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SUMMARY	
  

Based	
  on	
  created	
  comprehensive	
  database	
  on	
  the	
  state	
  of	
  the	
  ice	
  cover	
  and	
  synoptic	
  processes	
  in	
  the	
  

Arctic	
  for	
  the	
  past	
  30	
  years,	
  the	
  regularities	
  of	
  changes	
  of	
  sea	
  ice	
  conditions	
  in	
  the	
  Arctic	
  Basin	
  were	
  

studied	
  and	
  forward-­‐looking	
  assumptions	
  were	
  formulated.	
  For	
  the	
  first	
  time	
  for	
  analysis	
  of	
  data	
  on	
  

vector	
  fields	
  of	
  sea	
  ice	
  drift	
  a	
  modern	
  statistical	
  processing	
  method	
  was	
  applied,	
  which	
  substantially	
  

compress	
  the	
  initial	
  information	
  and	
  more	
  adequately	
  describe	
  the	
  vector	
  time	
  series	
  and	
  fields.	
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1 Introduction	
  
	
  

One	
   of	
   the	
   major	
   objectives	
   of	
   the	
  MAIRES	
   project	
   related	
   to	
   the	
   analysis	
   of	
   the	
   sea	
   ice	
  

processes	
  is	
  the	
  following:	
  to	
  document	
  inter-­‐annual	
  and	
  decadal	
  changes	
  in	
  sea	
  ice	
  variables	
  based	
  

on	
  the	
  EO-­‐products	
  from	
  the	
   last	
  two	
  decades	
  developed	
   in	
  the	
  project.	
  Results	
   from	
  the	
  proposal	
  

can	
   contribute	
   to	
   improve	
  understanding	
  of	
   climate	
   change	
  and	
  provide	
  useful	
   data	
   for	
   scientists,	
  

policy-­‐makers	
   and	
   the	
   general	
   public.	
   The	
   MAIRES	
   project	
   had	
   to	
   demonstrate	
   the	
   benefits	
   of	
  

combining	
   Earth	
   Observation	
   data	
   from	
   European	
   and	
   Russian	
   satellites	
   for	
   operational	
  mapping,	
  

interpretation	
  and	
  forecast	
  of	
  sea	
  ice	
  variations	
  in	
  the	
  Eurasian	
  Arctic.	
  Satellite-­‐derived	
  data	
  collected	
  

over	
  many	
  years	
  can	
  show	
  seasonal	
  and	
  interannual	
  variability	
  of	
  the	
  sea	
  ice	
  cover.	
  

It	
  should	
  be	
  noted	
  that	
  period	
  of	
  research	
  of	
   ice	
  cover	
  variations	
  comparing	
  with	
  the	
  DOW	
  

has	
  been	
  significantly	
  expanded	
  up	
  to	
  climatic	
  time	
  scales	
  and	
  included	
  not	
  only	
  the	
  last	
  two	
  decades,	
  

but	
   more	
   than	
   thirty	
   years,	
   and	
   the	
   study	
   area	
   was	
   expanded	
   also	
   up	
   to	
   the	
   entire	
   Arctic	
   Basin	
  

(including	
  	
  the	
  Barents	
  and	
  Kara	
  Seas)	
  for	
  coordination	
  of	
  temporal	
  and	
  spatial	
  scales.	
  

The	
  study	
  was	
  performed	
  using	
  a	
   large	
  database	
  about	
  sea	
   ice	
  drift	
   fields	
   in	
   the	
   the	
  Arctic	
  

Basin	
  derived	
  from	
  satellite	
  data.	
  Database	
  included	
  files	
  available	
  online,	
  as	
  well	
  as	
  original	
  data	
  of	
  

the	
  Nansen	
  Centre	
  (NIERSC),	
  also	
  calculated	
  on	
  the	
  base	
  of	
  satellite	
  data.	
  

For	
  statistical	
  analysis,	
  a	
  special	
  technique	
  developed	
  based	
  on	
  the	
  vector-­‐algebraic	
  approach	
  

for	
  	
  analysis	
  of	
  time	
  series	
  of	
  vector	
  quantities	
  was	
  used.	
  	
  The	
  vectorial-­‐algebraic	
  method	
  developed	
  

and	
  applied	
  in	
  Russia	
  for	
  an	
  analysis	
  of	
  time	
  series	
  of	
  vector	
  values	
  –	
  wind,	
  currents	
  and	
  ice	
  drift.	
  The	
  

technique	
  allows	
  us	
   to	
   significantly	
   compress	
   the	
   initial	
   information	
  and	
  most	
  adequately	
  describe	
  

the	
  vector	
  time	
  series	
  of	
  full-­‐scale	
  and	
  model	
  data	
  restricted	
  by	
  a	
  set	
  of	
  statistical	
  characteristics	
  in	
  

the	
   invariant	
   form.	
   Previously	
   the	
   methodology	
   used	
   by	
   us	
   in	
   the	
   MyOcean	
   Project	
   (FP7)	
   for	
  

validation	
  of	
  the	
  modeling	
  results.	
  

Most	
   attention	
   in	
   the	
   analysis	
   of	
   the	
   seasonal	
   and	
   interannual	
   variability	
   of	
   the	
   sea	
   ice	
  

conditions	
  in	
  the	
  Arctic	
  Basin	
  and	
  Arctic	
  Seas	
  was	
  made	
  on	
  the	
  research	
  of	
  variability	
  of	
  the	
  ice	
  drift	
  

fields,	
  because	
  the	
  ice	
  drift	
  is	
  an	
  one	
  from	
  most	
  important	
  element	
  of	
  the	
  oceanographic	
  regime.	
  The	
  

spatial	
  structure	
  of	
  the	
  drift	
  fields	
  and	
  its	
  temporal	
  variability	
  reflect	
  the	
  processes	
  occurring	
  both	
  in	
  

the	
  atmosphere	
  and	
   the	
  hydrosphere.	
   Typical	
   regularities	
  of	
   the	
  drift	
   variability	
   at	
  prolonged	
   time	
  

intervals	
  are	
   inseparably	
   connected	
  with	
   the	
  global	
   climate	
  changes	
  and	
  effect	
  dynamically	
  on	
   the	
  

changes	
  of	
  ice	
  cover,	
  as	
  well	
  as	
  total	
  and	
  partial	
  sea	
  ice	
  concentration	
  in	
  the	
  Arctic	
  Ocean	
  (AO).	
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It	
   should	
   be	
   noted	
   that	
   the	
   study	
   of	
   long-­‐term	
   variability	
   of	
   the	
   drift	
   fields	
   for	
   the	
   entire	
  

Arctic	
  Ocean	
   for	
   the	
   first	
   time	
  was	
   carried	
  out,	
  which	
  was	
  possible	
   thanks	
   to	
   the	
  huge	
  amount	
  of	
  

satellite	
  data	
  and	
  application	
  of	
  progressive	
  method	
  of	
  statistical	
  processing.	
  

The	
  main	
   idea	
  of	
   the	
   study	
  was	
   to	
   search	
   for	
   links	
   between	
   the	
  dynamics	
   of	
   sea	
   ice	
   (drift	
  

velocity	
  and	
  variance,	
  change	
  of	
  ice	
  outflow,	
  etc.)	
  with	
  the	
  spatial	
  structure	
  of	
  the	
  ice	
  drift	
  fields,	
  that	
  

are	
  can	
  form	
  conditions	
  for	
  growing	
  or	
  melting	
  of	
  sea	
  ice	
  in	
  the	
  Arctic.	
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2 Data	
  
	
  

With	
  the	
  development	
  of	
  studies	
  at	
  high	
   latitudes	
  of	
  the	
  Arctic,	
  the	
   ice	
  drift	
  was	
  estimated	
  

from	
   indirect	
   indications	
   –	
   visual	
   observations,	
   “bottle	
   mail”,	
   etc.,	
   and	
   on	
   the	
   basis	
   of	
   direct	
  

measurements.	
  The	
  latter	
  include,	
  in	
  particular,	
  instrumental	
  visual	
  observations	
  in	
  the	
  coastal	
  zone;	
  

ice	
   drift	
   determination	
   by	
  means	
   of	
   astronomical	
   observations	
   and	
   current	
  meters	
   deployed	
   from	
  

drifting	
  ice	
  floes	
  in	
  deep	
  water	
  layers	
  of	
  low	
  mobility,	
  and	
  by	
  using	
  drifting	
  radio-­‐markers	
  and	
  other	
  

methods.	
   These	
  data	
  allowed	
  one	
   to	
  describe	
  only	
   in	
   general	
   the	
   ice	
  drift	
   features	
   since	
   they	
  had	
  

either	
  a	
  sufficiently	
  large	
  time	
  interval	
  of	
  measurements	
  or	
  small	
  duration	
  and	
  low	
  accuracy	
  or	
  low	
  

spatial	
  resolution.	
  

At	
  the	
  present	
  time,	
  the	
  direct	
  drift	
  measurements	
  are	
  carried	
  out	
  at	
  a	
  higher	
  technical	
  level	
  

by	
  means	
  of	
  buoys	
  equipped	
  with	
  a	
  high-­‐precision	
  satellite	
  system	
  of	
  coordinate	
  determination	
  and	
  

with	
  a	
  higher	
  time	
  frequency.	
  The	
  indirect	
  methods	
  for	
  drift	
  estimates,	
  based	
  on	
  processing	
  sensor	
  

data	
   from	
   spacecraft,	
   for	
   example	
   AMSR-­‐E	
   onboard	
   AQUA	
   satellite,	
   measuring	
   brightness	
  

temperatures,	
   have	
   a	
  high	
  precision	
  of	
   determining	
   the	
  drift	
   parameters	
   and	
   an	
  enormous	
   spatial	
  

coverage	
  providing	
  a	
  sufficiently	
  high	
  temporal	
  and	
  especially	
  spatial	
  resolution.	
  The	
  parameters	
  of	
  

these	
  data	
  allow	
  us	
  to	
  investigate	
  the	
  drift	
  within	
  a	
  wide	
  range	
  of	
  temporal	
  and	
  spatial	
  scales.	
  

It	
   is	
   obvious	
   that	
  most	
   accurate	
   are	
   the	
   drift	
  measurements	
   by	
  means	
   of	
  modern	
   drifting	
  

buoys,	
  which	
   can	
  be	
   considered	
  as	
   “reference”	
  buoys	
   for	
   validation	
  of	
  both	
   the	
  model	
   calculation	
  

and	
   drift	
   data	
   based	
   on	
   processing	
   of	
   satellite	
   images.	
   A	
   data	
   set	
   of	
   drifting	
   buoys	
   including	
   data	
  

from	
  buoys	
  deployed	
  at	
  manned	
  drifting	
  stations	
  and	
  onboard	
  ships	
  have	
  been	
  generated	
  from	
  1978.	
  

The	
  operation	
  of	
   some	
  buoys	
   can	
  be	
   from	
  several	
  months	
   to	
   several	
   years,	
  and	
   the	
  measurement	
  

time	
  interval	
  is	
  up	
  to	
  several	
  times	
  a	
  day.	
  The	
  number	
  of	
  buoys	
  operating	
  at	
  present	
  in	
  the	
  Arctic	
  is	
  

several	
  dozen	
  -­‐	
  around	
  50	
  as	
  of	
  8	
  February	
  2011	
  (http://iabp.apl.washington.edu).	
  

The	
  vector	
  drift	
  fields	
  derived	
  by	
  processing	
  the	
  AMSR-­‐E	
  sensor	
  data	
  are	
  presented	
  at	
  regular	
  

grid	
  points	
  with	
  a	
  step	
  of	
  32.5	
  km	
  over	
  the	
  entire	
  Arctic	
  Ocean	
  area,	
  where	
  sea	
  ice	
  was	
  present	
  in	
  the	
  

wintertime.	
   These	
  data	
  with	
   a	
   2-­‐day	
   time	
   interval	
   prepared	
  by	
   the	
   IFREMER	
   Institute	
   (France)	
   are	
  

available	
   for	
   the	
   period	
   from	
   1991	
   through	
   present	
   and	
   can	
   be	
   accessed	
   via	
   the	
   Internet	
  

(http://cersat.ifremer.fr/data/discovery/by_product_type/gridded_products/psi_amsr_drift).	
   Totally	
  

about	
  1000	
  points	
  with	
  values	
  for	
  each	
  daily	
  field	
  (up	
  to	
  1	
  000	
  000	
  vectors)	
  	
  Estimates	
  of	
  the	
  accuracy	
  

of	
   such	
   fields	
   performed	
   by	
   developers	
   show	
   this	
   data	
   set	
   to	
   allow	
   a	
   sufficiently	
   adequate	
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assessment	
   of	
   ice	
   dynamics	
   in	
   the	
   Arctic	
   Basin	
  

(http://cersat.ifremer.fr/science/sea_ice/validation_of_arctic_sea_ice_drift_with_iabp_buoys).	
  

There	
   is	
  also	
  a	
  different	
  version	
  of	
   the	
  global	
  climate	
  set	
  of	
   the	
   ice	
  drift	
   fields	
  –	
  Pathfinder	
  

(Fowler,	
   C.	
   2003,	
   updated	
   2007.)	
   that	
   were	
   prepared	
   using	
   satellite	
   images	
   in	
   the	
   visible	
   and	
   IR	
  

regions	
  (AVHRR,	
  SMMR,	
  SSMI)	
  and	
  buoy	
  data	
  (IAPB)	
  and	
  were	
  interpolated	
  to	
  a	
  regular	
  grid	
  with	
  a	
  

step	
  of	
  25	
  km:	
  	
  all	
  seasons	
  1979-­‐2006,–	
  about	
  2000	
  points	
  with	
  values	
  for	
  each	
  daily	
  field	
  up	
  to	
  20	
  

000	
  000	
  vectors.	
  

All	
  this	
  data	
  set	
  can	
  be	
  used	
  for	
  estimating	
  the	
  ice	
  drift	
  at	
  climatic	
  scale.	
  

In	
   this	
   project	
   MAIRES	
   in	
   accordance	
   with	
   the	
   main	
   objective	
   to	
   study	
   the	
   seasonal	
   and	
  

interannual	
  variability	
  of	
   ice	
  conditions	
  were	
  mainly	
  used	
   long	
  series	
  of	
   the	
   ice	
  drift	
  data	
  retrieved	
  

from	
   satellite	
   observations	
   –	
   IFREMER	
   and	
   Pathfinder	
   data	
   (Fig.	
   1).	
   Other	
   mentioned	
   above	
   data	
  

were	
  used	
  for	
  comparisons	
  and	
  decisions	
  of	
  private	
  subtasks.	
  	
  

So	
  at	
  present,	
  investigators	
  have	
  at	
  their	
  disposal	
  a	
  vast	
  amount	
  of	
  data	
  on	
  the	
  ice	
  drift	
  in	
  the	
  

AO,	
  which	
  should	
  be	
  considered.	
  Their	
  analysis	
  requires	
  physically	
  justified	
  methods,	
  which	
  allow	
  us	
  

to	
  significantly	
  “compress”	
  information	
  and	
  adequately	
  describe	
  the	
  regularities	
  of	
  natural	
  processes	
  

by	
  a	
  restricted	
  set	
  of	
  parameters.	
  

	
  

Figure	
  1:	
  An	
  example	
  of	
  graphical	
  representation	
  of	
  the	
  IFREMER	
  ice	
  drift	
  products	
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3 Methodology	
  of	
  statistical	
  processing	
  
	
  

For	
   analysis	
   of	
   such	
   a	
   large	
   amount	
   of	
   vector	
   data,	
   the	
   authors	
   used	
   the	
   so-­‐called	
   vector-­‐

algebraic	
  approach	
  (Belyshev	
  A.P.,	
  Klevantsov	
  Yu.P.,	
  Rozhkov	
  V.A.	
  1983).	
  Description	
  of	
  the	
  method	
  

of	
   vector	
   data	
   processing	
  with	
   the	
   examples	
   can	
   also	
   be	
   found	
   in	
   (Volkov	
   V.A.,	
   N.E.	
   Ivanov,	
   D.M.	
  

Demchev,	
  2012).	
  

Since	
  the	
  ice	
  drift	
  (similar	
  to	
  currents	
  and	
  wind)	
  is	
  often	
  considered	
  as	
  a	
  vector	
  probabilistic	
  

process	
  and	
  is	
  described	
  by	
  a	
  set	
  of	
  two-­‐dimensional	
  vectors	
  with	
  a	
  specific	
  time	
  step,	
  the	
  choice	
  of	
  

the	
  mathematical	
  vector	
  model	
  is	
  the	
  basic	
  problem	
  in	
  selecting	
  a	
  methodology	
  for	
  analyzing	
  the	
  ice	
  

drift	
  or	
  other	
  vector	
  series.	
  

The	
  applied	
  studies	
  often	
  use	
  a	
  vector	
  presentation	
  in	
  the	
  form	
  of	
  components	
  –	
  projections	
  

to	
   the	
  orthogonal	
   axes,	
   as	
   a	
   complex	
  number,	
   and	
   in	
   the	
   form	
  of	
   the	
  motion	
   vector,	
  which	
  has	
   a	
  

module	
  (vector	
  magnitude)	
  and	
  a	
  direction,	
  which	
  is	
  added	
  with	
  similar	
  vectors	
  by	
  the	
  parallelogram	
  

rule.	
   Since	
   the	
   drift	
   (or	
   a	
   current/wind)	
   is	
   a	
   progressive	
   motion	
   of	
   ice	
   (water,	
   air)	
   masses,	
   an	
  

approach	
  to	
  the	
  analysis	
  of	
  such	
  processes	
  through	
  a	
  displacement	
  vector	
  and	
  the	
  analysis	
  method	
  

based	
  on	
  the	
  vector	
  algebra	
  laws	
  turn	
  out	
  to	
  be	
  most	
  valid.	
  Not	
  dwelling	
  in	
  detail	
  on	
  comparison	
  of	
  

the	
  aforementioned	
  approaches	
   in	
   vector	
  presentation,	
  we	
  will	
   refer	
   to	
   (Belyshev	
  A.P.,	
  Klevantsov	
  

Yu.P.,	
   Rozhkov	
   V.A.1981).	
   This	
   publication	
   shows	
   that	
   using	
   a	
   component-­‐wise,	
   complex-­‐valued	
  

presentation	
   of	
   vectors	
   or	
   applying	
   a	
  method	
   of	
   rotational	
   components	
   for	
   the	
   analysis	
   of	
   vector	
  

processes,	
  it	
  is	
  possible	
  to	
  obtain	
  an	
  illusionary,	
  non-­‐adequate	
  understanding	
  about	
  the	
  investigated	
  

natural	
   process.	
   Only	
   the	
   vectorial-­‐algebraic	
  method	
   yields	
   physically-­‐substantiated	
   conclusions	
   in	
  

the	
   analysis	
   of	
   full-­‐scale	
   data,	
   because	
   it	
   strictly	
   takes	
   into	
   account	
   the	
   vector	
   character	
   of	
   the	
  

process	
  and	
  presents	
  the	
  results	
  of	
  time	
  series	
  analysis	
  by	
  a	
  compact	
  set	
  of	
  scalar	
  characteristics	
  in	
  

the	
  invariant	
  form,	
  i.e.,	
  not	
  dependent	
  on	
  the	
  choice	
  of	
  the	
  coordinate	
  system.	
  

It	
  should	
  be	
  noted	
  that	
  the	
  bases	
  of	
  the	
  vectorial-­‐algebraic	
  approach	
  to	
  the	
  analysis	
  of	
  vector	
  

series	
   were	
   developed	
   quite	
   a	
   long	
   time	
   ago,	
   but	
   so	
   far	
   this	
   method	
   is	
   used	
   infrequently.	
   This	
  

method	
   has	
   however	
   a	
   status	
   of	
   a	
   standard	
   method	
   in	
   the	
   framework	
   of	
   the	
   Russian	
   Uniform	
  

Information	
  System	
  on	
  the	
  Global	
  Ocean	
  –	
  ESIMO	
  (www.esimo.ru).	
  In	
  the	
  opinion	
  of	
  the	
  authors,	
  the	
  

method	
  is	
  little	
  known	
  outside	
  Russia.	
  

Most	
  often	
  In	
  the	
  model	
  of	
  a	
  vector	
  random	
  value	
  (RV),	
  the	
  drift	
  speed	
  values	
  V	
  at	
  the	
  fixed	
  

points	
  are	
  represented	
  by	
  statistical	
  estimates	
  of	
  the	
  distribution	
  of	
  probabilities	
  f()and	
  its	
  moments	
  

(Klevantsov	
   Yu.P.,	
   Mikulinskaya	
   S.M.,	
   Rozhkov	
   V.A.	
   1996;	
   Klevantsov	
   Yu.P.,	
   Mikulinskaya	
   S.M.,	
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Rozhkov	
   V.A.	
   1996).	
   A	
   complete	
   probabilistic	
   characteristic	
   of	
   stochastic	
   vector	
   V	
   as	
   an	
   RV	
   is	
   a	
  

probability	
   distribution	
   in	
   polar	
   coordinate	
   system	
   (by	
   module	
   and	
   direction)	
   and	
   corresponding	
  

marginal	
   distributions	
   of	
   probabilities.	
   The	
   corresponding	
   recurrences	
   PV,φ	
   are	
   determined	
   as	
  

probabilities	
  of	
  values	
  V	
  	
  being	
  in	
  the	
  prescribed	
  gradation	
  f()	
  

𝑃𝑉,𝜑=𝑓𝑉1≤𝑉<𝑉2,	
  𝜑1≤𝜑,𝜑2,	
  	
  	
  	
  𝑃𝑉=𝑓𝑉1≤𝑉<𝑉2,	
  	
  	
  𝑃𝜑=𝑓𝜑1≤𝜑<𝜑2	
  	
  	
  	
  	
  	
  (1)	
  

These	
   characteristics	
   are	
   traditionally	
   represented	
   by	
   a	
   table	
   of	
   two-­‐dimensional	
   and	
  

marginal	
   recurrences	
   by	
   rhumbs	
   and	
  module	
   gradations	
   (the	
   calm	
   recurrence	
   is	
   presented	
   as	
   an	
  

independent	
  gradation).	
   Such	
   representation,	
  being	
  quite	
  useful	
  due	
   to	
   large	
   information	
   content,	
  

can	
  be	
  used	
  only	
  for	
  a	
  very	
  restricted	
  set	
  of	
  spatial	
  points	
   in	
  the	
  typical	
  seasons	
  because	
  of	
  a	
   large	
  

multidimensionality.	
   So,	
   by	
   identifying	
   16	
   gradations	
   by	
   direction	
   and	
   10	
   gradations	
   by	
   the	
   drift	
  

speed	
  module	
  for	
  each	
  point	
  and	
  for	
  each	
  season,	
  we	
  obtain	
  a	
  table	
  of	
  two-­‐dimensional	
  recurrence	
  

of	
   	
   f(V,φ)	
  from	
  160	
  (16´10)	
  cells	
  and	
  2	
  tables	
  of	
  marginal	
  recurrences	
  of	
  f(φ),	
  f(V)	
  from	
  16	
  and	
  10	
  

cells,	
   respectively.	
   Graphical	
   representation	
   of	
   these	
   characteristics	
   is	
   not	
   very	
   convenient	
   for	
   the	
  

interpretation.	
  

So,	
  for	
  information	
  compression	
  we	
  have	
  used	
  a	
  concept	
  of	
  the	
  vectorial-­‐algebraic	
  approach.	
  

To	
   describe	
   the	
   distributions	
   of	
   probabilities,	
   one	
   usually	
   uses	
   the	
   distribution	
   moments,	
   being	
  

restricted	
  most	
  often	
  by	
  the	
  first	
  initial	
  moment	
  –	
  mathematical	
  expectation	
  and	
  the	
  second	
  central	
  

moment	
   –	
   dispersion.	
   The	
   mathematical	
   expectation	
   is	
   determined	
   as	
   vector	
  mV,	
   its	
   projections	
  

being	
  equal	
  to	
  mathematical	
  expectations	
  	
  (mVX,mVy)	
  	
  of	
  projections	
  of	
  vector	
  V	
  

𝑚𝑉=𝑀{𝑉𝑋𝑒𝑋+𝑉𝑌𝑒𝑌}	
   	
   	
   	
   	
   	
   (2)	
  

where	
  𝑒𝑋,	
  𝑒𝑌	
   	
   -­‐	
  orts	
  of	
  axes	
  ОХ,	
  OY.	
  This	
  determination	
  coincides	
  with	
  the	
  determination	
  of	
  mean	
  

speed	
  in	
  the	
  component-­‐wise	
  method,	
  in	
  which	
  the	
  speed	
  model	
  is	
  the	
  matrix-­‐line	
  (𝑚𝑉𝑋,	
  𝑚𝑉𝑦)	
  or	
  a	
  

corresponding	
  matrix-­‐column.	
  

The	
   determination	
   of	
   dispersion	
   𝐷𝑉	
   is	
   introduced	
   on	
   the	
   basis	
   of	
   a	
   more	
   general	
  

determination	
   of	
   the	
   correlation	
   function	
   𝐾𝑉𝜏,	
   which	
   together	
   with	
   distribution	
   (1)	
   yields	
   an	
  

exhaustive	
  characteristic	
  of	
  𝑉𝑡	
  as	
  a	
  vector	
  random	
  process.	
  The	
  correlation	
  function	
  in	
  the	
  stationary	
  

approximation	
   𝐾𝑉𝜏	
   	
   is	
   determined	
   as	
   a	
   mathematical	
   expectation	
   М	
   of	
   tensor	
   product	
   	
  of	
  

centered	
  vectors	
  𝑉0=𝑉−𝑚𝑉,	
  displaced	
  over	
  the	
  time	
  interval	
  𝜏	
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𝐾𝑉𝜏=𝑀{𝑉0(𝑡)⨂𝑉0(𝑡+𝜏)}	
   	
   	
   	
   	
   (3)	
  

Function	
  𝐾𝑉𝜏	
  	
  characterizes	
  the	
  interrelation	
  of	
  the	
  directed	
  speed	
  changes	
  at	
  the	
  moments	
  of	
  time	
  

shift	
  by	
  interval	
  and	
  gives	
  a	
  quantitative	
  measure	
  of	
  their	
  intensity	
  and	
  orientation	
  in	
  the	
  prescribed	
  

coordinate	
  system.	
  

For	
   flat	
  vectors	
  𝑉	
  at	
   the	
   fixed	
  time	
  shift,	
  𝐾𝑉𝜏	
   is	
   tensor	
  of	
   the	
  second	
  rank	
  the	
  elements	
  of	
  

which	
   are	
   represented	
   by	
   co-­‐variations	
   of	
   the	
   corresponding	
   projections.	
   This	
   tensor	
   can	
   be	
  

expanded	
  in	
  the	
  only	
  way	
  to	
  a	
  sum	
  of	
  symmetric	
  and	
  skew-­‐symmetric	
  tensors	
  	
  

𝐾𝑉𝜏=𝐾𝑉𝑥𝑉𝑥(𝜏)𝐾𝑉𝑥𝑉𝑦(𝜏)𝐾𝑉𝑦𝑉𝑥(𝜏)𝐾𝑉𝑦𝑉𝑦(𝜏)=𝐶𝜏+𝐺𝜏=𝜆1(𝜏)00𝜆2(𝜏)+0.5𝐺(𝜏)01−10	
  	
  	
  (4)	
  

While	
   in	
   the	
   component-­‐wise	
   method,	
   the	
   matrix	
   with	
   an	
   independent	
   value	
   of	
   each	
  

element	
   is	
   a	
   co-­‐variation,	
   the	
   tensor	
   is	
   one	
   common	
   object,	
   which	
   is	
   invariant	
   relative	
   to	
  

transformation	
  of	
  the	
  initial	
  coordinate	
  system,	
  and	
  the	
  matrix	
  in	
  (4)	
  is	
  only	
  a	
  form	
  of	
  its	
  writing.	
  The	
  

components	
   of	
   tensor	
  𝐾𝑉𝜏	
   depend	
   in	
   the	
   general	
   case	
   on	
   the	
   choice	
   of	
   the	
   coordinate	
   system,	
  

however	
  invariants	
  exist	
  –	
  scalar	
  functionals	
  of	
  components	
  that	
  do	
  not	
  depend	
  on	
  the	
  change	
  of	
  the	
  

coordinate	
  system.	
  Invariants	
  𝜆1,2(𝜏)	
  of	
  the	
  symmetrical	
  part	
  𝐶	
  	
  are	
  the	
  values	
  by	
  each	
  fixed	
  τ	
  

𝜆1,2=0.5{𝐼1±(𝐾𝑉𝑥−𝐾𝑉𝑦)2+2𝐾𝑉𝑥𝑉𝑦2}	
  	
   	
   	
   	
   	
   (5)	
  

and	
  tensor	
  𝐶	
   	
   itself	
  is	
  reduced	
  to	
  a	
  symmetrical	
  form	
  by	
  the	
  initial	
  coordinate	
  system	
  turning	
  by	
  an	
  

angle	
  	
  

𝛼=0.5𝑎𝑟𝑐𝑡𝑔2𝐾𝑉𝑥𝑉𝑦𝐾𝑉𝑥−𝐾𝑉𝑦±180∘	
   	
   	
   	
   	
   (6)	
  

The	
  skew-­‐symmetrical	
  tensor	
  invariant	
  

𝐺=𝐾𝑉𝑥𝑉𝑦−𝐾𝑉𝑦𝑉𝑥	
   	
   	
   	
   	
   	
   	
   (7)	
  

is	
  called	
  the	
  rotation	
  indicator,	
  and	
  the	
  sum	
  of	
  𝜆1,2	
  	
  is	
  called	
  a	
  linear	
  invariant	
  𝐼1	
  

𝐼1=𝜆1+𝜆2	
   	
   	
   	
   	
   	
   	
   	
   (8)	
  

Since	
   formulas	
   (4-­‐8)	
   contain	
   all	
   elements	
   of	
   tensor	
  𝐾𝑉𝜏	
   ,	
   they	
   stress	
   its	
   unlike	
   from	
   the	
  

correlation	
   matrix,	
   each	
   element	
   of	
   which	
   has	
   an	
   independent	
   value.	
   The	
   invariants	
   themselves	
  

characterize	
  different	
  variability	
  properties.	
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Dispersion	
   is	
  a	
  co-­‐variation	
   function	
  value	
  at	
  zero	
   time	
  shift	
  𝐷𝑉≡𝐾𝑉0.	
  Since	
   the	
  reciprocal	
  

co-­‐variations	
  of	
  projections	
  are	
  in	
  this	
  case	
  equal	
  to	
  𝐾𝑉𝑥𝑉𝑦(0)=𝐾𝑉𝑦𝑉𝑥(0),	
  the	
  dispersion	
  tensor	
  𝐷𝑉	
  

is	
  symmetrical	
  	
  

𝐷𝑉=𝐷𝑉𝑥𝐾𝑉𝑥𝑉𝑦𝐾𝑉𝑦𝑉𝑥𝐷𝑉𝑦=𝜆100𝜆2	
   	
   	
   	
   	
   	
   (9)	
  

And	
  its	
   linear	
   invariant	
  𝐼1	
  determines	
  the	
  general	
   intensity	
  of	
  variability	
  𝑉	
   	
  due	
  to	
  changes	
  of	
  both	
  

the	
  module	
  and	
  the	
  direction.	
  

The	
  root-­‐mean-­‐square	
  deviation	
  (RMSD)	
  tensor	
  𝜎𝑉	
  is	
  determined	
  as	
  	
  

𝜎𝑉=𝐷𝑉=𝜆1𝜎00𝜆2𝜎	
  	
   	
   	
   	
   (10)	
  

Its	
  invariants	
  are	
  the	
  square	
  roots	
  of	
  the	
  corresponding	
  invariants	
  of	
  tensor	
  𝐷𝑉	
  -­‐	
  𝜆1,2𝜎=𝜆1,2𝐷;	
  then	
  

we	
  will	
  use	
  for	
  tensor	
  𝜎𝑉	
  the	
  designations	
  𝜆1,2
	
  
without	
  the	
  upper	
  index.	
  For	
  characterization	
  of	
  the	
  

total	
  variability	
  (cumulative	
  effect	
  of	
  module	
  and	
  direction	
  variability	
  𝑉),	
  we	
  will	
  use	
  𝐼1(𝐷),	
  of	
  tensor	
  

𝐷𝑉,	
  designating	
  it	
  for	
  homogeneity	
  as	
  𝐼1(0.5).	
  

Vector	
   variation	
   coefficient	
   (with	
   mathematical	
   expectation	
   vector	
   module	
   in	
   the	
  

denominator)	
  will	
  be	
  

𝜈=𝐼1(𝐷)𝑚𝑉	
   	
   	
   	
   	
   	
   	
   (11)	
  

If	
  𝜈>1	
  	
  -­‐	
  the	
  motion	
  is	
  unstable	
  and	
  vice	
  versa.	
  We	
  shall	
  also	
  use	
  the	
  number	
  	
  

𝛾=𝐷𝑉/𝐼1(𝐷)	
   	
   	
   	
   	
   	
   	
   (12)	
  

Since	
  𝐼1	
  -­‐	
  total	
  dispersion,	
  and	
  𝐷𝑉	
  -­‐	
  speed	
  module	
  dispersion,	
  then	
  addition	
  of	
  𝛾	
  	
  to	
  1	
  (number	
  1−𝛾)	
  

determines	
  the	
  contribution	
  of	
  variability	
  of	
  direction	
  𝑉	
  	
  to	
  the	
  total	
  dispersion.	
  

Geometrically,	
  𝜎𝑉	
   is	
  an	
  ellipse	
  with	
  semi-­‐axes	
  𝜆1,2	
   (5),	
  oriented	
   in	
  the	
  maximum	
  variability	
  

direction	
  𝛼	
   (6).	
   This	
   also	
   underlines	
   the	
   advantage	
   of	
   the	
   vectorial-­‐algebraic	
  method	
   as	
   compared	
  

with	
   the	
   component-­‐wise	
  method,	
   in	
  which	
   the	
  maximum	
   variability	
   direction	
   can	
   be	
   determined	
  

only	
   in	
   the	
   framework	
   of	
   the	
   a-­‐priori	
   hypothesis	
   on	
   the	
   form	
   of	
   distribution	
   of	
   projections	
   (for	
  

example,	
  a	
  two-­‐dimensional	
  normal	
  distribution).	
  Graphically	
  (both	
  for	
  the	
  individual	
  points,	
  and	
  on	
  



MAIRES	
   Ref:	
  D.4.4	
  Issue:	
  0.1	
   Date:	
  01.07.2014	
  

	
  

	
   	
   	
  
Grant	
  agreement	
  no.263165	
   	
  Page:	
  11/22 

the	
  charts)	
  𝜎𝑉	
  is	
  represented	
  by	
  an	
  ellipse	
  and/or	
  by	
  ellipse	
  axes,	
  and	
  it	
  is	
  useful	
  to	
  mach	
  it	
  with	
  the	
  

mean	
  speed	
  vector	
  𝑚𝑉.	
  The	
  ellipse	
  form	
  is	
  characterized	
  by	
  invariant	
  	
  

𝜒=𝜆2/𝜆1	
   	
   	
   	
   	
   	
   	
   (13)	
  

-­‐	
  indicator	
  of	
  elongation.	
  At	
  𝜒=1,	
  the	
  ellipse	
  transforms	
  to	
  a	
  circle,	
  which	
  signifies	
  an	
  equal	
  variability	
  

intensity	
   in	
   all	
   directions,	
   and	
  at	
  𝜒=0,	
   the	
  ellipse	
  degenerates	
   to	
   a	
   straight	
   line	
   segment,	
  meaning	
  

reverse	
  changes	
  of	
  𝑉	
  or	
  changes	
  of	
  only	
  the	
  module	
  at	
  a	
  constant	
  direction.	
  

Such	
   representation,	
  which	
   is	
   an	
  embodiment	
  of	
   the	
  vectorial-­‐algebraic	
   approach	
  provides	
  

for	
  very	
  significant	
  information	
  compression.	
  Instead	
  of	
  lengthy	
  recurrence	
  tables,	
  the	
  characteristics	
  

of	
  variability	
  of	
  the	
  time	
  series	
  of	
  the	
  vector	
  process	
  can	
  be	
  represented	
  by	
  only	
  11	
  numbers	
  (Table	
  

1)	
   –	
   module	
   and	
   direction	
   of	
   the	
   average	
   and	
   maximum	
   speed,	
   invariant	
   𝐼1(0.5),	
   tensor	
   𝐷𝑉,	
  

parameters	
  of	
   the	
  RMSD	
  ellipse	
  𝜆1,	
  𝜆2	
   ,𝜒,	
  𝛼,	
   variability	
   coefficients	
  𝜈	
   	
  and	
   relative	
  dispersion	
  1−𝛾,	
  

determined	
  by	
  the	
  drift	
  direction	
  changes.	
  Since	
  for	
  RMSD	
  ellipses,	
  the	
  opposite	
  directions	
  𝛼±180	
  are	
  

equivalent,	
  a	
  value	
  of	
  𝛼,	
  most	
  close	
  to	
  the	
  mean	
  transfer	
  direction,	
  was	
  chosen	
  for	
  ellipse	
  𝜎𝑉.	
  For	
  the	
  

maximum	
   compression	
   of	
   information	
   and	
   mapping	
   one	
   can	
   be	
   restricted	
   with	
   only	
   5	
   vector	
  

parameters:	
  𝑚𝑉	
  (2	
  numbers)	
  and	
  RMSD	
  ellipse	
  (3	
  numbers).	
  

Table1.	
   Average	
   and	
   maximum	
   mean	
   daily	
   drift	
   speed	
   vectors	
   and	
   estimates	
   of	
   invariants	
   of	
  

dispersion	
  and	
  RMSD	
  tensors	
  for	
  some	
  points	
  in	
  the	
  Arctic	
  Basin	
  (an	
  example).	
  

Mean	
  speed	
   Maximum	
  speed	
   Tensor	
  	
  	
  №	
  of	
  
point	
   	
   	
   	
   	
  	
  

	
  
	
   	
   	
    

	
  	
   	
  	
  

	
   cm/s	
   degree	
   cm/s	
   degree	
   cm/s	
   cm/s	
   cm/s	
   -­‐	
   degree	
   -­‐	
   -­‐	
  

1	
   4.4	
   318	
   33.1	
   9	
   9.0	
   7.3	
   5.3	
   0.73	
   41	
   2.9	
   0.68	
  
2	
   0.5	
   157	
   19.2	
   212	
   5.1	
   4.5	
   2.4	
   0.53	
   197	
   13.

3	
  
0.37	
  

3	
   5.4	
   289	
   42.2	
   310	
   11.6	
   9.8	
   6.3	
   0.64	
   342	
   3.0	
   0.61	
  
	
  

Graphical	
  representation	
  of	
  invariant	
  characteristics	
  is	
  very	
  clearly	
  and	
  can	
  be	
  easy	
  interpreted	
  (Fig.	
  

2).	
  If	
  we	
  have	
  a	
  time	
  series	
  of	
  observations	
  at	
  the	
  grid,	
  they	
  can	
  be	
  easily	
  mapped.	
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Figure	
  2:	
  Graphic	
  interpretation	
  of	
  the	
  variance	
  tensor	
  characteristics	
  obtained	
  making	
  use	
  of	
  the	
  
vectorial-­‐algebraical	
  method.	
  The	
  symbols	
  are:	
  

𝒎𝑽	
  -­‐	
  vector	
  of	
  mathematical	
  expectation	
  -­‐	
  an	
  average	
  vector	
  for	
  a	
  given	
  realisation	
  (absolute	
  value	
  
and	
  direction);	
  

	
  
λ1,	
  λ2	
  	
  -­‐	
  the	
  MSD	
  (mean	
  square	
  difference)	
  of	
  the	
  orthogonal	
  components	
  of	
  the	
  current	
  velocity	
  	
  	
  

along	
  the	
  axes	
  of	
  maximum	
  and	
  minimum	
  variability	
  of	
  the	
  vector	
  value	
  -­‐	
  elements	
  of	
  the	
  MSD	
  
ellipse;	
  

	
  
αo	
  -­‐	
  the	
  direction	
  of	
  the	
  major	
  axis	
  of	
  the	
  MSD	
  ellipse;	
  
	
  
I	
  1	
  	
  -­‐	
  analogue	
  to	
  the	
  MSD,	
  a	
  quantitative	
  characteristic	
  of	
  the	
  general	
  variability	
  of	
  the	
  vector	
  process,	
  

independent	
  of	
  the	
  fact	
  whether	
  the	
  module	
  or	
  the	
  wind	
  (drift,	
  current)	
  direction	
  changes;	
  
	
  
Dotted	
  vectors	
  –	
  some	
  vectors	
  of	
  the	
  initial	
  data	
  set.	
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4 Results	
  
	
  

Statistical	
   processing	
   of	
   the	
   temporary	
   ensemble	
   of	
   ice	
   drift	
   fields	
   was	
   performed	
   and	
  

obtained	
  maps	
   characterizing	
   the	
   interannual	
   climatic	
   variability	
   (up	
   to	
  40	
  years	
  period)	
  of	
   the	
   ice	
  

drift	
   in	
  the	
  Arctic	
  Basin.	
   	
  As	
   is	
  known,	
  the	
  spatial	
   large-­‐scale	
  structure	
  of	
  the	
  surface	
  water	
  and	
   ice	
  

circulation	
  is	
  quite	
  complicated	
  (Fig.	
  3),	
  but	
  at	
  the	
  same	
  time	
  we	
  can	
  identify	
  two	
  main	
  elements	
  of	
  

this	
  circulation	
  -­‐	
  Anticyclonic	
  Gyre	
  (Fig.	
  3,	
  1)	
  in	
  the	
  Canadian	
  Arctic	
  and	
  Transarctic	
  Current	
  (Fig.	
  3,	
  2).	
  

In	
  accordance	
  with	
  our	
  working	
  hypothesis	
  a	
  state	
  and	
  a	
  dynamics	
  of	
  these	
  elements	
  may	
  determine	
  

the	
  conditions	
  of	
  circulation	
  changes	
  of	
  the	
  ice	
  area	
  and	
  other	
  characteristics	
  of	
  the	
  sea	
  ice	
  cover	
  in	
  

the	
  interannual	
  rhythm.	
  	
  

	
  

Figure	
  3:	
  The	
  structure	
  of	
  the	
  surface	
  currents	
  and	
  circulation	
  of	
  ice	
  in	
  the	
  Arctic	
  Basin	
  (according	
  
with	
  Nikiforov	
  and	
  Shpaiher,	
  1980).	
  The	
  numbers	
  indicate	
  names	
  of	
  surface	
  currents:	
  1	
  -­‐	
  Anticyclonic	
  
circulation	
  of	
  waters	
  of	
  the	
  Arctic	
  Basin,	
  2	
  –	
  Transarctic	
  current,	
  3	
  –	
  East	
  -­‐	
  Greenland	
  current,	
  4	
  –	
  
West	
  -­‐	
  Iceland	
  and	
  East	
  -­‐	
  Iceland	
  currents,	
  5	
  -­‐	
  Norwegian	
  current,	
  6	
  -­‐	
  cyclonic	
  system	
  of	
  currents	
  of	
  
the	
  North-­‐European	
  Basin,	
  7	
  -­‐	
  Nordkapp	
  current;	
  8	
  -­‐	
  Spitsbergen	
  current.	
  	
  

	
  

Already	
   the	
   first	
   calculations	
   of	
   fields	
   of	
   invariant	
   characteristics	
   for	
   ten	
   winter	
   periods	
  

showed	
   that	
   interannual	
   variability	
   of	
   the	
   sea	
   ice	
  drift	
   fields	
   is	
   significant	
   and	
   it	
   is	
   consistent	
  with	
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changes	
   in	
   sea	
   ice	
   extent.	
   It	
   is	
   evident	
   (Fig.	
   4)	
   that	
   the	
   character	
   of	
   the	
   distribution	
   of	
   the	
   total	
  

variance	
  of	
  average	
  seasonal	
  drift	
  vectors	
  is	
  significantly	
  different	
  from	
  year	
  to	
  year	
  and	
  especially	
  in	
  

years	
  with	
  minimum	
  ice	
  coverage	
  (close	
  to	
  2007,	
  for	
  example).	
  It	
  is	
  important	
  to	
  note	
  that	
  the	
  linear	
  

invariant	
   correlation	
   tensor	
   (total	
   variance)	
   determines	
   the	
   general	
   intensity	
   of	
   variability	
   due	
   to	
  

changes	
  both	
  the	
  module	
  and	
  the	
  direction	
  of	
  the	
  vector.	
  

Winter,	
  1997-­‐2006	
  

Summer,	
  1997-­‐2006	
  

Figure	
  4:	
  Linear	
  invariant	
  I1	
  of	
  sea	
  ice	
  drift	
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Fig.	
  4	
  allows	
  the	
  following	
  general	
  conclusions:	
  

• from	
  1997	
  to	
  2006	
  distribution	
  pattern	
  of	
  I1	
  significantly	
  changed;	
  

• general	
  variability	
  during	
  winter	
  seasons	
  is	
  higher;	
  

• both	
   in	
   summer	
   and	
   winter	
   there	
   are	
   a	
   couple	
   of	
   zones	
   with	
   highest	
   ice	
   drift	
  

variability	
   in	
   the	
   period	
   of:	
   1–	
   the	
   north	
   part	
   of	
   the	
   Barents	
   Sea,	
   2–	
   between	
   the	
  

Beaufort	
  and	
  the	
  Chukchi	
  Sea.	
  

Role	
  of	
  the	
  sea	
   ice	
  drift	
  variability	
   in	
  a	
  climate	
  system	
  is	
  very	
  significant.	
   Intensive	
   irregular	
  

movement	
  of	
  sea	
   ice,	
  which	
  can	
  be	
  characterized	
  by	
  the	
  value	
  of	
  the	
   linear	
   invariant	
   I1,	
   leads	
  to	
  a	
  

redistribution	
   of	
   sea	
   ice	
   and	
   the	
   formation	
   of	
   cracks	
   and	
   fractures.	
   According	
   to	
   research	
   by	
   A.	
  

Makshtas	
   (AARI,	
  1984)	
  1%	
  open	
  water	
   (fractures	
  and	
  cracks)	
  provides	
  about	
  50%	
  of	
   the	
  heat	
   flow	
  

from	
   the	
  ocean	
   into	
   the	
   atmosphere.	
   It	
   should	
  be	
   added	
   that	
   the	
  productivity	
   of	
   ice	
   formation	
   in	
  

these	
   areas	
   is	
  much	
   higher.	
   Zones	
   of	
   high	
   variability	
   of	
   ice	
   drift,	
  which	
  we	
   identified,	
   are	
   in	
   good	
  

agreement	
  with	
  location	
  of	
  zones	
  with	
  high	
  heat	
  exchange	
  of	
  the	
  atmosphere	
  and	
  ocean,	
  calculated	
  

using	
  models	
  (Fig.	
  5).	
  

	
  

Figure	
  5:	
  Intensity	
  of	
  the	
  sea	
  ice	
  drift	
  variability	
  (I1,	
  winter	
  2002-­‐2003)	
  and	
  heat	
  flux	
  in	
  IPCC	
  

SRES	
  A1B	
  

Joint	
  analysis	
  of	
  average	
  seasonal	
  maps	
  of	
   total	
  variance	
  and	
  mean	
  vectors	
   for	
   thirty	
  years	
  

has	
   shown	
   their	
   substantial	
   variability,	
   but	
   two	
  main	
   type	
   of	
   a	
   spatial	
   structure	
   of	
   the	
   large-­‐scale	
  

circulation	
  of	
  the	
  ice	
  were	
  determined	
  (Fig.	
  6).	
  These	
  two	
  types	
  coordinated	
  with	
  the	
  classifications	
  

of	
   Prof.	
   Z.M.	
   Gudkovich.	
   Type	
   A	
   is	
   characterized	
   by	
   a	
   pronounced	
   both	
   Anticyclonic	
   Gyre	
   and	
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Transarctic	
  current	
   (the	
  traditional	
  “scheme),	
  while	
  type	
  B	
   is	
  characterized	
  by	
  the	
  almost	
  complete	
  

absence	
  of	
  the	
  Anticyclonic	
  Gyre	
  and	
  very	
  intensive	
  Transarctic	
  current	
  that	
  is	
  creating	
  an	
  increased	
  

outflow	
  of	
  ice	
  from	
  the	
  Arctic	
  Basin.	
  

	
  

Figure	
  6:	
  Linear	
  invariant	
  I1	
  and	
  mean	
  vectors	
  of	
  sea	
  ice	
  drift:	
  Type	
  A	
  (1980	
  as	
  example)	
  and	
  Type	
  B	
  

(1994	
  as	
  example).	
  

	
  

With	
  the	
  predominance	
  of	
  closed	
  circulation	
  (Type	
  A)	
  the	
  ice	
  for	
  a	
  long	
  time	
  is	
  in	
  an	
  area	
  with	
  

high	
   number	
   of	
   degree-­‐days	
   of	
   frost	
   and	
   in	
   this	
   case	
   there	
   are	
   conditions	
   for	
   its	
   growth,	
   and	
   in	
  

another	
  case	
  (Type	
  B)	
  opposite	
  -­‐	
  ice	
  intensively	
  passed	
  and	
  reduced	
  ice	
  cover.	
  

The	
   spatial	
   structure	
   of	
   the	
   sea	
   ice	
   drift	
   field	
   is	
   formed	
   under	
   the	
   influence	
   of	
   changing	
  

atmospheric	
  circulation	
  over	
  the	
  Northern	
  Hemisphere.	
  For	
  joint	
  analysis	
  of	
  	
  climatic	
  variations	
  of	
  sea	
  

ice	
  conditions	
  and	
  large-­‐scale	
  weather	
  processes	
  in	
  the	
  Arctic	
  a	
  classification	
  of	
  synoptic	
  processes	
  by	
  

Vangengeim-­‐Girs-­‐Dydina	
   classification	
   (Dr.	
   L.	
   Dydina,	
   AARI)	
  was	
   used.	
   The	
   catalog	
   is	
   formed	
   since	
  

1945.	
   This	
   classification	
   includes	
   26	
   types	
   of	
   synoptic	
   processes	
   (temporal	
   scale	
   3-­‐5	
   days)	
   in	
   the	
  

Arctic,	
  divided	
  into	
  6	
  groups:	
  A,	
  B,	
  V,	
  G,	
  D	
  and	
  K.	
  B-­‐group	
  (anticyclone	
  in	
  center	
  of	
  Arctic	
  Basin,	
  Fig.	
  7)	
  

is	
   very	
   important	
   for	
   sea	
   ice	
   distributions	
   and	
   	
   	
   variations,	
   because	
   it	
   determines	
   the	
   degree	
   of	
  

Winter	
  season 
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  A	
  (1980)	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   B	
  (1994) 

I
1	
  
-­‐	
  in	
  colors;	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  mean	
  vectors 
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development	
  of	
  Anticyclonic	
  Gyre	
  in	
  the	
  ice	
  drift	
  field.	
  The	
  high	
  frequency	
  of	
  group	
  B	
  helps	
  to	
  create	
  

conditions	
  for	
  the	
  development	
  of	
  the	
  ice	
  cover.	
  High	
  coordination	
  of	
  anomalies	
  of	
  the	
  sea	
  ice	
  extent	
  

and	
  of	
  B-­‐type	
  synoptic	
  processes	
  frequency	
  has	
  been	
  confirmed.	
  

	
  

	
  

Figure	
  7:	
  B-­‐group	
  -­‐	
  anticyclone	
  in	
  center	
  of	
  Arctic	
  Basin	
  

	
  Other	
   types	
   of	
   synoptic	
   processes	
   define	
   some	
   other	
   types	
   of	
   ice	
   circulation	
   and	
  

consequences	
   in	
  changes	
  of	
   ice	
  conditions.	
  For	
  example,	
  a	
   light	
   ice	
  conditions	
   in	
  the	
  period	
  1997	
   -­‐	
  

2006	
  up	
  to	
  2007	
  (minimum	
  ice	
  area	
  in	
  the	
  Arctic	
  Basin)	
  were	
  influenced	
  by	
  the	
  high	
  repeatability	
  of	
  

synoptic	
  processes	
  V-­‐Group	
  (Fig.	
  8).	
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Figure	
  8:	
  Frequency	
  of	
  types	
  of	
  synoptic	
  processes	
  in	
  the	
  Arctic,	
  atmospheric	
  pressure	
  distribution	
  for	
  

the	
  V-­‐	
  group	
  and	
  field	
  of	
  the	
  linear	
  invariant	
  I1	
  of	
  sea	
  ice	
  drift	
  (winter	
  season	
  –	
  October-­‐April,	
  1997	
  up	
  

to	
  2006).	
  

	
  

Currently	
   (last	
   three	
  years)	
   there	
   is	
  a	
   tendency	
   to	
   restore	
   "traditional"	
   structure	
  of	
   the	
   field	
  of	
   ice	
  

drift	
  -­‐	
  strengthening	
  Anticyclonic	
  Gyre	
  (Fig.	
  9)	
  on	
  the	
  background	
  of	
  increasing	
  of	
  the	
  repeatability	
  of	
  

synoptic	
  processes	
  of	
  B-­‐Group	
  that	
  probably	
  can	
  create	
  conditions	
  for	
  a	
  rehabilitation	
  of	
  the	
  Arctic	
  

sea	
  ice	
  cover.	
  

	
  

Figure	
  9:	
  Changes	
  in	
  the	
  characteristics	
  of	
  the	
  field	
  of	
  sea	
  ice	
  drift	
  from	
  2011	
  to	
  2013	
  	
  
(I
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-­‐	
  in	
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In	
   conclusion,	
   it	
   should	
   be	
   noted	
   that	
   in	
   the	
   period	
   of	
   the	
   project	
   implementation	
   has	
  

established	
  an	
  integrated	
  database,	
  for	
  the	
  first	
  time	
  developed	
  a	
  methodology	
  of	
  analysis	
  of	
  vector	
  

fields,	
  the	
  analysis	
  was	
  made	
  and	
  the	
  conclusions	
  on	
  the	
  current	
  state	
  of	
  ice	
  processes	
  in	
  the	
  Arctic	
  

basin	
  formed.	
  Results	
  presented	
  in	
  this	
  preliminary	
  report	
  D4.4	
  will	
  be	
  developed	
  and	
  specified	
  in	
  the	
  

article:	
   Volkov	
   V.A.	
   (NIERSC),	
   D.M.	
   Demchev	
   (NIERSC/AARI),	
   S.	
   Sandven	
   (NERSC)	
   and	
  Mushta	
   A.V.	
  

(NIERSC)	
  «Relation	
  of	
  large-­‐scale	
  variations	
  of	
  the	
  sea	
  ice	
  drift	
  fields	
  in	
  the	
  Arctic	
  ocean	
  with	
  climatic	
  

changes	
  of	
  total	
  ice	
  concentrations	
  during	
  last	
  decades»	
  (In	
  preparation,	
  2014).	
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