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Theoretical Base: Barrick’s Theory

- The First-Order Doppler spectrum, ¢()(w)
oW (w) = 2k} z S(—2mky)6(w — mwg) (1)
m=+1

- The Second-Order Doppler spectrum o)

0@ (w) = 267k Z j f ITI2S(my ey )S ()8 (w — masf gy — mafghks)dpdg
mqimyp= — 00 (2)

50 DR Spectral from LUYE station (R = 44.5km) at 20150928-05h00
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Figure 1.5: Electromagnetic double-scattering. The incident radar wavevector kg is on the left.

Multiple coherent received wavevectors —kq are on the right.
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Wave Directional Spreading

281+
o 1591

05k

direction

G(6) = Q(s)cos™ {[9 ‘2‘9’”]}

Mitsuyasu at al. (1975)
o [s,(F 71,7 f<7,
RN B
s, =113Qx f,U/g)™.

Goda (1985)

10 wind waves.

s, =< 25 Swell(short decaydistance) .

75 Swell(long decay distance).
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Wave Direction
Radar Look
Direction

o@D () = 267k 2 S(=2mky)6(w — mwy)
m=+1

Wave directional distribution in relation to the radar-looking direction. The colored cardiodic curves denote the directional
spreading with respect to various spreading widths, which are quantified using Longuet-Higgins’ parameter s. OP, and OP,
represent the magnitudes of two first-order peaks associated with the receding and approaching Bragg waves to the radar site.
The ratio between OP, and OP, is related to the main wave direction as well as the directional spreading width. With a
narrower directional spreading (increasing s), this ratio becomes sensitive to the noise level.
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 The challenge of HF observation for typhoon
waves

— Selection of Radar frequency (Hs and s)

 Barrick’s 2" order theory is based on a perturbation-
theory expansion of the nonlinear hydrodynamic and
electromagnetic equations for water and
waves.

e The perturbation theory has a finite radius of
convergence in the "smallness parameters”. One of
these is k h , where k, is the radar spatial wavenumber
and h is the rms roughness waveheight.

* H,,.=2/k, about 8 m for 12 MHz, 20 m for 5MHz

 When choosing lower frequency band, the spreading of
the corresponding Bragg wave gets narrower.



The Hs leltatlon of HF radar
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(Chen et. al., Journal of Atmospheric and Oceanic Technology 2013)

The perturbation theory has a finite radius of convergence in the "smallness parameters".
One of these is k_h , where k, is the radar spatial wavenumber and h is the rms roughness

waveheight, H,

= 2/k,
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The 2" order peaks simulation

Normalizing 0'%(w) :
k r
n __IK_ﬁly_alS(K) -

wB

S(k)
(2kg)*

—> | @) = [[66Lmde; (3)

Input Directional
Wave Spectrum, ) Estimate spectral

I Reduction of
l Integral dimension

Radar frquency value of Normalized Coupling coefficient
and looking S(K;), S(K,) V= Ve v
direction E H
A 1
KZ’ 92 K2: \/Klz + 2K1C0391 + 1

Note (in Eq. (3)):
G(Qli 77)

0,= sin"1(K,sinb,/K,) + m

A

K0 . .
L1 Solve the nonlinear equation

= lém [|V|2 {S(lel)S(msz)

I

dy
dh

+ S(m K)S(m, K3y

K7, K5 are the nondimensional symmetric wave

number vector or K¢, K>, respectively, with
respect to radar beam axis (the p-axis)

n—myy — my(y* + 2y%cos6; + 1)/4=0
¢ (y = VK1)

Given: Normalized Doppler frequency, 7,
The first ocean wave direction, 64
The condition: k4 + k, = -2k,



The coupling coefficient, I

0@ (W) = 207k} Z j j P25 Gmyle)S (k)8 (@ — ms[gks — may/gk;)dpdg
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The Weighting function
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Where, w(n) is the weighting function (Barrick, D.E., 1977)
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The Simulation
Toolbox

................................................ > by using equation (16) ~ (20)

Determine K,, K,

with given parameters
(fradar 1 Mis 91)
|

Idealized Reality condition
Apply directional wave Normalized Coupling Coefficient
JONSWAP model spectrum using 3 G
wave model driven Y=VYetVu
by surface wind

by using equation (21) and (22)
fields

spe

magnitude of the

Estimating the

ctral components
of
S(Ky), S(K,)

Repeat over th

frequency domain

'

Intergating each Dopper components
of RCS in the direction

e,
. s @) = [ G(61,7)d6;
0

By using equation (13) ~ (15)

RCS distribution on
Doppler-Range
domain
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Simulation of D-R spectra
As Given Targets for Method Performance Assessment
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Methods for Retrieval of Hs and Tm (monostatic case)

fOO
kohrms = lz —
J

1,00 —
wpTyn  Joy 0P (@)W (n)dn

@ (w)w () dw Yz
(4)

_oooo oW (w)dw

~ (1,00 —
2 [l = 1o (w)w=(m)dn

Where, w(n) is the weighting function (
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Sensitivity of Wave Heigth Estimation
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The errors of Hs estimation using Barrick’s formula depend on 8., and the directional
spreading parameter s
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The errors of Tm estimation using Barrick’s formula depend on 6,, and the directional
spreading parameter s at wave Bragg frequency

22



The retrieval of wave directionality

- Replace Directional Spreading Function into (¢®)

—s=1
s=2
e Oy — — s =4| North
0'(1)(—(,)3) = 267'[k8‘F(2k0)G ( N > W> — z -8 O
N Wave Direction
< 0(1)(+a)3) ey Radar Look
T — : .
— 267Tk§F(—2kO)G ( N W> Direction
N 2

B+
r =10log4, (F)

- 10logi0 <ﬁ> - H0logio (G(o O~ )
w

0
r = 10log, (tanzs %) (6)

Cardioid Signal 8,,, shows the noise effect can be
influential for cases of narrower angular spreading
(and also the radio wave frequency)
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Spreading Factor

20, The Ratio of two first-order peaks s

How the noise could effect the S and 9,,?

Replace by the direction spreading model Longuet-

Higgins et. al, (1963)
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Solving directionality using nonlinear interation method

(Dual-radar case)

4 North

Ay — 0N1|
2

r
== 4 =0y, +2tan~2(10205)

For Radar-1 7, = 10log <tan25 |

|aw — 9N2|
2

T
= g, =0y, t 2tan~1(1020s)

For Radar-2 1, = 10log,, <tan25

I 2
» 6y % 2tan~! (10205) = By, & 2tan~* (10205 ) (Land)
Radar-1
HNI — QNZ + Ztan_l (102_015) — Ztan_l (102_025) =0
B1 — Bz — 2tan™* (1025) — 2tan™" (1020 ) = 0 xi';ft':]'ef::*;easmg
Bn1 — Oz + 2tan™" (10205 ) + 2tan~" (10205 ) = 0 Noise Level, the S

diverge.
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Solving Eq. (10) using nonlinear interation method (next)

(Dual-radar case)

1. Using fsolve.m to

obtain 4 values of ‘s’ 3. Check 4. Obtain the
from each equation. Angle Solution of Spreading
2. Remove unrealistic Ambiguity Factor of Bragg Wave

solutions.

Awik = HNI + 2tan™ 1 102056515(]())_\
da;j = |t — awjl
— i=[1:16];]=[1:16]

A3k = Oyp + 2tan™? 102059“(")) Determine the

( 75 ) optimal value of
Ayar = Oy — 2tan~1 \10%0estk) )| da;

(
Uy = Oy — 2tan™? (102056“("))
(

Obtaine the direction of Bragg wave

1
— Gw = E(“wi + )




Typhoon Dujuan (2015 Sep.)

N
A
N4
A
N A
AR
ALY
AT TR
AY AR NN
/I by LU
: g e e s NS VAE Ly
T AR NN LAAAVA Y
0 R . VAN Y
R R R .y N LT O Y
R R LR R U N LA Ay
PR LAy s L B AARRRRR RN
] 1 I LSRN N mm o mm - ATR TR L L Y
i 1 [ o B e e e i - LI T SN
[ [ T LY mmmmmma s TV Vv s na sy
i 1 Y . - om o mm meS AN} LR
I 1 LR DR T Tt LER BN
I 1 LRI Y Y P P T11 \
EEEERRR T N L s (IR '
P | R rrz [
R EEE e e mEm e s LR ] r '
PO B Y R N l‘-23i_06||.‘.
TEEEEEE B N R R R R
A -",,...._.;‘--;;;r/r//ft L A A
L i B P Fraeesu oo
b s o oww s T I I R R A A A A el F L b r e e e e 10
T |-....,.—;.-aat{)'!)l!f’f}')/f} rEES rrn PR 2P r e
e e T RN ilf/fll’f})l! A I o A | PV AV IV AP
S Y YN 2P EY. PR P N N N N N NN NN P EEP P .
0 A — - R N N N N Ny N NN SRR R RN R
15 N fe e PR /f)}”l/:a'fllfr!]rltf//!)f//,;,,
Ch vy R A ! L N R R Y
Y E A A N NN RS
b n o wom /;,;,;/!,!I:f{lt;:t:;;r;z:;::;,,_.
N omow o w e PNy !t}‘tttr!:,;:;:;»;:;,;g..
. m e st L A A N A R
- s s . Prorr IR NN NN NN P
[ ] [ 1

1/8/2019 28



Directional Spectrum Hindcast using 3@ G Wave
model on un-structure grid
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Wind & Wave Height
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Design of the locations of virtual Radars
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Lower uncertainty of Hs at Left Quadrants

(Sep 28, 2015: 03")

1/8/2019

=
(=]

Estimated Hs (m)
o

]
I

Estimated HS (m)

i

o

N
o

—_
2]

—
N

o

WTRL(%)
®  Barrick, 1977 55
4 Maresca et al, 1980
»  Graber et al, 1997 50
45
40
35
>
30
]
»
Y = 0.63X + 2.47, rmse = 0.43 25
4 Y=077X+0.74, rmse =0.5
~Y=093X +3.66, rmse = 0.64 20
8 12 16
Given Hg (m)
0
WTRL(")
® Barrick, 1977 40
4 Maresca et al, 1980
» Graberetal 1997 b 35
43 30
25
> 20
15
10
Y =0.85X +0.04, rmse =1.13
Y =1.04X-2.18, rmse = 1.44 5
Y =126X+0.06 rmse.=167

4

8 12 16 20 24
GivenHS(m)

245

24

Latitude [°N]

23.5

23

123 123.5 124

25

24.5

24

Latitude [°N]

23.5

WTRL(%)

(Barrfck, 1977)

Longitude [°E]

124.5

125

WTRL(%)

123.5 124 124.5
Longitude [°E]

125

Left

Right

37



Lower uncertainty of Tm at Left Quadrants

(Sep 28, 2015: 03M)
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Directionality
(Sep 28, 2015: 03")

1/8/2019
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Concluding Remarks

e The overall scatter index of Hs, which is defined as the RMSE normalized to
the target value, is 22.7% for the monsoon case and 10% for the typhoon
case; for Tm estimation, the overall Sl is 9% for the monsoon case and 5%
for the typhoon case.

e Both results show that the uncertainties of estimated parameters are
reduced for the typhoon case compared with the monsoon.

e Slight differences exist between the Sl values in the Hs estimations for the
left-hand and right-hand quadrants. The Sl is 7.6% for the left-hand-side
quadrants, whereas the Sl is 11% for the right-hand quadrants.

Comparing to Monsoon Cases, typhoon wave features greater directional
spreading width for Bragg waves and thus benefit the performance of HF
radar and the uncertainties are reduced.
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What’s Next?

e Install Hawaii University’s 32 Antennas HF radar @ 25MHz in western
coast of Taiwan 2018
e Validation of HF Radar Wave measurement in spatial domain
* Deployment 50 Wave Drifters in the Northern Taiwan Strait over
10,000 km? in area 2019 |
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Wave Tank Calibration
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Where is the area of higher uncertainty of Tm?
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Where is the area of higher uncertainty of o, ?
Type lll radar constellation (Sep 28, 2015: 03h)
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