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Spatial Correlation of Surface
Pressure of Djakarta (Berlage 1966)
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Fic. 1. Schematic map (after Berlage, 1966) showing isopleths of correlation of monthly mean station pressure with that of
Djakarta, Indonesia (Dj). Other localities shown are Cocos Island (CO), Port Darvfin (D). Nauru (N), Ocean Island (O), ?almyra (P).
Christmas Island (X), Fanning (F), Malden Island (M), Apia, Samoa (A), Tahiti (T), Easter Island {E), Puerto Chicama (PC),
Lima (L) and Santiago (S). :



Southern Oscillation Index (SOI)
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Commonly Used Climate Indices

Arctic Oscillation (AO) . 5
Antarctic Oscillation :
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Two Approaches = Index Prediction

 Forward Method
— Collette and Ausloos (2004)
— Lind et al. (2005)

e Backward Method
— Chu (2007)



Forward Method

* Predicts the change of the index g attime
t with a given temporal increment 7 .

e Due to stochastic nature, the probabllity
density function (PDF), should be first
constructed.



PDFs of Monthly Mean Indices
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Example- NAO Index

 NAO describes a large-scale meridional
vacillation in atmospheric mass between the
anticyclone over Azores and the subpolar low
pressure system over Iceland.

« Traditionally, the state of the NAO dipole system
IS characterized by an index, the so-called NAO
iIndeXx, which is basically the difference between
the pressure at the high NAO pole (Azores) and
the pressure at the low pole (Iceland).



Example — NAO Index »(t)

* Collette and Ausloos (2004) -
— Brownian fluctuation

e Lind et al. (2005) > # (t) = Langevin eguation

% = DO [p(0),t]+ 1)y D® [ p(1),1]

(D, D@) > (Drift, Diffusion) Coefficients

n(*) is a Langevin force
( 6 - correlated Gaussian noise).



Backward Method

e This method predicts the typical time span
( 7 ) needed to generate a fluctuation In
the index of a given increment ( p ).

e This method uses FPT.



First-Passage Time (FPT)

P - Radius

FPT = Time when the particle
first passes through the boundary.




FPT Problem

e Glven a fixed value of an index reduction
( p), the corresponding time span (positive)
IS estimated for which the index reduction

¥ (8) =8s(t+At)—s(t)

reaches the level for the first time,
7, (f)=inf{At> 0]y, () <-p}

which Is called the FPT. FPT Is a random variable.



- PDF of FPT p(z)

e CDF of FPT P(z,)= fp(r)d‘r



Moments of FPT
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PDF of FPT
(Analytical, Chu et al. 2002a)

 Backward Fokker-Planck equation
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Analytical Solution of the Backward
Fokker-Planck Equation

e For Brownian fluctuation (e.g., NAO monthly
iIndex, Collette and Ausloos 2004), the
backward Kokker-Planck Equation has analytical
solution (Ding and Rangaranjian 1995)

(7) = =2 -exp| -
pf"\/;r‘rafzp T

 The parameter ‘a’ depends on the index
reduction p
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(a) ao: a=0.43 +0.695%

(b) aao: a=0.508 + 0.562*p
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 Empirical CDF of

FPT
P(r,)

for various values of

Index reduction

- Power Law
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Results

FPT presents a new way to detect the temporal
variability of the climate indices. It predicts a typical time
span ( , ) heeded to generate an index reduction of a
given increment (o )

FPTs for the five climate indices satisfy the inverse
Gaussian distribution = Brownian Fluctuation.

(max)

tp can be used as most probable time period
needed for the low-frequency atmospheric circulation
pattern to sustain.

Power-law features



