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Abstract

SENSING THE CORRELATION BETWEEN ATMOSPHERE TELECONNECTION PATTERNS
AND SEA ICE EXTENT: MICROSYSTEM TECHNOLOGY “GEOMATH”

A. V. Glushkov, V. N. Khokhlov, N. S. Loboda, N. G. Serbov, Yu. Ya. Bunyakova, A. A. Svinarenko

It is developed a microsystem technology of the data processing and sensing the correlation be-
tween atmosphere teleconnection patterns and sea ice extent. It is based on using the satellite and
other observation data and PC complex of the wavelet-analysis program “GeoMath”.

Keywords: microsystem technology “GeoMath”, atmosphere teleconnection patterns, sea ice
extent.

AHoTauig

JIETEKTYBAHHS KOPEJIAII MK ATMOC®EPHUMM TEJEKOHHEKIIIMHAMUA
ITATTEPHAMM TA KPUZKAHUM ITOKPUTTAM:
MIKPOCUCTEMHA TEXHOJIOI'TA “GEOMATH”

0. B. I'yuixos, B. M. Xoxaoe, H. C. Jlo6ooa, M. I. Cepoos, IO. A. bynarxoea, A. A. Ceunapenko

Po3BHUBa€ETHCS MiKpOCMCTEMHA TEXHOJOTiSI 0OpPOOKM JHaHUX Ta AETEKTYBaHHS KOpEJSLii Mix
aTMOC(EepHUMHU TEJIEKOMMYHIKaLliMHUMU NaTTepHAMU i BEIUUYMHOIO KPVXKAHOTO MOPCHKOTO TO-
KPUTTH, sIKa 0a3y€EThCSl HA BUKOPUCTAaHHI JaHUX CITYTHUKOBUX Ta iHIIMX criocTepexxeHb i [TK koM-
TUIeKCi Mporpam BeiiBieT-aHaniszy “GeoMath”.

Kmouosi cioBa: mikpocuctemHa texHosoris “GeoMath”, atMocdepHi TeTeKOMMYHIKaIiiHi
MaTTepPHU, KPYKaHi IIOKPUTTS
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AHHOTAIMA

JETEKTUPOBAHUE KOPEJUIAIIUN MEXIY ATMOC®EPHBIMU
TEJEKOHHEKIIMOHHBIMMU ITATTEPHAMMU N JIEJOBBIM ITOKPBITUEM:
MUKPOCUCTEMHAA TEXHOJIOI'A “GEOMATH”

A. B. Inywmixos, B. H. Xoxa0e, H. C. Jlo6oda, H. I. Cepoos, IO. 5. bBynsaxoea, A. A. Ceunapenxo

Pa3BuBaeTcss MUKPOCUCTEMHAs TEXHOJIOTHS 00pabOTKM JAaHHBIX U JETCKTUPOBAHUS KOPEJUIS -
LMY MEXIY aTMOC(EepHBIMU TEJICKOHHEKIIMOHHBIMY MATTEPHAMU Y BEJIMYMHOM JICIOBOIO MOPC-
KOT'O MOKPHITHUS, Oa3upylolascsad Ha UCIIONb30BAHMU JaHHBIX CIIYTHUKOBBIX U APYTUX HabIIone-
auit 1 [1K xomriekce rmporpamMM BaliBieT-aHanu3a “GeoMath”,

KnroueBbie ciioBa: MuUKpocucTeMHas TexHosiorus “GeoMath”, atMochepHbIe TeTEKOHHEKIINO-

HHBIC MAaTTCPHDLI, JICAOBLIC TIOKPLITUA

1. Introduction

Carrying out new advanced sensors and effec-
tive microsystem technologies for the needs of the
environmental and atmosphere physics is on of the
important problems (c.f.[1-11]). First of all, speech
is about the natural, environmental data and its
processing. Surely, there is a great necessity in the
developing an effective technology for processing
the satellite and other observation data.

The present work goes on our investigations on
developing a new, advanced microsystem technol-
ogy “GeoMath” [1-9]. Earlier it has been used in
solving a whole number of tasks of the modern en-
vironmental and atmosphere physics. In particular,
speech is about such problems as [1-9]: sensing the
kinetical features of energy exchange in mixture
CO,-N,-H,0 of atmospheric gases under interact-
ing with laser radiation, sensing the nonlinear in-
teraction between global teleconnection patterns,
atmospheric teleconnection patterns and eddy Kki-
netic energy content, temporal variability of the
atmosphere ozone content and prediction of the
effect of North-Atlantic oscillation, using mete-
orological data for reconstruction of annual runoff
series over an ungauged area within the empirical
orthogonal functions approach, using non-deci-
mated wavelet decomposition to analyze time vari-
ations of North Atlantic Oscillation, eddy kinetic
energy, and precipitation, sensing the nonlinear
interaction between global teleconnection patterns
and at last, firstly a prediction of the possible genesis
of fractal dimensions in the turbulent pulsations of
cosmic plasma — galactic-origin rays — turbulent
pulsation in planetary atmosphere system. In ref.[1]
the preliminary data regarding the correlation be-
tween atmospheric teleconnection patterns and sea
ice extent were presented.

Here we develop a microsystem technology of
the data processing and present the final results
regarding sensing the correlation between atmos-
phere teleconnection patterns and sea ice extent.
We use the satellite and other observation data and
PC complex of the wavelet-analysis program “Geo-
Math”.To reveal the atmospheric forcing of the sea
ice extent (SI) in some Arctic seas we use approach
based on the wavelet decomposition which allows
to solve some questions by extracting the common
characteristics of variability in the time frequency
space. This method was successfully applied to
many geophysical signals, including the time se-
ries of atmospheric teleconnection patterns and sea
ice (see Grinsted et al., 2004; Jevrejeva et al, 2003;
Khokhlov et al., 2004).

In ref.[1] it has been noted that the climate
model projections of a future climate change due
to increased greenhouse gas concentrations show
a maximum annual mean warming near the sur-
face in the high northern latitudes. This warming
is aligned with a retreat of sea ice. Numerical ex-
periments, which were performed by Hilmer and
Lemke (2000), show that a net reduction of Arc-
tic sea ice volume amounts to the 4% per decade
for the period starting with the 1961, the decrease
within the 1987-1998 was three to six times larger
than within the previous periods.

Some sensitivity experiments with a sophisticat-
ed sea ice model have revealed that the sea ice cover
is most strongly affected by the surface air tem-
perature and the surface wind field whereas other
forcing parameters play a minor role. On the other
hand, both aforementioned parameters are strongly
affected by the atmospheric teleconnection pat-
terns. The Arctic Oscillation, the North Atlantic
Oscillation (NAQO), and the Pacific/North Ameri-
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can (PNA) can be considered as the dominant at-
mospheric modes of variability in the Arctic.

The joint analysis for the variability of atmos-
pheric circulation and sea ice extent (SI) in the
Arctic seems as attractive but for the case of ob-
servational time series there are some difficulties.
First from theirs consists in the comparatively short
monthly time series of ice conditions for most seas
in the Arctic basin since reliable data appeared
at the satellite era. Other difficulty lies in the fact
that the SI is characterized by pronounced annual
variations with the summer minima and the winter
maxima. Against these variations the low-frequency
atmospheric influence is hard evolved.

2. Methods and data

Main approach used in the current study is cross
wavelet transform which was in detail described in
ref. [1-4]. Here we give only the key features. Wave-
lets are the fundamental building block functions,
analogous to the trigonometric sine and cosine
functions. The particular wavelet can be character-
ized by how it is localized in time and frequency (for
details see Daubechies, 1992). When using wavelets
for feature extraction purposes the Morlet wavelet
is a good choice, since it provides a good balance
between time and frequency localization. The idea
behind the continuous wavelet transform (CWT) is
to apply the wavelet as a bandpass filter to the time
series. The wavelet is stretched in time by varying
its scale and normalizing it to have unit energy.
The CWT of a time series with uniform time step
is defined as the convolution of this series with the
scaled and normalized wavelet. The cross wavelet
transform of two time series is defined as complex
conjugation of two particular CWT. This approach
allows to define the cross wavelet power (CWP) and
the local relative phase (LRP) between two tome se-
ries in time frequency domain.

Here, we consider monthly indices for the NAO
and the PNA as well as the monthly ice extents in the
Bering Sea, the Baffin Bay, the Greenland Sea, and
the Kara-Barents seas from November 1978 to De-
cember 2002. The sea ice extent dataset is derived from
brightness temperatures by the bootstrap algorithm
(Comiso, 2002). Except for the Bering Sea, which
is ice-free during August, other seas are ice-covered
during all seasons. It is naturally that sea ice condi-
tions in the Bering Sea are affected by the PNA rather
than the NAO whereas for other three seas the influ-
ence of the NAO should be dominant. The choice for
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the three seas in the Atlantic sector is conditioned by
the different trends in the ice thickness during the last
decades of twenty century (Hilmer and Lemke, 2000).
We standardize all time series and, since the monthly
sea ice extent is far from normally distributed, trans-
form indices for the Sls into a record of percentiles (in
terms of its cumulative distribution function).

3. Results

It is naturally that for the case of two particular
seas the cross wavelet power with the 5% signifi-
cance level (SL5) has maxima in the 8-16 month
band which are caused by the annual variations of
the SI. On the other hand, in such time band the
local relative phases of sea ice extent in the Atlantic
basin lead slightly that in the Bering Sea. Figure 1
[1] showing the CWP and LRP of SIs in the Ber-
ing Sea and the Greenland Sea can be considered
as the example of such behaviour. Also, the com-
paratively large CWP outside the SLS is registered
for these seas only. Other interesting feature of cross
wavelet relationship in Fig. 1 is the fact that on the
time scale with the 3-4-year period the LRP is anti-
phase. Moreover, the 3-4 year band is character-
ized by the significant wavelet coherence calculated
as proposed by Torrence and Compo (1998). To a
certain extent, this behaviour can be analogous to
the Antarctic Dipole in the Southern Ocean (Sim-
monds and Jacka, 1995; Yuan and Martinson, 2001)
though the CWP is not significant.
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Figure 1. The CWP of the SIs time series in the
Bering Sea (BSI) and the Greenland Sea (GSI).
The SLS5 against red noise is shown as a thick contour
and cone of influence where edge effects might distort the
picture is shown as a lighter shade. The LRP is shown as
arrows (with in-phase pointing right, anti-phase pointing
left, and GSI leading BSI by 90€ pointing straight down)
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Consider the CWP of the teleconnection pat-
terns and sea ice extents (Fig. 2). As for the previ-
ous case, one can be noted that there almost always
is significant common wavelet power in the 8-16
month band for whole period under considera-
tion. However, the NAO and the GSI are in-phase,
whereas the PNA and the BSI are anti-phase. At the
same time, less significant, but comparatively large,
CWP is registered in the case of the NAO and GSI
with the 3-5-year period (with leading NAO). The
last finding is also confirmed by the experiments of
Hilmer and Jung (2000).
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Figure 2. The CWP of the NAO and GSI
(left), and the PNA and BSI (right) time series.
All parameters are the same as in Figure 1

4. Conclusions

Therefore, we developed a microsystem tech-
nology of the data processing and presented the
final results regarding sensing the correlation be-
tween atmosphere teleconnection patterns and sea
ice extent. In particular, we have used the wavelet

analysis to reveal coherence in the variability of
atmospheric circulation and ice conditions in the
Arctic seas. This analysis allows decomposing time
series as well as estimating common wavelet pow-
er. Using the CWP we uncovered that there is the
significant anti-phase relationship between the ice
extent in the Bering and the Greenland seas. To a
certain extent, this relationship can be analogous
to the Antarctic Dipole in the Southern Ocean. So,
the presented paper demonstrates an effectiveness
of the PC complex of the wavelet-analysis program
“GeoMath” [1-10].
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