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FY07 Progress Report and FY08 Plan

Introduction

The development of new climate reanalysis data sets and of the capability to deliver explanations of the causes for observed climate variability and change represent key NOAA contributions to the CCSP goal of "Improving Knowledge of the Earth’s Past and Present Climate and Environment, including its natural variability, and improve understanding of the causes of observed variability and change." This activity supports NOAA’s Mission Goal to “Understand climate variability and change to enhance society’s ability to plan and respond.”  This program is required to deliver the reference data set for verification and calibration of prediction components, which are crucial for meeting NOAA’s GPRA Performance Measure for "U.S. Seasonal Temperature Forecast Skill.", and provides the mechanism for ingesting and assimilating all GEOSS data sources into an official historical reference system, which replaces a system using 15 year old technology. 

NOAA is the lead agency responsible for monitoring and predicting climate variability over the globe extending from daily, monthly, seasonal and longer time scales.  A key requirement for meeting NOAA’s responsibility is the availability of historical analysis (also referred to as reanalysis) for the ocean and the atmosphere.   Reanalysis is crucial for monitoring climate variability and its trends.  At the same time, reanalysis, by providing a comprehensive spatial and temporal depiction of the state of the climate system, is also essential for improving seasonal prediction and validation activities.  The proposed work with ensure that NOAA has the capacity to provide global climate analyses that are required to describe major features of 20th Century climate and the capacity to address the causes of observed regional climate variations that are crucial to informing policy decisions. Advances in models, improved data assimilation methods, and new data sources make it desirable and feasible for NOAA to develop and continually update global reanalyses datasets.  The new satellite era reanalysis will be a major advancement for the US climate community, replacing the first generation reanalyses (based on mid-1990’s models) which lacked adequate spatial resolution and contained known deficiencies, limiting usefulness of the data for identifying climate trends and assessing causes of observed change. The synergistic importance of climate renalysis and attribution is underscored in the March 3, 2008 two page NOAA vision document ‘Toward a National Climate Service’ where ‘Analysis and Attribution -- Provide improved understanding of climate conditions and better explain the causes of major events such as droughts, changes in frequency or intensity of extremes, and polar ice changes.” is identified as one of three new efforts NOAA will pursue.

Benefits of Reanalysis 

Reanalysis: A state-of-the-art reanalysis capability is fundamental a) to improving our capacity to describe the evolution of the climate system on an ongoing basis, b) to providing an improved baseline assessment of the climate system, and c) to advancing seasonal to decadal climate predictions. The various climate analyses will serve as a basis for informing policy and decisions related to global and regional climate variations and change and support a diverse array of practical applications in agriculture, energy, and other economic sectors, as well as management of water, ocean, and other environmental resources. The resulting capability will allow NOAA to provide useful guidance to nation on the climate related changes in local environments. The resulting reanalysis products will be a powerful tool for managers to manage climate-related risk at all levels of government and industry. Without systems such as this the nation will be “flying blind” in a time likely to be characterized substantial change in the local earth system. It is becoming increasingly difficult to find major areas of meteorological research for which reanalysis data have not been used in some fashion, including: climate change detection research, identification and description of modes of climate variability, studies of climate extremes, and assessments of climate predictability.  For example the initial overview paper on one of the first-generation reanalysis data sets produced in the U.S., Kalnay et al. (1996), has been cited over 5,300 times in the peer-reviewed literature.

FY2007  Results and Progress

Efforts in the previous year focused on developing a collaborative partnership across three NOAA line offices (NWS, NESDIS, OAR) to coordinate the integration of observations, research, and operational prediction activities to develop improved climate reanalyses and attribution capabilities.  Conference calls approximately bimonthly were used to coordinate the staging and priority setting of the NWS, NESDIS, OAR activities with efforts focused on ensuring the production of new and improved input datasets for use in the production of the historic and satellite era climate reanalyses, and on ensuring experimental attribution products would be able to provide a coherent suite of explanations of climate conditions and high impact extreme events.  One of the biggest coordination challenges was developing a robust plan for the archiving and storage of the large amount of data that will be generated from the CFSRR. Other challenges include the cross-line preparation of input data stream for the both the satellite era CFSRR and for the 20th century spanning historic reanalysis, and the cross-line orchestration of multimodel super ensemble modeling and analysis to explain high profile climate trends and extremes.  To ensure that NOAA meets the reanalysis needs of the nation, an external advisory panel composed of scientific stakeholders outside of NOAA was formed to provide guidance to the ECIP program on how to prioritize future reanalysis activities.

Reanalysis Activities

NCDC has focused on augmenting two existing global-scale in situ databases for use in future reanalyses.  The first is the Integrated Surface Database (ISD), which contains hourly synoptic data.  NCDC and NCAR have prepared an inventory of new high-priority datasets for inclusion in ISD and four new datasets (from Australia, Brazil, Greenland, and Mexico) have been integrated into ISD.  The second is the significant international project to identify, retrieve, digitize, and quality control sub-daily pressure data from around the world and archive it in the International Surface Pressure Databank (ISPD), which is planned for completion by NCDC/ESRL in February 2008. ISPD will support the current ESRL 20th Century and the developing North Atlantic-European 200 to 250-year ACRE (Atmospheric Circulation Reconstructions over Europe) Reanalysis Projects.

At EMC, the CFSRR team has completed 20 data impact studies (using T62L64 atmospheric only data assimilation system), six satellite radiance bias correction spin up runs (using T382L64 atmospheric only data assimilation system), and the six-month full-resolution spin ups for three of the four streams (using full resolution fully coupled data assimilation system). Teaming up with the CPC team, critical diagnostics of the runs have been done and many mistakes have been corrected. As the spin up runs are meant to provide fully adjusted land and ocean state to match the end of the other streams, we feel that minor errors are not critical to this effort and use the runs to debug the system.  We have made extensive efforts to obtain additional data not in our archive (reprocessed aircraft and satellite wind data from JMA and ESA). We have also obtained additional tropical storm information from TPC. These satellite radiance tests and the additional data were a critical enhancement to the CFSRR effort.

Climate Prediction Center developed a CFSR monitoring capability that allows comparison of the CFSR against existing reanalyses, specifically, NCEP/NCEP R1, NCEP/DOE R2, and the ERA40.  The CFSR monitoring efforts also include comparison against some observational datasets (e.g., CMAP rainfall; SRB shortwave and longwave radiative estimates etc.).  The CPC monitoring package will allow real-time assessment of the CFSR analyzed quantities in stratosphere, troposphere, surface, and ocean, and will be able to alert the relevant EMC personnel if consistent, or abrupt, deviation from the past reanalysis and observational data are found.

Taking advantage of the NCDC efforts to augment existing digital sub-daily pressure data, ESRL’s 20th Century Reanalysis Project has completed 6-hourly gridded analyses for the period 1918-1949, adding an additional 30 years of data to existing reanalysis datasets.  Final adjustments were made to ensemble data assimilation system not to automatically reject surface pressure values associated with the propagation of tropical cyclones as tests were made of operational NCEP Climate Forecast System atmospheric model on 1940s data. The historic reanalysis was then implemented in phases for 1938-1949, 1925-1937, 1918-1924 reanalyses with daily 72-h forecasts. All of the same fields available in the NCEP-NCAR Reanalysis have been archived, plus additional fields that can be used to estimate the uncertainty in the analyses.

The quality of the reanalyses was assessed by comparing forecasts to surface and upper-air observations, and comparing the reanalysis to radiosonde data from select European sites.

NCDC also organized a cross-line NOAA Reanalysis User Needs town hall meeting at the Annual Meeting of the American Meteorological Society in New Orleans on January 21, 2008.  The purpose was to solicit user input into how the CFSRR and other reanalysis efforts would be service, and to explain how NOAA plan to make available and distribute reanalysis datasets.  One of the major suggestions was to write an article for EOS describing the NOAA effort and soliciting wider user feedback.

FY08 Workplan

A critical component of this work will be to expand on the collaborative partnerships across three NOAA line offices (NWS, NESDIS, OAR) in coordinating the integration of observations, research, and operational prediction activities to develop improved climate reanalyses and implement an experimental climate attribution capability. Periodic PI meetings and focused team meeting will continue to ensure that target dates for the production of new and improved input datasets and production of the historic and satellite era climate reanalyses remain in synch.  These cross LO synergistic activities are helping NOAA to develop a national capacity to produce consistent and continually updated state-of-the-art climate analysis data sets; to develop experimental attribution products providing explanations of the state of the climate system; and to advance understanding and predictions of climate extremes for proactive decision-making. 

Proposed FY08 Reanalysis Activities

In July, 2008, the external reanalysis advisory panel will meet to help NOAA develop a science plan for determining future priorities for reanalysis activities.  The cross-LO team will work with the research and user communities to prioritize reanalysis output for archive and access due to resource limitations and will communicate this information via an EOS News article and a NOAA reanalysis website

Dataset development work at NCDC will focus on the initiation of work on a new version of the Integrated Global Radiosonde Archive (IGRA) in February 2008.  Work will continue on the Satellite Heritage Diagram as a part of NCDC’s Scientific Data Stewardship initiative beginning in northern Spring 2008.  NCDC will initiate the development of processes for long-term community input and coordination that will realize an “on-going  analysis of the climate system”
Efforts will be made to development of a coherent strategy to merge proposed datasets and who will maintain them and how, and define what quality control methods will be used (i.e., homogeneity adjustments, etc.).  Develop a clear understanding of how the new rescued and quality controlled land, marine, radiosonde, and satellite data products being produced by NCDC are being incorporated by NCEP into the CFSRR and the ESRL historic reanalysis.  Working closely with NCEP, NCDC will finalize plans for the storage, access and archiving of the next generation reanalysis.

Reanalysis work at NCEP/EMC will focus efforts on implementing the current CFS reanalysis and laying the groundwork for the future reanalysis efforts. The CFSRR will be run as four parallel analysis streams of comparable lengths. In preparation for the running these four CFSRR analysis streams, up to twenty data impact studies will be performed using T62L64 atmospheric-only data assimilation system, approximately six satellite radiance bias correction spin up runs will be made using T382L64 coupled data assimilation system, and three six-month overlap periods for all but the first of four analysis streams will be made using T382L64 coupled data assimilation system to allow the land and ocean state to equilibrate (the earliest analysis stream will spun up slightly differently). Working closely with the CPC team, critical diagnostics of these spinup runs will be made and identified mistakes corrected. Since the overlap runs are meant to provide fully adjusted land and ocean states to match the end of the other streams, resulting minor errors are not expected to be critical to the overall effort and will be used.  Once this initialization phrase is completed, NCEP will be prepared to initiate the full CFSRR will be started with the full complement of reanalysis and reforecast data saved and archived with an expectation that the first 10 years of CFSRR will be completed before the end of FY08.

Reanalysis work at NCEP/CPC continue to provide extensive support for the CFSR monitoring in real-time that was initiated in FY07.  A second activity will be to assess the possibility of providing monitoring for the ESRL’s surface based reanalysis, and provide a monitoring effort similar to that developed for the CFSR. A third activity will be to prepare a plan for implementing a next-generation post-World War II reanalysis using much improved input data streams and a state-of-the-art coupled climate model.

FY08 Plan 

A top priority in FY80 for reanalysis computer infrastructure support is implementing the archival and storage strategy that has been jointly developed by NCDC and EMC to handle that dataset produced from the CFSRR. The four PIs would like to invest the ECIP funding for computer hardware to implement the proposed strategy of 1) EMC writing out the data to HPSS tapes for NCDC, in real time, when the CFSRR is on production mode, 2) placing a small server here to stage the CFSRR data from the HPSS tapes and 3) fund Raytheon (or others) to stage the data from the NCEP HPSS tapes to the server. 

The ECIP four PIs had a long discussion on how to best invest the of CPO competitive research funding for FY08.  We urge CPO to invest to support the effort to address one of the highest priorities coming out of the reanalysis working group meeting at the end of August, 2008, and extend the daily OI SST data back as far as possible prior to 1985.   The full proposal was submitted to CPO a number of months ago (see summary below).

Extending the Pathfinder SST V5 fields to include NOAA-7 1981-1984

Period of performance 1/1/2008-12/30/2009 

CoPI’s : Robert Evans and Katherine Kilpatrick. University of Miami/ RSMAS

The joint NOAA/NASA Pathfinder SST project has the goal of creating the longest, highest

resolution, and most accurately quantified SST climate data record from space. The currently

available Pathfinder SST dataset, versions V, extends over 2 decades from 1984-present.

Extending this climate data record back to 1981 by the addition of NOAA-7 should be a valuable

resource to both the science community and environmental managers. As the first AVHRR

sensor NOAA 7 has some unique challenges that must be addressed while creating Pathfinder

SST fields. These challenges consist of A) determining algorithm coefficients and cloud tests

from a sparse dataset of in situ buoy and satellite matchups and B) identifying an appropriate

reference for use as the first guess SST.

The ECIP four PIs suggest for CPO competitive research funding for FY08 be used to fund the external reanalysis and attribution advisory panels.  The top priority for investing the balance CPO competitive research funding for FY08 should be to support participation in and development of experimental products and services for the emerging experimental climate attribution program.  One mechanism CPO may want to consider to fund this activity would be to use a similar funding mechanism to the RISA coping with drought solicitation but broaden the call to include both RISA and CDEP ARCs (see Appendix A).  

Looking to FY09, the ECIP four PIs encourage CPO to figure out a way to use the competitive research funds to support a CFSRR user group through small (~$30K) projects to evaluate the CFSRR dataset and provide feedback to NOAA on the strengths and limitations of this reanalysis based on investigation of climate features of interest to the individual investigators.  NOAA partnering with NSF to fund the CMIP proposals and then the DRICOMP proposals are two good examples of this approach and success of these small focused projects to involve a broad spectrum of the research community in evaluating large climate model datasets.
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