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1 DATA SETS

L SPATIAL PATTERNS

SDL

THE VARIABILITY OF SEA ICE EXTENT IN THE ARCTIC IS LARGELY AFFECTED BY CHANGES IN THE SURFACE

DOWNWELLING LONGWAVE RADIATION [6], WHICH IS LINKED TO CLOUDINESS AND WHICH, IN TURN,

DEPENDS ON THE ATMOSPHERIC MOISTURE TRANSPORT TO THE ARCTIC. AIM OF THIS WORK IS TO LOOK FOR

COUPLED SPATIAL PATTERNS IN THE ARCTIC OF SURFACE DOWNWELLING LONGWAVE (SDL) AND SEA ICE

CONCENTRATION (SIC) FIELDS, COMPUTED THROUGH THE MAXIMUM COVARIANCE ANALYSIS (MCA)

TECHNIQUE. IN ADDITION, CORRELATIONS BETWEEN EXPANSION COEFFICIENTS TIME SERIES OF BOTH

VARIABLES AND SEASONAL TIME SERIES OF AMO, AO, NAO, PDO AND PNA INDICES ARE ALSO PRESENTED.

DATA WERE RETRIEVED FROM NSDIC AND EUMETSAT. INSTEAD OF THE STANDARD SEASONS, THE

FOLLOWING ONES WERE CHOSEN: FEB-MAR-APR (FMA), MAY-JUN-JUL (MJJ), AUG-SEP-OCT (ASO) AND

NOV-DEC-JAN (NDJ), AS THEY ARE MORE APPROPRIATE FOR THE ARCTIC CLIMATE.

INTRODUCTION

THE FOLLOWING DATA SETS WERE USED:

 ARCTIC MONTHLY SEA-ICE CONCENTRATION (SIC) FOR THE 1982-2009 PERIOD, DISTRIBUTED BY THE

NATIONAL SNOW AND ICE DATA CENTER (NSIDC) [3]. SIC DATA ARE GENERATED FROM BRIGHTNESS

TEMPERATURES DERIVED FROM SSMR, SSM/I AND SSMIS OBSERVATIONS. SIC DATA ACCURACY IS

GENERALLY ±5% OF THE TOTAL DURING WINTER, AND ±15% DURING THE ARCTIC SUMMER MELT AND

TENDS TO BE HIGHER WHEN SEA ICE IS RELATIVELY THICK (>20 CM). THE SPATIAL RESOLUTION, REFERRED

TO A POLAR STEREOGRAPHIC PROJECTION, IS 25 X 25 KM.

 GLOBAL MONTHLY SURFACE DOWNWARD LONGWAVE RADIATION (SDL) FOR THE 1982-2009 PERIOD. THIS

IS A SUBSET OF THE GLOBAL AREA COVER (GCA) CLIMATE DATA SET CLARA-A1 [7] PRODUCED BY THE

EUMETSAT’S SATELLITE APPLICATION FACILITY ON CLIMATE MONITORING (CM SAF). DATA WERE

GENERATED FROM SATELLITE-DERIVED MEASUREMENTS OF AVHRR SENSOR ON-BOARD OF NOAA AND

METOP POLAR-ORBITING METEOROLOGICAL SATELLITES. IN PARTICULAR, SDL DATA ARE BASED ON THE

MONTHLY MEAN SURFACE DOWNWELLING LONGWAVE RADIATION DATA FROM THE ERA-INTERIM DATA SET,

ON THE CM SAF GAC CLOUD FRACTION (CFC) DATA SET AND ON HIGH-RESOLUTION TOPOGRAPHIC

INFORMATION. THE RESOLUTION IS 0.25° AND THE ACCURACY IS 8 W/M2 [4]. IN THIS WORK, NOT ALL

GLOBAL DATA WERE USED, BUT ONLY THOSE HAVING LATITUDE OVER 60°N. IN ADDITION, AS WE ARE

INTERESTED TO THE ARCTIC OCEAN CO-VARIABILITY, ONLY SDL SEA CELLS WERE CONSIDERED, THROUGH A

LAND/MASK FILE COMPUTED BY INTERPOLATING THE EQUIVALENT NSDIC LAND/SEA MASK FILE WITH 12°

RESOLUTION.

What is the SVD

THE MAXIMUM COVARIANCE ANALYSIS (OFTEN INCORRECTLY CALLED SINGULAR VALUE DECOMPOSITION

ANALYSIS) IS A TECHNIQUE THAT FINDS PAIRS OF LINEAR COMBINATIONS, U AND V, OF TWO SETS OF VECTOR

DATA X AND Y SUCH THAT THEIR COVARIANCES ARE MAXIMIZED [13]. THAT IS, IF  𝐔 = 𝐋𝐓𝐗
𝐕 = 𝐑𝐓𝐘

THEN

𝐜𝐨𝐯 𝐔, 𝐕 = 𝐋𝐓𝐒𝐗,𝐘𝐑 IS MAXIMIZED WITH THE CONSTRAINT THAT L AND R VECTORS ARE ORTHONORMAL.
THE VECTORS 𝐋 AND 𝐑 ARE OBTAINED THROUGH A SINGULAR VALUE DECOMPOSITION (SVD) OF THE CROSS-
COVARIANCE MATRIX 𝐒𝐗𝐘 = 𝐋 𝛀 𝐑𝐓 WHERE 𝛀 IS THE DIAGONAL MATRIX OF SINGULAR VALUES OF SVD.
THE METHOD IS USUALLY APPLIED IN CLIMATOLOGY TO TWO COMBINED DATA FIELDS IN ORDER TO IDENTIFY

PAIRS OF COUPLED SPATIAL PATTERNS, WITH EACH PAIR EXPLAINING A FRACTION OF THE COVARIANCE BETWEEN

THE TWO FIELDS [2].

2    METHODS: MAXIMUM COVARIANCE ANALYSIS

4   CORRELATION WITH CLIMATE OSCILLATION INDICES

RELEVANT MODES OF VARIABILITY IN THE ARCTIC REGION CAN BE: I) THE ARCTIC OSCILLATION (AO) [12]; II)

THE PACIFIC NORTH AMERICA PATTERN (PNA) [1]; III) THE NORTH ATLANTIC OSCILLATION (NAO) [5], EVEN

IF NAO MAY BE CONSIDERED A PARTICULAR CASE OF AO; IV) THE PACIFIC DECADAL OSCILLATION [9] AND THE

ATLANTIC MULTIDECADAL OSCILLATION (AMO) [11] .

THE CORRELATION BETWEEN THESE CLIMATE INDICES AND THE EXPANSION COEFFICIENTS PROVIDED FROM THE

SVD ANALYSIS FOR BOTH SEASONAL SIC AND SDL WERE ESTIMATED; TABLE 1 GIVES THE STATISTICALLY

SIGNIFICANT (AT 95%) CORRELATION COEFFICIENTS OF THE FIRST TWO MAIN MODES OF CO-VARIABILITY.

CONCLUSION

3   SEASONAL SPATIAL PATTERNS

THE SVD TECHNIQUE WAS APPLIED TO SEASONAL SIC AND SDL FIELDS, AFTER A PROPER SAMPLING, FOR

COMPUTATIONAL REASONS, OF THE RESPECTIVE MATRICES. THUS, THE SIZE OF EACH MATRIX SUBMITTED TO

THE SVD WAS 21600 CELLS AND 17024 CELLS FOR SDL (BOTH SEA AND LAND) AND SIC, RESPECTIVELY.

THE FRACTION OF SQUARED COVARIANCE (SCF) (THE SCF FOR I-TH

SINGULAR VALUE 𝜔𝑖 IS GIVEN BY SCF𝑖 =  𝜔𝑖 𝑡𝑟𝑎𝑐𝑒(𝛀)) FOR THE

FIRST FIVE MODES AND FOR EACH SEASON, IS SHOWN IN FIGURE 1,
TOGETHER WITH THE MEAN SEASONAL SIC IN THE 1982-2009
PERIOD. AS CAN BE NOTED, FIRST TWO COUPLED PATTERNS REPRESENT

THE 38%, 35%, 48% AND 50% OF THE COVARIANCE. Figure 1. First five SCF values for each season.

Figure 2. Seasonal 

spatial patterns 

(only 1st mode) of 

SDL (left) and SIC 

(middle), together 

seasonal SIC 

averages for the 

period 1982-2009 

(right). 

Season OI Mode Corr.

FMA NAO

AMO

2

2

-0.46

0.45

MJJ NAO*

AMO

AO

AMO

NAO

1

1

2

2

2

-0.39

0.48

0.40

-0.37

0.47

ASO PNA

AO*

AMO

1

2

2

0.54

0.38

-0.45

NDJ PDO

AMO

1

1

0.41

-0.63

Season OI Mode Corr.

FMA PDO

NAO*

AMO

1

2

2

0.48

-0.38

0.54

MJJ NAO

AMO

AMO

AO

NAO

1

1

2

2

2

-0.44

0.59

-0.45

0.53

0.53

ASO PDO*

PNA

AMO

AO

AMO

1

1

1

2

2

-0.39

0.76

0.57

0.48

-0.57

Table 1 - Oscillation indices (OI) having correlation 

statistically significant at 95% with seasonal SDL (left) 

and SIC (right) till mode 2 of co-variability.

IN FIGURE 2, THE SEASONAL SPATIAL PATTERNS (FIRST MODE), TOGETHER WITH THE SEASONAL SIC MEANS,

FOR THE 1982-2009 PERIOD, ARE SHOWN. IT CAN BE NOTED THAT:

- SDL AND SIC ARE OUT-OF-PHASE: POSITIVE VARIATIONS OF SIC CORRESPOND TO NEGATIVE VARIATIONS OF

SDL, AND VICE VERSA.

- DURING THE “ARCTIC WINTER” (FMA), THE MAXIMUM VARIABILITY, BOTH FOR SIC AND SDL, IS FOUND IN

THE BARENTS SEA. SIMILAR PATTERNS ARE OBSERVED IN THE STANDARD WINTER (DJF).

- IN THE “ARCTIC SPRING” (MJJ), SDL MAXIMUM IS LOCATED ON THE NORTH POLE WHILE SIC MAXIMUM

IN THE LAPTEV SEA.

- DURING THE “ARCTIC SUMMER” (ASO), SDL MAXIMUMS, FOUND IN THE CHUKCHI SEA AND IN THE

NORTH POLE, CORRESPOND TO SIC MAXIMUM ALONG SIBERIAN COAST FROM CHUKCHI SEA TO KARA SEA.

- FINALLY, IN THE “ARCTIC AUTUMN” (NDJ) MAXIMUMS ARE FOUND NORTH OF THE BARENTS SEA.

Figure 3. Vernal SDL and SIC expansion coefficients, for 

mode 1, together with NAO and AMO indices. All values 

were converted into standard anomalies.

AS CAN BE SEEN IN TABLE 1, EXPANSION COEFFICIENTS OF

THE FIRST MODE OF CO-VARIABILITY HAVE STATISTICALLY

SIGNIFICANT (AT 95%) CORRELATIONS WITH ALL ENVISAGED

CLIMATIC INDICES, IN PARTICULAR:

 THE ATLANTIC MULTIDECADAL OSCILLATION SEEMS TO

BE THE CLIMATE OSCILLATION THAT MOSTLY AFFECTS

BOTH SIC AND SDL DURING ALL SEASONS.
 ON THE OTHER HAND, THE CO-VARIABILITY BETWEEN

SEA-ICE AND AMO INDEX IS WELL-KNOWN [9]; THIS IS

PARTICULARLY TRUE IN THE BARENTS SEA DURING

ARCTIC NIGHT MONTHS, WITH A CORRELATION

BETWEEN THE SEA-ICE AND MULTIDECADAL VARIABILITY

[7].
 THE STRONGEST TELECONNECTIONS WHICH OCCUR

DURING FMA WITH NAO, PDO AND AMO, ARE THE

SAME THAT CAN BE SEEN DURING DEC-FEB MONTHS

(NOT SHOWN).
 CORRELATIONS WITH NAO AND/OR AO APPEAR IN ALL

SEASONS, EXCEPT IN AUTUMN, AND ARE GENERALLY

OUT-OF-PHASE WITH AMO (FIG. 3 SHOWS VERNAL

NAO AND AMO INDICES TOGETHER WITH SDL AND

SIC EXPANSION COEFFICIENTS TIME SERIES).
 PNA TELECONNECTION IS STRONG DURING MELTING

SEASON (ASO). FIG. 4 SHOWS THE SUMMER INDEX

TOGETHER WITH SDL AND SIC EXPANSION

COEFFICIENTS.
 INTERESTING TO NOTE FROM FIG. 4 THE WELL-KNOWN

SEA-ICE SUMMER DECLINE ACCOMPANIED BY THE

INCREASE OF SDL IN THE ARCTIC OCEAN.

SDL SIC

NDJ PDO

AMO

1

1

0.41

-0.63

*the correlation is not statistically 

significant at 95% using a resampling 

method to calculate the correlation.

Figure 4. Summer SDL and SIC expansion coefficients, 

for mode 1, together NAO index. All values were 

converted in standard anomalies.

THIS WORK SHOWS WHERE THE ARCTIC SPATIAL PATTERNS OF LARGE CO-VARIABILITY BETWEEN SIC AND SDL (IN

OUT-OF-PHASE) ARE LOCATED, IN RELATION WITH THE DIFFERENT SEASON. FOR EXAMPLE, WINTER AND SUMMER

STRONG PATTERNS OCCUR IN THE BARENTS SEA AND THE CHUKCHI SEA, RESPECTIVELY, IN CORRESPONDENCE TO

ONE OF TWO ATLANTIC GATEWAYS (THE OTHER IS THE FRAM STRAIT) AND IN THE BERING SEA PACIFIC GATEWAY. 

THE MORE (LESS) MOISTURE TRANSPORT FROM THESE GATEWAYS IMPLIES A MORE (LESS) CLOUDINESS AND THUS

A MORE (LESS) SDL AND, FINALLY, A LESS (MORE) SEA SIC (OF COURSE, THIS IS JUST ONE ASPECT THAT AFFECTS

THE VARIABILITY OF THE SEA ICE EXTENSION).

THE CONTRAST OF THE ATLANTIC/PACIFIC OCEANS IS ALSO ENHANCED BY THE ANALYSIS OF THE CORRELATION

BETWEEN SOME NATURAL OSCILLATION INDICES AND THE TIME SERIES OF EXPANSION COEFFICIENTS OF THE FIRST

MODE OF CO-VARIABILITY: IN WINTER, THE CORRELATION WITH AMO AND NAO/AO SEEMS TO BE PREVALENT

BUT IN SUMMER THE CORRELATION WITH PNA BECOMES MORE IMPORTANT.

FINALLY, A SHORTCOMING OF THIS WORK IS NOT HAVING ANALYZED THE CROSS-CO-VARIABILITY OF SDL AND SIC 

FOR DIFFERENT SEASONS, BECAUSE IT WAS DEMONSTRATED THAT SDL PERTURBATIONS APPEARING DURING ONE

SEASON CAN ALTER THE SEA ICE EXTENT IN THE SEASON AHEAD, FOR EXAMPLE, A DISTURBANCE OF THE SDL 

DURING SPRING MAY ALTER THE SEA ICE EXTENT IN SUMMER [6].
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