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The availability of remotely-sensed precipitation
data from radars and satellites is increasing. These
observing platforms could potentially improve substan-
tially on information available from rain gauges because
of their ability to provide expanded spatial and tempo-
ral coverage. However, the quality of these new and
emerging data sets needs to be examined before they
are used operationally in hydrologic forecasting models.
In this research, we investigate the errors in stream-
flow simulation when remotely-sensed precipitation es-
timates are used as forcing for a hydrological model.
We apply a fully distributed hydrologic model to Juni-
ata River Basin in Pennsylvania (catchment area 8687
km2) using several types of precipitation inputs includ-
ing gage only, radar only, satellite only and multi sen-
sor products such as merged gauge-radar and merged
gauge-satellite. The radar estimates used in this study
are hourly Digital Precipitation Arrays from the WSR-
88D while the satellite estimates are hourly Hydroesti-
mator products produced by the National Environmen-
tal Satellite, Data and Information Service. The differ-
ences between each of these products will be quantified,
and streamflow errors propagated through the system
will be identified.

H31A-26 0830h POSTER

Assessment of Satellite Rainfall Error
Propagation in Land Surface
Hydrologic Variables

Themis Chronis1 (tchronis@engr.uconn.edu)

Emmanouil Anagnostou1 (manos@engr.uconn.edu)

Tufa Dinku1 (tufad@engr.uconn.edu)

Khil Ha Lee1 (khlee@engr.uconn.edu)
1University of Connecticut, Civil and Environmental

Engineering, U-37, Storrs, CT 06269

Precipitation is the most important component of
a mixture of hydrologic variables and is critical to the
study of water and energy cycle. In this research we
study the propagation of precipitation retrieval uncer-
tainty in the simulation of hydrologic variables and
fluxes (soil moisture, runoff, latent heat etc) for dif-
ferent satellite retrievals, different spatial grid scales,
and for varing vegetation cover. We explore three satel-
lite rain retrievals: one based on IR-only data, a sec-
ond based on combined PM and IR rain product, and a
third based on a combined MW-IR and lightning data;
and three spatial grid resolutions: 0.25, 0.5 and 1.0 de-
gree. This investigation is facilitated by NCAR’s offline
Community Land Model (CLM) forced with in situ met
data from Oklahoma Mesonet and high-resolution (0.1-
degree /hourly) rain gauge-calibrated WSR-88D radar
based precipitation fields. In turn, radar rainfall is re-
placed by the three satellite rain estimates at coarser
resolution (0.25, 0.5 & 1-degree) to determine their im-
pact on model predictions. A fundamental assumption
made in this study is that CLM can adequately repre-
sent the physical land surface processes.
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Several methods have been developed in hydrologic
modeling to estimate prediction uncertainty resulting
from imprecise model parametric settings. It is real-
ized, however, that additional sources of uncertainty
may be present in model inputs (i.e., the precipitation
estimates), the model structure, and in the observa-
tions of streamflow. An ensemble approach is devel-
oped in this study to estimate the total prediction un-
certainty of streamflow for three events impacting the
Blue River Basin in Oklahoma. The QPE SUMS pre-
cipitation algorithm produces as many as nine differ-
ent estimates, each of which is derived from ground-
based radar, infrared satellite data, rain gauges, or
combinations. The diversity of sensors used to gen-
erate the rainfall estimates provides for the creation
of a rainfall probability distribution function, which is
believed to encompass the “true” rainfall. All rain-
fall estimates are input to the Vflo hydrologic model
which employs three sensitive parameters. A combined
ensemble is produced from the different rainfall esti-
mates combined with model parameter perturbations.
It is shown how simulation bounds derived from the

combined input-parameter ensembles encompass obser-
vations for the cases studied. Consideration of uncer-
tainty in the model inputs is essential for hydrologic
predictions cast in a probabilistic framework.
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Production and emission of peat gas has attracted
great interest since substantial amounts of methane
(CH4) are emitted to the atmosphere from peat soils.
Many studies indicate supersaturation of methane in
peat water indicating a high potential for gas bub-
ble formation. However, observations of bubbles in
peat are often only qualitatively described, and as such
knowledge of the dynamics of entrapped gas bubbles in
peat is still greatly limited. Using field measurements
at a poor fen in central Québec, we investigated varia-
tions in production and volume of gas during the grow-
ing seasons of 2002 and 2003. Measurements made with
TDR and subsurface gas collectors revealed that gas
volume varied throughout the growing season. There
was also a short-term temporal variability related to
hydrostatic and barometric pressure changes as well as
a great spatial variability. Gas collected from bubbles
revealed the presence of CH4. However, its concentra-
tion also experienced spatio-temporal variability. The
presence of these bubbles has important biogeochemi-
cal implications including the development of enhanced
localized CH4 diffusive gradients, alteration of local
flow paths affecting substrate delivery, and the poten-
tial episodic release of CH4 via ebullition events. These
interactions must be included in peatland models to
accurately describe the hydrology and greenhouse gas
emissions from these ecosystems.
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In peat soils, the influence of hydrology on biolog-
ical processes has been recognized widely as the wa-
ter table determines redox and wetness conditions and
water flow paths are critical for delivery of substrate
and nutrients. On the other hand, biological activ-
ity may also change the hydrological conditions sig-
nificantly. In peat, the gas production (CH4, CO2)
of decomposing bacteria causes formation of bubbles.
These have a great potential to change peat hydraulic
properties, compressibility and pore-water pressure dis-
tribution and hence change gradients and flow paths

as well as affect the peat stress and compression. Us-
ing field measurements at a poor shallow fen in cen-
tral Québec we explore the hydrological implications of
bubble volume dynamics in peat. The temporal varia-
tion of hydraulic conductivity, measured with piezome-
ters, showed good correlation with gas content at those
locations where highest gas content was found, but
less at other places, indicating that the clogging ef-
fect of bubbles varies and may be of different nature
in different types of peat. Bubbles both clogging pores
and building up pressure as they grow caused great
variations of pore-water pressure in localized zones.
These zones may deflect flows driven by dominating
flow paths to an extent that depends on how large the
zones grow. As peat soils are highly compressible, they
shrink and swell because of changes in water pressure
and peat buoyancy and presence of bubbles and excess
pressure zones therefore complicates the description of
the hydrology and traditional methods and models are
therefore far from satisfactory.
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Contamination of groundwater by nitrate is a ma-
jor problem worldwide. Under anaerobic conditions in
the subsurface, reduction of nitrate to nitrogen gas via
denitrification may mitigate the problem. Denitrifica-
tion has been studied extensively in the shallow sub-
surface, but few studies have been done to examine the
potential for denitrification below the root zone. In this
study, we examined spatial trends in potential denitrifi-
cation rates in the sub-root unsaturated and saturated
zones. Sediment samples were collected from bore holes
located in the San Joaquin Valley near Merced, Califor-
nia. Samples were analyzed for potential denitrification
rates using acetylene block enzyme assays. Maximum
denitrification rates, microbial growth, and lag coeffi-
cients were calculated by calibrating a numerical model
of microbial growth and substrate consumption to the
experimental data. The rate coefficients were compared
to hydrologic regime, depth, grain size, and organic
carbon content of the sediment samples. Preliminary
results show complex spatial trends in potential deni-
trification rates. In samples taken from near the water
table and near the ground surface, rates were compara-
ble. In the unsaturated zone and deep saturated zone,
rates were orders of magnitude lower. Variability be-
tween sites and hydrologic regimes could be explained
in part by abundance of organic carbon. We speculate
that limitations on microbial growth and transport by
sediment properties and hydrologic regime also control
the ability of subsurface microbial communities to carry
out denitrification.
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Groundwater contamination from municipal landfill
leachate consisting of halogenated volatile organic com-
pounds and petroleum byproducts in northeastern New
York State was delineated between 1993 and 1995 and
has been undergoing remediation since 1998. Elevated
concentrations of leachate indicators (i.e. BOD5, TSS,
chloride, and Specific Conductance) were identified in
several downgradient monitoring wells as early as 1986.
This case study involves a statistical power analysis for
the landfill’s detection and monitoring wells for two dis-
tinct time periods: (1) prior to plume delineation with
limited data, and (2) post construction of monitoring
wells and examination of additional exploratory bor-
ings. Traditional multivariate and geostatistical tech-
niques (cokriging) were combined with a sufficiency
analysis and uncertainty assessment to evaluate the im-
portance of multiple data types at monitoring well loca-
tions. We address whether a sufficient number of moni-
toring locations existed to determine, within a particu-
lar confidence interval, that a regulatory concentration
was not exceeded at specified spatial locations; whether
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the current sampling frequency is sufficient (or redun-
dant) at monitoring locations; and give estimates of
uncertainty at spatial locations of interest.
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Manure is a source of several bacterial pathogens
that can potentially contribute to surface and ground
water contamination. We hypothesized that manure
could enhance bacteria survival, and manure particu-
lates could compete for soil adsorption sites and serve
as carriers. Colloid transport in soil is affected by soil
structure and flow velocity, because only the pathways
formed by large pores can serve as conduits for col-
loidal particles. Therefore, transport of manure-borne
bacteria should be affected by flow velocity. To test
these two hypotheses, column experiments were con-
ducted with Tyler silt loam soil. Undisturbed 20-cm
soil columns from the A horizon were subjected to sat-
uration. A pulse of 4% filtered bovine manure solution
containing E. coli bacteria and KCl was passed through
columns, preceded and followed by deionized water in-
filtration at 9 degrees C during 10 days. Volumes of
the pulses ranged from 1.27 to1.35 column pore vol-
ume. E. coli concentrations, chloride content and tur-
bidity were measured in influent and in effluent. After
the experiment, columns were cut into 2-cm layers to
enumerate viable bacteria in pore solution and bacte-
ria attached to the soil, and to measure bulk density
and water content. Complementary batch experiments
were carried out to measure attachment of E. coli to
soil in presence of various amounts of manure Attach-
ment of E. coli to soil was much smaller in presence
of manure, and decreased with the increase in manure
contents. The attachment isotherm was linear without
manure, and convex in presence of manure. Maximum
bacteria concentrations in leachate were observed be-
fore the first pore volume of soil solution has been dis-
placed with the influent. Maximum breakthrough chlo-
ride concentrations were observed after the one pore
volume of influent passed the column. Effluent turbid-
ity peaked and then stabilized at low levels. Bacteria
content in soils varied within two orders of magnitude
after the breakthrough experiment. From 1% to 3%
of the total applied bacteria were found in pore solu-
tion, and from 5% to 18% were attached to soil par-
ticles. Individual columns had different average water
flow velocities ranging from 2.3 to 9.3 cm/day. E. coli
and manure transport was similar at low velocity dur-
ing the whole experiment. At high flow rates, the E.
coli transport was similar to the chloride transport un-
til 0.5 volume of the pore solution was replaced with
the influent, and was retarded after that. An increase
in flow velocity caused larger cumulative breakthrough
per unit of the influent pore volume. Bacteria and ma-
nure breakthrough curves had much longer tails com-
pared with chloride. The E. coli attachment to soil in
the fast-flow columns was similar to that in the batch
experiment with 4% manure content. Attachment in
the batch experiments with 0% and 2% manure brack-
eted the attachment observed in the slow-flow columns.
Overall, slow manure transport and high concentration
in pore solution decreased attachment to soil and in-
creased survival of E. coli. Increase in flow velocity
decreased attachment and entrapment of manure and
bacteria in pore space. Variability in flow velocity and
its effect on E. coli and manure transport were prob-
ably caused by different macroporosity in individual
columns of the same soil.
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The semi-arid climate of the glaciated northern

plains of North America results in limited water re-
sources for human activities and for sustaining the
aquatic ecology of surface waters. The region is al-
most entirely covered by clay-rich glacial deposits and
thus significant groundwater flow is limited to sand and
gravel aquifers and to the weathered and highly frac-
tured clay and glacial till within 10 m of the ground sur-
face. Observation well records for the region indicate
that the response of groundwater levels to climatic vari-
ability over the last 40 years can be classified according
to aquifer type, ranging from relatively sensitive un-
confined aquifers and shallow fractured glacial till to
deep confined aquifers that have very little sensitivity
to climate variation. Long-term hydrometric records
for lakes and streams indicate that in the decades prior
to about 1920 base flow in streams was greater than at
present, suggesting that groundwater levels were also
considerably higher. Groundwater flow through the
fractured active layer near the ground surface may have
been much stronger than it is now. It is not clear
as yet to what extent climate variation or land-use
changes were the key factor in the long-term hydrologic
changes during the twentieth century. Hydrologic mod-
eling studies of the region are on-going in an attempt to
simulate the response of both surface and groundwater
to climatic variability and to identify the sensitivity of
surface and ground water resources to climate change.
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This study proposes to apply “hydrologic similar-

ity regions” (Winter et al, 2001, AWRA, 37, 335-349)
as a strategy for modeling climate and landuse effects
on runoff across the Colorado River Basin. A “Hydro-
logic Similarity Region” can be defined for our pur-
poses, as a qualitative measure of the spatial scale
over which climate, hydrogeology, and land surface pro-
cesses are unique or independent in some sense. 50
to 80 years of monthly average precipitation, tempera-
ture and streamflow records from stations distributed
from the upper Green river to the Gulf of California
formed the database of the work. The research demon-
strates: (i) a signal processing strategy for interpreta-
tion of historical precipitation, temperature and runoff
in the Colorado River Basin for the purpose of detect-
ing low-frequency (annual to decadal) climate or lan-
duse trends and oscillations, (ii) a method for com-
paring time scales and response functions of hydrologic
similarity regions and quantifies the response using a
dynamic hydrologic model, (iii) the optimal estima-
tion of model parameters based on historical rainfall-
runoff time series. The results show that HLRs pro-
vide a useful conceptual framework for large-scale, low-
dimensional dynamic modeling (Duffy, 1996, WRR,
32(8), 2421-2434). Comparison of model and recon-
structed phase-plane plots for precipitation, evapotran-
spiration and runoff illustrate the impact of long term
climate on terrestrial hydrology within the major phys-
iographic regions of the Colorado River Basin. Sensitiv-
ity of the runoff response to model parameters, climate,
and physiographic conditions are presented in terms of
dimensionless groups.
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The Nubian Aquifer system of northeast Africa is
one of the world’s largest potable groundwater re-
serves. Because it occurs in one of the world’s driest
climates, understanding its history and behavior has
both scientific and practical importance. The sparse
settlement of the huge (2x106 km2) area underlain
by this aquifer, and the limited resources of the na-
tions in which it occurs, result in a situation where
knowledge of its origin and history is incomplete. We
defined the paleodrainage channels across the entire
aquifer using Shuttle Radar Topography Mission data
(SRTM) and ARC/INFO watershed delineation rou-
tines. The SRTM-based streams, which are now par-
tially covered by sand sheets and dunes, were validated
by comparison to stream distribution inferred from
co-registered Space-borne Imaging Radar-C/Synthetic
Aperture Radar (SIR-C) data. A good correspondence
between the SRTM-derived channels and the SIR-C de-
rived channels is evident. Results indicate that there
are two major paleodrainage patterns: the first extends
in a NE direction from the highlands of NW Sudan
towards the Kharga oasis in Egypt and feeds the un-
derlying Nubian Aquifer Dakhla sub-basin. The sec-
ond trends N-S from the highlands of northern Chad
along the eastern borders of Lybia and feeds the un-
derlying Nubian Aquifer Kufra sub-basin. We postu-
late that extensive recharge of the underlying Nubian
aquifer must have occurred beneath the paleodrainage
networks during previous wet climatic periods since the
Nubian sandstone crops out across major sectors of
the entire area covered by the delineated watersheds.
The autochtonous recharge is supported by the pres-
ence of surrounding highlands that are largely formed
of basement uplifts suggesting that these sub-basins are
probably largely disconnected. This suggestion is fur-
ther corroborated by the progressive increase in ages of
Nubian Aquifer groundwater in the Dakhla sub-basin
along the hydraulic gradient (from SW to NE). For ex-
ample, the youngest 36Cl age (∼50 kyr) was obtained
from East Uweinat and the oldest 81Kr age (∼1million
yr) was obtained from Bauti-1 (Baharyia).
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This research focuses on large scale (10,000-100,000
sq. km) simulation of regional water budgets us-
ing digital data sets and a fully-coupled integrated
(surface/subsurface) hydrologic model for the Susque-
hanna River basin (SRB). The main objectives in
this effort are to develop an appropriate and con-
sistent data model for the SRB, delineate ground-
water basins, assess the dominant modes and spa-
tial scales affecting the SRB, and estimate the dom-
inant hydrologic response of relatively un-gaged sub-
basins. The data model primarily consists of 1) a
99-year climate and vegetation history from PRISM
and VEMAP, 2) land surface parameters from vari-
ous EPA, NRCS, and USGS reports and data sets,
and 3) hydrogeology from various state geologic sur-
veys and reports. MODHMS (MODFLOW Hydrologic
Modeling System) is a fully-coupled integrated hydro-
logic model that simulates 3-D variably saturated sub-
surface flow (Richard’s equation), 1-D channel flow
and 2-D surface runoff (diffusion wave approximation),
canopy interception and evapotranspiration, and offers
robust solutions to the governing equations for cou-
pled surface/subsurface flow. The first step in this
approach uses a steady-state simulation to estimate re-
gional recharge, to delineate groundwater basins within


