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Tran5|t|on scale (LT) global model (llc4320)

* Spatial variations in L.
Computed by
integrating 2D spectra

* Geostrophy dominates
for scales > L.

* Small L;: western
boundaries, Antarctic
Circumpolar Current.

* Llarge L; in tropics

* Does this one-year

lli:llli[I][IJI]:IIIIIIIITI‘-_Lt[km] reality?
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Shipboard Acoustic Doppler Current
Profiler Data for in situ L;

Underway shipboa rd data Cruise tracks in JAS (red) and UH (blue) CODAS databases
collected on GO-SHIP : =
hydrographic cruises

Favor uninterrupted
transects (continuous
steaming, no stations)...

But these are often transits,
with no chief scientist
badgering anyone to
process data

So, we launched a data
processing effort ....

Archived ADCP data
UH CODAS: not processed
JAS-ADCP: processed



Acoustic Doppler Current Profiler analysis:
Transition scale (L;) in red boxes

California
Cuhr rentk- | S Gulf Stream Oleander
(2C01:r)es neta e _ / (Callies and Ferrari, 2013)

Eastern Tropical Pacific
(Soares et al, in prep)

Kuroshio Extension and

western tropical Pacific (Qiu et Drake Passage (Rocha et al, 2016)
al, 2017)



What do we expect for kinetic energy spectra?

Gulf Stream, Kuroshio and Drake
Passage:

Clear distinction between large-scale
(balanced, QG, k3) and small scale (k?)

—
o
N

k3 (Quasi-geostrophy)

k™2 (Internal waves)

(e.g., Callies & Ferrari, 2013;
Rocha et al., 2016; Qju et al., 2017)
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What do we expect for kinetic energy spectra?

Gulf Stream, Kuroshio, and Drake
Passage:

Clear distinction between large-scale
(balanced, QG, k3) and small scale (k%)

—
o
N

k3 (Quasi-geostrophy)

~

"= | Transition scale (L;)

Can change in spectral slope to identify
transition from balanced to unbalanced
flow.

k™2 (Internal waves)

Power Spectral Density
o
o

—
o
e}

(e.g., Callies & Ferrari, 2013;
Rocha et al., 2016; Qju et al., 2017)

1072 107
wavenumber (cycles/km)



What do we expect for kinetic energy spectra?

In California Current and tropical Pacific:
No spectral slope distinction between

large-scale (balanced, k?) and small scale
(k)

102 N k2 (balanced C

Rely on Helmholtz decomposition to
distinguish balanced, rotational flow
from unbalanced, more divergent flow.

N\ K “ (Internal waves,
.:._'\ J ;_‘ rarcan L\
\, divergent)

Power Spectral Density
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Inferring dynamics from horizontal wavenumber spectra:

®For 1-D (alongtrack) spectra, across-track K, and
along-track Ky are related through the exponent
n:

Ku=n Kv purely rotational (nondivergent)
Kv=n Ku purely divergent (irrotational)

®Helmholtz decomposition of 1-D spectra
separates rotational and divergent components
(e.g., Callies & Ferrari, 2013; Buhler et al., 2014;
Rocha et al., 2016)

10*

KE spectral density

KE spectral density

10

Helmholtz decomposition of k3 spectrum

Rotational case - cross-track
- along-track
- Cpsi (rotational)

- along-track

Divergent case ——cross—track
- Cphi (divergent)

107 10~ 10
Along-track wavenumber [cpkm]



L predlctlons (IIc4320) 3 regions
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California Current: 100
km

Tropical Pacific north
of equator: 50 km
Tropical Pacific south
of equator: > 150 km



Characterizing the California Current

Wavelength (km)
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Characterizing the California Current

Wavelength (km)
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KE density (n? s'2/cpkm)

Model (llc4320) analysis

Wavelength (km) Wavelength (km)

2 TUN R SH & 500 200 100 50 25 10
101 T N EE P e P T Toloiotorai] 101» T T T T T T
xtrk . ESN 2 xtrk
i ADCP: 70 km N xirk
rotational [ \ rotational
divergent | - Model 10° -3 5\ ;\: \ divergent | 1
— AN ~
(Helmholtz E » v \\\\\
oy o [
ADCP decomposition G I v model |
: o 907§ EFaEE
or coherence): 0; v
3 \ 140 km ~ \\ »
\ \\ _ | “? L * 95%
' (appears longer ® 102 | o
. < [
T than Qiu et al 9 '
\ .
s 4 i w \
_ v S estimate) e T . ]
107 \ b 107 |
CalCOFI ADCP line 90 \ LLC 4320 line 90 ' \ M
Helmholtz decomposition < ] Helmholtz decomposition |
4 . ; Eragaid | . ot £ B a N P il . M VNN |
10° 3 E 10 . i i
1073 102 107 1073 1072 107

Along-track wavenumber (cpkm)  Chereskin et al, JGR-Oceans, 2019 Along-track wavenumber (cpkm)



Northeast Tropical Pacific: >15°N

Transition scale in the NE trop. Pacific from Qiu et al 2018
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Southeast Tropical Pacific: >15°N

Transition scale in the SE trop. Pacific from Qiu et al 2018

»  Model L; >125km
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= Model scales
* longer than ADCP

25

Latitude

Qiu et al, 2018

=130

=120 =110 =100

Longitude

=90 -80 =70
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[ ]
Conclusions
500 200 100 40 20 10 5
CU: across-trac Co: div

 Cleaning up ADCP data > JAS-ADCP.
Addressing technical details (e.g.
75kHz performance similar to 150 kHz
performance)
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KE spectral density [ m? s=2/ cpkm]

* In California Current and in tropics, KE
spectra from ADCP follow k2 power
law, with L; =70 km, consistently.

Spectra at 45 m from aII 5

4 |select OS75 segments in NE trop. Pac., 82 DOF
1072 107t

Along-track wavenumber [cpkm]

F
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* Model spatial structure not in ADCP

data.

California Current 70 km 100 km
NE tropical Pacific 70 km 50 km
SE tropical Pacific 80 km 150 km






What if the ship stops for stations?

Thought experiment:

Suppose a ship samples an ocean
with a tide that varies in time and
has a large-scale spatial structure

Model with autoregressive
process.

Ship spends half its time on station
and half its time steaming.

Signal due to stopping for stations
depends on amplitude of tide
relative to variance of signal
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- |——instantaneous spectrum 4 Y

- |—stations (tide = signal)

— spatially varying tide L
stations (tide = 0.5 signal)

-stations (tide = 1.5 signal)
stations (tide = 2 signal)

power spectral energy (arbitrary units)
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What if the ship stops for stations?

Thought experiment:

Suppose a ship samples an ocean
with a tide that varies in time and
has a large-scale spatial structure

1 1——instantaneous spectrum

—— spatially varying tide
stations (tide = 0.5 signal)

—— stations (tide = signal)
-stations (tide = 1.5 signal)
stations (tide = 2 signal)

Model with autoregressive process.

Ship spends half its time on station
and half its time steaming.

—
o
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0.5 0.6 0.7 0.8 0.9
hypothetical wavenumber (cycles/km)

Signal due to stopping for stations
depends on amplitude of tide
relative to variance of signal

power spectral energy (arbitrary units)



KE spectral density [ m2 s~2/ cpkm]

Does frequency of ADCP matter?
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* No major differences between different frequency
ADCP sampling



KE spectral density [ m? s=2/ cpkm]

Does frequency of ADCP matter?
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Sea surface height wavenumber spectra

Wavelength (km)
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more like daily averages Adapted from Chereskin et al, JGR-Oceans, 2019



Sea surface height wavenumber spectra
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Sea surface height wavenumber spectra

Wavelength (km)

* Global model: spectra from hourly o S0t 2t 21 02
. \ Sentinel 3
output vs daily averages AKa ack 199
* Regional model: less energetic than ol TN T e tapavaraaee
\ regional model (line 90)

global model at high wavenumbers---
more like daily averages

* Altimeter spectra more energetic than
models from 100-50 km and flatten
out (implying “noise”) for scales
smaller than ~50 km.

\ | I 95%
102 |

power spectral density (mzlcpkm)

1072 10°
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Adapted from Chereskin et al, JGR-Oceans, 2019



ADCP: Ocean Surveyor 75 kHz

* Wh at select OS75 cruise transects
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Spectral slopes: little variation with
wavenumber

k-2 Spectra Wavelength [km]
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— QS75NB: 105 500km-long seg.
— NB150: 139 500km-long seq.

ADCPTS: 80-40 km near surface;
very uncertain

Thermocline TS: 200-100 km
Much higher confidence

240 m, total of 30 unique
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NE tropical Pacific: Expected transition scale (L;) is ~¥50 km
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SE tropical Pacific: expected transition scale (L;) is ~150 km
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Tracks in the tropical Pacific

Southeast Tropical Pacific/CryoSat area: cruise tracks OS75 and NB150
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More questions
e Does frequency of ADCP matter? (NB150 vs OS75)

 How robust are the spectral estimates? (Are there regional
variations?)



Are there regional variations? Look at sub-domains

select OS75 cruise transects
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e Examine the 125 m spectra



Regional sub-domains largely agree
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