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Introduction Data

This work investigates the Arctic Sea Ice Extent (SIE) variability through its
annual minima and maxima time series, estimated over the entire region and
some sub-regions. The SIE was computed from the daily sea ice concentration
data provided by the National Snow and Ice Data Center. The analysis, which
covers the 1979-2017 period, aims to suggest answers to the following
questions: 1) Do annual SIE maxima and minima trends of the various Arctic
sub-regions show “substantial” differences among them? 2) Is the time span
between annual SIE maximum and minimum changing over the analysed
period? 3) Which information do the SIE minima and maxima time series
contain for providing extreme value time series? 4) Can the cross-correlations
between the annual SIE maxima and minima and monthly climatic oscillation
indices be useful for understanding the regional SIE variability?

being the so-called “Arctic Ocean”.

based on the work of Welsh et al. [2].
A total of 18 sub-regions were hence

As the Arctic Ocean is much larger, in
terms of SIE, than the other sub-
regions, we decided to further divide it
into sub-regions, whose borders are

[4] Beaufort Sea

[5] Chukchi Sea

[7] Laptev Sea

[1] Greenland Sea

The Sea Ice Concentration (SIC) dataset over the Arctic, for the period 1979-
2017, as distributed by the National Snow and Ice Data Center (NSIDC) and
computed with the Nasa Team (NT) algorithm [1], is the basis of this study.

The SIC daily dataset was used to compute daily Sea Ice Extent (SIE), both for
the overall NSIDC Arctic area and for some of its regions, the largest of them

[2] Baffin Bay/Davis St.fLabrador Sea

[3] Canadian Archipelago

[6] East Siberian Sea

[8] Kara and Barents Seas

[9] Morth American Arctic Basin
[10]Russian Arctic Basin
—-[11]Greenland Arctic Basin

-[1Z2]European Arctic Basin

defined. I
Dissimilarities of annual SIE maxima and minima trends im the SIF maxima and minima time series are  Table 1. SIE minima and SIE maxima
M@ﬁ@ Sﬂﬂbmr@gi@nﬂg usually VeI‘y irregular; however we annual linear trends FLT) in the 1979-2017

evaluated their annual linear trends
using the SEN’s slopes together with the
Mann-Kendall test for trend (Tab. 1). e,

Both maxima and minima SIE trends show substantial qualitative and quantitative differences
among all sub-regions.

For example, about SIE minima, the shrinkage of the summer SIE on the whole Arctic had a
significant onset at the end of the 90s, with the major contribution to this decrease coming
from the Asian Arctic sector. However, after 2012, the summer SIE remained fairly stable.

About SIE maxima, the Arctic winter sea ice decreasing seems to be dominated by the (at a = 0.05).
European sector (Greenland Sea, Kara and Barents Sea).

Whole NSIDC Arctic region
T T T T

130 220

Region

region

All regions, except those having a null EEEE=

Baffin Bay/Davis

SIE minimum and maXimum, have a St./Labrador Sea

Canadian Archipelago
Beaufort Sea

negative statistically significant trend g

East Siberian Sea
Laptev Sea

Kara and Barents Seas
North American Arctic
Basin

Russian Arctic Basin

51 160 1750

120

120+ 210+

50+ 150 1700+

110

1101
200+

S
o]
T

o~ 16501 100}
(o]

(]
[=]
T
_
©
(=]
T

[{e]

[=]
T

—_

o]

(=]
T

SIE min (10* km?)
oS
[o:]
(o]
(=]

o
=~
SIE min (10% km?)

SIE min (10? km?)
o
(e

SIE max (10* km
>
(=]
(=)

SIE max (10* km?)

SIE max (10% km?)

—_

~J

[=]
T

-~
o
T
—
(93]
a1
o
T
[0
[=]
T

160+

[o)]
L]
T

LY
(2]
T

3]
[=]
T
~J
[=]
T

150

Greenland Arctic Basin
European Arctic Basin
Bering Sea

Hudson Bay

Sea of Okhotsk and
Japan

Gulf of St. Lawrence
Non-regional ocean
Lakes, extended coast

&
»
!

o) : :

45 1 I I 1 1 1 i I 40 1 I I I 1 1 I I L 1 L I 1 i

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 10075 1980 1985 1990 1995 2000 2005 2010 2015 2020 149075 1080 1985 1990 1995 2000 2005 2010 2015 2020
Y Y Y

Fig. 1 - (Examples) SIE minima for the Greenland, the Russian and the North American Arctic basins. In red colour
the smoothing curve (5 days moving average).
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Seas. In red colour a smoothing curve (5 days moving average).
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Fig. 2 - (Examples) SIE maxima for the whole NSIDC Arctic region, for the Greenland Sea and for the Kara and Barents
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SIE maxima and minima as extreme values

Table 2. Years in which the data have passed
the return level corresponding to the return

period of 25 years. In red and green, when

Events corresponding to large SIE anomalies have been described in several papers appeared in the literature. they passed the return period of 50 and 100

years, respectively.

MAX EXT

In this work, rather than detecting all large anomalies, we analysed annual SIE maxima and minima from the
viewpoint of the theory of extreme events. Indeed, Anderson-Darling, Kolmogorov-Smirnov and chi-square tests, E=SE .
confirmed that all SIE maxima and minima samples (for each sub-region) are very well represented as Z=Hiil
Generalized Extreme Value (GEV) random variables.

2001
Baffin Bay/Davis
St./Labrador Sea

SIE minima and maxima for all sub-regions were hence fitted with a GEV distribution. Expansion and Caradin
contraction of SIE minima and maxima were both considered. It was also considered that, in some sub-regions, Beaufort Sez
during the summer season, sea ice completely disappears, while in other ones, during the winter season, sea ice I
occupies the entire available surface. In both cases, it is clearly impossible to talk about extreme values.

Moreover, as the extreme value theory implies that the statistical properties of the extremes are stationary

Kara and Barents

European Arctic 2012

while our time series are not, we had to use a software suited for fitting non-stationary series. sasin_ 2013
3 e . . . . ering Sea

The Non-stationary Extreme Value Analysis (NEVA) software, which implements a framework for estimating [EEEE=

stationary and non-stationary return levels, return periods, and risks of climatic extremes using Bayesian culfofse

inference [3], was employed. Non-reiona

Lakes, extended 1997-

In Table 2, the years in which data passed the return level, corresponding to some return periods, are shown. coast 109
They should be carefully investigated in order to understand the physical processes involved.
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Fig. 3. [EXAMPLES] SIE minima as “block
minimum” values of the whole NSIDC Arctic
region (upper), and SIE maxima as “block
maximum values of Kara and Barents Seas
(lower), with the medians of return levels
corresponding to some return periods (25,

50 and 100 yrs).

Table 3. Cross-correlations (at « = 0.01) between annual SIE maxima

Cross-correlations between annual SIE maxima and minima and A0, S0, PDO and PNA indices. In brackets the month of
o o o o o the corresponding oscillation.
minima and some relevant climate oscillations S

e [ e T o [ [ mor T
Relevant modes of variability in the Arctic region are the Arctic Oscillation s | N —
(AO), the Pacific North America pattern (PNA), the Pacific Decadal Oscillation o 5o — onid s
(PDO), and the North Atlantic Oscillation (NAO) [4]. o o
It was reasonable to look for significant correlations between SIE minima and = S -
maxima time series and the monthly indices of these climatic oscillations (AO, ““m T | reten o
PDO and PNA). Besides, we also evaluated the cross-correlations with the m - T
Southern Oscillation (SO) given its importance in global climate variability; " I o590
however, SO is indirectly linked to the PDO. i
Tab. 3 shows the statistical significant (at a = 0.01) cross-correlations between H
annual SIE minima and maxima, and monthly AO, SO, PDO and PNA indices. T s | s =y
The month of the index to which the correlation retfers is placed in brackets. In w7 7w wmm— | =m
Fig 4, the sub-regions having high cross-correlations (¢ = 0.01) independently -0 i
by the month, are shown. e e

-AOI

PDOI

corr & PMNAI anticorr

4PDOI anticorr

corr & SOl anticorr

corr & PDOI anticorr

corr & PDOI anticorr

Fig 4. Maps of sub-regions having SIE maxima (lower) and SIE
minima (upper) cross-correlations (at ¢ = 0.01) with at least
one oscillation index, independently by the month.

Time span between SIE maxima and SIE minima for each sub-regiomn
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