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fold. We converted the size-count to size-weight dis-
tribution using log-normal functions between two con-
secutive size groups. When used to calculate the me-
dian and the standard deviation of the distribution, the
method yielded a more stable approach than two alter-
native calculations.

H61C-0821 0830h INVITED POSTER

Design Considerations for
Continental-Scale Water-Quality
Networks

Richard P Hooper (508-490-5065;
rphooper@usgs.gov)

U.S. Geological Survey, 10 Bearfoot Road, Northbor-
ough, MA 01532, United States

The U.S. Geological Survey recently completed the
redesign of two continental-scale networks, the Na-
tional Stream Quality Accounting Network (NASQAN)
and the Hydrologic Benchmark Network (HBN). In
both cases, although the original networks provided
useful data, the networks failed to achieve as much
as was originally hoped when they were implemented
approximately 30 years ago (NASQAN) and 40 years
ago (HBN). Although both networks focused on water
quality, the lessons from these networks are applicable
to the network of research watersheds currently under
consideration.

The most important lesson was that network objec-
tives must be stated with sufficient precision to define
the intended interpretation and analysis of data col-
lected by the network. For example, many monitor-
ing networks have the objectives to determine the sta-
tus of a resource and the trend in that status. These
generic objectives were too imprecise to determine the
NASQAN and HBN network design: how are the data
going to define the status? For NASQAN, we decided
that estimation of the annual load of selected water-
quality constituents was our central objective because
it permitted us to determine the source, transport, and
delivery of constituents using the principle of conser-
vation of mass. Once this objective was specified, the
details on network design fell into place. Sampling
strategy, sampling methods, and minimum sampling
frequency could be determined, which, in turn, deter-
mined the cost of operating stations. Methods and
quality-assurance plans could be specified to meet this
objective, as well as the requisite data-handling sys-
tem. When combined with the budget, these elements
defined the maximum number of stations that could
be operated. In general, resource constraints will re-
quire iterating between defining objectives and deter-
mining whether environmentally meaningful data that
meet those objectives can be collected within budget.
Often, objectives will have to be redefined to meet the
budgetary constraints.

The second lesson to be drawn from the operation of
long-term networks like NASQAN and HBN is the need
for on-going data interpretation to be integral to the
program. Such interpretation will determine whether
the data truly meet the objectives of the network and
if any adjustment to the network operation is required.
Such interpretation maintains the vitality of the net-
work and ensures the continued merits of its operation.

H61C-0822 0830h INVITED POSTER

Modeling and Monitoring Soil Erosion,
Sediment Movement, and Sediment
Storage in the United States

Stanley W. Trimble (310-825-1314;
trimble@geog.ucla.edu)

University of California at Los Angeles, Department
of Geography 1255 Bunche Hall, Box 951524, Los
Angeles, CA 90095-1524, United States

The U.S. has in place the National Resources Inven-
tory (NRI), a large and efficient system for collecting
data for prediction of soil erosion using the Universal
Soil Loss Equation (USLE). What seems required now
is a worldwide verification scheme, with network de-
sign, that would account for earth-mass fluxes in sam-
ple stream basins chosen to be representative of global
climatic zones and hydrogeomorphic systems. Each
sample basin would terminate in a reservoir that stores
water and sediment and thus permits the calculation of
sediment yield. Stream channels and valleys, as well
as sample upland areas, would be monitored by sur-
veys and cosmogenic tracers. Ideally, streamflow and
sediment transport in each basin would be monitored,
at least just upstream of the reservoir. Such a scheme
would not only allow for verification of the USLE or
related technologies under different conditions on an
areal basis, but it would allow powerful insights into
sediment movement and storage and associated fluvial
processes.

URL: http://www.geog.ucla.edu/

H61D MCC: 105 Saturday 0830h

Drought Analysis and Prediction I
(joint with A, GC)

Presiding: J Valdes, University of
Arizona; J Salas, Colorado State
University

H61D-01 0830h INVITED

The Evolution of 20th Century Drought
Monitoring Tools Leading to a 21st
Century North America Drought
Monitor

Richard R. Heim (1-828-271-4682;
Richard.Heim@noaa.gov)

USDOC/NOAA/NESDIS National Climatic Data
Center, Federal Building 151 Patton Avenue,
Asheville, NC 28801-5001, United States

The monitoring and analysis of drought have long
suffered from the lack of an adequate definition of the
phenomenon. As a result, drought indices have slowly
evolved during the last two centuries from simplistic
approaches based on some measure of rainfall deficiency
or streamflow, to more complex problem-specific mod-
els. The incorporation of evapotranspiration as a mea-
sure of water demand by C. Warren Thornthwaite led to
the landmark development in 1965 by Wayne Palmer of
a water budget-based drought index that is still widely
used. The 20th Century concluded with the develop-
ment of the Drought Monitor tool, which incorporates
Palmer’s index and several other indices to provide a
universal assessment of drought conditions across the
entire United States. The 21st Century is seeing the co-
ordinated operational monitoring of drought on a con-
tinental scale as experts from Mexico, Canada, and
the United States develop the North America Drought
Monitor.

By placing the development of these drought indices
into a historical perspective, this paper will provide a
better understanding of the complex Palmer Index and
of the nature of measuring drought in general. Drought
patterns over the United States during the last 100
years will be illustrated using several of these indices.

H61D-02 0845h INVITED

Stochastic Modeling of La Niña
Influence on Meteorological Droughts
in the South Cone of America

Bonifacio Fernandez1 ((56 2) 686 4241;
bfernand@ing.puc.cl)

Hugo Fernandez2 ((54 0264) 4272251;
hferna@unsj.edu.ar)

1Departamento de Ingenieria Hidraulica y Ambiental.
Universidad Catolica de Chile, Vicuña Mackenna
4860, Santiago 6904411, Chile

2Instituto de Investigaciones Hidraulicas. Universi-
dad Nacional de San Juan, Urquiza (N) 91, San
Juan C.P. 5400, Argentina

The objective of this work is to characterize and to
establish quantitative relations between the properties
of meteorological droughts in the geographic scope of
the South Cone of America and the extreme phases of
ENOS. From the quantitative point of view it also of
interest to be appraised the existence of non lineari-
ties and effects of temporary phase angle between both
phenomena. Stochastic models were used to relate the
temporary structure of dependency between the field
of Standardized Anomalies of the Sea Surface Temper-
ature, SST, fields in the Pacific Ocean, and fields of
monthly values of the Standardized Precipitation Index
in those continental regions of South America, to the
south of the Tropic of Capricorn, where the homoge-
nous influence of ENOS has been previously identified,
particularly La Niña events related with the occurrence
of droughts.

Transfer Function and NARMAX models were ap-
plied to model relationships between both phenomena,
applied to all the phantom of both phenomena as a first
approach. This sample that are no significant differ-
ences between both types of modeling, linear and non
linear. In addition, since evidence exists of which the
extreme events La Niña are associate with the occur-
rence of meteorological droughts in this region, with the
intention of modeling the nonlinear relation presents
between both types of events, these same models are
applied in a threshold scheme, considering the per-
centile of the main component of the SST that identi-
fies conditions of La Niña, like indicating variable. The
modeling indicates that while these models applied to
the whole set of the variables allow to explain not more
of the 0.10 of the variance of the first main component
of the monthly precipitation field in the analyzed con-
tinental zones, get to explain more of the 0.50 of her
if they are applied as much considering only conditions

of the colder extreme phase, corresponding to La Niña,
like exogenous variable in the Transfer Function like in
NARMAX models, and without significant differences
among them are detected.

H61D-03 0900h

Characterizing the Recurrence of
Hydrologic Droughts

Antonino Cancelliere1 (39-095-738-2715;
acance@dica.unict.it)

Jose D. Salas2 (1-970-491-6057;
jsalas@engr.colostate.edu)

1Department of Civil and Environmental Engineering
University of Catania, Viale Andrea Doria 6, Cata-
nia 95125, Italy

2Department of Civil Engineering Colorado State Uni-
versity, B208 Engr. Bldg. Main Campus, Fort
Collins, CO 80523, United States
Characterizing periods of deficit and drought has

been an important aspect in planning and management
of water resources systems for many decades. An ex-
treme drought is a complex phenomenon that evolves
through time and space in a random fashion. It may be
characterized by its initiation, duration, severity (mag-
nitude or intensity), spatial extent, and termination.
These characteristics may be determined by comparing
the water supply time series versus the corresponding
water demand series in the area of consideration. Be-
cause the water supply quantities such as rainfall and
streamflow are stochastic variables the ensuing drought
characteristics are random and must be described in
probabilistic terms. Let us consider a periodic stochas-
tic water supply and a variable water demand series.
A drought event is defined as a succession of consecu-
tive periods (run) in which the water supply remains
below the water demand. Thus, the drought length L
(negative run length) is the number of consecutive time
intervals (seasons) in which the water supply remains
below the water demand, preceded and followed by (at
least one season where) the water supply is equal or
greater than the demand. Likewise, the difference be-
tween the water demand and the supply at time t is
the magnitude of the deficit at time t so that the ac-
cumulated deficit D (drought magnitude) is the sum of
the deficits over the drought duration L. In the study
reported herein, the probability density functions (pdf)
of drought length and drought magnitude and their low
order moments are derived assuming that the underly-
ing water supply series after is clipped by a constant or
periodic water demand results in a periodic dependent
binary series that is represented by a periodic two-state
Markov chain. The derived pdfs allow estimating the
occurrence probabilities of droughts of a given length
where either the drought begins in a given season or
regardless of the initial season. In addition, the re-
turn periods of droughts (based on length and magni-
tude) are determined. The applicability of the drought
formulations is illustrated using several series of pre-
cipitation and streamflow in Sicily, Italy and Colorado,
USA. The results obtained show an excellent agreement
between the observed and theoretical results. In con-
clusion, the proposed methods appear to be a useful
addition for drought analysis and characterization us-
ing stochastic methods.

H61D-04 0915h

Stochastic modelling of regime changes

Franco Biondi1 ((775) 784-6921; fbiondi@unr.edu)

Tomasz J. Kozubowski2 (tkozubow@unr.edu)

Anna K. Panorska2 (ania@dri.edu)
1University of Nevada - Reno, Department of Geogra-

phy Mail Stop 154, Reno, NV 89557, United States
2University of Nevada - Reno, Department of Mathe-

matics, Reno, NV 89557, United States
Graphical and numerical techniques exist to repre-

sent the duration, magnitude, and intensity not only of
droughts, but of any climatic episode. We present here
statistical decision and limit methodologies for quanti-
fying regime shifts through their duration and magni-
tude. Duration is defined as the number of consecutive
values above (or below) a reference level, and magni-
tude is the sum of all values for any given duration.
Assuming that a regime shift can occur every year, in-
dependently of prior years, we naturally obtain a class
of standard waiting time distributions (waiting times
for the regime shift). Because magnitude can be ex-
pressed as a random sum of N random variables (where
N is duration), its probability distribution is evaluated
using limit theory for random sums. Here we analyze a
reconstructed time series of the Pacific Decadal Oscil-
lation (PDO), explicitly describe the probability distri-
butions, and estimate their parameters from the PDO
data obtaining a reasonably good fit. Our stochastic
approach to modeling duration and magnitude of multi-
annual events (such as droughts) enables the computa-
tion of statistical significance for those episodes, and
provides a rigorous solution to deciding whether two
droughts are significantly different from one another.
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H61D-05 0930h

Drought in Central and Southwest Asia:
La Nina, the warm pool, and Indian
Ocean precipitation

Heidi Cullen1 (303-497-8132; hcullen@ucar.edu)

Mathew Barlow2 (781-761-2269; mbarlow@aer.com)

Bradfield Lyon3 (845-680-4475;
blyon@iri.columbia.edu)

1NCAR, PO Box 3000, Boulder, CO 80307-3000,
United States

2AER, 131 Hartwell Avenue, Lexington, MA 02421-
3126, United States

3IRI, 61 Rt. 9W PO Box 1000, Palisades, NY 10964-
8000, United States

Severe drought from 1998-2001, in combination with
the effects of protracted socio-political disruption, led
to widespread famine affecting over 60 million peo-
ple in Central and Southwest (CSW) Asia. Here we
document both a regional and a large-scale mode of
climate variability that, together, suggest a possible
forcing mechanism for the drought. During the boreal
cold season, an inverse relationship exists between pre-
cipitation anomalies in the eastern Indian Ocean and
CSW Asia. Suppression of precipitation over CSW Asia
is consistent with interaction between local synoptic
storms and wave energy generated by enhanced tropical
rainfall in the eastern Indian Ocean. This regional out-
of-phase precipitation relationship is related to large-
scale climate variability through a subset of El Nino-
Southern Oscillation (ENSO) events characterized by
an enhanced signal in the warm pool region of the west-
ern Pacific Ocean. Both the prolonged duration of the
1998-2001 cold phase ENSO (La Nina) event and unusu-
ally warm ocean waters in the western Pacific appear
to contribute to the severity of the drought.

URL: http://iri.columbia.edu/outreach/publication/
irireport/SWAsia/

H61D-06 0945h

Global Teleconnections between Climate
Indices and the Palmer Drought Index

Douglas M Le Comte (301-763-8000 ex 7567;
douglas.lecomte@noaa.gov)

NOAA Climate Prediction Center, 5200 Auth Rd.,
Camp Springs, MD 20746, United States

The current U.S. Seasonal Drought Outlook as pre-
pared by NOAAs Climate Prediction Center uses a
combination of forecast tools to indicate likely im-
provement, intensification, or persistence of large-scale
drought areas over the following season. In order to
improve the accuracy of the forecasts and gain a better
understanding of the possible causes of drought, corre-
lations between the Palmer Drought Index (PDI) and
various climate indices and oscillations have been cal-
culated. The correlations are carried out for U.S. cli-
mate regions and states. The climate indices include
SST anomalies for the common ENSO regions in the
Pacific and numerous additional oceanic areas outside
of the tropical Pacific. Assorted atmospheric indices
were examined, including tropospheric indices such as
the NAO, AO, and SOI and stratospheric indices such
as the QBO. Solar indices were also examined. Coin-
cident correlations were calculated in addition to cor-
relations for various lead times. The results show that
a variety of oceanic, atmospheric, and solar indices are
statistically related to the PDI, many at lead times of
several months, suggesting their potential use as fore-
cast tools.

H61D-07 1020h INVITED

North American Drought and Wetness
Reconstructed From Long Tree-Ring
Records

Edward R Cook1 (845-365-8618;
drdendro@ldeo.columbia.edu)

Upmanu Lall2 (ula2@columbia.edu)
1Lamont-Doherty Earth Observatory, 61 Route 9W,

Palisades, NY 10964, United States

2Columbia University, 840 Mudd, 500 W 120th St,
New York, NY 10027, United States

Extremes of drought and wetness in North America
have great impacts on human and natural systems. Yet,
because such hydrometeorological events are by defini-
tion rare, there may be only one realization of them
in the relatively short instrumental climate records of
the 20th century, e.g. the northern Great Plains ”Dust
Bowl” drought of the 1930s. Thus, such rare events
are difficult to model, either statistically or mechanis-
tically, using instrumental data alone. In addition, it
is impossible to know how unbiased the instrumental

data are in expressing the full range of natural hy-
droclimatic variability prior to the 20th century, espe-
cially given the impact of greenhouse gases on current
climate. This limitation can be greatly ameliorated
through the reconstruction of past hydroclimatic vari-
ability from centuries-long, moisture-sensitive, annual
tree-ring records. To this end, a 154-point, 2x3 degree
grid of summer Palmer Drought Severity Index (PDSI)
reconstructions has been developed for the coterminous
USA. These reconstructions, which extend back to AD
1700 at all locations, have been used in several stud-
ies of hydroclimatic variability over the USA, including
those related to ENSO forcing of drought and wetness
in the American Southwest. A longer subset of these
drought reconstructions, extending back to AD 1200,
has also revealed the occurrence of a ”megadrought” in
the late-16th century that may have propagated north-
ward from Mexico to the American Southwest and east-
ward to the southeastern USA. This drought appears
to have been the most severe such event of the past
ca. 800 years over temperate North America. In or-
der to provide a more complete space-time history of
past drought and wetness, especially that related to
especially severe events like the ”megadrought”, the
drought reconstruction grid has now been expanded
to cover most of North America, including a signifi-
cant portion of Canada and all of Mexico. This new
297-point, 2.5x2.5 degree grid, coupled with a sub-
stantially improved network of long tree-ring chronolo-
gies, provides a more geographically complete history
of drought and wetness over North America covering
the past 500-800 years in most regions. The properties
of this new grid of PDSI reconstructions are described,
including the space-time evolution of the 16th century
”megadrought” and changes in natural hydroclimatic
variability prior to AD 1600. Regional differences in
drought and wetness are also described through the use
of rotated EOF analysis and the spectral properties of
those hydroclimatic regions are compared.

H61D-08 1035h

Bivariate Drought Recurrence Analysis
Using Paleoclimatic Records

Javier Gonzalez (jgo@u.arizona.edu)

Juan B Valdes1 (520-621-6564;
jvaldes@u.arizona.edu)

1The University of Arizona, Dept. of Civil Engineer-
ing, and SAHRA (Center for Sustainability of Semi-
Arid Hydrology and Riparian Areas), Tucson, AZ
85721-0072, United States

Droughts are natural phenomenon during which the
moisture availability is below the normal conditions.
Usually droughts are mainly characterized by their du-
rations and severities. However most of the drought
recurrence analyses study those characteristics sepa-
rately due to the shortness of historic records. Valuable
sources of information, that complement the historical
records, are the tree ring reconstructions of droughts.
An approach to adapt and include dendrochronology re-
constructions combined with historical records to char-
acterize droughts is presented. The proposed approach
uses the stochastic structure of the residuals of paleo
reconstructions to generate equally-likely representa-
tions of past drought events. This information allows
further drought recurrence analyses. For those cases, a
general methodology to evaluate the frequency and risk
of the occurrence of droughts is presented using a bi-
variate drought characterization. The theory of runs is
applied to model drought recurrence as an alternating
renewal process, describing droughts simultaneously in
terms of their durations and severities. The procedure
was applied in an analysis of droughts in Texas climatic
division 5. Bivariate and univariate analyses were com-
pared. The application shows the advantages of bivari-
ate analyses using tree ring reconstructions in drought
characterization.

H61D-09 1050h INVITED

Long-Term Drought Characteristics
from Dendrochronological Streamflow
Reconstructions East and West of the
Continental Divide

Connie A Woodhouse1 (303-497-6297;
connie.woodhouse@noaa.gov)

Robert S. Webb2 (303-497-6967;
rwebb@cdc.noaa.gov)

Jeffrey J. Lukas3 (970-482-0500;
lukas@stripe.colorado.edu)

1NOAA Paleoclimatology Program, NCDC, 325
Broadway, Boulder, CO 80305, United States

2NOAA/OAR/Climate Diagnostics Center, 325
Broadway, Boulder, CO 80305, United States

3INSTAAR, University of Colorado, 450 UCB, Boul-
der, CO 80309, United States

Colorado, along with much of the intermountain
western United States, has experienced severe drought

conditions in 2002. The drought, preceded by sev-
eral years of below-average snowpack, has resulted in
statewide projected water-year streamflows that are
lower than any other year in the instrumental record.
If the 2002 drought continues, it may exceed the overall
severity of the 1950s drought, until now the drought of
record, and the recurrence interval of this 2002 extreme
drought will need to be established. The instrumental
record is too short for this task, but extended records
of streamflow, reconstructed from tree rings, will allow
an assessment of the recurrence of this extreme drought
in the context of 300 to 700 years of hydroclimatic vari-
ability.

In this study we analyze tree-ring reconstructions
of annual streamflow for gages east and west of the
Continental Divide for drought characteristics. East
of the Divide, a composite Front Range streamflow
record for Middle Boulder, South Boulder, and Clear
Creek is used (1685-1987), while west of the Divide, a
reconstruction of the Blue River (1539-1999) is used.
Drought is evaluated by ranking both records and ex-
amining the years in which flow falls below the 50th
percentile. Duration, intensity and magnitude are cal-
culated for droughts in both records, which are then
compared to assess differences east and west of the Di-
vide. Persistent droughts are shared in both watersheds
during some periods (e.g., the late 1680s, early 1700s,
and the late1840s), while other episodes droughts are
not (e.g., 1730s and 1750s droughts occurred only in the
Blue R. watershed, and the 1690s and 1880s primarily
in the Front Range watershed). The distribution of sin-
gle extreme years of drought and longer multiple-year
droughts are inspected to assess the representativeness
of the period of instrumental record, including 2002, in
the context of past centuries. For single extreme years,
reconstruction results suggest that streamflow for 2002
is one of the lowest 5 years in the 400-year Blue River,
and likely the lowest year of flow in the 300-year Front
Range streamflow record. Sequences of drought years
are also examined to characterize different onset and
ending patterns surrounding droughts. In particular,
the sequence of three years of somewhat below average
conditions that lead to the 2002 drought is examined.
No clear analogues of this pattern are evident, but se-
quences of a mix of slightly below average to moderate
drought leading up to a severe drought year are evident
in both reconstructions.

H61D-10 1105h

A Realtime Drought Monitoring System
for the USA

Fenghua Wen1 (fwen@princeton.edu)

Justin Sheffield1 (justin@princeton.edu)

Eric F Wood1 (efwood@runoff.princeton.edu)

Ed Maurer2 (edm@hydro.washington.edu)

Dennis P Lettenmaier2 (dennisl@u.washington.edu)
1Princeton University, Dept. of Civil and Environ-

mental Eng., Princeton, NJ 08544, United States

2University of Washington, Dept. of Civil and Envi-
ronmental Eng., Seattle, WA 98195, United States

The impacts of drought affect agriculture, water re-
sources and societal well-being. The costs to society
are in the billions of dollars annually in the USA, and
despite efforts to alleviate the impacts through, for ex-
ample, irrigation and water transfers, areas of the USA
are becoming more susceptible to drought. Timely de-
termination of the current level of drought, in hydrolog-
ical, agricultural or societal terms, may aid the decision
making process in reducing the impacts of drought. To
this end, we use products from the Land Data Assmimi-
lation System (LDAS) to develop a drought monitoring
system that can be used in near realtime to provide
indices of current drought level. The LDAS generates
hourly land surface water and energy states and fluxes
including soil moisture for the USA at 1/8 degree res-
olution. The data are generated in near realtime by
forcing land surface models with meteorological forc-
ings derived from a combination of gauge and remotely
sensed sources. The LDAS has been applied retro-
spectively back to 1950 and this is used to construct
probability distributions of monthly average soil mois-
ture. The relative position of realtime soil moisture
fields within the historic distribution provides a mea-
sure of drought in relation to the long term behaviour,
at high resolution over the whole USA. The soil mois-
ture data are available as a vertical distribution over
the top 2m of the soil and so the level of drought may
be determined for a variety of applications, for exam-
ple, agricultural or water resources. Drought indices
are normalised to the local climate, enabling the level
of drought to be assessed in relation to other regions.
We show examples of historic and recent droughts.
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H61D-11 1120h

Drought Prediction Site Specific and
Regional up to Three Years in
Advance

Gregg Suhler1 (1-573-815-0520;
suhlergregg@earthlink.net)

Douglas P. O’Brien1 (1-573-815-0520;
obriend@dynapred.com)

1Dynamic Predictables, LLC, POB 1365, Columbia,
MO 65205-1365, United States

Dynamic Predictables has developed proprietary
software that analyzes and predicts future climatic be-
havior based on past data. The programs employ
both a regional thermodynamic model together with a
unique predictive algorithm to achieve a high degree
of prediction accuracy up to 36 months. The thermo-
dynamic model was developed initially to explain the
results of a study on global circulation models done at
SUNY-Stony Brook by S. Hameed, R.G. Currie, and
H. LaGrone (Int. Jour. Climatology, 15, pp.852-871,
1995). The authors pointed out that on a time scale
of 2-70 months the spectrum of sea level pressure is
dominated by the harmonics and subharmonics of the
seasonal cycle and their combination tones. These os-
cillations are fundamental to an understanding of cli-
matic variations on a sub-regional to continental ba-
sis. The oscillatory nature of these variations allows
them to be used as broad based climate predictors.
In addition, they can be subtracted from the data to
yield residuals. The residuals are then analyzed to
determine components that are predictable. The pro-
gram then combines both the thermodynamic model re-
sults (the primary predictive model) with those from
the residual data (the secondary model) to yield an
estimate of the future behavior of the climatic vari-
able. Spatial resolution is site specific or aggregated
regional based upon appropriate length (45 years or
more monthly data) and reasonable quality weather
observation records. Most climate analysis has been
based on monthly time-step data, but time scales on
the order of days can be used. Oregon Climate Division
1 (Coastal) precipitation provides an example relating
DynaPreds method to natures observed elements in the
early 2000s. The predictions leading dynamic factors
are the strong seasonal in the primary model combined
with high secondary model contributions from planet
Earth’s Chandler Wobble (near 15 months) and what
has been called the Quasi-Triennial Oscillation (QTO,
near 36 months) in equatorial regions. Examples of
regional aggregate and site-specific predictions previ-
ously made blind forward and publicly available (AASC
Annual Meetings 1998-2002) will be shown. Certain cli-
mate dynamics features relevant to extrema prediction
and specifically drought prediction will then be dis-
cussed. Time steps presented will be monthly. Climate
variables examined are mean temperature and accumu-
lated precipitation. NINO3 SST, interior continental
and marine/continental transition area examples will
be shown. http://www.dynamicpredictables.com

URL: http://www.dynamicpredictables.com

H61D-12 1135h

Using Satellites to Monitor Surface
Wetness

Alan N Basist1 (828) 271-4099;
Alan.Basist@noaa.gov)

Claude N Williams (828) 271-4711;
Claude.N.Williams@noaa.gov)

1National Climatic Data Center, 151 Patton Ave.
Rm. 120, Asheville, NC 28801, United States

A land surface wetness product is derived from the
Special Sensor Microwave Imager (SSMI), which flies
on a polar orbiting satellite with global coverage. The
frequencies observed by the Special Sensor Microwave
Imager are sensitive to liquid water near the earth’s
surface. The surface wetness can originate from multi-
ple sources (i.e. precipitation, snow melt, irrigation).
In conjunction with the Department of Agriculture we
seek to establish the utility of the wetness product
for real time monitoring of crop conditions around the
world, and demonstrate the benefit of actual SSMI ob-
servations over modeled or interpolated analyses. We
provide numerous examples showing how SSMI observa-
tions provide a more realistic spatial structure in areas
where surface observations are limited. Moreover, due
to the sparcity of in situ observations in many rural
and poor areas of developing counties extreme events
are frequently undetected. Consequently, by using the
SSMI to observe the true spatial distribution of water
near the surface in near real time, there can be timely
action to mitigate the spread of water borne diseases
and famine. In addition, we demonstrate that the sur-
face wetness product has a strong correspondence with
the upper level soil moisture at many locations. By an-
alyzing the wetness values over an extended period, one
can usually determine its association with deeper soil
moisture (e.g., it was excessively wet two weeks ago;
therefore, deep soil moisture is probably abundant, al-
though it appears that the surface has dried out). This
product is unique and the talk demonstrates the value

of the SSMI observations to enhance monitoring activ-
ity, to validate global circulation model, and/or be as-
similated into energy or water budget balances.

The relationship between brightness temperatures
at different frequencies is used to dynamically derive
the amount of liquid water in each SSM/I observation;
i.e., there are no static apriori assumptions in the com-
putation of the wetness values. They are derived at 1/3
degree resolution, and are calibrated and validated us-
ing independent high resolution in situ observations. A
15 year climatology (1988 to 2002) serves as the base
period for monthly and weekly anomalies. The wetness
product is based on a standardized cumulative prob-
ability gamma function with values from zero to one
hundred percent. The standardization procedure ac-
counts for variation in surface features around a region
(i.e., forest, lakes, farm land, mountains), time of year
(i.e., wet versus dry season), and soil type (i.e., clay
versus sandy soil).

URL: http://www.ncdc.noaa.gov/ssmi.html
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Transport of a conservative solute takes place in a
formation made up from a matrix of conductivity K0
and porosity ϑ0 and inclusions of properties K, ϑ. For
given inclusions shape, the system is characterized by
the two parameters κ = K/K0 and the inclusions vol-
ume fraction n. In the past, approximate solutions of
the flow and transport problems were obtained under
the limit of low variability, i.e. κ − 1 � 1, and arbi-
trary n. The present study aims at solving the prob-
lem under the opposite limit of a dilute system, i.e.
n � 1 and arbitrary κ. We are particularly interested
in elongated inclusions (high length/thickness ratio) of
high permeability contrast to the matrix. Such con-
figurations are related to applications in which lenses
or cracks are present in a medium of highly different
conductivity. The basic procedure was developed by
Eames, I., and J.W. Bush, [Longitudinal dispersion by
bodies fixed in a potential flow, Proc. R. Soc. Lond. A.,
455, 3665-3686, 1999]. In the present study we extend
the approach to inclusions of arbitrary porosity and el-
liptical shape, characterized by the parameter e, the
ratio between the small and large axes, with emphasis
on e � 1. We present the analytical solution of the
flow problem and the procedure, requiring two quadra-
tures, to calculate the macrodispersivity. Analytical
solutions are obtained for two particular limits: κ � 1
and κ � 1. The latter is compared with the limit n � 1
of small conductivity variance solutions.

The theoretical results are further applied to three
types of media: horizontal lenses submerged in a ho-
mogeneous matrix, sparse cracks of random orientation
in a matrix of contrasting permeability and channels
of high permeability at the surface of a homogeneous
medium. These discrete features are modeled as sparse
elliptical inclusions of arbitrary conductivity. The lon-
gitudinal macrodispersivity is determined as function
of the parameters characterizing the medium: the con-
ductivity ratio κ, the anisotropy ratio of the ellipses e,
the porosity ratio ϑ/ϑ0 and the volume fraction n � 1
or the fracture number per unit volume. Unlike existing
stochastic continuum solutions that are first-order in
the logconductivity variance, the model developed here
applies for an arbitrary permeability variance. This is
of great advantage in media with high conductivity con-
trasts between the matrix and the inclusions. Simple
results are obtained for inclusions of low conductivity,
that lead to high macrodispersivity values that are un-
derpredicted by the first-order continuum approach. In
contrast, the presence of thin and highly conductive
cracks leads to a finite longitudinal macrodispersivity
that depends mainly on their length and the number
density. An attempt is made to compare the present
approach with the numerical simulations from the liter-
ature. This work includes material from [Dagan, G. and
S. C. Lessoff, Solute transport in heterogeneous forma-
tions of bimodal conductivity distribution 1. Theory
Water Resour. Res., 37, 465-472, 2001] and [Lessoff, S.
C. and G. Dagan Solute transport in heterogeneous for-
mations of bimodal conductivity distribution 2. Appli-
cations, Water Resour. Res., 37, 473-480, 2001]
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Recent work with stochastic inverse modeling tech-
niques has led to the development of efficient algo-
rithms for the construction of transmissivity (T) fields
conditioned to measurements of T and head. Small
numbers of calibration targets and correlation between
model parameters in these inverse solutions can lead
to a relatively large region in parameter space that
will produce a near optimal calibration of the T field
to measured heads. Most applications of these in-
verse techniques have not considered the effects of non-
unique calibration on subsequent predictions made with
the T-fields. Use of these T fields in predictive con-
taminant transport modeling must take into account
the non-uniqueness of the T field calibration. A re-
cently developed ”predictive estimation” technique is
presented and employed to create T fields that are con-
ditioned to observed heads and measured T values while
maximizing the conservatism of the associated predic-
tive contaminant transport model. Predictive estima-
tion employs confidence and prediction intervals calcu-
lated simultaneously on the flow and transport mod-
els respectively. In an example problem, the distri-
bution of advective transport results created with the
predictive estimation technique is compared to the dis-
tribution of results created under traditional T field
optimization where model non-uniqueness is not con-
sidered. The predictive estimation technique produces
results with significantly shorter travel times relative
to traditional techniques while maintaining near op-
timal calibration. Additionally, predictive estimation
produces more accurate estimates of the fastest travel
times.

Sandia is a multiprogram laboratory operated by
Sandia Corporation, a Lockheed Martin Company for
the United States Department of Energy under contract
DE-AC04-94-AL-85000
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During the past 25 years we have seen a dramatic
change in the way researchers quantify the flow of un-
derground water and the migration of associated con-
taminants in which the inherent ambiguity of predic-
tions is characterized probabilistically . The vigor and
intensity of this stochastic revolution is reflected in the
thousands of research articles, dozens of scientific meet-
ings, scores of computer codes, several books, and many
millions of dollars of research grants that have focused
on such issues. The need for stochastic approaches de-
rives fundamentally from the complex natural spatial
and temporal variability of subsurface hydrologic sys-
tems and the very limited nature of the observations
available to characterize the properties and processes
involved at pertinent application scales. From an ap-
plied perspective, realistic quantification of the uncer-
tainty in model results is required if such predictions
are to form a basis for sound decisions. There have
been major advances in theoretical and computational
methodology, but the impact of these new methods and
results in practical applications has been limited. Some
of the key accomplishments and remaining challenges in
this area are summarized in the context of contaminant
transport analysis applied to the issue of radioactive
waste disposal. Here predictions over periods of thou-
sands to millions of years and scales of tens of kilome-
ters are sought and a probabilistic regulatory frame-
work is imposed. The needs for more pragmatic re-
search approaches that will address applied issues, and
for candor regarding the limitations of quantitative un-
certainty assessments of model predictions are empha-
sized.


