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1. Introduction

Zheng and Frederiksen (1999, 2004), Frederikserzaerdg (2000, 2004), and Zheng et
al. (2000) have shown that there is, especiallyhe extratropics, a substantial component of
interannual variability that arises from varialyilivithin the season and that this is essentially
unpredictable on interannual or longer time-scdteshis paper, we show how this intraseasonal
variability influences patterns of interannual waility in the seasonal mean extratropical
circulation. Previously, such patterns could notidentified because earlier studies have only
considered patterns derived from the interannughigance matrix using the seasonal mean field.
Patterns derived in this way will tend to be theuieof a number of factors including slowly
varying external forcings, such as sea surface ¢eamtpres (SSTs), very slowly varying
(interannual to supra-annual) internal dynamicsiatrdseasonal variability.

Recently, Zheng and Frederiksen (2004) proposedthad for extracting, from climate
data, spatial patterns of interannual (supra-afpneiability in seasonal mean fields arising
from the effects of intraseasonal variability. Tinethod, using monthly time series, allows an
estimate to be made of the covariance matrix ofittr@seasonal component of the seasonal
mean field. The intraseasonal component, on therdnhual/supra-annual time-scale, is
essentially unpredictable. The EOF patterns deriveth the resulting covariance matrix are
related to intraseasonal variability.

In the case of the wintertime circulations, one lhigxpect to see, in these patterns, the
influence of intraseasonal phenomena such as, Xample, intraseasonal oscillations and
atmospheric blocking. Zheng and Frederiksen (20fhwed that this was the case for a
synthetic dataset constructed under assumptiors &fd noise process and some degree of
persistence over a significant period of the seakdraseasonal phenomena are by and large
likely to satisfy these assumptions.

Zheng and Frederiksen (2004) show that by rematriegcontribution of this component
from the interannual covariance matrix derived frita seasonal mean field, one can define a
“residual” interannual covariance matrix. The EO&t@rns derived from this residual matrix,
would be expected to be more closely related ty wowly varying (i.e. interannual/supra-
annual time scales) external forcings and intedyabmics, and in this sense can be regarded as
more “potentially” predictable (Madden, 1976).

A useful application of these patterns is in thédeation of general circulation models
(GCMs). For a good atmospheric model forced by nlesk SSTs, or coupled with a realistic
ocean model, the simulated patterns of the two corapts of a seasonal mean field should be
close to those of the observed. If this is notdhse, this will indicate some problem with the
model’'s response to external forcings or internadasnics. A knowledge of which patterns are
not well simulated will go some way to help ideyptifroblems with the model.

In this paper, we apply the method of Zheng andiéfiksen (2004) to the Northern
Hemisphere extratropical wintertime (DJF) 500hPapgéential height, taken from the National
Centers for Environmental Prediction (NCEP) andidvel Center for Atmospheric Research
(NCAR) re-analyses (Kalnay et al., 1996) for thequk1958-1996.



2. Northern Hemisphere Patterns of Inter-annual Var iability

Northern Hemisphere teleconnection patterns in omelegical variables such as sea level
pressure, temperature and geopotential height heaen identified and studied over many
decades. There is strong evidence for the existehaenumber of important teleconnections in
geopotential height. These comprise the North Aida@scillation/Artic Oscillation (NAO/AO),
the Pacific North American (PNA) pattern, the WestPacific (WP) pattern, the East Atlantic
(EA) pattern, the East Atlantic/Western Russia (R} pattern (or the Eurasian (EU) pattern),
the Scandinavian (SCA) pattern and the Tropicalttidon Hemisphere (TNH) pattern. The
extent to which these patterns are an expressionterital atmospheric dynamics or forced by
SSTs, especially tropical SSTs, is an importanidssnd has a bearing on the predictability of
these patterns and their use in seasonal foregastin

Fig. 1: Northern Hemisphere wintertime patterns of interannual
Variability related to intraseasonal variability

In Figure 1, we show the first six dominant infasonal-REOFs (I-REOFs) of Northern
Hemisphere wintertime interannual variability. I-BE1 has a localized structure over Greenland
and the North Atlantic Ocean, reminiscent of matol@cking. The North Atlantic and North
Pacific regions are the two preferred regions aicking in the Northern Hemisphere. In the
former region, blocking is often characterized hyeridional dipole structure with high pressure
centred over southern Greenland and a low furtlmrths over the North Atlantic. The
corresponding principal component (PC) time sesfesREOF1 is highly correlated, throughout
the North Atlantic, with a Northern Hemisphere winblocking index. In particular, a maximum
correlation of 0.77 occurs at longitude®A6 where the dipole structure has highest loadings.
Thus, there is clearly a strong association betvilgieaseasonal-REOF1 and North Atlantic, and
in particular Greenland, blocking.

Intraseasonal-REOFs 3 and 6 are also highly aia@lwith blocking, but in the North
Pacific region. I-REOF3 has largest (negative) iogddver Alaska/northwest Canada and the
Beaufort Sea, an area where blocking is prevalehas a correlation of —0.71 at T80with our
blocking index. I-REOF 6 appears to be associatiélal blocking in the western North Pacific
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(correlations —0.67 at latitude 1 with our blocking index) and also with the ingasonal
component of the WP.

Intraseasonal-REOFs 2, 4 and 5 are associatedthgtintraseasonal components of the
PNA, EA/WR and EA, respectively. Variability overet North Pacific/North American region
has been observed on many time scales to involvA-Il structures. In particular, such
structures have been identified as the Northernibj@mare extratropical structure associated with
the intraseasonal Madden-Julian Oscillation.

Fig. 2: Northern Hemisphere wintertime patterns of interanual
variability related to the slow component of variability

With the intraseasonal component of interannuahbbdity effectively removed from the
total covariance matrix of the 500hPa geopotehggght field, it is possible to derive patterns of
interannual variability associated with a slow cament of variability. Figure 2 shows the first 6
dominant slow-REOFs (S-REOFs). Patterns derivadiémormal way from the total covariance
matrix have similar features but there are diffeemn In particular, the S-REOFs are all
significantly more potentially predictable, and, éases where sea surface temperature (SST)
forcing is important, significantly more highly cefated with SSTs.

Slow-REOF1 has the characteristic structure assatiith the NAO/AO. However,
when compared to the pattern derived from the too&bBriance matrix, the broad midlatitude
minimum in the east Atlantic is seen further doweetn over Europe in slow-REOF1. In fact, the
pattern derived in the normal way has the appearahdeing a superposition of slow-REOF1
and intraseasonal-REOF1. The potential predictglfitiefined in Zheng and Frederiksen, 2004,
as a residual variance fraction) of slow-REOF1ligmificantly higher (0.76 compared to 0.64)
than from the normal analysis.

Slow-REOF?2 is associated with longer period valiglat the interannual or longer time
scales in the Pacific North American region. It lsapotential predictability of 0.66 compared
with 0.58 for the corresponding pattern using titaltcovariance matrix. There is also evidence
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of a secondary Eurasian pattern also seen in S-BESIBw-REOFs 3 and 4, have characteristics
of the WP and EA teleconnection patterns, respelgtivihey have potential predictabilities of
0.67 and 0.78, respectively, compared with 0.53 @%b for patterns derived from the total
covariance matrix.

The spatial structure of S-REOF5 resembles the Patiern. Again this slow pattern has
significantly higher potential predictability thahe corresponding pattern derived from the total
covariance matrix (0.60 compared to 0.40). Slow-RE® the mode most highly correlated with
tropical SST forcing (ENSO). Correlation with ENS$®©about 20% higher than for the pattern
from a normal analysis.

3. Conclusions

In this paper, we have applied, to the NCEP-NCA&hadysis of 500hPa wintertime geopotential
height the recently developed technique of ZhertyRrederiksen (2004) for estimating patterns
of interannual variability associated with intrase@al variability. The technique provides an
estimate of the interannual covariance matrix dasedt with the intraseasonal component of the
seasonal mean of a climate variable. Thus, patteithe essentially unpredictable seasonally
averaged intraseasonal component can be studidd. gives an additional insight into the
interannual variability of observed climate vari&dblnot possible with conventional techniques.
Patterns of the slow component, associated withvlglearying external forcings and slowly
varying (interannual, supra-annual) internal dyr@nican also be estimated. A residual
covariance matrix, defined as the difference betwH® sample covariance matrix and the
intraseasonal covariance matrix, can be used tmaippate these patterns. These are the patterns
that one should study to understand the long-ranegictability and forcing of climate variables.

How these patterns can be used to evaluate GCMBendliscussed in the oral presentation
of this paper.
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