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Executive Summary

PATHEE

TPOS 2020 (Tropical Pacific Observing System 2020 project) is a once in a generation opportunity to
enhance and redesign international observations of the tropical Pacific. Variability of this strongly
coupled atmosphere-ocean system reverberates across the global climate and provides a principal
source of interannual climate predictability extending worldwide.

Py KN 2 45 2020 1% (Tropical Pacific Observing System 2020 project, & #% TPOS 2020)
DR TN EE B T BT TV Bl R S i T — AN HEAR ML RS R -SR
B RAEMZARE IR ZURE M IR, S TR S50 B P A B ROBE A< A8 e () R BRI AE

The principal driver of the project is an identified significant risk to El Nifio — Southern Oscillation
(ENSO) predictions and associated services due to the deterioration of the tropical moored buoy
array (TMA) in the Pacific in 2012-2014. The TPOS network aims to mitigate this risk as well as to
accelerate advances in the understanding and prediction of tropical Pacific variability and its
profound consequences to multiple sectors, ranging across agriculture, marine ecosystems, human
health and disaster preparedness, around the globe. In response to other science drivers, especially
climate, TPOS 2020 will continue key observational records, intensify monitoring of key upper
ocean/surface atmosphere parameters and phenomena, include ocean biogeochemistry and expand
to both the eastern and western boundary regions.

i BRI ) 32 TR s R PV 285 %1 (tropical moored buoy array, fai#% TMA) fE 2012-
2014 FHEIBN, PN R4 E/RJEVE-F9 7 %3 (El Nifio — Southern Oscillation, fij#Kk ENSO)
TR AR FIAH SO 55 ok B R . TPOS WL I 5 7 PR IR Fob XU, Itk — 28 D A Ft
PO PR AR AR e e AR RO AR ARG NRMERR. B 9800 S A (1) A Bk . &t
XPHARRE R R, Rl S%, TPOS 2020 K ZESCBEM ML, sRANT b= vE i i k=
HESHAI RN, BEIEREAEYHIRA S TTTH N ES, FRRISFER . PRI R XY .

This Report lays out the rationale and plans for the first step of the redesign and enhancement of
the TPOS. It aims to provide sponsors with a means to justify and defend current and future
investments in both sustained and experimental observations in the Tropical Pacific. This report
focuses on the fundamental and core contributions to the sustained observing system (herein
referred to as the Backbone of the TPOS) and is organized around five key functions [1.3]%:

! Section references from the main Report are given in square brackets

TS WBUT R i AR A rhons N R
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AR AT TPOS 2020 tHRIFIHEH, F4h BBk Aidal TPos MW T %, HHEHPZ
NGRS, F DOIE B AR B AT A BAZAEBIAE B A SRS FAE AP E PR e 8 A s
OPE AT BT . ARG BET RN 28 (FiFK TPOS HT R4 KA LIk,
Flge A F D Re It [1.3]%

(1) Provide data in support of, and to evaluate, validate and initialize, ENSO prediction and
other forecasting systems and to foster their advancement;

(2) Provide observations to quantify the evolving state of the surface and subsurface ocean;

(3) Support integration of satellite and in situ approaches including calibration and validation;

(4) Advance understanding and modelling of the climate system in the tropical Pacific, including
through the provision of observing system infrastructure for process studies; and

(5) Maintain and extend the tropical Pacific climate record.

(1) PPl Bk & HIaa 4 ENSO TRINAN LA iRk R 4, JFfest ok R, SR IIEEE SO
(2) g ERALHFAERE R IR IZ RSSO EtE ;

(3) NEEDEMIIAMMIT B4Rt 3, OHREEE 5,

(4) FEREXS A AT AR R SRR S, AR5 DY I RERE TE SR A At L 5 it

(5) HEFFIFY I AT T ME %

The redesign builds on the foundations of the 1985-1994 Tropical Ocean — Global Atmosphere
(TOGA) program and the many innovations and enhancements since that era [2.2, 2.3]. The many
public benefits stemming from ENSO monitoring and prediction and its supporting scientific research
remain a primary motivation for the TPOS. The network also provides a foundation for improved
weather and ocean forecasts, as well as climate and marine environmental monitoring services. Such
public good services demand a reliable, effective sustained TPOS [2.1, 2.2, 2.4]. This Report outlines
both the initial recommendations and actions to meet the demands of 2020 and beyond [5, 7].

TPOS M EF X TT /2L T 1985-1994 4F [H] () #AHT -2 BT (TOGA) LA K Ja ot UL
ARG RKEEFHASGEE [2.2, 2.3]. FET ENSO WE AT K AHSRLF0F 78 IV 2 A SLF 2, AT)
SR TPOS [T ELFNAL. TPOS WL I AH, 2 Ay Stk R A5 9 Tk LA B A=A 5 e 9 A0 553 s 0 2 1%
Fnt, XEENILIRS T E A SE. AR E RSN TPOS [2.1, 2.2, 2.4]. AR5 HER TPOS 2020 it
IRI5 E Y S,  LLIRE 2020 SE 5T 5 17K [5, 71

The TPOS has been highly successful in the 20 years since TOGA [2.5], providing a foundation for
improved understanding and for developing the many services that have emerged over that period
[2.4]. TPOS 2020 revisits requirements while taking account of science issues, and new
understanding that has come to the fore, and the greater sophistication of the analyses, modelling,
and prediction systems as well as services that are now in place or being developed [3.1]. The TPOS
design is reconsidered to take advantage of advances in new technology, both satellite and in situ,
and to deliver increased efficiency, effectiveness and reliability, refocusing observations on the
needs of the coming decades. The requirements are first developed for Essential Ocean and Climate
Variables and, to the extent possible they are characterized in terms of spatial and temporal
sampling, regime dependencies, accuracy, quality and the need for continuity, as appropriate [3.1.1,
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3.1.2, 3.1.3]. The requirements are also driven by the need to sustain and improve the climate
record [3.2].

TPOS £ TOGA Z Ja ] 20 SEH B TARKHIELTY [2.5], Jof st AR AN A AR 55 100 H S fit 1 Sk fi
[2.4]. TPOS 2020 fEHFrdi LR KIS, HREE] /F AR MR AR, LR, B
Tl RGNS TP ARSI H SR 2846 [3.1]. TPOS IR B KT Be 44 R A 2 A AN B WL T B AR
MR RE, SRR ARAEMTTEENE, DO e RRILHERFHE. JATE S AR
FEASRAR AR R, ] R X LA B I S R . RGN . REPE L LR AIE
B [3.1.1,3.1.2,3.1.3] 0 4R HIXEL R R DY 3RAN T 7 B4R At U BR] (3.2]

New targets for improved understanding and model development include the ocean mixed layer and
the surface fluxes that interact with it; the diurnal cycle; equatorial ocean-atmosphere coupled
physics; the Pacific boundary regions; and biogeochemistry, especially the large air-sea carbon fluxes
[3.3]. These requirements will be met by a combination of sustained and experimental networks.

N T R EANRIAUR A, B BT 70 SRR R & R AN S O EAE - <0E R, HA&R
s AR SRSV TR X AR, Rl RRiE R [3.3]. X
S 7 R 45 4 S AN SR P LI X S SR B

The new TPOS 2020 approach lessens the reliance on any single platform and harvests some of the
efficiencies available from recent technological developments [7.6]. Key regimes will be observed
comprehensively for the first time, delivering benefits to coupled model development, better
system-wide gridded products and understanding more generally. TPOS enhancements will enable
much needed improvements to operational modelling systems, improvements that have proved
elusive.

TPOS 2020 R8T /5 S8 2 Il D MHARAT 8 G IR I, I3k i ool SR BE e B S i i) v e
[7.6]. REEFIHEFE S TR R GRS E A 2 4l OISR U e . SEAF AR AL ™ A
R NI EREAE B. TPOS A5 ALRE A 45 A w55 P A5 32 Gt 5 i O M AL A D9 T

Principles are developed to guide the design for the new Backbone and its implementation [4, 7.1].
These include a coherent joint consideration of satellite and in situ platforms, exploiting their
capabilities to reduce uncertainty in the climate record of the tropical Pacific [5] and introducing
Pilot projects and Process studies [6] that will inform further refinement of TPOS during and after
the conclusion of the Project in 2020.

FATHE THrE T RGBT KRR TR TR0 [4,7.1]. X8 JF N AR B EM ST & 14t
—H 5, DM EATE B BRI B AP SRR A EE (5] R SIS H
A FEWETE (6], iR seitihiia] [z 2020 SR 455K LS TPOS fy#t— b e BRS04

The next section of this Summary outlines the ocean variable requirements and the associated
recommendations for the observing system, while the following section “Implementation” focuses
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on key actions. The order in which recommendations and actions are stated here does not imply
priority, and in some cases differs from their order in the main text of the report.

T RS #2745 HORHRE AR B 7R A O AR e A I, TR “ SL
TIEE” Ry WA T ) S A OSSR . X A R A AN S e, AR RO AT
BE-5 EATIAER & A5 45T AR A ]

To the extent it is possible at this stage in TPOS 2020, the Report includes estimates of the cost
against significant items. The Recommendations and Actions are feasible and implementable, but
proper costing will only be possible after deeper dialogue with those responsible for implementing
the TPOS.

£ TPOS 2020 HLFr Bevr rl AVl Y, ity F5 A0 48 1 f E 22000 H A RAC A 550 3K HLA H A 1A
A AT BT s, (HAE 505kt TPOS HIAHSR N SEAT IR EIRIIASIR L e, A
REHEAT I 24 [ BAAZ S

REQUIREMENTS AND RECOMMENDATIONS
i B W

Climate change monitoring and detection requires stringent accuracy, duration, and continuity
which flow through all the essential climate variables. Delivering such a climate record demands
appropriate redundancy and resiliency against failures of the system components that might
otherwise cause damage [3.2.1].

AR AR B S AR Fr G AR S A AR A T A RS EE . KRB ER . AT
PRALXFERISRIE S, W RS T EAE U ERR EFNIKERE S, LB 1L S s nT 58 it ik,
4% [3.2.1].

a TPOS requires unbiased accurate surface wind/wind stress? with good spatial and temporal
coverage, including in high rain regions and low- and high-wind regimes. It is important to maintain
long time series of in situ winds for inter-calibration and to underpin the climate record, especially in
the equatorial Pacific and strong convection and precipitation areas [3.1.1.2, 3.2.1, 5.1]. Monitoring
frontal and other small-scale processes requires that vector wind fields resolve gradients at scales no
larger than 50km [3.3.2]. Surface currents are also needed to reconcile differences between
scatterometer and in situ winds [see Recommendation 11]. TPOS 2020 recommends:

Q TPOS HTE I RGN ZER) . FERAR . 257 56 5 v (0 ZE ARG/ A g * WL, B AE
SEBEK 59 XUMISER R AE T BN o 2 RIS T) P 7] B0 S XS T SRR EL A HE A O < A 1
SARREE, EREACHE SRR KEC ik (3.1.1.2, 3.2.1, 5.1]. HillEEE AL

2 The Essential Climate/Ocean Variables are shown in bold italics

BRH)TIR ) HE ISR N
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R RE, FEAEAKT 50 A BIRE EARRBENMIEEE [3.3.2] » 7 ERZEHFHIK
A A 2 O AN K Z B R 22 57 L2 11]. TPOS 2020 i

Recommendation 1 A constellation of multi-frequency scatterometer missions and
complementary wind speed measurements from microwave sensors to ensure broad-scale, all-
weather wind retrievals over 90% of the tropical Pacific Ocean every 6 hours for the next decade and
beyond, with different equatorial crossing times to capture the diurnal cycle.

B 1 TR IO T R AR, il DA %l X LN, i PR AE R R 4
EE RN B IRIGEE 6 NI RIEAREZR, i 90% L EIHH KT, X P A
FEEA AR 1 7518 7B (8], DA R I H A2 1

Recommendation 2 In situ vector wind measurements, with particular emphasis on extending
the in situ based climate data records, and inter-calibrating different satellite wind sensors especially
in the equatorial Pacific and in tropical rainy areas.

B 2: SCHOLIN SRR R, R A S U B TR, O DL IR PR R B K X
HL T, AN R I XA IR HEAT A XOE AR

a Unbiased and accurate high-resolution long-term sea surface temperature (SST) sampling is
required, with particular focus on persistently cloudy and rainy regions and sharp horizontal
gradients in the cold tongue region. Ideally, for improved understanding of processes near the
surface, sampling should resolve the diurnal cycle and thus be able to characterize near-surface
temperature profiles in regions where diurnal variability is large [3.1.1.1, 3.3.1, 3.3.2, 5.2]. TPOS
2020 recommends:

Q TELREERMEN . WP o PERNKI R E (SST) W, Rl ERes:
%2 ZMZ W X UL A X SRR R . A T B\ G RS R, BAR IR AEA 2 B
RerFF HARL, 78 H AR K 1 X 3R A v 3R 2 10 B 1) e B350 1 [3.1.1.2, 3.3.1, 3.3.2, 5.2] &
TPOS 2020 i :

Recommendation 3 Sustaining satellite measurements of SST, using infrared sensors for higher
spatiotemporal sampling; passive microwave sensors filling gaps under clouds; and the diversity of
satellite and in situ platforms contributing to inter-calibration.

B 3: HERFOUATI SST PN, i L AME AR HEAT w25 73 R K BORER S IR sh ik
BALRERIRAN = T sy %28 TR AL BRES A SN 6 2R 4T 2808 58 SR

Recommendation 4 Maintenance of the current level of in situ SST observations and
improvement of drifter SST quality. Both will contribute to satellite SST calibration and validation, as
well as providing an independent reference dataset for the SST climate record. Specifically target
convective and rainy areas for SST ground truth, while keeping SST in situ measurements on
moorings in the equatorial region.
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BN 4. 4EFFIL SST MMMATBUIR, SR AR SST . XMEAKABIT B2 ssT i
SERR, JEHY SST AURIC IR BMOT IS 8 . el EEAEAERF AR TE X 45 SST 4 2 WL Py [R] I
B XA A K IX ZREL SST Sl 9o

a High-accuracy broad-scale sea surface height (§SH) sampling is required for climate as well
as smaller scale (to sub-mesoscale) for initialization of ocean prediction models. Ocean mass (gravity
or bottom pressure) sampling should be maintained [3.1.2.1, 3.1.2.2, 3.3.4, 5.3]. TPOS 2020
recommends:

Q WEERE . KICHEETRE (SSH) WM, FLUNEE R R v G AL R 4L < i
FMBUNRE (BIRPRED s, NAgERRigK i E (EJE08)RE ) B [3.1.2.1,
3.1.2.2,3.3.4,5.3], TPOS 2020 % 1¥:

Recommendation 5 Continuation of the high-precision SSH measurements via the Jason series of
satellite altimeters for monitoring large-scale SSH, and the continuing development of wide-swath
altimetry technology to measure meso- and submesoscale SSH variations that are particularly
energetic in crucial regions including the western boundary.

BN 5. JRBHE Jason R TR RIUEAE LR SSH W&, JFIFATEMEREITEOR, L
ROLIUE P43 5 58 S B DX IR )ik R ) P RO A R RUEE SSH 224k

Recommendation 6 Maintenance of in situ tide gauge measurements for the calibration and
validation of satellite SSH, upgraded with global navigation satellite system referencing, and
complemented by sustained temperature and salinity profile measurements (see below).

B 6: AEFFHT L2 SSH E RIS RISE LN, Il e ek AT P2 RGO Z AT T LA
FREEMIR S SRR BRI (L3O .

Recommendation 7 Continuation of ocean mass measurements to complement satellite SSH and
profile-derived steric height measurements, and in situ bottom pressure sensors to help calibrate
and validate satellite-derived estimates.

B 7: AR g K5 S SR A B TR SSH W FH I Tl AR R THT P L AR R AR, Ak
I JE s 7 A [ i SR S A R 96 AE i T2 2 LM P e 55

a Satellite precipitation measurements, evaluated against in situ data across diverse climate
regimes are required. Rain-rate and collocated wind speed and direction sampling is particularly
important in the convective regions of the western equatorial Pacific and under the Inter-Tropical
and South Pacific Convergence Zones [3.1.1.2, 3.1.1.5, 5.4]. TPOS 2020 recommends:

Q T A BEAMM, FEAEAFR SR T RS2l B o kA7 500E . U N EEM 2R
TE PR #0358 G i A1 RS AR5 A i R IE DX 3 1 26 10 A ) — o7 5 118 XU AR I e 08 i
[3.1.1.2,3.1.1.5,5.4] . TPOS 2020 #EiX:

vi
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Recommendation 8 Continuation and enhancement of international collaboration for
precipitation-measuring satellite constellations to sustain the spatiotemporal sampling of
precipitation measurements in the tropics.

BN 8: ARSI o B AU T2 R PR a1, DLAERRHAGH R UL I 2 8 s 6

Recommendation 9 Continuation and expansion of open-ocean in situ precipitation
measurements for the evaluation and improvement of satellite-derived products, especially for
providing a long-term climate record.

B 9: AREEIFIEINFEK A BB, FH DADPAL AT gt b T2 = d, Re ) R A
IR AR B R

a Broad-scale sea surface salinity (SSS) sampling is required, with sufficient resolution to
characterize sharp salinity fronts in the equatorial zone [3.1.1.6]. For understanding key processes
and phenomena, higher-resolution salinity sampling is particularly important in the west Pacific
warm pool and in frontal regions [3.3.1, 3.3.2, 5.5]. In situ and satellite measurements together
provide complementary observations of SSS to meet TPOS needs. In situ measurements provide
accurate near-surface salinity measurements. Argo provides coverage on larger space scales; tropical
moorings provide high-frequency measurements, Voluntary Observing Ships (VOS) provide high
spatial resolution measurements along tracks and a long climate data record. Satellites provide SSS
with near uniform sampling that resolves gradients, as well as better coverage in coastal oceans and
marginal seas. TPOS 2020 recommends:

Q TR R E R EERZLE (sea surface salinity, [&FR SSS) MM, FHEHA W81/ HER
SRRAE AR T8 X A5 (1) 5 £R FE BT [3.1.1.6). AFERCEE I FEAEL G, 76 VE APV B X 1) 1
SR MG EE [3.3.1, 3.3.2, 5.5] o LI UIIAN AU AR 45 & Re SR A TLANME) SSS
5, DA 2 TPOS TR ZE. Argo fRMEF KA MBI E i, A RIEAt s, mEE
iy (VOS) TN FR A 20 1) v 25 1) o SR A S e sk . PRI SSS WL AE 2% 1) il T
BI5), ATRRATHVEGRE, tHRE S0 M8 55 T i X I 21 . TPOS 2020 2l

Recommendation 10 Continuity of complementary satellite and in situ SSS measurement
networks, with a focus on improved satellite accuracy.

B 10: ZEHF HAN) A FISN SSS MM, E pHR v A I KRS FE

a Surface current (speed and direction) is required with a high spatial and temporal resolution,
especially in the equatorial band, to facilitate the assimilation and synthesis of satellite and in situ
wind measurements [3.1.1.2]. Time-series of equatorial subsurface currents are widely used in
model validation and development and will continue to be needed for future model data
assimilation [3.1.3.2]. For improved understanding of processes and phenomena, TPOS 2020
identifies requirements for enhanced vertical resolution of current measurements to resolve near-
surface shear; meridional sampling near the equator to resolve the circulation; and improved

vii
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monitoring of other key circulation elements such as low-latitude western boundary currents and
intermediate depth currents [3.3.1, 3.3.3, 3.3.4.1, 3.3.4.2, 5.6]. TPOS 2020 recommends:

Q TEEA SN T PRI G CERFEE AT I, R AR Xk R,
PUE-F R Al & RS X3 [3.1.1.2]. 7RIl A EHERWI A 75 2 iz TR0 0
MIF R, T a8y AR R B R R [3.1.3.2]. A T HE A AR, TPOS
2020 A BRI OV A T ) 4 HE e, F DASRAS IR TH A VIR s 7 BN AR 18 B
MIZE R, FH DA HREE AT s 75 B O JL A SR A I 4 O WS I, i 46 R e S
o 2 [3.3.1, 3.3.3, 3.3.4.1, 3.3.4.2, 5.6]. TPOS 2020 Zi¥:

Recommendation 11 Continuation of technological developments to measure ocean surface
currents remotely, and improved in situ measurements of surface and near-surface currents,
particularly near the equator, and to collect co-located measurements of wind and surface currents;
and

BN 11 BT RN ERZHER SRS, Sk R 2 MR Z R I, e
TE PR B, I SRR AR A B R LW s i HL

Recommendation 19 Maintenance and, potentially, augmentation of the sampling depth range of
current profiles on the existing equatorial moorings, and enhancement of the meridional resolution
of velocity along targeted meridians by additional moorings near the equator.

B 19: YERF IR AT REHE N 0 78R T 0T ) T AOMLIR P, 1S A0 R 1 W i L
PRTE PRI BB A AR, DA ey I R T TR (1 2 17 0

a Air-sea carbon dioxide (CO;) flux requirements are partially addressed by the existing high-
quality sea surface partial pressure of CO; (pCO;) sampling. These observations quantify the seasonal
to interannual variability in CO; fluxes impacted by ENSO and advance understanding of natural
variability in the context of human-induced change [3.1.1.4, 3.3.5]. TPOS 2020 recommends:

a B E-R A E (COoy) EEFHATIE, MBA K ERERE o, #/%& (pCoy)
NI B30 43 Hhjh X —FE 3R, X EEWLIlBE AL ENSO 20T CO, IZET R4E R4k, FEEE IR
16 NZVEBI S 5 F HARAZR AR [3.1.1.4, 3.3.5] . TPOS 2020 Zi¥:

Recommendation 12 Continuation of high-frequency, moored time series and broad spatial scale
underway surface ocean pCO, observations across the Pacific from 10°S to 10°N.

B 12: ZEREXNEER pCO, I A 22N TA] PP 1 DL ORSTHE 10°S-10°N - 22 1] 4 K9 FLAE Aty -

a Broad-scale surface ocean color measurements are required, with sufficient resolution to
diagnose regime boundaries and with sufficient accuracy to diagnose seasonal changes. There is an
additional requirement for in situ sampling for chlorophyll-a to validate remotely-sensed ocean color
measurements [3.1.1.4, 5.7]. TPOS 2020 recommends:

viii



TPOS 2020 55— #ik & $ATHEEE

a BN BESEAK G AT RV, I B R (1 HER RIS W A F RS iR 1L 7
PLA RS IR BERIZ I R A4 . bAl, I THE BNk f-a FEATHIGEORE, DAIGUE T2 18 J&
KM [3.1.1.4, 5.7]. TPOS 2020 ZEi¥:

Recommendation 13  Continuation of advocacy for ocean color satellite missions with appropriate
overlap to facilitate inter-calibration for measurement consistency. In situ measurements of
chlorophyll-a and optical properties for the validation of satellite ocean color measurements
are required.

B 13: ZREHEShIEAOK RS DA, FFEAF DA R EEMM, A SORHE 1
—EE. DU 2R R -2 MHAD AR, H DS IEI PR () 2 W .

a Understanding seasonal biogeochemical processes requires measurements at semi-annual
timescales, spanning the tropical Pacific from 10°S to 10°N, augmented by high-frequency
observations at selected sites [3.3.5]. In order to properly understand CO, dynamics, one needs to
understand variations in oxygen, which is consumed at depth during the recycling of organic matter
(e.g., phytoplankton) produced at the surface. Expanding oxygen minimum zones have fundamental
implications for marine life. TPOS 2020 recommends:

Q TR AT AR R ER AL S R, FERGT RKTVE 10°S—10°N TR EET 255 i i) R (1)
LI, A DURE e ol p5C R s AOW [3.3.50 DN T IEAAEEAR CO. HIVRTEHLER, TE T MR BAFEN
Ak, FORFEREAIY  CIVFHEYD AR SRS ERE R RE. HaEd
R RSO A A A AR A 5200 . TPOS2020 2l :

Recommendation 14 From 10°S to 10°N, observations of subsurface biogeochemical properties
are required including chlorophyll concentration, particulate backscatter, oxygen and nutrients.
Enhanced focus is needed for the eastern edge of the warm pool and the east Pacific cold tongue.

B 14: 1E 10°S—10°N [A], WM FERER R KAV ER L 220, ORISR RIREE . R
ISR VAR SEURIE FR 3h o R VA B IR L 2R 3 SRR 2R R P v o X R R

| Comprehensive sampling both of the state variables needed to estimate turbulent heat
fluxes (SST, air temperature, humidity, wind and surface currents), and of the radiative fluxes
(downwelling solar radiation, downwelling longwave radiation, emissivity) is needed in the full range
of climatic/weather regimes and key oceanic regimes [3.1.1.3, 5.8]. These are essential to evaluate
and improve atmospheric reanalyses, satellite-based surface flux estimates, and coupled data
assimilation systems, and to improve our understanding of the exchanges between the atmosphere
and ocean in these different regimes. TPOS 2020 recommends:

Q B/ RAAR GBI R GE AT 2 A, LA A 5T A T 75 1R
AR (SST. KA. WA K. IRy LWREHEE (In) FRBERG . KEERN .
JBUR 2D [3.1.1.3, 5.8]0 IXXVFAEANSCEER T BB 2T TR R W A5 AT 5 2L
BRI RFEREE, M INANER RGP WG ES R ATTESH. TPOS 2020 Y-
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Recommendation 15 In situ observations of state variables needed to estimate surface heat and
freshwater fluxes should be enhanced in key regions. These include the west Pacific warm pool,
along the equator, and on several meridional lines extending from the SPCZ and seasonal southern
ITCZ, across the equator through the northern hemisphere ITCZ.

B 15: EH i EAGEE AR KB S AT RORES AR R, 75 LU 0B X I sm B W . 7oK
PEERRI . FRIE, AR SPCZ MIZETTPERGFER ITCZ, EE/7iE 405K ITCZ A T4 4%

a TPOS 2020 supports efforts to increase the number of surface drifters and moorings
measuring sea level pressure [3.1.2.4, 7.4.1].

a TPOS 2020 7 R34 hin A T Il & B2 AW 3R M A IF AR A & [3.1.2.4, 7.4.1].

o Sea surface waves (sea state) change surface stress at low wind speeds and are important
for coastal sea level and related impacts. A few permanent directional wave buoys in the Tropical
Pacific would complement and validate satellite wave data [3.1.2.3].

Q R D AEARKGE AT RECBHE R AN Fy, 0 2 i Tk 9 S A SR R i) 22 5%
HE AT EEAT B LA R AR IR AR R 40 B AT 9810 2 T s ) T A2 0 [3.1.2.3]

a Broad-scale sampling of subsurface temperature and salinity is required, with enhanced
resolution through the tropics (approximately 2° x 2° resolution), and better meridional spacing (100
km) and increased vertical resolution (10m or finer) in the equatorial region. Stable and accurate
deep profiles are required. An additional target is to resolve near-surface salinity stratification,
especially in the Warm Pool region, at its eastern edge and under persistent rain bands.

Q 5 L0 T A 2RI T HAT KGN, AEREA AT XCFE s 7 (4 2° x
2) » HAESRTEMB X INZE ) 73 2 (100 2 HLD RIFE[A] 703 (10 KERE ) o 5 E A E A

Rl IR K TR o LEAME R BT I RIZ MR SR 4, R R AERRIIX « BRi A 5 K KF
BfEKIX, TR A

For improved understanding of phenomena and processes, finer vertical resolution is required above
100m depth. Sampling within 2°S-2°N should be sufficient to resolve meridional gradients. Profiles in
the west-central equatorial region should resolve phenomena at timescales no longer than 5 days
[3.3.1,3.3.2,3.3.3,3.3.4.1].

N RIS A RE, FFEAE 100m DLE R EEVEEI NI ME R A HER . 7R 2°S-2°N 2
ET 2 Stz A< DY (D s - s R 2 =1 72 S 1179 (N e iR 7 s R o P T DY P 2 2 e
RIELE 5 RUUFHILA [3.3.1, 3.3.2, 3.3.3, 3.3.4.1].

Better resolution of the physical fields will aid interpretation and modeling of biogeochemical
processes. Most of the platforms used for enhanced temperature and salinity can accommodate in
situ biogeochemical observations [3.3.5].
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SN DB AL B IR AR A BT A BR A S I R AR AL, . O IR R
R ) & 3 T A b R A 2 A2 B S W (3.3.5].

The diversity of ENSO and its future changes will require sampling of the tropical Pacific environment
to follow ENSQO’s spatiotemporal patterns and underpin improved ENSO prediction and model
forecast skills.

N TINFET ENSO 1 2 FEE S AEAROR AL AL, 7 X Sy KT PE SR SR AT WL, DA I iR
ENSO AR 25 73 A REAE, 4 ENSO Tl Ko il e 7y Sl S 4%

TPOS 2020 recommends [4, 5.9]:
TPOS 2020 #£1Y[4, 5.9]:

Recommendation 16 A combination of fixed-point moorings, profiling floats and lines/sections
from ships to meet the sustained requirement for subsurface temperature and salinity observations.
Integration through data assimilation and synthesis is needed to produce the required gridded fields;

BN 16: LG E SR IS SOE TR, 6 UGRE TR BRI AN 7
o ML ORI L & SR SR L IAR AL Bt 7 i

Recommendation 17 Enhancing meridional resolution of temperature and salinity in the
equatorial zone through a mix of (a) additional moorings near the equator and (b) targeted
enhancement of Argo profiles in the equatorial zone (approximately doubling density);

B 17: i () BINEEITARIE R R BCEA (o) A EH0 PG N /RIE X Argo FEFREL
B CREMIG) , SEmsRiE KR . HhAgZe mouti 7 95 5 ;

Recommendation 18 Enhancing vertical temperature and salinity resolution from the TMA via
additional upper ocean sensors on moorings from the top of the thermocline to the surface, and
returning Argo profiles at 1 dbar resolution from 100 dbar to the surface (or as close as practical);
and

B 18: JEITAEHER BIRERZE Z TN TMA B 5 B RHLIERES, K Inlf% Argo ¥EFR A 100 dbar
R (BURATRESILIGR) 1 dbar 72 HFRIEIE, $RmTR. SR AT A 2 %

Recommendation 20 Doubling the density of Argo temperature and salinity profile observations
through the tropics (10°N - 10°S), to deliver improved signal-to-noise ratios (better than 4:1) at
weekly timescales, starting with the western Pacific and the equatorial zone.

i 20: EHGT (10°N—10°S) JNf% Argo dd. #hH#ITHIALIN A2 RE,  DLoGaE N (e R E i E
WLl (BT 4:1) , X — AT TG TR SR IE XA 46 S
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a Other existing in situ components should continue to be supported. These include the
surface drifter network; underway data collected from Voluntary Observing Ships and Ships of
Opportunity (including ancillary measurements on service vessels); high-resolution expendable
bathythermograph transects; deep, long regular hydrographic transects (known as GO-SHIP); fixed-
point reference sites under OceanSITES; and tide gauges for calibration and monitoring sea level
change [3.1.1.1,3.1.1.3,3.1.1.4, 3.1.1.6, 3.1.2.4, 3.1.3]. TPOS 2020 recommends:

Q JO7 4k 4 9 B H A O AT BB N, B G R TR RS IF AR N . RN LB M (RS
BRI . EA R XBT W . R KK W E K UK (GO-SHIP)
OceanSITES & 522 M st , DA K P -1 A vEE A0 W 00 3 32 ~F T AR A i 56 3 06 [3.1.1.1, 3.1.1.3,
3.1.1.4,3.1.1.6,3.1.2.4, 3.1.3]. TPOS 2020 & i¥:

Recommendation 21  Continued support for in situ observations from drifters, ships, tide gauges
and reference mooring sites.

B 21: ZKSESCRPRETIRRGIEAR . AEAA. DG . 225 8 vk AL A B L o

a Modelling and data assimilation are fundamental elements of the TPOS design and critical
for delivering integrated products of value to stakeholders, including predictions and synthesized
gridded fields. We outline work to provide additional guidance for the TPOS 2020 design, identify the
causes of coupled model biases, and assess the influence of observational data on ocean analyses
and other products [3, 4, 6.1.6, 6.1.7, 7.5]. TPOS 2020 recommends:

Q FUABIUAEARE R4 A2 TPOS W IFEAZL R, W (a1 IS T7 T HRAC 8 1™ i ) S B,
TR Bl = AL HE TR S 256 A O o« X 7 T TAE AT AN TPOS 2020 Wit fikidt— 20 (1fa =,
T WA 0™ A i 22 I ST, PEAT LI R 6k T 0 b B oAt ™ i 520 [3, 4, 6.1.6,
6.1.7, 7.5]. TPOS 2020 i :

Recommendation 22 A coordinated program of (a) data assimilation studies to assess the
effectiveness of the TPOS 2020 Backbone design, and (b) studies on the utilization and influence of
observational data among an appropriate subset of ocean analysis systems.

B 22: WL —NMRATH, (a) EEHIE R FORE TPOS 2020 B T3t &5 ;
(b) JEIE 354338 24 FIIRE VR 43 AT 22 B8 R A 5 W I BSCHE ) 46 FE A2 i

IMPLEMENTATION
DY IWIES

This report provides advice to sponsors on near-term implementation actions with respect to
platforms and other technical aspects, consistent with the above requirements and
recommendations. The focus on the near-term generally precludes specific actions related to
satellites; the reader is referred to the recommendations for relevant guidance.

Xii
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AR AR LR T ERE, [ B BT R A5 T N & M SR BRI S T S TN
HE A PRGN EAARIER, 1§38 2% A R i S IR

It is critical that all recommendations and actions from TPOS 2020 are subject to careful
consideration prior to implementation, taking account of existing stakeholder commitments,
capacity and capability. The transition from the TPOS as it exists now to its future configuration must
be managed and coordinated effectively to maintain data streams for operational forecasting, to
ensure continuous climate records, and to take account of changes to sampling methods. [3.2, 7.1
and sections of 7.7]. Ongoing assessment of the transition is required so that risks are properly
managed.

7E TPOS 2020 THRISLhtE 2 5, A R i #0 75 B2 A7 gty , 2% 8 2 IUA A 25 AH 5%
TR AR I BETT. N TPOS H RPIRAS B KAG R, DA s & ST R R,
éﬁﬁik%m‘ﬂ&ﬁﬁ%ﬁéﬁﬂﬁﬁ, WA S S AkiC s, IR kA s [3.2, 7.1 K&
oy 7.7) . FREXT TPOS I VE AT AW PEAL,  DUEE 22 35 BT XU

There are a number of existing mechanisms available to facilitate such a process, and TPOS 2020
partners can contribute advice and guidance. There are also opportunities to use regional
mechanisms. [7.7.1,7.7.2, 7.7.3]

LT R KA L AT R SRR 3 iX — kB, TPOS 2020 [KI-&1TEIK Lt ] LUR AL I A S itk At,
WA N2 — e X AL [7.7.1, 7.7.2, 7.7.3].

Action 15 In consultation with key stakeholders, including GOOS, JCOMM, WMO/WIGOS and
GCOS, a transition process should be initiated, including the creation of a TPOS 2020 Transition and
Implementation Group, for overseeing implementation of TPOS 2020 Recommendations and Actions.

M 15 N5 GOOS, JCOMM, WMO / WIGOS 1 GCOS &5 = Z Rz hid, Jashid e
J¥, B35S TPOS 2020 it Asjfizl, DAIRES TPOS 2020 ZECAIHE it AT -

a The most pressing action is to address the decline of the TMA in the west; the response here
focuses on restoring the most critical capabilities and on seeking sustained commitments [1.2, 7.2,
7.4.3].

d H AT B R S5 R MR R VATV TMA BRI RATANE SRR TMA ik
BT ﬁb%cﬁﬁa%éiﬁﬂ‘]&l%? [1.2,7.2,7.43].

Action 1 Six TMA sites in the western Pacific within 2°S to 2°N should be maintained or
reoccupied.

FEHE 1: SZERR BV S AT R U AV 2°S—2°N Z I 75> TMA 3 15
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Action 2 Argo deployments should immediately be doubled equatorward of 10° in the west
(especially outside the TMA-occupied region) to maintain subsurface temperature and salinity
sampling and compensate for the declining TMA.

FEHE 2: BISZRIFEVER-FE 10°S—10°N YE N CReBIE TMA ZAMAIX 33D 4 Argo AL TEEEUE
g, DMRIEXS R R sh BRI, #h7ED TMA g/ i i ple R B Rk 2K o

a Enhanced Argo profiling throughout the tropical region (10°S - 10°N) is recommended
[Recommendations 17, 20]. The deployments would target a density of one profile every 5 days per
3x3 square or, equivalently, one profile per 2.1x2.1 degree square every 10 days. The increase would
be staged, building on experience in the west. Near the equator the higher-frequency TMA sampling
remains critical and complements the excellent vertical resolution provided by Argo
[Recommendations 18, 19; 7.4.3].

Q BUE AN G X IR (10°S—10°N) B0 Argo HITH MM [ 17, 20]. Hir RS
3x3VEFEINEE 5 FIREI—AHITH, XWAHY TR 2152 16BN R 10 RIRI—ANEITH -
Argo [ 4 THI 3 MRS 1E 78 ST PR S 560 i SE Ak 1 43 B BEEAT o AERIE IS, TMA B0l
ISR E L, FTLARN 7S Argo I B M) 73 FRe A [ 18, 19; 7.4.3].

Action 3 Argo float deployments should be doubled over the entire tropical region 10°S-10°N,
and return increased upper ocean vertical resolution.

M 3:  Argo VEARIMEEAER N AT X (10°S-10°N) ROZHNfs, HHRHtmEem o # b
JE A LI -

Q The ocean scales of variability, background noise (e.g eddies and synoptic weather effects)
and different phenomena (tropical instability waves and barrier layers) vary across the tropical
Pacific. Refinements of deploying and missioning a float array may deliver further benefits to the
TPOS [3, 5.9].

Q AT PR A S MR IR AR A . T RIS (P A R RN A A 25 A B
Z(BATATE BT Z ) o BCE R bn B 41 10 A v m] LLiE— D 32T TPOS RIZHAE(3, 5.9].

Action 4 Through the TPOS 2020 Backbone Task Team and the Argo Steering Team, further
explore how to optimize float deployments and missions to better deliver to TPOS goals.

i 4: JEd TPOS 2020 ‘BT R4 TAEAAM Argo 8F4H, #E—DIRZE IR ATE bR 1IAR ORI
{5 E, DME T TS 8 TPOS ) H Ao

a TPOS 2020 concludes there is a strong case for beginning the transition of the TMA from its
present grid structure between 8°S and 8°N, to one with more capable moorings that sample the
varied regimes of the tropical Pacific [3.1.1.3] and captures the basin-scale variability in the surface
and subsurface fields [3.1]. Any such change would be carefully implemented to maintain climate

Xiv
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records and assessed according to the Global Climate Observing Principles. Actions 5 and 6 would
begin these changes.

Q TPOS 2020 A 78 £ FIFEE I, TMA RAZMHIA R 8°S—8°N Z [al Mg 4544, 1T
PEN—N W e 7 TSR I Bl R UFARIN, DAL A AP B 5 Rl e/ S R 4 [3.1.1.3], I
AR E R IR EZERERZWL [3.1]. ARF SRR T IEESAT, PARFF AR BRI 58
B, IR ERE SRS 2451 (Global Climate Observing Principles) AT 1Ffl. fHfi 5
LTt 6 KT ahaix Le i %

Present sampling capability in the near-equatorial region does not meet scale requirements
demanded by the sharp meridional gradients across the equator [3.1.3, 3.3.3, 3.4, 5.9.1;
Recommendation 17]. Given the capabilities of available platforms, the most effective way to do this
would be to increase the meridional resolution of enhanced fixed-point sampling spanning the
equator at one or few selected longitudes.

I 2138 B I (R 00 8 70 AN B i 2 5 IR 28 R B B LRI AR I REE R 3R [3.1.3, 3.3.3, 3.4,
5.9.1; & 17]. HEWRIDAMMF G HIGEST, FA B ITIEN R NE — DB TR E R
ZeRE, HEINEE SR8 1 E OV L .

Action 5 Moorings at 1°S and 1°N at selected longitudes should be added to enhance the
resolution of near-equatorial dynamics. Enhancement of instrumentation on all moorings spanning
2°S and 2°N at these longitudes should be targeted, including velocity profiles as feasible.

HME S IREHEEARE, 76 1° A 1N ARG R, DRI AR SRR MR . T
BCHCRRE b, SPHU B 205 A 2°N ) 4R L RODUIR &, ST A

a Given the ability of Argo to deliver high-resolution profiles (Action 3), and of scatterometers
and models to capture the trade winds [3.1.1.2, 5.1], there is now the possibility to refocus the TMA
towards other priorities.

Q BT Argo CREFRLE D HERHIIWM (i 3) , MEUs TS EA A D RER e
HAE XA [3.1.1.2, 5.1], BUAERT LUK TMA F T 0 II HABAL S 2 m i AR &

Action 6 A staged reconfiguration of the TMA should emphasize enhancement in key regimes.
FEHE 6: TMA )73 B B F 7 1 B2 21 R o — L6 O B 2R 0 V) i A LU

Q We recommend more complete surface flux measurements in particular regimes, with
corresponding enhanced sampling in the mixed layer [3.1.1.3, 5.8; Recommendation 15]. Fixed-point
(mooring) measurements are particularly well suited to these tasks because of their ability to target
regimes and to sample the high frequencies (diurnal) of these processes.
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a PATE VO — LLhr @ KRG AT E 52 A RIBENN, HEREE A BT 4 B i N2
W [3.1.1.3, 5.8; @Y 15]. HT5E S RAEEM TS E RGUHAT ER (B B R,
EATRHIE S TS .

Action 10  All equatorial mooring sites should be upgraded to flux moorings.
&8 10: R E 0T B RN T2 B s UL RE T R AR

a The existing TMA, limited within 8° of the equator provides only partial coverage of key
climatic regimes [3.1] and generally does not have adequate sampling to determine all key flux
terms.

Q AR TMA RIRT 8°s—8°N ZIal, N 1o UERS (3.1], M —K
AN A2 DA A A R I AT DR B R A K

Action 11 Meridional lines of flux sites should be extended from the equator to intersect both the
South Pacific and Intertropical Convergence Zones in the west, and across the Intertropical
Convergence Zone, the cold tongue and the seasonal southern Intertropical Convergence Zone in the
east and central Pacific.

EHE 11 ATSOE BN G AL A2k, AR P AT R 2 AR IE AE A 2 AT AR
FEE, AP AR VNN T ARG 1 R X R FEE IR AT iR

&S

o

X
i
Q Reduction of horizontal coverage away from these key regimes should be accompanied by
assessments of impacts on subsurface fields, surface fluxes (including wind stress), and underway

and ancillary data collection, especially for pCO2 data [7.4.4.2, 7.4.6]. The earlier Actions 1 and 2 for
the western Pacific will provide a valuable reference for the actions here.

a T30 12 T M SR A A 8 (0 M 5 RO I R AP e R TS 0 DAl L RHRR IR AR
B.Ol-AGEE CRIERN A1) BOE MUK e EE R R, RF )52 X pcO, s i 52
(7.4.4.2,7.4.6]. RITEFXPEARFFEROIEIE 1 S50 2, # 0 KRR LA MER S %

We note significant differences in surface wind and flux products within the tropical region and a
paucity of studies on the impact of TMA surface meteorological data in weather prediction and
associated reanalysis products, and in coupled models [3.1, 4].

ERERRE, AR 5 iR BN A R E N E R, 1 HARDAT AHE T
TMA SRR R AT F B i AR S R (3., 4]

Action 7 Promote and support sensitivity and impact studies of wind and wind vector data inputs
on operational analysis and reanalysis and specialized wind stress products, including their
application to climate change detection. The effectiveness of rain metadata flags and various
approaches to cross-calibration of scatterometers should also be considered.
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TEHE 7: S8 HSCHR X R RN AR B B U E RIS B 78, L FE Il 2540 0 A A0 23
Br B H RS 7= i R HAE S AR A SR R B R o 38 N 75 R TR o e A R KRR
(rain metadata flags) 145 Pl T2 R HE 7 V2 00 3

Action 8 Renew and help coordinate efforts to understand the sensitivity and diagnose the
impact of TMA air-sea flux variables in weather prediction, atmospheric reanalyses and coupled
models, including through existing activities focused on the impact of observations.

o0 8: THHIFOM X TMA -l R HUE I BURTEMISZ AW 7T, 12 WX L0 Rk
KA IS MVER, XA HEA R R U0 H e 5 i it e A

Also see Action 13 below.
Z: LG TH B4 e 136

Q Vandalism of TMA buoys has been a recurrent problem, particularly for the 95°W TAO
mooring line, which resulted in reduced measurements during the recent 2015-16 El Nifio. Regional
involvement would be valuable to sustain sampling of this important regime.

a TMA 5 RIFARH S WEIEIR, X — RS 95°W [ TAO 4 R4k mI™E, DLIERD T
2015-16 JE/RJE I BRI Bkt . A E K KIS 557G BT 471X — 55 2 X 38 ) 0l

Action 9 The Transition and Implementation Group (see section 7.7) should initiate discussion
with TPOS stakeholders on sustainable solutions for the distinct implementation problems of the
western and eastern Pacific regions, especially for the needed TMA contributions.

fEHE 9 ILVEAMSIHEA (WL 7.7 15 REET X PH AT AN AR AR X I W 4 5% L I, R 5a1) 2
SATHIX TMA B TTER, R 3 SR ARSI e, 32 I TSR g o g i

a Risks arise from the refocusing of the TMA, particularly for surface flux variables, some of
which have no present alternative to buoy measurements. To mitigate these risks, Voluntary
Observing Ships and other in situ systems should be encouraged to enhance focus on these variables.
New technology and improvements in the testing and calibration of reanalysis and weather products
offer additional routes to meeting surface flux requirements [7.4.6].

Q TMA FEHT SR A 2t ok — @ AR, Rpopl@oxd — L8 Sifg- Ul B A G AL &, HATRH
A LA P e I o D8 7 U I e RS, 2 Sl i RS A AT LA L I AR G i e i 4
ASE R . BeAh, BT EOIIN S AR AR AE MR P 20 A AR BRI T AR 2D, 9T 2
R K TR M T A gt

Action 13  To mitigate risks in meeting surface flux requirements associated with changes in the
TMA, TPOS 2020 seeks (a) enhanced sampling by the Voluntary Observing Ship Climate Fleet and
other in situ systems for flux variables, (b) support for relevant new technology developments, and
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(c) encourages efforts to improve the realism of reanalysis and possibly real-time Numerical
Weather Prediction flux products through output correction/flux adjustment techniques.

FEHE 13: /b IR E0AE TMA TG I 7253 2 388 5 W0 00 75 222 1) KOS, TPOS 2020 3R (a) 953 &R
PN A I b M 2R SE X i@ AR R A, (b)) STEMSCHE AT R, (o) Sihmid i
o HA AR I /38 B VR g R B A M e W, SRR R M ok S i RO RS IR R P

a Biogeochemical and ecosystem requirements, recommendations and actions will be a major
focus for TPOS 2020 in subsequent Reports. In this Report the societal relevance and utility of
established sustained and experimental biogeochemical systems is emphasized [2.6.7, 3.3.5].
Opportunistic use of existing platforms, such as moorings, floats and research and servicing vessels is
a key strategy. Maximizing the use of mooring servicing cruises in particular is a critical component
for Backbone biogeochemical observations. Service ships should continue underway measurements
for pCO, to ensure continuity in the record of CO, flux, to serve as validation for moored
measurements and new technologies, and to provide context for spatial variability between moored
observations. Mapping the extent of the eastern Pacific oxygen minimum zone is also an early action
that can be taken by TPOS [3.3.5].

Q XA HEERAL 22 AR S R e N 75 2. @ ICRIRS K & TPOS 2020 J& £kl i Hh i =
Mo TEARMRAE T, IRATR O MRS R S0 It A Py HL ER AL 22 W R G (A A AR &
[2.6.7,3.3.5]c —NEHEEEIGZMEHE R Fhr. BEEMAIRS MDA W6 . 55 R IR
Rk s AR, 2B BRAL 22 B T R G SR A R 73 o i R R 55 M I 4k 2R 147
fiit pco2 Ml &, LAWAfR CO2 Jm VRS, M T RN AGH A, R A4 R A
P AR PR IR . A AR PR A R IX s mda [, 2 TPOS & bnl BURHX
) — M8 [3.3.5].

Action 12 Underway pCO, observations should be continued or reinstated on all mooring servicing
vessels and the present network of moored pCO, measurements should be maintained and possibly
extended. Measurements of dissolved oxygen from the surface to about 1500m should be made on
ships where practical, and oxygen sensors should be considered on each mooring.

TEHE 12 QRS EUK SR BT Bl RSSO pCO, IR, 4E+F TR BRI B4 & pco,
ML o 224 AT REXS R IR A 1500 KR LAV il T AT, JE R 2425 FRAE R — /Ml &
I R AR RS

a Several Pilot and Process Studies, as well as on-going work being led by TPOS 2020 Task
Teams, are outlined in this report. Some of these studies are precursors needed to further guide
sampling strategies, test and improve delivery, cost and suitability for sustained implementation.
Others target improved understanding of phenomena and processes [3.3], some of which are partly
or wholly addressed by the recommendations and actions above.

Q AR EMER T TPOS 2020 & AN TAEZH A LM IELE AT 1 AR UL e 3k s it B Ak
FEMFFC . Hrp—Setff SR A T i — D3 SO SRRE, MR gk i R SE B 3R 2 . A
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ZAEAEE . HARWE RN T St mx R AR A RUKT [3.3], AL 4 iinelie ¥
MR A I BRI Tt

In addition to the project initiatives recommended below, several groups around the Pacific are
already engaged in research projects exploiting recent technical developments that point to
additional monitoring opportunities for TPOS 2020 [7.5.2].

B TR SR 2T H RN, PR LA ORI Qe in T —Sm i H . BURI A
T B A E N TPOS 2020 5 KT 2 IHL S [7.5.2]

New technology is also considered, because it provides opportunities for broader engagement in the
development of TPOS and for introducing efficiencies and/or enhancing relevance and impact of the
observing system.

PNVBEFTEHEFEAR, POVEHN TPOS MIAJEIRHE 2S5, IH ORI RS HIR
HRN /B 5 LA A SR ST B

Recommended projects and supported initiatives include [6.1, 6.2, 10]:
AT A EL SRR BRI AR T H A4 [6.1,6.2,10]

Pilot Studies/Programs for the Backbone
Observing Western Boundary Current Systems: A Pilot Study [6.1.1]
Eastern Pacific equatorial-coastal waveguide and upwelling system [6.1.2]
Determining the critical time and space scales for biogeochemistry in TPOS [6.1.3]
Direct measurements of air-sea fluxes, waves, and role in air-sea interaction [6.1.4]
Pilot Climate Observing Station at Clipperton Island for the Study of East Pacific ITCZ [6.1.5]
Assessing the impact of changes in the TPOS Backbone [6.1.6]
Comparison of analyses and utilization of TPOS observations [6.1.7]

AR/ BT RGTHE
MM AR &4t Wl a7t [6.1.1]
RICPHEARE- IR RS & F RS [6.1.2]
i€ TPOS THXil A= W b BR AL 22 52 (A B 25 R [6.1.3)
B0l IR A AR - B A [6.1.4]
AR KR ITCZ 7E Clipperton 55 857 IR s S ML 25 [6.1.5]
PSR TPOS 1 T R GAT i K A2 [6.1.6]
AR TPOS WL B2 Ak 1) 43 B A1 FH [6.1.7]

Process studies
Pacific Upwelling and Mixing Physics [6.2.1]
Air-sea interaction at the northern edge of Western Pacific warm pool [6.2.2]
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Air —Sea Interaction at the Eastern Edge of Warm Pool [6.2.3]
Eastern Pacific ITCZ/warm pool/cold tongue/stratus system [6.2.4]

EREH T
KV ETHR SR A B [6.2.1]
PHR PR i 1B S - EAF T [6.2.2]
i ith A 7 (K- <A LA [6.2.3]
IRRF A AR Bl R /7% T /2 5 R 48 [6.2.4)

Examples of funded new technology projects
e Profiling Floats Equipped with Rainfall, Wind Speed, and Biogeochemical Sensors (NOAA)
[10.2.1]
Autonomous Surface Vessels as Low-Cost TPOS Platforms (NOAA) [10.2.2]
Flux surface glider experiment (JAMSTEC) [10.2.3]
Enhanced ocean boundary layer observations on NDBC TAO moorings (NOAA) [10.2.4]

Development and Testing of Direct (Eddy Covariance) Turbulent Flux Measurements for
NDBC TAO Buoys (NOAA) [10.2.5]

IR BRI FT BRI H 2441
o HARFEIK. I AN S HAL B B F TR (NOAA) [10.2.1]
o {ERNZGA TPOS LI & (1) H shiF M ATAT 45 (NOAA) [10.2.2]
o FRIBEITME (glider) S5 (JAMSTEC) [10.2.3]
e NDBC TAO i & _EIN% i1 52 W (NOAA) [10.2.4]
o KJEIFMIA NDBC TAO VF A5 b jifs it i 5 [ EL 20U & (mAH9%I2) (NOAA) [10.2.5]

Action 14 Through the TPOS 2020 Resources Forum, the TPOS 2020 Transition and
Implementation Group, and through links to research programs and funders, support should be
advocated for Pilot Studies and Process Studies that will contribute to the refinement and evolution
of the TPOS Backbone.

M 14: BT TPOS 2020 ERiLIE. TPOS 2020 I 5 suiti /N LA % 5 & 78+ RIFVE B T 2
(B3, NS PRAESC A B T RGERUR & TPOS B T R G i s i 70 ANk RE A 50 o

This is the first in a sequence of Reports by TPOS 2020. The initial recommendations and actions
begin a process of transformation and change to an observing system that will be more capable,
more resilient and more effective. The integrated design lessens the reliance on any single platform,
and its implementation harvests some of the efficiencies available from recent technological
developments. Broadscale ocean and surface conditions will be more accurately tracked. Key
regimes will be observed comprehensively, delivering a clearer ongoing description of the evolving
tropical Pacific climate and guiding coupled model development. TPOS enhancements will enable
much needed improvements to operational modelling systems, addressing the scientific challenges
of coming decades.
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Subsequent Reports will include refinements arising from evolving technology and additional
insights gained from Pilot and Process studies. Biogeochemistry and ecosystem observations, and
their interpretation in the context of improved physical-system observations, will be a major focus.
The value of all TPOS observations is increased by integration through assimilation and syntheses, so
future designs will address needs from advanced model parameterizations and changes that
increase the effectiveness of data assimilation systems.
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