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Abstract	  
Observa6ons	  have	  been	  collected	  over	  the	  ocean	  for	  centuries	  and	  the	  surface	  marine	  observing	  system	  has	  con6nually	  evolved.	  The	  early	  ship	  observa6ons	  are	  now	  supplemented	  by	  measurements	  for	  some	  variables	  from	  
both	  autonomous	  plaborms	  and	  Earth-‐orbi6ng	  satellites.	  Surface	  marine	  observa6ons	  are	  primarily	  made	  for	  weather	  predic6on	  and	  therefore	  climate	  requirements	  can	  be	  a	  lower	  priority.	  The	  Global	  Climate	  Observing	  System	  
(GCOS)	  provides	  an	  Essen6al	  Climate	  Variable	  (ECV)	  framework	  to	  develop,	  monitor	  and	  assess	  the	  observing	  system.	   	  An	  unmet	  challenge	   is	  assessing	  the	  surface	  marine	  observing	  system	  against	  requirements	  for	  climate	  
research,	  monitoring	  and	  services.	  Such	  assessments	  will	  lead	  to	  an	  improved	  picture	  of	  what	  is	  needed	  from	  the	  observing	  system	  and	  how	  it	  can	  be	  developed	  to	  beIer	  meet	  climate	  requirements.	  

The	  CLIMAR	  Community	  includes	  experts	  in	  the	  collec6on,	  management,	  rescue,	  analysis,	  exploita6on,	  homogenisa6on	  and	  assessment	  of	  marine	  climate	  data.	  CLIMAR’s	  10-‐year	  vision	  includes:	  (i)	  developing	  a	  more	  systema6c	  
approach	  to	  climate	  observing	  system	  design,	  implementa6on	  and	  assessment;	  (ii)	  implemen6ng	  a	  more	  integrated	  approach	  to	  the	  management	  of	  observa6ons,	  metadata	  and	  documenta6on	  needed	  to	  monitor	  the	  marine	  
climate;	  (iii)	  improving	  the	  climate	  record	  through	  data	  and	  metadata	  rescue	  and	  (iv)	  adding	  value	  to	  the	  marine	  climate	  record	  through	  research.	  

About	  CLIMAR	  
CLIMAR	   is	   a	   community	   of	   specialists	   in	   and	   users	   of	   surface	  marine	   climate	   data—brought	   together	   in	   a	   series	   of	   biennial	  mee6ngs.	   CLIMAR	   and	  MARCDAT	  
workshops	  include	  experts	  in	  the	  collec6on,	  management,	  rescue,	  analysis,	  exploita6on,	  homogenisa6on	  and	  assessment	  of	  marine	  climate	  data.	  CLIMAR	  workshops	  
are	  formally	  called	  by	  the	  WMO	  and	  IOC,	  have	  a	  broader	  par6cipa6on	  than	  MARCDAT	  and	  focus	  on	  enhancing	  the	  capaci6es	  of	  developing	  countries	  in	  the	  field	  of	  
marine	  climatology;	  while	  MARCDAT	  workshops	  focus	  on	  advances	  in	  the	  use	  of	  marine	  climate	  data.	  The	  ICOADS	  (hIp://icoads.noaa.gov/)	  forms	  the	  backbone	  of	  
these	   ac6vi6es	  but	  wider	   links	   have	  been	   fostered	  by	  CLIMAR	   to	   include,	   for	   example,	   the	   subsurface	  ocean,	  marine	  biological,	   land	   and	   satellite	   communi6es.	  
CLIMAR	  has	  acted	  as	  a	  focal	  point	  for	  surface	  marine	  climate	  ac6vi6es.	  Recent	  examples	  include	  providing	  marine	  exper6se	  for	  the	  “Surface	  temperature	  datasets	  for	  
the	  21st	  Century”	  ini6a6ve	  and	  for	  the	  European	  Space	  Agency	  Climate	  Change	  Ini6a6ve	  (ESA	  CCI).	  

Introduc2on:	  Essen2al	  Climate	  Variables	  at	  the	  Marine	  Surface	  
The	   GCOS	   Implementa6on	   Plan	   defines	   a	   range	   of	   ECVs	   near	   the	  world	   ocean’s	   surface,	   both	   in	   the	   atmosphere	   and	   ocean.	  Marine	   Surface	   ECVs	  
include:	  air	  temperature;	  wind	  speed	  and	  direc2on;	  water	  vapor;	  atmospheric	  pressure;	  precipita2on;	  surface	  radia2on;	  cloud	  proper2es;	  sea	  surface	  
temperature;	   sea	   surface	   salinity;	   surface	   currents	   and	   sea	   state.	  All	   these	   variables	   are	  of	   high	   impact	   and	   can	  be	  observed	   globally	  with	   exis6ng	  
technology.	  Mean	  fields	  of	  ECVs	  are	  illustrated	  below.	  

ECVs	  are	  measured	  by	  voluntary	  observing	  ships,	  moored	  buoys,	  driming	  buoys,	  research	  vessels,	  fixed	  plaborms	  (e.g.	  oil	  rigs)	  and	  various	  types	  of	  island	  
and	  coastal	  sta6ons.	  Some	  plaborms	  provide	  observa6ons	  of	  a	  wide	  range	  of	  parameters,	  others	  a	  more	  limited	  range.	  Observa6on	  quality	  varies,	  as	  
does	  the	  availability	  of	  detailed	  metadata	  describing	  the	  plaborm,	  measurement	  methods	  and	  instrument	  types.	  These	  metadata	  are	  cri6cally	  needed	  to	  
adjust	  for	  biases,	  and	  to	  assign	  es6mates	  of	  uncertainty,	  for	  the	  observa6ons.	  	  

Many	  marine	   surface	   ECVs	   observa6ons	   are	  made	   by	   Na6onal	  Meteorological	   and	   Hydrological	   Services	   (NMHSs)	   in	   support	   of	   numerical	   weather	  
predic6on;	  therefore,	  the	  marine	  climate	  community	  has	  liIle	  influence	  on	  establishing	  priori6es	  for	  most	  data	  collec6on.	  The	  community	  does	  manage	  
data	  collec6on	  for	  a	  few	  specialized	  plaborms	  dedicated	  to	  climate	  applica6ons.	  	  

The	  Interna6onal	  Comprehensive	  Ocean-‐Atmosphere	  Data	  Set	  (ICOADS)	  provides	  an	  archive	  of	  these	  ECVs	  and	  related	  surface	  marine	  observa6ons—the	  
earliest	   presently	   from	   1662—together	   with	   available	   observa6onal	  metadata.	   ICOADS	   is	  maintained	  with	   near-‐real-‐6me	   updates,	   and	   forms	   a	   key	  
interna6onal	  focal	  point	  for	  marine	  climate	  research.	  The	  CLIMAR	  community	  seeks	  to	  create	  an	  overarching	  data	  management	  and	  research	  framework,	  
with	  ICOADS	  as	  a	  con6nuing	  central	  archival	  and	  user-‐interface	  element.	  

The	  Observa2ons	  
The	  surface	  marine	  climate	  community	  relies	  on	  observa2ons	  of	  many	  different	  variables	  from	  many	  different	  sources.	  Our	  earliest	  data	  come	  from	  
ships’	   logbooks,	   and	   merchant	   and	   research	   vessels	   s6ll	   form	   an	   important	   part	   of	   the	   mul6-‐variate	   record.	   In	   more	   recent	   6mes	   these	   data	   are	  
supplemented	  with	  observa6ons	  from	  buoys	  and	  other	  automated	  plaborms,	  and	  with	  observa6ons	  made	  from	  space.	  The	  CLIMAR	  community	  seeks	  to	  
ensure	  that	  we	  have	  sufficient	  observa6ons	  of	  the	  necessary	  quality,	  consistency	  and	  adequate	  descrip6ons	  of	  the	  observa6ons	  and	  how	  they	  are	  made.	  
CLIMAR	  priori6es	  for	  observa6ons	  include:	  

•  A	  consolidated	  data	  and	  metadata	  collec6on,	  management	  and	  archival	  system	  mee6ng	  climate	  standards	  for	  all	  surface	  marine	  ECVs—including	  for	  
completeness,	  consistency,	  resolu6on,	  metadata	  and	  traceability	  

•  Integrated	  access	  to	  archived	  observa6ons,	  metadata	  and	  value-‐added	  informa6on	  

•  Traceability	  of	  observa6ons	  to	  their	  source	  and	  appropriate	  plaborm	  and	  processing	  metadata	  

The	  Observing	  System	  
The	  diverse	  observing	  system	  for	  marine	  surface	  ECVs	  makes	  assessing	  the	  adequacy	  of	  the	  observa2ons	  for	  climate	  applica2ons	  difficult.	  This	  difficulty	  means	  
that	  even	  the	  requirements	  are	  not	  as	  well	  defined	  as	  they	  should	  be.	  The	  GCOS	  picture	  of	  observing	  systems	  contains	  3	  elements,	  a	  Global	  reference	  network,	  a	  
Global	   baseline	   network	   and	   a	   Comprehensive	   network.	   These	   three	   elements	   represent	   a	   hierarchy	   in	   quality	   and	   sampling	   from	   very	   high	   quality,	   stable	  
observa6ons	  at	  the	  few	  reference	   loca6ons,	  to	  a	  more	  widely	  distributed	  set	  of	  baseline	  sta6ons,	  to	  the	  comprehensive	  network	  sampling	  at	  the	  space	  and	  6me	  
scales	  required	  to	  fully	  describe	  the	  nature,	  variability	  and	  change	  of	  a	  specific	  ECV.	  	  

However,	  the	  assessment	  of	  the	  surface	  marine	  climate	  observing	  system	  has	  not	  yet	  been	  considered	  in	  these	  terms,	  and	  more	  research	  and	  resources	  are	  required	  
to	  make	  adequacy	  assessments	  for	  all	  ECVs	  for	  a	  wide	  range	  of	  climate	  applica6ons.	  Such	  assessments	  are	  needed	  to	  feedback	  informa6on	  to	  the	  many	  operators	  of	  
the	  surface	  GCOS	  to	  ensure	  that	  future	  observa6ons	  can	  meet,	  as	  far	  as	  is	  possible,	  the	  requirements	  of	  climate	  research,	  monitoring	  and	  services.	  	  CLIMAR	  priori6es	  
include:	  

Adding	  Value	  to	  the	  Climate	  Record	  through	  Research	  
The	  marine	  community	  has	  long	  added	  value	  to	  the	  climate	  record	  through	  research	  into	  bias	  adjustments	  (see	  figure	  below	  leU),	  uncertainty	  es2ma2on	  and	  the	  
development	  of	  methodologies	  to	  construct	  useful	  and	  well-‐characterized	  data	  products.	  The	  challenge	  is	  to	  make	  the	  informa6on	  from	  these	  efforts	  available	  to	  
the	  wider	  GCOS	  community.	  CLIMAR	  priori6es	  include:	  

Integra2on	  
Finally	   we	   consider	   the	   need	   for	   integra6on,	   recognizing	   the	   importance	   of	   dedicated	   infrastructure,	   interoperability,	   data	   discovery	   and	   standards	   to	   facilitate	  
collabora6on,	   but	   also	   the	   need	   for	   access	   to	   expert	   opinion	   in	   different	   communi6es	   to	   ensure	   wise	   use	   of	   data	   and	   products.	   Efforts	   will	   promote	   the	  
development	  of	  a	  standardized	  interna2onal	  system	  for	  managing	  a	  wide	  range	  of	  surface	  marine	  climate	  data,	  integra2ng	  their	  collec2on,	  descrip2on,	  rescue,	  
quality	  control,	  formaXng,	  archiving,	  exchange,	  and	  access.	  The	  goal	  is	  for	  real-‐6me,	  delayed-‐mode	  and	  historical	  marine	  surface	  climate	  observa6ons,	  associated	  
metadata	  and	  products	  to	  be	  managed	  to	  ensure	  known	  quality	  and	  traceability	  to	  sa6sfy	  the	  requirements	  for	  long-‐term	  climate	  research,	  monitoring	  and	  services.	  	  

The	  CLIMAR	  Community	  Vision	  
Sustained	  resources	  for	  a	  surface	  marine	  observing	  system	  designed,	  managed	  
and	  assessed	  with	  a	  focus	  on	  mee6ng	  the	  requirements	  for	  climate	  research,	  

monitoring	  and	  services.	  	  

•  Determining	   user	   requirements,	   learning	   from	   the	   recent	   work	   of	   the	   European	   Space	  
Agency	  Climate	  Change	  Ini6a6ve.	  

•  Regular	   assessments	   of	   the	   adequacy	   of	   the	   surface	   marine	   observing	   system	   against	   a	  
range	  of	  climate	  requirements	  

•  Feeding	  back	  informa6on	  from	  the	  adequacy	  assessments	  into	  improved	  climate	  observing	  
system	  design	  

•  An	   expanded	   role	   for	   research	   vessels	   including	   as	   providers	   of	   high-‐quality	   reference	  
observa6ons	  

•  Establishing	   a	  mechanism	  within	   ICOADS	   to	   track	   data	   adjustments	  
and	  enhancements	  to	  metadata	  or	  quality	  control.	  A	  pilot	  project	  to	  
develop	  an	  ICOADS	  value-‐added	  database	  is	  underway.	  

•  Con6nuing	  to	  develop	  new,	  high-‐quality	  data	  products	  which	  contain	  
informa6on	  on	  data	  uncertainty,	  with	  input	  from	  the	  land-‐surface	  and	  
data	  homogeniza6on	  communi6es.	  

•  Providing	  expert	  advice	  on	  the	  quality	  of	  data	  and	  data	  products	  

•  Iden6fying	  resources	   for	   the	  cataloguing,	   imaging	  and	  digi6za6on	  of	  
historical	  and	  legacy	  data	  and	  metadata	  (see	  figure	  to	  far	  right)	  

•  Priori6zing	   candidate	   data	   and	   metadata	   recovery	   and	   integra6on	  
into	  the	  climate	  archive.	  

•  Developing	   technology	   to	   expand	   the	   range	   and	   quality	   of	  
observa6ons	  in	  remote	  regions	  and	  harsh	  environments	  
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