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1. Blocking and Persistence

Mid-latitude circulation is

dominated by a zonal, westerly

flow. Such a flow is generally

symmetric, but it can be

occasionally broken up by

blocking anticyclones. The

subsequent asymmetric flow

can persist for several days.

We adapt the concept of the

extremal index to reexamine

the dynamical mechanisms

responsible for the

transitions between zonal and

blocked flows.

2. Persistence in Dynamical systems: Unstable fixed points
Starting from a random initial condition, the dynamics follows a

chaotic trajectory on the attractor, for the Hénon map, a low-

dimensional model of chaotic dynamics [panel (a)]. With respect to a

reference point ζ on the attractor, we construct the time series of the

distances between ζ and the subsequent iterations of the orbit. When

ζ is an unstable fixed point, the distances cluster around 0

[panel (b)] – in contrast to generic points of the attractor [panel (c)].

We investigate whether the persistence of blocking indexes can

be attributed to the existence of unstable fixed points in the

underlying dynamics.

The concept of the extremal index originally appears in extreme value theory as a

measure of clustering, i.e. the tendency to exceed a threshold at consecutive times. If a

threshold u is applied to a series of observations x1, x2,…,xs, the exceedances are those

for which xi>u. The extremal index θ* can then be thought of as the average inverse

time spent above u.

We compute the extremal index θ* for

different blocking indexes. We consider the

local blocking index B introduced by Pelly
(2003), a macroscopic measure of the

strength of the meridional gradient of potential

temperature on the isopotential vorticity at the

tropopause.

We compute θ* at each grid point, for three

different flow types. (a) θ* averaged over B>0

values corresponding to blocked flow

regimes. (b) θ* averaged over -10<B<0 values

corresponding to weak zonal flow regime. (c)

θ* averaged over B<-10 values corresponding

to strong zonal flow regime.

The more negative θ*, the greater the

persistence. This is consistent with the

presence of unstable fixed points in the

underlying dynamics.

θ* for the Tibaldi-Molteni index, a

bidimensional index defined at each

longitude as the difference between

geopotentials measured at different

latitudes.

The regions with negative θ* for the

Tibaldi-Molteni index (blue) are

compatible with those obtained for the

Pelly index (red).

We have adapted the concept

of the extremal index, as

applied in dynamical systems,

to the analysis of atmospheric

indices which describe the

switching between zonal flow

to blocked flow in atmospheric

mid-latitude circulation.

This switching can be associated

with the existence of an unstable

(saddle) fixed point of the

atmospheric dynamics at that

geographic location.

Such information is preserved in the AO index (b), an hemispheric

average of the Tibaldi-Molteni index. On the other hand, the NAO

index (a) shows no indication of an unstable fixed point.
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