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VICINITY of a critical state rather 
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 Dynamics near a critical state

Reminder - critical state
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What to probe?

 Focus on correlation functions

 

Event analysis

 Identify control parameter (humidity, background activity)

    Plot event sizes versus control parameter 

C(r, t) = !A(r0, t0)A(r0 + r, t0 + t)"r0,t0 # !A(r0, t0)"2
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Critical phenomena occur near continuous phase transitions.
As a tuning parameter crosses its critical value, an
order parameter increases as a power law. At criticality,

order-parameter fluctuations diverge and their spatial
correlation decays as a power law1. In systems where the tuning
parameter and order parameter are coupled, the critical point
can become an attractor, and self-organized criticality (SOC)
results2,3. Here we argue, using satellite data, that a critical value
of water vapour (the tuning parameter) marks a non-equilibrium
continuous phase transition to a regime of strong atmospheric
convection and precipitation (the order parameter)—with
correlated regions on scales of tens to hundreds of kilometres.
Despite the complexity of atmospheric dynamics, we find that
important observables conform to the simple functional forms
predicted by the theory of critical phenomena. In meteorology
the term ‘quasi-equilibrium’ refers to a balance between slow
large-scale driving processes and rapid release of buoyancy
by moist convection4. Our study indicates that the attractive
quasi-equilibrium state, postulated long before SOC (ref. 5), is
the critical point of a continuous phase transition and is thus an
instance of SOC.

At short timescales the majority of tropical rainfall occurs in
intense events with rain rates exceeding the climatological mean
by an order of magnitude or more. Moist convection and the
accompanying precipitation have been found to be sensitive to
variations in water vapour along the vertical on large space and
timescales both in observations6,7 and in models8–10. This is due
to the e!ect of water vapour on the buoyancy of cloud plumes as
they entrain surrounding air by turbulent mixing. We conjecture
that the transition to intense convection, accompanying the onset of
intense precipitation, shows signs of a continuous phase transition.
Note that such a large-scale continuous phase transition involving
the flow regime of the convecting fluid is entirely di!erent from
the well-known discontinuous phase transition of condensation
at the droplet scale. We analysed satellite microwave estimates
of rainfall rate, P, water vapour, w, cloud liquid water and sea
surface temperature (SST) from the Tropical Rainfall Measuring
Mission from 2000 to 2005. Observations from the western Pacific
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Figure 1 Order parameter and susceptibility. The collapsed (see text) precipitation
rates !P "(w) and their variances !2

P (w) for the tropical eastern (red) and western
(green) Pacific as well as a power-law fit above the critical point (solid line). The
inset shows on double-logarithmic scales the precipitation rate as a function of
reduced water vapour (see text) for western Pacific (green, 120E to 170W), eastern
Pacific (red, 170W to 70W), Atlantic (blue, 70W to 20E), and Indian Ocean (pink, 30E
to 120E). The data are shifted by a small arbitrary factor for visual ease. The straight
lines are to guide the eye. They all have a slope of 0.215, fitting the data from all
regions well.

provided initial support for our conjecture: a power-law pick-up
of precipitation above a critical value, wc, of water vapour was
observed. We proceeded to test whether other observables also
behaved as predicted by the theory of phase transitions.

To motivate our conjecture in terms of the current
understanding of SOC, consider a generic lattice-based model.
Particle-conserving rules defining the model ascribe a number of
particles to every lattice site, and demand hopping of particles to
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A Complexity View of Rainfall
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We show that rain events are analogous to a variety of nonequilibrium relaxation processes in Nature
such as earthquakes and avalanches. Analysis of high-resolution rain data reveals that power laws de-
scribe the number of rain events versus size and number of droughts versus duration. In addition, the
accumulated water column displays scale-less fluctuations. These statistical properties are the finger-
prints of a self-organized critical process and may serve as a benchmark for models of precipitation and
atmospheric processes.

DOI: 10.1103/PhysRevLett.88.018701 PACS numbers: 89.75.Da, 05.65. +b, 92.40.Ea

Rainfall and rainfall-related quantities have been
recorded for centuries [1,2]. All these measurements,
however, have the disadvantage of low temporal resolution
and low sensitivity. The rain measurements are based on
the simple idea of collecting rain in a container and mea-
suring the amount of water after a certain time. The time
intervals between readings are typically hours or days.
Even with the most sophisticated of these conventional
methods, the fine details of rain events cannot be captured
at all and very light rain might not be recorded due to
evaporation or insufficient sensitivity of the instrument,
making it impossible to address questions regarding single
rain events.

Recently, high-resolution data have been collected with
a compact vertically pointing Doppler radar MRR-2, de-
veloped by METEK [3]. The instrument is operated by
the Max-Planck-Institute for Meteorology, Hamburg, Ger-
many, at the Baltic coast Zingst !54±430N 12±670E" un-
der the Precipitation and Evaporation Project (PEP) in
BALTEX [4]. Rain rate, liquid water content, and drop size
distribution were obtained from the radar Doppler spec-
tra, based on a method described by Atlas [5–7]. At ver-
tical incidence, the Doppler shift can be identified with
the droplet fall velocity. As, in the atmosphere, larger
drops fall faster than smaller drops, spectral bins can be
attributed to corresponding drop sizes. For a given size,
the scattering cross section of the droplets can be calcu-
lated by Mie theory [8]. This yields the number density
of drops which is proportional to the spectral power di-
vided by the corresponding cross section. The rain rate
q!t" !

P
i niViyi, where ni is the number density of drops

of volume Vi falling with velocity yi . The detection thresh-
old for rain rates under the pertinent operation parameters
was qmin ! 0.005 mm#h. Below this threshold, q!t" ! 0
by definition.

Precipitation profiles up to some thousand meters alti-
tude can be observed. At present, the quantitative retrieval
is restricted to rain. Snow and hail can be identified from
the form of the Doppler spectra but have been excluded
from the quantitative analysis. The analyzed data refer to

250 m above sea level and have been collected from Janu-
ary to July 1999 with 1-min resolution.

The processes that make a cloud release its water content
are only very little understood. However, with the high
temporal resolution of 1 min, single rain events can be
identified and characterized. Previous work focused on the
rainfall during a fixed period of time [9–11]. What makes
the present analysis fundamentally new is the identification
of a rain event as the basic entity. We define an event as
a sequence of successive nonzero-rain rates. Sequences of
zero-rain rates in between rain events are called drought
periods. The event size is defined as the released water
column in mm, M !

P
t q!t"Dt, where Dt ! 1 min, that

is, the time integral of the rain rate over an event. In Fig. 1,
the number density of rain events per year N!M" versus
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FIG. 1. The number density of rain events per year N!M"
versus event size M (open circles) on a double logarithmic scale.
A rain event is defined as a sequence of consecutive nonzero-rain
rates (averaged over 1 min). This implies that a rain event ter-
minates when it stops raining for a period of at least 1 min. The
size M of a rain event is the water column (volume per area)
released. Over at least 3 decades, the data are consistent with a
power law N!M" ~ M21.36, shown as a solid line.
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Rest state fMRI: activity fluctuations 
       

Vi(t)

t

µ

!Vi(t) = Vi(t)! µ

P (!Vi(t)) probability density function

Spatio-temporal structure of fluctuations 
  above a certain size
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fMRI burst activity                   
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Temporal evolution of fMRI burst activity                   
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Drossel-Schwabl Forest fire model

Cluster size distribution 
does NOT behave as

n(s) ! t!!

From G. Pruessner and H.J Jensen, Broken scaling in 

the forest-fire model Phys. Rev. E 65 056707 (2002).
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Drossel-Schwabl Forest fire model
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What to probe?

 Identify control parameter (humidity, background activity)

    Plot event sizes versus control parameter  

 Focus on correlation functions

C(r, t) = !A(r0, t0)A(r0 + r, t0 + t)"r0,t0 # !A(r0, t0)"2
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