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[1] One of the vexing questions in rainfall research is the role of intermittency and its
nonuniversal signature in anomalous scaling functions. Whether this lack of universal
behavior is due to the bursting patterns in rainfall intensity or the alternation between
long dry periods and highly clustered wet phases (or both) remains an open issue. To
progress on a narrower scope of this problem, the effects of intermittency originating from
rainfall occurrence are first separated from rainfall intermittency induced by intensity
variability. Across five climatic regimes considered here, it was shown that the rainfall
occurrence process (OP) exhibits (1) a near-constant spectral slope, (2) a near-constant
clustering exponent, and (3) a probability density function of dry phases displaying a
power law behavior with an exponent b � 1.5, consistent with other studies for timescales
commensurate with frontal and storm systems. Also for the OP, the scaling exponents of
the normalized higher order structure functions reveal an extensive monofractal scaling at
all five climatic regimes. When taken together, these intersite results are suggestive that
rainfall intensity modulations are the main cause of the nonuniversal anomalous scaling and
not the clustering properties associated with the support. The nature of these modulations
is markedly different when comparing rainfall to a familiar and often interrelated process
such as scalar turbulence. In the case of turbulence, amplitude variability of scalar
dissipation rates appear to mitigate the intermittency effects connected with anomalous
scaling, while for rainfall series, intensity fluctuations seem to amplify them.
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1. Introduction

[2] Quantifying intermittency in rainfall, both in intensity
fluctuations and space-time patterns of dry-wet phases, is
receiving renewed research interest [Koutsoyiannis, 2006a,
2006b; Pardo-Iguzquiza et al., 2006; Pavlopoulos and
Gupta, 2003; Waymire, 2006]. Alternations between long
quiescent dry phases and strongly erratic periods of rainfall
activity clearly exert their influence on many hydrologic
and biogeochemical processes [Daly et al., 2008]. In par-
ticular, rainfall intermittency at timescales characterizing
storms and frontal systems (see Figure 1 for a classification
of timescale ranges) has received significant attention over
the past few decades [De Bruin, 1980; Deidda, 2000;
Gupta and Waymire, 1993; Lovejoy and Schertzer, 1985;
Veneziano et al., 2006a; Waymire, 2006].
[3] In turbulence research, the term intermittency is used

to indicate the uneven distribution in space and time of small
scale quantities such as the variations in the turbulent kinetic

energy dissipation rate. In this context, two main phenom-
enological components of intermittency are often studied,
one connected with the amplitude of small-scale fluctuations
(amplitude intermittency) and the other connected with local
frequency of oscillations (or clustering) [Frisch, 1995;
Sreenivasan and Bershadskii, 2006]. In general, the first is
related to the onset of a multifractal structure in the turbulent
kinetic energy dissipation rates, while the second reveals
itself through the monofractal tendency of bursting events
to cluster together [Sreenivasan, 1991; Sreenivasan and
Dhruva, 1998].
[4] In analogy with turbulence, rainfall intermittency may

be explained in a similar manner. Wide variations in
intensity (amplitude component) and alternations between
long dry periods and bursting events (clustering) [Schmitt
et al., 1998] both contribute to the intermittent behavior in
rainfall, though the former has received much more
attention than the latter [Deidda et al., 1999; Kiely and
Ivanova, 1999; Lovejoy and Schertzer, 1985; Schertzer et
al., 2006; Veneziano et al., 1996; Veneziano and Iacobellis,
2002; Veneziano et al., 2006b; Venugopal et al., 2006a,
2006b; Zawadzki, 1987].
[5] The success of the multifractal framework to link

intermittency with anomalous scaling in turbulence
[Sreenivasan, 1991] naturally provided a basis to explore
intermittency in rainfall. However the emerging picture
from employing such a framework to point rainfall time
series appeared mixed, with successes reported in diag-
nosing many features of rainfall intermittency, and some
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disappointments in that a universal picture resembling the
inertial subrange in turbulence cascades did not readily
emerge.

1.1. Intermittency and Anomalous Scaling in
Turbulence and Rainfall

[6] The literature regarding anomalous scaling in turbu-
lence and rainfall is vast [see, e.g., Frisch, 1995; Meneveau
and Sreenivasan, 1991; Monin and Yaglom [1975a,
1975b]; Pope [2000]; Roux et al., 2009; Sreenivasan,
1991; Veneziano et al., 1996; Venugopal et al., 2006b;
Waymire, 2006, and references therein]. We only review
the basic connection between intermittency, anomalous
scaling as detected in turbulence higher order structure
functions and the multifractal formalism. This formalism
was later adopted and modified in stochastic modeling of
rainfall.
[7] At very high Reynolds number flow, the kinetic

energy is introduced at the large scales and then transferred
by the turbulent cascade to smaller scales (known as inertial
scales) until the energy is dissipated at the finest scales by
the action of fluid viscosity. In this cascade, the net kinetic
energy dissipation rate, which is identical to its production
rate or its transfer across scales, is conserved being linked to
inviscid processes connected to vortex stretching. The early
theory by Kolmogorov [1941], now known as K41, sug-
gested that the velocity (v(t)) within the inertial subrange
exhibits a universal scaling behavior described by the higher
order structure function given by

Sq tð Þ ¼
���v t þ tð Þ � v tð Þ

��q� � tzDv qð Þ; ð1Þ

where q is the order of the structure function moment, t
represents time, t is the time separation, and h�i the time
averaging operator [Frisch, 1995]. Because the kinetic
energy within the inertial subrange is only dependent on
the net dissipation rate (the conserved quantity during the
cascade) and the eddy size (or wave number), dimensional
considerations lead to a monofractal scaling with exponents
zDv(q) given by

zDv qð Þ ¼ q

3
: ð2Þ

[8] The scaling properties estimated from a large number
of experiments and numerical simulations however deviate
from the simple-scaling view of K41 theory, and suggest a
nonlinear relationship between zDv(q) and q, the so-called
anomalous scaling (AS) [Sreenivasan, 1999]. The AS can
be associated with the presence of large structures within the
flow that are strongly influenced by inhomogeneity in
boundary conditions and are themselves able to exert
influence on inertial scales. Several models were later
proposed to explain AS and intermittency in the inertial
subrange such as the lognormal model of Kolmogorov
[1941], the b model, the bifractal and multifractal models,
among others [Frisch, 1995].
[9] Similar approaches were subsequently adopted in

rainfall modeling to explain the multifractal characteristics
of the space-time rainfall process. Nevertheless, a basic
difference between rainfall and turbulence is the absence of
universality in the former, whereas the latter seems to
exhibit universal behavior despite large variations in the
mechanisms producing turbulent kinetic energy. We high-
light this latter point in Figure 2, where the zDv(q) estimated

Figure 1. Typical spectral scaling regimes for point rainfall series, revised from Fraedrich and Larnder
[1993] (with permission from Wiley-Blackwell). Key timescales associated with the log frequency ( f )
axis are shown. Notice the timescales associated with the f �1 and f �0.5 scaling regimes for the convective
and frontal events, respectively.
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for several turbulence series are compared to rainfall scaling
exponents zR(q), defined from

h Rt Tð Þ½ �qi � T zR qð Þ; ð3Þ

where T represents the aggregation timescale and

Rt Tð Þ �
Z tþT

t

I yð Þ dy; ð4Þ

characterizes the dependence of the rainfall intensity I(t)
cumulated on an interval T (namely rainfall depths Rt at
aggregation T) on T [see, e.g., Deidda et al., 1999; Gupta
and Waymire, 1993; Lovejoy and Mandelbrot, 1985;
Lovejoy and Schertzer, 1985; Menabde et al., 1997;
Veneziano et al., 1996; Venugopal et al., 2006b].
[10] The rainfall time series used to compute zR(q) in

Figure 2 were collected across several microclimatic
regimes [Deidda et al., 1999; Katul et al., 2007; Kiely
and Ivanova, 1999; Molini et al., 2005; Veneziano and
Iacobellis, 2002] and are later described in section 2, while
the zDv(q) were digitized by us from published numerical,
laboratory, and field experiments [Katul et al., 2009] at
different values of Rel (the Taylor-scale based Reynolds
number) [Frisch, 1995; Pope, 2000]. The Rel is commonly
adopted in the study of turbulence cascades because it is
pinned to a length scale (Taylor microscale) connected to
the termination of the inertial subrange rather than a
production length scale known to vary with the energy
injection mechanism (and hence the boundary conditions).
The turbulent flows considered here include a turbulent jet
at Rel = 852 from Anselmet et al. [1984], a turbulent duct
flow at Rel = 515 from Camussi and Guj [1997], homo-
geneous grid-generated turbulence at Rel = 12 (using the
extended self-similarity (ESS) hypothesis) from Benzi et al.
[1993], cylinder and jet generated turbulence (using ESS)
from Stolovitzky et al. [1993], a boundary layer with
Rel = 200 from Sreenivasan and Dhruva [1998], a direct

numerical simulation (DNS) at Rel = 210 and an atmospheric
surface layer with Rel > 10000 (using ESS). When focusing
on anomalous scaling functions in Figure 2, it is evident
that, for rainfall, each z(q) must be determined individually
and lacks the universal behavior reported across many
turbulence studies.

1.2. Amplitude Variability Versus Clustering in Rainfall
Anomalous Scaling

[11] To explore whether the lack of universal behavior in
the anomalous scaling of rainfall is due to the amplitude
variability, the clustering effects, or both, we refer to the
so-called occurrence process OP(Rt) to analyze the clus-
tering properties in time of point rainfall across various
microclimatic regimes independent from the effects of
intensity variability. Binary statistics have a long history
in rainfall analysis [De Bruin, 1980; Foufoula-Georgiou
and Guttorp, 1986; Foufoula-Georgiou and Lettenmaier,
1986; Harrold et al., 2003; Koutsoyiannis, 2006a; Schmitt
et al., 1998] and are now receiving attention in the
analysis of turbulence time series [Cava and Katul,
2009; Sreenivasan and Bershadskii, 2006] via the so-called
telegraphic approximation (TA).
[12] The main novelties of the work here are three fold: it

is demonstrated that (1) the scaling laws emerging from the
spectra of OP(Rt) are less sensitive to microclimatic differ-
ences and describe frequency ranges connected with frontal
systems and convective storms (i.e., days to hours) known
to have different power law signatures in the spectra of Rt

(see, e.g., Figure 1), (2) the clustering behavior of wet-dry
phases appears to be insensitive to the microclimatic regimes
and describes subranges also connected with frontal systems
and convective storms, and (3) an analytical link between the
spectral scaling laws of OP(Rt), the power law exponent of
the probability density function of the duration of dry phases
and the intermittency exponent describing the anomalous
scaling recently derived for turbulence [Bershadskii et al.,
2004] is tested for the OP. This link permits us to further

Figure 2. Variation of the moment scaling function (left) zR(q) with the moment order q for rainfall and
(right) zDv(q) for turbulence [Anselmet et al., 1984;Camussi andGuj, 1997;Benzi et al., 1993; Stolovitzky et al.,
1993; Sreenivasan andDhruva, 1998].Maximum ordinate for turbulence is deliberately smaller to emphasize
the minor differences across the experiments. For the rainfall series, Table 1 describes the site abbreviations,
locations, durations, and original sampling intervals (also reported in Figure 2 (left) legend as orig. aggr.).
Notice the contrast in universal behavior of the moment scaling function for turbulence and rainfall.
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connect conclusions about the role of clustering in rainfall
intermittency independent of modulations induced by inten-
sity variability. A number of OP(Rt) properties derived here
are also contrasted with TA properties for scalar turbulence
to further assess whether they share similarities in cluster-
ing dynamics and intermittency buildup.
[13] A cautionary note is warranted before proceeding

with comparisons between rainfall and scalar turbulence.
Scaling laws derived for turbulence need not directly apply
to rainfall because raindrops do have finite and evolving
mass (due to evaporation) and cannot be treated as passive
scalars in a turbulent flow field [Deidda, 2000; Deidda
et al., 2004].

2. Data Description

2.1. Rainfall Data

[14] Five rainfall time series from various microclimatic
regimes are used as case studies: the Rt series from Genova
(northwestern Italy), Chiavari (northwestern Italy), Firenze
(central Italy), Valentia (southwestern coast of Ireland), and
the Duke forest experimental site (near Durham, North
Carolina, USA). The series span a marine west coast climate
in Valentia (Ireland), a humid subtropical climate in North
Carolina (USA), a temperate Mediterranean coastal regime
in Genova and Chiavari (Italy), and a Mediterranean (in-
land) climate in Firenze (Italy). Table 1 summarizes the site
properties, aggregation of the time series, sample size as
well as appropriate references describing the microclimate,
overall setup, and data quality checks. Measurements at all
the five sites were performed using standard tipping bucket
rain gauges (TBRs) with a sensitivity ranging between 0.1
and 0.2 mm of rainfall, thereby resulting in a homogeneous
data set suitable for site intercomparisons. At a given site,
two types of errors can affect the binary characteristics of a
rainfall series when measured by TBRs. The first is a
sampling error due to the quantized nature of the bucket:
at low intensities (about 1–5 mm per hour), the time
necessary to fill one bucket is on the order of few minutes
and results in a null rainfall measurement when it is actually
raining [Molini et al., 2001]. However, at such intensities,
the rainfall intermittency is known to be small and we treat
these effects as minor. The second is mainly due to data
quality and includes sources of error such as episodes of
funnel lamination (or clogging) and condensation effects
(see Lanza and Stagi [2002] for an exhaustive review of

different sources of error in TBRs). This source of error may
be minor when analyzing ‘validated’ time series like the
ones adopted in this analysis [Deidda et al., 1999; Katul
et al., 2007; Kiely and Ivanova, 1999; Molini et al.,
2005; Veneziano and Iacobellis, 2002].

2.2. Scalar Turbulence Data

[15] A comparison with a sample turbulent air tempera-
ture time series (hereafter referred as TD), representative of
scalar turbulence collected at the Duke Forest site, is also
performed (see Katul et al. [1997] for description). This
high frequency air temperature series was used by others
[Sreenivasan and Bershadskii, 2006] as well because it was
collected at a sufficiently high Reynolds number flow
difficult to attain in laboratory settings or numerical simu-
lations. The series was sampled in July 1995 at 5.2 m above
the ground surface over a grass site at the Blackwood
division of the Duke Forest in Durham, North Carolina
using a triaxial ultrasonic anemometer (Gill Instruments/
1012R2, Lymington, UK). The air temperature fluctuations
TD were determined from the speed of sound cs using

TD ¼ c2s
kRd

; ð5Þ

where Rd (= 287.04 J/Kg/�K) is the gas constant of dry air
and k (= 1.4) is the ratio of the molar specific heat capacities
of air at constant pressure to that at constant volume. The
suitability of the Gill triaxial sonic anemometer to measure
temperature fluctuations is discussed elsewhere [Katul et al.,
1994, 1995].

3. Methods of Analysis

[16] To address the study objectives, the spectral, clus-
tering, and intermittency properties of finite Rt and OP(Rt)
are first presented and possible empirical connections
between them are discussed. Because a comparison between
the telegraphic properties of the turbulence series and OP(Rt)
is to be conducted, a review of the TA approximation is
provided first.
[17] In turbulence, the telegraphic approximation TA(v(t))

of an arbitrary zero-mean turbulent flow variable v(t) is
defined as [Sreenivasan and Bershadskii, 2006]

TA v tð Þð Þ ¼ 1

2

v tð Þ
jv tð Þj þ 1

� �
; ð6Þ

Table 1. Summary Specifications for the Analyzed Time Series Across the Five Sitesa

Series GVC CHV1H DF VI FXO

Denomination Genova,
Villa Cambiaso

Chiavari,
Obs. Bianchi

Duke Forest Valentia Firenze Obs.
Ximenı́ano

Recorded at University of
Genova, Italy

Chiavari, Italy Durham, NC,
United States

Valentia, Ireland Firenze, Italy

Through the period Jan 1988 Jan 1961 Jan 1998 Jan 1940 Jan 1962
Mar 2008 Dec 2000 Dec 2005 Dec 1993 Dec 1986

Rainfall depth resolution (mm) 0.2 0.2 0.1 0.1 0.2
Time resolution (min) 1 60 30 60 20
Percentage of missing data less than 1 % – – – –
Number of samples �223 �218 �217 �219 �219
Related references Deidda et al. [1999] Molini et al. [2005] Katul et al. [2007] Kiely and

Ivanova [1999]
Veneziano and

Iacobellis [2002]

aSeries identifier, denomination, gauge location, recording period, gauge resolution, sampling time, percentage of missing data, total number of samples
and related references describing the site, the climatic conditions, and the validation procedures.
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where TA(v(t)) can only assume 1 or 0 values. This choice
of zero-mean as a threshold is logical for turbulence studies
since turbulent fluctuations are often defined as zero-mean
excursions. More broadly, TA can be calculated with respect
to any threshold such as the median or the mode without
requiring a zero-mean series. Also, for rainfall, a TA
approximation is not necessary and the OP can be readily
extracted because of the natural duality between wet and dry
phases. Hence, OP(Rt) is set to 1 when Rt > 0 and 0
otherwise, though the precise determination of where Rt > 0
is prone to the errors pointed out in section 2.1.

3.1. Spectral Properties of Rt and OP(Rt)

[18] The scaling behavior of Rt does not posses a unique
power law in the frequency domain and multiple scaling
subranges usually emerge. For example, Figure 1, taken
from Fraedrich and Larnder [1993], shows a schematic of
these subranges for different meteorological systems and
climatic disturbances. The commonly studied subranges in
point rainfall intermittency are the frontal and the storm
regimes. These regimes are characterized by different spec-
tral scaling laws with frontal systems possessing more
memory (i.e., f �0.5) than convective storms (i.e., f �1).

Hence, the spectra of both Rt and OP(Rt) are compared
and referenced to these two power laws and their concom-
itant subranges. A linkage between the spectral exponents
of the full and binary series was empirically established in
the inertial subrange of turbulent flows and is given by
[Sreenivasan and Bershadskii, 2006]

aTA ¼
aFS þ 1

2
; ð7Þ

where aTA and aFS are the spectral slopes of the TA(v(t))
and the full series v(t), respectively. This result is exact for
some classes of stochastic processes, and was empirically
demonstrated to hold for turbulent velocity and scalar time
series far from boundaries [Sreenivasan and Bershadskii,
2006]. It follows that for the well-known 5/3 scaling law in
turbulence, the telegraphic approximation results in an
extensive 4/3 power law. The class of stochastic processes
for which equation (7) applies is still undefined and there is
no a priori reason why equation (7) should hold for Rt and
OP(Rt). Hence, whether such linkages (or similar relation-
ships) between aOP (the spectral slope of OP(Rt)) and aFS

Figure 3. Wavelet spectra of Rt at all five sites estimated using OWT with a cutoff time resolution of
1 hour. The spectrum of the air temperature fluctuations (TD) is also presented (top left) for reference. The f �1

and f �0.5 scaling regimes are only shown for comparison to Fraedrich and Larnder [1993]. Key timescales
associated with the frequency ( f ) axis are also shown at the top axis for each plot. Notice that at the 1 hour
cutoff resolution, the convective regime subrange is narrow. The vertical dotted lines indicate the expected
timescale subranges for various scaling laws presented by Fraedrich and Larnder [1993]. The connected
symbols simply highlight the range of scales used in the estimation of a single exponent for equation (7).
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exist in rainfall remains to be explored, especially across
various microclimatic regimes. Moreover, whether similar-
ity in the subrange of scales for which these power laws
emerge and relate to each other across sites must also be
considered.

3.2. Clustering and Intermittency Exponents

[19] Clustering effects across different timescales or sub-
ranges can be analyzed via the running density of zero
crossings q(T) sampled over a time aggregation interval T
and its fluctuations dq(T) = q(T) � hq(T)i (where the
brackets indicate averaging over a long period). In turbu-
lence as well as in rainfall, zero crossings are identified as
the times at which the binary series switches state. Hence,
q(T) is the number of zero crossings (N) that occurred over a
time interval T normalized by T. Also, to correct for small
sampling size, the expression q(T) = N/(T � 1) is adopted
when T is small (2 to 3 time steps).
[20] The clustering exponent f can then be determined

from [Sreenivasan and Bershadskii, 2006]

hdq Tð Þ2i1=2 � T�f; ð8Þ

where hdq(T)2i1/2 is the local standard deviation of q(T)
series. To address the study objective, the focus is on whether
f is unique across various subranges shown in Figure 1 and
across the different microclimatic regimes described in

Table 1. A unique f across sites is a necessary (but not
sufficient) condition to prove that clustering is not the main
source of nonuniqueness in zR(q) (Figure 2). As earlier
noted, comparisons with clustering exponents derived for the
reference air temperature series are also presented to assess
whether these two stochastic processes share similarities in
clustering dynamics.
[21] There is no reason to suspect that a general relation-

ship between f and intermittency exponents derived from
zR(q) can be established for rainfall. In contrast, there is
empirical support that some intermittency measures scale
with Reynolds number in a manner similar to f [Sreenivasan
and Bershadskii, 2006]. In particular, a connection between
clustering and amplitude variations can be established when
m2 (the common intermittency exponent in turbulence re-
search) is estimated for both, the full signal (m2

(FS)) and its
telegraphic approximation (m2

(TA)) [Bershadskii et al., 2004],
using

hc2
T i

hcT i2
� T�m2 ; ð9Þ

with cT � T�1
R T
0
jdv(t)/dtj2dt being the energy dissipation

rate of v(t). For scalar turbulence, the dissipation rate series
can be estimated from the squared temporal gradients if
Taylor’s frozen turbulence hypothesis is valid (i.e., for low

Figure 4. Same as Figure 3 but for OP(Rt) at all five sites. The f �0.84 scaling represents the average
spectral exponent and basically resembles the one predicted from equation (7), when forcing a single
exponent to describe the spectra in Figure 3 (see connected symbols).
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turbulent intensity). In the case of Rt, the physical linkage
between m2 and squared temporal gradients is much more
questionable given the unknown nature of the cascade and
the equivalence to viscous effects (known to lead to
proportionality between variance dissipation and squared
spatial gradients). Notwithstanding these arguments, if an
empirical relationship between the m2 inferred from Rt and
OP(Rt) emerges in the point rainfall series across sites, then
the binary analysis may provide a qualitative picture as to
why zR(q) may not be unique.

3.3. Role of Intermittency in Linking Spectral
Exponents With Laminar Phases

[22] While the previous section considered the connec-
tions between the intermittency exponent m2 and clustering,
recent evidence suggests that m2 also plays a crucial role in
linking spectral exponents with the duration of laminar
phases in telegraphic approximations of turbulence series

[Bershadskii et al., 2004]. In general, intermittent systems
are characterized by irregular bursts interrupting nearly
quiescence patterns (or laminar phases). Hence, it seems
reasonable to assume that a relation exists between the
clustering characteristics of a process in the frequency
domain and the duration of its laminar phases. In systems
exhibiting self-organized criticality (SOC) such as droplet
formation or sandpile models, a well-known linkage is
given by Jensen [1998]:

aTA ¼ 3� b; ð10Þ

where b is the exponent of the probability distribution of the
duration of laminar phases:

p tð Þ � t�b: ð11Þ

In the following, laminar phases are the off periods of the
system, namely no rain spells or periods below a given
threshold, e.g. the mean, in turbulent flows. The SOC, as
defined by Bak et al. [1987, 1988], refers to the behavior of
systems consisting of many components that interact
through exchange of information and that, in addition to
such internal interactions can be driven by some external
forces. Under general conditions, these dynamical systems
are able to organize themselves into a state with a complex
but rather general structure. As claimed by Bak et al.
[1987, 1988], such a behavior develops without any
particular external ‘tuning’ of the system. Moreover, such
systems organize in states similar to the ones shown by
equilibrium systems at the critical point. Qualitative
characteristics of SOC systems are: a) a slow energy
input, b) intermediate energy storage, c) a dynamical
threshold, and d) sudden burst-like energy releases that
lead to scale independent distributions of amplitudes and
interevent times [Peters and Christensen, 2006]. Because
these canonical attributes are also present in rainfall
formation, many authors [Aegerter, 2003; Garcı̀a-Marı̀n
et al., 2008; Nordstrom and Gupta, 2003; Peters and
Neelin, 2006; Peters and Christensen, 2006; Sarkar and
Barat, 2006], pointed out that rainfall processes may share
similar scaling relationships with threshold phenomena in
systems exhibiting SOC. However, it is safe to state that
while turbulence and rainfall do share some features with
critical phenomena in that a continuous range of scales are
energetically excited, they are fundamentally different in
how small scale fluctuations and macroscopic space-time
structures coexist and interact. For example, when turbu-
lence is produced by thermal convection at high Rayleigh
number, it was already shown by Bershadskii et al. [2004]
that equation (10) overpredicts aTA precisely because of
intermittency effects. It was also suggested via heuristic
scaling arguments that

aTA ¼ 3� m2
TAð Þ=2� b; ð12Þ

where m2
(TA) here is the scalar dissipation intermittency

exponent of the TA series. Whether such relationships hold
across various microclimatic states remains to be explored
for rainfall. This exponent comparison between systems
exhibiting SOC, turbulence, and rainfall may shed further
light about basic differences between dynamical systems

Figure 5. The determination of (top) the clustering
exponent f for the rainfall series and (bottom) air
temperature fluctuations TD series computed by regressing
hdq(T)2i1/2 upon the timescale T for the double-log
representation shown. The high resolution (aggregated at
10 min) series from Genova is also presented. Recall that for
rainfall, timescales T from 2 hours to 3 days represent
frontal systems, while T’s less than 2 hours characterize
convective storms.
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