sur-
faces. The magnitude of surface temperature for grass
and crops is the result of the energy balance and in-
fers to the state of its water stress. The sensible (H)
and latent heat fluxes (ET) are computed using the
classical equations of turbulent transfer. Soil heat flux
and temperature profiles in the soil computed using the
Fourier equation. Solving the energy balance equation
at hourly time step, net radiation, sensible, soil, La-
tent heat fluxes and surface temperature were derived.
Model inputs are hourly and daily climatic data and pa-
rameters that describe the properties of soil and veg-
etation. The objective of this research is to combine
the combine the model with parameters derived from
NOAA AVHRR satellite for determining the evapotran-
spiration in regional scale. The surface temperature
obtained from satellite is used to define the model pa-
rameters at meteorological stations by comparing sur-
face temperature obtained from model and temperature
obtained from the satellite. Comparing the model pre-
dicted surface temperature with satellite surface tem-
perature, energy balance parameters are adjusted. The
model was evaluated as part of the Southern Great
Plains hydrology experiment (SGP97) during July in
central Oklahoma over the predominantly grassland ar-
eas. The model was calibrated with data from four ET
flux station and the results scaled up to the surround
region. Results from the study show a good potential
use of the MAGRET model for assessment of regional
ET in agricultural areas.

H21H-06 1135h

High Resolution Evaporative Fluxes
Over Corn and Soybean Crops from
Lidar

William E. Eichinger1 (319-335-6034;

william-eichinger@uiowa.edu); D. I. Cooper2

(505-665-6501; dcooper@lanl.gov); L. E. Hipps3

(435-797-2009; biomet@cc.usu.edu); W. P. Kustas4

(301-504-9498; bkustas@hydrolab.arsusda.gov); C.
M. U. Neale5 (435-797-3689; cneale@cc.usu.edu);
J. H. Prueger6 (515-294-7694; prueger@nstl.gov)

1Department of Civil and Environmental Engineer-
ing, University of Iowa, Iowa City, IA 52242, United
States

2Experimental Atmospheric and Climate Physics, Los
Alamos National Lab, Los Alamos, NM 87545,
United States

3Dept. of Plants, Soils and Biometeorology, Utah
State University, Logan, UT 84322, United States

4U.S. Dept. of Agriculture, Hydrology and Remote
Sensing Laboratory, Beltsville, MD 20705, United
States

5Dept. of Biological and Irrigation Engineering, Utah
State University, Logan, UT 84322, United States

6U.S. Dept. of Agriculture, National Soil Tilth Labo-
ratory, Ames, IA 50011, United States

The Soil Moisture-Atmosphere Coupling Experi-
ment (SMACEX) was conducted in the Walnut Creek
Watershed near Ames, Iowa over the period from June
15-July 11, 2002. A main focus of SMACEX was the in-
vestigation of the interactions between the atmospheric
boundary layer, surface moisture and current vegeta-
tive state. The Lidar collected data over fields of soy-
beans and corn, with mutually supporting measure-
ments by the NRC Twin Otter atmospheric research
aircraft, the Utah State University Piper Seneca re-
mote sensing aircraft, two elastic Lidars, and an array
of eddy covariance towers in the nearby fields. The air-
craft and lidar will provide a high resolution mapping of
the evaporation rate over the fields and the changes be-
tween them. A mapping of the evaporative fluxes that
existed during the field campaign, with a comparison
to the topology of the local area will be presented.
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We present an overview of the use of satellite scat-

terometry to detect surface water in liquid and solid
phases for various regional geophysical applications.
We study scatterometer/radiometer signatures of sur-
face soil moisture with in-situ data from SCAN, Ok-
lahoma Mesonet, and NCDC/GSOD stations. Results
indicate scatterometer data can detect and inventory
wet surface events due to rains to determine the re-
gional frequency of surface water cycling. Animated
time-series of scatterometer data over the SMEX (Soil
Moisture EXperiment) region in mid-west US illustrate
the monitoring of surface water variabilities over large
scales. An automated flood processing algorithm im-
plemented at the Jet Propulsion Laboratory (JPL) pro-
vides daily updated data over the world to the Dart-
mouth Flood Observatory (DFO) for early flood detec-
tions. We verify the flooded areas with MODIS clear-
sky observations. We obtain weekly wetland results
in Africa, Asia, North America, and South America.
We show wetland monitoring results over the Eastern
Arkansas - Mississippi River Valley with a comparison
of the maximum extent to MODIS standard water. We
investigate scatterometer signatures of snowmelt with
field experiments carried out in Alaska to develop algo-
rithms for snowmelt detection over the northern hemi-
sphere. We present animated snowmelt results over the
Lena River region in Siberia leading to floods (in 2000-
2003) including the 2001 Lena Flood of the Century.
Snowmelt timing parameters derived from scatterome-
ter data are appropriate for assimilation into hydrol-
ogy models for river discharge estimate and for flood
forecast. We map ice cover over the Great Lakes and
compare the results with observations from US Coast
Guard (USCG) Mackinaw icebreaker and from a web
camera on Granite Island. Over Greenland, we map
and monitor surface melt areas and compare the results
to in-situ measurements from the Greenland Climate
Network (GC-Net). Results show extensive melt over
the Greenland ice surface in 2002 in record amounts.
We carried out a sea-ice mapping field experiment us-
ing the USCG Healy icebreaker over the Barents Sea
in 2001. We detect a peculiar sea-ice barrier east of
Svalbard, which poses hazards to ship navigation east
of Svalbard. We map sea ice melt and refreezing ar-
eas by combining QuikSCAT and SSM/I products over
the Arctic sea ice with verification from the Canadian
C-ICE field experiment. Finally, we discuss limitations
of current satellite scatterometers and the need for fu-
ture advanced satellite sensors for surface-water appli-
cations.
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The Everglades region in south Florida is a unique
ecological environment. Anthropogenic changes in the
past 50 years, mainly for water supply, agricultural de-
velopment and flood control purposes, have disrupted
natural water flow and severely impacted the regional
ecosystem. Currently, Everglades’ flow is controlled by
a series of structures (e.g., levies, gates), which pro-
vide a large-scale natural laboratory for monitoring and
modeling wetland surface flow. Everglades’ water level
is currently monitored by about 100 stations, about
half of which provide real-time data. We use space-
based Interferometric Synthetic Aperture Radar (In-
SAR) to monitor water level variations in the entire
Everglades region with a high spatial resolution ( 30 x
30 m2). Our data consists of three 225x75 km2 swaths
of eastern South Florida, acquired in June, August and
December 1994 by the L-band (1.275 GHz) JERS satel-
lite. A comparison between the space-based InSAR
observations and 28 ground-truth stage station data
points shows a remarkable agreement. The most sig-
nificant water level changes are observed in the north-
ern section of the study area, known as Water Conser-
vation Areas (WCA) 1, 2A, and 2B. Our results show
dynamic water topography caused by gate operation on
man-made levees. The data show up to 1 m of elevation
difference across 5-15 km length scale. We detected
both regional N-S unidirectional and radial topography
patterns. We model the dynamic water topography us-
ing 1-D unidirectional and radial diffusion flow models.
Our models allow us to determine a regional-scale flow
conductivity parameter, which reflects the resistance
to water flow due to vegetation. Future 2-D numerical
flow models will enable us to determine local variations
of the conductivity parameter as well as better tools for
modeling and managing surface flow in the Everglades.

URL: http://www.geodesy.miami.edu/˜amelung/
everglades/
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Centrifugal force has been successfully applied to
measurement of saturated and unsaturated hydraulic
properties of soils and rock. The basis of most meth-
ods is to apply a steady flow of water, by either a
constant head or a metering pump, to a sample in a
centrifuge. If the centrifugal force is great enough to
constitute the dominant driving force, measurements of
the steady-state flux, water content, and matric pres-
sure can yield highly accurate values of hydraulic con-
ductivity and water retention. The great force permits
measurement of properties and conditions that are oth-
erwise impossible or impractical. For example an ex-
periment lasting a few days can measure unsaturated
conductivity as low as 1E-9 cm/s. Our new approach
expands the range of media and conditions to which
centrifugal techniques are applicable, using an assess-
ment of the deviations from steadiness that can be tol-
erated without appreciable loss of accuracy and a quasi-
steady methodology that controls flow within accept-
able limits. Secondary goals are to reduce the cost and
specialized nature of the necessary equipment, and to
reduce the operator time and level of training required.
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Recent tests demonstrate these new techniques for car-
bonatic rock and other porous media. Numerical simu-
lations predict the performance of the quasi-steady ap-
proach over a wide range of speeds and radii of rotation
corresponding to various configurations, including cen-
trifuges that are mass-produced for general laboratory
use and the much larger ones designed for geotechni-
cal applications. These simulations use a solution of
Darcy’s law in a centrifugal field to predict moisture
conditions and net driving force within a sample, in
order to assess the validity of these conditions for hy-
draulic property measurement. The tests and simula-
tions show the improved techniques are useful for most
porous rock and sedimentary media. With its simplified
apparatus, capacity for larger samples, and the adapt-
ability to various machines and operating conditions,
the method expands the potential for exploring situa-
tions that are common in nature but have been the sub-
ject of few laboratory investigations, including macrop-
ore and fracture flow, other modes of preferential flow,
and transient flow.

URL: http://wwwrcamnl.wr.usgs.gov/uzf/
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A series of steady state solute transport experiments

were conducted using the Unsaturated Flow Appara-
tus (UFA) and a vacuum-based column system using a
coarse-textured, Fe-oxide coated soil material at var-
ious volumetric moisture contents ranging from 0.07-
0.43. Once steady state flow was achieved with a sur-
rogate groundwater solution, the columns were leached
with a solution containing a common groundwater con-
taminant, hexavalent chromium, 0.1 or 0.5 mM Cr(VI),
and tritium as a conservative tracer. At predetermined
intervals, effluent samples were collected for Cr(VI)
and tritium analysis. After full Cr(VI) breakthrough,
the inlet solution was switched back to the groundwater
surrogate and Cr(VI) was leached from the column. Ex-
periment duration was much less and a greater range in
water contents was achieved when using the UFA com-
pared to the more traditional vacuum based system.
Breakthrough curves were modeled using CXTFIT as-
suming equilibrium conditions since significant immo-
bile water was not detected for the coarse material,
based on the tritium data, regardless of the moisture
content. As expected, Retardation (R) increased with
decreasing water content, but water content had little
effect on the calculated distribution coefficient. De-
spite the vast difference in residence times for the two
column systems, similar levels of Cr(VI) sorption were
observed, indicating that the retention mechanisms for
Cr(VI) were not kinetically limited.
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Subsurface colloid behavior has recently drawn at-

tention because colloids are suspected of enhancing
contaminant transport in groundwater systems. To
better understand the processes by which colloids move
through the subsurface, and in particular the vadose
zone, a new technique that enables real-time visualiza-
tion of colloid particles as they move through a porous
medium has been developed. This visualization tech-
nique involves the use of laser induced fluorescent par-
ticles and digital image processing to directly observe
particles moving through a porous medium consisting
of soda-lime glass beads and water in a transparent ex-
perimental box of 10.0cm,27.9cm,2.38cm. Colloid par-
ticles are simulated using commercially available mi-
cron sized particles that fluoresce under argon-ion laser

light. The fluorescent light given off from the par-
ticles is captured through a camera filter, which lets
through only the emitted wavelength of the colloid par-
ticles. The intensity of the emitted light is proportional
to the colloid particle concentration. The images of
colloid movement are captured by a MagnaFire digi-
tal camera; a cooled CCD digital camera produced by
Optronics. This camera enables real-time capture of
images to a computer, thereby allowing the images to
be processed immediately. The images taken by the
camera are analyzed by the ImagePro software from
Media Cybernetics, which contains a range of count-
ing, sizing, measuring, and image enhancement tools
for image processing. Laboratory experiments using
the new technique have demonstrated the existence of
both irreversible and reversible sites for colloid entrap-
ment during uniform saturated flow in a homogeneous
porous medium. These tests have also shown a depen-
dence of colloid entrapment on velocity. Models for col-
loid transport currently available in the literature have
proven to be inadequate predictors for the experimental
observations, despite the simplicity of the system stud-
ied. To further extend the work, the visualization tech-
nique has been developed for use on the geo-centrifuge.
The advantage that the geo-centrifuge has for inves-
tigating subsurface colloid behavior, is the ability to
simulate unsaturated transport mechanisms under well
simulated field moisture profiles and in shortened pe-
riods of time. A series of tests to investigate colloid
transport during uniform saturated flow is being used
to examine basic scaling laws for colloid transport un-
der enhanced gravity. The paper will describe the new
visualization technique, its use in geo-centrifuge test-
ing and observations on scaling relationships for colloid
transport during geo-centrifuge experiments. Although
the visualization technique has been developed for in-
vestigating subsurface colloid behavior, it does have ap-
plication in other areas of investigation, including the
investigation of microbial behavior in the subsurface.
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HYDRUS-1D and HYDRUS-2D software packages
(one- and two-dimensional numerical programs solving
water flow and solute transport in variably-saturated
porous media, respectively) were modified so that they
can be used to simulate processes in a centrifugal field.
These modified programs can be used to evaluate both
steady-state and transient water flow and solute trans-
port experiments carried out on soil or rock samples
rotating in a centrifuge. The primary modification in-
volves replacing the constant gravitational term in the
Richards equation with a term that takes into account
the rotational speed and the radius from the axis of ro-
tation. The required modifications were made to codes
for both direct and inverse analyses. The objective
function in the inverse codes include both water flow
and solute transport data. The soil hydraulic and/or
solute transport parameters can be optimized either
independently, sequentially, or simultaneously. Exist-
ing graphical user interfaces (HYDRUS-1D and 2D) can
be used for preparing input and presenting output for
the modified codes. A numerical technique used to
obtain stable and mass conservative solutions is de-
scribed. Several example of the program are presented
and possible experiments are suggested.
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Solute transport data in variably saturated porous
media have been difficult to obtain due to long exper-
imental times required to conduct such experiments.
Larger length scales of tens of cm require months of
experimental time. These long experimental times in-
crease the likelihood of undesirable secondary effects,
such as biofouling and instrumentation failure compro-
mising the experimental results. The geocentrifuge of-
fers a potential experimental technique to shorten ex-
perimental time scales and thereby overcome these limi-
tations. One-dimensional solute transport experiments
(10-cm diameter by 30-cm in length) were conducted
using the INEEL 2-m geocentrifuge. Potassium bro-
mide was used as a tracer through Ottawa quartz sand
to develop geocentrifuge experimental methodologies
and to test a modified numerical tool to design and an-
alyze the results from these experiments. Breakthrough
curves were determined through in-flight monitoring of
the electrical conductivity of the outflow at 10- and 20-
“g”s. Solute transport velocity is proportional to the
applied centrifugal acceleration. Breakthrough curves
presented in this paper were obtained in less than 2
hours. The time it took to obtain these experimental
results is inversely proportional to the applied centrifu-
gal acceleration and is a fraction of the time that it
would have taken in using traditional laboratory meth-
ods. A modified version of HYDRUS-1D was used to
evaluate the solute breakthrough curves. The success of
these geocentrifuge experiments suggests that the geo-
centrifuge technique is a practical and faster experi-
mental methodology to complete tracer experiments in
variable saturated media.
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There is a growing interest in the application of geo-
centrifuge techniques to the investigation of flow and
transport in variably saturated media. This interest
arises largely from the increased driving force for un-
saturated flow using the geocentrifuge and the poten-
tial for completing relevant vadose zone experiments in
less time than when using conventional 1-gravity tech-
niques. Thus, the geocentrifuge technique allows in-
vestigation of material unsuitable (e.g. extremely low
hydraulic conductivity) for conventional 1-gravity ap-
proaches. However, to fully realize the potential of
geocentrifuge experimental approaches, the similarity
and differences of fluid flow in a variable centrifugal
field to a constant 1-gravity field must be understood.
We have derived an expression of fluid potential that
suggests that the conventional Darcy equation is not
strictly valid in a centrifugal field. We have also con-
ducted detailed analyses of the Navier-Stokes equations
as applied to porous media flows within a geocentrifuge.
These analyses show the relative effects that a vari-
able gravity field, represented by the centrifugal force
and the coriolis force, have on the flow fields. Nondi-
mensionalization of the governing equations shows the
role that the Ekman and Rossby numbers play in these
porous media flows. This analysis provides information
useful for the scaling of variable gravity geocentrifuge
experiments and helps to define the theoretical limits
under which geocentrifuge experiments exhibit similar-
ity to field phenomena.
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The geocentrifuge is a useful tool for studying flow
in unsaturated soil under well-controlled, repeatable
conditions. The high-gravity field generated by the
geocentrifuge increases the self-weight of pore fluids
to produce: (1) very low saturation conditions at high
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capillary pressures, (2) a wide range of saturation pro-
files in multi-dimension, and (3) enhanced seepage ve-
locities. Geocentrifuge experiments can be used to gen-
erate experimental data to validate mathematical mod-
els. However, if an unsaturated flow experiment is per-
formed in the elevated gravity environment of the geo-
centrifuge, the unsaturated hydraulic properties must
first be obtained at the target centrifugal accelera-
tion. This information can be determined from rela-
tively simple, one-dimensional column experiments and
will provide the unsaturated hydraulic properties re-
quired as input into mathematical models. These one-
dimensional column experiments will also provide in-
sight into the influence of gravity on the flow field.
In this study, a series of one-dimensional column ex-
periments was performed to obtain the water reten-
tion characteristics of a uniform fine sand. Cumula-
tive outflow and temporal changes of capillary pres-
sures were measured during gravity driven drainage.
The measured data were used as input data for an in-
verse analysis using HYDRUS 1-D to obtain unsatu-
rated permeability and saturation-pressure parameters
of the tested sand. The geocentrifuge experimental
measurements were also compared with data obtained
independently from conventional hanging-column tests.
The suitability of the centrifuge test method was eval-
uated by comparing results from the two different ex-
perimental methods. In addition, the centrifuge experi-
ments were conducted in different gravity fields to ver-
ify the scale similitude of the hydraulic properties in
elevated gravity environments.

URL: http://www.inel.gov/env-energyscience/
centrifuge/default.shtml
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We investigate the evolution of phase structure in
a centrifugal field by simulating the simplest of two-
phase experiments, the stabilized displacement of a
denser wetting phase (e.g., water) by a lighter non-
wetting phase (e.g., air) within a heterogeneous porous
medium. We model this displacement (drainage) using
a Modified Invasion Percolation (MIP) approach that
includes both capillary forces and a stabilizing centrifu-
gal force. We generate random fields of spanning pres-
sures to represent capillary heterogeneity. The style of
heterogeneity varies from unstructured (uncorrelated)
to partially structured (layered system with a random
overprint) to fully structured (layered with no random
overprint). Drainage is simulated for each layered sys-
tem twice: once for drainage perpendicular to layers
and once for drainage parallel to layers. Our results
show that the influence of capillary heterogeneity varies
with angular velocity in a centrifugal field. As the an-
gular velocity is increased, non-wetting phase invasion
and phase structure become increasingly insensitive to
capillary heterogeneity, regardless of its style or ori-
entation. Higher spanning pressure variance, however,
increases the sensitivity to capillary heterogeneity and
leads to less drainage at a given angular velocity. In
general, contact area between the wetting and non-
wetting phase increases as the heterogeneity becomes
less structured and decreases with increasing angular
velocity. Because phase structure critically influences
flow processes and petrophysical properties (pressure-
saturation, relative permeability, electrical resistivity,
etc.), the design of centrifugal experiments must care-
fully consider this interplay between capillary hetero-
geneity and centrifugal force.
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Standard laboratory methods in soil physics for
measuring the moisture retention relation (drainage
matric potential-volumetric moisture content relation)
are each limited to only part of the moisture con-
tent range. Centrifuge systems allow intensive accurate
measurements across much of the saturation range, and
typically require much less time than traditional labo-
ratory methods. An initially liquid-saturated sample
is subjected to a stepwise-increasing series of angular
velocities while carefully monitoring changes in liquid
content. Angular velocity is held constant until the
capillary and centrifugal forces equilibrate, forcing liq-
uid flux to zero, and then a final average liquid content
is noted. The procedure is repeated after increasing
the angular velocity. Centrifuge measurement time is
greatly reduced because the centrifugal body force gra-
dient can far exceed the driving forces utilized in stan-
dard lab methods. Widely-used in the petroleum in-
dustry for decades, centrifuge measurement of moisture
retention relations is seldom encountered in the soil
physics or vadose hydrology literatures. Yet there is a
need to better understand and improve the experimen-
tal methodology given the increasing number of cen-
trifuges employed in these fields. Errors in centrifuge
measurement of moisture retention relations originate
from both experimental protocol and from data inver-
sion. Like standard methods, centrifuge methods as-
sume equilibrium conditions, and so are sensitive to er-
rors introduced by insufficient runtimes. Unlike stan-
dard methods, centrifuge experiments require inversion
of the angular velocity and average sample moisture
content data to a location-specific pair of matric po-
tential and moisture content values, The force balance
causes matric potential and moisture content to vary
with sample length while the sample is spinning. Nu-
merous data inversion techniques exist, each yielding
different moisture retention relations. We present anal-
yses demonstrating the impact of different runtimes
and different inversion techniques on estimated mois-
ture retention parameters. Moisture retention data
were collected for a number of poorly lithified sands
and indurated deformed sands using the UFA centrifuge
system (Conca and Wright, 1990). Parameters for the
van Genuchten model were estimated for short and long
runtimes with one inversion technique. Model parame-
ters were re-estimated for one other inversion technique
and a simple averaging approach which does not involve
inversion. Our results demonstrate that the averaging
approach greatly underestimates the van Genuchten n
parameter relative to the inversion techniques. Insuf-
ficient runtimes also have a significant impact on esti-
mated parameters. Our analysis indicates a need, bar-
ring method standardization, for practitioners to in-
clude information about inversion technique and run-
time criteria when presenting centrifuge moisture re-
tention results.
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A common way to dispose of sewage sludge is to
spead it on agricultural land because of its high nutri-
ent (P, N) and org C contents. However, in addition
to these beneficial components, sewage sludge can con-
tain toxic chemicals such as heavy metals. This farm-
ing technique is relatively recent (several decades, at
most) and there is still a need for information concern-
ing the processes controlling the fate of the heavy met-
als in the sludge. To study how fast they migrate in
the soil profile, the transfer of water and associated so-
lutes in both unsaturated and unsaturated conditions
can be accelerated by centrifugation according to the
equation: tsimulated = treal * g2. (t: time). In a
lysimeter study (diameter 30 cm, depth 60 cm) carried
out using the CEA-CESTA Silat 265 centrifuge, we sim-
ulated, at 20 g, several months of percolation in one
day. Experiments were done on cores of sandy forest

soil (podzol) to which various sewage sludges (contain-
ing 2 to 12 mg/kg Cd, 20 to 120 mg/kg Ni, 50 to 465
mg/kg Pb) and simulated rain were applied. Major ions
migrated at an estimated rate of 6-8.5 mm/simulated
day (2-3 m/simulated year), while heavy metals (Cd,
Ni, Pb) were retarded by a factor of 1.5 to 2. The
retention of these heavy metals is associated with the
organic C content of the soil profile (rich in the upper
horizon).
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The objective of this research is to investigate

the possibility to improve discharge forecasts from a
lumped hydrological model (TOPLATS) through the
continuous assimilation of discharge observations. An
extended Kalman filter is used as assimilation algo-
rithm. Model simulations are performed over the
Zwalm catchment in Belgium at an hourly time step
from 1994 through 1998. A simple online routing
scheme is applied to the modeled discharge values in or-
der to allow the assimilation of the observed discharge
records at every time step. The modeled soil moisture
contents and water table levels are updated through
the Kalman filtering procedure. The overall improve-
ment in the modeled discharge peaks is quantified. The
assimilation scheme is also run in a flood forecasting
mode. In this mode, a two-month spin-up period, in
which all available discharge data are assimilated, pro-
ceeds the forecasting period. The improvement in the
forecasted discharge peaks, as a consequence of the
data assimilation during the model spin-up, is assessed.
This research is expected to lead to a framework to im-
prove flood forecasts from lumped hydrological models,
through the continuous assimilation of operational dis-
charge observations.
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The National Climatic Data Center (NCDC) has
recently created digital archives of daily climatologi-
cal data (primarily precipitation and daily temperature
maxima and minima) for the continental U.S. going
back to the beginning of the instrumental records. Pre-
vious electronic archives were typically available only
back to about 1948, with a few stations digitized back
to the 1930’s. We have used these data to extend our
previous 50-year retrospective analysis back to 1916


