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BackgroundBackground

•• Norwich November 2003 Norwich November 2003 –– JCOMM presentation to ETCCD JCOMM presentation to ETCCDMMI; responsibilityI; responsibility
for marine climatology clearly identified as JCOMMfor marine climatology clearly identified as JCOMM

•• Beijing November 2005 Beijing November 2005 ––  CClCCl recommends JCOMM as full partner in split recommends JCOMM as full partner in split
teams, ETCCDI and ETCMteams, ETCCDI and ETCM

•• Tarragona September 2006 Tarragona September 2006 –– ETCM-I meets; Craig  ETCM-I meets; Craig DonlonDonlon as JCOMM as JCOMM
representativerepresentative

•• Exeter November 2006 Exeter November 2006 –– JCOMM SCG-III affirms climate services as core JCOMM SCG-III affirms climate services as core
activityactivity

•• Niagara-on-the-Lake November 2006 Niagara-on-the-Lake November 2006 –– ETCCDI-I meets; Val Swail, Liz Kent, ETCCDI-I meets; Val Swail, Liz Kent,
Scott Woodruff, Chris Scott Woodruff, Chris FollandFolland JCOMM representatives JCOMM representatives

•• CLIMAR-III May 2008 CLIMAR-III May 2008 –– Marine climate indices invited presentation, Plenary Marine climate indices invited presentation, Plenary
discussiondiscussion

•• De De BiltBilt May 2008 - ETCCDI-II meets May 2008 - ETCCDI-II meets; David Parker replaces Chris ; David Parker replaces Chris FollandFolland on on
ETCCDI; ETCCDI; report on indices discussions at CLIMAR-IIIreport on indices discussions at CLIMAR-III



JCOMM StructureJCOMM Structure



ETCCDI – Terms of Reference

• To provide international coordination and help
organize collaboration on climate change detection
and indices relevant to climate change detection;

• To further develop and publicize indices and
indicators of climate variability and change from the
surface and sub-surface ocean to the stratosphere;

• To encourage the comparison of modeled data and
observations perhaps via the development of indices
appropriate for both sources of information;

•
•
•



FOCI ANTICIPATED FOR MARINE INDICESFOCI ANTICIPATED FOR MARINE INDICES

•• detection and attribution of climate changedetection and attribution of climate change
•• impact on marine industries (fishing, shipping,  oil andimpact on marine industries (fishing, shipping,  oil and

gas production, tourism)gas production, tourism)
•• sea-level changesea-level change
•• marine hazards (extreme winds and waves, harmfulmarine hazards (extreme winds and waves, harmful

algal blooms, pollution)algal blooms, pollution)
•• changes in hydrological cyclechanges in hydrological cycle
•• changes in ocean circulationchanges in ocean circulation
•• changes in sea ice and ice bergschanges in sea ice and ice bergs
•• effects on coastal communitieseffects on coastal communities
•• ocean acidificationocean acidification



QUESTIONSQUESTIONS

What observational data are needed for climate change detection andWhat observational data are needed for climate change detection and
attribution?attribution?

What analyses of these data can provide information useful for climateWhat analyses of these data can provide information useful for climate
change detection and attribution?change detection and attribution?

What international coordination on data issues would improve climate changeWhat international coordination on data issues would improve climate change
detection and attribution?detection and attribution?

What are the indices with most impact?What are the indices with most impact?

How  do we develop indices for inclusion in IPCC AR5 in 2013 with increasedHow  do we develop indices for inclusion in IPCC AR5 in 2013 with increased
focus on extremes and regional aspects?focus on extremes and regional aspects?



CHARACTERISTICS REQUIRED FROM INDICESCHARACTERISTICS REQUIRED FROM INDICES

•• Indices should cover a range of Indices should cover a range of time and space scalestime and space scales, multi-decadal to daily,, multi-decadal to daily,
global to regional and be relevant to their target audienceglobal to regional and be relevant to their target audience

•• Indices should represent importantIndices should represent important impact-relevant  impact-relevant aspects of the climateaspects of the climate
system and where possible system and where possible link to the IPCClink to the IPCC..

•• It must be possible to calculate and update the indices It must be possible to calculate and update the indices from existing datafrom existing data..

•• The indices must be prioritized due to The indices must be prioritized due to limits in capacity.limits in capacity.

•• Indices can Indices can synthesize information and reduce noisesynthesize information and reduce noise by combining different by combining different
components of the climate system.components of the climate system.

•• Indices should be based on Indices should be based on homogenized homogenized and quality controlled datasets, well-and quality controlled datasets, well-
understood models or reanalyses, or reliable predictions.understood models or reanalyses, or reliable predictions.

•• Indices should have a Indices should have a good signal to noise ratiogood signal to noise ratio..

•• A subset of indices should be suitable for A subset of indices should be suitable for presentation to politicianspresentation to politicians

•• Common climate indicesCommon climate indices should be developed for models and observations should be developed for models and observations

•• Indices should be robust for detection, important and Indices should be robust for detection, important and doabledoable



MARINE DATA SOURCES AND PROGRAMSMARINE DATA SOURCES AND PROGRAMS

•• ICOADS ICOADS –– ships (from 1662), moored and drifting buoys ships (from 1662), moored and drifting buoys
•• World Ocean Database (WOD)World Ocean Database (WOD)
•• Global Digital Sea Ice Data Global Digital Sea Ice Data BankBank (GDSIDB) (GDSIDB)
•• Permanent Service for Mean Sea Level (PSMSL)Permanent Service for Mean Sea Level (PSMSL)
•• Derived data sets Derived data sets ––  HadISSTHadISST, , HadSLPHadSLP, , HadGOAHadGOA ( (www.hadobs.orgwww.hadobs.org ) )
•• Satellite Satellite –– SST, wind, wave, ice, sea level SST, wind, wave, ice, sea level
•• ReanalysesReanalyses

•• Shipboard Automated Meteorological and Oceanographic System InitiativeShipboard Automated Meteorological and Oceanographic System Initiative
•• Global Ocean Surface Underway Data Pilot ProjectGlobal Ocean Surface Underway Data Pilot Project
•• Ship Observations TeamShip Observations Team
•• Data Buoy Cooperation PanelData Buoy Cooperation Panel
•• ArgoArgo
•• Ocean SitesOcean Sites
•• Global Sea Level Observing SystemGlobal Sea Level Observing System
•• International Ocean Carbon Coordination ProjectInternational Ocean Carbon Coordination Project
•• Global Temperature and Salinity Profile ProgramGlobal Temperature and Salinity Profile Program
•• JCOMMOPS (JCOMMOPS (www.jcommops.orgwww.jcommops.org ) )



Initial Global Ocean Observing System for Climate
Status against the GCOS Implementation Plan and JCOMM targets



In situ observing platforms
reporting on the GTS, May 2007

light blue - XBTs, dark blue - Argo, red - drifting and fixed buoys, yellow - ASAP ships, gray - TSG



Annual numbers of marine reports in ICOADS,
stratified by platform type for 1936 to 2005

(Woodruff et al. 2008)



POSSIBLE MARINE INDICESPOSSIBLE MARINE INDICES

Temperature - air and seaTemperature - air and sea
HumidityHumidity
Wind and waveWind and wave
Storm Surge, Storm Tide, Storm Surge, Storm Tide, inundation zonesinundation zones
Sea LevelSea Level
Sea Ice - Sea Ice - global scale ice extent; regional ice extents; ice thickness and stagesglobal scale ice extent; regional ice extents; ice thickness and stages

of  development; iceberg propagationof  development; iceberg propagation

Sub-surface Sub-surface –– Salinity, temperature, heat content, water mass properties Salinity, temperature, heat content, water mass properties

Biological Biological –– HAB, coral bleaching HAB, coral bleaching

Atlantic Atlantic MeridionalMeridional Overturning Circulation strength Overturning Circulation strength

Some of these already exist and are operationalSome of these already exist and are operational





Multivariate ENSO Index (MEI)Multivariate ENSO Index (MEI)

•• Based on the six main observed variables over the tropical Pacific: sea-levelBased on the six main observed variables over the tropical Pacific: sea-level
pressure, zonal and pressure, zonal and meridionalmeridional surface wind, surface air and sea temperature surface wind, surface air and sea temperature
and total cloudiness fraction, in ICOADSand total cloudiness fraction, in ICOADS..

•• MEI is calculated as the first MEI is calculated as the first unrotatedunrotated Principal Component (PC) of all six Principal Component (PC) of all six
observed fields combined. Negative values of the MEI represent the cold ENSOobserved fields combined. Negative values of the MEI represent the cold ENSO
phase, La Niña, while positive MEI values represent the warm ENSO phase (Elphase, La Niña, while positive MEI values represent the warm ENSO phase (El
Niño).Niño).

•• http://http://www.cdc.noaa.gov/people/klaus.wolter/MEIwww.cdc.noaa.gov/people/klaus.wolter/MEI//



Temperature Indices

* indices different from global analysis



Precipitation Indices

* indicates indices different from global analysis



18Hadley Centre for Climate Prediction and Research

Changing extremes, 1951-2003 from
Alexander et al (2006)

Trends in cold days (10 percentile, 1961-90)
 and warm days (90 percentile, 1961-90)



Trends in warm days
1950-2003

Blue and red dots indicate trends
significant at the 5% confidence
level. Crosses denote non-
significant trends.

Days with tmax > 90th percentile

days / 54 yrs10 30 50-50 -30 -10



Temperature trend over 1901-2003



MCSS - Marine Climatological Summaries Scheme

Seasons defined as : DJFM, AM, JJAS, ON !!Seasons defined as : DJFM, AM, JJAS, ON !!
Rain, cloud, visibility, icing, weather (Rain, cloud, visibility, icing, weather (wwww code) code)
# days each month with: gales, storms, hurricane force winds# days each month with: gales, storms, hurricane force winds

Frequency tables, extremes, percentiles (5, 25, 50, 75, 95) forFrequency tables, extremes, percentiles (5, 25, 50, 75, 95) for
each montheach month

Wave period - % wave period Wave period - % wave period ≥≥ 6 s; swell dir (prevailing) 6 s; swell dir (prevailing)
Wave height - % Wave height - % ≤≤ 1.5 m,  1.5 m, ≥≥ 4 m,  4 m, ≥≥ 6 m 6 m
Wave height Wave height –– median,  median, stdevstdev
Wind speed - % Wind speed - % ≤≤ 3  3 m/sm/s, , ≥≥ 11  11 m/sm/s, , ≥≥ 17  17 m/sm/s
Wind speed Wind speed –– median,  median, stdevstdev, steadiness, dir (prevailing), steadiness, dir (prevailing)
Sea level pressure Sea level pressure –– mean,  mean, stdevstdev
Sea surface temperature Sea surface temperature –– mean,  mean, stdevstdev
Air and Air and dewpointdewpoint temperature - mean,  temperature - mean, stdevstdev



GLOSS NetworkGLOSS Network
Sea level, storm surge indicesSea level, storm surge indices



Global Wave Climatology Atlas
S. Caires, G. Komen, A. Sterl, V. Swail

www.knmi.nl/waveatlas



http://www.cdc.noaa.gov/coads-las/servlets/dataset
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Global temperature

Annual Anomalies
and uncertainties

1850-2005

Monthly anomalies:
1850 – Jul 2006
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Monthly Surface Temperature Sept. 2006

PercentilesAnomalies

Tropical Central and EastPacific SST Anomalies, 1850-
2005
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Annual sea-ice extent changes, 1973-2006
(updated from IPCC, 2001)

Retreating until late1990s.
Little retreat 1998-2003
2006 record low so far

Antarctic sea-ice

Not declining since 1976

Arctic sea ice
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Changes in North Atlantic Hurricanes

Variation in hurricane activity
Revised PDI (Landsea, 2005, Nature)
Decadal link with North Atlantic AMO sea surface temperature shown by

Goldenberg et al, Science, (2001) and by Knight et al, GRL, (2006)

Version of the related Atlantic
Multidecadal Oscillation



Trends in intra annual daily
temperature range



Clouds and/or humidity?

• 365-day running mean
cloud cover (x2) and
specific humidity

• Long-term trend
increasing in both
variables

• On shorter time-scales
changes in cloud cover
anti-correlated with
changes in humidity



Index based on ship weather codes?
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Background: ocean heat uptake

Lyman et al., [2006]

Heat content for Anomaly for the upper 300m

See Gregory et al. [2004]

To address these questions we
require:

(i) Comprehensive error estimates for
observed time series.

(ii) Ocean climate indices with a high
signal-to-noise ratio and small
uncertainties.

Questions:

(i) What is the rate of oceanic heat
uptake? (trend?)

(ii) Is the decadal variability seen in
the observations (but not the
models) real?



© Crown copyright

Eighteen Degree Water (subtropical mode water (STMW))
volume in the North Atlantic

(defined as volume of water with temperature between
18.5 C and 17.5 C in the subtropical North Atlantic).

Correlated with the NAO at lag 6 yrs (NAO leads the EDW) r=0.36 for 
‘winter’ (Feb, Mar, Apr) after Kwon & Riser, 2004

Source: HadGOA

HadGOA: monitoring water masses

CO2 Uptake (Bates et al).
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Changes in mean T and isotherm depths

Mean 14C isotherm depth

Mean T above 14C isotherm

1985-2004 minus 1961-1980 

 Deepening of isotherms in
   N. Atlantic associated with

change in phase of NAO.

 Large areas of slight shoaling
and smaller areas of large
deepening

 Wide-spread warming signal.

 Less prone to aliasing from
changes in ocean circulation
than z-levels.

 Greater insight into underlying
physical mechanisms





Enabling MechanismsEnabling Mechanisms

ICOADS ICOADS - Critical and critically under-resourced- Critical and critically under-resourced

JCOMM Expert TeamsJCOMM Expert Teams
Wind Waves and Storm SurgesWind Waves and Storm Surges
Sea IceSea Ice
Marine ClimatologyMarine Climatology

Task Team on the Marine-meteorological and OceanographicTask Team on the Marine-meteorological and Oceanographic
Summaries (TT-MOCS)Summaries (TT-MOCS)

Engage expertise within the CLIMAR community to assist in theEngage expertise within the CLIMAR community to assist in the
development and production of marine indicesdevelopment and production of marine indices

Liaise with other groups interested in marine indices such as the AOPCLiaise with other groups interested in marine indices such as the AOPC
and OOPCand OOPC



WAY FORWARD

 Investigate how to expand the range of useful and homogeneous
climate change indicators available for the ocean including
information from both the ocean surface and subsurface

 Consider how these might be used in IPCC 5AR (2013)
 To engage with other JCOMM Programme Areas as appropriate,

and the broader marine climate community in the development,
calculation and maintenance of marine indices

 Use CLIMAR-III to promote marine indices, with a presentation and
Plenary discussion

 Report back on progress to the 3rd ETCCDI meeting in May 2008,
with a proposal as appropriate for further development of marine
climate indices

 Aim for presentations at MARCDAT-III (2010) and CLIMAR-IV (2012)
that have answers instead of questions


