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(qu and Munk, 1954)

The pattern of the NRCS (averaged return strength from each gridded area) is a function of
the pdfs of (MSS,,, MSS,)

pdf of (MSS,,, MSS,,) are functions of (Wave Direction, Directional Spreading, Roughness)

Sea surface roughness « Low-wavenumber: Gravity waves
* High-wavenumber: Capillary waves



MSS vs. Wind Speed

e Cox and Munk (1954):

cleansurface: MSS = 0.003 + 5.12 x 1073U + 0.004 withr = 0.986

slicksurface: MSS = 0.008 + 1.56 x 1073U + 0.004 withr = 0.77
* Wu (1972):

MSS = (lTlUlO + 12) X 10_2 with UlO < 7m/S

MSS = (085171(]10 — 145) X 10_2Wlth U10 = 7m/S
 Hwang and Wang (2000):

s?=MSS=5.12%x10"3U;y + 1.25 x 1073
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GNSS-R Basic Principles
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PSA(T, fd)sz dXdy dt dfd

\ 4

Apply sinc function on PSA(z, f4)->esasinc
(window length: 20 grid points)

sfunc2=(sinc(Ti.*dfreq).*abs(exp(-pi.*i.*dfreq.*Ti)))."2;
value=sfunc2*psa(bin_start:bin_end,jj);

esasinc(ii,jj)=value; ‘

Apply lambda function on esasinc(z, f;)->ESA
(window length: 10 grid points)

lamda_waf=1-abs(dtau);%./tauc;
lamda_waf(abs(dtau)>1)=0;%follows from maximal length codes used in GPS
%2. s-fucntion:frequency response of the GNSS signal
sfunc2=(sinc(Ti.*dfreq).*abs(exp(-pi.*i.*dfreq.*Ti)))."2;
lamda_waf2=lamda_waf.?2;
value2=lamda_waf2*esasinc(jj,chip_start:chip_end)’;
esa(jj,ii)=value2;

13



Results: Effective Scattering Area (ESA)

Effective Scattering Area (m2) swi=100 Iwl=10
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CYGNSS ESA

Validation: ESA

Delay (Chips)
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right), ESA difference plotted in CYGNSS ESA value range (lower left), and ESA
difference in the difference value range (lower right)
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Build up U,, ground truth database near Taiwan
using miniature buoy

Wind Speed=GMF(DDM observables,

Incidence angle, Sea state)
l Separate by wind speed (20m/s) (CYGNSS)

Present 1 1
Fully developed sea Young Sea Limited Fetch
(ECMWWEF) (SFMR, buoy, drop sound)

lSeparate by wave parameters (Hs, T,/3,wave age,Rb)

Plan 1 l

Fully developed sea Young Sea Limited Fetch

(MSS retrieved wind measured by miniature buoy)
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NASA CYGNSS builds GMF using SFMR wind

SFMR(Combined) & CYGNSS L2 U10 (YSLF,LES)
20170924
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SFMR(Combined) & CYGNSS L2 U10 (YSLF,LES)

20170924
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o

30 40
o 30
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28
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The difference
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in space is within ooking camers

C-band nose

0.5 degree, and  “wix

X-band

C-band Doppler radar

fuselage radar

L P
50 mins in time. SFMR Turbo prop engines
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Example
Geophysical Model Function, GMF, U10-DDMA

DDMA FDS GMF (178 days)

180
] ——mean 10 deg
R Size of LUT : 66*441 ——15 deg
160 «\ Sample size of LUT: 232848 30 deg 1
_ —45 deg
140+ obx441 —50 deg .
90*700 (from CYGNSS LUT v13) 55 deg

120,

DDMA

T

T

T

-------- 50 prc 10 deg |
........ 15 deg

10 20
ECMWEF Ulo (m/s)
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ECMWF UlO (m/s)

WP ECMWF Um (m/s) vs CYGL2 mean DDMA (4 days )
T T

25 T T T T T T

20

: 1°=0.56, rmse=2.00

15 1

T
. data

U1o=8.38e+07/(DDMA2+3.37e+05DDMA+4.67e+06)

fitted curve

np 3 T -
0 100 200 300 400 500 600

CYGL2 DDMA

1000

CYGNSS UlO(FDS,DDMA)

WP Regression of Matchups (4 days)

50

45 y=1.09x+1.02, r’=0.58, p=0.00," -
40+ 7 1
35} ) .
30 L. e /// i
25 - /// T
20 ¢ i
15} .
10 :
5 38 1
0 1 1 1
0 10 20 30 40
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20
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0
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Level 1bsT&ENBRCS/7t

CYGNSS Power Digital

Delay (Chips)

-500 0 500 1000 1500 2000

Doppler (Hz)

-3.1783e-19 1.28871e-18 2.89524e-18 4.50178e-18 6.10832e-18 7.71485e-18

L1a Output: Power on DDM

2
-2000 -1500 -1000

BRCS

MPORG brcs (L1b, m?)

Delay (Chips)

0 1000 2000

Doppler (Hz)

0.000420246 0.0103616 0.0203029 0.0302443 0.0401856 0.050127

ESA

Effective Scattering Area (mz) swi=100 Iwl=10

-2000 -1000

N
ol

Delay (Chips)

25

3000

2000

-1000 0 1000
Doppler (Hz)

0 7e+07 1.4e+08 2.1e+08 2.8e+08 3.5e+08

-2000

Delay (Chips)

MPORG NBRCS*1e10

-2000 -1500 -1000 -500 0 500 1000 1500 2000
Doppler (Hz)
0.314353 1.01692 1.71949 2.42206 3.12463 3.8272

L1b Output:

DDM Observables, DDMA% LES
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Whitecapping in extreme wind conditions
{U10 (m/s), Alt (m)}:
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Whitecapping Coverage (WCC) vs. U10
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—— M&OM 0 RBF

— M&O'M 80 OLS

— BondurdcSharkov'82 A
BondurdeSharkov's2 B
PandeydcKakar "82
—— Monahan et al, '83

—— Spillane et al'36 cold
— Spillane et al'#6 moder,
Spillane et al'86 warm
—— M&O'M 86 dT=0 (neutral)
—— Baortk'87, A+B, cold
— Baortk'87, A+, moder
—— Bortk'87, A+B. warm
Wi "HE
Mon&WITES, A, AT (neutral)
—— Menhan'¥3 #sc., A
Monhan'93 visc., B
AsherdeWann'Vs, A
Hanson&Phillips'9%, no <<
Henson&Phillips'99, ell meas
Asher etal'02, A
Reising et al_'02, A
— StramdPetel 03 tot
Stramé&Petel 03 dev.
— Stram&etelD3 undev.
—— Willarine et al ‘03, stable

— Willarimo ¢t al '03, unst,
Lafon et al '04

Whitecap coverage, W (%)

o) a)

aaaul

0

5 10 15 20 25
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(Anguelova, Magdalena D. Anguelova & F. Webster, 2006, JGR Vol.111 C03017)

Question

 What happens of the foam coverage on the sea surface between

moderate and high winds?
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When wind is directed along one of two axes (4.10) can be re-written in more common fashion:

2 5.,
P(5)= : exp| — l - x -2b_ .+ (4.12)
27z\/mssxmss}_(l -b: ) 2(1-b )| mss, " \/mss_rmss“, mss,

where mss_and mss are mean-square slopes of the sea surface for two orthogonal components;

U
-

b, , 1s the correlation coefficient between two slope components:

2019-08-01 19:00:00 UTC +0 Counts

| I o =)= [ e @13
" ' j: b,, =<s },>/\/mssxmssy (4.14)
L (s.5,)= [ xx, ¥ (R)d’x (4.15)

-0.1 4

-0.15 4

-0.2
-0.2

| 20 .‘ K<K, ’
| !10 (ATBD L2, 2018)
0
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Miniature Buoy

for MISS, wave, SSS, SST, surface current real-time monitoring

IS
(RTK / PPP)

Date Time
Location
Velocity
Direction
Attitude

Atmega

644PA/
1284P

Real Time
Clock

Extended Channel

System architecture

Power System
Battery

Solar Power

Communication
Radio Frequency
GPRS/GSM

Satellite

Server Database

%
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Buoy validation and calibration using super wave tank
-- to ensure the data consistency

—— : T Eoae
— ] el 1 peadl 323
s 57 3 A
! G

Regular wave (H,,3:80cm, T,:3sec)
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Frequency Response of hull motion

Inclination spectrum ratio

Wave buoy / wave gauge

10 10° 10
Wave number k (rad/m)
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» Determination of Effective diffusivity,
Ke from Cluster’ s displacement
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variance €
2 255 . Jos
Ja? 1 <&
2 2 2
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€ / at nl_l( l J/l = 206
(Manning and Churchill, 2006) 2|, 0.4
2
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Scheduled R/V-cruise 2021, 2022 (summer)

PREHIER 24 © RSP REE(L/3)

Exploring the Earth System: Pacific Grand Expedition 35 Northward=262

Lead by Prof. BY Kuo

Purpose: In-situ Mean Squared Slope (MSS) monitoring
Deploy 40 drifting buoys forming spatial array

Plan:
along the cruise.

0

Totalrag2
TS Cat1-3 Cat4-5
- 161 228 93

- EChinaSea=113
C Westward =220
30

Taiwan
Box

AN

7=

P05 110 115 120 1
(Liang, A. (T.-Y.), L. Oey, S. Huang, andS. Chou, JGR-Atmospheric. 2017)
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ST T ST TORRT [N N [N T S a0 [T S T R o e
130 135 140 145 1

Ship’s Particulars

Vessel Name LEGEND
L.OA./LB.P. 76.23 m/68.42 m
Molded Breadth / Depth 16.0m/6.5m

Accommodation

Crew 19 / Scientists 24

Built

Mar. 2018




