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Overall Summary

The Climate Change Science Program (CCSP) hasidentified the critical need for the federa
government to begin ddlivering regular reports documenting the present sate of the climate
systern components. Y et an observing system does not presently exist that is capable of
accurately documenting climate variability and change in the Earth’ s oceans, atmosphere,
cryosphere, and land surface. Through this program plan NOAA will develop the infrastructure
necessary to build, with national and internationa partners, the ocean component of aglobal
climate observing system and to ddliver regular reports on the ocean’ s contribution to the state
of the dimate and on the adequacy of the observing system.

1.0 Base Program

1.1 Key activitiescurrently carried out by NOAA for thisstrategy area: Over the past
decade NOAA has worked with nationd and internationa partners to begin building a sustained
global ocean system for climate, focusing first on the tropica Pacific, expanding to the Atlantic,
and promoting future research in the Indian Ocean. It is now well understood that documenting
and forecadting climate will require continuous measurements from space adong with the
ingrumenting of the entire globa ocean. The present internationd effort is about 45% of what
will ultimately be needed for the global sysem. NOAA presently maintains gpproximately 60%
of the in situ networks and 30% of the space components and is committed to the god of
providing at least 50% of the composite system over the long term.

The exigting foundation is comprised of eleven complementary in situ, space based, data and
assmilation subsystems: 1) Globa Tide Gauge Network; 2) Globa Surface Drifting Buoy
Array; 3) Global Ships of Opportunity Network; 4) Tropical Moored Buoy Network; 5) Argo
Profiling Float Array; 6) Ocean Reference Stations; 7) Coastal Moorings, 8) Ocean Carbon
Monitoring Network; 9) Dedicated Ship Operations, 10) Satellites for Sea Surface
Temperature, Sea Surface Height, Surface Vector Winds, and Ocean Color; 11) Dataand
Assmilation Systems and their products? (the Globa Ocean Data Assimilation Experiment —
GODAE). The sysem designisillugrated in Figure 1. Thisisan internationd effort. NOAA's
plan includes a twelfth dement — 12) System Management and Product Delivery — to focus
program resources on answering the nation’s highest priority policy- and economicaly-relevant
questions. In addition, complementary atmaospheric observations and anadyses, including
precipitation and radiation, aswell asaglobad anayss of winds usng satellite and surface data
help complete the system.



The plan is being advanced via matrix management within the NOAA Climate Program.
Implementation of the in Stu networks is through distributed centers of expertise a the NOAA
Research laboratories, the National Ocean Service Center for Operational Oceanographic
Products and Services, the Nationa Data Buoy Center, and the univergity laboratories that have
developed the instruments and techniques. The space components are centered in the National
Environmentd Satellite, Data and Information Service; the space components are being
advanced via other NOAA program planning; they are noted here because of their centrd role
in globa observation but they are not detailed in thisplan. The foca point for developing globd
ocean data assmilation cagpabilitieswill be the Geophysica Huid Dynamics Laboratory in
partnership with the Nationd Centers for Environmental Prediction and university-based applied
research centers. The system management functions are focused in the Office of Globa
Programs.

1.2 Matrix document showing key activitiesand current status. lllugrated in Figure 2
and detailed below in Section 6.

1.3 Current out-year performance measuresbased on current funding levels. The
performance measures are given in Section 5. At current funding levels the out-year
accomplishments will be frozen at the ddliverablesindicated for FY 05.

1.4 Current budget for each of the major activities (FY 2004 ):

Tide Gauge Network $1.7M
Drifting Buoy Array $2.8M
Tropical Moored Buoy Network $4.2M
Ships-of-Opportunity Network $4.1 M

Argo Array of Profiling Hoats $10.9 M

Ocean Reference Stations $3.8M
Ocean Carbon Monitoring $29M
Integrated Arctic Observing Sysem  $2.6 M
Dedicated Ship Time $10.7 M

Daa and Assimilation Subsystems $4.6 M
Management and Product Delivery  $2.4 M
$50.7 M

2.0 Statement of Need

The Second Report on the Adequacy of the Global Observing System for Climate in
Support of the UNFCCC concludes “there has been progress and improvement in the
implementation of globd climate observing systems since the first report, especidly in the use of
satellite information and in the provision of some ocean observations. At the sametime, the
Report notes that the globd terrestrid networks remain to be fully implemented; the ocean



networks lack globa coverage and commitment to sustained operations; and the atmospheric
networks are not operating with the required globa coverage and qudity. The Report
concludes, in agreement with the IPCC, that there remain serious deficienciesin the ability of the
current globa observing systems for climate to meet the observational needs of the UNFCCC.
...Without urgent action to address these findings, the Partieswill lack the information necessary
to effectively plan for and manage their response to climate change.”

The Report goes on to note “new technology developed and proven by the ocean climate
programs of the 1990s has dlowed the ocean community to design and commence
implementation of an initia ocean climate observing system that iswell focused on the
UNFCCC needs. Thefirgt priority isthe full implementation of this syslem together with its
associated data, analysis and product capabilities.”

This program plan isfounded on the internationa design noted in the Report; it isillugtrated in
Figure 1. Other requirement driversinclude the CCSP Strategic Plan expressing need for
“complete global coverage of the oceans with moored, drifting, and ship-based networks,” and
the OCEAN.US Implementation of the Initial U.S. 100S specifying “the highest priority for
the globa component of the IOOS is sustained, globa coverage.” NOAA'’s contribution to the
commencement of globa implementation is represented in the current program budget and the
progressto date isillustrated in Figure 2. Implementation of this program plan will demondrate
to the world community that the United States isintent on taking immediate action to address
the Report findings, iswilling to play aleadership role in achieving globa coverage of the ocean
networks, and is committed to sustained operations.

2.1 Program Office requirementsto be met: The NOAA Office of Globa Programsis
organized around four strategic objectives. 1) Development of an Earth Syslem Model for
climate change projections at GFDL ; 2) Improvement of NWS operationa seasond to
internationd dlimate forecasts; 3) Development of the in Situ ocean component of the global
climate observing system; and 4) Development of decision support tools. This plan describes
the program for mesting the third objective.

2.2 Input from NOAA leader ship, internal councils, and crosscut teams related to this
strategy: VADM Lautenbacher has announced as one of histop priorities the building of a
globa climate observing system, particularly the ocean component. The NOAA Council on
Long Term Climate Monitoring (CLTCM) has prioritized elements of ocean observation for
their feashility, impact and timeiness for reducing uncertainty in the role of the ocean in dimate
variability and change. A cross-cut team has been established in response to the
recommendations of the NOAA Performance Review for developing an observing system
architecture that will 8) determine the adequacy of the state of the system today and in the
future; b) address utilization of the data and archiva; and ¢) consder other systems aswell.
This program plan is directed toward achieving VADM Lautenbacher’ s vision, the priorities of
the CLTCM, and the three aspects of the observing system architecture for ocean climate.



2.3 External constituent input related to the strategy area: In 2001 the U.S. GOOS
Steering Committee conducted aforma review of the 2001 version of this program plan. The
review pand included internationa representatives of the I0C, IGOS, CLIVAR, WOCE,
OOPC, GODAE, and JCOMM aswell as partner agencies within the United States— NASA
and NAVOCEANQO. The seven summary recommendations of the review are pargphrased
below.

1. Strong overall support for the plan. U.S. GOOS urged NOAA to implement the plan
with the following additiona recommendations.

2. The need for amanagement plan — An effort of the proposed magnitude must be
integrated, organized, and managed as a system in order to be effective. The
management plan should define an orderly decison making process with management
accountability that is understood by other agencies and by customers. A single NOAA
point of respongbility and authority is very desrable. Sections 7.0-7.7 achieve this

recommendation.

3. The need for adata and information management budget. Section 6.11 achievesthis
recommendation.

4. Theneed for improved ocean products — evaluation and delivery. Section 7.6 achieves
this recommendation.

5. The need for trangtion to operations of precison atimetry. Section 6.10 achievesthis
recommendation.

6. The need for ocean carbon monitoring to be better defined. Section 6.8 achievesthis
recommendation.

7. The need to ded with dedicated ship timeissues. Section 6.9 has been revised to
achieve this recommendation.

2.4 Relevant Congressional input or guidancerelated to the strategy area: The FY03
Senate Committee on Appropriations Report “reaffirms its support for the establishment of an
integrated, interagency ocean and coastal observing system ... and requests the submission of a
plan to implement such asystem.” The Nationd Oceanographic Partnership Program’s
Ocean.US office is responding to this Congressional request on behaf of the contributing
agencies. The climate system detailed below forms the nucleus of the globa component of the
U.S. Integrated Ocean Observing System.

2.5 Known impediments (legal, fiscal, policy) towar ds achieving perfor mance tar gets
and objectives: None.

3.0 Program I nitiative

3.1 Overall strategy for addressing deficiencies outlined in the Statement of Need
Section. The drategic gpproach underlying this program plan is asfollows:
Build the long-term ocean component of the observing system in the context of a
comprehensive, multi-year, climate servicesinitiative. Improved marine and coastal
forecast services will be immediate byproducts.



Set a 2000-2010 timeline for phased implementation.

Establish accountability by defining specific objectives and performance measures.
Define an “initid observing system design” that will accomplish the objectives and
performance measures. dentify annua milestones to complete the initid system over
the ten-year time line. Emphasize thet theinitid desgn is our best guess & thistime— it
must be evolutionary as knowledge and technology advance.

State the obvious — aglobd observing system cannot be built with existing budgets.
Edimate the annua funding needed to achieve the identified milestones. Edtimate that
NOAA will implement about 50% of the globd system.

Work with nationa and international partners to achieve 100%.

Although NOAA’s marine and coadta services and the mission services of the other agencies
and nations will benefit from this plan, and are congdered throughout, accomplishing NOAA's
climate mission is the fundamentd driver. The scientific foundations come from the Climate
Variability and Predictability Program (CLIVAR), the Carbon Cycle Science Program, and the
Globa Water Cycle Program. It is not the intent of the plan to provide dl of the observations
needed by these programs but to provide a basdline observing system, to be sustained over the
long term, that can be built upon where needed to answer specific questions. This basdine
system looks for efficiencies to be gained by utilizing common platforms/stes/data infrastructure
for severd objectivesin pardld, and seeks to foster a system approach to effective internationd
organization of complementary in Stu, satdlite, data, and modeling components of climate
observation.

Priorities for implementation are now in place based on the concept of extending the building
blocks that have aready been put in place, and on the internationa plan drafted by over 300
scientists from 26 nations that met in Saint Raphaedl, France, October 1999, at the
OCEANOBS 99 Conference for design of The Ocean Observing System for Climate.
Again, this NOAA plan does not seek to implement al aspects of the Saint-Raphael system, but
only those base-line components needed to meet the design objectives (see Section 4.2), and
those for which NOAA should expect to have primary mission responghility in the United
States.

3.1.1 NOAA context: This plan supports NOAA'’s srategic god to monitor and observe:
“NOAA will invest in needed climate quality observations and encourage other nationd and
internationd investments to provide a comprehensive observing system in support of dimate
assessments and forecasts.”  The plan details how NOAA will achieve one ement of that
drategic god — implementation of the sustained in Stu ocean component of the climate
observing system.

3.1.2 Interagency context: The observationa objectives of NOAA'’s climate program and
those of the CCSP are essentidly identica and the ocean observing system architecture detailed
below will be implemented by NOAA within the framework of, and as an element of, the
CCSP. At the same time the observing system must be advanced in support of climate



sarvices, it must aso be advanced in response to a nationa demand for the ocean agenciesto
coordinate implementation of an U.S. contribution to the globa ocean observing system. Itis
recognized that an effective globa ocean observing system can be achieved only through
continuing interaction among al nationd (and internationd) partners. In this context, NOAA will
provide a sgnificant contribution to the globa component of the Integrated Ocean Observing
System. Implementation will be coordinated with the Nationa Oceanographic Partnership
Program agencies, just asal of NOAA’s climate observation and research activities have been
coordinated through the U.S. Globa Change Research Program for the past decade.

3.1.3 International context: The observationa component of climate services has by far the
greatest opportunity and necessity for internationa collaboration. A global observing system by
definition crosses internationa boundaries and the potentid exists for both benefits and
responsibilities to be shared by many nations. The system described below is based on the
internationa design of, and isan U.S. contribution to, The Ocean Observing System for
Climate (Sant-Raphael, France, 1999). The observing system projects that make up the
climate component have been developed, and will continued to be evolved, organized and
managed, in cooperation with the internationa implementation panels of the Joint |IOC/WMO
Technica Commission for Oceanography and Marine Meteorology (JCOMM), and with
scientific guidance from the GCOSGOOSWCRP Ocean Observations Pand for Climate
(OOPC).

3.2 Proposed out-year performancetargets. See Sections5.0-5.4.

3.3 Discussion of individual investments necessary to address shortfalls: Givenin
Sections 6.0-7.7.

3.4 ROM cost and schedule for each investment: Dealsgivenin Table2. Summary:

FY03 FYO4 FEYO5 FEY06 FEYO7 FYO08 FEY09 FEY10

System annual
operating cost ($ M) 352 412 592 981 1257 1393 1426 1445

4.0 Program Goal and Objectives

4.1 Goal

The god of thisplan isto build and sustain the ocean component of agloba climate observing
system that will respond to the long-term observationd requirements of the operationa forecast
centers, internationa research programs, and mgjor scientific assessments.

4.2 Objectives



The ocean isthe memory of the climate system and is second only to the sun in effecting
variability in the seasons and long-term climate change. It is estimated that the ocean stores
1000 times more hegat than the atmaosphere, and 50 times more carbon. Eighty percent of the
precipitation that waters our Earth comes directly from the ocean. Changing sealeve is one of
the most immediate impacts of climate change. Additiondly, the key to possible abrupt climate
change may lie in degp ocean circulation.

Accordingly, the objectives of the sustained ocean observing system for climate are to:
1) Document long-term trends in sealevel change;
2) Document ocean carbon sources and Sinks;
3) Document hesat uptake, trangport, and release by the ocean; and
4) Document the air-sea exchange of water and the ocean’ s overturning circulation.

Thisimplementation plan will provide acomposite globa ocean observing system of
complementary networks that includes: 1) deployment and maintenance of observationd
platforms and sensors; 2) data ddlivery and management; and 3) routine delivery of ocean
andyses. This end-to-end ocean sysem will provide the critica “up-front” information needed
for climate forecasting, research, and assessments — continuous, long term, climate quality,
globd data sets and a suite of routinely ddlivered ocean andyses. At the same time, the system
will provide red-time data to serve the needs of NOAA’s marine and coadta forecast missons
and the needs of the other agenciesin accomplishing their missons.

5.0 Performance M easur es

In order to achieve the four objectives, the sysem must accurately measure: 1) sealevd to
identify changes resulting from dimate variability; 2) ocean carbon content every ten years and
the air- sea exchange seasondly; 3) sea surface temperature and surface circulation to identify
sgnificant patterns of climate variability; 4) sea surface pressure and air-sea exchanges of hest,
momentum, and fresh water to identify changesin forcing functions driving ocean conditions and
atmospheric conditions; 5) ocean heat and fresh water content and transports to identify where
anomalies enter the ocean, how they move and are transformed, and where they re-emerge to
interacting with the atmosphere; 6) identify the essentia aspects of thermohaine circulation as
wel| as the subsurface expressions of the patterns of climate variability; and 7) seaiice thickness
and concentrations.

The sampling requirements for these parameters have been documented by internationd GOOS
and GCOS. Table 1 lists the requirements as presented at the OCEANOBS 99 Conferencein
Sant-Raphadl, France. It represents the best estimates of the international community at this
time.

The Proceedings of OCEANOBS 99 and the find report from the conference, Observing the
Ocean in the 21% Century, outline implementation strategies for achieving these sampling
requirements. Additiondly, for documenting sealeve variability and change, the implementation



drategy isfurther defined in the International Sea Level Workshop Report, 1998; and for
documenting ocean carbon sources and sinks the implementation strategy is defined in the
Large Scale CO, Observing Plan: In Stu Oceans and Atmosphere (LSCOP), 2002. The
latter plan isfor the United States only at thistime, but was developed by U.S. scientists
working in collaboration with internationd partners. The internationa community met in Paris,
January 2003, to advance internationa implementation of the ocean carbon monitoring system
and the United States contribution will be updated as the internationa plan isformulated. These
foundation documents are available from the NOAA Office of Globa Programsand arelisted in
Appendix A.

Based on the requirements in Table 1 and the implementation strategies defined in the
foundation documents listed in Appendix A, the system’ s effectiveness in meeting the objectives
will be gauged by the performance metrics listed below. Detailed metrics are given for each
objective in sections 5.1-5.4. Those detailed metrics will lead to a system that can be
summarized in three overarching measures of success:

Performance Measure 1: Reduce the uncertainty in projections of sealeve rise during the 21%
century.
Metric: Range between credible estimates of sealeve rise (centimeters):
2002 2003 2004 2005 2006 2007 2008 2009 2010
80cm 80cm 70cm 60cm 50cm 40cm 30cm 25cm 25cm

Performance Measure 2: Reduce the uncertainty in estimates of the increase in carbon
inventory in the globa ocean.
Metric: Uncertainty in estimates of anthropogenic changer per decade (Gigatons):
2002 2003 2004 2005 2006 2007 2008 2009 2010
10Gt 10Gt 10Gt 8Gt 8Gt 7Gt 6Gt 4Gt 4Gt

Performance Measure 3. Reduce the error in globa measurement of sea surface temperature.
Metric. Potentid satdllite bias error (degrees Cesius):

2002 2003 2004 2005 2006 2007 2008 2009 2010

0.7C 07C 06C 05C 04C 03C 02C 02C 02cC

5.1 Document long-term trendsin sea level change.

Performance Measure 4: Complete the ingtdlation of red-time, remote reporting tide gauges
and co-located permanent GPS receivers a the international GLOSS subset of 62 stations for
Long Term Trends and subset of 30 Sations for dtimeter drift calibration.

Performance Measure 5:  Establish the permanent infrastructure necessary to process and
andyze the tide gauge and GPS data and deliver routine annud sealeve change reports.

Metrics.



For 62 climate reference stations worldwide, routingly ddliver an annud report of the
vaiaionsin relative annua mean sealeve for the entire length of the instrumentd
record, and the monthly mean sealevel trend for the past 100 years with 95%
confidence interval.

Routingly deliver an annud report of globa absolute sealeve change to an accuracy of
1 mm per year.

5.2 Document ocean car bon sour ces and sinks.

Performance Measure 6: Complete the Northern Hemisphere ocean observing system to assist
in determining carbon dioxide sources and sinks over the coterminous United Statesin
partnership with the atmospheric observing system.

Performance Measure 7: Complete the expansion of the globa oceanic observing system to
inventory globa scae oceanic uptake of excess carbon dioxide in partnership with the
atmospheric observing system.

Metrics:
- Report interhemispheric gradients of CO, constrained to 1 ppm on seasonal time scales.

Improve measurements of North Atlantic and North Pacific Ocean basin carbon

dioxide fluxes to within £0.2 Pg/C per year.

Reduce uncertainty on regional estimates of carbon sources and sinks on a globa basis

to £50%.

Report the change in ocean carbon inventory over the last decade congtrained to 2

Pg/C per year.

Provide publicly available, routine changesin inventory of carbon, heet, and dinity in

the ocean basins on a decadd time frame to assess the effect of globa change and

feedbacks on the ocean

5.3 Document the ocean’s storage and global transport of heat and fresh water.

Performance Measure 8. For the gobal ocean, complete the ocean observing system needed
to measure the globa variations in sea surface temperature, surface and 2000 m circulation,
total heat content of the ocean, and the transport of heat across and between dl ocean basins.

Performance Measure 9: Desgn, deploy, and implement instrument and andysi's sysemsto
provide long term integrated measures of the globa thermohdine circulation and ddiver yearly
esimates of the gtate of the thermohaline circulation - intensity, properties, freshwater transport.

Metrics.
At ocean reference ations, deliver routine annud anayses of variability in average



temperature at 0-1000 m depth to 0.1°C, and seasond average temperature change to
0.1°C per three months.

Deliver anadyses of the seasond means of the surface and 2000 m ocean velocity fidds
on gppropriate spatid resolutions that capture the major features of the overturning
circulation for dl the core climate variability regions (the globd tropics, Pacific Decadd
Oscillation, North Atlantic Oscillation, high latitude water mass formation regions both
northern and southern hemispheres).

Déiver andyses of monthly mean sea surface temperature anomay a 500 km
resolution to 0.2°C accuracy, average temperature at 0-1000 m depth to 0.5°C
accuracy, and annua average temperature change to 0.5°C per year.

For the sinking regions of the north Atlantic and southern hemisphere, ddliver yearly
edimates of the annual average temperature and sdinity of the intermediate, deep, and
bottom waters to 0.03°C and 0.03PSU.

Across zond sectionsin the Atlantic at 24°N, 47°N, and globally at 35°S, deliver
estimates of the average annua meridiona heat transport from surface to bottom at
0.3PWatt accuracy.

5.3 Document the air-sea exchange of heat and fresh water.

Performance Measure 10: For the globa tropica ocean belt, complete the upper ocean and
surface meteorology observing system needed to measure the ocean-atmosphere exchange of
hest.

Performance Measure 11: For the globa ocean, complete the oceanographic, surface
meteorology, and analysis system needed to measure varigbility in the ocean-atmosphere
exchange of fresh water, i.e., precipitation and evaporation.

Metrics:
- For the globa ocean, ddiver andyses of weekly mean sea surface temperature at 500

km resolution to 0.2°C accuracy

At ocean reference gations, deliver routine annual andyses of variability in oceant

amosphere flux to 10 W/n®.

For the globa ocean ddiver weekly andlysis of precipitation and evaporation at 500 km

resolution to 5 cm per month accuracy.

6.0 Milestones

In order to achieve the Performance Measures, the integrated ocean observing system will be
completed according to the following schedule. The schedule is based on the initia design and
projections of adequete funding. The milestones will be updated annudly to reflect evolution of
the design as knowledge and technology advance, and to reflect the redlities of funding
availability.
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Fy02 FY03 FYO04 FYO5 FYO06 FYO7 FY08 FY09 FY10

System % Complete: 40 45 48 55 7 88 A 9 100

Although individua network priorities are described below, they must dl go forward together as
asysem. For example, the globa Argo array of profiling floatsis a primary tool for
documenting ocean heat content; yet deployment of the floats in the far corners of the ocean
cannot be achieved without the ships-of-opportunity and dedicated ship time dements; and the
Argo array cannot do itswork without globa over-flight by continued precision atimeter space
missions, while the measurements taken by al networks will be rendered effective only through
the data and assmilation subsystems.

Thefollowing sections indicate network improvements that work toward building the observing
systemn as awhole. The ocean observing system is a composite of complementary networks,
each one contributing its unique sirengths; most serve multiple purposes. One of the primary
goas of NOAA's Office of Climate Observation isto look for efficienciesto be gained by
utilizing common platforms/stes/'data infrastructure for severa objectivesin pardld. For these
reasonsit is difficult to assgn the network components specificaly to the climate service product
lines on aone-to-one basis. In generd, however, the network tasks described below will
contribute to the deliverables as follows:

1) Document long-term trends in sealevel change:
Tide Gauge Network
Satellites
Data and Assmilaion Subsystems

2) Document ocean carbon sources and sinks:
- Drifting Buoy Array
Tropical Moored Buoy Network
Ships of Opportunity
Argo Array
Ocean Reference Stations
Ocean Carbon Measurements
Coagtal Moorings
Dedicated Ship Time
Data and Assmilaion Subsystems

3) Document heat uptake, trangport, and rel ease by the ocean:
Tide Gauge Network
Drifting Buoy Array
Tropicad Moored Buoy Network
Ships of Opportunity
Argo Array
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Ocean Reference Stations

Coagtal Moorings

Dedicated Ship Time

Sadlites

Data and Assmilation Subsystems

4) Document the air-sea exchange of water and the ocean’ s overturning circulation:
- Drifting Buoy Array
Tropica Moored Buoy Network
Ships of Opportunity
Argo Array
Ocean Reference Stations
Coastal Moorings
Dedicated Ship Time
Saellites
Data and Assmilaion Subsystems

Priorities and milestones for the individua networks follow. For each network the severa
priority tasks are listed in tabular form. The bottom lines of the tables give the representative
milestones that are shown graphicdly in Figure 2; representative milestones are used to smplify
the graphic depiction of the phased implementation plan illustrated by Figure 2. Reldive
emphases in completing the severad components of the observing system will depend on the
relative priorities assgned to the network tasks in the context of the overal requirements of
climate services.

6.1 Tide Gauge Network: Tide gauges are necessary for accurately measuring long-term
trendsin sealeve change and for caibration and validation of the measurements from satellite
dtimeters, which are assmilated into globa climate modes for predicting climate variability.
Many tide stations need to be upgraded with modern technology. Permanent GPS recaivers
will beingtaled at a selected subset of stations, leading to a geocentrically located subset
expanson from the present 37 GPS stes to 86 Sites globaly by 2006. 1n cooperation with
internationa partners NOAA will maintain agloba climate network of 199 tide gauges dations,
including the subset noted above, for vaidation of satdlite retrievals, validation of climate mode
results, and documentation of seasond to centennid variability in the El Nino Southern
Oscillation, Indian Ocean and Asian-Austrdian monsoons, tropica Atlantic variability, North
Atlantic Oscillation, North Pacific variability, high latitude circulaion, western boundary
currents, and circulation through narrow draits and chokepoints. This task will contribute to
climate services by providing the long term records needed to 1) document sealevel change: 2)
document heat uptake, transport, and release by the ocean (sea surface height contributes to the
measurement of ocean heat content); and 3) documents the ocean’ s overturning circulation
(gradients of sea surface height across straights and choke- points are used to calculate large-
scale ocean currents).

12



International
NOAA Contributions God
FYo3 FY04 FYO5 FY06 FYO7 FY08 FY09 FY10

Operationa stations 57 63 63 63 63 63 63 63 107?
Research stations 6 0 0 0 0 0 0 0 0
Station upgrades 0 4 10 16 26 32 32 32 199
GPS inglation 5 10 14 20 40 40 40 40 86

GPS data processing X X X X X X X
Technology development X X X X X X

&
&
&
&
&

International GPS/'DORIS 43 55 75 86

6.2 Drifting Buoy Array: Data sparse regions of the globa ocean are amgjor source of
uncertainty in the seasond forecasts and are also amgor uncertainty in the detection of long-
term trendsin globa sea surface temperature, which in turnis an indicator of globa change.
Data gaps must be filled by surface drifting buoys to reduce these sources of error to acceptable
limits. NOAA, together with internationa partners, will extend the globa SST/veocity drifting
buoy array to data sparse regions, increasing from 787 to 1250 buoys by 2005, while adding
wind, pressure, and precipitation measurement capabilities to serve short term forecasting as
well as climate research, seasond forecagting, and assessment of long term trends. Thistask
will support climate services by providing measurements needed to 1) document heat uptake,
transport, and release by the ocean; 2) document ocean carbon sources and Sinks (sea surface
temperature affects the rate of transfer of CO, between the ocean and atmaosphere; 3)
document the air-sea exchange of water and the ocean’ s overturning circulation, and 4)
document sealeve change by providing the sea surface atmospheric pressure measurements
that are essentid for calculating sea surface height from satdllite dtimeter measurements.

International
NOAA Contributions Goal
FYo3 FYo4 FYO5 FY06 FYO7 FY08 FY09 FY10

Operationa buoys 420 670 1040 1040 1040 1040 1040 1040 1250
Research buoys 200 200 O 0 0 0 0 0 0
Add met sensors 40 40 500 670 670 670 670 670 1250
Technology development X X X X X X X

International array size 787 1050 1250 1250 1250 1250 1250 1250 1250

6.3 Tropical Moored Buoy Network: Mogt of the heat from the sun enters the ocean in the
tropical/sub-tropica belt. The advanced understanding of the role of the tropicsin forcing mid-
latitude westher and climate was learned primarily through the observations of the tropica
moored buoy array (TAO/TRITON) in the Pacific. A amilar pilot array in the Atlantic basin
(PIRATA) now offersthe potentia of even better understanding, improved forecasts, and
improved ability to discern the causes of longer-term changes in the Oceans. In addition to
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monitoring the air-sea exchange of hest, the moored buoys provide platforms for supporting
ingrumentation to measure carbon dioxide and rainfdl in the tropics. The globd tropica
moored buoy network will be expanded from 79 to 112 stations by 2009 and will ultimately
gpan dl three oceans - Pacific, Atlantic, and Indian Ocean. Thistask will support climate
services by providing both ocean and atmaospheric observations to 1) document heet uptake,
trangport, and release by the ocean; 2) document carbon sources and sinks; and 3) document
the air-sea exchange of fresh water.

International

NOAA Contributions Goal

FY03 FY04 FYO5 FY06 FYO7 FY08 FY09 FY10
Operational buoys 55 65 65 65 65 65 65 65 79
Research buoys 10 0 0 0 0 0 0 0 0
Indian Ocean expansion 3 6 15 15 15 15 30
Atlantic Ocean expansion 2 2 5 5 5 5 9
Add sdlinity sensors 10 10 60 65 65 65 65 65 9
Add flux capability to buoys 5 5 5 5 5 5 8
Technology development X X X X X X X

Internationa network size 79 79 82 85 89 100 112 112 112

6.4 Ships of Opportunity: The globa atmaospheric and oceanic data from Ships of
Opportunity (SOOP) have been the foundation for understanding long-term changes in marine
climate and are essentid input to climate and westher forecast models. Improved instrument
accuracy, automated reporting, and improved information about how the observations were
taken will greatly enhance the quality of these data, reducing both systematic and random errors.
NOAA will improve meteorologca measurement capabilities on the globa SOOP fleet for
improved marine weether and climate forecasting in generd, and will concentrate on a specific
subset of high accuracy SOOP lines to be frequently repeated and sampled at high resolution
for systemetic upper ocean and atmospheric measurement. This climate- specific subset will
build from 26 lines presently occupied to a designed globa network of 41 lines by 2007 and
will provide measurements of the upper ocean thermal structure, sea surface temperature and
chemigtry, and surface meteorology of high accuracy. Additionally, the SOOP fleet isthe
primary vehicle for deployment of the drifting arrays. This task will support climate services by
providing ocean and atmosphere measurements needed to 1) document heat uptake, transport,
and release by the ocean; and 2) document ocean carbon sources and sinks (carbon sampling
insrumentation is detailed under a separate task below); and 3) document the air-sea exchange
of water and the ocean’ s overturning circulaion.

International
NOAA Contributions Goal
FYo3 FYo4 FYO5 FY06 FYO7 FY08 FY09 FY10

Operationd HRX lines 2 15 21 21 21 21 21 21 26
Research HRX lines 6 0 0 0 0 0 0 0 0



Frequently repeated lines 4 5 8 8 8 8 8 8 22
Add flux/salinity HRX 2 2 7 12 15 15 15 15 26
Auto-met package, VOSCIim 0 0 40 100 200 200 200 200 200
Technology development X X X X X X
Internationd lines 26 29 30 36 45 45 45 45 45

6.5 Argo array of profiling floats: The heat content of the upper 2000 meters of the world's
oceans, and the transfer of that heet to and from the atmosphere, are variables centra to the
climate system. The Argo array of profiling floats is designed to provide essentia broad-scale,
basin-wide monitoring of the upper ocean heat content. Three thousand floats will be deployed
worldwide by 2005. The U.S. contribution is approximately one-hdf of thisinternationd
project. Glider technology will replace standard drifting Argo floats in the boundary currents
and targeted deep circulation regions. Thistask will support climate services by providing
measurements needed to 1) document heat uptake, transport, and release by the ocean; and 2)
document the air- sea exchange of water and the ocean’ s overturning circulation.

International
NOAA Contributions Goa
FYO3 FY04 FYO5 FY06 FYO7 FY08 FY09 FY10

Operational Argo floats 320 1000 1500 1485 1485 1385 1385 1385 2800

Research Argo floats 15 0 0 0 0 0 0 0 0
Operationd gliders 0 0 0 0 0 100 100 100 200
Research gliders 3 3 10 20 50 0 0 0 0
Technology development X X X X X X

International array size 10000 2000 3000 3000 3000 3000 3000 3000 3000
6.6 Ocean Reference Stations:

6.6.1 Subtask 1: NOAA, together with international partners, will implement a globa network
of ocean reference station moorings, expanding from the present six pilot gationsto a
permanent network of 21 (plus 8 within the tropical moored buoy network) by 2008. NSF's
Ocean Obsarvatories Initiative will provide amgor piece of the infrastructure needed for this
network, establishing high-capability re-locatable moored buoysin remote ocean locations.
NOAA will maintain climate instrumentation aboard the NSFsupplied platforms.

6.6.2 Subtask 2: Monitoring the transport within the ocean is a centrad eement of documenting
the overturning circulation of fresh water and heat and carbon uptake and release; heat and
carbon generaly are released to the aimaosphere in regions of the ocean far distant from where
they enter. Long-term monitoring of key choke points, such as the Indonesian through-flow,
and of boundary currents aong the continents, such as the Gulf Stream, must be established to
measure the primary routes of ocean hesat, carbon, and fresh water transport.
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6.6.3 Subtask 3: Monitoring thermohdine circulaion is a centra eement of documenting the
ocean’ s overturning circulation and a critical need for helping scientists understand the role of
the ocean in arupt climate change. It is essentid that the ocean observing sysem maintain
watch a afew control points a critical locations. Key monitoring sites have been identified by
an internationa team of scientists for deployment of long-term subsurface moored arrays and
repeated temperature, salinity, and chemicd tracer surveys from research vessels. NOAA will
focus with Canadian partners on monitoring the Labrador Seaand upstream locations in Davis
Strait and the Canadian Arctic Archipelago, while European partners will focus on the eastern
north Atlantic. One exception to thisisthat NOAA will maintain the Greenland-1cdland-
Norwegian (GIN) Seas times-series that was Sarted in 1991. Additiondly, to estimate the
effect of Antarctic zone water on the globd thermohdine circulation, NOAA will maintain time
series moorings and repeet sections in the northwestern Weddell Sea, and will establish time
series measurements in the Ross Sea. These locations are important to examine the variability
of water mass transformation processes as they relate to climate variability in the Southern
Ocean.

6.6.4 Summary: These three subtasks will support climate services by providing ocean and
atmosphere measurements needed to 1) document heat uptake, transport, and release by the
ocean; 2) document ocean carbon sources and sinks (carbon sampling instrumentation is
detailed under a separate task below; and 3) document the air-sea exchange of water and the
ocean’ s overturning circulation.

International

NOAA Contributions Goadl

FY03 FY04 FYO5 FYO06 FYO7 FY08 FY09 FY10
Operationd flux moorings 1 2 6 7 9 9 9 9 29
Research flux moorings 1 0 0 0 0 0 0 0 0
Operationa full depth stations 0 0 3 5 10 10 10 10 42
Research full depth stations 1 1 0 0 0 0 0 0 0
Operationa transport stations 0 0 2 4 4 5 5 5 10
Research transport stations 2 0 0 0 0 0 0 0 0
Pacific Raingauge (PACRAIN) 0 28 28 28 28 28 28 28 28
Research rain gauge network 28 0 0 0 0 0 0 0 0
Operational GIN timeseries 0 1 1 1 1 1 1 1 1
Research GIN time series 1 0 0 0 0 0 0 0 0
Sinking regions, operational 0 2 2 4 4 4 4 4 5
Sinking regions, research 1 1 0 0 0 0 0 0 0
S. Hemisphere sections 0 0 0 2 3 3 3 3 3
Technology development X X X X X X

&
3
3
3
3

Internationa flux array 6 7 10 14
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6.7 Coastal Moorings. Improved near shore measurements from moored buoys are critica

to coastd forecasting as well asto linking the degp ocean to regiond impacts of climate
variability. The boundary currents dong continental coastlines are mgjor movers of the ocean’s
heat and fresh water (e.g., the Gulf Stream). Furthermore, the coastal regions are criticd to the
study of the role of the ocean in the intengfication of gorms, which are key to the globd
atmospheric trangport of heat, momentum and water, and are a sSgnificant impact of climate on
society. Coadtd arrays are maintained by many nations making thisa*“globa” network of
“coadd” dations. A climate subset of NOAA'’s exigting network will be improved by
augmenting and upgrading the instrument suite to provide measurements of the upper ocean as
well as the sea surface and surface meteorology. Ten of these moorings will serve as platforms-
of-opportunity for the addition of carbon sampling instrumentation. This task will support climate
services by providing ocean and aimosphere measurements needed to 1) document heat
uptake, transport, and release by the ocean; 2) document ocean carbon sources and sinks
(carbon sampling ingtrumentation is detailed under a separate task below); and 3) document the
ar-sea exchange of water.

International
NOAA Contributions Goal
FYo3 FYo4 FYO5 FY06 FYO7 FY08 FY09 FY10

Upgrade w/climate sensors 0 0 20 65 65 65 65 65 105
Technology development X X X X X X

International coastal network 0 0 20 85 95 105 105 105 105

6.8 Ocean Carbon: Understanding the globa carbon cycle and the accurate measurement of
the regiona sources and sinks of carbon are of critica importance to internationa policy
decison making as well asto forecasting long term trends in climate.  Projections of long-term
globa climate change are closdly linked to assumptions about feedback effects between the
atmosphere, the land, and the ocean. To understand how carbon is cycled through the global
climate system, ocean measurements are critical. NOAA will add autonomous carbon dioxide
sampling to the moored arrays and the VOS fleet to analyze the seasond variability in carbon
exchange between the ocean and atmosphere, and in cooperation with NSF will implement a
program of systematic globa ocean surveys that will provide a complete carbon inventory once
every ten years. Thistask is coordinated with the Globa Carbon Cycle Science program, is
dependent on implementation of the ship lines and moored and drifting arrays, and will support
climate services by providing measurements to document ocean carbon sources and sinks.

International
NOAA Contributions Goal
FYo3 FYro4 FYO5 FY06 FYO7 FY08 FY09 FY10

Inventory lines per decade 6 6 11 11 11 11 11 11 25
Time series moorings 2 2 4 6 6 6 6 6 12
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Coastd flux moorings 0
Flux on ships of opportunity 4
Research flux on moorings 2
Trans rsch flux moorings to opsO
Technology development

NONO
XNOo o
xnvogR
xnvogR
xnvogR
xnvogR
xnvogR

XN ON

8

International flux array 14 17 28 48 62 62 62 62

6.9 Integrated Arctic Observing System: To understand the role of the Arctic on global
environmenta change, the amount of uncertainty in the causes and trgectories of globd climate
change needsto be reduced. Given the sensitivity of the Arctic environment to climate
varigbility and change, it isin thisregion that early indications of the future progression of dimate
change are likely to befirst detected.

Ocean Climate Obsarvations in the Arctic Ocean and Northern High Latitude Seas— A
program of sustained observations of this area is being conducted through dedicated and shared
ship-based cruises and permanent oceanographic moorings, supplemented by acquisition and
andyss of higtoricd datasats. The long-term god is to detect climate-driven physica and
ecologica change, especialy due to changesin seaice extent and duration, and in ocean dengity
and circulation that together may lead to changes in ocean heat trangport, productivity, and food
web structure. International collaboration is essential for completing this program, especidly
with Russiaand Canada. In FY 2003, one new mooring was deployed in the Northern Bering
Sea, aresearch cruise was conducted to the Chukchi Seain collaboration with China, planning
was initiated for a future Chukchi Sea cruise in collaboration with Russia, sea-glider
deployments were initiated in the Labrador Sea, joint US-Canada observations were conducted
in Barrow Strait, and efforts begun to discover, obtain and manage historical data sets.

Arctic Sea lce Observations — | ce-tethered buoys and bottom mounted moorings are deployed
to monitor the drift of Arctic seaice and to determineitsthickness. The long-term god isto
provide an accurate record of changesin sea ice thickness that, together with satdllite
observations of seaice extent, can provide an estimate of changesin seaice volume. This
information is critical for improvement of globd dimate models and development of aregiond
Arctic climate modd. Severd ice buoys and two ice thickness stations were deployed in
summer 2003.

This task will support climate services by providing ocean and ice measurements needed to
document heet uptake, transport, and release by the ocean.

International
NOAA Contributions Goa
FYO3 FY04 FYO5 FY06 FYO7 FY08 FY09 FY10

Arctic pathway moorings 0 0 1 2 4 8 8 12
Arctic Ocean moorings 0 0 1 2 4 8

6
6 7 7
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ASOF gateway mooring sets 0.5 0.5 1 1 1 1 2 2
Automated drifting stations 0 0 1 2 2 2 2 3
Ice buoys 10 10 11 20 20 20 20 20
Hydrographic stations 0 0 1 4 6 8 9 10
Bering Seamoorings 1 1 1 2 4 6 6 6
Western boundary sections 0 0 1 1 1 1 1 1
Western boundary moorings 0 0 2 2 4 4 4 4

Ice buoys and moored stations 10 11 13 23 25

&
&
o

6.10 Dedicated Ship Time:

6.10.1 Subtask 1: Climate Ship time within the UNOLS research fleet for deployment of the
moored and drifting arrays, and for deep ocean surveysis an essential component of this
initiative. The deep ocean cannot be reached by SOOP and Argo; yet quantification of the
carbon and hest content of the entire ocean column is needed to solve the climate equations. In
addition to providing the survey and deployment platforms for the autonomous arrays, the
research fleet will maintain sensor suites on asmdl core of vessals asthe highest quaity
cdibration points for vaidation of the other system measurements. Annud requirements for ship
time are 54 days in addition to the Ka imimoanafor TAO/TRITON maintenance, 74 days for
the carbon inventory, 34 days for PIRATA in addition to the French/Brazilian support (see
Subtask 2), 47 days for ocean reference stations growing to 120 days, 60 days for deployment
of the drifting arrays in remote regions, and 46 days for thermohaine circulaion monitoring
growing to 172 days.

6.10.2 Subtask 2: The PIRATA array has been maintained by French research vessdls, once
per year in the east, and the Brazilian navy once per year on the western side of the Atlantic.
Two maintenance visits per year to each mooring are necessary to maintain adequate
operationd data flow, as has been demondtrated in the Pacific with the TAO/TRITON array.
The PIRATA consortium (Brazil, France, U.S.A.) has proposed a plan to establish an
international ship base in Nata, Brazil, and operate cooperatively a new ship dedicated to
Atlantic climate operations. The consortium has proposed that NOAA and French partners
cooperate to acquire a new ship, and build the capacity in Brazil to support long-term climate
operations. The new ship would support Argo and drifter deployments aswell as PIRATA
maintenance. The U.S. homeport for the ship, and support base for north Atlantic operations,
would be Charleston, SC; Nata would support operationsin the tropical and south Atlantic.
Thisisanew concept in internationa collaboration and capacity building. In 2003, NOAA
began feasibility study together with French and Brazilian partners to identify the best long-term
solution to thisissue. In the mean time, NOAA will begin supplementing the once-per-year
French and Brazilian maintenance cruises with a second maintenance cruise usng UNOLS or
other charter operations (see Subtask 1).

6.10.3 Summary: Thistask will support dimate services by providing multi-use platforms for
the ocean and atmosphere measurements needed to 1) document heat uptake, transport, and
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release by the ocean; 2) document ocean carbon sources and sinks; and 3) document the air-
sea exchange of water and the ocean’ s overturning circulation.

International
Ship days at sea NOAA Contributions Goal
FY03 FY04 FY05 FY06 FYO7 FY08 FY09 FY10

Kaimimoana 26 216 216 216 2716 2/6 2716 276 276
TAO/TRITON additional 54 54 54 54 54 54 54 54 0
PIRATA 0 0 A A A A A A 124
Carbon survey 74 74 74 74 74 74 74 74 240
Coagtal flux maps 0 0 0 36 40 40 40 40 240
Reference Stations 47 47 47 60 102 120 120 120 480
Deployment of drifting arrays 0O 0 0 60 60 60 60 60 100
Thermohaline circulation 46 46 46 46 90 172 172 172 340
Arctic hydrographic sections 0 0 0 60 60 60 60 60 120

NOAA total 497 497 531 700 790 890 890 890
International fleet 550 610 750 900 1200 1620 1620 1620 1620
6.11 Satellites:

Theinitid ocean observing system for climate depends on space based globa measurements of
1) sea surface temperature, 2) sea surface height, 3) surface vector winds, and 4) ocean color.
These satdllite contributions are detailed in other NOAA program plans.

6.11.1 Sea surface temperature: Satdllite measurements of sea surface temperature are
included in NOAA'’ s operationa satdllite program and the NPOESS program. Satellite data
provide high-resolution sea surface temperature data. Both infrared and microwave satellite
data are important. Microwave sea surface temperature data have a significant coverage
advantage over infrared sea surface temperature data, because microwave data can be
retrieved in cloud-covered regions while infrared cannot. However, microwave sea surface
temperatures are at a much lower spatia resolution than infrared. In addition microwave sea
surface temperatures cannot be obtained within roughly 50 km of land. A combination of both
infrared and microwave data are needed because they have different coverage and error
properties. Drifting buoy and other in situ data are critically important in providing cdibration
and vdidation in satellite data as well as providing bias correction of these data. Satdllite biases
can occur from obit changes, satdlite instrument changes and changes in physical assumptions
on the physics of the amosphere (e.g., through the addition of volcanic aerosols). Thus, drifting
buoy and other in situ data are needed to correct for any of these changes.
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6.11.2 Sea surface height: The vaue of spaced-based altimeter measurements of sea surface
height has now been clearly demonstrated by the TOPEX/Poseidon and Jason missions.
Changesin sealeve during mgor El Nino events can now be discerned at high resolution and
provide redistic modd initiaizations for seasond climate forecasting. The same data, when
cdibrated with idand tide gauge observations, are also able to monitor the rate of globa sea
level change with an accuracy of 1 mm per year. The planned NPOESS dtimeter will be
adequate for shorter term forecasting, but the NPOESS dtimeter will not fly in the same orbit as
TOPEX/Poseidon and Jason; and for monitoring long-term sealeve change, continuation of
precision dtimeter missions in the TOPEX/Posaidon/Jason orhit is necessary. Jason follow-on
dtimeter missions (Ocean Surface Topography Misson, OSTM) are necessary to continue the
long-term sealevel record. NASA and CNES have asked NOAA and EUMETSAT to
trangition the Jason-class atimeter from research to operations beginning with the OSTM. In

FY 2006, NOAA will assume primary U.S. responghbility for continuing this internationd effort.
Thistask will contribute to climate services by providing the long term records needed to 1)
document sealeve change; 2) document heat uptake, transport, and release by the ocean; and
3) document the ocean’ s overturning circulation (sea surface height contributes to the
measurement of ocean heat and fresh water content and their transport).

6.11.3 Surface vector winds and ocean color: The best methods of sustaining satdlite
measurement of surface vector winds and ocean color are still aresearch and devel opment
question; over the next five years NOAA, NASA, and NPOESS will weigh the dternatives and
determine the long term Strategy for maintenance of these elements.

6.12 Data and Assmilation Subsystems:

6.12.1 Subtask 1 —Long Term Stewardship: The value of the observations does not end
with their initid usein detecting and forecasting dimate variability. The datamust be retained
and made available for retrospective andyses to understand long-term climate change, and for
designing observing system operations and improvements. NOAA' s long history and unique
expertise in environmental data management will be gpplied to the ocean observing system.
NOAA dso will include the vast holdings of hitorical ocean observations within the context of
the integrated environmental data access and archive system. Support will aso be provided for
aWorld Ocean Database to incorporate modern data into an integrated profile system.

6.12.2 Subtask 2 — Data Management and Communications: A robust and scaable data
management infrastructure is essentiad to the vison of a sustained ocean observing system.
NOAA'’s ocean climate data dement will contribute a globa component to the Data
Management and Communications System (DMAC) of the U.S. Integrated Ocean Observing
System (100S) that is being implemented by the Nationa Oceanographic Partnership Program
agencies. The DMAC plan integrates data transport, qudity control, data assembly, limited
product generation, metadata management, data archeology, data archiva, data discovery, and
adminigration functions. Uniform access to data will be addressed through the concept of
“middleware’ connectivity —a common set of standards and protocols that connects all data
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sourcesto data users. The middleware approach shieds end users from many of the traditiona
barriers that have been associated with climate data access, including file formats, the distributed
location of data, and the large Size of some data sets. The prdiminary design has been
developed by the Nationa Virtua Ocean Data System (NVODS) project.

The nature of 100S requires the DMAC to be very highly distributed, supporting both large
and smdll data providers a Federd, regiond, state, municipa and academic levels. Data
assembly centerswill be built into the design to add fault-tolerance and increase ease of use.
The GODAE server at Navy's Fleet Numerical Modeling Operations Center (FNMOC) in
Monterey will provide robust, operational access to aggregated and quality-controlled red-time
data streams and will be a primary assembly center for NOAA’ s red-time globd
measurements. Delayed- mode data sources will be distributed across many indtitutions
induding the Ada-Pacific Research Data Center (APDRC) (part of the Internationa Pacific
Research Center (IPRC) at the Universty of Hawaii) and the NOAA Data Centers. The
APDRC will provide data assembly services for delayed-mode observations in a cooperative
partnership with the GODAE Server.

The Data Management and Communications component of NOAA’ s ocean climate observing
system must dso deliver the information products needed by NOAA scientists and managers
for decison support. The products must provide the information needed to monitor the month-
by-month effectiveness of the observing system and to diagnose problems. The products should
indude intdligible scientific graphics and human: readable numeric tables that provide an
overview of the integrated system, selectively merging the data from al relevant measurement
streams. These information products will be a component of NOAA' s contribution to 100S.

6.12.3 Subtask 3 — Four dimensional data assimilation including GODAE: For climate
forecagting, the combined fields from many different networks are used asinitia conditions to
begin the forecast. These combined fields, or analyses, are o used to document what the
ocean and atmosphere are doing at present and what they did in the past, thus providing a
record of the changing climate. By routinely comparing models and data, shortcomingsin the
observing system can be identified and both the models and forecasts can beimproved. To
utilize effectively the ocean observations, NOAA will expand the current ocean anayses
(presently focused on the tropical Pecific) to the globa domain and will develop and implement
improved assmilation subsystems that can more effectively use the new datatypesthat are
being collected. The principd vehicle for developing this capakility, involving both nationa and
internationa communities and producing avariety of marine products in addition to the use of
these observations in forecast systems, will be the Globa Ocean Data Assimilation Experiment
(GODAE). The globd data and ocean product delivery will be operationdized as a
contribution to, and continue as a follow-on to, GODAE through the interagency/internationa
server infragtructure being implemented by GODAE for red-time at FNMOC and for delayed
mode at the IPRC; NOAA will provide the primary U.S. support to sustain the IPRC server
infragtructure over the long term (in cooperation with Jgpan). In addition to improving
initidizations for seasond forecasting & NCEP, NOAA will implement sustained ocean data
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assmilation activities at GFDL to enable experimenta decadal forecasts, provide ocean initid
conditions for IPCC type scenarios, monitor ocean heat uptake, monitor the thermohaline
circulation for aorupt changes, and develop a capability for monitoring changesin oceanic
carbon sources and sinks.

6.12.4 Summary: Thistask will support climate services by providing the integrating data,
gynthes's, and analysisinfrastructure for the ocean and amosphere measurements, both in situ
and space based, needed to: 1) document long-term trends in sealevel change; 2) document
heat uptake, trangport, and release by the ocean; 3) document ocean carbon sources and Sinks,
and 3) document the air-sea exchange of water and the ocean’ s overturning circulation.

International
NOAA Contributions Goa
FYo3 FY04 FYO5 FY06 FYO7 FY08 FY09 FY10

Data set development X X X
World Ocean Database
Standards and protocols
Systems interoperability X X
Automated monitoring tools X
IPRC server X
GODAE pilot activities (IMO) X
Operationalize GODAE pilot
Globd initidization for S X
Experimental decadal forecast
Conditions for IPCC scenarios
Monitor ocean hest uptake
Monitor thermohaline circulation
Monitor carbon sources and sinksX
Argos data processing —

Drifting Buoy arrays X X
Argos data processing —
Tropical Moored Buoy networkX X X X X X X X X
Argos data processing —

Ocean Ref stations X X X X X X X X X

X X

XXX XXX XX X
XXXXXXXXXXXXXX
XXXXXXXXXXXXXX
XXXXXXXXXXXXXX
XXXXXXXXXXXXXX
XXXXXXXXXXXXXX

XXX X X X X X

XXX XXX XXXXXX

X
X

x
x
x
x
x
x
x

7.0 Management Plan — System organization and product ddlivery

A globd effort of the proposed magnitude must be integrated, organized, and managed asa
gystem in order to be effective. Matrix management isNOAA’ s corporate business practice
and standard protocol. This management plan will follow that protocol by capitdizing on the
cagpabilities that presently exist across the agency while building toward the vison of asngle
composite system.
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Implementation of theindividud in situ networks will continue to be through distributed centers
of expertise at the NOAA Research laboratories, the Nationa Ocean Service Center for
Operationa Oceanographic Products and Services, the Nationa Data Buoy Center, and the
university laboratories that have developed the instruments and techniques. The space
components and data management will be centered in the Nationd Environmentd Satdllite Data
and Information Service. Thefocd point for developing globa ocean data assmilation
cagpabilitieswill be the Geophysicd Fluid Dynamics Laboratory in partnership with the Nationd
Centers for Environmenta Prediction and university-based applied research centers.

To weld the digtributed efforts together into the single vision, NOAA has established a project
Office of Climate Observation (OCO) under the auspices of the NOAA Climate Program.
Organizationdly the project office is located within the Office of Globa Programs (OGP).
OGP embodies agloba perspective and is experienced in matrix management. One of OGP’ s
four Strategic objectivesis“ development of thein situ ocean component of the globa climate
obsarving system.” Additiondly, for the dimate observing system inditutiond mechanisms must
be put in place to ensure continuous and close involvement of the research community.
Research, operations, and management are inseparable for climate observation and OGP will
hard-wire that relationship.

The Director of OGP utilizing the OCO is charged with advancing NOAA’s multi-year program
plan for Building a Sustained Ocean Observing System for Climate. The OCO isahybrid
combining the functions of atraditiona program office with the functions of a center for sysem
monitoring, evaludion, integration, and action. The individua network managers will continue to
monitor and eva uate the performance of their individuad networks, while the OCO will build the
capability to monitor and evauate the performance of the system as awhole, and take action to
evolvethein situ networks for overdl effectiveness and efficiency in meeting climate
observation objectives.

The OCO is the management focus for the distributed ocean network operations and, utilizing
the NOAA Obsarving System Architecture, establishes and maintains operationd linkages
between the networks and NOAA’s other in situ and satellite elements and the data.and
modeling activities that are essentia components of climate observation. The office provides a
central point of contact within NOAA for coordination with the other agencies and nations
involved in observing system implementation. The office receives and acts on feedback from
the observing system customers - the operationa forecast centers, internationa research
programs, and mgjor scientific assessments - and acts on their observationd requirementsin
accordance with the NOAA Requirements-Based Management Process.

7.1 Subtask 1 — System Monitoring: The OCO monitors the status of the globaly
digtributed networks to anticipate gaps and overlaps in their combined capabilities. Red-time
reports from dl platforms are being centrdized so that up-to-date status can be displayed at dll
times. The officeisworking to report system statistics and metrics, routingly and on demand.
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7.2 Subtask 2 — Evaluation: Expert teams of scientists both internal and externa to NOAA
will be established to continudly evauate the effectiveness of the networks in meeting the
performance measures and the adequacy of the deliverablesin meeting the system objectives.
The expert teams will evauate analyss'synthesis products, recommend product improvements,
recommend where additional sampling is needed or redundancies are not needed, recommend
better utilization of exiding and new in situ and satellite data, and assess the impacts of
proposed changes to the system. Figure 3 shows the draft framework for expert teams for the
ocean component of the syssem. Threeteams are at least partidly established. ..the Air-Sea
Exchange of Heat And Water “god” team under the direction of Dick Reynolds (NCDC); the
Carbon Sources and Sinks “god” team under the direction of Richard Fedly, Rik Wanninkhof,
and others; and the Seasond Forecasting “mission” team under the direction of ODASI.

7.3 Subtask 3 — Action: Systern monitoring and evauation will be usdess unlessthereis
reponsive action taken to build the system, fix problems, and improve sampling strategies.
Decisgons must be made to implement the best solutions to conflicting requirements (multiple
partners and customers have differing missions and will inevitably have differing requirements),
to re-deploy existing resources to best improve the system, to salect the highest priorities for
system extensions and funding of new ideas, and to agree on quid pro quo with interagency and
internationa partners. The OCO is charged with advancing NOAA'’s multi-year program plan
and with evolving the system for maximum effectiveness and efficiency dong the way.

7.4 Subtask 4 — Intra-agency, I nteragency, and International Coordination: Nationd
and internationa coordination is essentia to success in building the globa ocean observing
system for climate. The OCO is charged with building the infrastructure necessary to organize
NOAA'’s ocean observing efforts dong three axes — 1) climate services, 2) the U.S. Integrated
Ocean Obsarving System, and 3) internationa implementation.

1) For climate services the ocean observations must be available to be combined with data from
the atmospheric networks, land surface networks, and cryosphere networks. The requirements
from the three user communities— the forecast centers, research programs, and scientific
assessments — must be received and synthesized into common requirements or prioritized if they
do not resolve readily.

2) For the U.S. Integrated Ocean Observing System, NOAA’s climate system will make a
sgnificant contribution to the globa component where like data from the various platforms, in
situ and space-based, must be combined to form complete fields (e.g., sea surface temperature
from ships, drifting and moored buoys, and satdllites). NOAA'’s efforts must be combined with
the efforts of the other NOPP agencies into a seamless system.

3) For internationa implementation NOAA must work with the implementation pands of the

Joint IOC/WMO Commission for Oceanography and Marine Meteorology (JCOMM) to
ensure that consistent standards and formats are used by dl participating nations so that data
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can be easly shared and thet consstent quaity can be expected from al platforms regardliess of
their netiond origin.

In addition to dedicated infrastructure needed for NOAA to operate an office for climate
observation, dedicated infrastructure is dso needed for operation of the interagency and
intergovernmenta planning and implementation coordination organizations. These
interagency/internationa organizations rely on funding from the member agencies for their
support. NOAA has higtoricaly provided asignificant portion of the funding needed to maintain
the exigting international secretariats, science and implementation pands, and capacity building
efforts of GOOS, GCOS, and the JCOMM. This funding support has been ad hock and in
genera from the research programs. Asa centra component of sugtaining the long-term,
operationa globd climate observing system, support for the nationa/internationa
coordination/implementation infrastructure will be ingtitutionaized via the OCO.

7.5 Subtask 5 — Annual Report on the Ocean’ sRolein Climate: Theorganizing
framework to bring the multiple eements of the composite ocean observing system together is
the routine ddivery of an Annual Report on the State of the Ocean and the Ocean
Observing System for Climate The Nationd Climate Change Science Program strategic plan
has identified the critical need for regular reports documenting the present sate of the climate
system components. NOAA’s Office of Climate Observation will lead the nationd effort to
develop thisreporting for the ocean component. The theme of the report isthe CCSP
overarching question for guiding climate observations and monitoring- “What is the current Sate
of the climate, how does it compare with the past, and how can observations be improved to
better initidize and vaidate models for prediction or long term projections?’

The annud report synthesizes satellite and in situ observations integrated with models and
provides the products to decison makers, the science community, and the public. This reporting
framework aso establishes aforma mechanism for implementing a*“user-driven” observing
system and for reporting on the system’ s performance in meeting the requirements of the
operationa forecast centers, internationa research programs, and major scientific assessments.
Stakeholders are invited to provide forma recommendations for system improvement and
evolution as part of the annua report process.

The annud report contains four chapters:

1) This chapter describes The Role of the Ocean in Climate and includes a description of
ENSO, SST, seaice, and sealeve, and the various demands on the system incorporating
seasond, interannua, decada, and climate change time scales. This chapter sets the context for
the report and outlines common themes, indluding the Sgnificance of the globa ocean observing
system and the demands on the system.

2) The second chapter documents the State of the Ocean. The target audience is decison
makers and non-scientists. This chapter will be written by the expertsin the fiedd and will bean

26



annually updated climatology of the ocean, placed in historical context, with discussion of the
present uncertainties and with pointers to products of greater detail and climate gpplications.

3) Thethird chapter documents the State of the Observing System. Thetarget audience is
NOAA management. This chapter has two sections.

a) System Progressin meeting milestones is documented by the network managers for
their projects and by the OCO for the system in total. Annud gatistics and status are
given.

b) Inthefuture overdl System Performance will be evaluated by the expert teams and by
the users of ocean observations (the operational forecast centers, research programs,
and scientific assessments). The stakeholders will be invited annudly to give formd
feedback to the observing system management and recommend improvements needed
in the observations for ddivery of climate services.

4) Chapter four recaps the State of the Science. The target audience is scientists. The find
chapter of the report contains a bibliography of refereed publications from scientific journas
treating the global observation of ocean heet, carbon, fresh water, and sealevel change. Each
year asdected number of reprints of particularly relevant scientific papers and/or abstracts will
be published with the report.

7.6 Subtask 6 — External Review: The execution of this plan will be subject to normd
management review in accordance with NOAA’ s Requirements- Based Management Process.
Additionally, for specific programmatic advice and guidance, the Climate Observing System
Council (COSC) has been established to review the program’ s contribution to the internationa
Globd Climate Observing System and to recommend effective ways for the program to
respond to the long-term observationa needs of the operationa forecast centers, internationa
research programs, and mgor scientific assessments. The Council is comprised of members
both internd and externd to NOAA who individudly offer their expert advice; the Council is not
expected to develop consensus opinions. The term of membership istwo years with arenewa
option for two additiond terms. The Council meets at least annudly to:
- Advise the OCO on priorities for sustaining and enhancing components of the globd climate

observing system.

Review the accomplishments and future plans of pecific program activities.

Recommend redlignment of activities, or entirdly new activities, within the program as

gopropriate to satisfy the evolving requirements for climate observation.

Bring to the OCO abroad view on naiond and internationa climate research and

operationd activities and their implications.

Provide coordinating linkages with nationa and internationa programs requiring and/or

contributing to the implementation of the globd dimate observing system.

Advise the OCO on the balance of activities within the program in the context of NOAA’s

overarching climate service requirements, of other nationd and internationa requirements,

and of other nationa and internationa contributions to the globa climate observing system.
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7.7 System management and product delivery milestones:

International
NOAA Contributions Goal
FYo3 FYo4 FYO5 FY06 FYO7 FY08 FY09 FY10

System Monitoring X X X X X X X X X
System Evaluation:
Seasonal forecasting X X X X X X X
Decadal forecasting X X X X X X X X
Climate change X X X X X X
Sealevel change X X X X X X X X
Carbon sources and sinks X
Air-sea exchange,heat/water X X X X X X X X
Heat storage/thermohaline circulationX X X X X X X X
SST X X X X X X X X X
Sealce X X X X X X X X
Interagency/Internationa panels X X X X X X X X
International capacity building X X X X X X
Trangtion SST eval restoops X X X X X X X X X
Mgmt — wkshps & science mtgs X X X X X X X X
Mgmt — administration & finance X X X X X X X X
Mmgt ops funded from research X X X X X X X X X
Annua Report X X X X X X X X
External review X X X X X X
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Table 2. Tabolated Observational Data Bequirements for GUEDSAGCOO0E (rom GOOS, 1999

A summary of the sampling requirements for the global ocean, based largely on QOSDP (1995), but with
revisions as appropriste, These are a statement of the required measurement network characteristics, nat
the charactenistics of the derived Field, The fizld estimates must factor in geophysical noise and unsampled
signal. Some projections {largely unverified) have been included for GODAE,
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Table 1. From The Action Plan for GOOSGCOS and Sustained Observation for CLIVAR
by Needler et d. -- OCEANOBS 99
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Appendix A
Foundation Documents

Observing the Oceans in the 21% Century, edited by Chester J. Koblinsky and Neville R.
Smith, 2001, GODAE Project Office, Bureau of Meteorology, Mebourne, Austrdia, ISBN
0642 70618 2.

OCEANOBS 99, proceedings of the Internationa Conference on the Ocean Observing System
for Climate, GCOS/GOOSWCRP Ocean Observations Pand for Climate and the CLIVAR
Upper Ocean Pand, Saint-Raphael, France, October 1999.

International Sea Level Workshop Report, GCOS/GOOS/WCRP Ocean Observations
Pand for Climate and the CLIVAR Upper Ocean Pand, April 1998, GCOS #43, GOOS #55,
|CPO #16.

A Large Scale CO, Observing Plan: In Stu Oceans and Atmosphere (LSCOP), a

contribution to the implementation of the U.S. Carbon Cycle Science Plan by the In situ Large-
Scale CO, Observations Working Group, April 2002.
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A System of Complementary Networks.
Initial Design. It will Evolve.
Now 45% complete.

‘\.‘_ Sea Surface Temperature, Sea
r Surface Height, Surface
l Vector Wind, and Oc ean Color
from Space

Tide Gauge Network 45 % complete

3'x3" Argo Profiling Float Array 32% complete

5'x5" Surface Drifting Buoy Array 35 % complete

Moored Buoy Existing g Flanned
Ocean Reference Station Existing o Planned
High Resolution XBT and Alux Line gem Existing = Planned
Freguently Repeated X¥BT Line I Existing = Planned
Carben Inventory & Deep Ocean Line Global Survey @ 10 years

Figure 1

Multi'year PhaSEd |mp|ementati0n Plan [representative milestones)
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DRAFT Framework for Expert Teams, the Ocean Component
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