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Our study is focused on one of the major new use
of spatial data and especially radar altimetry on con-
tinental waters, i.e. the ability of quantifying the role
of the inundation plains in the estimate of water and
sediment fluxes of the great fluvial basins of the world.
Our aim is to assert the type and precision of informa-
tion that can be derived from radar altimetry tempo-
ral series comparing with the in-situ records of gauging
stations. We will then present a new method to de-
termine spatio-temporal variations of water volume in
the Rio Negro basin, based on the results of a SAR im-
ages classification, Topex/Poseidon altimetry data and
in-situ water level measurements. We choose as a test
site the Negro River sub-basin whose area is only 12
percents (700,000 km2) of the whole Amazon basin but
which represents the volumetrically largest supply to
the Amazon river and is estimated as the fifth largest
river in the world for its water discharge. The Negro
River is a northern tributary as it joins the Solimes
River to form the Amazon, downstream from Manaus.
It is characterized by the black color of its water, due
to a high content in organic matter dissolved load and
a low detritic particulate sediment load, and is consid-
ered as a low energy system, that partly explains (with
the high amount of precipitation) the considerable ex-
tension of the inundation plain. A series of SAR im-
ages from the JERS satellite enables us to distinguish
between neverflooded, occasionally or always flooded
area, as well as between main course of the river and in-
undation system at high and low stage. We use 10 years
of Topex/Poseidon altimetry (1993-2003) at about 70
sites combined with measurements from 30 in-situ hy-
drographic stations to determine water level time series
over the basin. By combining area estimates from the
radar images classification with the water levels, we in-
fer water volume change over a seasonal cycle and com-
pare the information given by both sources of data, i.e.
altimetric measurements and in-situ gauges.
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The Miyun Reservoir is the most important water
source to Beijing City. In recent decades, the inflow
to the reservoir presented a decreasing trend, which
seriously threaten the water use of Beijing. In order
to analyze the reasons, based on the terrain and land
use information from GIS and RS (Remote Sensing),
we revised the Bagrov evapotranspiration estimation
method, introduced a water loss model under condi-
tions of human impacts, and established a distributed
monthly water balance model applied to the Chaobeihe
river basin controlled by Miyun Reservoir. The hy-
drometerologic data from 1961 to 1966, when human

impacts were slight, was used to calibrate and ver-
ify the model, and the data from 1973 to 1990, when
human impacts were significant, were used to model
simulation and analysis. Take the year 1966 as back-
ground, the scenario analysis, which concentrated on
the impact of land cover change on evapotranspiration,
showed: without considering the spatial distribution
of land cover, if the size of forest area increases one
time, the runoff will decrease by about 2.8% (the evap-
otranspiration increases); if the size of meadow area in-
creases one time, the runoff will increase by about 5.6%
(the evapotranspiration decreases); if the size of dry
land area increases one time, the runoff will increase
by about 2.0% (the evapotranspiration decreases); the
change amplitudes for the three scenarios are within
6%. However, from 1960 to 1990, the areas of the three
land-use types did not change so much, and if the water
loss model is not involved, the observed runoff volume
is 10.7% less than simulated one for the Chaohe river
basin and 24.8% for the Baihe river basin, which means
we should consider not only the impact of land cover
change on evapotranspiration, but also the extra water
loss caused by human activities, such as the water and
soil conservation constructions. After take the water
loss estimation into account, the simulation results in-
dicated that the water loss had a increasing tendency
from 1973 to 1990, and the water loss became much sta-
ble in the late 1980s only for Chaohe river basin; within
one year, water loss varied with seasons, especially in
summer, the reservoirs and water-soil conservation con-
structions held up the flood water and made runoff lost,
but the springs were water supply period. Hydraulic
constructions is of great benefit to human and ecologic
protection, on the other hand, these engineering mea-
sures can reallocate water resources in time and space,
and will influence the stream flow in a sense.
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Soil moisture, surface temperature, vegetation, and

precipitation are variables that play a significant role
in determining our hydrological cycle. Soil moisture
is a key variable among these since it controls the ex-
change of moisture and heat fluxes at the land-surface
boundary directly influencing weather and climate sys-
tems. Accurate estimation of soil moisture changes on
a regional scale is important for global climate, hy-
drological and flood modeling. In this study, we con-
duct a quantitative evaluation of the Special Sensor Mi-
crowave Imager (SSM/I) 19 GHz observations in con-
junction with a radiative transfer model and in situ
datasets from the Illinois Climate Network and the Ok-
lahoma Mesonet Network to retrieve the spatial and
temporal variability of land surface temperature and
soil moisture in the top layer 0 - 10 cm. The derived
surface temperatures compare well with the in situ data
to within approximately 6.3 K. Correlation coefficients
of 0.80 and 0.86 were obtained for Oklahoma and Illi-
nois, respectively. There is a similar response of the
predicted soil moisture with the observed soil mois-
ture. The predicted and observed soil moisture com-
pare within 0.04 with a standard error of 0.05. Overall,
the results show that the 19 GHz channel can be used
to qualitatively predict the temporal and spatial vari-
ability of surface soil moisture and surface temperature
at regional scales. Future perspectives include the use
of other sensors, frequencies, and other test sites, and a
systematic enhancement to the inversion model used by
the inclusion of more precise a priori information that
is location and season dependant.
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Remote sensing technology has tremendous poten-

tial for use in natural resource studies, agriculture, wa-
ter and land use management because of the spatial in-
formation contained in remote sensing images and be-
cause of the ease and/or frequency of acquiring vast

amounts of surface information. However, the quanti-
tative application of remotely sensed data is restricted
by several problems. One of them is that the entities
a remote sensor views are not single targets. For ex-
ample, measurement show that the skin temperature of
many crops can exhibit more than a 10◦C difference
between the leaves at the bottom and those at the top
of the canopy, in addition to the usually large differ-
ence between leaves and soil substrate. Directional ra-
diometric surface temperatures measured from above a
crop represent neither the skin temperature of the crop
nor the surface temperature of the soil substrate but
a complex aggregate of all elements viewed. When a
remote sensing device views a vegetated surface from
different view angles, different combinations of canopy
and soil elements at different temperatures will be seen,
producing different values of “remotely sensed surface
temperature.” As the first step in a series of mod-
els to be developed to simulate energy balance, sen-
sible and latent heat fluxes, and temperature profiles
within a vegetation canopy, a multiple-layer canopy
scattering model to estimate short wave radiation dis-
tribution within a wheat canopy was developed. This
model incorporates processes of radiation penetration
through gaps between leaves, and radiation absorption,
reflection and transmission in leaf layers. It is able to
simulate the multiple scattering processes that occur
among different canopy layers, and determine the ver-
tical distributions of upwelling, downwelling, and re-
flected short wave radiation within the canopy, and at
the soil surface. One of the primary advantages of this
model, in contrast to other models, is that the multi-
ple scattering processes are represented by a set of lin-
ear simultaneous equations that can be solved in a sin-
gle pass through the equations, without iteration. This
achieves computational economy while still accounting
for the details of multiple scattering of radiation within
the canopy. Compared to the two-stream approxima-
tion model, which is not appropriate for directional ra-
diation, our model accounts for the directional scatter-
ing of directional radiation on the surface of a leaf an-
gle distribution model. Stability analyses of the model
showed that the canopy, with a Leaf Area Index (LAI)
within a normal field range from 0 to 7, requires subdi-
vision into about 50 or more layers in order to converge
upon its final solution. Satisfactory agreement was ob-
tained between model results and field measurements
for downwelling short wave radiation impinging on the
soil surface below the canopy and upwelling reflected
radiation above the canopy, both for daily total values
and for the 20-minute averages throughout the diurnal
cycle.
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Displacement heights and roughness lengths are cru-
cial parameters in calculation of momentum, sensible
heat and latent heat fluxes via aerodynamic methods.
These parameters are usually estimated from the data
measured near neutral atmospheric stability conditions
and it is assumed that they have the same values un-
der non-neutral (stable and unstable) as under neu-
tral atmospheric stabilities, or just simply estimated
as a certain fraction of crop height, as these parame-
ters are difficult to calculate under non-neutral atmo-
spheric stabilities. A Two-Concentric-Loop Iterative
(TCLI) method is proposed to estimate the displace-
ment height and roughness lengths for momentum and
sensible heat by using the measurements of wind speed
and air temperature at two heights, sensible heat flux
above the crop canopy and the surface temperature of
the canopy. This method is derived theoretically from
existing formulae and can be used not only under near
neutral conditions but also unstable and slightly stable
conditions. Based on the data measured above an Aca-
cia Saligna agroforestry system, the displacement height
(d0) calculated by the TCLI method and the conven-
tional method (without the stability correction) are
compared. Under strictly neutral conditions, the two
methods give almost the same results. Under unstable
conditions, the d0 values were sorted into 13 groups
based on their Richardson Number in addition to the
neutral group. Twelve of the groups calculated by the
TCLI method exhibit no significant difference from the
neutral group. However, the d0 values in all groups
calculated by the conventional method are systemati-
cally lower than those calculated under neutral condi-
tions. Computation of the average values of the scal-
ing parameters for the agroforestry system showed that
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the displacement height and roughness length for mo-
mentum are respectively 68% and 9.4% of the average
height of the tree canopy, which are similar to percent-
ages found in the literature. The calculated roughness
length for sensible heat is 6.4% of the average height
of the tree canopy, a little higher than the percent-
age documented in the literature. When wind direction
was aligned within 5 degrees of the row direction of the
trees, the average displacement height calculated was
about 0.5 m smaller than when the wind blew across
the row direction. This difference was statistically sig-
nificant at the 0.0005 probability level. This implies
that when the wind blows parallel to the row direction,
the logarithmic profile of wind speed is shifted lower to
the ground, so that at a given height the wind speeds
are faster than when the wind blows perpendicular to
the row direction.
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Despite numerous hillslope experiments at different
sites around the world, the influence of lateral preferen-
tial flow in the subsurface on runoff generation is still
unresolved. Many experiments have shown a paradox of
fast transport of artificially applied tracers and a rapid
subsurface runoff response with an associated contribu-
tion of predominantly pre-event water in the chemically
separated hydrographs. Using the recently introduced
virtual experiment approach we aim to provide a theo-
retical, but experimentally driven solution to this para-
dox. The two main causes for lateral preferential flow
on hillslopes are macropores/pipes and bedrock topog-
raphy. We explore the effect of both features using the
Hill-Vi model, which focuses on lateral subsurface flow
simulation within the matrix and macropores includ-
ing solute transport. The simulations show how ob-
served bedrock topography and macropore properties
in combination with measured soil properties will al-
ter the response characteristics of flow and transport
at the hillslope scale. Compared to a hillslope without
preferential flow, subsurface runoff at the base of the
hillslope responds quicker, artificially applied tracers
are transported much faster, but the event/pre-event
water ratio remains the same. The simulated patterns
of preferential flow networks within the hillslope show
how the interconnection of certain regions within the
hillslope due to preferential flow will enhance the flow
and transport response, but doesn’t change the mixing
behaviour of event and pre-event water.

URL: http://marrkus.2hydros.de
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Decreased permeability associated with urbaniza-
tion is known to alter the hydrologic response of
streams and rivers to rainfall. We suggest that elec-
trical conductivity (EC) is a simple and cost-effective

tracer for determining the direct contribution of pre-
cipitation and surface runoff (e.g. new water) to urban
streams during rainfall events. Urban watersheds may
be ideally suited for EC-based hydrograph separations
because (1) storm runoff is often dominated by two
sources of water (groundwater and surface runoff) and
(2) end-members are typically characterized by large
differences in EC values. We therefore evaluate the
use of EC as a tracer for two-component hydrograph
separation during 13 rainfall events (2001 and 2002)
in a 3.9 km2 urban catchment in Massachusetts (25%
impervious). EC-based results are compared against
isotopic (deuterium) hydrograph separation results for
two storms as validation. Precipitation EC values
for our 13 rainfall events were significantly lower (12-
46 uS/cm) than stream baseflow EC values (520-1297
uS/cm), contributing to less than 8% uncertainty in our
hydrograph separations. The direct input of new wa-
ter, presumably as direct runoff from impervious sur-
faces, accounts for 70-90% of the elevated discharge
during most storms. Since using EC allows for char-
acterization of a large number of storms, we were also
able to assess the role of precipitation characteristics
and watershed moisture on new water runoff variabil-
ity between events. Total rainfall volume explains 72%
of the variability in new water runoff volumes and is
only slightly improved by including an indicator of an-
tecedent moisture in a multiple regression (r2=0.77).
In all but one event, 4-11% of the total storm rainfall
volume appeared as new water in the stream, suggest-
ing that less than half of the watershed impervious area
is hydrologically connected to the stream. The remain-
ing impervious surface runoff either infiltrates pervi-
ous surfaces or is exported out of the watershed via the
storm drainage network. Understanding the role of im-
pervious surfaces in delivering rapid runoff to streams
is critical for hydrologic modeling in urban areas, as
well as for assessing the fate of urban pollutants.
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The delineation of source areas for groundwater
recharge is the first step in protecting groundwater
resources as a source of water for human consump-
tion and ecological preservation. To accomplish this
task, a thorough understanding of water pathways from
precipitation to streamflow is required. The rainfall-
runoff process can be modelled using hydrological mod-
els, in which conservative tracers can be incorporated
and used to disaggregate streamflow into its various
origins and pathways. The measurement of naturally
occurring isotopes in streamflow can then provide a
relatively simplistic and inexpensive validation tool by
verifying that flow paths and residence times are being
correctly modelled. The objective of this research is to
validate flowpaths in hydrological models by compar-
ing modelled conservative tracers to measured isotopic
data, where it is available. A tracer module has been
integrated with the WATFLOOD model; a fully dis-
tributed, physically based, meso-scale hydrologic model
for watersheds having response times larger than one
hour. Conservative tracers are used to track water
through the model by quantifying and segregating the
various contributions to the total streamflow. Ground-
water flow separation is accomplished using simplified
storage routing of groundwater through the subsurface
and into the stream. A specified concentration of tracer
is added to the groundwater at its origin and upon
reaching the stream; a mass balance is performed to
determine the concentration of tracer in the stream,
allowing for a separation of groundwater from stream-
flow. Other flow tracers have also been modelled, in-
cluding ones for surface water, interflow, flows from dif-
ferent landcovers, and flows from different sub-basins.
Validation of the WATFLOOD models flowpaths will
be made using the flow separation tracers and measured
isotope data from the lower Liard River Basin near Fort
Simpson, Northwest Territories. Examples of flow sep-
arations using additional tracers will be presented for
the Grand River watershed, where isotope data is not
yet available for validation purposes, but other base-
flow separation techniques have been applied and can
be used for comparison.
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F-45060, France

6BRGM (ARN/ARS), 3 avenue C. Guillemin, Orléans
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In the granite Vosges massif, affected by tectonic
fracturing, water is mainly supplied by small aquifers
in weathered and fissured hard rocks, whose geome-
try and hydrodynamic properties control water path-
ways but are still little known. An interdisciplinary
characterization of the structure and functioning of
these complex aquifers has been implemented in the
small Ringelbach research catchment (36 ha; 1000-750
m a.s.l.; weathered granite partly covered by Triassic
sandstone), which is studied since 1975 and is well rep-
resentative of this type of environment. In addition
to climato-hydrological monitoring, geological surveys
and geophysical prospecting (electrical and magnetic
resonance soundings, resistivity imaging profiles), the
time and space variability of hydrogeochemical data
has provided useful tracers: (1) pluri-annual isotopic
(18O, 2H) signals in precipitation, main springs and
stream, to estimate residence times and reservoir vol-
umes; (2) hydrochemical surveys (major and trace el-
ements) in springs and streams within and nearby the
catchment in low and high water conditions, to iden-
tify the different reservoirs from their hydrochemical
fingerprints. Preliminary results using these tracers
show: (1) no influence of evaporation on isotopic sig-
nals in this densely vegetated catchment, and rather
long mean residence times (more than one year) and
large mixing reservoirs even within such small aquifers,
whose contrasted dynamics combine fast and slow com-
ponents and involve only one part of these reservoirs;
(2) a clear hydrochemical differenciation according to
lithology (granite waters being more concentrated than
sandstone waters), and rather large variations between
2 end-members within each lithology (especially, in-
creasing mineralization with decreasing spring altitude
along granitic hillslopes). Combined with geophysical
results, tracers results seem to confirm the weather-
ing and structural model suggested by geological sur-
veys: a stratified vertical profile of ante-Triassic gran-
ite weathering, which has been more or less eroded
within the catchment depending on the relative eleva-
tions of its several fault-separated blocks. This new ge-
ological model, which could be transposed at the massif
scale, will be useful to improve catchment hydrological
modeling and water resource management tools.
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Natural streams and wetlands exchange water and

solutes between the main flow zone and a complex
assemblage of “transient storage” zones that include
stagnant water in pools, areas of flow recirculation,
and subsurface flow paths through bed sediments and
deeper alluvial sediments. Exchange between faster
moving waters of the main flow zone and the slowly


