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Field work of 2005~2007
Interpretation of NLIW in deep part of SCS

Prediction of NLIW propagation over shelf
with RS image only

Simulation of NLIW evolution (Apel's model)
Location of surface roughness: SAR vs. eyes
Future work: RABBI project
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between South China Sea and Pacific Ocean

Gaography and bathymetry of the South China Sea (SC5)

[ F )
Phitsppiney 4853

Bathvmetry along 21N
Batans
~1.5 Fivfa Goal current

Hengehun Ridge I

Lin | g—

i 48

M2 internal ticdal energy density near Luzon
(204N near the center of M2 intermal tide)

RIPAA AMD IR A ISTTERAL TRIES I THE FAST C1FA SE4




| BILIA patteen in
1585818 ERE1
voep DRI image s
ot

Bl et ail, (1554}
oAbl

o -2

N

o |
s 13 13E
Lonpiude

Oct. 25-2T, 2004 meeting in NTU:
uncertain on the source and frequency of NLIW in the
deep part of narthern South China Sea

4 Ship Stations &
= _ p—— Time diff. : 11.28hr s
g " s ; . .u _|! Tamwan Rt distance : 1176 | o3
L5 Propagation speed C,
. o at 20.4°M;
iy, - ~ 2.95 (m's)
¥ W:.i'__ll. i, .
£ b
L i i * m
LI % At west of Lizon Stral
" NLIWs were seldom
k 5 il geen on SAR images,
61 A i because they
i Fa1 FBE LY travel very fast,
o4 - have less # of fronts,
Ww o wum rE T - o 1 i &

less surface signature ™"

Comparing with in situ data
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Fish boat 1: 11%°E
Fish boat 2: 120°E
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Prediction of NLIW Propagation over

NSCS Shelf:

Using RS images and KdV eq.
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A steady-state, weakly non-linear internal waves are best

described by KOI’teW(zg de Vries (KdV) equation:
A +CA +aAA4 +yCA=0

£1xx | xxx
A(x,t) = Assech ’E)ifnt
where 4o is the amplitude of NLIW, a

is the coefficient of diypknsiontesrm, 1. is half-width of NLIW,

C1 = phase velocity of mode 1 of linear internal wave (LIW)
theory. C= phase velocity of non-linear internal

n
wave
=> o+
3
A Starti Predicted
%
Satell Syste B ng propagation
Case Date uTC erro
ite m ty longit (km)
K
pe ude
21 Terra MODI 2003041 2:55 A 117.8 126 133 24
Terra N 8 3:25 A E %
MODI 2003050 117.8 4.7
S 7 E %
MODI 2005042 117.5 4.8

Evolution of NLIW

steady state solution of KdV equation:
2x—Ct

A(x,t) = A sech ()
Apel (2003) asymptotic solution to KdV Eq,
using elliptical functions:
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Elliptical parameter s: s°=0 for linear sine wave,

s’= 1 for solitary nliw



NLIW shape from T-chains (time series)

no NLIW was found east of c-mooring, field or RS
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Comparing T-String data from twa ships
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+ Compating T(E, 2=500m) of twa fishing boats

Simulation with Apel's model (2003)
of asymptotic solution to KdV Eq. of
weakly nonlinear interal waves

Relation between rough band in
radar images, in surface picture
and in sonar data

This is one the topics of May 2007 cruise:
C-T Liu, B. Flant, M-K Hsu, D- Doong

Existing theory:

1. Short gravity waves and capillary waves were
concentrated by the convergence of horizontal velocity
that is induced by the passing of MLIW;

2 The location of maximal roughness (center of white
bard In SAR image) is the place of max. convangence:
max divergence corresponds o the darkest line in SAR
images

RN OR1 sailed westward at 11 knots during
2007817 13;15~15:00 L5T, and crossad NLIW
traugh around 15:42
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Peak roughness is on e forveand siope of MLIVY

RN OR1 stopped during 2007/5(17 15:00~-17:15
LST, and MLIW trough passed around 15:42
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» Discussion:
The simultaneous ship radar and sonar data
seem to indicate that the maximal surface
roughness Is located somewhere between the
Efarﬁil. rlrl 'l.i?ulf horizontal convergence and the trough

. H:.r asis:

h manenm and counter current play
mle:-:- in making rough surface,
waves propagating against the current will be
slowed down by the current, which resulted
increased ampiitude and surface roughness,
and thay may break before NLIVY truugh amives
or even reflected by MLIVY

Strongly NLIW= were observed in May 2007;
amplitude to upper layer depth ~ 110 m /80 m >= 0.4

.‘ilmmﬂ; .'\'|:|'|'| O 1Ay O 349138 EXCID bl e 11 M1 0 3% KMz

Continuing work

= To study puzzles on the location of max
surface roughness:
surface roughness may have different
meanings:
1. in wave gauge data
2 in Satellite SAR images
3. in Satellite optical images
4. to human naked eyes, camera on the ship

5. to camera on the model airplane

Field experiments

* Mapping spatial distribution of surface
wave spectra vs. NLIW trough is difficult,
because NLIWSs propagate at over 5 knots
in the deep NSCS

» The tidal flow over a sill has similar effect
on surface waves, like NLIWWs do.

+ Observation:

Surface wave spectra, optical images and
Envisat ASAR images will be studied to
clarify the meaning of roughness in them




Image from Google
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Fram Prak La of WNTOU

Camera on ship
movie clip, 1 frame per minute

Wave gauge data

UAV
(1= flight: 2007/10111)

Pl of RABBI

« RAdar Backscattering influenced by
Eathymetry and intemnal waves (RABEI)
Cho-Teng Liu (NTU) — optical images from
ship, UAV and hill top; field work

« Ming-Kuang Hsu (NTIST) - SAR
Hsien-\Wen Chen {CPU) — field work
Dong-Jiing Doong (NTOU) — wave specira

Cruise days now ~ 2008/7/31;
Bof OR1, 5ol ORZ, T of OR3
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August 26-27  QPE sessions

Date/Time Person/Group presentations

Tue Aug 28

800 T Paluszkiewicz - opening remarks

810 TY Tang on SCOPE subprojects

830 RC Lien on trapped core behavior of NLIW on shelf
845 M. Alford M2 vs. K1, and energy flux of NLIW

900 YJ Yang on MODE-2 waves

915 R Pinkel, J Klymak  on modeling energetics
930 L St. Laurent, H Simmons

945 YH Wang on Dongsha bio production vs. NLIW
1000 P Niiler, L Centorini on determining Cp with >3 GPS drifters
1015 S Ramp on moorings between Batanes

1030 D Farmer on [ES data & TC movement

1045 B Reeder

1100 M Huei, JH Tai
1115 C Lee, YT Chang, J Martinon AUV

1130 D Rudnick on best path of AUV

1145

1200 lunch

1300 J Lynch on SWO06, shallow water acoustics of NJS
1315 J Nash,

1330 D Susanto on acoustic reflectivity with CTD data
1345 Q Zheng on generation of NLIW

1400 C Jackson empirical model of NLIW source at 121.5E
1415Y Zhao, T Liu deriving ocean current from contiguous SAR
1430 CT Liu NLIW evolution west of Hengchun Ridge, RABBI
1445 break

1500 T Peacock

1515 D Holm MLCM on modelling strongly non-linear

1530 K Helfrich discussion of energetics from IT

1545 O Fringer SUNDANS model

1600 P Gallacher ONR models

1615 D Ko NFS model on predicting NLIW

1630 K Winters

1645 SY Chao, PT Shaw

Wed Aug 29

800 T Duda

830 J Moum, E Shroyer = modelling evolution of NLIW

845 S Glenn, K Shearman, G Gawarkiewicz

915 A Scotti

930 F Henyey on Hamiltonian expression for NLIW & towed 48 CTD
945 break

1000 H Graber, N Williams

1015 M Caruso

1030 W Choi, D Lyzenga

1045 B Plant on coherence radar view of roughness in NJS & SCS
1100 N Malinas, C Wackerman

1115 E Lettvin

1130-1900 Field Demonstration

Thur Aug 30



800 groups meet to discuss projects (rapporteurs needed)
945 break

1015 group meetings continue

1200 lunch

1300 rapporteurs report on group meetings

1430 group meetings

1830 NLIWI dinner

Fri Aug 31
830 individual discussion with Terry
1200 ONR closes meeting
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2007/08/28 AM

Laurent: opening remarks. 3 & 1 minute warning with paper

Ren-Chieh Lien:

Trapped core as seen in mooring data;

K.E. changes along propagation

Energy level alternates, largest at spring tide (2005/4/22), and slightly smaller at next spring tide (e.g.
2005/5/6)

None in Jan/Feb;

Spring 2006/2007, 1 wave/day; July-Sept: 2 waves / day; vs. OSU model

Tang TY: Briefing on sub-projects in SCOPE, nothing on his own project.

Mathew Alford:

K1 & M2 spring tide; M2 tide dominates, but NLIW happens once per day

(LCT: NLIW happens when K1 & M2 are in phase in changing from east to westward current, which
happens at most once per day;

LCC: name and list events of NLIW as observed in SAR & modis images, plot u(t) for K1, M2, and K1+M2;
mark the phase of changing current, list the time;

also, estimate their crossing time at 120E )

Diurnal flux of 20 kW/m at Spring tide? (or in Spring season?), mean -7.25 kW/m

Yang YJ: Mode-2 wave

Jody Klymak & Pinkel:

Bathy effect in LIW & NLIW

energy flux is about 17 kW/m from p’u’

internal tidal rays from shelf break towards shallow water: mostly dissipated, little reflected
This is a study using 2-D model of GCM type, at 50 m resolution

Laurent:
Based on Chris Jackson’s prediction to track NLIW
Chang et al. ~ 10kW/m towards shelf, only 0.5 kW/m on shelf

YH Wang:
Dongsha Atoll has 6% slope outside the rim of coral.
O1-u (?) has 180-degree of chase change at thermocline, ~75 m depth.

L. Centorini & P. Niiler
3 or more Drifting T-chains (dz < 2.5 m) can give phase velocity of NLIW (amplitude and direction)
Cn~1.069 C1 ~ 1.069%2.61

Steve Ramp

Moorings near Batan Islands

Large tilt of mooring, may be over 20 degrees

Towed ADCEP fish has little pitch during towing motion

Maximal 1 m/s westward and 1.5 m/s eastward, change in 6 hours
Range of ADCP was 80 m in 120 m depth)

The tide in the channel is already baroclinic

Phase: like surface wave; high tide, high current

David Farmer:

IES from URI

Mode-1 measurement, insensitive to M2
Sees tc movement in each tide



Trying to find high frequency part of NLIW

8/28 1pm
Jim Lynch
The low frequency component of the shallow water acoustic experiment

Craig Lee: Glider-based observation of the Kuroshio
Glider observed strong B.C.
Char. Annual cycle and associate meso-scale
Spray — 50 kg & 2 m length, dive 1000 m depth
Seaglider — behave like long-term mooring

Dan Rudnick

Crossing Kuroshio path of Tmin & Lmin are different (minimal time vs. minimal distance)
Repeated occupations of a section

e.g. Smin core moved offshore during these repeated cross sections

mesoscale current dominates over variation of Kuroshio

Zheng QA
Tide and other dynamic parameters determine the density strength
Reynolds #: Rc = UD/A,

Dwi Susanto

Acoustic reflection coeff. (R) as the indicator of thermocline variability in SCS
R=( G- 1C)/( 26+ G

CTD data gives ; C;of each layer, then R can be computed

Chris Jackson

MODIS images of sun glint shows NLIWs well

2007/4/21 shows big ring that centers at 121.5E

Max. westward current is lag/lead (?) 2.5 hour of ??

=> On/off switch of NLIW generation in Luzon Strait

=> LCT: line-segment along 121E should be a better source
2007/8/6, 8/4, NLIW east of Luzon

Darryl Holm
MLCM (Multiple-layer columnar Model)
Strongly nonlinear model
Relative relation among models:
SUNTANS (fully nonlinear, 3d model) & MLCM & ROMS
Finite volume code, 20 min for 10 steps with 1500 nodes on Intel 2 GHz PC
Stabilize BT mode, smoothes non-hydrostatics pressure

Karl Helfrich
Dynamics of the emergence from the internal tide

Oliver Evinger

Simulation of NLIW in the SCS using SUNTANS model

Generation region seems to be at the 121E

Peak NLIW in source region seems to be in phase with eastward (towards Pacific) current

Hydrostatic, hydrojump, left of sill, flood tide

Lee waves vs. flood (?) wave

As ebb tide slows down, the hydraulic jump moves leftward, and water sinks at east of sill, and forms the
forward slope of nliw

Patrick Gallacher / Michael (NRL models)
dx =100 m => sees NLIW



dx =500 m => NLIW develops too slow
dx =1000 m => no NLIW
Internal Tide develops into internal bore

DS Ko
2 km NFS model can predict the location of LIW front that co-locate with NLIW front
Chao, Ko et al. suggest western ridge dampens the IW energy,

Kraig Winters (SIO)
modelling NLIWs in SCS is not simple
1. How do they dissipate? (DJL iwp’s)
2. How are they formed? (IB, high resolution, dx~30 m is still too coarse)
3. How do they evolve (may be workable)
NLIW starts at about 70 km west of SILL
Mode 2 travels at about 4/9 ~ 4/10 speed of mode
Intensification + dispersion < 250 km
Dissipation+ dissipation at 300 km
Changing stratification still result large jump

08/29 AM

Nash & Duda: SWO06 Briefing

All arrival times are possible — (-pi, pi) vs. tidal phase

Large u at shelfbreak, but weak u at inner shelf

Weak u at shelfbreak, butlarge u at inner shelf

(Ping-Tung’s comment: large U at shelf break means large mixing, less stratification, therefore, difficult to
generate NLIW, and weak NLIW at inner shelf)

Shelfbreak is the source of NLIW going both directions (to inner shelf and to deep sea); model result shows
the energy propagation vs. (X, t), NLIW propagate to inner shelf is more energetic

Jim Moun

K.E.. ~APE in SCS and in NJ Shelf

Mode-2 waves are Varicose waves that are less energetic, but more turbulent
Transition from depression wave (eta<l5 m) to elevation wave (eta<5m)

In 2-layer model with mean flow: h1/h2 = (C-U0)/(C+U0)

A. Scotti
Modelling on subcritical generation of NLIW in NJS
Barotropic tide at shelfbreak creats a rich baroclinic field, even at subcritical speed

Frank Henyey (UW/APL):
Towed CTD Chain, 48 CTD @1.5 m spacing at 45-degree wire angle

Bill Plant

HH is stronger than VV

For the same wave field, radar images are different for view along wave propagation and against wave
propagation. Some short waves and breaking waves are blocked by wave crest for radar glances sea surface
at low inclination angle. Viewing angle is not a problem for airborne radar.

Max sigma (radar back scattering) is at the peak of NLIW, not at max. convergence.

SAR data represents sqrt of RCS (Radar cross section)

Sech? () often does not match SCS data

DJL model works on some data

Session off at 11:20 for Field Demonstration Trip

08/30 08:00 General Discussion



Terry: Discussion on dividing groups
Session 1: RS & model group; mooring group, acoustic group
Session 2: report of each group

8/30 13:00

1.

2.

3.

Hans:

R. Pinkel

When wind speed W>10 m/s, or 14 knots (ship speed or wind speed?), satellite can (cannot) see NLIW
NLIW: naked eyes, ship radar and coherence radar can see all NLIW, why satellite could not see them all?
LCT:

1. because satellite data are not available at everyday, nor at every place, therefore, most NLIWs were not
mapped by satellite.

2. In 2005 experiment, every NLIW packet in the satellite image was observed by satellite. But, SAR
image often shows only the leading wave or the first two waves in a NLIW packet.

J. Moun:
PE, APE are not well defined, only KE is. F. Henyey will clarify this.
Frank Henyey: relation between PE & KE are best defined in DJL equation.
Hamiltonian gives a better expression.
DJL is based on energy balance and is a better equation to work on.

Ben:
Acoustics: Physics of acoustic propagation
Surface wave, IT, fronts, seabed, NLIW and anisotropy — all influence acoustic propagation

Terry: naming the NLIW events in SCS for easy cross-referencing.

4

. Oliver

Strongly NLIW models (2d + MULTILAYER)
Weakly NLIW (KdV, eKdV)

Surface currents Uiw of NLIW & Ubg of background
Dx < 100 m is necessary

Surface wave models
wave action equation => O (1 m) for resolution
Model for the wave spectral form => O( 1 cm)
and predict small scale wave from large scale wave
=> backscattering models for remote sensing
< Empirical models using tidal information to predict arrival of NLIW
(Chris Jackson: phase in + 10%, amplitude ?
Understand all the NLIW models => strongly NLIW models
Quantifying uncertainties in every step
1. Surface wave models
- initial spectra
- surface currents
- greatest uncertainty: wind forcing, dissipation, wave-wave interaction
2. Remote sensing
3. NLIW:
arrival time (phase): +10% from tidal cycle
greatest uncertainty: u, du/dx, amplitude, # of waves in a packet
>> resolution, < 100 m in SCS, <20 m in NJS
>> bathymetry
>> stratification/currents due to seasonal and meso-scale variability
4. Develop/Implement test problems to quantify uncertainty by comparing in situ and RS data to models



