Workshop on Advances in the Use of Historical Marine Climate Data

SST/NMAT/Sea Ice; Working Group I

Chair: C. Folland

Rapporteur: R. Reynolds
Background: 
There are two time periods for completing our goals. The first is a 2-year period that will be the time for our next meeting and a report to CLIVAR. This period will be associated with the next meeting of the CLIVAR Climate of the Twentieth Century Modeling Project. The second is a longer 4-year period. 

Our overall purpose is to develop strategies to create alternate analyses with carefully designed error estimates

Item 1: Specify and improve SST data and analysis accuracies and errors (including bias estimates).

Problem: Can we improve historic in situ bias corrections?

Discussion: We need to reexamine the historic bias corrections with special emphasis on the late 1930s through the end of the 1940s. This period presently includes a step function change in the bias corrections, which may over emphasize the 1941 El Nino. The following questions where asked: How did buckets disappear from the record with time? What were the countries of origin for the data and how did these sources change with time? Why did the annual cycles of SST change with time and how can this information be used to help specify the type of in situ measurement (uninsulated bucket, engine intake, etc.) and hence their biases?

Recommendations: Liz Kent, David Parker, Chris Folland and Tom Smith will begin work on answering these questions with results due by end of 2003.

Problem: How can we define a “true” SST and what is the best way to measure it?

Discussion: We first need to define a climate reference period. A modern period was suggested because we have better knowledge of the measurement methods and have more data (in situ as well as satellite). There was a lot of discussion on the diurnal cycle of SST. We noted that the average diurnal cycle is roughly 0.3C, but it would be much larger in parts of the tropical oceans (e.g., the western Pacific). (The amplitude of the diurnal cycle would be even larger if a skin temperature were used instead of a bulk temperature.) The best type of measurement to resolve the diurnal cycle would be geostationary satellite data and moored buoy data. We discussed the type of in situ measurement and resolved that hull sensors were probably the most accurate ship measurement although calibration is needed to avoid instrument drift and to maintain accuracy. We discussed the importance of the VOSclim project in identifying the most accurate ship SSTs and suggested extending this effort to buoys (a BUOYclim project?). Val Swail mentioned that JCOMM is beginning a catalog of buoy metadata and errors.

Recommendations: Define the “ideal” SST measurement for climate as a daily average over the top one meter of the ocean measured by a calibrated hull contact sensor. Should we add insulated bucket?. Define our climate reference period as 1971-2000. Dick Reynolds and David Parker will recommend to the OOPC and AOPC, respectively, in 2002 that VOSclim be extended to include buoys.

Problem: Quality control (QC) is a likely cause of SST analysis differences.

Discussion: We discussed the selection of a recent period of about 4-5 years and the performing of QC at different centers with the same input data. Liz Kent’s ship track cleared data was suggested as common input. We will examine data kept and data discarded by different QC procedures. This could be done on a regular grid (e.g., 4 or 2-degrees) and results displayed by season and zonal bands. 

Recommendations: QC comparisons should be done at 3 centers if possible: UK Met Office, JMA and NCEP/NCDC with Liz Kent’s input data. The initial project will focus on in situ data QC for the period 1993-1997. The ship and buoy data would be flagged as accepted or rejected by each center. The in situ flags would be completed by end of 2002. Dick Reynolds will contact JMA as soon as possible to determine if JMA will participate. The attached figure from Xiao-Wei Quan and Scott Woodruff suggests a useful way to present the results.

Problem: Errors are not available for SST analyses or may be incomplete.

Discussion: Some SST analyses have error statistics. However, they are not adequate. The NCEP/NCDC OI has an error statistic but it is derived from assumptions of the data and analysis errors and does not include bias errors or the impact of the bias correction step. Alexey Kaplan’s RSOI has error statistics and includes an error estimate caused by back filling of the data to increase the variance after the initial RSOI step. Analyses have difference variances, which can impact AMIP studies. Do bigger uncertainties come from the use of different instruments or from the analyses themselves? Additional verification of analysis accuracy could be done using subsampled high-resolution surface marine data sets (e.g., from FSU, Shawn Smith). We also noted that the UK HadISST analysis is not up to date.

Recommendations: All SST analyses need included analysis error including bias error.

Results should define an uncertainty at each grid point, including any biases. Regular intercomparisons of analyses including variances should be done. This should be done by UK Met Office, JMA and NCEP/NCDC. Error covariances are also needed which will be done in association with Alexey Kaplan. This work should be completed by the end of 2004. The HadISST analysis will be brought up to date by April 2002 and remain current after this date.
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Figure 1. SST data shown for 2 QC, trimming, procedures. SST observations failing each QC procedure is flagged and shown as darker dots.
Problem: What is the accuracy of satellite retrievals?

Discussion: The biggest error in IR satellite data is due to cloud contamination. Bias estimates of satellite data in the form of a bias probability due to clouds would be possible to add. However, no comparison of cloud clearing from different IR satellites has been done. Geostationary satellite data are useful for cloud clearing because of frequent views and the possibility of examining the diurnal cycle. Intercomparison of different satellite products would also be useful. It is important to develop and improve algorithms and to continue to examine both bulk and skin satellite products. We recognize that IR satellites measure skin while most users want bulk. Satellite reanalysis projects (e.g., Pathfinder) are useful but difficult to fund. Should the next IPCC analysis include satellite data? Satellites improve coverage but may impact biases. The GCOS GODAE high resolution SST group will be carrying out much of the intercomparisons of satellites and the skin vs. bulk differences. The GCOS SST working group has the task of comparing SST analyses for climate. Both groups share some members and include many in this working group.

Recommendations: Propose through GCOS that a comparison of cloud clearing be done for all IR satellites. Maintain a liaison with the GCOS GODAE high resolution SST group. Dick Reynolds and David Parker will recommend to the OOPC and AOPC, respectively, in 2002 that a comparison of cloud clearing methods be recommended by GCOS.

Problem: Modelers need more information about surface temperatures of large lakes and inland seas. 

Discussion: It is difficult to get in situ data for these regions. Some may be available from different countries. Determining when lakes are frozen using only low resolution SSM/I may complicate this problem.

Recommendations: Jorge Vazquez will find out what information can be determined from Pathfinder by the end of 2002. The UK Centre for the Ecology and Hydrology may have useful data. Contacts are needed with other countries (e.g., Canada) for lake temperatures within their borders. Who will do this?
Problem: Higher temporal resolution SST analyses are needed by atmospheric modelers.

Discussion: There is a need for sub-monthly resolution of SST analyses beginning in 1950. Presently only the NCEP/NCDC OI has sub-monthly resolution. Although the resolution is weekly, the analysis starts in November 1981. It is clear that higher temporal resolution is possible for this period since we are making analyses back to 1870 where data are much sparser. Possible resolution periods of either 5 or 7 days were suggested. There is presently no requirement from NOAA for these products.

Recommendations: The UK Met Office will develop the sub-monthly analyses by the end of 2004. Is this OK ???
Item 2: Specify accuracy and improve analyses of sea ice
Problem: How do we improve the accuracy of sea ice analyses?

Discussion: There is a WMO project “Global Digital Sea Ice Data Bank” (GDSIDB) which was initiated in 1989 and now holds digitally historical ice charts describing ice concentrations and age for the Arctic and Antarctic from the leading ice services including Canada, Russia and USA. GDSIDB is supervised by the JCOMM Expert Team on Sea Ice (ETSI) which also deals with a number of other operational and non-operational aspects of sea ice analysis. 

Since 1978 global sea-ice analysis has been increasingly dependent on passive microwave SSM/I. However, there are still inconsistencies among the successive SSM/I sensors and elaborate processing algorithms, and there is still insufficient intercalibration with the more easily interpreted IR satellite or aircraft reconnaissance and shipborne data, which have so far been under-used. Also, during summer time sea ice undergoes significant changes in its physical properties including surface albedo and roughness. For proper modeling of the seasonal cycle of sea ice it is important to define the stages of melting, e.g. to determine correctly such stages as melt ponds. Currently we simply increase the ice concentrations to compensate for this phenomenon. However, perhaps melt ponds should be retained and used in AGCMs. 

The following contains items from Vasily Smolyanitsky who leads a JCOMM ETSI and works within the WMO GDSIDB. Presently the GDSIDB holds 7 or 10-day period mapped ice data for the Arctic since March 1950 and for the Antarctic since January 1973. Charts are stored in a number of digital formats including WMO standard SIGRID (stands for Sea Ice GRID), EASE-GRID (coinciding with the one used at NSIDC to provide SSM/I data) and ESRI GIS ArcInfo compatible. Most of the project data are available on-line from GDSIDB centers (at AARI and NSIDC) or in the recently published Joint U.S.- Russian Arctic Atlas for Sea Ice. There are a number of gaps: temporal (mostly in winter time) and spatial (mostly outside navigable areas like Northern Sea Route or areas of interest). However the GDSIDB material since 1978 may be valuable ground-truth for pure SSM/I products (as it is based on comprehensive use of all available sources of ice information and expert knowledge); and it is the unique source of ice conditions and climate for pre-1978. For example, statistics for the Arctic shelf seas assessed with incorporation of AARI data (staring in 1950) and Canadian data (starting in 1968) are more complicated than ones assessed from 1978 and show more evidence for oscillation in ice extent tendencies rather than trends. 

The project content is expanding, and more data are awaited or expected for the Antarctic from Australia, Argentina, and Russia. For the Northern Hemisphere there are new data for the Arctic Ocean, Baltic Sea, Sea of Okhotsk, Bohai Sea, and Greenland waters. These data will be used, with existing data, to create new, easily read data sets up to the late 1990s The same is for a new format to store [digital] operational and historical charted ice data, which will be considered at the ETSI-I session in October 2002 and is intended to provide more flexibility in importing and processing data in modern toolkits.

We need a blended product with error indications. Each ice service (e.g. Russia, Canada) or group (e.g. Arctic and Southern Ocean Sea Ice Data by J.Walsh) should participate in such blended field contributing sea ice for its region, zone or time of interest. There should be both 7-10 day and monthly products. It is important to know how to blend the data from different agencies to avoid inconsistencies and how to average the data in order to avoid artifacts in ice concentrations (e.g. a concentration such as 50% may be a result of averaging of open water and compact ice, and be much rarer in reality than in the data sets). 

How can we measure stages of melting using visible and microwave and calibrate them with visual field observations? There will be a report on this for JCOMM from the ETSI experts from Canada and Russia. There are firm plans inside the operational ice community for developing comprehensive weekly or monthly sea ice charts complimentary to current SSM/I daily and monthly analysis. The problem of remotely sensed measurements of ice thickness, far from solution now, is also within the ETSI terms of reference and under consideration. Meanwhile, it may be possible to use stages of ice development to assess so called mean-weighted thickness of level ice.

Recommendations: 

1. 
It is critical for 2002-2003 that a blended product based on GDSIDB data and ICOADS be derived, as it is vital for accurate global analyses of SST and sea ice climate. Estimates of errors should be determined in the blended product. 

2. 
It is desirable to ask ETSI to provide recommendations for proper and best-guess blending and averaging procedures. 

3. 
Inventory from ETSI on possibly available historical sea ice data for the Southern Ocean is desirable during 2002-2004. 

4. 
It will be useful to consider a future (in 2002 or 2003) JCOMM report from ETSI on assessing stages of melting using visible and microwave and its correspondence to visible ice surface features. Techniques provided in the report may be used during 2003-2005 for retrospective calculations of stages of melting. 

5. 
It is also important that during 2002-2005 SSM/I algorithms be examined in cooperation with ETSI using ice charts and standard observations as ground truth material so that the most accurate one is selected. Differences between algorithms may help define the errors. For those purposes it would be helpful if the location and type of observations were indicated in the blended product. 

Problem: Sea surface temperature estimates are uncertain at boundary of sea-ice. 

Discussion: The historical collocation model derived at the UK Met Office to convert from sea ice concentration to SST needs to be reevaluated. The algorithm for the conversion of sea ice to SST is a fit between collocated sea ice concentrations and SSTs. Should the current parabolic relation be converted to a linear one? What are the differences in these two fits? Satellite data may be contaminated by sea-ice in these regions. Should satellite data not be used? Differences between using information in the Joint U.S.- Russian Arctic Ocean Oceanography Atlas for the winter (issued in 1997) and summer (issued in 1998) periods may be helpful. 

Recommendations: Nick Rayner will use the mentioned Atlases to consider these differences. Use of satellite data in the conversion algorithm needs to be determined. Improvements in the ice coverage and the sea ice to SST conversion algorithm will be incorporated into the new and operational SST analyses by the end of 2004. The present ice coverage and the sea ice to SST conversion algorithm will be added to the historic Smith and Reynolds SST analysis by the end of 2002.

Item 3. Specify and improve Nighttime Marine Air Temperatures (NMAT) data and analysis accuracies and errors (including bias estimates).
Problem: NMAT accuracies are not well known.

Discussion: SSTs are presently merged with land air temperatures. SSTs are used instead of NMAT because SST errors are smaller. We need information on NMAT height adjustments, ventilation effects. In addition the same RSOI procedures are used at the UK Met Office for both SST and NMAT. Should the statistical errors for NMAT be reevaluated? VOSclim could help to quantify the errors. New land temperatures are available from Phil Jones. Should NCDC products be compared with these new land temperatures and used in the merger? Preparation of a new COADS product using NMAT was discussed. Definitions of the nighttime period were also discussed. COADS defines nighttime as the period between sunset and sunrise. The UK Met Office uses the period of one hour after sunset to one hour after sunrise. The UK modification was shown by David Parker to have fewer daytime heating biases than the more conventional definition. 

Recommendations: Liz Kent will help evaluate instrumental errors. It is important to digitize WMO publication 47 before 1973 to better define errors in the marine archive. The RSOI error statistics should be reevaluated by the end of 2003. COADS NMAT statistics will be added using the UK Met Office definition of night by the end of 20023.
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