
TPOS 2020 Project
Review and re-design the Tropical Pacific Observing System
– Rethink in response to new needs, purposes, challenges:  Define requirements
– Renew the interagency and intergovernmental cooperation that has been the 

hallmark of the TPOS since the mid-1980’s
– Take advantage of new science and technology
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Why do we care?
• Largest source of intraseasonal to interannual

predictability AND prediction
–Requires both good observations and good models

• Largest natural ocean source of CO2 outgassing
– Strong annual, interannual and lower-frequency variability.  A 

major part of the global carbon budget

• Sensitivity of the entire climate system to changes 
in the tropical Pacific
–ENSO signals reverberate globally
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• El Niño of 1982-83
  – and the failure to recognize it until very late –
  was the impetus for the TOGA observing system.

• Original TAO designed as a grid for mapping purposes,
  at a time when most ocean time series were    
  sampled from merchant ships.

• Now, we have many technologies, and we face
  a different set of challenges.  We aim to adapt the 
  observing and forecast systems to today’s issues.

The lesson of the past 3 decades is ENSO diversity, 
the ongoing succession of surprises in these events.  
The potential for future surprises is high.

19972009
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ENSO drove the original T.P.O.S.

(PO DAAC, JPL)



Foundation of the T.P.O.S.
Technical and intellectual advances of the 1980s-2000s

• Advances during the TOGA program (1985-­‐94)
– Many nations cooperated to build a realtime tropical monitoring array

– New theories showed the predictability due to ocean memory

– Early coupled models began to take advantage and make predictions

– Simple moorings, mass-produced, realtime data (TAO, then TRITON)

• Satellite era – beyond SST – began in the early 1990s
– Vector winds, SSH, ocean color, ..., and remote SST sampling also advanced

• Argo profiling floats in the early 2000s
– Consistent global mapping of subsurface temperature and salinity
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TPOS 2020 Goals
–To redesign and refine the T.P.O.S. to 

observe ENSO and advance 
understanding of its causes

–To determine the most efficient and 
effective observational solutions to 
support prediction systems for ocean, 
weather and climate services 

–To advance understanding of tropical 
Pacific physical and biogeochemical 
variability and predictability.
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An integrated view
• Complementary “backbone” technologies:
– Satellites give global coverage, fine spatial detail in (x,y)

– Moorings sample across timescales, allow co-located 
ocean-atmosphere observations, velocity sampling

– Argo resolves fine vertical structure, adds salinity,  
maps subsurface T and S and connects to subtropics

• New scientific understanding and issues:
– Role of high-frequencies, especially the diurnal cycle

– Focus on the coupled boundary layers

– Physical-biogeochemical connections and impacts

Assimilating models integrate diverse observations

→ Users will increasingly rely on gridded products
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Bjerknes feedback

Why are there trade winds? Because the warmest water is in the west.
Why is the warmest water in the west? Because there are trade winds.

A positive feedback!
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The special dynamics of the tropics produce 
tight ocean-atmosphere coupling and feedbacks



TPOS 2020 vs other developing observing systems

• The tropical Pacific has a dominant signal: ENSO
→ We are strongly driven by phenomena

• In large part due to ENSO,
the history of successful seasonal forecasts means we have important 
operational stakeholders. 

• The fundamental coupled nature of the tropical climate
means the planetary boundary layer is a core part of our sampling
(dictates platform requirements)
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It’s not just El Niño ...
Because the atmosphere
is so sensitive to changes 
tropical heating, many kinds
of tropical disturbances
radiate to mid-latitudes.

An example is the MJO,
that powers intraseasonal
heavy rain events on the 
US west coast
(“Pineapple Express”).

7-­‐10 days
before event

3-­‐5 days
before event

Precipitation
event

Winter tropical Pacific anomalies preceding
heavy West Coast precipitation events
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We view the tropical Pacific as consisting of a broad interior
plus four “boundary layers”:

Surface, Equatorial, Eastern and Western

Equatorial boundary layer
Surface

Easte
rn

WesternThe boundary layers
are the hard parts
In an integrated system
that includes satellites,
we are less tied to a grid
and can focus in situ sampling 
on key regimes.



Cronin and Kessler (2009)
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Much of the work of heat and momentum transmission 
to the thermocline is accomplished by the diurnal cycle. 
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The diurnal cycle 
is surprisingly 
important ...
Can we teach
this to models?

How does the thermocline communicate with the atmosphere?

Surface boundary layer

Requirement to observe the    
near-surface, including currents 
... but how much is needed?
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Mean zonal current (colors) and salinity (white contours) at 140°W (sketch of w)

Equatorial boundary layer

Johnson et al. (2001)

Short meridional scales, property emergence (heat, CO2) 
Rapid and vigorous air-sea coupling gives these processes global significance.
→ Demanding requirements for properties and currents
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Surface and equatorial boundary layers
MARCH 2001 845J O H N S O N E T A L .

FIG. 5. Vertical–meridional sections based on centered 28 lat linear fits to data taken from 1708 to 958W, regardless of longitude (see
text). (a) Meridional velocity, y (1022 m s21); CI 2, positive (northward) shaded. (b) Standard error of y , ey (1022 m s21); CI 1, |y |. ey

shaded.

surface divergence and thermocline convergence, and
little cross-equatorial flow. Meridional velocities were
much smaller than zonal velocities. Hence contour in-
tervals for y were five times finer than for u. Poleward
values of y were significant to 40–50 m (278–258C).
Peak poleward surface speeds were 20.09 6 0.02 m
s21 at 4.28S and 0.13 6 0.03 m s21 at 4.68N. Surface
drifters also show stronger poleward flow in the north
than in the south from 1508 to 1308W (Baturin and Niiler
1997), despite the stronger trades in the Southern Hemi-
sphere (Hellerman and Rosenstein 1983). Equatorward
subsurface speeds were significant in the Southern
Hemisphere from 60 m (248C) through 160 m (158C)
and in the Northern Hemisphere from 60 m (258C)
through 110 m (218C). Interior equatorward velocities
peaked at 0.05 6 0.02 m s21 at 1.48S and 20.04 6 0.03
m s21 at 3.68N at 85 m (near 238C).
Meridional geostrophic velocities estimated from ver-

tical integrals of zonal density gradients (not shown)
were generally equatorward over the entire latitude
range. They were also surface intensified and stronger
in the south. This hemispheric asymmetry was consis-
tent with the direct measurements of equatorward trans-
ports. Since the equatorward geostrophic velocitieswere
surface intensified, the wind-driven poleward Ekman
component must have persisted to at least where the
maximum in equatorward flow was observed, roughly
85 m. This penetration depth was well below the mixed
layer depth (Figs. 2c and 2d).
The standard errors of y (Fig. 5b) were also surface

intensified with off-equatorial maxima and dropped be-
low 0.01 m s21 in places. The maxima were 0.04 m s21

at 4.58N and 0.03 m s21 at 18S, and were likely related
to tropical instability wave activity on both sides of the
equator, but somewhat weaker in the south (Chelton et
al. 2000). While the mean meridional currents were
nearly an order of magnitude smaller than the mean
zonal currents, the y standard errors were still half the
magnitude of those for u. This combination of energetic
transient variability and a weak mean resulted in a low

signal-to-noise ratio for y . In contrast to the u field, the
y exceeded their standard errors (shading in Fig. 5b)
mainly near the surface and in the thermocline on either
side of the equator.
Since seawater is nearly incompressible and vertical

velocity, w, is negligible at the surface, the horizontal
divergence, ux 1 y y, can in theory be integrated down-
ward from the surface yielded estimates of the vertical
velocity, w. The horizontal divergence was dominated
by the meridional term, y y, in most places. However,
the shoaling of the EUC did result in a significant zonal
term, ux, in limited regions.
The largest feature in ux (Fig. 6a) was the vertical

dipole centered about the equator with zonal divergence
above 105 m and convergence from 110 to 270 m. This
pattern was due to the shoaling of the EUC. Equatorial
zonal convergence below 270 m was the result of the
growth of the westward-flowing EIC west of 1408W
(Fig. 3a). Zonal convergence in the NECC and SEC was
due to slight eastward weakening of the eastward-flow-
ing NECC and slight westward strengthening of the
westward flowing SEC, as expected from the Sverdrup
balance. Zonal convergences centered near 230 m, 638
latitude were tightly linked to divergences 60–80 m
shallower and about 28 poleward. This pattern was due
to the shoaling and poleward shift of the NSCC and
SSCC as they move eastward (Johnson and Moore
1997). A more local estimate of ux from the slope of a
third-order polynomial evaluated at 1368W significantly
increased the magnitude of the dipole on the equator
(Fig. 7a, dash–dotted line), and other features off the
equator (not shown), but was not appropriate for a large-
scale estimate of w.
Since uk y and y y k ux, y y (Fig. 6b) was contoured

at five times coarser intervals than ux. On the equator
surface meridional divergence, y y, was strong (Fig. 7b)
at 60 (620) 3 1028 s21. Meridional convergence in the
thermocline reached 30 (610)3 1028 s21 on the equator.
The transition from meridional divergence to conver-
gence occurred at 50 m. Near-surface meridional con-

Near-surface Ekman divergence drives upwelling, but ...

Mean meridional current in the east-central Pacific
Shipboard ADCP over 170°W-95°W

10-year average

Requirement
for near-surface
currents,
especially near
the equator.

Another driver:
Referencing 
scatterometer
winds where
currents are
strong

Red=Northward
Blue=Southward

Johnson et al. (2001)

(Ship ADCP
does not see
upper 25m)



MOM

Mean u and w
at 0°, 140°W

CCSM 1/10°
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The usual model-data
comparisons of
u(Eq,z) can be

misleading.

Model representations
of the vertical flows
are unconstrained.

CCSM (Bryan), MOM (Vecchi)

How do models represent this circulation?
(We don’t know!)

Heavy lines = w

 Thin lines
   = u

MOM 1/3°

Green = Observed u
(TAO)  



Requirements for the backbone
What drives our recommendations?	
  

Example:  Vector winds
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QuikSCAT rain-flag frequency during 1999-2009. 
Over much of the Pacific ~25% of QuikSCAT samples are flagged as potentially invalid due to rain.

This does not mean that scatterometer winds are unusable under rain, but they are in question.
It is also true that wind products from different centers differ significantly.

The global climate is exquisitely sensitive to the equatorial zonal wind, so we must get this right.



First Report of TPOS 2020 
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constraint. NWP and atmospheric reanalysis systems assimilate scatterometer backscatter using a 

transfer function for wind that ignores surface current effects. In the tropics, surface currents can be 

strong and winds relatively weak. Therefore, estimation of wind stress and its curl using absolute winds 

requires a correction of the surface current effects; otherwise, it can result in misleading constraints for 

ocean/atmosphere models. Therefore, neglect of the ocean surface velocity on wind stress estimation can 

degrade wind products. Measurements of near-surface currents (see section 3.1.3.2), with high 

spatiotemporal resolution (at least at all wind calibration sites) would facilitate comparison and synthesis 

of relative winds obtained from scatterometers with absolute winds derived from buoys and NWP models. 

Wind measurements derived from satellite scatterometers have demonstrated good consistency with 

wind measurements obtained from moorings, with an average RMS difference (between satellite and 

mooring winds) of approximately 1 m s-1 (Figure 3-2). This does not reflect only the uncertainty of the 

satellite wind measurements, but also contributed by a number of other factors. These factors include the 

uncertainty of the mooring winds, the scale-mismatch between satellite and mooring measurements (i.e., 

averages within satellite footprint versus point-wise measurements). However, the limited sampling by 

satellites cause sampling errors that affect satellite-derived gridded wind products (Figure 3-3) and the 

differences of these products from mooring winds that can be more substantial than the uncertainty of 

the satellite measurement per se. It is important not to confuse the measurement error with the sampling 

error. Increasing satellite coverage with a variety of orbits to capture diurnal variability can alleviate the 

sampling errors. Since the 2000s, the coverage of the ocean by scatterometers is approximately 60% at 

the 6-hourly interval (Atlas et al., 2011). An enhancement of coverage from 60% to 90% at the 6-hourly 

interval can provide a much more adequate constraint on estimates from NWP models and from 

synthesized wind products. 

Figure 3-2: Satellite wind speeds compared with collocated buoy measurements, separated for all-weather, rain-free, and 

raining conditions: (top row) Binned satellite wind speeds as functions of buoy speed; (bottom row) RMS wind speed difference 

between satellite and buoys as a function of buoy wind speed. Each column represents one of the four satellite instruments 

considered in this analysis. Courtesy of Larry O’Neill. 

TAO was originally designed to map winds, before scatterometry. 
Now we propose to reduce buoy locations, relying more on scatterometer winds.

Two distinct issues:
1) How well do scatterometers measure winds themselves?
2) How well do present analyses produce credible wind fields?

Winds with a reduced moored array
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We investigated (1) extensively:
- Only a few ongoing cal/val points are needed in the tropics
- Specific regions need in situ referencing (heavy rain / low winds)
- Equator needs referencing between satellite generations

These considerations were influential in shaping our design:
In situ wind sampling in heavy rain regimes:  ITCZ, SPCZ, Warm pool
Maintain full sampling along the equator

The mapping issues (2) are more difficult:
Products from different centers differ considerably!  Work is needed!

          TPOS 2020 must provide the in situ observations for adequate referencing
                of scatterometer winds
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 Equatorial salinity anomaly, Dec 2015 Equatorial salinity anomaly time series

      2015 El Niño Precipitation

The West Pacific Warm Pool
Salinity is crucial
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(Gasparin and Roemmich 2016)

Under the heavy rain
of the warm pool,
salinity variability is
a large part of the 
pressure gradient.
It is strongly tied to
ENSO.

Drives our requirement
for subsurface salinity
observation.



The First Report
• Published 30 December 2016 (ref. GCOS-200)
• 22 Recommendations
• 15 Actions
• First published design following 
   the GOOS Framework
• 2 rounds of review and revision
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tpos2020.org/first-­‐report
(much	
  of	
  this	
  applies	
  to	
  the	
  other	
  tropical	
  oceans!)

Neville’s talk
to follow



Although TPOS 2020 is mostly about observations, 
   we consider the role of observations in the entire system:

              Observations ● Analyses ● Forecasts

Current-generation assimilation/forecast systems do not make
   effective-enough use of observations.  
Thus we aim to:

  Target sampling where the models and data assimilation systems
        need guidance for improvements (near-surface and near-equator)

      Improve model representation of unresolved processes

      Evolve the  T.P.O.S. in concert with advances
        in the forecast and data assimilation systems

      The operational “backbone”array must provide infrastructure for
        research to improve the models, and refine the design
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Our first customers are the operational centers

We design our arrays to serve both operations and research



Next steps
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Second
Report

Second report foci:
- Improving modelling and data assimilation
- Biogeochemical and ecosystem observations
  (Beyond pCO2, what?)



 
Warm Pool  
Edge metric 

Advantages Disadvantages  

SST threshold  
(28 - 30oC) 

• Important for atmospheric response, e.g. 
convection, tropical cyclones, intraseasonal 
variability including WWBs.  

• Satellite and in-situ data products readily 
available. 

• Strongly affected by background warming 
• Inconsistent thresholds between models 
• Higher SST isotherms not always present 
• Decouples from other definitions in extreme 

events and at high-frequency time scales (such 
as diurnal cycle). 

SSS threshold  
(34.2 to 35.2) 

• More closely representative of dynamical 
edge. 

• Same as above 
• Limited data availability, though new satellite 

products (SMOS & Aquarius) now available 
Maximum SSS 
gradient 

• Insensitive to background state 
• Representative of dynamical edge 

• Limited data availability 
• Noisy and may be contaminated by high 

frequency variability 
Isotherm fit to SSS 
gradient 

• As above. 
• Useful for model intercomparison 

• Isotherm needs to be revised with background 
warming 

Density threshold 
(not common) 

• Combines temperature and salinity 
changes 

• Incorporates disadvantages of both 
temperature and salinity. 

Convergence using 
hypothetical drifters 

• Representative of ‘dynamical edge’ 
• Can use dynamic height, or satellite mean 

sea level as proxy 

• Need to compute hypothetical drifters 
• May not converge in models due to the high 

sensitivity to background mean state  
• Limited observations and reliance on 

combined satellite estimates. 
Chl-a (e.g. 
0.1mg/m3) 

• Sharp front • Limited to satellite record 
• May decouple from physical parameters. 

Nitrate/pCO2 • Usually tracks the frontal zone  • Limited observations  
• May decouple from physical parameters. 

Table 1. Metrics used to describe the edge of the Western Pacific Warm Pool and their advantages and disadvantages. 

 
 Figure 1. Schematic of the WPWM mean state and changes for El Nino conditions (inset) 

       The front at the east edge of 
the warm pool interacts with the
atmosphere, especially during the
onset of El Niño.

Critical processes in the east include the 
stratus/cold tongue front/ITCZ system
and coastal upwelling.

Equatorial upwelling is fundamental but 
poorly known; its modeling is uncertain.

Low-latitude western boundary currents and the
Indonesian Throughflow are principal conduits of 
tropical-subtropical interaction.

       The diurnal cycle can be an important mechanism allowing 
       downward propagation of heat and momentum fluxes.

The 30-year record of surface pCO2 shows strong annual, interannual and 
decadal variability of CO2 fluxes in the east Pacific cold tongue.

•Pilot studies enhance
  TPOS capability

•Process studies to
  understand phenomena

•Modeling studies add 
  value to observations,
 assess their impact

Advance:  Research required!

Barrier layers in the west Pacific warm pool
affect the penetration of momentum fluxes. 



Wave glider
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Underway pilot/process studies:
Autonomous vehicles and platform enhancements
• Autonomous surface vehicles: PBL and surface BGC
• Argo enhancements: rainfall, windspeed and BGC
• Enhanced ocean boundary layer sampling from TAO
• Direct covariance flux measurements from TAO

NOAA

• Autonomous surface vehicles: surface fluxes
• Upgrade 3 TRITON sites to flux Supersites
• Shallow floats
• Research cruises

JAMSTEC

Saildrone
Autonomous surface vehicles

have great promise, 
but need testing in 

real-world conditions 
to prove their 

possibilities and 
learn their limitations.

New investments
will advance these

technologies.

Other pilots expected:
-Warm pool array
-Indonesian Throughflow
-Western boundary currents

NASA • SPURS-2 Experiment at 10°N,125°W (ITCZ)



Why do we propose changes,
when the tropical Pacific is not over-sampled now?
A “climate data record” is a time series at a point (examples).

A “climate record” is a set of measurements that enable 
detection and accurate description of an element 
of climate variability in its longterm context.

Barrier layer thickness (Argo)

Salinity at 0°,156°E (TRITON)

We must preserve the climate record



Conclude (Actions later: NRS)

• We have the tools to modernize the present system
–  Take full advantage of technology, respond to modern science issues

–  More resilient, more effective: integration across platforms

• We will live with the new design for decades
– Identified topics where research and pilot studies are needed:

    Includes in situ, satellite, and model development

– Must move carefully and thoughtfully: 2 years of work, broad consultation

• Neville’s talk to come will explain our design
 Responds to the issues raised here
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Extra slides
below
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ENSO is irregular ... and full of surprises

- The overall story is diversity
  and surprises.  Expect more ...

- These event changes have been 
  accompanied by changes to 
  the background (e.g., trade wind 
  increase since 1998).
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The lessons we take from this are:
Build a resilient T.P.O.S.
   Do not focus only on the challenges/issues of today; tomorrow’s will be different:
   Looking back from 2030, what will we wish we had started sampling in 2016?
Describe the physical processes that drive the tropical climate.
   Integrate this understanding into models.

Maintain and build long time series:
   High-quality data, detect weak trends
   (Three examples ....)

Niño 3.4 (Central Pacific) SST (red = El Niño)

Regular oscillations
of the 1960s-70s

El Niño dominance,
and the 2 big events

of the 1980s-90s

“Central Pacific” El Niños,
accompanied by 

large mean changes.

No large El Niños
late 40s-early 50s
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The upwelling circulation

Upwelling
must be
balanced by
mixing and
penetrating
radiation
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Risks
• In real life, funding might not respect the climate record.

• In our focus on T(z) and winds, 
    we have neglected other important consequences:
Nothing replaces the buoy surface met:  Humidity and Tair, thus the LHF.

Will those measurements turn out to be a key validator: 
   - For coupling processes in models of 2030? 
   - Or of techniques to infer these from future satellite retrievals?
   - How much flux measurement is needed? Where?

• Reducing mooring service cruises will damage the 25-year pCO2 record.
Autonomous vehicles may mitigate this, but ...



Darker blue indicates double Argo. Red shading indicates moored array           

Specific Recommendations
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The eventual 
in situ

“backbone”

Warm pool
pilots

• Double Argo within 10°S-10°N 
• Reconfigure the moored array: 
– more capable moorings, targeting:  the equatorial circulation, 

the mixed layer and its interaction with the atmosphere, and key regimes

TAO (NOAA)TRITON (JAMSTEC)Present/historical TAO/TRITON



0.  Do not repeat the mistake of changing observing
    systems without adequate overlap and evaluation!

1.  Advance by observing the mechanisms connecting
    the equatorial thermocline and the free atmosphere.
    Challenge and guide model improvement.

2.  Foster a diverse-platform observing system to 
    adequately sample ENSO’s rich multi-scale variability.
    Integrate tools that did not exist when TAO was designed:
       Satellites,  Argo, new autonomous samplers, …

3.  Beyond its monitoring capability,  TPOS should serve as    
    the backbone for essential ancillary and process studies
    (allowing others to propose and participate).

Guiding principles


