Tropical Pacific Observing System

pory —

j__A

Z

AT

R
2019

X

d




Second Report of TPOS 20203 — 3t
May 2019 | 201945 H

Coordinating Lead Authors: William S. Kessler', Susan E. Wijffels?, Sophie Cravatte® and
Neville Smith*

FE/EH: William S. Kessler!, Susan E. Wijffels?, Sophie Cravatte® and Neville Smith*

Lead Authors: Arun Kumar®, Yosuke Fujii®, William Large’, Yuhei Takaya®, Harry Hendon’,
Stephen G. Penny'®, Adrienne Sutton', Peter Strutton'!, Richard Feely', Shinya Kouketsu'?,
Sayaka Yasunaka'?, Yolande Serra'?, Boris Dewitte®!4, Ken Takahashi'®, Yan Xue®, Ivonne
Montes'S, Carol Anne Clayson?, Meghan F. Cronin', J. Thomas Farrar?, Tong Lee!’, Shayne
McGregor'8, Xiangzhou Song!®, Janet Sprintall®’, Andrew T. Wittenberg?!, Weidong Yu??,
Kentaro Ando!?, Florent Gasparin®}, Dean Roemmich?’, Jessica Masich!, Kevin O’Brien!!3,
David Legler**, Iwao Ueki'?, E. Robert Kursinski®’, Katherine Hill?%, Kim Cobb?’, Larry
O’Neill?®, Lucia Upchurch!"'®, Shelby Brunner?*

YEZ#& : Arun Kumar’, Yosuke Fujii®, William Large’, Yuhei Takaya®, Harry Hendon’,
Stephen G. Penny!®, Adrienne Sutton!, Peter Strutton!!, Richard Feely', Shinya Kouketsu'2,
Sayaka Yasunaka'?, Yolande Serra'®, Boris Dewitte®!4, Ken Takahashi'®, Yan Xue®, Ivonne
Montes'®, Carol Anne Clayson?, Meghan F. Cronin!, J. Thomas Farrar?, Tong Lee'’, Shayne
McGregor'®, Xiangzhou Song!®, Janet Sprintall?®, Andrew T. Wittenberg?!, Weidong Yu??,
Kentaro Ando'?, Florent Gasparin?®, Dean Roemmich?’, Jessica Masich!, Kevin O’Brien"!?,
David Legler’*, Iwao Ueki'?, E. Robert Kursinski®, Katherine Hill*®, Kim Cobb?’, Larry

O’Neill?®, Lucia Upchurch!!?, Shelby Brunner?*

See Appendix C for the complete list of authors, contributors and reviewers. Affiliations for
authors listed above appear on the next page. Authors above are listed in chapter order.

SRR KRR N R L S Co PA A IR F BB SR S L — . DL EARES
R E AN B

This report is GOOS-234, PMEL contribution number 4911 and a JISAO contribution.
R 5 4 5 NGOO0S-234, PMEL 4911, JISAO.

Please use the following citation for the full report:

L LI s 43

Kessler, W.S., S. E. Wijffels, S. Cravatte, N. Smith, and Lead Authors, 2019: Second Report
of TPOS 2020. GOOS-234, 268 pp. [Available online at http://tpos2020.org/second-report/.]

Citation for the Executive Summary only:

PATHEEL S -

Kessler, W.S., S. E. Wijffels, S. Cravatte, N. Smith, and Lead Authors, 2019: Executive
Summary. Second Report of TPOS 2020. GOOS-234, pp. i-xiv [Available online at
http://tpos2020.org/second-report/.]



http://tpos2020.org/second-report/
http://tpos2020.org/second-report/

TPOS 2020 # —##R %

Affiliations{E# BT & AL

! Pacific Marine Environmental Laboratory, NOAA, Seattle, WA, USA

2 Department of Physical Oceanography, Woods Hole Oceanographic Institution, Woods Hole, MA, USA
3 LEGOS, Université de Toulouse, IRD, CNES, CNRS, UPS, Toulouse, France

4GODAE Ocean Services, Canterbury, Australia

3 Climate Prediction Center, National Centers for Environmental Prediction, NOAA, USA

¢ Oceanography and Geochemistry Research Department, MRI/JIMA, Tsukuba, Japan

"National Center for Atmospheric Research (NCAR), Boulder, CO, USA

8 Climate Research Department, MRI/JMA, Tsukuba, Japan

9 Bureau of Meteorology, Melbourne, Australia

19 Department of Atmospheric and Oceanic Science, University of Maryland, College Park, MD, USA

1a ARC Centre of Excellence for Climate Extremes, University of Tasmania, Hobart, Tasmania, Australia
16 Institute for Marine and Antarctic Studies, University of Tasmania, Hobart, Tasmania, Australia

12 JAMSTEC, Yokosuka Research Institute for Global Change, Yokosuka, Japan

13 Joint Institute for the Study of the Atmosphere and Ocean, University of Washington, Seattle, WA, USA
142 Centro de Estudios Avanzado en Zonas Aridas (CEAZA), Coquimbo, Chile

14 Departamento de Biologia, Facultad de Ciencias del Mar, Universidad Catdlica del Norte, Coquimbo, Chile
14 Millennium Nucleus for Ecology and Sustainable Management of Oceanic Islands (ESMOI), Coquimbo, Chile
15 Servicio Nacional de Meteorologia e Hidrologia del Pert, Lima, Peru

16 Instituto Geofisico del Peru, Lima, Peru

17 JPL, California Institute of Technology, Pasadena, CA, USA

18 School of Earth Atmosphere & Environment, Monash University, Clayton, Australia

1% Ocean University of China, Physical Oceanography Laboratory, Qingdao, China

20 Scripps Institution of Oceanography, University of California San Diego, La Jolla, CA, USA

2I'Seasonal to Decadal Variability and Predictability Division, NOAA/GFDL, Princeton, NJ, USA

22 National Marine Environmental Forecasting Center/FIO, SOA, Qingdao, China

23 Mercator-Ocean, Ramonville St-Agne, Toulouse, France

24 QOcean Observing and Monitoring Division, NOAA, Silver Spring, MD, USA

25 University of Arizona, Tucson, AZ, USA

26 Global Climate Observing System and Global Ocean Observing System, World Meteorological Organization,
Geneva, Switzerland

Y’Georgia Institute of Technology, Atlanta GA USA

BCEOAS, Oregon State University, Corvallis, OR, USA



TPOS 2020 Second Report AT

Executive Summary

PATHEE

This Second Report of the Tropical Pacific Observing System 2020 Project (TPOS 2020")
builds on the analysis and conclusions of the First Report, informed by new evidence and/or
fresh perspectives on priorities. The report provides further elaboration and refinement of the
recommendations and updated or new actions where appropriate, together with additional detail
and recommendations in areas not covered in the initial report. Recommendations for a
redesigned moored array, that remained fuzzy in the First Report, are now detailed.

X A B A &2 88 2020 11X (Tropical Pacific Observing System 2020 project, fiij
PR TPOS 2020") [ =k, =LA — RS o T A g5 o 2kt il 1), JF% )8
TR IR A A AR F I B L. 5B IRE L, AR A IS
CUA 16 T R 3T sh A BOB KR DUR FE AR 7 SRR iR, e — %%, RN s 1
AR FORYE AU, AT TR UO R R A OCE . BE — Al o AG
R R PR B s T H A TR I, AEAHR A AR T TR IR .

This Second Report provides a major revision and more comprehensive update for two of the
major foci of TPOS 2020, biogeochemical and ecosystem Backbone observations and the
eastern Pacific. The western Pacific was revisited in the TPOS OceanObs'19 community white
paper and this report includes an analysis of requirements arising from the complex scale
interactions from weather to climate over the western Pacific Ocean. Additional consideration
of air-sea fluxes and the planetary boundary layers in the tropical Pacific are also included in
this report.

SFUAE T R EAT IR 4T 7 2T B #H . ETPOS OceanObs'1947 MV 1 Jz 45 5%t 7 A P
VERMT TEFHE M. AREXN R FERRESME M E R B ERZERER T 0
Mro BEAL, RS EXT G AP R E AT 2L R E i — DT T3

TPOS 2020 sponsors specifically requested further consideration of requirements arising from
monsoon and subseasonal timescales; severe storms and any special ocean observing
requirements; observations related to Indo-Pacific exchanges; and any requirements emerging
from the new class of coupled numerical weather prediction models. This report, supported by
the Community White Paper on the TPOS published for OceanObs'19 (Smith et al., 2019;
hereafter TPOS OceanObs'19), represents a substantial, but not yet complete, response to this
charge.

TPOS 202071 4% Bl i e 1) 22 SR gk — 20 2 R 2 AR IR 2= 40 P B TR) ROBE AR B3R s s 2 XL
T AN LA RR IR OO I EE SR s 5 B B ARS8 R IOW s DA ROH — R & 2UE
KA I AT A Bk . AR5 43 2] 7 N OceanObs'19 & A7 (I TPOSAT MV 1 7
H (Smith%%, 2019; LATFREIFN “TPOS OceanObs'19” ) [KSEHF, 2 i Lo B sk 1 52
BN, (H A TERE

New Areas of Review

T TR

Three new topics are reviewed in this Second Report:
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AR5 ALHE U =SB I 5T A0

e coupled models for subseasonal to interannual predictions;
e observational requirements for coupled weather and subseasonal timescales; and
e TPOS data flow and access (see later in this Summary).

FH 125755 1 2 2 B T F) R A R
St R A RS YRZE T P IS TR) RS P W00 2 5K
TPOSEFEMAI VI ] (GES AR E W JF ) -

All three areas were touched on in the First Report but here we provide a deeper review and
associated recommendations and actions.

B IR L TR =AU, ARG P BAMEL T ERANIL, JFRE TR
REW A4 TAE A RATS),

Coupled models for subseasonal to interannual predictions

JH T2t B 6 R_ 2

The review is based on a survey of operational seasonal-to-interannual prediction centers; a US
CLIVAR workshop aimed at bridging the knowledge gap between sustained observations and
data assimilation for TPOS 2020, including consideration of the models that underlie that
process; and the published literature. The First Report noted there is an urgent need to improve
the skill, effectiveness and efficacy of the modeling systems that are critical to realizing the
impact of an improved TPOS. This report provides further analysis of the main systematic
errors but finds that translating that information into model developments to reduce biases has
proven difficult and that systematic approaches are not in place. [2.3, 2.4, 2.5]?

AR TR FUIE TR 2= B BRI O R A, FESEE TR B AE SRS TPOS 20205542
58 R Z R ER 2 B (RIS R R TS R AR s A Ak S mT Fidi ok
(CLIVAR) BiH, AKCKREMAHICCER. 5 —mik 4R L el HERmER RS0
BRE. RERMAG RN, KIOVIXX S TPOSHIRENT B K B . ARy dt— 2B A 1 A7 4E
MEERGRE, (ER DR X LEE B S O BT A DL i Z A7 AR R e, I BT
ARGV T

We propose building from the experiences of the numerical weather prediction community and
the Coupled Model Intercomparison Project (CMIP) to establish such a systematic approach,
with a regular cycle of three parallel lines of development: (a) an agreed community-planned
set of experiments; (b) studies based on a set of common diagnostics and metrics; and (c) a
series of process studies to bridge the observations and modeling communities. [Action 2.1,
2.7]

FRA T BOR A B R S PHRAT L AAE SR LE X T H  (CMIP) (456 S AR X A R 4t
YR, IR —E A A A=A T (a) R Ja Aok A7 &
IR (b) BEATHETF— B2 W ARAR I It (o) JHE B AR 5 dpit
TR BRI T . (B 2.1, 2.7

1“TPOS” alone refers to the observing system; “TPOS 2020 refers to the project.
L “TPOS” RIRMIM RS, “TPOS 20207 EFRATIXI .

2 Unless indicated otherwise, the [] references are to sections in the Second Report.

2ERARSI A UL, A A ST B TR S i
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The community survey indicated a cycle of around five years might be workable, with a
timetable for planning, commitment, execution and publication, and concluded by an
independent assessment of progress. This report concludes that without such a commitment to
a systematic process, the seasonal-to-interannual prediction community may never realize its
full potential, nor that of TPOS observations. [2.7]

MFENDHAEERE, MR AEFERE . &G $ATRRATE N BB TR 2, 3058 o A7
FIPEE AW, KRATETERR R .. AREAAN, MR Z XM RELEG I,
Z57 B SR BRI AT B 7K To v RAE LA 71, X TPOSMIIE FEIAE k. [2.7]

Recommendation 2.1. Establish a systematic and planned cycle of work among the
participants in seasonal prediction, including (i) a planned and systematic cycle of
experimentation; (ii) a coordinated set of process and/or case studies, and (iii) routine
and regular real-time and offline system evaluation. An independent assessment should
occur across all elements every five years. [2.7]

EK2.1: FEETTETNZ 53 2 A @S Ra AR TR, aF (D
— AN RIER ARG A G — BN RS R BT,
PAJ Gl BRI E S ) SERE RIS 28 BRG0Pl o B T — IO I Z R kAT
MALPEAL . [2.7]

We provide two additional recommendations to promote innovative observing system sensitivity
experiments and reanalyses to guide the evolution of the observingsystem.

UEAh, IRATESEAE 1 55 AhP TR, DA E G P R U N 2 Gt R 80U SIEE8 R T e A gt
ITEF T, RSN RS TH R RE

Recommendation 2.2. Increase support for observing system sensitivity and simulation
experiments to identify observations that constrain models most effectively and have
high impact on forecasts. Correspondingly, development of infrastructure for
exchanging information about data utilization and analysis increments should be
supported. [First Report; 3.3.3.2, 6.1.6]

FN2.2: TNRXT R G0 R G I AR S8 1 SCRE, DA 2 e DA A 20 7 R
[y RIS o 10 RS =g <A1 o Y P s L A 1 VA = o 2 & R 7 B R E 7 e
BRI BT R R ORI R . (S5 33320 6.16]

Recommendation 2.3. Increase support for the validation and reprocessing of ocean and

atmospheric reanalyses; conduct TPOS regional reanalyses and data reprocessing to
guide observing system refinement and to enhance the value of TPOS data records. [2.7]

FEK2.3: IR HEATHEPEAN RS20 A B SR UE A AL B SRR s #E4T TPOSIX 8 7
IIAT A R EE,  DASE SO 2 G ) SO T B R TPOSEE 1L s M . [2.7]

Observational requirements of coupled weather and subseasonal prediction
HEKTRIRFE T 1 TIHIE I ER

The science around coupled weather and subseasonal prediction is advancing rapidly and several
recent publications have reviewed progress and considered ocean observation needs in a general
way. Key processes include heat and water fluxes in and between the atmospheric and oceanic

vi
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boundary layers. At a general level, the First Report included a trend toward requirements with
enhanced spatial resolution and finer temporal resolution, specifically to capture features such as
fronts and the diurnal cycle and to avoid aliasing in air-sea flux estimates [First Report; Chapter
3]. The conclusion drawn in this report is that further research is required before we can be more
specific or detailed in terms of essential variable spatiotemporal requirements; such research is
underway. [Recommendation 3.3]

R A R AR T () T R R IR, SO MR R R T H R i, Jf
DB AR 7 AR VT T PRI 7R o e i A 45 K AR R VRl A2 N B RAAT T 22 TR 1
PEMAGE R . RS 75 R 3R 645 23 0] 2 9 S R ) 43 3 R (R A R
59 & AR SR TR H R IR SR AE, R R R - SO R T [ — iR s 2R3
e AIMEFHILE SR, REELF—DHR, WATTRE T REEA AR 2 ER .
HATX—W FE BT 2 . [ ZK3.3]

Two process studies are supported, one focused on the eastern edge of the west Pacific warm
pool, and the other on equatorial upwelling and mixing.

SRTFRE T WIBRSC, Horh— T T TR AR M R, BT T
I L TR X5

Observations of sea surface temperature and salinity must be complemented by observations of
near-surface winds, ocean surface waves, surface currents and vertical structure in the ocean
mixed layer if we are to constrain/initialize processes in models on monthly and shorter
timescales. The high temporal resolution of the Tropical Moored Buoy Array (TMA) and the
move toward measuring more complete flux variables aligns with such needs and we conclude
will almost certainly benefit coupled data assimilation and coupled model development.

W R IRAT 7 B R 2 o A s TR ROBE A SR/ aa A A Y A st R, U 20 AT i
[T B AN L BN, (RIS R BRI A M VEER U . R AR & E R E
ZEM) . PG KT EESS R 5% (Tropical Moored Buoy Array, faj#% TMA) i [E] 43
FREER IENT B N 5 #E I B AR AT B 5 IX L BUR A — 2, AT X LR i S8 &
AR TS ZE 0 RSB B

The following recommendations would advance these goals:
DA i W0 Bl T SR BLX L H Fr -

Recommendation 3.1. Where feasible and practical, promote observing approaches that
jointly measure the ocean and marine boundary layers, and air-sea flux variables,
principally to support model development, as well as testing and validation of data
assimilation methods and systems. [3.3.3.1, 3.3.3.2, 7.2.1.1]

3.1 EVISETATIEOLT, N4 SR B[R]0 i R v 2= DA A -l
AR AW 7%, 3 H B 3R SRR T R DL AT E s R T M R G
IR AN B6AE . [3.3.3.1. 3.3.3.2. 7.2.1.1]

Recommendation 3.2. Encourage and promote process studies that will improve the
representation of key processes and allow further testing of the ability for observations
to constrain the coupled system; to address biases in observations and models; and to
improve CDA observation error estimates. [3.2, 3.3.1, 3.3.2].

vii
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EK3.2: BRI R B RS S R R R IFE R T H T ARG RAEM
MM EE Sy 3 — PSR B RE B FE s e A AR B o A A R e 22 I OGE
CDAMUI R Z . [3.24 3.3.1. 3.3.2]

The international Subseasonal-to-Seasonal project hindcast and real-time database is supporting
research and model development. Studies on initialization of an intraseasonally-varying ocean
are being supported, including sensitivity to ocean observation, and provide insight on common
errors that need to be addressed. One subproject aims to provide ocean outputs from the forecast
models for analysis.

SCRRAZ I TR R 2 B A ] B o 21 1 1) 24 1k ) T H i i A0 S i 2090 e . 453
SCREHIIUH A X MR 21 N AL I WTAR AT 5, B0 35 0 e DI ) U B 7T, 3K
SERE PR TR H L R B AL B A VF 2 B IR R TR BMANEA B A A
SR IR O e 1 T T

Recommendation 3.3. Promote and engage with the Working Group on Numerical
Experimentation-WCRP Subseasonal-to-Seasonal subproject on Ocean Initialization
and Configuration. [3.4]

3.3 (R NS 5EE 25 TAEH-WCRPHEPEW]IE A AN B 1R Z= 824 1
TH. [3.4]

Requirements: The First Report Reprised and Extended
BoR: EFEFIHY RE—-HIRE

Biogeochemical and ecosystem Backbone observations

EYHIRIL ERIE SN E F RS

We report on further refinement of biogeochemical (BGC) and ecosystem observational
requirements, including estimates of critical time and space scales, and the implications for the
Backbone. Key processes that drive variability in biogeochemistry and ecosystem and thus
determine biogeochemical requirements are: (i) the response to long-term climate change; (ii)
seasonal to decadal variability of the tropical Pacific biological pump; (iii) seasonal to decadal
variability of the tropical Pacific CO; flux and implications for the global carbon cycle ; (iv) the
upper ocean carbon budget, including carbon export below the mixed layer and sources of
anthropogenic carbon for upwelled water; and (v) volume and nutrient fluxes into the Equatorial
Undercurrent.

TR T AEDH IR  (BGC) MR RGN E R EH MO0, AHE BRI [a) A1
I RERMETE, AT BT RERIFW . HES DB A A S REA W IF A
i LE VRO ERAL 22 BRI S E R . (D XA R G #r KF
HAYENZETHEEERRAEL;  Gii) #7 R FE A A E 2 10 2= 28R
BRI ARk DL R 6 A BRBRAE A I 52 mm s Giv) v BZREEHE, BIEREG XZEUT
[y DA S Y- T B AR HEEOE S, s (v) AR TE IR I & A S FR ) TUi
o

This phenomenological basis permits an analysis of relevant biogeochemical Essential Ocean
Variable (EOV) measurements, including for oxygen, nutrients (e.g., nitrate, phosphate and

viii
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silicate), inorganic carbon, particles, chlorophyll and transient tracers. We considered new
analyses of space and time decorrelation scales of some of these variables which may allow
characterization of seasonal to interannual variability, including for oxygen minimum zones.

X LEEL TP R A HUESE A B T XA S i A b BR AL 2 B A Ve AR B (EOV) TN E kAT
o, BFREAR. BRER (B . BERELAERRE) O, BRI, M aER
MBS TRER o FATHE FER A BT X1 2R (BIFAR S ERIKMX
SO HEAT ARAE AR 22 6] AT 18] 25 40 5 RUBE A8 (K 20 B 0%

These advances, along with TPOS 2020 pilot projects (Saildrone® and BGC-Argo) and further
input from the community have led to refinement and extension of the conclusions from the First
Report. The main points are:

X sk g DL K TPOS 20203 AT H  (Saildrone® MIBGC-Argo) (I LK AAT Y 33
—HB RN, FLEARAE T iR S AR R AR . FEA

e Maintain and extend the pCO> climate record [4.3.1; First Report, Rec. 12; Action 7.6]
e Address the broader goals of the Biogeochemical Argo community through 31 BGC-
Argo float deployments per year in the 10°N to 10°S band.

Yepr g EpCOYSAFIC R [4.3.1; SB— sy, @12, #Z07.6]
o TE10°NZ10°SYulH N, FHESIIGBEBGC-ArgoiFir, SEIBGC-Argo™ ) 12 & X
R B,

Recommendation 4.1. TPOS 2020 recommends a target of 124 BGC-Argo floats with
biogeochemical sensors (specifically nitrate, dissolved oxygen, pH, chlorophyll
fluorescence, particulate backscatter and downwelling irradiance) for the 10°N-10°S

band. [4.3, 4.4]

F4.1: TPOS 20207 W AE10°N-10°S 7 [Fl P4 Al FH A= W b ER AL 22 A K 8% CRR 1) 2 il
FREL. WA .. pH. MHEE 00t PR M SO A R ATRE IR ) #6258 1244
BGC-ArgoiF#hr. [4.3+ 4.4]

e Re-institute CTD and bottle sampling on mooring servicing cruises - CTDs should be
performed to 1000 m along each TMA line.

o TEEN RAEY MUK P E AT CTDHUR I EUEE, CTDIR R TMAZL N &
1000K .

Recommendation 4.2. TPOS 2020 recommends CTDs with dissolved oxygen and
optical sensors (chlorophyll fluorescence, particulate backscatter, transmissometer) and
water samples (at a minimum for chlorophyll and nutrients) should be performed to
1000 m along each TMA line by servicing cruises, at every degree of latitude between
8°N and 8°S and every 0.5° between 2°N and 2°S at a frequency of at least once per
year. Twice per year sampling is optimal and could be augmented by GO-SHIP and
other ships of opportunity. [4.3.2, 4.4; Recommendation 7.3]

F4.2: TPOS 2020HEFEH F A A A A I CTD ARG AR Jik S (4R G Bk
AR . GBS . FFFE8ONAESS. 20N 2°S 2 Al AN A B, LA E /DR

X
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— KR, R RIS A TMAZR R BUKRE (/D FE 4 R s 5%
) o WUFRHERIUCRRE, IR GO-SHIPAI AT M HABMT H . [4.3.2. 4.4;
#i7.3]

e Continued coverage of satellite ocean color and CO; observations [4.2.5, 4.3.1, First
Report, Rec. 13]

e Develop a coordinated and long-term observation strategy for the low-latitude western
boundary current region [4.4, 7.4.5.1; TPOS OceanObs'19]

e Continue pilot studies for technology development to expand autonomous capabilities
— especially for Oxygen Minimum Zones [4.3, 9.2.5, 9.2.3]

e Promote process studies to understand the impact of El Nifio and long-term change on
carbon export and ecosystems [4.1.1, 4.3, 4.4]

o i A XK BN AT IN4.2.5. 43.1, ik, @3]

o JYfIREf B I S ) R B K A S [4.4,7.4.5.1; TPOS OceanObs'19]

o MEEHATHIARIF RIS, LY KA ERI, RN AR ERKWIX
1[4.3. 9.2.5. 9.2.3]

o EREIAEMT, UL T MRICIRE U B R A 3 AR A0 e i RN AR ES R SR R
[4.1.1. 4.3, 4.4]

Eastern Pacific observing system
TR G

The eastern Pacific region has high societal impact and is among the most problematic for climate
modeling, as oceanic processes, low-cloud physics, and tropical deep convection have complex
interactions in this region. The sharp property gradients of the eastern Pacific form a key
distinction from the rest of the basin and a major challenge to both observing and modeling. The
Second Report revisits the phenomenological basis and requirements of the region, including the
coastal waveguide, and extends the discussion of atmospheric processes and observations to the
extent they are relevant for an integrated approach to the TPOS. We map a course for addressing
outstanding science questions through both engagement with regional efforts, as well as pilot and
process studies.

IR IX B AR S MR K, AR o P I X 2 — o il R (KRR
=R R R RHRAE X — M XAFAE T 0 R A AR . AR PEst X SR 2R i3t 4
He 512 s B A DX A AN R, AT DN A AR AR A7 AEAR IR PR A o 58 —
ety P H AL T IZBIX IR AR A R, AR, X R R AU A
WHHTHIY R, TR T TPOSHIZR & 75 . B S5 Xt TAF DAL sl s i H A
FEREIT, FATLR ] 1 A RIX L5 A 27 fr) LR AT 26

The following provide the overarching scientific motivation for an eastern Pacific observing
system:

PUR ARSI AR e f 1t 1 R A R ) 2 B Bl AT Ll
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e Monitoring and predicting the El Nifio-Southern Oscillation, including the evolution in
understanding of tropical instability waves, the influence of tropical Atlantic SST, and
the nature and spread of convection in the region;

e Understanding and addressing ocean model biases, including Kelvin wave dissipation
processes, systematic errors in the vicinity of upwelling and the equatorial thermocline,
and modelling of interaction with coastal upwelling dynamics;

e Understanding atmospheric and coupled model biases through a focused effort to better
observe cold tongue and Inter-tropical Convergence Zone dynamics and associated
cloud feedbacks, including the atmospheric thermodynamic and dynamic vertical
structure; and

e Oxygen minimum zone dynamics and equatorial and coastal upwelling that brings cold
nutrient-rich waters toward the surface resulting in phytoplanktonic blooms (see also
the biogeochemistry discussion above).

o WA R eV -FE T R, A TR A RRE B AEAS R P R
R RS20 LA R 2% DX IOxH UL A P o A

o [fRAVEHMEERE R 2, ORI RSCBAEBO RS . B TR R IE i BRI
R GetE R 7 AL S0 R TSl 0 AR AR A

o NI FIPE, WM v v AR R 71 3 5 KA ORI = BBt Al KT
PR EA R, DM 1RSI SR R 22

o AT ERMRXELB) 5 LK E IR E NIRRT 2R 3 B0 E
YIREEHERREE R ETHR (20 LR AR A .

Recommendation 5.1. The existing TMA line along 95°W should be maintained and
updated to full-flux sites. [7.3.1]

K51 REMATEOSSWHITMALZL, P R aifdestit, [7.3.1]

Recommendation 5.2. Increase Argo density for the eastern Pacific as soon as possible.
A coordination of South American countries to execute the doubling of Argo will be
required. [Recommendation 4.1 and Action 7.9].

5.2 R E R K Argo® o 75 B0 e 25 B 5% LSz B Argo 3 & (1) hn
=, [ A E7.9].

TPOS 2020 reaffirms its support for pilot projects to evolve and strengthen observing capability
in the region. The equatorial-coastal waveguide and upwelling system (Action 5.2) and Inter-
tropical Convergence Zone/cold tongue/stratus system (Action 5.3) pilot studies are reaffirmed
as high priority. A third pilot on atmospheric monitoring from eastern Pacific islands is
recommended to test our ability to monitor: (a) vertical profiles of atmospheric winds,
temperature and moisture variability; (b) surface conditions in the near-offshore region; and (c)
atmospheric vertical structure and cloud radiative forcing in the core stratus deck region (Action
5.4).

TPOS 2020 X iffi & S F B 78 & AN 9 123 X WL BE B R 0 H o FRORE 7RIE -
WS ETHR RS (F5.2) PG/ E s RS (F5.3) W R il
NS B E G H o F RS =N AR B U5 I, B FRATT

xi
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FELUT MR T (a) KA. RN AL TR B (b) 3 X
RIROL: (o) RO R X R S m it sia b (7Fms5.4) .

One of the motivations for revisiting the eastern Pacific in this report was to enable and generate
greater regional activity. Several opportunities are identified, including (a) enhanced data sharing
and cooperation, to include improved transmission and quality of data, using regional
mechanisms where appropriate, (b) direct participation in profiling float enhancements, (c)
participation in a regional reanalysis project that would better resolve processes and fields
relevant to Eastern Pacific stakeholders, and (d) assistance to establish collaborative frameworks
so that greater regional value could be obtained from their observing efforts (Action 5.1). [5.2]

AR FH AL T AT X, He A H R D TR B R B X s Bl
BT UM AT BERES): () s =M a e, s ol Bl 1 A& fa A =
FRAE T Z R IAENLH], (b)) BIEESS0REs I %, (o) 25X
SMTIRH DU G o 5 AR s AR O AT R IR AU, (dD Bl S 7
PEPERESE, DU MR A% h S R XA (751D - [5.2]

Recommendation 5.3. A pilot study along 95°W installing dissolved oxygen sensors to
200 m and an ADCP is recommended at the equator, with additional dissolved oxygen
and current sensors on 2°N and 2°S if at all possible. [5.1.4]

FEX5.3: IISOWH R S, VAR A AL 2 22 200m, & ITE R 18 AL
ADCP. WIRTTHE, 7E2°NFI20SAb 2235 17 fift S AL A AN L AL IR o [5.1.4]

Recommendation 5.4. TPOS 2020 recommends planning and execution of a reanalysis
project for the eastern Pacific, making use of past and current data sets, as well as
hydrographic sections between the Galapagos Islands and the coast. This reanalysis
effort should include high-resolution regional atmospheric products that resolve
important coastal winds, and ensembles for estimating uncertainty. [5.2]

Z1K5.4. TPOS 20202 BRI PAT Z- AP AT U H s 3 s AN BILAE FA 4
Patk, VASAEINRL T RF A B R 2 2 R ) ZKGE I e o i E T o0 i A N
5 AT FH T b B B I XURCD 1 0 R 0 XK 0 il A Rl AN B PRI ER & o
[5.2]
TPOS 2020 strongly encourages stakeholders to advocate for and support an eastern Pacific focus

for the United Nations Decade of Ocean Science for Sustainable Development (2021-2030),
given the benefits will be relatively large for this region (Action 5.5).

TPOS 2020758 71 55 il M i AH 57 8 3 I SCRFAE AR AT - X B QT “ I 15 Rl ol 2
fRBERTRREE R 457 1HRI (2021-20300 , BUNZHBIX B 32 5K X BOR (FR0E5.5) -

Tropical Pacific decadal variability and long-term trends

RFRTHFIREENKIES

Consultations after the publication of the First Report strongly encouraged TPOS 2020 to revisit
the requirements arising from decadal variability, long-term climate trends and the climate
record. This report provides a comprehensive update, including a review of historical studies of
decadal variability; implications from global climate change and other external-forcing for
tropical Pacific climate; and an analysis of modeled and observed past changes in the El Nifio-
Southern Oscillation and potential future changes. [6.1.2-6.1.5]
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5 IR T KA G &7 R IT FIBE R LETPOS 202058 51832 5] 75 5 6 37 A0 B T SRR Br AR
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ARBR AR 2 (1) g S S0 (R0 A 3R A8 A A Ay 0 38 5 A FH X iy P S 1
SO 0T JE R JE T - 7 V4 BN RSN 5E 2] (1) i 25 AR A0 1 3 A1 DA ORI FE 1 AR SR AR AL
. [6.1.2-6.1.5]

Key findings include the need for better observational constraints for estimates of surface heat
fluxes, and for improved understanding of the subsurface circulation, thermal structure, and heat
budget of the upper ocean along the equator; and the need for sustained reliable observations and
reanalyses of both the on- and off-equatorial winds and air-sea fluxes. Long-term sustained
monitoring and high-quality reanalyses are highlighted as priorities. [6.1.6] We also discuss the
potential role of TPOS for better calibrating and understanding paleo-proxy data records, a topic
that should be considered for the coming years.

FEE RO EEERMLA R G R Aol &, DL E L 7 iR E
FREFAERI LRI IR AR TS, R B Rl XU HE 2R T8 KU O R AT
RO RF 8 ] SE UL IR B 0 B o B R B AT KRR SR I A = B B 0 . [6.1.6]
BeAh, FRATIEIRGS 7 TPOS I T+ 58 4 Sy vh AR At oty AR B8 0 s 07 T VS fE P R, IX
FEARARVEERLZH FE ) — > T

We stress the challenge of detecting multi-decade signals and the importance of maintaining a
reference set of longstanding, continuous climate records, with quantified uncertainties, that can
bridge any future changes in the observing system and confirm or refute any shifts that may
coincide with the introduction of observing system or data processing changes. Such references
must have enough coverage and sufficient quality and reliability to (1) detect and identify small
dec-cen signals, (2) enable cross-checks for consistency, and (3) be able mitigate risks from
unexpected failures of individual elements. [6.1.6]

BATTRER T H A AT A R W1 PR M DL % PR B K B3 R S M 12 3% 2 25 i 1) L
PEo B X el SR R AN e P, AT F T O R GRSk e Re R AR AR L, SR
TANBAERH T RE S5 I R SE A A s A FEAS AL R AR R — S . XS AR
AR, HEALWRENTEEME, RUME (1D A IFE R Es -2k S
T, () REHHT AR R A DA R —EhE, DLA (3) BERERRRAN TR S EUW RS
R XU [6.1.6]

The Northwestern Pacific Ocean

BT

The TPOS OceanObs'19 Community White Paper provided recommendations for a low-latitude
western Pacific boundary current monitoring system, including consideration of the Indonesian
Throughflow. This report supplements that work with an analysis of complex interactions over a
range of timescales in the northwestern Pacific Ocean, including stochastic forcing of El Nifio
and involvement in the delayed-action oscillator and discharge-recharge mechanisms.

TPOS OceanObs'1947 MV 4 57 5 AR 45 B Ph R P i Sl I ) R e e it 1 @il A dE
FENE R PO B E FEAE N « ARG XTHAE THNFE, 0 1 PR3 — R BB 1) R
MR M EAER, BIEL/RE IR I BEAL5EE 1E F DL S GEIR AR 3R %% % AR HE
GIR PGS
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The boreal summer intraseasonal oscillation, an elemental part of the Asian summer monsoon
system, provides one example of potentially predictable signals on subseasonal to seasonal
timescales in the northwestern Pacific Ocean, with likely far-reaching impacts (e.g., extreme
rainfalls and droughts) of significant societal relevance for the region. The region also hosts the
most intensive typhoon/cyclone hot spot according to observations over the last fifty years.
Improved understanding may allow typhoon prediction to be extended beyond seven days.

T EEFARG ETME B RARG N D EARL A , X AR RZET 2
2= I 8] RO _E I AE T BNAE 5 1 — 01 B AT RS R ™ B KIS (bR s 2 AT
T5) , SZXAEFWERHESMRN. RIETE L HERIE, 2l XKiEMa &
R G KNG AL SRR —BLR A E AR ] DUE & M E K 2= -ERBLE,

An enhanced observing capability is needed to meet requirements in the northwestern Pacific
Ocean arising from these complex scale interactions and their associated links between the tropics
and subtropics. These enhancements are proposed as part of the evolution of the Backbone.

H T3 6 55 % 1) RUBEAH BLAE F A HG 5 Aty AT Ay 2 TR) R AH DR IDE 2, 7 224 e WL e
J3 LA AR VY ALK PE RN 5 22 . ©R 3R UCE T AR G0 SOk 00 45 4 v X 8 075 T AR WL
REJJ.

Air-sea fluxes and the planetary boundary layers

M- TE BRI T EUTRE

One purpose of the Backbone is to provide in situ time series for comparisons with satellite-based
measurements and validating gridded synthesis products, including for those of wind stress and
air-sea heat and water fluxes. The Second Report discusses how the TPOS might better support
these goals.

BT RGN H P —A &2 2 LB e (8] 2 2080, 15 R0 EE 31T Eh i
RO X B B2 S AT B8 AIE , LG X JXUSL g A -SRI 7K & 77 S PR 38 AE o 26 4R
H U T TPOS U Ay B 4 3 57 FrIX 28 H A o

Wind stress
KW F

The First Report design takes advantage of the revolution in broadscale wind estimation over the
ocean enabled by space-based scatterometers, but combined with and complemented by in situ
measurements, particularly from moorings. If space-based vector wind sampling could be
increased and better spread across the diurnal cycle, the outlook is for greatly improved wind
estimation. However, some questions remained about the differences between wind estimates
from moorings and satellites, about errors in blended gridded wind products, and about the best
approach to monitoring decadal-scale variability and detecting climate change. An Annex to the
Second Report is devoted to these issues and to errors arising from sampling (space and time).
Further research is needed to better understand these errors in gridded wind products and the
impacts of sampling differences between satellite and buoy winds (Action 6.1). There are also
outstanding issues around directional dependence of buoy and scatterometer wind differences
(Action 6.3).

SO 1 e TR 2 T 2 ] PR RS SO SR A R T R XU A S 80
CAS I A7y s, e H 2 AR e o R T DI 33 18] 1) R 8 U R A2 H
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The First Report noted the many different approaches to producing gridded wind products
(including uncertainty estimates), ranging from reanalysis products to specialized blended
products using wind observations from different scatterometers and in situ data. The effect of
surface currents remains an issue. Dedicated analyses have been started (as discussed in Annex
A of the Second Report) to better document error sources from both moorings and satellites, to
understand their differences, and distinguish the issues of measurement versus sampling errors
(Action 6.2).

SOl Fi AR RS G R TR 2 AN (CBAEANE MRS 5D, i
fity A8 P AN [0 3SR ASCOMT I 2 500 £ AU £ MV VR 577 il o 2 T TGO AT RS M AT PRV
REMRGF M. COTIREAT R0t (e i d i B A RTIR ) 5 DASE A hic srds 5
H5RERRZERE . T EN AR ZERIEX 008 5 R RZEN I (i
6.2) .

Heat and moisture fluxes
HER K=

In the First Report, it was noted that the satellite-based estimates of heat and moisture flux
variables were either non-existent or subject to large uncertainties. The Second Report revisits
this assessment based on recent progress in these efforts.

S — kS i, 2T DERAENE SRR B EE AN, E2FER
RN 25 A dh iy BLIX ES0T 50 A ol it e i 0 Ak xof e A 17 B8 i AL

For radiative fluxes, the report analyses studies that have looked at the bias and standard deviation
of satellite derived downwelling shortwave and longwave products with encouraging results.
There remain uncertainties that need to be better quantified and understood. The pathways for
progress include more in situ radiation data, together with the development of standards that
ensure their measurements and processing led to the highest possible quality. They also include
the deployment of some highly instrumented Super Sites (section 7.4.7) in selected regions.

X TR, AR X R UK AT R ORI i i 22 A v e 22 AT AT
T, GRS NESE. VT e N & 25 2 i th BB Al . bt Bl
AREUCE 22 B S Bde ,  DLR A e AH Db o DURA O DA g iy Jot AT I B A A . U
Gb, AT ARG e DX T LA i R I At vl (BR7.4.775) .

Satellite products of turbulent fluxes relying on surface state variables and bulk algorithms have
also been continuously improved, even if satellite retrievals of near-surface temperature and
humidity need further refinement. Documented errors in these variables have regional and regime
dependencies, for example in the vicinity of large-scale atmospheric convergence/ divergence
fields and associated cloud properties. In situ data sites within each of these regimes (with
meridional extensions) will help improve near-surface temperature and humidity estimates.
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Additional measurements at “Super Sites” such as in situ directly measured fluxes using direct
correlation flux observations and atmospheric boundary layer temperature and humidity profiles
would also provide guidance for improving satelliteretrievals.

TR AN L ) B R R M gt — b ook, EARAT R RS A B AN RR R
it AL AR ) T 7 A AN WA B e o X AR R v R T A R BT DX ORI | R AR
PERRS R AR KRR R UR AR U A R R RN . AR ZR XN I L
Havh . (ZAY D AT BeEn it RIE AR M. £ BHuia” IRE,
1910 LB # AR O% S WL 7 S B & (38 AU R R AR A, B
A BTt P AR

Freshwater fluxes

RKIE &

As in Recommendation 9 from the First Report, increasing the number of in situ rain gauges
would provide better statistics for satellite comparisons. The TPOS community should continue
discussion with the satellite and in situ precipitation experts to examine to what extent and in
what regions increased rain gauge density would be of value, and whether additional
measurements (for instance a Super Site with radar) could be incorporated (Action 6.4).

UNAE RS — 3 i O PTId , B INBL o & T A B0E v b AT R BRI 4 i 4t
s, TPOS A G it —5 5 TR EK L FKETIE, DRI & i &
AR AN 1 X, ALK S 5 B AT AU D & B Qe o6 o 3k f) b 2
mD - (6.4

Other considerations

HinERER

The Second Report reaffirms the importance of surface currents for improving surface fluxes; the
evaporation rate, and latent and sensible heat fluxes depend on the wind speed relative to the
ocean current.

S5 Al HA 7RI BOE R R B R A JFE R AR ORI
ik 02007 S R P A R N D B

The Second Report confirms the priority placed on the requirement for more extensive
measurements of the full suite of flux variables which are currently only made at a few sites on
the equator. It also confirms the priority to extend surface sampling across the tropical
convergence zones and into the subtropical trade wind regime and other key regimes. [6.5]

5 AR BN R AL e R e il R A R AT T IR, i H AT R E E
LA S AT IR . BEAh, SN T B0 RE s R ERAT Y B #vir 8 & X DA &
P 5 T AR G RN A R B X B [6.5]

The Second Report also reaffirms the increased requirements for mean sea level pressure
measurements based on recent sensitivity experiments. Near the equator, where rapid divergence
can hinder effective sampling from drifters, sensors on the TMA (5°S — 5°N) could help meet the
requirement.

S A AR AR AR R T AR AR A SR X 1 BT T AU BEAT I R B D R
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The Backbone Observing System
BFTRNES

The Second Report updates, and as necessary modifies, the Backbone observing system
recommendations provided in the First Report, taking advantage of recent consultation and
feedback, new dedicated studies and technical progress, and results from recent pilot studies. We
recap the design and multiple functions of the Backbone and more fully explain some of the
reasoning behind the Backbone recommendations where the First Report left uncertainty, or
where issues have been raised subsequent to the publication of the initial Report.

XFF 5 — O i SR B TN AR G, B A B T R I AT B A B
TFIEII L T IHE FEAN AR E 2D VL e Bt ARl Rl 7 P AR A 45 2R, A 7 58T, JFAEb 2
AR 7 AER. BATEE B TR SE R BT A 2 R T RE, O S A R e T
MAGENHE R —LEEN, TRl AR -G \aIAsEr, sE2hT
FESR — 3 AT e B A ]

In general, the recommendations of the First Report remain valid, with the underlying logic and
evidence strengthened by the review. The major changes remain renewal and reconfiguration of
the mooring array, and a doubling of Argo sampling in the tropical zone (10°N — 10°S), now
including BGC-Argo sensors on 1/6th of the floats.

RAKTT S, B—WWE @SR E 2%, BF AT R A AR A £
AR ATY R A Bl 25 B 50 1) 5 S AN BTG ), DL R L IX (10°N-10°S) [ Argo
(HLAE H /61 Argo i A ABGC-Argo) SKRE WA I i) ) B

The reconfiguration of the tropical moored buoy array is now described in greater detail,
including tiered parameter suites (7.3.1.1), and a refocused spatial configuration that maintains
and enhances the focus on the equator while retaining a grid-like structure for detecting and
validating basin-wide decadal and longer-term flux changes (7.3.2; Figure 7.4). The 3 tiers
include a widely deployed and enhanced base level (Tier 1), with some that will include rainfall,
pressure and mixed layer salinity (Action 7.1); a velocity-enhanced mooring that will be deployed
at select sites/lines (Tier 2) (Action 7.2); and a small number of very highly instrumented “Super
Sites” (Tier 3).

A AR B VR A b e R T AN B R AR FE A B R IR B W R, B E S BB
(7.3.1.1) FIEFR) 0 TAR A W82, AR I — D R RERATIR T, &7
A — A WIROIR B &, DUOR] A6 0 R 50 E ¥ 23 RO AR AR AT 3 AR (7.3.2;

K7.4) o R A=ER, SAEEEGE T Z I mRr A E CGE1E) , ok
M IR EEEE (71D o FEF b 5/ SRR 5 28 g B o it R (3522
(#HE7.2) VLR NONRE R E “BRuE R (32 .

Consistent with identified requirements and priorities, the new moored array design focuses

on [7.3.1]:

1) expanding the sampled surface meteorological regimes through poleward extension of
some meridional spines;

2) markedly expanding the spatial coverage of variables for heat and water flux estimates,
Xvii
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adding short and longwave radiation to Tier 1, and rainfall (Action 6.4);
3) complementing (2), resolving near surface and mixed layer diurnal variability across
the domain (denser vertical resolution of temperature in the upper 50m);
4) systematically measuring near surface currents;
5) expanding surface barometric pressure measurements;
6) better resolving the near equatorial flow field in the central Pacific; and
7) sustaining and enhancing pCO; measurements.
55 58 B ERAN T EASE AL B ST — R, BT A A B BT B DU LA 5 T
[7.3.1]:
D @z m by T R B TR AR X
2) BEY KT HRENKGE R R AR B T ME GG E, 5518 A
baht, VLKPEW (fFi6.4)
3) ERNULEZE (2) JTHRIAbse, WEREBEAXEPEREMREZERERE (£
J750m B # AR IR T ELIRLE 70 %)
4) R GPEI R R
5) R UL E
6)E%ﬂﬁﬁ¢ﬁ¥ﬁﬁﬁﬁﬁ%:
7> ZRBEAT I I aEpCO )l &

Recommendation 7.1. TPOS 2020 recommends the adoption of and support for a refocused
design for the tropical moored buoy array, with a three-tiered approach to
instrumentation. These comprise the Tier 1 baseline with enhanced surface and upper
ocean measurements over the existing array; Tier 2 with added velocity observations in
the mixed layer; and Tier 3, an intensive Super Site that might be used in a campaign
mode. [7.3.1].

,@wuzTMBmm@uﬁ%%ﬁ%ﬁﬁ%WM%%iﬁﬁﬁiﬁﬁﬁ FER H &I
BRN=ZAEIR TN B2 RFEME, IaREA L EEEANE, 52
TnsEfEIR A F%ﬁﬁ%% B EAEEREE S . [7.3.1]

The exact location of the moorings poleward of 8°S under the South Pacific Convergence Zone
needs to be further explored, in consultation with community experts and regional partners
(Action 7.3).

T B AT\ FAXIE A ER LR, B — D3R’ AT V4R A oSl A M A A )
B (7.3 .

Tier 2 sites, in consultation with community experts to specify the priority sites (Action 7.2), will
include an upward looking near-surface ADCP, measuring velocity in the upper 50m. The “Super
Site” concept is still in development but will include additional instruments to provide more
detailed or specialized information to refine the observing strategy and take advantage of
technological advances. [7.4.7]

BB AR E ST R L AL E (F7.2) , BIEITERADCP
LB EJRSOKMIRRE . 8wl sl ” ML TIPRB B mUARC & Hofh T,
PSR S PR B LML A5 2, 5838 DN SR I 78 70 I B iR o [7.4.7]

Full implementation of the TPOS design will deliver many gains, but also raises the potential for
losses; such is inevitable in a process of redesign and reprioritization but is nevertheless
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regrettable, particularly with respect to some historical off-equatorial mooring sites. This is
already the case in the western Pacific, although the new design aims to redress and minimize the
loss. The gains and losses are described in detail [7.3.2, 10], including mooring coverage (Figure
7.5), rainfall sampling (Figure 7.6), decadal and longer-term wind (Figure 7.7) and latent heat
flux (Figure 7.8) changes, and radiation and evaporation regimes (Figure 7.9). Subsurface
impacts from changes to Argo and mooring sampling are also presented (Figures 7.10-15). A full
summary is included. [7.3.3]

ST SEHETPOS BT AT RVF 2 UF AL, (EB 3R A E SR B XS o 78 BT et A 2
B 5 DL 5B P IR RE A AN T3 e 2 R AR, R X T R i S I A ) i R
Wrie AR CE ML T IXFEL, RE Bt R e 1 1R IR D
Ko ARAREVEAFRIR 1 ] R G AL AT AT BE 3 MR 22 [7.3.2,10],  ALFE G AR 7 o Vo
(7.5 « BERERFE (E7.6) « FERBEMKEIRG (H7.7) fgdias (87.8) %
IR LA SR S AN Z8 R O (B7.9) &5 o AR AL S H Argo M 28 BUREAR AL 51 k2 (4K
R (E7.10-15) o FFRAE 752 BN E. [7.3.3]

Progress with Implementation

et R

Progress with implementation since the First Report has been very encouraging and TPOS 2020
has achieved significant buy in. We provide a schematic update of the status of the main
Backbone Essential Ocean Variables which shows around half are in a satisfactory state
(requirements met adequately or better), but for the remainder there is considerable work to do.
For wind, and building on Recommendation 1 from the First Report, TPOS 2020 must drive
further dialogue with agencies to explore ways to improve data availability and the diurnal spread
of sampling by vector wind measuring satellite missions if the TPOS requirements are to be met
(Action 7.4, 7.4.1, First Report, Rec. 1). For sea surface salinity, the community must continue
to highlight the ongoing need and benefits of follow-on satellite missions (Action 7.5, First Report
Rec. 10). Underway measurements of pCOx> fall short of requirements and TPOS 2020 must act
to establish measurements on all mooring servicing vessels and promote pilots of pCO»
measurements from autonomous underway vehicles (Action 7.6; 4.3.1; First Report, Rec. 12).

H 55— i 5 R AT LR & T i 1 ST B T JEH 2 NEEREERE, TPOS 2020 L4281
BTRZFNHD ., BAUSEMES TXE TN RS0 S 50 E 21 BT B
WA, HPRA—F 4T NHERIRES (FMERE R 720w e B2 B HIID .
BT HAL T H, EHRMEZMTIETEM. TFREE, RIES—-mREmE,
TPOS 2020 AN 5 S ALK I3t — 20 01, DAARZE A R TPOSELR, i < & X
= LRSI S HUE ] M RCR B R B ik (374 7.4.1, 55—k
W) o XFFERIELEE, WAgkSmiffesk PEAS MRS T RMEL (HZh7.5,
FriE #1000 o EEHTpCOMMN EAFF & ERK, TPOS 202040 2 K B i,
XTI 8l R NUGAT IR, FRRHK T B 2L N TpCONIE (7F37.6; 4.3.1;
F—rikEEN12) .

The First Report included recommendations and actions to enhance Argo coverage in the TPOS
region; the Second Report reaffirms this strategy and priority. Around 20% of that enhancement
is in place currently. This report provides further analysis of deployment strategies and stresses
the need for greater international participation.

AR S XAETPOSHE X N5 Argo & i Vo il $2 I IO 3 i, 26 — A dle i B H 10X —
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To address requirements in the western and northwest Pacific Ocean, the TPOS 2020 project has
convened discussions with key stakeholders. China has outlined plans to contribute moorings and
other capability to address these needs, including to track monsoon and typhoon development
over the northwestern Pacific Ocean [the so-called Ding "T " array; 6.2.2, 7.2.1.3]. In-principle
support for maintaining the TAO part and the remaining 3 TRITON moorings has been provided
by the National Oeanic and Atmospheric Administration (NOAA) and the Japan Agency for
Marine-Earth Science and Technology (JAMSTEC), respectively. We reprise and update the
incomplete action from the First Report:

NN PG ARG AL AR X IR AR S B3R, TPOS 202000 H EL4 5 £ BRI 2 A0 T
HAT TvHe . PECSESE TR, DA AR R AT AL AR ) DU R X e Tk, ALRER
FRVO AL ZE XA & RO REFTIE I “ T BE31; 6.2.2, 7.2.1.3]. EZKHFIR
SEHR (NOAA) A HARMEFEHBREZAE AR/ (JAMSTEC) 43 7 A & Jif U b2 4t
XTHEFF TAOHS 73 A R3S TRITONS RIS IS FF . X8 — i 5 % A 56 B 1) i 1)
i, E 7 BRI

o The TMA sites in the western Pacific within 2°S to 2°N should be maintained or
reoccupied.

o N GLRIFELE T TR E2°S E2°N HITMA %5 47 o
These are core sites, and all should be supported.
XU RAZ Ll 5, %A B S -

The Second Report outlines a staged implementation approach [7.4.4; Figure 7.19; TPOS
OceanObs'19], with ongoing assessment through to full maturity. Many elements will evolve
with global implementation, but with recognition of and advocacy from the TPOS community.
Others will require specific actions from the TPOS community, and these are discussed in more
detail in the report. The actions, including reconfiguration of the moored array, will need to be
carefully coordinated since no single player is able to respond to all requirements. Resource
limitations are inevitable but through a cooperative implementation strategy and plan, the TPOS
community can jointly meet most requirements and together enjoy the benefits of the whole
TPOS.

RS MR T P B 5[ 7.4.45 E7.19; TPOS OceanObs'19], PARFEEPEAL &
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Several specific actions are highlighted:

e In preparation for TMA-wide usage, Tier 1 ‘full flux’ moorings from all contributing
operators should be piloted, intercompared and assessed, and agreement reached on
where salinity, rainfall, and barometric pressure are most needed in addition to the core
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measurements. Instrument calibration and quality control procedures should be further
developed, agreed and documented. [Action 7.7]

A pilot of enhanced thermocline velocity measurements at established sites at 140 °W,
2 °N/S should be planned, and if successful, extended to include the new sites at 1°N/S.
[Action 7.8]

Argo float deployments should be doubled over the entire tropical region 10°S-10°N,
starting immediately in the western Pacific, followed by the eastern Pacific and
extending to the entire region, building to a total annual deployment rate of 170/year.

e i aE EE R T LT J LIRS it
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Of these, 31 should be equipped with biogeochemical sensors. [Action 7.9,
Recommendation 4.1]

TPOS 2020 should develop and detail whole-of-system assessment activities,
describing them in the final TPOS report (or earlier). Part of the assessment should
include examining the tradeoffs between the number of sites versus the ability to
maintain continuous records. [Action 7.10]

For each specialized data stream or platform, ensure the creation of an engaged team of
experts to oversee sensor management, develop quality control (QC) procedures and
guide the delayed-mode QC for the TPOS data streams. [Action 7.11; Recommendation
8.3]

BUMNFARN I LRI AR 3 . [F57.9; 4.1

@ TPOS 2020/ il 52 JF L Ui I A R G2, JFAETPOS IRk (BUEH)

Hot L HEAT UL o A PN S L G A vl B S R E S SR AR ) 2 TR 2
BRESLILPAT . [7EHE7.10)

O TR BT &, BN — AR K BIA ST AR A B PR MR, T

RIFEES] (QC) It TPOSEIE IR 1 2R i B4 H #1718 S . [BH7.11;
F1K8.3]

The draft schedule attempts to synchronise actions and harmonise actions and assessments, but
this will need to be revisited regularly.

THRIE SR B A SCHUAT A [R5 AT AT s APl B R, (B Z0E B &

TPOS needs to be proactive to ensure the climate record and our ability to detect change is at
least maintained, if not enhanced.

TPOS N 4 B DRAH S () SR R AT BIORAE, I HIATI I AR I RE 77 22 /015 B OR 5
CHn R B AT
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Recommendation 7.2. To ensure that the TPOS observing platforms collect the accurate
and interoperable measurements required to detect small [climate or “dec-cen’] signals,
a series of actions should be taken, beginning before the rollout and continuing during
implementation, to assess the performance and impact of the proposed platform/sensor
changes. [7.2.1.2, 7.4.4]

Z1X7.2: NHHRTPOS LI T & U AR TR AR S5 [ EL “dec-cen” 1 5 T 1
AERf EL T B A I A, TR R — R YIS CAHE S 2 BT 46 5 7 St
HlRIgREE) , XTHLSCE B AR AR PR AN AR AL RS2 AT VEAY . [7.2.1.2, 7.4.4]

Updates are provided for all Pilot Studies and Process Studies proposed in the First Report [7.4.5,
7.4.6; Figure 7.20].

AR T, XS [7.4.5. 7.4.6; E7.20]58 H A Gl A o UL RE W SR 1O
o

The concept of a Super Site is to provide multi-year specialized and more comprehensive data
sets, using a larger and/or more complex suite of measurements than the Backbone observing
system offers. TPOS 2020 should further develop and articulate the concept, including possible
approaches to determination of appropriate times, locations, and measurements. [Action 7.12]

G RO MR B AR EO T I F e B A/ EOE BRI R AR 2 E
MAL Y EE 2T I EESE . TPOS 202015 43— 20 K AT B IX — M, B dd 3R B 11
SEIE I IA] M7 ST . (#8712

Several additional actions and recommendations flow from the review of the First Report.
FEASATR A HhoFT e HY B 22 AT A S BURAE X 8 — 3 1 i BEAT BB R A R 3R L

For sea surface temperature, Recommendation 3 from the First Report remains valid but
additional emphasis is needed on the mix of observations and processing needed to properly
resolve the diurnal cycle, incorporating remote microwave measurements, visible—near infrared
sensing data, and in situ data at various depths near the surface. [First Report Rec. 3; Action 7.13,;
7.5.1]

X, RS R UGTRAE N, HEFEMCLS 245 22 s
DAL HIFIA . AR . 2 TH P U AN R BE AT LT 21 A ME B A 3
. [(E—GREEK3; BH7.13; 7.5.1]

The First Report recommendation for sea surface salinity might be misleading, and so has been
updated:

Updated First Report Recommendation 10: Continuity of complementary satellite and in situ
SSS measurement networks, with a focus on improved satellite accuracy to augment the spatial
and temporal sampling of SSS.

S Al P oG T I R T BE B IR Ak, DRIMAE AR S A 1 N SR
B—OREHIEWRIOELLEII T L7579 28 FISEN SSS AP, ki 285
LEXHHIHTIE S LATE FESSS HY 7 5] FIIT [ RAE o

Further progress has been made in relation to the First Report recommendation on surface
currents (Recommendation 11). Two missions are now in the planning phase which are, in the
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view of TPOS 2020, potential game-changers with direct measurements of total surface currents,
a requirement that has been highlighted with respect to surface wind stress and surface fluxes.
[7.5,9.3.1]

FEH kS PR LR EEREN O BSFdt e CEID o HETA ML T30
R BUE W] BECCETPOS 2020 R SR (LSS . AEIX M IUESS T, XA R JZ it
ITENE, X CAER R NN AR 238 & 7 o i i) — ISR . [7.50 9.3.1]

The importance of other in situ capabilities, while recognized in the First Report

(Recommendation 21), was not sufficiently highlighted. Thus, a new recommendation from
TPOS 2020 is:

RELEHE S (21 hdsg LI ee D EE M, EIFRT 0 mIE.
e, TPOS 202042 H DA R 21

Recommendation 7.3. Improvement of dedicated capacities on servicing ships to allow
repeated ancillary measurements. Underway measurements such as Shipboard Acoustic
Doppler Current Profiler measurements, pCO2 and sea surface salinity should be
systematically acquired. [7.5; Recommendation 4.2]

Zi7.3: RERSMAN I EE S, MEESHTHENE. Hil o4& IEE#T
(1IN B8 77 A A48 75 2 22 35 8 rEL IR A0 T DG B pCO2 RN THT 2k B 55 . 1 il 21 2.
RGN, [7.5; K42

TPOS 2020 continues to advocate for Pilot and Process Studies that will contribute to the
refinement and evolution of the TPOS Backbone. [First Report, Action 14]

TPOS 20207E A 25 Fr 4k 2248 5 #4745 B T TPOSE T W 1) 5 Al R J )R s i 70 TR
FEWF T . [FR—rRis, #iE14]

Additional Areas of Review

FoAt o AU

TPOS data flow and access
TPOS$H LG 1

The Second Report proposes that data management should be considered alongside observations
in the requirement determination process and that the architecture of our data systems requires
greater clarity. We continue to advocate for the necessaryinvestment:

55 AR R UOAE T R E I AR A N 2 SR A R IR R, IR UERATR L
I RGN N BN M. FRATTAR BB A LT J7 T B 4% B
Recommendation 8.1. As an underlying principle, around 10% of the investment in the

TPOS should be directed towards data and information management, including for
emerging and prototype technologies. [First Report, 8.1, 8.2]

B8 1: VEN—TUEEAREN, TPOSH ¥ Z1H 10%M 2 H T3 fifs B2, &
FEH T ARFER AR, H—0ikd, 8.1, 8.2]

This report concludes a distributed approach to data systems promotes agility and efficiency,
particularly if the distributed services are built upon commonly used standards and conventions.
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This report outlines a generalized system that takes advantage of other developments in this area.
An important benefit is that the scientists and/or data providers are abstracted from the need to
understand the formats required for real-time distribution. The ultimate aim is to have a virtual
one-stop set of web services for all TPOS data, suitable for research, production, services, public
and privately funded activities or other ad hoc use.[8.3]

AR BEE T — R TR B R G B EE AR I A KT, R AR X T A
TR S5 S SLAE B A AR AE AN 2 BRI DL . ARG BRI 17— e ob I — Qs
MR SRR LR GE. Herp— ML RG22 SN/ s 3 i 3 75 B SIEI 20 K P
g e R HARE NPT TPOSEE S fHL U 1 — ol A Web Rk 55, IF& 47T
ArEs BRSS  FRIRL N B B i B B AR I I i . [8.3]

This report identifies two other areas where TPOS should be proactive. First, the likely
introduction of new partners, particularly for the tropical moored buoys, and new technologies,
argues for a TPOS data management plan, initially spanning all TMA contributions and data
modes. The second area is around delayed-mode data, data archeology, re-processing and re-
analysis. Re-processing for reanalysis is now mainstreamed, to take advantage of knowledge that
was not available in real-time, and/or to exploit improved techniques. One foci for TPOS 2020 is
the western Pacific where there is a large cache of data that is for now "lost" to the wider scientific
community, and likely to be "found" only through a major international collaborative effort
(Action 8.1) aimed at retrieving and re-processing such data into a form that is FAIR (findable,
accessible, interoperable, reusable).

AR E T TPOSK. AR AL B (1 AP A5 T B 5B/ 75 ) ASI B & TRk A,
Rl A AE BT A RIF PR AT HORTT 1, S TPOSEUE & Bk RIBHAT DHE, eI a5 T A
TMARIEHEE . KRR TIE IR A G . A5+ . EHAC B E i s,
HHT AT ERT AL B LR U, DA TSR I TR IRAS 0 RTR N B TS 70 A P i R et

RNETZ RS A R, I Bl fg R B 7 AT R R R 1 S 08 T Ab B N
A&, WUsia. A H#EfE. AT EH] (findable, accessible, interoperable, reusable, [&jFK
FAIR) B, it EralEr\ (781 AR “#F]” .

Recommendation 8.2. Data stewardship and the engagement of all TPOS 2020

stakeholders in data management must be a central platform in the sustainability of the
TPOS. The FAIR Principles should be adopted as a basis for TPOS engagement. [8.4]

EEK8.2: FAREHLLL K AETPOS 20201 B F & AH 5 5 2 5 B 5 #L AU4E  SE
TPOSTH FREEE 0 F & o RSEHFAIREN, ENTPOSS 53R, [8.4]

Recommendation 8.3. TPOS 2020 should develop a project around the management of
all TMA data including, to the extent possible, recovery and re-processing of other
relevant mooring data. [8.4]

F1K8.3: TPOS 202013 24 AT B AEXT A TMAEE  (AL35 oAb AH <4 25035 ik 2
FUEE B ALFE, JuREE N SRR 12D HATEHKIH . [8.4]
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TPOS 2020 supports the global community in its endeavor to establish global information and
management systems that will provide cost-effective ways to increase and improve accessibility,
interoperability, visibility, utility and reliability; endeavors that will benefit TPOS data, for
current TPOS stakeholders and beyond.

TPOS 202055 & BR%F55 LR 2R EAME B ARG, LIP3 R Uk
MBCE R YR e TR wr P SERVERI AT SR . R SRR TPOS A i
M EL AR 2 (30 B A 295 28 T TPOSE I T/ H 1145 77

Recommendation 8.4. TPOS 2020 should develop a pilot project, in conjunction with
the WMO Information System effort, to explore the global distribution of TPOS data in
near-real time. [8.5]

ZX8.4: TPOS 20203 k& WMO1E B & 4t 3L A Kt — A LT F St 1) )5 2R &R
TPOSEHE ) =Bk oA S I H - [8.5]

Emerging technologies

BXBER

This report discusses the current state of a selection of emerging technologies that are of potential
future relevance to TPOS and introduces an evaluation mechanism to assess readiness and guide
integration of new observation techniques/platforms into the Backbone. The discussion includes:

[a—

NOAA Saildrone® experiments;

Wave Glider® experiments;

PRAWLER profiler;

Ocean gliders;

Biogeochemistry, biology, and ecosystems technology;
Water isotope observations - applications and technology;
Remote sensing of ocean surface currents;

Global Navigation Satellite System radio occultations;
Microwave and infrared-laser occultations; and

Global Navigation Satellite System scatterometry.

AR TR T — RIFEAR KA L S TPOSH KA K — RIIFNEARN LT B, I
IR T B ARV HE A W] R TR R O S AR 5 B B TR R g R P
LA Her .

1. NOAASaildrone®?5z 5 ;

O 0 NN kWD

p—
IS

2.WaveGlider® L5 ;

3. PRAWLER M7 %%

4 HF T FIL

SAEVIHhERIL S . AR RIE S RGHAR;

3 Saildrone and Wave Glider are trademark names; hereafter referred to without ®
3 SaildroneMWave Glider/& iR #%, N CH N A i®
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6.7K [R5 2L 4 L FH AT AR

7 3B IR R JZ K

8AFKIM LE RG LI

9 fRip MZLAMBOLHE R

10. 43R 1 T2 R GEHU & .

Technological innovations were also discussed in the First Report and elsewhere in this report.
FES gl i AR T 1) HAR AR 0 B 18 1 BB

The proposed evaluation framework is an adaptation of that given in the Framework for Ocean
Observing, simplified and adjusted for application to potential Backbone contributions (a
Backbone readiness level). Preliminary assessments are provided for the emerging technologies
discussed in the report, together with an assessment of the Technical Readiness Level.

FLUCHR) Pl 2R Xt o e O T AE 2R PR PR A 2R B 2, AR 1 T AR A i 38 DU T AT g
BT ARG HE CETRMARGEATHED o RS PR R EORE 7RI
fiti, RV AR AT AT DA

The report acknowledges that further work is required to ensure the framework can be applied in
a consistent manner (e.g., improved documentation) and to determine whether it will meet
stakeholder/TPOS sponsor needs. The assessments also need to be extended to cover other
potential technologies (Action 9.1).

AR, FIRAE L — SO0 RS (i, SO L R R
FFARIZNJCH/ TPOSHENRIIN AR, S H I B0, JAh, Mt ERA
R DD .

The report emphasizes that such a framework only provides guidance, and decisions on adoption
of new techniques and technology will need to consider other factors, such as roadblocks
to/assistance for user uptake, availability of suitable data management facilities, and of course
cost and effectiveness. Likewise, the relative impact of potential technologies must factor in
actual and prospective model and assimilation sensitivity.

W hsmif, IZHEZR SRR T, R AR B IR A BOR R 2 8 H A A R i

(O TR £ A PP 0 PR 75 TR 0 4R 2 0 L T PR 25
BEAh, SRR AR W 0 1 3 S e RO R R L

Recommendation 9.1. That the Backbone Readiness Level framework be further
developed and refined by TPOS 2020 before adoption. [9.4]

X1 (EXFZHT, TPOS 20208 2433t — 5 JF & A 58 B T Wl R 48 n]
HHIHELL . [9.4]

Next Steps
JE ST

The work of implementing the new observing system for the next decades is just gaining
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momentum. Although the TPOS 2020 project will finish at the end of that year with a final report,
much of the implementation of the changes proposed here will just be getting under way. We
note the need for additional investment in order to move from where TPOS is today toward the
full implementation of this plan [10]. Results of piloting new technology discussed in Chapter 9,
and the process studies in Chapters 2 and 3 and in 7.4.6, will become clear over the next few
years; these will need evaluation to determine their lessons and readiness for the Backbone.

FERR U SLHEH M R G e — MBS, H A4 WIRGED . 78R A i &4k
L H, WA IETPOS 20208 H 52 ML, AER T SEBadit 3 P LA RO 2, H AT U
AT REATIERE . BANER B FHZINRBRE A BERTPOS M H AT T AL AL E I R HERE, H =
AT R SE[10]. X FERIRPIHE R BRI 2 & . 3T M7 4.6 11T
FEWFFUIISE R, FEARRILEA BERITE A 5 & A M IR ZHAT A, DA
APPSR 15 T 8 T R 5

The actions and recommendations of this report already point to substantive issues that will need
to be included in the Final Report. More will emerge as TPOS 2020 stakeholders and the TPOS
2020 Resource Forum consider the implications from this report.

ARG P PR A A e — RIS i A S PR S M . R
Wi RAT G, FEDHKE, TPOS 2020/)F] 3% FITPOS 2020 § i is &%
FE 5k b A7 g AT T e AN 213

As the system evolves, maintenance of the climate record will be an essential consideration.
Coordination of the interlocking networks will require regular consultation among the
implementing partners.

BEE RGN, ALK R B — e AR D5 B A 2. BB 45 1) ir 1
TR ZH5MNE Rk AT v

For all these reasons, the need for appropriate governance, and for scientific advice, will continue
past this project’s sunset; the mechanisms for these are under discussion with our sponsors (TPOS
OceanObs’19) and among the international organizations that set the framework for observing
systems such as the TPOS (Action 10.1).

T AT A XL JF R, 76 AT H 58 55 75 2 4k SR 5T Q] HE AT 16 BT BUR S 1) 8 25
o) R, xS L] AT IE S IRAT0 BRI TPOS OceanObs'19LL K2 NTPOS (#Z#10.1) %%
NI 22 55 158 5 HEZR 1) [ PR AT 18
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