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Vapor Pressure Deficit (VPD) is one of the key cli-
mate variables for ecosystem modeling. Potential evap-
otranspiration is usually expressed partly as a function
of VPD. Stomata regulate the transpiration in response
to VPD, thus VPD also influence photosynthesis in-
directly. However, unavailability of spatial distribu-
tion of VPD makes it difficult to estimate regionally
both evapotranspiration and Net Primary Production
(NPP). We used the radiometric land surface temper-
ature (LST) for the VPD estimation based on Granger
[1991]. Granger [1991] showed that LST could be a
good estimator of VPD from the feedback links between
the land surface and the overlying air. Better estimates
of LST (MODIS11), available daily and globally, allow
us to test this method. We tested this method for data
of 2001 for India, Amazon and USA. We also exam-
ined the spatial variability of the coefficients globally.
All the results indicated that this method is feasible
for VPD estimation both globally and temporally. The
high-resolution maps of VPD can be useful for improv-
ing land-atmosphere modeling studies.
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The MODIS burned area detection algorithm was
developed using MODIS Terra observations to map
the approximate 500m location and day of burning.
The algorithm is based upon the inversion of a Bidi-
rectional Reflectance Distribution Function (BRDF)
model against a long time series of observations with a
moving temporal window. It is adaptive to the number,
viewing and illumination geometry of the observations,
and allows for combination of observations from differ-
ent sensing systems. In this paper the combined utility
of Terra and Aqua MODIS data is investigated. Early
results indicate that the increased number and angu-
lar sampling of observations provided using both the
Terra morning and the Aqua afternoon overpasses im-
prove burned area mapping accuracy. Improvements in
mapping accuracy are primarily through more reliable
BRDF model inversion and a reduction in the number
of cloud contaminated observations. Issues with Aqua
shortwave infrared band striping are discussed and il-
lustrative results for 2003 dry season burning in South-
ern Africa and Australia are presented with provisional
validation provided by comparison with the MODIS
1km Aqua and Terra active fire products. The implica-
tions of this work for MODIS burned area mapping in
other fire regimes and for fusion of observations from
other sensing systems are also discussed.
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Time series of hillslope or catchment water content,
subsurface flow, and solute chemistry typically show
complex and highly variable behavior. Event-based ap-
proaches are often used to characterize input-output
responses (e.g., tracking an isotopically unique pre-
cipitation event, or by fitting a seasonality curve to
the data). However, such approaches typically quan-
tify just one characteristic response when we know that
hillslopes and catchments have a distribution of char-
acteristic time scales. Thus, we seck an alternative ap-
proach, one where we can identify distributions of char-
acteristic responses and quantify individual variance
contributions. Besides improving our conceptual un-
derstanding of how hillslopes and catchments work, the
goal is to develop low-dimensional ”empirical” and/or
physically based models that more fully represent the
distribution of characteristic responses. To this end,
singular spectrum time series analysis is used to iden-
tify characteristic times of hydrologic and geochemi-
cal variables at hillslope and catchment scales. For
our semiarid study sites we find that soil water con-
tent, spring flow (representing catchment scale behav-
ior), and geochemical responses can be characterized by
a small suite of periodic or quasi-periodic characteristic
”modes’ that account for a major fraction of the total
system variance. The remaining modes (i.e., those that
only account for a small fraction of the variance) typ-
ically display ”red-noise” type behavior suggesting a
Our results show that singu-
lar spectrum analysis offers new insights on hydrologic
and geochemical response and should be a fruitful way
of developing improved hillslope- and catchment-scale
models.

simple stochastic model.
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Water residence time in catchments is typically de-

termined by black-box modeling of environmental trac-
ers (e.g., 180 and 2H), in which input (rainfall) and
output (discharge) tracer concentrations are used to es-
timate parameters of an assumed distribution that rep-
resents the residence time. In this study, a different
approach was taken, where the residence time distri-
bution (RTD) was determined directly from an arti-
ficial tracer experiment. Two tracers (Amino G acid
and bromide) were applied as line sources (20 and 40
m from the stream, respectively) to the soil surface of
a steep forested hillslope in the H.J. Andrews Experi-
mental Forest. Tracer concentrations and seepage flow
were monitored for approximately 100 days. The result-
ing breakthrough curves were modeled using a simple,
process-based hillslope model conditional on spatially
varying soil depth and depth-varying drainable porosity
and hydraulic conductivity. The model preserved inter-
nal hydrological behavior such as water table dynam-
ics and satisfactorily reproduced seepage discharge and
tracer concentrations. Using the model and assuming
the same parameterization, we infer the RTD of con-
servative tracers applied to the entire hillslope. The
derived RTDs were then compared to functions that
represent RTDs used in black-box models.

H31G-03 1055h INVITED

Nonlinearity in Storage-Discharge
Relationships of Heterogeneous
Hillslopes and Implications for
Baseflow Recession

David Brandes! (brandesd@lafayette.edu)
Karen M Salvage? (ksalvage@binghamton.edu)

Christopher J Duffy3 (cxdll@psu.edu)

IDept of Civil & Environmental Enginecering,
Lafayette College, Easton, PA 16802, United States

2Dept of Geol Sciences and Env Studies, Binghamton
University, Binghamton, NY 13902, United States

3Dep': of Civil & Environmental Engineeering, Penn-
sylvania State University, University Park, PA
16802, United States

Existing models of groundwater discharge from hill-

slopes and small watersheds are largely empirical or

are based on analytical solutions to the Boussinesq
equation. As such, the effects of partially saturated
flow, hillslope shape, and heterogeneity in soil hy-
draulic properties have not been well studied. Numer-
ical modeling of Richards equation is used here to ex-
amine these effects on the saturated storage-discharge
relationship and on baseflow recession. Model solutions
under steady rainfall conditions indicate that the satu-
rated storage-discharge relationship can take a variety
of nonlinear forms depending on hillslope shape and
pattern of heterogeneity; only over small ranges of sat-
uration can the relationship be assumed linear. Dy-
namic simulations are currently underway; however it
is hypothesized that the inherent nonlinearity of the
saturated storage-discharge relationship will result in
baseflow recession time series that differ from the ex-
ponential decay model often assumed.
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Specific yield is a parameter used to quantify the
available amount of water for drainage. The instanta-
neous release of water from the aquifer during drainage
however is captured by a related parameter, viz drain-
able porosity. In landscapes with relatively shallow
groundwater table the drainable porosity is among oth-
ers a function of the local total subsurface storage.
Here we derive an analytical expression to compute the
drainable porosity as a function of water table depth
and soil hydraulic parameters. This expression then al-
lows us to extend the hillslope-storage Boussinesq equa-
tion, recently introduced by the authors, to account for
capillarity effects during free drainage from complex
hillslopes. We test our model for different soil types
and compare our results with a 3D Richards’ equation
based numerical model.
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Advance in runoff generation models requires mea-
surements of water quantity and quality both at the
outlet of a catchment and along hillslopes residing
within a catchment. Predicting response of stream-
flow volumes to land-use changes is challenging, but
it is even more demanding to produce realistic esti-
mates of surface and subsurface runoff components and
solute fluxes within a catchment. This work, which
is part of the FEMMA project, presents development
and application of a deterministic hillslope hydrologi-
cal model, which combines hydrological, biological, and
solute transport computation schemes. The model sim-
ulates canopy processes, snow accumulation and melt,
soil and ground water movement, and nitrogen trans-
port. Here the modeling system is applied to two
coniferous-forested catchments (56 and 29 ha) located
in Eastern Finland. One of the catchments was par-
tially clear-cut (35 %) while the other one was left
as a control. Measured meteorological, snow, stream-
and nitrogen concentration data cover a nine-
year period starting five years before the treatment.
The model parameterization is based on spatial data
on topography, soil types, soil depths, and location of
treated areas with respect to the stream network drain-
ing the catchment. Spatial data analysis condenses in-
formation on catchment physical properties for iden-
tification of one or several typical hillslopes, which
are assumed to represent the behavior of the entire
catchment. Results derivable directly from the mea-
sured data suggest that timing and volume of stream-
flow changed soon after loggings were completed. In
the modeling exercise these changes are attributed to
increased melt intensity and absence of interception in

flow,
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the logged areas. Measured concentrations of nitrite-
nitrate nitrogen showed changes only two years after
the logging. This lag can result from slow initiation of
felling waste decomposition and long residence of ni-
trates in mineral soils and wetland areas surrounding
the stream. Sensitivity of modeled nitrate leaching to
parameterization of decomposition and retention pro-
cesses was assessed.
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Recent generic modeling studies (Guan and Wil-
son, 2002, 2003) confirm conventional opinion that cli-
mate and bedrock (matrix and fracture) permeability
are primary controls on the amount of water partition-
ing from the land surface into the underlying bedrock
of semi-arid mountain blocks. Both steady and quasi-
steady simulations show that the annual percolation
rate across the soil-bedrock interface approaches sat-
urated bedrock hydraulic conductivity when the mean
net infiltration rate into the soil exceeds rock conduc-
tivity. When the mean infiltration rate is lower, the
percolation rate approaches the mean infiltration rate.
However, field observations of bedrock water content
at a semi-arid hillslope (precipitation 450 700 mm/yr)
with a highly permeable tuff (saturated hydraulic con-
ductivity, Ks = 3*105 106 mm/yr) suggest only negligi-
ble percolation to the rock (Wilcox et al. 1997), while
the sum of surface runoff and interflow through the soil
was estimated to be 10 60 mm /year. The inconsistency
of actual percolation and modeling prediction may have
been due to the simplified generic modeling setting (no
ET, macropore free soil cover, homogenous soil and
bedrock), and the high permeability of the modeled
soils in contrast to soils in the field situation. For ex-
ample, low permeability soil layers (minimum Ks = 3
mm /year) in a multi-layer soil cover impede downward
water movement; root dominated subhorizontal macro-
pores enhance the downslope interflow through the soil;
and roots extract the water from the soil which oth-
erwise could percolate into the bedrock. We examine
these mechanisms via rigorous 2D numerical modeling.
The macropore is represented with a dual-permeability
model. Evapotranspiration is simulated based on the
atmospheric demand and the hydraulic conditions in
the modeling domain. This work is aimed at improved
understanding of water partitioning on hillslopes and
distributed mountain block recharge in semi-arid ar-
eas.
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Hydraulic connectivity on hillslopes can be an im-
portant control on runoff generation. In this study we
investigate the relationships between annual soil mois-
ture patterns, lateral hillslope flow, and streamflow in
a semi-arid, snowmelt driven catchment. We identify
five periods of soil moisture conditions: , 1) a summer
dry period, 2) a transitional fall wetting period, 3) a
winter wet, low flux period, 4) a spring wet, high flux

period, 5) and a transitional late spring drying period.
‘We then present a conceptual model of how streamflow
is generated with respect to the moisture conditions,
based on field studies and computer simulations. Tran-
sitions between the periods are driven by changes in
the water balance between rain, snow, snowmelt and
evapotranspiration. However, the transition from a dry
moisture state to a wet moisture state is not necessarily
synchronous with a switch from vertically dominated
to laterally dominated flow. The climatic shift primes
the catchment for lateral flow generation, but hydraulic
connectivity within the hillslope is then dependent on
the organization of that lateral flow, in this case along
the soil/bedrock interface. The time lag between the
dry-to-wet switch and the vertical-to-lateral switch oc-
curs because the snowpack delays the delivery of water
to the soil and the subsequent advance of the wetting to
the base of deep soil zones. The resulting hydraulic dis-
connection at the soil-bedrock interface in the deep-soil
regions of the catchment must be breached for signifi-
cant lateral translation of water, pressure, and solutes
occur.
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Groundwater contamination at the Hanford Site,
Washington, resulted from decades of nuclear fuel pro-
duction and processing. Understanding the fate and
transport of contaminants has been complicated by
the presence of multiple potential sources within rel-
atively small areas. The contrasts in isotopic composi-
tion between natural and anthropogenic uranium pro-
motes the measurement of uranium isotopic composi-
tion as a fingerprint and tracer of uranium contami-
nation in the environment. In this study we focused
on a uranium groundwater plume and two vadose zone
U plumes associated with the B-BX-BY waste manage-
ment area, used since the late 1940’s for the storage
of high-level radioactive waste. Groundwater U con-
tamination was first detected in monitoring wells in
the early 1990’s. The groundwater plume (>30 ppb
U) is currently approximately 250 m wide, at least 900
m long with U concentrations up to 525 ppb. The
exact origin and history of this contamination is not
well understood, since a number of tanks and inci-
dents are potential sources. Using multiple collector
ICPMS (Micromass IsoProbe) high precision uranium
isotopic analyses were conducted of samples of vadose
zone contamination and of groundwater. The mea-
sured isotopic compositions (234U /238y, 235y /238y
and 236U /2387) are used to distinguish contaminant
sources, and are compared to a history of processed
U fuel rod compositions. Based on the isotopic data,
the groundwater plume appears to be related to a tank
overflow event in 1951 that spilled high-level waste into
the vadose zone. A second zone of identified vadose
zone contamination does not seem to be an important
contributor to the groundwater U plume. The variation
in U isotopic composition of the groundwater samples is
a result of mixing of contaminant U from the 1951 event
and natural background U. The identified vadose zone
contamination source is horizontally displaced from the
initial locus of groundwater contamination, indicating
that lateral migration within the vadose was at least 8
times greater than vertical migration. The time evolu-
tion of the groundwater plume suggests an average U
migration rate of ~0.7 m/day showing slight retarda-
tion relative to groundwater flow of ~1 m/day.
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In vadose zone soils, colloid-facilitated transport
has been shown to play a significant role in contami-
nant transport because colloids are abundant and the
kinetics of contaminant desorption are likely to be slow
relative to the time scale for colloid transport through
the unsaturated zone. Understanding the rate of colloid
generation and transport with respect to the surface
area available for contaminant sorption and chemical
composition of these colloids is critical for predicting
colloid-facilitated transport. Soil cores (approximately
20 cmS)obtained from the Arkansas River Valley in
Leadville, Colorado, where there is significant metal
contamination, were leached at three rainfall rates cor-
responding to 10-, 20-, and 100-year storm events. Ef-
fluent water samples were collected with a 2.5 cm spa-
tial resolution at the base of the column. Samples were
analyzed for colloid concentration, size and metal el-
ements (Pb, Zn, Cu) in addition to Al, Si, and other
metals. Despite significant variability in the spatial
distribution of water flow, there was little to no vari-
ability in the rate of colloid generation, size of the col-
loids, or heavy metal generation within a time step.
Generally, colloid size appeared to increase during the
course of the experiments and greater concentrations of
heavy metals were generated with increasing duration
of each rainfall event.
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A sprinkler irrigation system is being utilized on a
22-acre upland forested area for the distribution of tri-
tiated groundwater that is collected by a constructed
pond before it can enter the Savannah River. Irrigation
scheduling for the phytoremediation system is typically
based on continuous soil water deficit calculations using
observed rainfall data and estimated evapotranspira-
tion. In situ measurements include soil water moisutre
and water table depth. Vadose zone soil water samples
are also collected for tritium analyses. Complex hy-
drological, biochemical, and ecological factors, as well
as operations strategies, influence remediation system
success. Factors that contribute to tritium remedia-
tion efficiencies, including relationships with irrigation
volumes and frequency, as well as soil and vegetation
types and characteristics within irrigation plots, are
being evaluated. Related studies associated with the
tritium phytoremediation project include vadose zone
transport modeling and watershed scale water balance
estimations. Data analyses from this project should aid
in developing design criteria for future phytoremedia-
tion systems at SRS and other nuclear facilities.
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