CLIVAR GLOBAL DATASETS AND REPROCESSING ACTIVITIES

Introduction

CLIVAR is currently seeking to build and utilise reference datasets for climate research as part of its
Global Synthesis Evaluation Framework activity led by the CLIVAR Global Synthesis and
Observations Panel (GSOP), in association with GODAE. CLIVAROgjlobal ocean synthesis effort is
focussed around the concept and goal of @cean reanalysisOproducts that synthesize all available
ocean satellite and in situ observations by merging them with ocean models using assimilation
techniques. Ocean reference datasets and their error fields are required as input for the synthesis
efforts, but also to help evaluate, in a quantitative way, the skill, usefulness and limitations of various
synthesis and modeling approaches for climate research, as well as for analysis and monitoring

activities.

A paper (omitting Appendices) providing background to the CLIVAR/GODAE Global Synthesis
Evaluation Framework and the role of reference datasets within it is attached at Annex A.

While GSOP efforts are focussing at this point on the ocean synthesis, the next urgent step will be to
move toward coupled climate-quality synthesis as well as the initialisation of coupled forecast models
using ocean and coupled synthesis products.

Beyond CLIVAR's own needs, climate reference datasets are also required to meet wider needs for
climate information (GCOS Implementation Plan (IP), Key Action 23). In particular the GCOS IP
(section 3.5) identifies the need for analysed products for all Essential Climate Variables (ECVS).
Given CLIVAROsesponsibilities for

Table 1: GCOS atmospheric surface and ocean ECVs and WCRP/IGBP/IOCCP primary areas of
responsibility for coordination of datasets. IOCCP is the International Ocean Carbon Coordination

Project.

Domain ECV Primary lead

Atmosphere B surface ocean Air temperature CLIVAR
Precipitation GEWEX

Air Pressure

CLIVAR (but note lead activity
through OOPC below)

Wind speed & direction

CLIVAR

Surface radiation budget

CLIVAR/GEWEX in

Water vapour

CLIVAR/GEWEX in

Ocean - surface

Sea surface temperature CLIVAR

Sea surface salinity CLIVAR

Sea level CLIVAR?
Sea state CLIVAR?
Seaice Clic
Currents CLIVAR
Ocean colour (for biological IGBP IMBER

activity)

CO,, partial pressure

IOCCP/IGBP IMBER

Ocean - subsurface

Temperature CLIVAR
Salinity CLIVAR
Currents CLIVAR
Nutrients IGBP IMBER

Carbon

IOCCP/IGBP IMBER




Ocean tracers IGBP/CLIVAR?

Phytoplankton IGBP IMBER

the role of the oceans in climate within WCRP, one of CLIVAROsprimary (but indeed not sole)
concerns lies in the area of reference datasets for the ocean ECVs and those related to air-sea
exchange. These are listed in Table 1 (following those specified in the GCOS IP), with suggestions
for where the primary WCRP/IGBP/IOCCP programmes/project leads seem best to lie.

CLIVAR Reference Datasets

The CLIVAR's synthesis effort depends on the availability of various reference CLIVAR data sets and
prior information on their accuracy. As noted in Annex 1, these data sets should be high-quality data
sets that CLIVAR accepts as its standard reference observing data sets over maximum possible time
span and that will be publicly available through known data servers. These data sets, some at least
of which should form part of the heritage of CLIVAR, are especially required for the evaluation of
existing synthesis or model simulations, providing scientific motivation in the sense of item 1 of the
OPriciples for Re-Processing Climate Data RecordsO Equally important, they should be of sufficient
guality to serve as the standard high-quality data sets used in synthesis efforts. Reference datasets
of the ECVs form part of those required. Many important quantities have no direct observational
measurement. For these @lerived quantitiesO published estimates based on observational analysis
must be used as a reference (examples are: the surface fluxes and the top-300 m heat content for
global oceans and individual basins of Levitus et al. 2000, Science). CLIVAR needs to develop
guidelines for the evaluation of such datasets. A start has been made in the white paper by Josey
and Smith (2006) for surface fluxes. Each data set should be accompanied by an error field that
specifies its accuracy as function of geographic position. Ideally this error information should be
available as function of space and time scale (error covariance function). At the current time this
might be too demanding, though.

Global reference datasets specifically identified for synthesis evaluation in Annex A are:

¥ SST Fields: Reynolds or Pathfinder SST, GHRSST-PP SST Reanalysis

¥ SSH Fields: TOPEX/Poseidon and JASON-1 sea level anomaly from AVISO or PO-DAAC

¥ Time-mean sea surface topography synthesized from drifter data and T/P data (Niiler) and
GRACE data.

¥ De-tided tide-gauge data at selected stations with IB correction applied.

¥ Selected WOCE lines and corresponding times P01 (50¥N), P03 (25¥N), P04 (10¥N), P06 (30%4

S), P14 (dateline). A05 (25¥N), A16N (20¥WV). 103 (20¥8), I08N (80VE). TOGA-TAO, BATS,

HOT, and Station P time series.

Levitus climatology of temperature and salinity.

Velocity Fields: Surface drifter (Niiler), 900-m float (Davis) velocities; ADCP data.

Surface Flux fields: evaluated according to the guidelines in the white paper of Josey and Smith

(2006).
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Implicit in Annex A however are a number of other datasets including those for:

Sea surface salinity

Mixed layer depth

Top 300m, top 2000m and top to bottom heat and salt content

Other current fields in additional to those identified above (potentially 2700m, 1000m, 2000m)
Volume, heat & freshwater transports
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Requirements include the need for time-means as well as RMS and anomaly fields depending on
variable.




A full survey of the current status of global dataset reprocessing activities or plans against the current
list of ECVs and a wider list of derived variables remains to be carried out. A start will be made
through GSOP and the International CLIVAR Project Office (ICPO), identifying, against each of the
ECVs and key derived variables the current status of available datasets, the investigators/centres
responsible and current reprocessing activities/plans. This information will be posted on the CLIVAR
website. Examples of current global data processing activities that are relevant to CLIVAR objectives
for near-surface information/surface fluxes include:

1. Objectively Analyzed Air-Sea Fluxes (OAFlux) for the Global Oceans
(http://oaflux.whoi.edu/)

The project is to develop an enhanced air-sea heat flux analysis product for the global oceans
for the past 50 years. The product integrates satellite observations with surface moorings,
ship reports, and atmospheric model reanalyzed surface meteorology. The NOAA CLIVAR
Atlantic program supported the initial pilot effort in demonstrating that improved daily flux
fields can be obtained by synthesizing observational data with weather prediction models.
The current on-going 50-year global heat flux analysis is sponsored by the NOAA Office of
Climate Observations (OCO) and Climate Change Data and Detection (CCDD) through the
Cooperative Institute for Climate and Ocean Research (CICOR). The project principal
investigators are Dr. Lisan Yu and Dr. Robert A. Weller.

2. Hadley Centre observations datasets (http://hadobs.org)

Researchers at the Met Office Hadley Centre produce and maintain a range of gridded
datasets of meteorological variables for use in climate monitoring and climate modelling. The
site provides web access to these datasets. The site is run by research staff with the primary
aim of improving collaboration with fellow researchers.

3. GCOS AOPC/OOPC Surface Pressure Working Group
(http://www.cdc.noaa.qov/Pressure/)

The role of the Global Climate Observing System (GCOS) Surface Pressure Working Group
is to promote the development of long-term high-quality analyses of atmospheric surface
pressure, to recommend actions needed to ensure the quality and consistency of surface
pressure analyses based on analysis of those differences, and to promote the recovery of
atmospheric pressure data, including issues associated with data access, archiving and
maintenance.

In addition to datasets for synthesis evaluation, CLIVAR also requires reference global datasets to
provide the surface forcing for Coordinated Ocean-ice Reference Experiments (CORES). These are
provided through the merged NCEP reanalysis/remote sensing data set of Large and Yeager (2004),
which is well documented, comprehensive and, globally balanced and includes both a "normal
year" and interannually varying forcing. CLIVAR® Working Group on Ocean Model Development
maintains active review of this dataset.

GLOBAL OBSERVATIONAL DATASET ASSEMBLY

One of the tasks of CLIVAR, working through OOPC is to help establish the appropriate mix of
measurement platforms and synthesis techniques required to determine the full suite of ocean
variables, including air-sea fluxes. As part of this aim, and building on the legacy of WOCE, CLIVAR
has enlisted the support of a number of Data Assembly Centres (DACs) each dedicated to the
collection, archiving and distribution of datasets of ocean observations of a specific type. A complete
list can be found at http://www.clivar.org/data/dacs.php. Potentially these centres can provide
guality controlled ocean variable datasets for input to ocean reanalysis and reprocessing activities.

However the current major difficulty for global data assembly at the DACs is that, unlike in the WOCE



era, the CLIVAR DACs are not yet a focal point for data submission. Principal Investigators (Pls) are
encouraged to submit theirs datasets to their National Data Centres (NDCs). CLIVAR, through the
GSOP and the ICPO are addressing this issue, and coordinating the contacts between DACs and
NDCs. This issue is particularly relevant for hydrographic cruises as part of the International Repeat
Hydrography Programme, being developed between CLIVAR and IOCCP. GSOP, in association with
the CLIVAR basin panels and the IOCCP, is planning to develop synthesis activities from
hydrography cruises datasets for each of the ocean basins. The first of these activities is planned for
the North Atlantic. These synthesis activities were recommendations from the International Repeat
Hydrography Workshop, co-sponsored by CLIVAR and IOCCP, held in Shonan Village, Japan,
November 2005. The aim of these regional activities is to have a global synthesis dataset developed
from data retrieved from hydrography cruises. The role of the CLIVAR/Carbon Hydrographic Data
Office as the CLIVAR hydrography DAC will be crucial to the success of this effort.

For other data streams, e.g. moored buoys and sea level gauges, CLIVAR needs to seek
coordination with other related programmes, such as OceanSITES and GLOSS, respectively in
conjunction with the DACs.



Annex A

CLIVAR/GODAE Global Synthesis Evaluation Framework

T. Lee and D. Stammer
February, 2006

Version 2.1 (without appendices)

1. Background

The planning of CLIVAR's research builds on the existence of global ocean synthesis (often
also referred to as @cean reanalysisQ products that synthesize all available ocean
observations by merging them with global circulation models. CLIVAR needs those efforts in
particular to:

Develop an improved data base and reference data sets for climate research;

Describe the state of the time-varying ocean over the past several decades;

Quantify the interaction of the ocean with the atmosphere;

Study climate dynamics associated with the global ocean over the last several decades;
Deliver improved boundary conditions for regional/basin scale modeling and assimilation
efforts that are being planned or performed as part of CLIVAR's regional process studies
in individual basins;

¥ Facilitate the initialization of coupled models for studies and prediction of seasonal-to-
decadal variability.
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Several global ocean data assimilation products are available today that in principle can be
used for climate applications. However, underlying assimilation schemes range from simple
and computationally efficient (e.g., optimal interpolation) to sophisticated and
computationally intensive (e.g., adjoint and Kalman filter-smoother). Some of the existing
assimilation products span the period of the past several decades (e.g., the SODA product
and the on-going multi-decadal ECCO synthesis product); others cover only the period from
1992 to present. First-guess forward runs (simulations) for the assimilation should be part of
the comparison study, as should be simulation runs available from model improvement
studies performed under WGOMD and possibly from coupled modeling efforts.

In the following, a global evaluation framework will be introduced that is intended to
determine in a quantitative way the skill, usefulness and limitations of existing synthesis
approaches for CLIVAR's climate research. Such an evaluation will help identify approaches
that serve different CLIVAR needs the best, e.g., the analysis of ocean/climate dynamics
versus initialization of coupled models. At the same time, the results of the evaluation effort
that is currently being planned under the CLIVAR/GODAE umbrella to be performed during
2006, will serve as the basis for recommendations with regard to future resource planning.

Several regional inter-comparison efforts of assimilation products are being undertaken
currently under the GODAE umbrella (e.g., the MERSEA project that focuses on the North
Atlantic and the Mediterranean Sea). However, their focus is primarily on operational ocean
now-casting and forecasting. The planned evaluation effort under CLIVAR will focus on



global results and their usefulness for climate research purposes. The evaluation effort will
be based on results available from the period 1950 to present, including those that cover the
TOPEX/Poseidon and JASON-1 era.

In the following, we will describe the evaluation framework along with the reference data sets
that are to be used as the basis for a model-data comparison.

2. Proposed Global Synthesis Evaluation Framework

In order to determine the quality of existing global analysis/synthesis products and to assess
their usefulness for climate research, a concerted evaluation framework through systematic
model-data comparison is required. Such an evaluation needs to be done in close
collaboration with CLIVAR's basin panels in order to serve ongoing and planned regional
process experiments and at the same time to make maximum use of the enhanced
observations provided by them.

The overall goals of the inter-comparison of global synthesis efforts are to:

¥ Evaluate the quality and skill of available global synthesis products and determine their
usefulness for CLIVAR.

¥ Identify the common strength and weakness of these systems and the differences among
them, as well as to identify what application can be best served by what synthesis
approach.

¥ Define climate-indices and diagnostic quantities that should be produced on a regular
basis by each synthesis effort to support regional and global CLIVAR analyses and
process studies.

¥ Define and test climate-relevant indices that in the future should be provided routinely by
ongoing or planned synthesis efforts in support of the wider community.

According to its nature, the synthesis evaluation effort will have its primary focus on basin-
scale and global quantities such as global upper-ocean heat content, global meridional
overturning transport stream function and meridional heat transport. At the same time, the
global evaluation effort will also address important regional climate-relevant processes
relevant for CLIVARG basin studies.

To perform the evaluation work, individual synthesis efforts will be ask to compute quantities
and metrics from their results and make them available to the project for further evaluation.
Theses quantities will be of particular interest to CLIVAR® regional implementation panels
as they coordinate observationally intensive process studies such as PUMP
(http://www.usclivar.org/pump-index.html) in the equatorial Pacific and CLIMODE
(http://lwww.climode.org/) in the Atlantic. To have an optimal interconnect between GSOP
and the basin panels, input has been solicited from the panels with regard to the metrics for
global reanalyses and the identification of CLIVAR reference data sets (from the
perspectives of various basin panels) which is summarized in the appendices.

In the context of CLIVAR's synthesis, CLIVAR reference data sets are required for (1) the
analysis of climate processes; (2) for the evaluation of assimilation and WGOMD simulations
and (3) as data constraints input to global synthesis. Such data sets are described below
and will be discussed in more detail by GSOP white paper on CLIVAR® data needs (Legler



et al., 2006). CLIVAR reference data sets include in situ and satellite data sets, as well as
surface flux reference data sets, among others.

In the following, we will describe the proposed list of quantities that will be requested from
individual synthesis efforts. They are grouped into (a) surface forcing fields; (b) scalar
surface and subsurface products; (c) surface and subsurface currents and transports; and
(d) other climate indices. We envision that these fields obtained from existing synthesis
efforts will be evaluated against each other and against CLIVAR reference data sets. The
diagnostics will be made available to the public through the CLIVAR/GSOP web pages and
through CLIVAR/GODAE data servers.

2.1. Inter-comparison Quantities:
A. Surface forcing fields

Each synthesis effort will inevitably be run with different surface forcing fields, including wind
stress, net heat and net freshwater fluxes (including contributions from the relaxation term
and ice model, if available). For a comprehensive synthesis evaluation, those surface forcing
fields need to be compared with each other and with CLIVAR flux reference data sets.
Moreover, because filter schemes usually are associated with innovations in temperature
and salinity which in effect are equivalent to subsurface heat and freshwater sources, those
innovations need to be taken into account as well.

The forcing fields that will be requested from individual synthesis products include:

Time mean map of the net surface heat, freshwater fluxes and wind stress.

RMS variability of the same quantities and their seasonal cycle.

Interannual and longer-term variability in form of annual-mean anomaly fields.
Globally-averaged net heat and freshwater forcing over model domain.

Comparison of forcing fields with CLIVAR reference data set as described by Josey et al.
(2006).
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B. Surface and Subsurface Scalar Fields.

Daily averages of SSH and bottom pressure fields.

Time-mean and RMS fields of SSH, SST and SSS.

Annual anomalies of heat content, salinity and SSH over the period 1950 through
present.

Time-mean and RMS fields of subsurface temperature and salinity over water column.
Seasonal cycle in SSH, SST and SSS.

Time-mean mixed layer depths, its seasonal cycle and inter-annual changes.

Annual maps of top 300-m, top 2000m and top-to-bottom heat and salt content as a
function of year, longitude, and latitude.

Top 300-m, top 2000m and top-to-bottom heat and salt content integrated over global
oceans and individual basins (Pacific, Atlantic, Indian, and Southern).

Monthly mean temperature and salinity fields along standard hydrography and XBT lines.
Time mean and RMS model-data SSH and SST difference.

Time mean and RMS model-data difference relative to Levitus and to hydrography and
XBT lines.

¥ Trends in annual-mean SSH and in T, S at 200m, 1000m and 2000m depths over period
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1950 to present and 1992 to present.

C. Surface and Subsurface Currents and Transports

¥ Time-mean and monthly mean fields of u, v, and <u,v> at the surface (15m), 100m,

1000m, 2000m (TBD)

RMS of u, v, <u,v>.

Global barotropic (depth-integrated) stream function.

Monthly-mean meridional overturning transport stream function for the global ocean,

Atlantic, Indo-Pacific Oceans, as well as for Pacific and Indian Ocean separately north of

the Indonesian throughflow (south of the throughflow, the stream function is ill-defined for

the Pacific and Indian Ocean separately); as a function of latitude-depth and latitude-

density.

¥ Transports of heat, freshwater and volume meridionally for the global ocean, and
separately for the Atlantic, and Indo-Pacific.

¥ Transports of volume, heat and freshwater for Florida Current, ITF, ACC at Drake
Passage, Madagascar Current, ... (TBD)

¥ Comparison of 15m currents with drifter results (geostrophic, ageostrophic, time mean,
seasonal cycle).

¥ Comparison of time-mean and seasonal cycle with float velocities: at 1000m and 2000m
depth.
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D. Other Climate Indices

¥ 60%-60%M averaged equivalent SSH increase (i.e., bottom pressure change).

¥ Temperature, salinity, sea level and u and v profiles at TAO sites (165¥E, 140YAN, 110%
W), O¥N, at Station S (Bermuda, 32140®, 64130V), at HOTS and at Station P (50¥N,
145YAN).

SSH time series at selected tide-gauge stations and bottom pressure timeseries at
selected bottom pressure gauge locations.

Top 300-m heat content integrated over the equatorial Pacific (120¥E-80YAW, 5Y5-5%N).
NINO3, NINO4, and NINO3.4 SST index.

MOC index for Atlantic Ocean.

Hurricane (heat capacity) index in the tropical Atlantic.

#

K K K K

Intercomparison between products can highlight the common strength and weakness of
existing synthesis products. However, to better understand the differences and to facilitate
climate research, it is ideal to make available the tendencies (budgets) of quantities derived
from prognostic variables (e.g., heat content variation derived from the temperature field). It
is envisioned that, in the future, all synthesis efforts should work towards providing the
budget of key prognostic variables such as temperature and salinity.

2.2. CLIVAR Reference Datasets

The CLIVAR/GODAE synthesis evaluation study proposed here depends on the availability
of various reference CLIVAR data sets. These should be high-quality data sets that CLIVAR
accepts as its standard reference observing data sets and that are publicly available through
known data servers. Those data sets are required for the evaluation of existing synthesis or
model simulations. Equally important, they should also serve as the standard high-quality



data sets used in synthesis efforts. On the other hand, many derived transport quantities or
other climate indices have no direct observational equivalent. In those cases, published
estimates based on observational analysis will be used as a reference (e.g., top-300 m heat
content for global oceans and individual basins by Levitus et al. 2000, Science).

Examples include:

¥ SST Fields: Reynolds or Pathfinder SST, GHRSST-PP SST Reanalysis

¥ SSH Fields: TOPEX/Poseidon and JASON-1 sea level anomaly from AVISO or PO-
DAAC

¥ Time-mean sea surface topography synthesized from drifter data and T/P data (Niiler)
and GRACE data.

¥ De-tided tide-gauge data at selected stations with 1B correction applied.

¥ Selected WOCE lines and corresponding times P01 (50¥N), P03 (25%¥N), P04 (10¥N),

P06 (30%8), P14 (dateline). A05 (25¥N), A16N (20¥WV). 103 (20¥S), 108N (80¥E).

TOGA-TAO, BATS, HOT, and Station P time series.

Levitus climatological of temperature and salinity.

Velocity Fields: Surface drifter (Niiler), 900-m float (Davis) velocities; ADCP data.

Surface Flux fields: as defined by white paper of Josey and Smith (2006).
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3. Participating Groups and Relation to Other Activities

Participating synthesis groups could include several of the following ongoing activities:

¥ ECCO (Estimation of the Circulation and Climate of the Ocean) (US)
¥ GECCO (German Estimation of the Circulation and Climate of the Ocean)
¥ SODA (Simple Ocean Data Assimilation) POP (US)

¥ GFDL/NOAA (US)

¥ NCEP/NOAA (US)

¥ HYCOM (US) GMAO/GSFC (US)

¥ ECMWF

¥ INGV/ENACT

¥ CERFACS-LODYC/ENACT

¥ UK Met Office

¥ MERCATOR

¥ MOVE-G

¥ K-7

¥ BlueLink

The proposed time line for this effort is to solicit input from the above groups in the next six
months. A first workshop is being planned for the August/September 2006 time frame where
first, selected results will be presented and discussed. At the same time, GSOP will
interface with WGOMD and GODAE to determine how ongoing ocean assimilation and
ocean model inter-comparison activities could be better coordinated. Participating groups will
be asked to produce the products suggested above. GSOP, in coordination with GODAE,
the synthesis groups, and the CLIVAR regional panels, will lead the overall planning and
coordination of the synthesis evaluation, including identifying CLIVAR reference data sets
and developing an agreed-upon set of diagnostic fields and metrics. The CLIVAR GSOP will



lead efforts to synthesize the results and make recommendations based on the outcome.

The proposed global model-data comparison will capitalize on the experiences of regional
GODAE model inter-comparison efforts such as MERSEA. It will also benefit from the
experience of the ENACT effort of assimilation system assessment that had a somewhat
similar objectives and approach. Significant leadership is required to combine all information
into a coherent analysis from which an unambiguous conclusion can be drawn with respect
to CLIVAR support and required resources. GSOP will take a lead in this effort. However, a
proper CLIVAR community involvement is required to reach the goals of the effort.






