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El Nifo-Southern Oscillation (ENSO)
is by far the most energetic and influ-
ential short-term climate variability on
our planet, originating from an instabil-
ity of the large-scale ocean-atmosphere
interaction in the tropical Pacific. ENSO
influences climate worldwide because it
brings about large changes in the heat-
ing of tropical atmosphere that greatly
alter the global atmospheric circulation.
Since societies and ecosystems are pro-
foundly affected, monitoring and predict-
ing ENSO are of great importance for
our wellbeing and sustainability. There-
fore, tremendous resources and efforts
have been devoted to ENSO research
over the last three decades. Of particu-
lar interest is the construction and main-
tenance of an ENSO observing network
that covers the tropical Pacific ocean-
atmosphere coupled system, providing
real-time data for ENSO state moni-
toring and forecast initialization. Such
an observing system was first estab-
lished during the 10-year (1985-94) in-
ternational Tropical Ocean-Global At-
mosphere (TOGA) program [1]. It has
evolved over the years, and will continue
to provide invaluable and irreplaceable
service to the ENSO research and predic-
tion community.

TOGA was largely motivated by the
strong 1982-83 El Nifio event, which
came as a total surprise because of the
lack of real-time observation and predic-
tion. With a focus on ENSO, the goals
of TOGA were to 1) gain a description
of the tropical oceans and the global at-
mosphere as a time-dependent system in

order to determine the extent to which
the system is predictable on time scales
of months to years and to understand
the mechanisms and processes underly-
ing its predictability; 2) study the fea-
sibility of modeling the couple ocean-
atmosphere system for the purpose of
predicting its variation on time scales of
months to years; and 3) provide the sci-
entific background for designing an ob-
serving and data dissemination system
to support operational ENSO predica-
tion by coupled ocean-atmosphere mod-
els. These goals were generally achieved
[2], making TOGA one of the most suc-
cessful international programs in ocean
and climate research. A great legacy of
TOGA is its Tropical Atmosphere Ocean
(TAO) array completed in 1994, which
consists of nearly 70 moored buoys in
the tropical Pacific with both oceanic and
atmospheric data available in real-time.
In 2000, with the Triangle Trans-Ocean
Buoy Network (TRITON) supported by
Japan, TAO was extended westward to
become the TAO/TRITON array, and it
has been in service ever since.

Aside from the TAO/TRITON
array, there are also other observational
platforms and technologies used for
ENSO research, including surface
drifters, Argo profiling floats, tide gauges,
ships of opportunity lines of expendable
bathythermograph (XBT), as well as
satellite remote sensing. Collectively
they are now called the Tropical Pacific
Observing System (TPOS, Fig. 1). It
has been demonstrated over and over
again that the TPOS is indispensable

for our understanding, monitoring and
forecasting of ENSO [3], and to a large
extent it has been the observational basis
for ENSO research over the last 30 years.
Nevertheless, the current TPOS has its
limitations, and it is time to redesign
and enhance the system for both scien-
tific and logistic reasons. Scientifically,
some important aspects of ENSO, such
as its diversity and predictability, are still
not well understood and were not em-
phasized when the TPOS was originally
designed. Thus the new design should
take into account of the recent scien-
tific understanding of ENSO and support
new process studies in addition to broad-
scale observations. Logistically, the sus-
tainability of the TPOS has been a con-
cern in recent years, with the deteriora-
tion of the TRITON array in the west-
ern Pacific being particularly alarming.
At the same time, advances in new tech-
nologies of ocean observation, such as
satellite salinity, altimetry and scattorom-
etry, and autonomous platforms includ-
ing Argo and gliders, have begun to pro-
vide additional sources of information.
Thus the new design should take advan-
tage of all these platforms and optimize
their integrated implementation.

It is for these reasons that the in-
ternational TPOS 2020 project [4] was
launched in 2014 to promote the tran-
sition of the TPOS into a more robust
and sustainable system by the year of
2020. The objectives of the project are
to redesign and refine the TPOS to ob-
serve ENSO and advance scientific un-
derstanding of its causes; to determine

© The Author(s) 2018. Published by Oxford University Press on behalf of China Science Publishing & Media Ltd. All rights reserved. For permissions, please e-mail:

journals.permissions@oup.com

€202 ABIN 60 U0 Josn Aieiqr [euad YVYON A 8/481G/S08/9/G/2I01HE/ISU/WOd"dNO"D1WSPEDE//:SANY WO PaPEOjUMOQ


mailto:journals.permissions@oup.com

806 | Natl SciRev, 2018, Vol. 5, No. 6
Surface salinity Vector wind Ocean color Surface temperature  Surface height
(a) 20°N L L |
15°N
AR o
»
10°N 4 /%
P x O X = [ [] L] — ]
5°N X X X X L] [ [ L] [ m
o B i X P = - -
. & S X m s = ] ] ]
505 ﬁ '“v"‘ J X = = = = = =
10°S ~
sl o b , , ,
120°E 150°E 180° 150°W 120°W
(b) 20°N 1 1 1 - 1 1
. !k EE B @
AR m om =
10°N 4 /¥ =] o =)
ls J o ¢m [u] 5] 5] s [u]
5°N [u] [s] 5] 5] 5] =]
o o (=] o o 5] o (5] o
0° - o0 04— 0
ok N o g O 5] 5] =] 5]
5°S d h o] =] =} o =} =}
Wl =} o [u] (u]
10°s 57 =]
& L -
15°s - - T T T T T
120°E 150°E 180° 150°W 120°W 90°W

B Proposed array €9 Current meter

Figure 1. Schematic of the TPOS ‘Backbone’ configuration. (a) The current TAO (green boxes) and
TRITON (yellow boxes) mooring locations. Current meter locations are shown as red diamonds. Va-
cant TRITON sites are marked with (x). (b) The TPOS 2020 proposed array (large green boxes). Current
meter locations are shown as red diamonds and double Argo in dark orange. In both cases satellites

(top row) and other in situ systems also contribute.

the most efficient and effective obser-
vational solutions to support prediction
systems for ocean, weather and climate
services; and to advance understanding
of tropical Pacific physical and biogeo-
chemical/ecosystem variability and pre-
dictability [S]. While the TPOS 2020
calls for further investment in both sus-
tained and experimental observations, its
primary focus is on the former. The sus-
tained observing system, or the back-
bone of the TPOS, has its core evolv-
ing from the TAO/TRITON array and
the Argo network. As illustrated in Fig. 1,
the backbone mainly consists of a tropical
moored buoy array (TMA) with moor-
ings along the equator and along several
strategically placed cross-equatorial sec-
tions, and an enhanced deployment of
Argo floats within 10°S-10°N. As com-
pared to the current TPOS, the TMA will
be optimally rearranged and the number
of Argo floats will be doubled in the trop-
ical band. It is worth noting that a re-
gional observation program has recently
been proposed by China as a contribu-
tion to the TPOS (the western Pacific ad-
ditions in Fig. 1). It will not only fill the

gaps left by the withdrawal of the TRI-
TON buoys, but also extend the TPOS to
cover the low-latitude western boundary
currents, Asian Monsoon and typhoons,
which may have significant impact on
ENSO [6, 7] aside from being scientifi-
cally important on their own right.

The ENSO observing system, mostly
embedded in the TPOS, will be contin-
uously evolving to meet new scientific
challenges and to make use of new tech-
nologies [8-10]. Further refinement of
the system may benefit from optimiza-
tion methods such as target observation
analysis [11, 12]. As stated in the TPOS
2020 First Report [ 5], the system should
always have five key functions: 1) to pro-
vide data in support of ENSO prediction
and other forecasting systems and to fos-
ter their advancement; 2) to provide ob-
servations to quantify the evolving state
of the surface and subsurface ocean; 3)
to support integration of satellite and in
situ approaches including calibration and
validation; 4) to advance understanding
and modeling of the climate system in
the tropical Pacific, including through
the provision of observing system in-
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frastructure for process studies; and S)
to maintain and extend the tropical pa-
cific climate record. The TPOS 2020 rec-
ognizes the difficulties of sustaining an
observing system with the precision to
detect small changes over decades, not
only for climate change but also for the
climatology that underpins ENSO fore-
casts. As the first step toward redesign-
ing and enhancing the current system,
the TPOS 2020 team has made 22 rec-
ommendations with 15 near-term actions
[S], which are presently being deliber-
ated by the scientific community as well
as the stakeholders. There is no doubt
that the future evolution and sustainabil-
ity of the ENSO observing system will
depend critically on a close, long-lasting
international collaboration among scien-
tists and funding agencies from both sides
of the Pacific Ocean.
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