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When radiative transfer theory is applied for under-
standing lidar measurements, it is usually assumed that
light interacts with a spatially uncorrelated medium. In
situ measurements suggest that most clouds are pos-
itively auto-correlated spatially. When light travels
within a positively auto-correlated cloud system, the
chance of a cloudy parcel hidden behind another cloud
parcel is higher than the one for an uncorrelated sys-
tem. For the same amount of cloud particles, the ef-
fective extinction optical depth of the spatially auto-
correlated system is equivalent to the extinction opti-
cal depth of the correspondent spatially uncorrelated
system minus the extra chance of a cloud parcel hiding
behind another one. This equivalent extinction adjust-
ment is normally made, intentionally or unintention-
ally, when applying radiative transfer theory while as-
suming no spatial auto-correlation of the medium. The
radiative transfer theory works fine with this equivalent
extinction adjustment if multiple scattering is unimpor-
tant in a measurement. But this equivalent uncorre-
lated medium adjustment introduces under-estimation
of multiple scattering. The impact of the spatial auto-
correlation on lidar depolarization measurement data
analysis and multiple scattering assessments will be
presented. This study is based on simulations made
with a Monte-Carlo model of lidar measurements with
full Stokes vector as well as Cloud Physics Lidar (CPL)
measurements. The model calculations are accelerated
with FPGA-based reconfigurable computation.
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Most of the existing cloud radiation models and con-
ventional techniques of data processing assume that
the mean number of drops with a given radius varies
proportionally to volume. The analysis of microphys-
ical data on liquid water drop sizes acquired dur-
ing the First International Satellite Cloud Climatology
Project (ISCCP) Regional Experiment (FIRE), July
1987, and the Atmosphere Radiation Measurements
(ARM) Cloud Intensive Operational Period (IOP),
March, 2000, shows that, for sufficiently small volumes,
the number is proportional to the drop size dependent
power of the volume. The drop size dependent coef-
ficient of proportionality, or a generalized drop con-
centration, and the exponent are determined solely by
the smallest sampling volume; they are independent of
the volume drops occupy and differentiate spatial dis-
tributions of drops with different sizes. For abundant
small drops (r≤14µm) present, the exponent is 1 as as-
sumed in the conventional approach. However, for rarer
large drops (r>14µm), the exponents fall below unity
for scales between the smallest sampling volume and a
“saturation” scale. At these scales, therefore, the mean
number of large drops decreases with volume at a slower
rate than the conventional approach assumes, suggest-
ing more large drops at small scales than conventional
models account for; their impact is consequently under-
estimated. The analysis presented here indicates that
depending on cloud size, the neglect of small-scale drop
size variability can result in a systematic underestima-
tion of cloud horizontal optical path.

URL: http://cybele.bu.edu/download/ms.html
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Satellite monitoring of the man-made pollutants in
urban/ industrial regions is important to understand
the climate forcing of anthropogenic aerosols. Our abil-
ity to accurately study aerosols from space over land is
generally limited to dark dense vegetation (DDV) tar-
gets. The urban regions of interest are notoriously dif-
ficult because of high inhomogeneity and contrast of
surface, combined with the small size of sparsely lo-
cated DDV targets. Such conditions enhance the at-
mospheric blurring of satellite images otherwise known

as 3D adjacency effect. Importantly, blurring system-
atically increases the apparent brightness of the dark
pixels resulting in the systematic overestimation of the
aerosol optical thickness over land by conventional 1D
methods. The small size of the DDV targets in the
urban regions defines a unique niche for Landsat-like
measurements for the aerosol studies. We developed a
new dark target method for unbiased simultaneous re-
trieval of the aerosol model and optical thickness over
land, based on 3-D radiative transfer theory. We will
demonstrate an application of this method for a set of
ETM+ images of the Washington-Baltimore area, and
its initial validation with AERONET measurements.
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Practically all theories of turbulence assume
isotropy or at least local isotropy. In buoyancy driven
flows the justification is not obvious because grav-
ity breaks the isotropy yet acts at all scales. The
classical assumption is that gravity leads to a basic
stably stratified state while simultaneously postulat-
ing that the perturbations are nevertheless statistically
isotropic. In the atmosphere, the scale height (about
10 km) presents a further challenge: isotropic three
dimensional turbulence cannot extend to very large
scales. The standard model postulates an intermedi-
ate “meso-scale gap” followed at larger scales by two
dimensional horizontally isotropic turbulence. Today,
although we still lack consensus about the full horizon-
tal atmospheric statistics, the meso-scale gap separat-
ing the these D=3, D=2 regimes has not been observed
and there is wide consensus that the horizontal wind
is scaling in the horizontal with spectral exponent βh
=5/3 out to at least several hundred km. In the ver-
tical direction, the spectral exponent βv > βh imply-
ing scaling stratification with the volume of structures
growing at a rate Del= 2+ (βh − 1)/(βv − 1). The two
main contending proposals being βv = 11/5 (buoyancy
driven, Bolgiano-Obhukov) and βv =3 (gravity waves,
Lumley-Shur) implying Del=7/3, 23/9 respectively. In
this talk we describe some recent results using state
of the art lidar data of passive scalars, over the range
3m to 120km, we directly estimate Del=2.56±0.05 sup-
porting the 23/9 dimensional “unified scaling” model .
We discuss this in relation to other measurement cam-
paigns, and also the implications for modelling the at-
mosphere. Finally, we show how to make multifractal
models of vertical cross-sections which are very close to
the data.
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Clouds are the primary source of uncertainty in
models of the weather and climate. Thus it is crucial
that our overall understanding of clouds be improved,
especially the radiative effects of clouds. Fractal cloud
models are commonly used to investigate radiative ef-
fects caused by the spatial heterogeneity of real clouds.
These complex distributions exhibit variability across a
range of scales, suggesting the utility of fractal model-
ing as a means of simulating and exploring cloud prop-
erties. Estimation of fractal dimension, the principle
parameter of fractal models, has been shown to exhibit
sensitive dependence on which estimator is used, sug-
gesting a variety of estimators must be studied to de-
termine which gives the most accurate results. This
presentation will demonstrate that fractal dimension
estimation is unreliable and depends upon many fac-
tors including instrument resolution, sun-view geome-
try, spectral channel, averaging techniques, number of
data points, and estimation algorithm used. The pri-
mary conclusion drawn from this study is that the mea-
surement of fractal dimension cannot be achieved with

confidence for clouds and other geophysical phenomena
and an alternative approach must be developed in or-
der to acquire scale invariant (fractal) properties from
clouds that are input into fractal models. Thus it is
necessary to develop more sophisticated fitness crite-
ria for selecting appropriate fractal models and their
corresponding parameter values.
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The major hydrological events in cold regions are
related to storage and melt of snow and ice and the
related energetics of phase change. Cold regions hy-
drology therefore is subject to a relatively unique as-
semblage of hydrological processes and parameters that
produce a very distinctive hydrological response. Ob-
servational networks of snowfall, snow depth, ice ex-
tent, soil frost and streamflow have never been dense
in cold regions, which due to their large size and re-
moteness adds the particular challenges of informa-
tion scarcity and large scale of application to this
branch of hydrology. The difficulties of field obser-
vations of snow accumulation, interception, redistri-
bution, frozen soil moisture content, and ice-covered
streamflow in remote cold regions environments mean
that even routinely-gauged basins represent subjects of
high uncertainty in hydrological calibration and esti-
mation. Uncertainty in model operation is exacerbated
by the temperate-environment bias of many hydrolog-
ical models, in which their underlying approach, as-
sumptions and structure may not be suited to the dy-
namics of cold regions hydrology. This paper reviews
recent progress in defining and describing the relevant
land-based hydrological cycle in cold regions, the scal-
ing behaviour of some cold regions processes and the
observational challenges provoked by cold, remote envi-
ronments. It then discusses the appropriate modelling
strategy for such environments and how this might be
addressed in the next generation of hydrological re-
search in high latitudes and altitudes.
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