Glider observations of the Solomon Sea

Work based on 13 years of (~monthly) glider sections

Partners: Billy Kessler and Hristina Hristova (NOAA/PMEL),
Dan Rudnick and Russ Davis (Scripps), Chalapan Kaluwin (UPNG)
Chanel Iroi (Solomon Islands Met Service)
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Why do we measure LLVWBCs?

(Low-latitude western boundary currents)

The big picture of ENSO is the accumulation (recharge)
and discharge of mass and heat in the equatorial strip:

— Exchanges between the subtropics and equator

Most discharge during El Nino occurs in the east and
central Pacific, but most recharge occurs in the LLWBCs.
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Our simple picture of the “mean overturning circulation”
is only true for the basin-wide integral
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In mid-basin, the shallow outflow is larger than the subsurface inflow.
= The difference is made up in the western boundary currents.

These are the Mindanao Current in the north,
and the New Guinea Coastal Undercurrent in the south.
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The Spray glider used in the Solomon Sea
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Moveable battery packs .
control flight orientation Pump  Oil bladder ~— 3-5km (~4 hr) S

20-25 cm/s (~20 km/day)
Range 4-5 months = 2500+km

<«—— 2 meters long, weighs 50kg (2 pgcm)ple to operate) —

| Actual Strengths:
How a glider resurface - Flexible (no ship needed)
measures Absolute - Absolute velocity (with flight model)
velocity ng;'cﬁi)l,'average - Fine-scale sampling (useful for WBCs)
- Relatively cheap (2-person operations)

Expected

resurface Weaknesses:
. Path th h wat . s :
Dive (need flight model) - Slow (eddy aliasing, uncertain path)

- Infrequent sections (sampling errors)
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Moorings
Strengths:
- Required for narrow straits

- Excellent time resolution

- Reliable absolute velocity
- Co-located T, §, Met (if surface)

Weaknesses:

- Single point (representative?)

- Subsurface-only in ship channels
- Expensive (need ship)

Aviso (satellite altimetry = SSH)

Strengths:

- Globally consistent grid

- Observe propagating eddies
- Free! (to us)

Weaknesses:
- Surface geostrophic velocity only
- Uncertain near coasts?
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Other ways to measure VWBCs

GORDON ET AL.: MAKASSAR STRAIT THROUGHFLOW
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Figure 2. (left) The seasonal profiles and (right) along-channel velocity section. The velocities represent an average of
MAK-west and MAK-east values. The vertical coordinates are given in decibar (dbar), which is approximately a meter (m).
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Tsuchiya (et al ...) described two sources of high-salinity water
flowing through the Solomon Sea feeding the equator

The high-evaporation region of the eastern subtropics

supplies a shallow inflow at the density of the EUC. Property variations at the

subduction regions are
transmitted to the equator

Winter subduction NE of New Zealand follows a long
path around the islands and arrives at the Solomon Sea

as a narrow, subsurface western boundary current. via the Solomon Sea
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13 years of glider crossings of the Solomon Sea

Billy Kessler, Hristina Hristova, Russ Davis and Jeff Sherman
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Mean crosstrack
current on two
tracks separately

Solomons
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The two inflows join soon
after they enter the Solomon
Sea, forming a single WBC.

Both are high salinity, though
they come from different
source regions.
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Transport (Sv)

Northward flow through the Solomon Sea
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Interannual

Low—frequency

Individual glider sections are noisy (dots and thin line).
It takes more than 1 section/month to describe the low frequency.
(The sparser sections before 2012 weren’t adequate).

Interannual anomalies are related to ENSO with a slight lag,

but the lag is not consistent among events. (r = 0.71, lag 2.5 months)
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Quantifying sampling errors usmg Awso (SSH)

Method:
- Sample Aviso at glider times/locations
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- Find ug each dive, integrate transport
(He =200m: best fit to glider)

- Compare Aviso “truth” =
simple cross-Sea difference (red) i
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HEOFs of intraseasonal Aviso
improve glider interpretation
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The simplest linear wind-driven model of Solomon Sea inflow

The glider crosses two distinct inputs to the western boundary: tropical and subtropical

Equator

Australia
4—[—>

1 | Rossby model zonal currents

3

Against an island:
“This vorticity constraint says that,
in the absence of circumisland wind,

an inflow to the boundary current at latitude y will split,

with fraction (y — ys) / (Yn— ¥s) going north
and the remainder going south.”
Firing et al. (1999)

2 Against a continent,
WESTERN BOUNDARY TRANSPORT

is the equatorward integral of
INCOMING ZONAL TRANSPORT.
(Conserve mass integrating equatorward)

Yy

V(y)de =— | Urwdy

yPole

; Godfrey (1975)

WB layer

/

yPolel'. V=0«
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Black dashes = Observed transport by region

Colored lines = Rossby/ TDIR model (Total,VWBC, and shallow interior)
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Colored lines = Rossby/TDIR model (Total, WBC, and shallow interior)

Transport (Sv) Transport (Sv)

Transport (Sv)

Observed and modeled transport: Interannual anomalies

Black dashes = Observed transport by region
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Like everything else about ENSQ, different events are quite different in the Solomon Sea!




Where are the ENSO anomalies affecting the Solomon Sea?

Winds and curl anomalies
averaged over El Nino and La Nina periods
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4 years of glider crossings of the Mindanao Current

Mindlanao

34.8

w
B
o

w
»
N

w
B
N

w
~

Salinity (psu)

Velocity (m

Latitude (°)

Martha Schonau and Dan Rudnick (JPO 2017)

16 ;secti;ons c;>ver 3200;9@1 3

~—

Transport (Sv)

126

134

Glider pushed
south by MC:
Inconsistent path

—>* Palau

127 128 129 130 131 132 133
% Total Transport:-19.7+/-11.1 Sv
45 B Transport < 26 kg m >:—18.3+/-2.9 Sv n3
30| ®  Transport > 26 kg m>:-1.5+/-11.9 Sv upY
Nino 3.4 é
151 -8 41 B
- ) . £
. ’ <
OF----——--=- - — -2 o — e oA D ]Pf~!4~7177—0 o)
.2 e Bl e -
R x° ol IR 8
15[ W--e e Ee g = UL N = 1-1=
o S I g |2
-30+ * -2
-
—45U | | | | | | | | L_g3
Jun-09 Dec-09 Jun-10 Dec-10 Jun-11 Dec-11 Jun-12 Dec-12 Jun-13 Dec-13

Transport time series (~4 sections/year) is not
enough to define the annual cycle (if it exists),

and only to weakly define interannual variability.

— In the Solomon Sea, we need monthly transects.
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Mean Mindanao Current Blue = equatorward
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The calculation we would like to do:
Heat (and property?) budget of the equatorial strip

Consider VEK (CCMP winds)
a tropical Pacific strip MC.
across the basin )&Vg (Argo)

between 9.5°S - 9.5°N::

“n]“

What is possible with present data?
Two problems: Non-constant volume, unknown “reference temperature”

But Tony Lee (JPL), had a good idea: An inflow changes the temperature

of the box only if it has a different temperature than the box average.
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Logic of the Lee et al calculation

Heating/cooling tendency
due to the Solomon Sea  — d$ dz /
partial interface

S ol S ea

Solomon Sea Basm volume
measurements measurements

Where V'p is the volume of the equatorial strip.

If T,ris the (time-varying) spatial-average temperature of Vp,
this expression is meaningful even if mass is unbalanced:

Heat advection across a partial interface can change the
domain’s temperature IF (and only IF) the interface
temperature differs from the domain’s average.

— Choose Trer as Tw(t), the domain-average T within Vp.

This avoids the problem of ambiguous referencing of 7.

19 (Lee, Fukumori and Tang, JPO 2004)



Interior (Ekman + geostrophic)
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correlate with Nino3.4,
and to lag the total signal.



The Solomon Sea as a testbed for LLWBC work

* Gliders are appropriate to monitor boundary currents (scales).

* They are relatively inexpensive and sustainable (10 years)
Two-person operation, no ship. 52 deployments, 1 lost glider.

* Slow gliders in a strong eddy field require frequent sampling
to resolve annual cycle and interannual signals.
Aviso is useful to evaluate sampling errors.

* Our time series shows that transports in the Solomon Sea
make a large contribution to basin-wide transport anomalies.

* Much of the low-frequency transport variation is linear (!).

* It is (almost) possible to estimate the advective contributions
to the interannual heat budget of the tropical Pacific strip.
Simultaneous measurement of the Mindanao Current would
be a big step forward.
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