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Introduction

The goals of the workshop related to inter-comparison and validation were to review the inter-comparison of class 4 metrics from operational short-range forecast systems and to link the inter-comparison and monitoring activities within GODAE OceanView (GOV) to those of CLIVAR GSOP. This report summarises the outcomes of the workshop with respect to these objectives.

On the first day of the workshop some introductory talks were given which put the work of GOV and GSOP into a more general context. An example of this is the Integrated Framework for Sustained Ocean Observations (IFSOO) which was set-up following the OceanObs09 conference. Integrated climate data centres and operational ocean forecasting centres produce synthesis products which provide a mechanism for getting the information from observations to the users. In order for the users (and the observation community) to make best use of this information we need to understand the “readiness for use” of these synthesis products. Inter-comparison and validation work is crucial to understand the level of readiness for the various systems. 

There is also a need to define synthesis metrics, based on the Essential Ocean Variables, and to define who they are for and how to promote them. The main type of metrics and their relevancy for GSOP (and partly for GOV) are:

1. Technical metrics (assimilation statistics, common to GSOP/GOV)

2. Prediction applications (skill metrics, common to GSOP/GOV) for coupled predictions (seasonal/decadal), ocean skill and atmospheric skill. 

3. Real-time monitoring applications: climate mode phases (PDO, ENSO, NAO, …), transport indices (e.g. AMOC).

4. Climate quality reconstructions: for detection/attribution (heat content, water mass properties), integrated quantities which can’t be measure directly by observations and to establish natural variability baselines.

The technical (assimilation stats) metrics can be used to measure the readiness of the systems for assessing the other types of metrics (and other metrics more relevant to the GOV systems). There is interest in agreeing common methods and goals between GOV, GSOP and OOPC.

Other points related to inter-comparison and validation arising from the panel discussion on the first day include:
· The impact of the global ocean on coastal waters is crucial for national funders.

· There is a need to persuade national funders of the importance of the GOOS as they are ultimately the ones which fund it.

· We need to assess the maturity of the operational ocean forecasting systems (OOFS) to judge whether the results of OSEs are robust.

· We need a standard framework for communicating results.

· Good communication between OOPC and the GOV/GSOP community is needed in order for the OOPC to feel able to request information about observational impacts.

· Assessment of specific phenomena would have more impact with funders than global statistics.

· The use of relative errors (with respect to the anomalies to be estimated), is more useful than absolute errors.

Validation and assessment techniques

A number of presentations describing validation and assessment activities were presented. Summary notes of those presentations are in the appendix. An overview of the types of assessments commonly used and some less widely used diagnostics are presented below. Various issues related to these validation studies are then outlined.

Commonly used assessment techniques from the various GOV and coastal groups include:

· Observation-minus-background (o-b) statistics including root-mean-square-error (RMSE), anomaly correlation coefficient (ACC) and bias. These are usually calculated for sea surface temperature (SST), sea level anomaly (SLA), temperature (T) and salinity (S) profiles.

· Time-average increments are used for assessing model biases.

· Skill of forecasts compared with observations and analyses are widely used.

· Taylor diagrams were used to present results.

· Comparisons to climatology for different variables.

· Assessment of the separation of the western boundary currents.

· Variability of SSH from the model compared to altimeter data variability.

Some assessment methods commonly used by the GSOP community which could be calculated from GOV systems include:

· Comparing Atlantic meridional overturning circulation (AMOC) from the models to RAPID data.

· Heat transport diagnostics.

· Sea-ice assessments.

· Comparisons of the depth of the 20 degree isotherm.

· Upper ocean heat content for various depth ranges.

Less commonly used or new assessment techniques (for ocean forecasting systems) include:

· Assessment of tides in a global system using tide gauges as reference.

· Altimetry-based analysis of the internal tide (sampling the model in the same way as the data).

· Comparisons with HF radar data as an independent reference (especially useful when the available velocity data is assimilated).

· Forecast skill assessments in ensemble forecasting systems, e.g. by comparing spread in the ensemble with the RMSE of the mean. 

· Calculating EOFs of assimilation increments to ascribe various dynamical processes to the model errors.

· Using Lyapunov exponents to show the scales which are reconstructed by the analysis.

· Statistical verification of the location of features (e.g. eddies).

· Verification of Arctic Ocean circulation and investigation of Arctic heat budget. 

· Assessment of volume-integrated heat content in a particular 3D box and calculation of various contributing terms (advective and surface fluxes, data assimilation impact).

· Diagnosing the meridional heat transport (MHT) using meridional volume transport (MVT) estimates of the AMOC.

· Validation of geostrophic currents at 1000m depth using the ANDRO data-base (based on Argo trajectories). 

· Comparison of currents with ADCP data from ships and from moored buoys.

· Verification of sea-ice against NOAA IMS analyses (ice or no-ice) to produce a contingency table analysis.

· Comparison of modeled ice thickness with IceSat thickness data.

A number of other issues coming out of the presentations (some of which were summarized in the presentation by Balmaseda) include:

· Assimilation metrics (fit to observations, error growth, consistency of B and R) are insufficient for an overall assessment.

· Spatial/temporal consistency compared to current moorings, OSCAR currents, transports are useful but there are limited independent data.

· Calculating skill of forecasts is expensive and model error complicates this method particularly for longer range forecasts.

· It was suggested to produce normalised RMSE (normalized by the RMSE of a reference run, or by the natural variability in a particular region).

· There is a need to be careful about what is used as a validation data-set when using analyses for validation – can significantly affect results, particularly for salinity.

· Coupled model biases are a problem for assessing impact of observations on seasonal forecasts. Impact on seasonal forecasting is very important as it is a very influential product of observational data.

· Cryosat ocean data has been requested from ESA which will provide a useful assessment/assimilation data-set.

· Marine mammal data off the California coast is not available in EN3 (or on GTS). Dan Costa provided it to the ROMS group at UCSC which was used for validation.

Inter-comparisons

Summary of inter-comparison aspects of the presentations

Hernandez presented an overview of the IV-TT work plan which includes:

· Inter-comparisons, both of class 4 metrics and of climate indices

· Investigation of new validation methodologies

· The possibility of producing multi-model ensembles

· Links with OSE-TT and ETOOFS

Various national work plans in GOV include an interest in the inter-comparisons which are planned. A forecast assessment inter-comparison has been proposed with a detailed proposal document available. This type of class 4 validation is carried out at various centres, and an example from the Mercator system was shown. There are clear links with the OSE-TT and a potential link with seasonal forecasting groups through calculation of climate indices.

Xue presented a detailed comparison of upper ocean heat content (over the top 300m, HC300) from various ocean reanalyses. The questions addressed by the study included:

· How well is the mean HC300 analysed?

· What are the impacts of changes in the observing system?

· How well do the reanalyses capture inter-annual and multi-decadal variability?

· What climate indices should be monitored?

· What is the role of HC300 in predictability of ENSO, PDO, NAO, …?

Within the European MyOcean project there will be an inter-comparison of various global reanalyses (Mercator/Drakkar, UReading, CMCC).

The new PEODAS system was inter-compared with other centres and compared to EN3. This included comparisons of NINO3 and IOD forecast skill of SST anomaly correlations, heat content and salt content forecast skill in the Tropics, T and S forecast skill at 3-months lead time as a function of depth along the equator. 

Summary of the inter-comparison and validation breakout session

There is a need to re-iterate the objectives of inter-comparisons. For example, it is important to understand the reasons why the models differ and to develop a list of mechanisms for improving the models and data assimilation schemes. There is a particular interest in bias as well as RMSE and ACC in order to try to diagnose and then decrease the systematic model errors. 
The status of the previously proposed class 4 inter-comparison in the various operational ocean forecasting centres is:
· NRL are producing class 4 files and are happy to convert to the common format. 

· Bluelink are producing class 4 files but maybe not for the same data, and are happy to convert them to the common format.  
· Mercator are producing class 4 files and are happy to produce these in the common format.

· REMO would like to contribute but not ready now. 

· INDOFOS would like to contribute but not ready now.
· CONCEPTS are ready to contribute.
· NCEP would like to contribute once their new system is operational.
· UKMO have recently begun producing the class 4 files and have developed some code for producing these in a common format.
The need to provide files with common information was emphasised. It was therefore suggested that UKMO produce the class 4 files 7-days behind real-time and send them to the US GODAE server. The other groups will retrieve those files and produce the same information at the same locations/times. The class 4 generation code should be put on the GOV web-site so that it can be used to produce files in the common format. It was suggested to also include a variable in the netCDF files describing whether a particular observation had been assimilated by each system. 

Communication of progress with the class 4 inter-comparison should be improved to keep things moving forward. The class 4 inter-comparison proposal document should be re-circulated and an up-to-date version should be kept on the GOV web-site. It was suggested to produce a wiki page to share information. 

Extensions to the class 4 inter-comparison project were proposed:

· CONCEPTS (and probably TOPAZ) are interested in assessments in the Arctic region. 

· Should biological variables be included in the reanalysis? Start with a small sub-set of physical variables, and once it is working think about adding extra variables. 

· It was suggested to include observation and background error covariance information at observation locations. These could be added as extra fields in the netCDF files if desired.
· It was recommended to show RMSE plots as percentage of the natural variability in order to be able to compare different regions/depths consistently.
· Code to calculate statistics from the class 4 files should be shared and developed communally. 
A proposal was made to begin generation of a GOV multi-model ensemble. There was a general consensus that this should be done. Practical aspects were discussed including:
· It was agreed to provide information on native grid (because we are considering only surface variables this is feasible in terms of amount of data).
· It was agreed to provide analyses and daily mean forecasts out to 6-days of SST, SSS, SSH, surface u and v, and sea-ice concentration and thickness. 

· When producing an ensemble we discussed whether the common grid should be at the highest or lowest resolution? It was agreed that the highest resolution grid would be most appropriate in most cases. 

· There are issues with interpolation on the fly for some of the model grids used. It was noted that if files are CF compliant then they should contain all the information required to perform the interpolation.
· Groups interested in ensembles in particular areas could develop a regional version of the ensemble in that region, e.g. Gulf of Mexico, EAC. 
· The ensemble mean/median should be compared with each forecast product to diagnose where they differ significantly. 
The production of climate indices from GOV systems was discussed. Mercator are involved in the GSOP inter-comparisons and plan to produce various climate indices from their ¼ and 1/12 degree model, which has proved useful. For a number of the GOV systems, the priorities are the class 4 and ensemble inter-comparison projects discussed above. However, it was agreed that we should produce the surface climate indices as part of the multi-model ensemble as a minimum (and interested groups could provide other information if desired). 

Specific actions for GOV IV-TT

1. Update the class 4 inter-comparison proposal document (Martin and Hernandez).

2. Distribute code to produce class 4 files and to calculate statistics from them (Martin).

3. Begin sending class 4 files to the US GODAE server routinely (all GOV system reps).

4. Produce a document describing the proposed multi-model ensemble system (Martin and Hernandez).

5. Work out the data size requirements for the Class 4 files and multi-model ensemble fields and send information to Jim Cummings (Martin, Hernandez and system reps).

6. Produce a wiki page to share information on the class 4 and ensemble work (Hernandez, Martin and Wilmer-Becker). 

7. Investigate how GOV systems can contribute to the climate indices initiative of GSOP (Martin, Hernandez and system reps).

8. Think about how the GSOP systems can be included within the inter-comparison of assimilation statistics (Martin and Hernandez together with Haines and Balmaseda).

9. Update the IV-TT work plan to reflect the new initiatives on the multi-model ensemble and production of climate indices (Martin and Hernandez).

10. Discuss including the GOV multi-model ensemble system within the GEO sub-task on “promoting the use of ensemble forecasting outside the weather forecasting community” (Martin).

Appendix: Notes on the presentations

Day 1

Oke (on behalf of Schiller) provided an overview of previous inter-comparison work within GODAE. He emphasised the need to produce information in such a way to make it easy for non-specialists to understand. 

Haines described the Integrated Framework for Sustained Ocean Observations (IFSOO). Integrated Climate Data Centres produce synthesis products which provide a mechanism for getting the information from observations to the users. In order for the users (and observation community) to make best use of this information we need to understand the “readiness for use” of these synthesis products. There is also a need to define synthesis metrics, based on the Essential Ocean Variables, and to decide who they are for and how to promote them. Formats of synthesis products should be based on CMIP5.

The main type of metrics and their relevancy for GOV and GSOP are:

5. Technical metrics (assimilation stats, common GSOP/GOV)

6. Prediction applications (skill metrics, common GSOP/GOV) for coupled predictions (seasonal/decadal), ocean skill and atmospheric skill. 

7. Real-time monitoring applications: climate mode phases (PDO, ENSO, NAO, …), transport indices (AMOC).

8. Climate quality reconstructions: for detection/attribution (heat content, water mass properties), integrated quantities which can’t be measure directly by observations, establish natural variability baselines.

The technical (assimilation stats) metrics can be used to measure the readiness of the systems for assessing the other types of metrics. Various examples of these assessment metrics were given from a GSOP perspective.

There is interest in agreeing common methods and goals between GOV, GSOP and OOPC.

Hogan and Cummings assessed and inter-compared various aspects of the 1/12 and 1/25 degree HYCOM/NCODA systems:

· Tides using the tide gauges as reference.

· Altimetry-based analysis of the internal tide (sampling the model in the same way as the data).

· Inter-compared the two resolutions without data assimilation and looked at the separation of the western boundary currents which are better in the 1/25 degree model and variability of SSH better.

They plan to run 4 experiments inter-comparing different aspects of the data assimilation scheme: MVOI vs 3DVar, impact of ISOP (improved synthetic ocean profiles) and CICE (ice model), all at 1/12 degree resolution. For this inter-comparison they are assimilating velocity data (drifters, gliders, Argo trajectories are assimilated), so using HF radar data which as an independent reference. They are investigating assimilation of radiances directly which implies that assessment of SSTs may be more difficult. 

They perform real-time verification using class 4 metrics for Argo, SST, SSH which can be made available in GOV inter-comparison.

Barnier showed various assessments of the GLORYS reanalysis including:

· Convection in Labrador Sea: MLD with and without data assimilation (model has a too deep ML and DA shallows it)

· EOFs of the temperature increments in order to determine model error. He ascribed particular patterns to dynamical phenomena (Irminger Eddies, convective eddies, boundary currents).

· Trends and variability of the heat content.

· Compared AMOC to RAPID data (more variability in model than the RAPID data).

· Heat transport diagnostics.

· Sea-ice assessment in the Arctic, focusing on 2007 sea-ice minimum.

· RMSE and bias of (o-b) for SSH and T, S profiles.

· Various GODAE metrics including differences to climatology (class 1), trends in SST, heat content and SL, compared to RAPID AMOC data. 

He mentioned that within MyOcean there will be an inter-comparison of various global reanalyses (Mercator/Drakkar, UoR, CMCC).

He noted that it was the first time using GODAE metrics and found them very useful.

Balmaseda assessed the new ECMWF ocean reanalysis system and described the pros and cons of various ways of assessment:

· Assimilation metrics (fit to observations, error growth, consistency of B and R) are insufficient for an overall assessment

· Spatial/temporal consistency compared to current moorings, OSCAR currents, transports are useful but there are limited independent data.

· Skill of seasonal forecasts are expensive and model error complicates this method.

The methods used for assessment of OSE runs were:

· RMS of (o-b) for T+S and T+S+Alti runs.

· Correlations with altimeter data

· Skill of seasonal forecasts of SST (ACC vs f/c time)

· Depth of 20 degree isotherm

· Regional (o-b) stats using the GSOP regions.

· Normalised temperature profile RMSE (normalized by the RMSE of the reference run) to produce relative RMSE at different depths.

· Upper ocean heat content for various depth ranges.

· Impact of assimilation on the representation of the AMOC

· Hovmuller diagrams of AMOC at various depths which shows the deep MOC (at 3000m) has a decadal signal

The panel discussion made various important points related to inter-comparison and validation:
· The impact of global ocean on coastal waters is crucial for national funders.

· We need to assess the maturity of the OOFS to judge whether the results of OSEs are robust.

· We need to expand the disciplines to get this improved, i.e. short-range forecasting, biological applications.

· IFOOS has defined some EOVs which are related to the ECVs (following the model of GCOS)

· We need to advocate the usefulness of synthesis products 

· We need a standard framework for communicating results

· Good communication between OOPC and the GOV/GSOP community needed in order for the OOPC to request information.

· Specific phenomena would have more impact with funders than global statistics.

· Need to persuade national funders of importance of GOOS as they are ultimately the ones which fund it.

· The use of relative errors (with respect to the anomalies to be estimated), is more useful than absolute errors.

The posters included various inter-comparison and verification aspects:

· Juza: heat content variability from Argo sampling was compared to global ocean estimates from a model.

· Ubelmann: Assessed potential impact of SWOT data including the mesoscale and sub-mesoscale. 

· Mehra: Gulf stream location verification of 1/12 HYCOM and statistical verification of location of features (e.g. eddies).

· Haines/Zuo: Verification of Arctic Ocean circulation in NEMO reanalysis. Additional Arctic data collected. Investigated heat budget verification.

· Haines/Stepanov: N. Atlantic comparison using RAPID AMOC data. 

Hernandez assessed the Mercator ocean ¼ and 1/12 degree systems, including calculating  (o-b) stats (RMSE and bias). Mercator plan to contribute to the NRT and delayed-mode inter-comparison projects. 
Nadiga investigated forecast skill in an ensemble system, partly by comparing spread in the ensemble with the RMSEs of the mean. 

Day 2

Larnicol said that Cryosat ocean data has been requested from ESA which will provide a useful assessment/assimilation data-set.

Fujii presented results of assessing various coupled seasonal and decadal prediction OSE experiments. He measured impacts as a ratio of the reduction in RMSE for different variables. Coupled model biases are a problem for assessing impact of observations on seasonal forecasts. Impact on seasonal forecasting is very important as it is a very influential product of observational data.

Moore presented results from assimilation runs in 10km and 30km ROMS using 4DVar with a 7-day assimilation cycle. Marine mammal data off California coast is not available in EN3 (or on GTS). Dan Costa provided it to them. Presented methods for observation impact studies. Assessed the impact of the data on transport along a particular section.

Oke/Sakov presented a reanalysis from the TOPAZ system (particularly interested in Arctic Ocean and sea-ice). Ensemble spread plus the assumed observation error should equal the RMSE of the innovations.

Larnicol investigated the impact of SWOT and other satellite altimeters on objective analysis system using OSSE set-up. Assessed the reconstruction error as % of signal variance. Looked at Lyapunov exponents to show the scales which are reconstructed by the objective analysis.

Lea assessed some NRT OSEs with FOAM using (o-b) RMS and bias, and looking at the impact of the observations on the model fields. 

Alves investigated the impact of Argo salinity data on PEODAS. He looked at how T and S perturbations evolve in the forecast on the equator. T errors generate Kelvin waves and dissipate. S errors result in a local S and T error.

Edwards presented the ROMS system and showed that high resolution forcing has large impact for regional modeling studies. He investigated errors of 2-week forecasts for SST, salinity profiles by comparing to the observations.

Oke investigated data impacts using an analysis based only on data. He assessed the ability of the observations to reconstruct intraseasonal (<60 days) and interannual (>14 months) timescales for coastal observations. This was done by computing spatial correlations for observations of SST and SSH.

Day 3

Hernandez presented an overview of the IV-TT work plan which includes:

· Inter-comparisons, both of class 4 metrics and of climate indices

· New validation methodologies

· The possibility of producing multi-model ensembles

· Links with OSE-TT and ETOOFS

Various national work plans include an interest in the inter-comparisons which are planned. A forecast assessment inter-comparison has been proposed with a detailed proposal document available. This type of class 4 validation is carried out at various centres, and an example from the Mercator system was shown. There are clear links with the OSE-TT and a potential link with seasonal forecasting groups through calculation of climate indices.

Xue presented a detailed comparison of upper ocean heat content (over the top 300m, called HC300) variability from different operational ocean analyses. The questions addressed by the study included:

· How well is the mean HC300 analysed?

· What are the impacts of changes in the observing system?

· How well do the reanalyses capture inter-annual and multi-decadal variability?

· What climate indices should be monitored?

· What is the role of HC300 on predictability of ENSO, PDO, NAO, …?

Mean heat content from each of the systems was compared to the EN3 objective analysis. The spread of the ensemble of reanalyses was largest in the Southern Ocean and Western boundary currents. RMS differences from EN3 were calculated in different basins as time-series for all analyses. During the Argo period the various analyses are closer to each other in the Trop. Pacific, Indian Ocean and Southern Ocean.

Hovfmuller plots of HC300 in various regions were generated. The results in the equatorial Pacific highlighted the impact of the TAO array (shown as a decrease in the spread of the analyses). The Argo impact could be seen in the equatorial Indian Ocean and the equatorial Atlantic.

Anomaly correlations with EN3 as global maps were plotted which showed low correlations in Southern Ocean and western boundary currents and a large spread in the Equatorial Atlantic.

Anomaly correlations with OI SST in the equatorial regions showed larger correlations in E. Pacific (El Nino), the Indian Ocean Dipole and Atlantic Nino. Subtropical N. Atlantic has high correlations between SST and HC300 perhaps due to hurricanes.

Average correlations between SST and HC300 in Nino boxes were calculated with correlations of about 0.8.  Correlations of ~0.4-0.6 were observed in the Western Pacific and Eastern Atlantic, and were lower in the S.E. Indian Ocean.

Anomaly indices were calculated for ENSO, IOD (Indian Ocean Dipole) and Atlantic Nino. The various systems agree well in the Tropical Pacific regions with more spread in the IOD regions. Atlantic Nino spread is even larger (signal to noise ratio of 1.3) and has higher frequency signals.  A warming trend in the last ten years in the Atlantic Nino region was evident.

The linear trend of HC300 anomaly from 1993-2009 from the mean of the analyses was calculated.

Lagged correlations between HC300 and SST are strongest in the NINO3.4 region. They were also significant in the Atlantic Nino and IOD regions. There was generally good agreement north of 30S except some regions with the Atlantic having large differences between the analyses.

A question was raised whether it is a good idea to use the EN3 objective analysis as a reference for these inter-comparisons.

Kurapov described the Oregon coastal forecast system which is based on ROMS with 4DVar used to assimilate HF radar, SLA, SST. The validation methods used included:

· Data denial experiments (OSEs)

· Interpretation of dynamical structures

· Data assimilation information, e.g. looking at the increments.

Various runs (free run, SSH assimilated, SSH and SST assimilated) were compared to satellite SST data and RMSE and correlations were calculated.

Less data at below the surface is available in coastal regions. Results were compared to some CTD data. 

The impact of assimilation on volume-integrated heat content was assessed in a particular 3D box and various contributing terms (advective, fluxes, data assimilation impact) compared. Data assimilation corrections are of the same order of magnitude as the other terms in the heat balance equation.

Lee presented the use of a method to assess meridional heat transport (MHT) using meridional volume transport (MVT) estimates of the AMOC from various ECCO (ECCO-JPL, ECCO2 and GECCO) reanalyses and observations such as RAPID/MOCHA.

MHT is a more climate-relevant quantity than MVT. MVT and MHT have high correlation so using a linear regression and assessing ECCO-JPL, ECCO2 and GECCO reanalysis products.

The anomaly of MVT from RAPID has a strong relationship with models except for particular issues with the data (due to missing cable measurements).

Correlations of MVT to MHT agree between RAPID and ECCO models.

Regressions of MVT and MHT were calculated for different time-scales (monthly and 2-yearly). A different relationship exists at the two time-scales because the longer time-scales remove the impact from the Ekman component on the vertical T gradients.

The latitudinal variation of MVT/MHT correlations and regressions were used to determine where an array should be placed to best determine the MHT. 26N is a good location but more information might be extracted if placed at 15N. For the South Atlantic it would be good to do measure the MVT at 35S.

Might not be a good method for capturing the decadal variations like this so good to measure temperature as well as MVT, e.g. Argo.

B. Barnier suggests using isopycnals rather than depth analysis.

Tanajura presented an overview of the REMO system which uses HYCOM in the Atlantic region and a Cooper and Haines scheme to assimilate SSH fields. The ¼ Atlantic model and 1/12 degree Brazilian region model have been set up using HYCOM and higher coastal models using ROMS. He would like to develop routines to validate the models and forecasts to compare with the other GODAE OceanView systems.

He compared results from a 60-day period to Argo data using 24-hour forecasts.

Taylor diagrams were used in different depth ranges for Argo comparisons (0-2000m, 0-100m, 125-800m). Comparisons with PIRATA data were performed for different forecast lengths out to 7 days.

Adani presented an assessment of two Mediterranean Sea reanalyses (with different data assimilation schemes) from 1985-2007. Various diagnostics were investigated including Mediterranean volume temperature, and contributions from advection/diffusion, solar radiation and relaxation to SST terms. RMS and mean (o-b) statistics were calculated and displayed as depth/time plots for T and S profiles in particular regions. SLA statistics were also calculated.  The mean circulation at 15m and 200-300m was assessed.

Guinehut described a method for estimating 3D T/S/u/v from only observations and statistical methods (called ARMOR3D), which is complementary to DA/model techniques. This uses T/S profiles, drifters, SST, SSH data from 1993-2009 to calculate weekly 3D fields. T variability from 2004-2008 was compared as global zonal averages from various reanalyses (ARMOR, SCRIPPS and SODA and with a synthetic estimate from altimetry only). All T estimates agreed quite well while S variability is quite different between the estimates. Geostrophic currents were validated at 1000m using the ANDRO database based on Argo trajectories. The meridional component was plotted as an example on a Taylor diagram.

Currents were also compared with ADCP data from a cruise off Cape of Good Hope for a one month period. They were also compared to RAPID current-meter data at 25.5N, 76.5W. 

The AMOC at 25N was calculated and compared to Bryden estimates, and at 26.5N compared to RAPID MOC. 

The outputs would be useful for inter-comparison exercises as a model-independent estimate.

Brassington presented results of an assessment of the new version of the Bluelink operational system. Various changes have been made including:

· Latest version of MOM

· Similar resolution as previous model. Slightly different vertical grid.

· A new bathymetry.

· More members in ensemble used in BODAS.

· New initialization (adaptive nonlinear initialization).

· Forcing based on UM

· Using NAVOCEANO SSTs.

Time mean SLA increments showed large biases in the Southern Ocean in both new and old systems. New fluxes may be causing some biases in the Southern Ocean.

Results were assessed using (o-b) and (o-a) RMSE. New system is improved in both RMS and bias compared to SLA data.

Forecasts were compared to data and statistics were plotted as a function of lead time (for RMSE and ACC). Similar diagnostics for SST were also presented including a comparison with persistence. 

Day 4
Storto presented an assessment of a reanalysis performed at CMCC. Verification against TAO and RAMA profiles. Impact of various observation types calculated by comparing diagnosed forecast error covariance matrices so that they could be looked at in full model space. They were computed as forecast errors over various lead-times out to 15-days for Argo, Buoys, SLA, SST, CTDs, XBTs. Also as a function of depth in different regions. Also assessed salinity stats in the same way. Compared to observed SSTs as well. Looked at RMSD for CTD obs at 200m for impact of SLA data on their new reanalysis. 

Alves presented an assessment of the new PEODAS system including forecast skill assessment and comparison with other centres. Compared to EN3. Looked at NINO3 and IOD forecast skill of SST anomaly correlations out to 6 months. Assessed heat content and salt content forecast skill in the Tropics out to 9 months. Then assessed T and S forecast skill at 3-months lead time as a function of depth along the equator, and investigated various analyses for doing the validation (new, old analyses and observations) which had a large impact. Noted the need to be careful about what is used as a validation data-set when using analyses for validation.  Inter-compared heat content down to 300m with ECMWF as correlations with EN3. Also looked at correlations of surface currents with the OSCAR analysis. Showed Hofvmuller plots of heat content and surface salinity along the equator to show El Nino, and compared PEODAS with ECMWF and NCEP which were generally similar for temperature but more differences for salinity. Also did this in the IOD region with similar results.

Nair presented an overview of the Indian Ocean forecasting system INDOFOS. Using ROMS for global, regional and coastal forecasting. Have very large numbers of users (over 100,000 per year). Validation of coastal significant wave height against buoy data, and mean wave direction and period. Also validated wave height against Aviso altimeter data. They perform real-time validation of wave heights. Plotted Taylor diagrams of wave heights compared to buoys. Intercompared wind speeds with ECMWF and validated against surface ships, for analyses and forecasts. For ROMS, they assessed SST forecasts compared to buoys, also the depth of the 20 degree isotherm, mixed layer depth. Validated against Argo and GHRSST products.

G. Smith presented an evaluation of the CONCEPTS ice-ocean forecasting systems (regional and global). Looked at a coupled regional system which showed significant improvement in temperature forecasts – air/sea-ice coupling very important to get correct fluxes. For ocean forecasts they have global ¼ degree and regional 1/12 degree systems. Looked at comparison with AVHRR SST observations for a one-year period: global plots of mean and standard deviations at different lead times. Noticed a warm bias in the equatorial Pacific and a cold bias in the polar regions (south and north) which is due to the RTG analysis which is assimilated. Changed this to assimilate the CMC analysis which significantly improved the comparison to AVHRR SST data. Produce a sea-ice analysis using SSM/I, AMSRE, ice charts, RadaraSAT data. Verified this against NOAA IMS analyses (ice or no-ice) and produced a contingency table analysis. This showed large differences in the open water areas, but not so much where ice already existed. They did an inter-comparison with the Mercator analyses for surface properties: SSH differences were small but SST differences were as expected, but the SSS had very large differences (mainly due to different fluxes and multi-variate error covariances) which implies the Argo S data can’t constrain SSS. Evaluated long-range (30-day) forecasts of ice by comparing to Radarsat data (mean and standard deviation). Small-scale details, e.g. ice leads, which are in the Radarsat data are not in exactly the correct place in the model – this increases the large stdv. For regional system (CNOOFS) they compared bottom temperatures with data, and with the global model. They are producing a high resolution regional system over the Arctic region. They are interested in improving diagnostics for the marginal ice zone.

Akella presented an assessment of the GMAO retrospective analysis which is a coupled ocean-sea-ice-atmosphere model, with an EnOI assimilation method. Sea-ice concentration assimilation is used to update the T and S fields in the mixed layer. Assessed the sub-surface reanalysis by comparing analysis and forecasts to Argo, CTD and XBTs separately as a function of depth, for T and S. Compared equatorial Pacific currents with ADCP measurements on TAO moorings. Assessed monthly mean sea-ice concentration with the NSIDC analysis. Ice thickness was compared to Icesat thickness data for annual means during 2004-2008. Looked at heat content (upper 300m) compared to EN3 (both corrected for XBTs and uncorrected).  Heat content anomalies as a time-series in Nino boxes also assessed. Compared to sea level from tide gauges.

Haines showed an inter-comparison of the QC decisions made by the operational centres for Argo data. (BMRC,FNMOC,MEDS,UKMO)

INTERCOMPARISON BREAKOUT DISCUSSIONS

Clivar GSOP group

Which indices should be assessed for climate monitoring? “State of the ocean” web-site on OOPC web-pag - sub-surface monitoring is largely absent from that web-site so there should be an agreement to provide information in a NRT fashion. But which metrics?

· Ocean heat content in upper 300m calculated regionally and as maps on monthly time-scales.

· Meridional transports, e.g. AMOC at 26N. Volume and heat transports.

· Comparisons of analysis of sea level with tide gauges. 

· Indices of SSS and upper ocean salinity.

· Surface fluxes?

How and who should do this? Each centre will take on consolidating in gathering the data for one variable:

· BMRC might gather and examine upper ocean salinity from multiple centres.

· NCEP will do upper ocean heat content.

· Mercator could do the tide gauges.

· UReading: collect AMOC and heat transport at 26N on monthly time-scale.

OOPC will try to get the resources if the metrics are sent to them. Each collecting centre will write a page on the specific requirements for gathering the data, probably using monthly data feeds.

Timescales are that things should be on-line by May 2012 ready for reanalysis conference and CLIVAR SSG meeting.


GOV group

Some general comments which came up:

· Generally there is a need to re-iterate the objectives of inter-comparisons.

· The main one is that it is important to understand the reasons why the models differ and develop a list of mechanisms for improving the models and data assimilation schemes.
· Particular interest in bias as well as RMS and ACC in order to try to improve the systematic model errors 
What is the status of the previously proposed class 4 inter-comparison?
· UKMO have produced some code for producing these in a common format.
· NRL are producing class 4 files and are happy to convert to the common format. 

· Bluelink are producing class 4 files but maybe not for the same data.  
· REMO would like to contribute but not ready now. 

· INDOFOS would like to contribute but not ready now.
· CONCEPTS are ready to contribute.
· NCEP would like to contribute once the system is operational.
· It was suggested that UKMO produces the class4 files 7-days behind real-time. Then the other groups get those files and produce the same information at the same locations/times. Put the class 4 generation code on the GODAE web-site.
· It was suggested to also include a variable describing whether a particular observation had been assimilated. 

· Arctic assessments: TOPAZ and CONCEPTS interested. 

· Biological variables? Start with a small sub-set of physical variables, and once it is working think about adding extra variables. 

· Re-circulate the Class 4 inter-comparison proposal document. Need to keep an up-to-date version on the web-site. 
· It was suggested to include R and HBH?  Could add a field into the netCDF files if desired.
· Oke asked to show RMSE as percentage of standard deviation in order to be able to compare different regions/depths consistently.
· It was suggested to produce a wiki page to share information. Generally need to improve communication in order to move things forward. 

· Code to calculate statistics should be shared and developed communally. 
Multi-model ensemble

· A general consensus that this should be done. Practical aspects were discussed including:
· Consensus to provide information on native grid (because we are considering only surface variables).
· It was agreed to provide daily mean analyses and forecasts out to 6-days of SST, SSS, SSH, surface u and v, and sea-ice concentration and thickness. 

· When producing an ensemble we discussed whether the common grid should be at the highest or lowest resolution? NRL suggested the highest resolution grid. 

· Issues with interpolation on the fly for any general target grid. 

· Groups interested in ensembles in particular areas could develop a regional version of the ensemble in that region, c.f. Gulf of Mexico, EAC. 
· The need to provide files with common information was emphasised. 

· The ensemble mean/median should be compared with each forecast product to diagnose where the differ significantly. 
Climate indices from GOV systems:

· Mercator are involved in the GSOP inter-comparisons and plan to produce various climate indices from their ¼ and 1/12 degree model.
· For a number of the GOV systems, the priority is the class 4 and ensemble inter-comparison work discussed previously. 

· However, it was agreed that we should produce the surface climate indices as part of the multi-model ensemble as a minimum. 

· There was interest in inter-comparing sea level from the various systems.
