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Abstract

SENSING THE CORRELATION BETWEEN ATMOSPHERIC TELECONNECTION PATTERNS
AND SEA ICE EXTENT: MICROS TECHNOLOGY “GEOMATH”

A. V. Glushkov, V. N. Khokhlov, Yu. Ya. Bunyakova, A. A. Svinarenko, T. V. Solonko

It is carried out the micros computer data processing technology for sensing the correlation
between atmospheric teleconnection pattern and sea ice extent, based on the using of observation
data and the joint wavelet analysis PC programs complex “GeoMath”.
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Pesrome

JETEKTYBAHHS KOPEJALII MI)K ATMOC®EPHUMMU TEJNEKOHHEKILIMTHUMU
ITATTEPHAMM TA JIbAOBUMHU YMOBAMM: MIKPOC TEXHOJIOI'TA “GEOMATH”

O. B. I'nywikos, B. M. Xoxnoe, IO. A. Bynakosa, A. A. Ceéunapenxo, T. B. Cononko

Po3po061eHO MIKPOC TEXHOJIOTH0 00pOOKH TaHHUX 1 ACTEKTYBaHHS KOPEIIALIl Mi>k aTMOochep-
HUMHU TEJIICKOHHEKIIMHUMH MAaTTEPHAMHU Ta BEJIMYMHOK MOPCHKOTO JIbOJOBOIO IMOKPHUTTS, sSKa
0a3yeThCsl HA BUKOPUCTAHHI JaHHUX criocTepekeHb Ta [1K xoMIuiekcy mporpaM BeiBIIeT aHaTi-
3y “GeoMath”.

KurouoBi ciioBa: mikpoc texHosoris “GeoMath”, BeiiBiieT aHami3, I1eTeKTYBAHHS KOPEISIIii,
TEJICKOHHEKIIIHI MaTTepHH, JIbOIOBI YMOBH.
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Pe3rome

JETEKTUPOBAHUME KOPEJIVIALINN MEXKIY ATMOC®EPHBIMU
TEJEKOHHEKLIMOHHBIMU ITATTEPHAMMU U JIEAOBBIMHU Y CJIOBUSMMNA:
MUKPOC TEXHOJIOTUS “GEOMATH”

A. B. I'nywxos, B. H. Xoxnos, IO. A. bynaxoea, A. A. Céunapenxo, T. B. Cononko

Paszpaborana MuKpoc TeXHOJIOTUsI OOpaOOTKHU IAHHBIX U AETEKTUPOBAHUS KOPEIISALIMU MEX-
Iy aTMOC(HEPHBIMH TEJIEKOHHEKIIMOHHBIMU MATTEPHAMH U BETMYMHON MOPCKOTO JIEJIOBOTO TIO-
KpUTHUsl, 0a3UPYIOLIAsiCsl HA UCIOJIb30BAHUHU JaHHBIX HabmogeHui u I1K xomrmuiekce mporpamMmm

BoiBIIeT aHanus3a “GeoMath”.

KimoueBble ciioBa: Mukpoc TexHonorus “GeoMath”, BaiiBiieT aHanmu3, IeTEKTUPOBAHUE KO-
PEIUIALINN, TeJICKOHHEKITMOHHBIC ITaTTEPHBI, JICITOBBIC YCIIOBUS.

Carrying out new, avanced sensors and mi-
crosystems technologies in the modern atmos-
phere and environmental physics is related to ine
of the most important problems (c.f.[1-14]). Here
we present an advanced micros data processing
technology for the correlation between atmos-
pheric teleconnection patterns and sea ice extent,
based on the using of observation data and the
joint wavelet analysis PC programs complex “Ge-
oMath” [1-3].

Let us note that the climate model projections
of a future climate change due to increased green-
house gas concentrations show a maximum annu-
al mean warming near the surface in the high
northern latitudes. This warming is aligned with a
retreat of sea ice. Numerical experiments, which
were performed by Hilmer and Lemke (2000) [9],
show that a net reduction of Arctic sea ice volume
amounts to the 4% per decade for the period start-
ing 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 sophisticated sea ice model have revealed
that the sea ice cover is most strongly affected by
the surface air temperature and the surface wind
field whereas other forcing parameters play a mi-
nor role. On the other hand, both aforementioned
parameters are strongly affected by the atmos-
pheric teleconnection patterns. The Arctic Oscil-
lation, the North Atlantic Oscillation (NAO),
and the Pacific/North American (PNA) can be
considered as the dominant atmospheric modes
of variability in the Arctic. The joint analysis for
the variability of atmospheric circulation and sea
ice extent (SI) in the Arctic seems as attractive but
for the case of observational 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 character-
ized by pronounced annual variations with the
summer minima and the winter maxima. Against
these variations the low-frequency atmospheric
influence is hard evolved. In this paper, to reveal
the atmospheric forcing of the SI in some Arctic
seas we use approach based on the wavelet de-
composition which allows to solve some ques-
tions by extracting the common characteristics of
variability in the time frequency space. This meth-
od was successfully applied to many geophysical
signals, including the time series of atmospheric
teleconnection patterns and sea ice (c.f.[1-
3,5,8,11)).

Regarding the method and data let us consider
only the key features. Main approach used in the
current study is cross wavelet transform which
was in detail described in [1-3,8]. Wavelets are the
fundamental building block functions, analogous
to the trigonometric sine and cosine functions.
The particular wavelet can be characterized by
how it is localized in time and frequency (for de-
tails see [4]). When using wavelets for feature ex-
traction 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 trans-
form (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 continuous wavelet trans-
form of a time series with uniform time step is de-
fined 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 continuous wavelet
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transform. This approach allows to define the
cross wavelet power (CWP) and the local relative
phase (LRP) between two tome series in time fre-
quency domain.

Here, we consider monthly indices for the the
North Atlantic Oscillation NAO and the the Pa-
cific/North American 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 December 2002. The sea ice
extent dataset is derived from brightness tempera-
tures by the bootstrap algorithm (Comiso, 2002).
Except for the Bering Sea, which is ice-free during
August, other seas are ice-covered during all sea-
sons. It is naturally that sea ice conditions in the
Bering Sea are affected by the the Pacific/North
American PNA rather than the the North Atlan-
tic Oscillation NAO whereas for other three seas
the influence of the the North Atlantic Oscillation
NAO should be dominant. The choice for the
three seas in the Atlantic sector is conditioned by
the different trends in the ice thickness during the
last decades of twenty century (c.f.[10]). We
standardize all time series and, since the monthly
sea ice extent is far from normally distributed,
transform indices for the SIs into a record of per-
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Figure 1. The cross wavelet power of t

centiles (in terms of its cumulative distribution
function).

It is naturally that for the case of two particu-
lar seas the cross wavelet power with the 5% sig-
nificance level 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 showing the cross wavelet power
and local relative phase of SIs in the Bering Sea
and the Greenland Sea can be considered as the
example of such behaviour. Also, the compara-
tively large the cross wavelet power outside the
5% significance level is registered for these seas
only.

Other interesting feature of cross wavelet rela-
tionship in Fig. 1 is the fact that on the time scale
with the 3-4-year period the local relative phase is
anti-phase. Moreover, the 3-4 year band is char-
acterized by the significant wavelet coherence cal-
culated as proposed by Torrence and Compo in
ref.[13]. To a certain extent, this behaviour can be
analogous to the Antarctic Dipole in the South-
ern Ocean (c.f.[10,12]) though the cross wavelet
power is not significant.
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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 the local
relative phase LRP is shown as arrows (with in-phase pointing right,

anti-phase pointing left, and GSI lea
down).
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In conclusion let us present the key summary.
We use wavelet analysis within the “GeoMath”
technology 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
power. Using the cross wavelet power we uncov-
ered that there is the significant anti-phase rela-
tionship between the ice extent in the Bering and
the Greenland seas. To a certain extent, this rela-
tionship can be analogous to the Antarctic Dipole
in the Southern Ocean. So, our micros data
processing “GeoMath” technology allows sensing
the sensing the correlation between atmospheric
teleconnection pattern and sea ice extent and can
be considered as quite powerful and effective tool
in studying complex geosystems.

References

1. Glushkov A.V., Khokhlov V.N., Tsenenko I.A. At-
mospheric teleconnection patterns and eddy kinetic
energy content: wavelet analysis// Nonlin. Proc.in
Geophys. — 2004. — V.11,N3. — P.196-208

2. Glushkov A.V., Khokhlov V.N., Svinarenko A.A.,
Bunyakova Yu.Ya., Prepelitsa G.P., Wavelet analysis
and sensing the total ozone content in the earth at-
mosphere: Micros technology “Geomath”//Sensor
Electr. and Microsys. Tech. —2005. — N3. — P.43-50

3. Glushkov A.V., Khokhlov V.N., Prepelitsa
G.,Tsenenko 1., Temporal changing of atmosphere
methane content: an influence of the NAO// Optics
of atm. and ocean. — 2004. — Vol.4. — C.593-598.

4. Daubechies I., Ten Lectures on Wavelets. Philadel-
phia: SIAM (1992).

5. Nason G., von Sachs R., Kroisand G. Wavelet
processes and adaptive estimation of the evolution-
ary wavelet spectrum // J. Royal Stat. Soc. — 2000.
— Vol. B-62. — P. 271-292

6. Grassberger, P. and Procaccia, 1., 1983. Measuring
the strangeness of strange attractors//. Physica D.
—1983. — Vol.9. — P.189-208.

7. Comiso, J., Bootstrap sea ice concentrations for
Nimbus-7 SMMR and DMSP SSM/I. Boulder,
CO, USA, NSIDC, Digital media, 2002.

8. Grinsted, A., J.C. Moore, S. Jevrejeva, Application
of the cross wavelet transform and wavelet coher-
ence to geophysical time series//Nonlin. Proc. Geo-
phys. — 2004. — Vol.11. — P.561-566.

9. Hilmer, M., T. Jung, Evidence for a recent change
in the link between the North Atlantic Oscillation
and Arctic sea ice export//Geophys. Res. Lett.. —
2000. — Vol.27. — P.989-992.

10. Hilmer, M., P. Lemke, On the decrease of Arctic sea
ice volume// Geophys. Res. Lett. — 2000. —
Vol.27. — P.3751-3754.

11.Jevrejeva, S., J.C. Moore, A. Grinsted, Influence of
the Arctic Oscillation and El Nico-Southern Oscil-
lation (ENSO) on ice conditions in the Baltic Sea:
The wavelet approach.//J. Geophys. Res. — 2003.
— Vol.108(D21). — P.4677, doi:10.1029/
2003JD003417.

12.Simmonds, 1., T.H. Jacka, Relationship between
the interannual variability of Antarctic sea ice and
the Southern Oscillation// J. Climate. — 1995. —
Vol.8. — P.637-647.

13.Torrence, C., G.P. Compo, A practical guide to
wavelet analysis// Bull. Am. Meteorol. Soc. —
1998. — Vol.79. — P.61-78.

14.Yuan, X., D.G. Martinson, The Antarctic Dipole
and its predictability//Geophys. Res. Lett. — 2001.
— Vol.28. — P.3609-3612.

19



