
N
G

2004 Joint Assembly

Cite abstracts as: Authors (2004), Title, Eos. Trans. AGU, 85(17), Joint Assembly Suppl., Abstract #####-##.

JA267

effects of climate variability and terrain focused on the
spatial patterns of the codimensions of rainfall time-
series (convex time scaling exponents) for all raingauge
locations and precipitable water fluxes on the NCEP re-
analysis grid over two time-periods: 1950 to 1970 and
1971 to 1997. Overall, the analysis resulted in con-
sistent estimates of multifractal parameters over both
time and space. Over short durations (1 to 30 days),
the spatial variability exhibited by the codimensions is
consistent with synoptic weather patterns. Daily codi-
mensions along the Atlantic and Gulf coasts decreased
over time, which coincided with increased coastal pre-
cipitation maxima in the second period. Elsewhere, the
changes were not statistically significant, although it
should be noticed that differences between the two pe-
riods at any location are larger that the spatial dif-
ferences associated with orographic precipitation en-
hancement. Over longer durations (1 to 12 months),
spatial variations in rainfall accumulations suggest an
intensification of orographic enhancement effects (>
500 m elevations). The scaling behavior of precip-
itable water fluxes was similar to that of the raingauge
data in that the spatial patterns of the co-dimensions
at short time-scales reflect the predominant synoptic
scale weather patterns, while at seasonal to interan-
nual timescales the variability is controlled by regional
orography. Building upon this study, a framework for
risk assessment of the severity extreme events for cli-
mate impacts’ studies at regional and global scales is
presented. Douglas, E. and Barros, A.P., 2003: Prob-
able Maximum Precipitation Estimation Using Multi-
fractals: Application in the Eastern United States. J.
Hydrometeorology, Vol. 4, No. 6, 1012-1024.
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Our work presents a connection between the esti-
mated structure of turbulence in the lower atmospheric
boundary layer and the probability of occurrence of a
convective storm at the location of estimation, in a
tropical climate. The same-day predictive capability
of turbulent structure is being evaluated, given that
during the rainy season, tropical storms develop in a
matter of less than an hour, so a forecast lead time of
only a few hours can therefore be useful. The evalua-
tion procedure has been run on data collected in 1999
during the TRMM-LBA project at a site in Rondonia,
Brazil, and the results have been found to be very en-
couraging.
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Hydrothermal mineralization occurs when the nat-
ural geo-processes involve the interaction of ore
material-carrying hydrothermal fluids with rocks in the
earth’s crust in a specific geological environment. Min-
eralization can cause element concentration enrichment
or depletion in the country rocks. Local enrichment
may form ore body that can be mined for profit at the
current economic and technological conditions. To un-
derstand the spatial distribution of element concentra-
tion enrichment or depletion caused by mineralization
in a mineral district is essential for mineral exploration
and mineral prediction. Grade-tonnage model and min-
eral deposits size distribution model are common mod-
els used for characterizing mineral deposits. This paper
proposes a non-linear mineralization model on the basis
of a modified classical igneous differentiation mineral-
ization model to describe the generation of multifrac-
tal distribution of element concentration in the coun-
try rocks as well as grade-tonnage fractal/multifractal

distribution of ore deposits that have been often ob-
served in hydrothermal mineralization. This work may
also lead to a singularity model to explain the com-
mon properties of mineralization and mineralization-
associated geochemical anomaly diversity and the gen-
eralized self-similarity of the anomalies. The model has
been applied to a case study of mineral deposits pre-
diction and mineral resource assessment in the Abitibi
district, northern Ontario, Canada.
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physicist’ look at 2 ecological disasters
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Seveso suffered a chemical accident with a severe
loss of supertoxic material (TCCD) released in the at-
mosphere; Chernobyl was a world known nuclear acci-
dent. The pollution induced by the two accident are
analysed in term of fractal models. The first case in-
volved a limited micro ecological system; the second
one spread over a macro ecological system. The pol-
lution is reproduced by means of simple Fractal Sum
of Pulses models in the Seveso region; for the Cher-
nobyl accident in northern Italy and in several euro-
pean Countries. The 2 accidents are also analysed in
terms of Universal Multifractals showing that thethe
parameters α and C1 are those describing respectively
rainfall (Seveso) and cloud formation (Chernobyl).
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There is an ongoing discussion about the dynami-
cal properties of El Niño/Southern Oscillation (ENSO).
According to one hypothesis ENSO can be fully de-
scribed as a low dimensional chaotic process. A sec-
ond hypothesis states that stochastic forcing has to be
taken into account. Deciding for one hypotheses by fit-
ting different model classes to observational data ap-
pears to be difficult: Conceptual models might all be
rejected in statistical terms because of high discrepan-
cies due to the too simple model structure. On the
other hand too complex models lead to overfitting, in-
hibiting any significant selection due to the lack of
data. We rather focus on another strategy for model
identification by defining characteristics that have to
be reproduced by a useful model. Recently the relation
between amplitude and period of oscillations in concep-
tual ENSO models has been investigated. We suggest
to choose this relation as a criterion for model iden-
tification. This way we present a detailed study for
different ENSO models of intermediate complexity as
well as for real data.

NG22A CC: 516 D Tuesday 1030h

Scaling and Fractals in the Earth,
Atmosphere, and Hydrosphere:
Resolution Dependence and
Nonlinear Variability III

Presiding: J Pomeroy, University of
Saskatchewan; S Lovejoy, McGill
University

NG22A-01 1030h INVITED

Use of Radar Profilers as Tools for the
Determination of Space-Time
Variability of Precipitation

Kenneth Gage1 (303-497-3964;
kenneth.s.gage@noaa.gov)

Christopher R Williams2 (303-497-3829;
christopher.r.williams)

1NOAA Aeronomy Laboratory, 325 Broadway, Boul-
der, CO 80305, United States

2CIRES, University of Colorado, Boulder, CO 80309,
United States
For remote sensing of precipitation from radar and

satellites to fulfill its ultimate potential it will be nec-
essary to improve the precision of rain retrievals and
to optimize the assimilation of the data into numerical
models. It is well known from developments in data as-
similation that for optimal performance models require
information on the error covariance of the parameter
being measured. In general, this means information
is required on the measurement error of instruments
as well as the representativeness of the measurements
themselves. In the case of precipitation measurement
it is necessary to develop more information on the vari-
ability of precipitation fields within precipitating cloud
systems. This presentation considers approaches to the
determination of space time variability of precipitating
cloud systems using profilers and scanning radars.
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One of the main research themes of the current RIO
(Risque Inondation / Flood Risk) program of the Min-
istry of Environment in France is the prediction of ex-
treme hydrological events and the development of new
tools for their prediction, prevention and alert. Deter-
ministic models based on various physical and/or sta-
tistical approaches are still not capable to capture the
phenomena of extreme precipitation and floods. It is
well known that one of the main difficulties for the de-
scription of hydro-meteorological extremes is the colos-
sal variability of their intensities over a wide range
of space-time scales. To contribute to the RIO pro-
gram, our group uses the multifractal framework not
only to explain the power-law fall-off of probability
distributions for hydrological-meteorological extremes,
but also to explore a link between the observed vari-
ability and the underlying physics. We analyze space-
time distributions of precipitation and discharges over
widely different hydrological regions. A multifractal
data analysis performed in the space-time domain pro-
duces - amongst other results - a physically-based tool
for the clear distinction and multifractal description of
flash-floods. We illustrate these methods on two recent
flooding events in France: the Abbeville phreatic floods
in 2001 and the flash floods in Gard in 2002.

URL: http://www.multifractal.jussieu.fr
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Previous research has identified the spatial variabil-
ity of snowcovers as being fractal at very small scales,
transitioning to random variability at scales larger than
a fractal cutoff. The fractal component of the variabil-
ity has been identified as the primary cause of the ob-
served fractal geometry of partially ablated snowcovers,
and as the primary source of the frequency distribution
of snow water equivalent (SWE) in the original snow-
cover. To date, the simple monofractal model has been
sufficient to explain observed snowcover behaviors for
individual landscape units. Given the widespread evi-
dence of multifractality in geophysical data sets, it was
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hoped that its presence might be used to describe snow-
covers at large scales. Accordingly, linear transects of
snow depth were analyzed using the method of trace
moments. In simple landscapes (no trends in data, a
single landform and vegetation type), the fractal por-
tion of the SWE variation appears to be monofractal.
Transects across a large valley also show no signs of
multifractality, although they do display evidence of
deterministic variation at large scales. Some evidence
of multifractality at small scales appears to exist for
transects where the SWE increases or decreases mono-
tonically or where a single large drift is present on oth-
erwise open ground. It appears that the observed mul-
tifractality is due to combining data from distributions
that would normally be considered as being separate.
Because the maximum scale of multifractality is limited
by the fractal cutoff, which is very small (typically less
than 100m), snowcovers in complex landscapes can be
represented as being composed of adjacent monofractal
distributions of SWE.
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As in the case of dispersion in flow through porous
media, it is often assumed that the hydraulic conduc-
tivity, K, naturally increases with scale of an experi-
ment. The effective value of K has, in general, no re-
lationship with a geometric mean value of K; only the
remarkable coincidence that the two-dimensional per-
colation threshold is 50% could support such a gener-
alization. But since percolation thresholds in 3D are
typically much less than 50%, it is possible to find in-
finite interconnected paths of high conductivity, which
only sample the fastest 5-10% of the medium, depend-
ing on the system. In small realizations, it is possi-
ble to find interconnected paths, which are even more
highly conductive, leading to positive corrections on
K, which, however, diminish asymptotically with ap-
proach to infinite size. Because the effective K can
thus be much larger than the geometric mean value of
K, introducing additional heterogeneity with increas-
ing scale can easily lead to suites of measured K values
with means that increase dramatically with scale. In-
terpretation of this as a “scale effect” reveals inaccu-
rate theory. More importantly, however, real increases
in K with scale can be predicted for anisotropic media,
or for strongly non-equidimensional volumes. However,
the cause of such increases, as predicted in percolation
theory, is traced to a cross-over in the dimensionality
of conduction; from 1D at small scales, to 3D at large
scales. Results from percolation theory compare favor-
ably with experimental results from Wisconsin carbon-
ate aquifers. Thus it is suggested that apparent in-
creases in K as a function only of scale result also from
inability to isolate the scale variable.
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Evidence of past climate variations are stored in po-
lar ice caps and indicate glacial-interglacial cycles of
∼100kyr. Using advanced scaling techniques we study
the long-range correlation properties of temperature
proxy records of four ice cores from Antarctica and
Greenland. These series are long-range correlated in
the time scales of 1-100kyr. We show that these time
series are nonlinear for time scales of 1-100kyr as ex-
pressed by temporal long-range correlations of mag-
nitudes of temperature increments. Our results sug-
gest that temperature increments appear in clusters
of big and small increments—a big (positive or nega-
tive) climate change is most likely followed by a big
(positive or negative) climate change and a small cli-
mate change is most likely followed by a small climate

change. We then suggest two nonlinear stochastic mod-
els for glacial-interglacial dynamics that exhibit sim-
ilar nonlinear properties as in the data. We conjec-
ture that interaction between fast random fluctuations
(representing atmospheric variability) and slowly vary-
ing fluctuations (representing oceanic variability) may
underlie the observed nonlinearity of time series for
glacial-interglacial oscillations.
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In previous contributions we have presented asymp-
totic forms for single scattering statistics in thick uni-
versal multifractal clouds with parameters 1 < α < 2
and H = 0. An essential feature was that short- and
long-photon paths exhibit qualitatively different scal-
ing behaviors. In the near regime the direct transmis-
sion is approximately exponential with a renormalized
extinction coefficient κeff < κ , where the transmis-
sion behaves as if all scattering were from the most
probable singularity in the cloud density field. In the
far regime, the transmission falls off much more slowly
(on account of ”Levy holes”). A study of the moments
of the photon pathlengths also supports this idea. The
negative moments obey a scaling law algebraic in κ,
while the positive moments follow logarithmic scaling
according to (log κ)−α . We present now the results of
numerical simulations (Monte Carlo and discrete angle
radiative transfer equations) that address the degree to
which the above are relevant to light scattering in real
clouds. Three issues are addressed. First, the asymp-
totic formulas rely on the underlying assumption that
the actual multifractal water density field over all but
the largest length scales may be replaced by the bare
field developed to the same scale. A second issue is
that real cloud density fields are not conserved but have
H ≈ 1/3. Finally, we have argued that if density cor-
relations are ignored the multiple scattering should be
well-described by an even softer effective extinction co-

efficient κeff ≈ (log κ)α/2. We examine the validity
of this conjecture and the degree to which correlations
require modification.
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The dimension (D) of aircraft trajectories is fun-
damental in interpretating airborne data. To esti-
mate D, we studied data from 18 trajectories of strato-
spheric aircraft flights 1600km long taken during a
”Mach cruise” (near constant Mach number) autopi-
lot flight mode. Mach cruise implies correlated tem-
perature and wind fluctuations so that ∆Z≈ ∆xHz
where Z is the (fluctuating) vertical and x the hori-
zontal coordinate of the aircraft. Over the range ≈ 3
to 300km, we found Hz ≈ 0.58 ± 0.02 close to the the-
oretical 5/9=0.56 and implying D = 1 + Hz = 14/9
i.e. the trajectories are fractal. For distances < 3 km
aircraft inertia smooths the trajectories, for distances
> 300 km, D=1 again because of a rise of 1m/km due
to fuel consumption. In the fractal regime, the hori-
zontal velocity and temperature exponents are close to
the nonclassical fractal value HK = 1/2 (rather than
the Kolmogorov value HK = 1/3). Taking into ac-
count (multifractal) intermittency corrections, this im-
plies the corresponding spectral slopes =1.9. We also
discuss ESS and cross-ESS estimates of multfractal ex-
ponents. We show that there exists a critical average
trajectory slope s = ∆x/ls)Hz−1; when the aircraft
exceeds this, the velocity, temperature fluctuations are
dominated by the vertical rather than horizontal statis-
tics; ls is the scale where average horizontal and ver-
tical temperature and velocity fluctuations are equal,
we find it to be ≈ 4 cm (although it fluctuates depend-
ing on energy and buoyancy force variance fluxes). At
this scale, even even small deviations from perfectly
flat horizontal trajectories (of the order of 1m/km) will
lead to Bolgiano-Obhukov (HBO = 3/5) rather than
HF = or HK. We show that this can explain recently
published data from MOZAIC; we also review over a
dozen other aircraft and radiosonde experiments show-
ing that they are all compatible with the 23/9 dimen-
sional unified scaling model. Finally we compare this
with some direct estimates of Hz from passive scalar
surrogates (lidar backscatter of pollution) with shows
Hz = 0.56 ± 0.02.
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A current challenge of climate modeling is that

general circulation model results are extremely sen-
sitive to parameterizations of the poorly understood
cloud/radiation interactions. In order to work out some
fundamental problems occurring in radiative transfer
in the atmosphere, one first needs a physically based
model of cloud liquid water density which is able
to yield realistic radiance multifractal variability over
ranges spanning thousands of kilometers down to less
than a meter. Indeed, analysis of nearly 1000 satellite
and in situ cloud radiances has shown (in both infrared
and visible wavelengths) that the radiances fields are
highly multifractal on such huge ranges of scales. After
discussing some technical points needed to obtain ac-
curate liquid water density multifractal statistics, we
then use both Monte-Carlo techniques as well as new
(highly accurate, rapid) sparse matrix methods to sim-
ulate the radiative transfer in the cloud and relate scale
by scale the resulting radiation fields and the scatter-
ing statistics to those of the cloud. Theoretically based
on closure techniques, we have predicted that in multi-
fractal clouds, the popular ‘independent pixel approxi-
mation’ (IPA) should work except when applied to ra-
diation flux tubes; and the latter are expected to be
fractals. We directly test this hypothesis on the simu-
lations.
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Motivation We investigate scaling anisotropy in

cloud images. Even if these images look pretty much


