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We quantify recharge in a water-table aquifer us-
ing a time-dependent model for the one-dimensional
Boussinesq Equation. In our model the unknown time-
dependent recharge function is represented as a Fourier
series in which the number of Fourier coefficients is
limited by the frequency of water-table elevation mea-
surements via the Nyquist frequency. We developed a
Monte Carlo inverse model in which we randomly gener-
ate Fourier coefficients and compare the resulting mod-
eled water-table fluctuations to observed water-table
elevations. The model assumes Dupuit flow and allows
lateral variations in hydraulic conductivity.

We applied our model to simulate water-table hy-
drograph data collected at Hatteras Island, North Car-
olina, USA. Irregularly sampled water-table elevation
data require that the recharge function contain only
low frequency components. These simulations suggest
that (1) recharge and precipitation diverge in spring
and summer; (2) recharge increases with precipitation
in fall and winter; and (3) the precise timing of the
minimum recharge rate may be tied to ENSO condi-
tions. They suggest further that water-table response
data should be collected at much shorter time scales.
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The paper introduces a new methodology for iden-
tifying a distributed parameter system when the struc-
ture of the system is complex and unknown. The basic
idea of the new methodology is to solve a generalized
inverse problem (GIP) to find the simplest model struc-
ture for given model applications. In the theoretical
part of the presentation, the identifiability of model pa-
rameters, the reliability of model applications, and the
sufficiency of observation data are rigorously defined
for the case of existing model structure errors. Some
quantitative relationships of them are derived. Suffi-
cient conditions for assuring the reducibility of a model
structure are given.

When model structure is unknown, to find a ro-
bust experimental design for model calibration is a very
challenging problem because a more complex structure
needs more data to identify. The worst-case-parameter
(WCP) of a model structure is defined as such a pa-
rameter that produces the largest structure error when
the model structure is simplified. We can prove that if
a design is sufficient for identifying the WCP, it must
be a robust one.

Based on these theoretical results, the paper gives
the following algorithms: (1) Using GA to Find the
WCP, and (2) Judging the robustness of an experimen-
tal design before it is actually conducted in the field. A
numerical example shows how this methodology is used
for identifying the structure of hydraulic conductivity
of a heterogeneous aquifer.
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The design of groundwater monitoring networks is
an important concern of regional-scale water-quality
assessment programs because of the high cost of data
collection. The work presented here addresses regional-
scale design issues using ground-water simulation and
optimization set within a Bayesian framework. The
regional-scale design approach focuses on reducing the
uncertainty associated with a fundamental quantity:
the proportion of a subsurface water resource which
exceeds a specified threshold concentration, such as a
mandated maximum contaminant level. This propor-
tion is hereafter referred to as the threshold propor-
tion. The goal is to identify optimal or near-optimal
sampling designs that reduce the threshold proportion
uncertainty to an acceptable level.

In the Bayesian approach, there is a probability den-
sity function (pdf) associated with the unknown thresh-
old proportion before sampling. This function is known

as the prior pdf. The form of the prior pdf, which is
dependent on the information available regarding the
distribution of water quality within the aquifer system,
controls the amount of sampling needed. In the absence
of information, the form of the prior pdf is uniform;
however, if a ground-water flow and transport model is
available, a Monte Carlo analysis of ground-water flow
and transport simulations can be used to generate a
prior pdf which is non-uniform and which contains the
information available regarding solute sources, path-
ways and transport.

After sampling, the prior pdf is conditioned on the
sampling data. The conditional distribution is known
as the posterior pdf. In most cases there is a reduc-
tion in uncertainty associated with conditioning. The
reduction in uncertainty achieved after collecting sam-
ples can be explored for different combinations of prior
pdf distribution and sampling method. Three scenarios
are considered: (i) uniform prior pdf with random sam-
pling; (ii) non-uniform prior pdf with random sampling;
and (iii) non-uniform prior pdf with non-random sam-
pling. Optimization is used in case (iii) to find near-
optimal monitoring locations for reducing the uncer-
tainty of the proportion pdf. The reduction in uncer-
tainty is compared for all three cases. Hypothetical ex-
amples are presented to demonstrate the value of incor-
porating modeling information and non-random sam-
pling strategies into the design of regional-scale net-
works.
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A groundwater quality monitoring network design
is developed in this work. The method combines a
Kalman filter and a genetic algorithm to determine
when and where to take groundwater samples to reduce
the uncertainty that is associated with this concentra-
tion field at least cost. The proposed method is applied
to a field problem. At each sampling period current
sampling locations are determined using the proposed
method, and the groundwater quality data are sampled.
Then the collected data are used to update the statisti-
cal information regarding the concentration field. The
sampling locations at the next sampling period are de-
termined using the updated information. Results show
the degree to which collection and utilization of the ac-
tual field data impact the decision making process and
result in a better estimate.
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Partitioning tracer tests (PTTs) are commonly used
to estimate the location and volume of nonaqueous-
phase liquids (NAPLs) at contaminated groundwater
sites. PTTs are completed before and after remedi-
ation efforts as one means to assess remediation ef-
fectiveness. PTT design is complex. Numerical mod-
els are invaluable tools for designing a PTT, particu-
larly for designing flow rates and selecting tracers to
ensure proper tracer breakthrough times, spatial de-
sign of injection-extraction wells and rates to maximize
tracer capture, well-specific sampling density and fre-
quency, and appropriate tracer-chemical masses. Gen-
erally, the design requires consideration of the following

factors: type of contaminant; distribution of contami-
nant at the site, including location of hot spots; site hy-
draulic characteristics; measurement of the partitioning
coefficients for the various tracers; the time allotted to
conduct the PTT; evaluation of the magnitude and ar-
rival time of the tracer breakthrough curves; duration
of the tracer input pulse; maximum tracer concentra-
tions; analytical detection limits for the tracers; esti-
mation of the capture zone of the well field to tracer
ensure mass balance and to limit residual tracer con-
centrations left in the subsurface; effect of chemical re-
mediation agents on the PTT results, and disposal of
the extracted tracer solution. These design principles
are applied to a chemical-enhanced remediation effort
for a chlorinated-solvent dense NAPL (DNAPL) site at
Little Creek Naval Amphibious Base in Virginia Beach,
Virginia. For this project, the hydrology and pre-PTT
contaminant distribution were characterized using tra-
ditional methods (slug tests, groundwater and soil con-
centrations from monitoring wells, and geoprobe analy-
sis), as well as membrane interface probe analysis. Ad-
ditional wells were installed after these studies. Par-
titioning tracers were selected based on the primary
DNAPL contaminants at the site, expected NAPL sat-
urations. Partitioning coefficients were measured in
the laboratory in water and in solutions containing ex-
pected post-remediation residual concentrations of the
chemical remediation agent, which was shown to influ-
ence the partitioning coefficients. The numerical model
was used to optimize the injection-extraction rates and
distribution to most efficiently sweep the NAPL hot
spot, to enable hydraulic capture of the tracers, and to
predict the peaks and arrival times of the tracer break-
through curves. Field results are presented to evaluate
the effectiveness of the PTT design approach.

H51D MCC: 103 Friday 0830h

Linking Hydrology and
Biogeochemistry I (joint with B, GC)

Presiding: M Gooseff, Oregon State
University; B Newman, Los Alamos
National Laboratory; D DeWalle,
Pennsylvania State University; J
McDonnell, Oregon State University
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We investigated the interaction of 90Sr in sediments
and pore waters of wetlands and stream hyporheic
zones at a stream near Chernobyl. A non-dimensional
activity ratio was formulated, the ratio of 90Sr in the
pore waters compared with exchangeable 90Sr in the
sediment on a volume basis. The average activity ra-
tio for the wetland and channel sediments was 0.028
+/- 0.005. The activity ratio decreased when the sed-
iment and porewaters were not in equilibrium. The
change in the activity ratio was documented during
two observational periods in a wetland: initially dur-
ing a time when groundwater was discharging to the
wetland (snowmelt, 2000) and subsequently at a time
of near-stagnant groundwater flow (late fall in 2001 af-
ter a dry three month period). In both the discharge
and stagnant periods, the exchangeable 90Sr concen-
tration in sediment increased with depth by a factor of
five to a peak concentration at 10 cm. In contrast, the
90Sr concentration in porewater differed significantly
in the two observational periods. During the groundwa-
ter discharge period, the porewater concentration was
relatively constant over the 30 cm depth of observa-
tion (120 +/-12 Bq/L) and surface water concentra-
tions were similar. During the near-stagnant period,
the porewater concentration increased with depth from
20+/-2 Bq/L in surface waters to 400 +/-40 Bq/L at
a depth of 10 cm. We hypothesize that during dis-
charge periods, the porewaters in the wetland repre-
sent the 90Sr concentration of advecting groundwater
while during stagnant periods, the porewaters repre-
sent the concentration of 90Sr in equilibrium with the
sediment. This proposed explanation is supported us-
ing PHREEQC in a dual porosity mode. Using inde-
pendent estimates of the model parameters, the con-
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centration profiles could be successfully matched with
the assumption of advective transport during the dis-
charge period and diffusive transport of 90Sr during
near-stagnant conditions.
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Modeling Transport Processes in the
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The dynamic exchange processes between surface
water and the hyporheic zone depend on the sediment
as well as on the current and preceding streamflows.
The transport processes can be characterized by the
discharge and flow velocity of the surface water, the re-
lationship of the stream water table to the groundwater
and to the topography of the river bed, the hydraulic
conductivity and the porosity of the sediment, as well
as clogging processes.

Experiments in the River Lahn, Germany, have
shown, that: (1) transport directions dominate at dif-
ferent depths and zones (2) the amount of freshly infil-
trated surface water in the sediment decreases depth;
the first 10 20 cm below the stream bed contain about
70-100% of fresh, oxygen-rich surface water; (3) at a
depth of about 0.2 m there is a layer where clogging
processes take place with a distinct patchiness; (4)
with increasing depth the sediments are less influenced
by surface water and more influenced by the horizon-
tal flow of the groundwater aquifer; (5) the sediment
structure as well as (de-) clogging processes play an
important role in the estimation of hydraulic conduc-
tivity, the porosity, and hence the transport velocities
in the hyporheic zone; (6) patterns of exchange be-
tween surface and subsurface water take place at differ-
ent scales: the smallest changes (stones), small changes
(bed forms, small bars and scours), mean changes
(riffle-pool-sequences) as well as changes in slope (
large scale) cause differences in gradients of the wa-
ter table and topography; (7) a conceptual model of
the hydraulic exchange processes in a river bed is pre-
sented.

We are working now to describe the observed field
data with a numerical groundwater model, coupled
to a one-dimensional streamflow model. The aim is
to use numerical simulation to predict the transport
processes in the subsurface at different scales. Non-
reactive tracer and abiotic parameters (e.g. oxygen)
are being used to analyse the influence of different mor-
phological structures on exchange processes.
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Evaluating the Importance of the
Hyporheic Zone Throughout a
5th-order Mountain Stream Network
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Over the last decade, there have been many ad-
vances in the understanding of the factors that con-
trol hyporheic exchange flows, leading to publication of
several conceptual models that describe the influence of
the hyporheic zone on stream ecosystems at the scale of
entire stream networks. We report the results of well-
network studies, MODFLOW and MODPATH simula-
tions, and a variety of stream-tracer experiments con-
ducted throughout a 5th-order mountain stream net-
work and designed to examine the relative importance
of hyporheic exchange flows to stream ecosystems at
different points along the stream continuum. Observa-
tions are compared with recently published conceptual
models. We conclude that (1) in headwater streams,
exchange flows are driven primarily by changes in lon-
gitudinal gradients associated with pool-step sequences
where as in larger streams, lateral complexity and in-
teractions between multiple features are more impor-
tant; (2) amount of hyporheic exchange flow, relative
to stream discharge, generally decreases with stream
size; (3) residence time of water in the hyporheic zone
generally increases with stream size; (4) reach-scale
variation limits the expression of simple longitudinal
patterns; and (5) the amount of exchange flow may
not be a good indicator of the importance of the hy-
porheic zone in some hydrological, biogeochemical and

ecological processes. Although this study focused on
mountain-stream networks, the approach is generally
applicable. Further studies are needed, in other geo-
morphic and geologic settings, to fully understand the
importance of the hyporheic zone in hydrologic and
ecosystem processes at watershed scales.
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Recent research suggests that physical landscape
characteristics play an important role in the hydro-
logical functioning of riparian zones. The influence of
aquifer depth and landscape topography on water ta-
ble variation, subsurface flow patterns and the hydro-
logic connection with adjacent uplands was examined in
nine stream riparian zones. These sites were located in
Southern Ontario on glacial till and outwash landscapes
with various slope gradients (0.5o to 14o) and depth
to a confining layer (1 to 10 m). Several of the ripar-
ian sites received subsurface water inputs from adjacent
uplands throughout the year, whereas other sites were
hydrologically disconnected in June-November. The
duration of this hydrologic connection was controlled
by the depth of permeable sediments overlying a con-
fining layer. Large water table fluctuations occurred in
riparian zones where hillslope discharge was intermit-
tent. At sites with flat riparian topography and limited
upland discharge, data indicate that stream water lev-
els influence hydraulic gradients producing significant
seasonal changes in subsurface flow direction. These re-
sults increase our understanding of how landscape char-
acteristics influence riparian zone hydrology, which is
essential to the assessment of their role as water quality
buffers.
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Studies of the interaction of hydrologic transport
processes with solute dynamics at hillslope-riparian
transitions are needed to develop a better conceptu-
alization of how riparian zones interact with the sur-
rounding landscape, which may lead to the develop-
ment of improved water quality models. However, few
field studies have been performed that examine these
dynamics, especially during rain and snowmelt events.
We sampled hillslope and riparian groundwater, and
stream water during two rain events in March 1996
at the Panola Mountain Research Watershed, Georgia
to examine hillslope-riparian groundwater interactions.
During a 96-mm event on March 6 and 7, a shallow ri-
parian piezometer at 1.34 m depth showed dilution of
Na+ and H4SiO4 concentrations near the time of peak
groundwater stage. Results of an end-member model
based on conservative mixing indicated the presence
of about 25% hillslope groundwater at this depth at
peak stage. Riparian groundwater chemistry rapidly re-
turned to pre-event concentrations, an indication that
hillslope groundwater rapidly transits to the stream
with little permanent recharge of the riparian aquifer.
At depths of 2.61 and 3.73 m, however, little change
in pre-event water chemistry was observed, an indica-
tion of minimal penetration of hillslope groundwater to
these depths. During a smaller and more typical 26 mm
rain event on March 27, little change in groundwater
chemistry was observed at even the shallow piezometer
suggesting that hillslope groundwater contributes little

to stream water during moderate rain events. These re-
sults indicate that transient hillslope groundwater en-
ters only the shallow part of the riparian aquifer near
the peak of large storms. The shallow part of the ri-
parian aquifer is therefore, a zone in which transient
groundwater mixes with pre-event groundwater, and is
then rapidly delivered to the stream. Some unanswered
questions remain, however, such as the ability of rapid
biogeochemical reactions to attenuate solute transport
through the riparian aquifer during storms.
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Floodplain habit was recreated on the lower Co-
sumnes River by breaching levees that previously pro-
tected agricultural lands from seasonal flooding. This
study examined the ability of restored floodplains to re-
tain nutrients from the river during flood events. The
study looked at the potential for nitrate loss utilizing
two techniques: (i) potential denitrification rates of
floodplain soils and (ii) nitrate loss from floodplain wa-
ters during in situ microcosm experiments. Soils sam-
ples were collected from 13 locations within the flood-
plain and analyzed for denitrification potential. Den-
itrification potentials ranged from 0.06 to 27.5 nmol
N2O cm−3 hr−1 and correlated with the concentra-
tions of total N, organic C, sand and silt in the soils.
Furthermore, denitrification potential correlated well
with microbial respiration rates suggesting that con-
centrations of labile carbon strongly affect microbial
activity and subsequent denitrification. Microcosm ex-
periments were conducted by inserting polycarbonate
tubes approximately 20 cm into the sediment. In addi-
tion, a replicate set of columns was studied which ex-
cluded the sediment layer to distinguish water column
processes from those occurring within the sediments.
The overlying water was spiked with nitrate and bro-
mide to observe changing nitrate concentrations over
time. Three different levels of nitrate were examined:
ambient, +1 ppm nitrate, and +5 ppm nitrate. Re-
sults showed that nitrate loss from the water column
was rapid and a function of the initial nitrate concen-
tration. Nitrate was completely removed within 68 to
163 hours for the background and +5ppm treatments,
respectively. Rates of nitrate disappearance were ∼ 2.5
times greater in the sediment/water treatment, with
approximately 20-30% of the nitrate being lost from
water column alone. Results from this study document
the potential role of these floodplain habitats to reduce
the amount of nitrate that is transported downstream
to sensitive aquatic ecosystems.
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The study of integrated biogeochemical cycles is
challenging due to the numerous processes and link-
ages that govern the dynamics of individual element
cycles. For example, the movement of materials such
as carbon (C) and nitrogen (N) from land to water is
governed by physical drivers of climate and hydrologi-
cal flow, the processes of biological production and de-
composition, and the chemical reactions that transform
materials into either more or less reactive components
in the system. The export of organic matter and nutri-
ents from land has enormous consequences for human
health and the ecology of waterways, coastlines, and
oceans. This export is strongly driven by hydrologi-
cal processes that result in variable patterns of trans-
port in space and time. The focus of this work is on
understanding the variation in hydrologic ”connectiv-
ity” between patches on the landscape. We analyze the
impact of this connectivity on downslope transport of
materials using (i) hydrologic simulations at two catch-
ments, one located in New York and the other on the
North Slope of Alaska, and (ii) in situ stream hydro-
graphic and chemographic data as observed during the
snowmelt season at a small headwater basin located in
Boise, Idaho.

The simulations presented here suggest that for
much of the year water draining through a catchment
is spatially isolated. That is, only rarely, during storm
events when antecedent soil moisture is high, are the
uplands and lowlands actually connected hydrologi-
cally. At the catchment level, this seasonal timing of
hydrologic connectivity may have significant ramifica-
tions for a range of ecological problems. Such problems
include how the spatial heterogeneity of vegetation and
variable hydrological connectivity impacts C-N cycling
and turnover. What is clear from these simulations is
that connectivity must be better understood in order
to increase our knowledge of the mechanisms by which
water and nutrients move downslope along a topose-
quence. This in turn will be critical to our understand-
ing of the general controls on export of materials from
land to water at regional scales and for the entire globe.

H51D-08 1045h

An Empirical Riverine Carbon Budget
for New Zealand: National scale
estimate of organic and inorganic
carbon.

Durelle T Scott1 (+64 (6) 356 7154;
scottd@landcare.cri.nz)

W. Troy Baisden1 (+64 (6) 356 7154;
baisdent@landcare.cri.nz)

Rob Davies-Colley2 (+64 (7) 856 7026;
r.davies-colley@niwa.cri.nz)

Noel Trustrum1 (+64 (6) 356 7154;
trustrumn@landcare.cri.nz)

1Landcare Research, Private Bag 11052, Palmerston
North 5301, New Zealand

2National Institute of Water and Atmospheric Re-
search, PO Box 11 115, Hamilton Hillcrest, New
Zealand

New Zealand rivers contribute a large amount of
sediment to the ocean, partially attributable to tec-
tonic uplift combined with softer rocks under inappro-
priate land-use and high-frequency rain events. Pre-
liminary calculations suggest that in NZ between 3-
11 Mt carbon is transported annually through erosion,
compared with about 8.5 Mt per yr released from fos-
sil fuel burning. Therefore, if a large proportion of
this erosional carbon is oxidized before sequestration
in sedimentary basins, soil erosion may represent a ma-
jor greenhouse contribution. Our current study aims
to refine a national estimate of both particulate and
dissolved organic carbon leaving New Zealand through
rivers. We are also attempting to understand both the
biochemical processing of organic matter in transit to
the ocean, as well as the resulting evasional flux of CO2
to the atmosphere. Initial estimates of these fluxes
based on measurements collected over a 12-month pe-
riod from 50 rivers, as well as from a number of flood
snapshots around the country, will be presented. Us-
ing surrogates such as spectrophotometric absorbance
for DOC developed using this years dataset, these mea-
surements will be used to quantify the annual riverine
flux of particulate and organic carbon from a 12-year
record. Carbon fluxes from individual catchments will
also be compared to landscape properties (soil parent
material, slope, climate, and land-use patterns). The
relationship between the solute flux from and landscape
properties within a catchment is crucial to extending
the estimates of carbon flux to ungauged catchments
to estimate total carbon flux in river drainage from the
NZ landmass.

H51D-09 1100h

Exploring the First Order Controls of
Hillslope Scale N and DOC Flushing:
A Virtual Experiment Approach

Markus Weiler1 (541 737 8719;
markus.weiler@orst.edu)

Jeffrey J. McDonnell1 (541 737 8720;
jeff.mcdonnell@orst.edu)

1Oregon State University, Dept. of Forest Engineer-
ing, Corvallis, OR 97331-5706, United States

The delivery mechanisms of N and DOC to streams
are poorly understood. Recent work has quantified
the relationship between storm DOC dynamics and the
connectedness of catchment units (McGlynn and Mc-
Donnell, 2002 WRR in press) and between pre-storm
wetness and transient groundwater N flushing poten-
tial (McHale et al., 2002 WRR 38: 10.1029). While
several studies have shown N and DOC flushing dur-
ing storm events as the important mechanism in the
export of DOC and N in small catchments, the actual
mechanisms at the hillslope scale have remained equiv-
ocal. The difficulty in isolating cause and effect in field
studies is made difficult due to the spatial variability
of soil properties, the reduced ability to detect flow
pathways within the soil, and other unknowns. Some
hillslopes show preferential flow behavior that may al-
low transmission of hillslope runoff and labile nutrients
with little matrix interaction (Buttle et al., 2001, HP
15: 1065-1070); others do not. Thus, field studies are
only partially useful in equating DOC and N sources
with water flow and transport.

This paper presents a new approach to the study of
hydrological controls on DOC and N flushing at the
hillslope scale. We present virtual experiments that
focus on quantifying the first order controls on flow
pathways, transport and residence distributions in hill-
slopes. We define virtual experiments are numerical
experiments with a model driven by collective field in-
telligence. We present a new distributed model that
describes the lateral saturated and vertical unsaturated
water flow from finite and infinite N and DOC sources
in the upper soil horizons. We describe how depth dis-
tributions of transmissivity and drainable porosity, soil
depth variability, as well as mass exchange between the
saturated and unsaturated zone influence the mobiliza-
tion, flushing and release of N and DOC at the hillslope
scale. We argue that this new virtual experiment ap-
proach may provide a well-founded basis for defining
the first order controls and linkages between hydrology
and biogeochemistry at the hillslope scale and perhaps
form a basis for predicting flushing and transport of
labile nutrients from upland to riparian zones.
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Dissolved silica has been used as a useful indicator
of a chemical weathering in many geochemical studies
in natural environment. Previous hydrological studies
indicated that various hydrological processes affect the
dissolution and precipitation of silica in hillslope and
transport of this silica to stream; however, information
is still limited to link this knowledge to understand
geochemical processes. The observations of dissolved
silica concentration in groundwater, spring and stream
water was conducted at the unchannelled hillslope in
the Tanakami Mountains of central Japan; (1) to clar-
ify the effects of preferential flowpaths including lateral
and vertical flow in soil layer and flow through bedrock
fracture in the variation of dissolved silica concentra-
tion in runoff and groundwater, and (2) to isolate the
effects of mixing of water from geochemically diverse
water sources on the dissolved silica concentration. The
mean dissolved silica concentrations in soil water at 40
cm depth and transient groundwater formed in upslope
area were relatively constant independent of the varia-
tion in the new water ratio. The mean dissolved silica
concentrations were similar regardless of the sampling
depth in soil although the mean residence times of wa-
ter increase with depth. These results indicated that
dissolved silica concentrations in soil water and tran-
sient groundwater were defined almost independent of
contact time of water with minerals. While the mean
dissolved silica concentration in perennial groundwa-
ter, which was recharged by infiltrating water through
soil and water emerging from bedrock in a area near to
spring, was more than twice that of transient ground-
water and the variation was relatively large. The mean
dissolved silica concentration increased significantly at

downslope from perennial groundwater, spring to the
stream and the spring and stream concentrations also
showed large variation. The dissolved silica concentra-
tions of those perennial groundwater, the spring and
the stream was controlled by the mixing of water from
soil and bedrock. Our results demonstrated that in
most areas of this headwater catchment, the preferen-
tial flowpaths give only small effect on dissolved silica
concentrations. While in a small area (less than 10%
of the longitudinal axis of the hollow near the spring),
the dissolved silica concentration were controlled by
the mixing of water from geochemically diverse water
sources.
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In a steep, forested headwater catchment at Sleep-
ers River, Vermont, research during the 1990s identi-
fied two discreet groundwater regimes: (1) a riparian
zone, in which discharging groundwater creates a well-
mixed aquifer with chemistry stoichiometrically similar
to streamwater, and (2) a hillslope zone, with chem-
istry that varies widely but is generally quite different
from streamwater. In contrast to the damped changes
in riparian groundwater levels, the water table in hill-
slope positions increased a meter or more during large
events, peaking after the streamflow peak. Despite the
strong hydrologic dynamics in the hillslope, the chem-
istry of hillslope water, most notably its high Si con-
centration, was not detected in streamwater. More re-
cent study has revealed a continuum of subsurface en-
vironments, with groundwater chemistry approaching
streamwater stoichiometry along convergent flow paths.
However, the fate of the high Si concentrations in hills-
lope groundwater has not been satisfactorily explained.
Whereas past studies assumed conservative mixing of
source waters, the aim of this presentation is to syn-
thesize and reinterpret these past studies by giving
greater consideration to potential biogeochemical reac-
tions through the use of equilibrium modeling
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semiarid ecosystems: the influence of
spatial variability of infiltration on
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Shrubs have invaded extensive areas of semiarid
grassland in the southwestern U.S. over the past 200
years, resulting in dramatic ecosystem changes. One
critical change is that the zones of nutrient-rich soil
found beneath plant canopies, referred to as ”islands
of fertility”, are more intense and spaced further apart
in shrubland than in grassland. This difference in the
spatial pattern of soil nutrients is believed to reinforce
shrub invasion.

Changes in surface and vadose zone water cy-
cling also accompany the grass-to-shrub vegetation
transtion. In both environments, infiltration is greater
beneath plant canopies than beneath interspaces during
rainfall events that yield overland flow. However, the
canopy-interspace infiltration ratio is much higher in
the shrubland than the grassland. Based on this obser-
vation, we propose a new model that explains why ”is-
lands of fertility” are more intense in shrubland. Nitro-
gen mineralization occurs most rapidly when the soil is
wet. In shrubland, canopy soil is wetter than interspace
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soil, due to the spatial variability of infiltration, canopy
shading, and soil texture effects. Therefore, nitrogen
mineralization is more intense beneath shrub canopies
than adjacent interspaces. In contrast, the soil mois-
ture distribution in grassland promotes more spatially
homogenous nutrient cycling. We test this model with
laboratory soil incubations. These laboratory experi-
ments demonstrate that soil moisture is the key control
on N mineralization, not soil organic carbon or cover
type.
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The construction of the Aswan High Dam has had
major impacts on the landscape and on the water and
carbon reservoirs in SW Egypt. It gave rise to Lake
Nasser, an extensive (capacity: 1.6 x 1011 m3, length:
500 km, average width: 12 km) reservoir. Recharge
from the lake raised the groundwater table by as much
as 20m; the lake and the companion agricultural de-
velopment projects are creating new carbon sinks. We
applied an integrated systems approach (involving re-
mote sensing, geochemical and physical analyses, and
hydrologic modeling) to assess, monitor, and model the
recent and future impacts of changes in the landscape
in SW Egypt. Co-registered temporal satellite images
(CORONA, MSS, TM, DTED), and lake stages were
used to monitor the temporal variations in the arial
extent of Lake Nasser. Temporal variations were ac-
counted for in a 2-dimensional groundwater flow model
constructed for the SW corner of Lake Nasser. The
model, constrained by regional-scale groundwater flow
and near-lake head data, was calibrated to observed
heads from 1970 to 2000. Predictive analyses for the
next 50-yr period indicate a substantial reduction in
recharge with time (approx. 86% reduction in 30-yr
recharge). The recharge front advanced northwestward
at an average rate of 0.24-0.57 km/yr (i.e., less than 20
km by 2000) consistent with inferences made from O
and H isotopic data for groundwater from shallow and
deep wells in the vicinity of the Lake that indicate that
infiltration from the Lake was undetectable in areas
that are 20 km or more from the Lake. Analysis of two
suites of soil samples from fields that were reclaimed
within the past 100 years indicate that organic car-
bon and nitrogen are being sequestered at rates ranging
from 0.0282 to 0.1705 g C/kg soil/yr and from 0.003 to
0.0147 g N/kg soil/yr. The geologic and agricultural
practice controls on carbon sequestration rates in soils
are currently being examined and the hydrology model
is being extended to incorporate the entire Lake Nasser
and adjoining lakes and lands.
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Human alteration of the Earth’s land cover is es-
calating. This change can significantly impact evapo-
transpiration in regional ecosystems, which in turn in-
fluences the global hydrologic cycle. What is the mag-
nitude of this influence? Accurate estimates of the hu-
man impact on terrestrial evapotranspiration are lack-
ing.

We derive two independent estimates of human
appropriation of terrestrial evapotranspiration. Six
spheres of human activity on the planet form the basis
for our inventories: 1) conversion of land for agricul-
ture, 2) conversion of land to urban areas, 3) conversion
of land to grazing, 4) deforestation and tree farms, 5)
water reservoir creation, and 6) biomass burning. We
base our first estimate upon our earlier inventory of
human appropriation of net primary productivity (Ro-
jstaczer, Sterling and Moore, Science, 2001) that we
convert into evapotranspiration via empirical water use
efficiency data. We use independent evapotranspiration
data for our second estimate. For both measures, we as-
semble multiple independent estimates of the key vari-
ables from the literature. We estimate the uncertainty
of both measures using Monte Carlo simulations. Our
results differ considerably from an earlier often-cited
estimate (Postel et al., Science, 1996).
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The volumetric water content of vegetation is an im-
portant ecohydrological variable that, at the level of in-
dividual leaves, is a direct measure of leaf water status.
Measurements of water status are available at the scale
of a leaf and stems but not at the scale of whole plant
canopies. Microwave remote sensing and eddy corre-
lation techniques measure the effects of canopy water
status at large scale ( tens of meters to tens of kilo-
meters). This poster attempts to bridge this gap in
scales by relating measurements of whole canopy dielec-
tric permittivity to whole canopy water status on the
scale of a few meters. The method used to determine
whole canopy dielectric permittivity is the impulse time
domain transmission technique that has recently been
developed to measure the volumetric water content of
soils.
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Fog is highly persistent at upper elevations of humid
tropical mountains and is an important pathway for wa-
ter and nutrient inputs to mountain forest ecosystems.
Measurements of fogwater fluxes were performed in the
Luquillo mountains of Puerto Rico using the eddy co-
variance approach and a Caltech-type active strand
cloudwater collector. Rainfall and throughfall were col-
lected between 25 June–7 August 2002. Samples of fog,
rain, stemflow and throughfall were analyzed for inor-
ganic ion and stable isotope concentrations (δ18O and
δD). Initial results indicate that fog inputs can occur
during periods without rain and last for up to several
days.

The isotope ratios in rainwater and fogwater are
rather similar, indicative of the proximity of the Car-
ribbean Sea and the close interrelation between the ori-
gins of fog and rain at our experimental site. Largest
differences in isotope ratios for fog were found between
daytime convective and nighttime stable conditions.
Throughfall was always exceeding rainfall, indicating

(a) the relevance of fogwater inputs and (b) the poten-
tially significant undersampling of rainfall due to rela-
tively high wind speeds (5.7 m/s mean) and the expo-
sition of our field site close to a mountain ridge.

Our size-resolved measurements of cloud droplets
(40 size bins between 2 and 50 µm aerodynamic di-
ameter) indicate that the liquid water content of fog
in the Luquillo mountains is 5 times higher than previ-
ously assumed, and thus does not differ from the values
reported from other mountain ranges in other climate
zones. Average deposition rates are 0.88 mm and 6.5
mm per day for fog and rain, respectively.

URL: http://giub.unibe.unibe.ch/∼burkard/
messkampagne pr.html
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A well-characterized chronosequence of soils in the

Hawaiian archipeligo provides an excellent opportunity
to examine the effects of time on hydrological prop-
erties and flow paths in a humid tropical environment.
Detailed hydrological studies were conducted at the ex-
treme ends of a chronosequence of soils in the Hawai-
ian Islands as a part of a larger study evaluating hy-
drologic losses of nitrogen (N) under elevated N sup-
ply. Specifically, we determined in-situ soil-water re-
tention, soil hydraulic conductivity, and flow path char-
acteristics on a 300 year old Andisol and 4.1 million
year old Oxisol both supporting native montane tropi-
cal forest. We found that surface and subsurface soils
drained rapidly at the young site but observed signif-
icant differences between surface and subsurface soil-
water retention and hydraulic conductivity character-
istics at the old site. An artificial rainfall experiment
with deuterium isotope tracer showed that water was
dominantly downward advecting at the young site. At
the old site, water moved fast as by-pass flow through
the near-surface soils to an impeding subsurface clay
layer and then moved both laterally along the clay con-
tact and slowly downward as piston flow. Across the
soil age gradient, soil anisotropy and the probability of
lateral flow increased as saturated hydraulic conduc-
tivity in subsurface soils declined. Findings from this
study demonstrate that soil development with time can
have a profound effect on the rate and direction of wa-
ter flow which have important implications for the rate
and trajectory of soil and ecosystem formation, nutri-
ent cycling and storm runoff mechanisms.
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Savanna ecosystems cover a large fraction of the

terrestrial landscape with a shifting mosaic of vegeta-
tion that is poorly understood. Vegetation dynamics
in savannas are believed to be triggered by variation in
climate forcing with potential local and regional scale
feedbacks on climate and with nonlinear behavior, such
as self-organization. Recent debate has brought atten-
tion to uncertainty regarding the role of savannas in
global carbon and water cycles, identifying the need for
data that can address the coupled water and carbon dy-
namics of these sensitive ecosystems. We report results
from a 30-day field campaign conducted in southern
Africa near Ghanzi, Botswana along the Kalahari Tran-
sect. This water-limited site is ideal for studies of soil
and plant water relations because high spatial and tem-
poral variability in rainfall has direct effects on vegeta-
tion function, extent, and composition. We character-
ized the functional response of tree/grass/bare soil mo-
saics during a prolonged drydown following a large rain
event (85 mm) at the end of the 2002 wet season. Net
radiation, sensible, latent and soil heat fluxes, carbon
dioxide exchange, soil moisture, soil temperature, and
vegetation temperatures were measured at two sites,
one dominated by woody vegetation (Acacia and Termi-
nalia) and the other composed of native grasses, shrubs,
and bare soil. We characterized the vegetation struc-
ture within the footprints of both towers with mea-
surements of leaf area, fractional vegetation cover, and


