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The surface roughness is the source the
SAR backscatter signal.

The ocean surface roughness is influenced by wind

and waves, currents, surface slicks and
and is often different in open ocean versus coastal

or ice covered regions due to fetch effects
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Although the SA 12 “sees” only the Bragg waves”,
these waves are modulated by a large number of upper
ocean and atmospheric boundary layer phenomena. This is
the reason why SAR images manifest expression of:

‘Wave field Oilspill ~ Wind field
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a) Direct Reflection a) Dihedral Reflection a) Corner Reflection
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Ship detection as a function of incidence angle (Vachon et al., 1997)

Ship Detection Figure of Merit
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Latitude {N}

SHIP DETECTION
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Measuring ship speed using SARTool

15 .4 kneots

Ships Detection -0OX
TARGET INFORMATION
: Number B 3
42°N 58"11 4557 Latitude ¢ 43°N 0' 46,377"
6°E 50’ g Longitude B°E 59' 41,482"
Size [m] 3 529,4
Route: Route [deg]s 70,5
Speed [knots]: sokkok
aed: 15.4 knts Reliabilitys 1

i
-
2

% 42°N 51’ 16.582”

6°E 44’ 57.607”

- Route: 233.4°

2 Speed: 20.6 knts

== RUN DETECTION ==|

s

43°N 0’ 46.377”
6°E 59’ 41.482"

_Route: 242 .3°

.Speed: 23.8 knts

DETECTION SETTINGS
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1000
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:+ PFA [10%(-x}]
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Ship speed = 10 m/s
U (range) = 3.5 m/s

V (sat) =7 km/
= ik Ship wake

X (azimuth) = UR/V

Con Envisat ASAR APM V/V ASCENDING Cesa
. 10-AUG-2007 13:57:34




Showing compliance with IRTC

Internationally Recommended Transit

ENVISAT ASAR WSM
23 MAY 2009
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Loop Hole
intermational waltars

Norwagian walars

Figure 1. Ocean and coastal areas under Norwegian jurisdiction: 33° 40' 34° 40"

Norwegian economic zone, Jan Mayen, and the Svalbard fisheries h

protection zone. The gray zone is claimed by both Norway and Figure 2. Radarsat-1 ScanSAR narrow-far image, 28 August

Russia. 16886, showing foreign trawiers along the “Loep Hele™ boundary.
(@ Canadian Space Agency.)
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PRESTIGE SPILL 17 NOVEMBER 2002 -
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OILSPILL DETECTION|, . ...

Full City, August 2009

NERSC
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OIL SPILL DETECTION
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Black tail — but not always a real pollution

ENVL
OIS EPR00T 15121306
Canael I

Courtesy KSAT/EMSA
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O1l spill damping
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0 2 4m O 2 4km O 2 4km

Figure 22. SIR-C/X-SAR images of artificial oleyl alcohol slick during the expermant in German
Bight. The images are for VV polarization, L-, C- and X-bands. The illustration taken from Gade et
al. Imaging of ocean surface films by SIR-C/X-SAR. J.Geophys. Res. 103. C9. 1998.

After Gade et al, 1988

NERSC
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Typical shapes of oil spills
originating from dumping of
mineral o1l from ships.
(courtesy of CRISP, Singapore)
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O1l Spill detection system

Image downlink Rapid processing &
oil spill identification

/1

AlS transponder
Qil spill
alert
hotification

Vessel position
& destination -

=wnes niwme b [

fhtegrated vessel
traffic information™ /'\ ), :
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Arctic sea 1ce changes
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Arctic Ocean

Mosaic of
RADARSAT
ScanSAR imagery

COURTESY
JPL Rl 4 e

Backscatter = surface scattering + volume scattering
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Surface and volume scattering

The importance of volume scattering is governed by the dielectric properties

(dielectric constant) of the material: e e
. ] . . SAR 20°< 9<26°
High DE: surface scattering dominates L e !
. . —

Low DE: volume scattering dominates = MZEe | e C ) sAR
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Location of SHEBA, Nov 97
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Bathymetry by imaging radar.

1mage intensity

0 roughness
X)
tidal flow direction
bottom
topography
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Bathymetric features along the Chinese coast

{

= o

ERS-1 SAR image of the
Xinchuan Gang Shoals at the
east coast of China north of
Shanghai. Part of the area
falls dry during ebb tide
(dark areas off the coast).
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Bathymetric Assessment System

initial current > wave > scatter simulated
bathymetry (:)-’ model model model radar scatter
simplified data l
bathymetry assimilation | @
model
t T

traditional
bathymetry
measurements

< —> measured

radar scatter

www.argoss.nl

NERSC
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COMPARISON SAR AND SOUNDING DEPTH DATA

Plaatgat scatter plot
1 I T L] L] I T
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ATMOSPHERIC BOUNDARY LAYER ROLLS

pSurtace MMWWWMWMWWWW

Courtesy Ralph Foster, Univ. Of Washington
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Hurricane Eyes
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Latitude (N)
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Typhoon Khanun
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Envisat ASAR APM H/H ASCENDING
13-AUG-2007 14:01:18
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DISTINCT FRONT
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ASAR WIND

28 September - 2 October 2009 | NERSC | Bergen, Norway

MMS5 WIND




; A - o
Imagel©}2006IMDAIEarthSal % 4 . v 061 ATNS 02005 [ N

-

e e o’ _ g » & S -
Polnter 67:43:18.957 N/ 136:35:20,94° Wilelev 3t Slie % Eye alt 368.77/m{RoInterd56a12126/03NAI 3541 315618 AW e ovANOLi] S'iaming) | 111111EL00%% Eye)alll 10/64]mi

Courtesy Monaldo et al

28 September - 2 October 2009 | NERSC | Bergen, Norway I/ Ay




{esa

‘“1\ \“‘

Wiy
TIRY
i 1

Damped
waves

— — —

/” i
el 20N P
4 m ....... gl
/ N
I i i .
i~

Splash \A o
products

™
oy .
W T

NERSC
28 September - 2 October 2009 | NERSC | Bergen, Norway ¢ '




(s

{cesa

ﬁd
EMOTE SENSING

D' ADVANCED TRAINING ON OCEAN

Envisat ASAR WSM V/V ASCENDING
01-AUG-2007 13:37:25
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SAR WAVE IMAGING MECHANISMS |

- TILT MODULATIONS - HYDRODYNAMIC MODULATIONS - VELOCITY BUNCHING

n Longer waves locally modify the exact plan of incidence to produce a contrast
corresponding to the local change in cross section

— Tilt Modulation : a priori knowledge of the gradient of the relative cross section
as a function of the small incidence angle deviation

i 1 oJdo .
Tf'(k] - {“—0 . E) . Ikr
(4 0 =0,

— Hydrodynamic Modulation : a priori knowledge of the gradient of the relative cross
as a function of the phase of the long wave

Ty(k) = [‘ g%)-ik,:

0
(o}

NERSC
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PARTICLE MOTION DUE TO TRAVELLING WAVES

-» [irection of wave travel

ONQ/VW
EPFP~r"Y 0% vy YO 7 Aox O # v X
:_&: ., » A % 0 4 y % O r 4 - o # ¥V
§ ® ‘ @
To g'reat depth
‘Lo | 50m 100m

After Neumann and Pierson
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MOTION EFFECT - VELOCITY BUNCHING
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SWATH OF AMI
SUB-SATELLITE TRACK A vE MODE

(5Km x 5 Km)

200 Km or 300 Km
(SELECTED BY COMMAND)

SWATH WIDTH

Ocean waves from SAR
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From Co- to Cross-Spectra Estimation: Ambiguity

ASA_WWW_ZPNPDE2004421 ‘1_055949‘ Imoge Variance=1.42

']‘2 [ T T T T
,]O_ : Look—1 :; Look-2 55 Look—3 : ]
S 08l :
&
£
> [3'.6:— . -
; 0.4F 2 .
0.7 F T =0.2sec N o
SN T Complex SAR Ima;
000
-0.4 =02 00 02 04 .
Azimuth Frequency (PRF) -Look Extraction
-Intensity Detection
Ap =, T ~10° Y
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Inversion to SAR Ocean Wave Spectra
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Validation - Performance
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Higher Order Products - Wave Rose
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2004 — Percentage of Cross Seas from Wave Mode [%]
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FIREWORKS: Global NRT ASAR Swell Wave tracking is a reality:

Courtesy Collard, Chapron (ESA WVC study) http://soprano.cls.fr

NERSC
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SAR CONTRIBUTION TO MARINE MONITORING

Operational Emerging Routine Product Research
Surveillance New and partly used Dominated
Application in NWP

Surface current

Ship detection Wind field Ocean Waves

retrievals and fronts and
Oil spill Ocean Spectra eddies
detection
Internal Waves
Sea Ice
Atmospheric
Shallow water boundary layer
Bathymetry Processes

Film damping
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CHANGING THE ROUGHNESS BY CURRENTS

(a) Convergence
X

N VWU aVaVaVaVaVava: > Wave
o 4_._ propagation

< -  ——
Current direction ( ( ( ( (

(b) Divergence
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Y \ 4

CURRENT WIND

FILMS

~ | ~

WAVE ENERGY BALANCE

SEA SURFACE

LARGE SCALE BRAGG

NIV

MSS WB
Ogsp Ows OgRr

DOPPLER SENTROID SHIFT

v
NEW SURFACE CURRENT
VELOCITY ESTIMATES

EMERGING NEW SAR CURRENT
RETRIEVAL TOOL

Kudryavtsev,Dmitry, Johannessen,
Chapron, Collard et al.,

NERSC
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HYDRODYNAMIC MODULATION

Uniform mean wi
B e —

Image
Rougher Smoother brightness
N N —
Convergence Divergence

Surface currents driven by
underlying phenomenon

Image transect across feature

SURFACE FILM MODULATION

Light wind only
Surfactant material Image
present brightness
Slick
L e W I W
Convergence Divergence
Surface currents driven by Image transect across feature

underlying phenomenon

ATMOSPHERIC BL MODULATION

Uniform mean wind

" Unstable Stable ABL Image
- brightness
QU | __9____\
Warmer Cooler — :
Thermal

front Image transect across front
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SURFACE DIVERGENCE | {7 ° SIMULATED RADAR SIGNAL
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SRTM (X- SAR) Example Wadden Sea (Netherlands)

...and from circulation model KUSTWAD

Line-of-sight current from SRTM, (70 km)?

SRTM e KW KUSTWAD
Line—of—Sight Current \ y » to SRTM
Time = 0 min : =20 min

® Good qualitative and quantitative agreement
® Accuracy: About 0.1 m/s at 1 km resolution
®

Data quality consistent with InSAR model .
Courtesy R.Romeiser

NERSC
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DOPPLER ANOMALY METHOD

* Main principles

7

Wind

displacement

Current

Current #
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Antenna

Azimuth

Range

{:esa

0,(9) = O, (surface roughness) =

O,(wind, waves, breaking, current

y

Vp = Vp (wind driven scatterer, waves, breaking, current)

NERSC
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Estimation of Doppler anomaly

Anomaly (shift) = measured — predicted

7 (u sinf —w cosO)o,O@ + AD) .
ke o, 0+ AO) 7

f,: Doppler shift

Ky: Radar Wave number
O : Incidence angle

U: horizontal velocity

W: vertical velocity

O ; radar cross section
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Altimetry ) ,,,,,,,,,,,
derived | S\ |
surface
current :

7 days mean
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Latitude
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)

Range directed
surface Doppler
velocity after
removal of wind
contribution (13-20

September)

Latitude (S)
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Sea surface
temperature
From ocean mode

122% 0" 123° Q' 1247 O 125% 0" 1267 ¢ 127% O

Doppler derived radial surface current (CDOP corrected using NCEP/GFS) (m/s) 15—JAN—2008 01:43:21
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SST and range Doppler veloc1ty overlay 14 April 2009
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Mean SST and range Doppler velocity
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Application in NWP
Ship detection Wind field Ocean Waves SYNERGY
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Oil spill Ocean Spectra fronts and
detection eddies
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Envisat ASAR V/V DESCENDING
14-FEB-2006 06:59:22
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SAR CONTRIBUTION TO MARINE MONITORING
Operational Emerging Routine Product Research
Surveillance New and partly used Dominated
Application in NWP
Ship detection Wind field Ocean Waves | Surface current
retrievals and fronts and
Oil spill Ocean Spectra eddies
detection
@rnal Waves
Sea Ice
Atmospheric
Shallow water boundary layer
Bathymetry Processes
Film damping
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Envisat ASAR APM V/V. ASCENDING
17-AUG-2007 13:39:58

28 September - 2 October 2009 | NERSC | Bergen, Norway
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Radar Imaging Model
e Wind speed Hydrodynamic
e Atmospheric stability module

Description of
surface waves

!

Radar parameters:
* Incidence angle

e (cean surface current ‘

e Surface dampening films

Radar
Bragg scattering module

Specular scattering 0, <z » wavelength
Breaking waves

e polarization
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Tropical and subtropical ocean Vg
by ERS SAR (courtesy W. Alpers and ESA)
http://earth.esa.int/ers/instruments/sar/applications/ERS-S ARtropical/
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Internal solitons from China Sea 27 March 2005
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AP mode
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Internal waves in the South China Sea from SAR 1mages
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l Plan View

Profile View shelf
break
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Characteristic summary of IW

Characteristic Symbol Scale
Packet Length L (km) 1-10
Amplitude Factor 210 (m) -15
Upper Layer Depth h; (m) 20 -35
Lower Layer Depth h, (m) 30 - 200
Long Wave Speed co (ms™) 0.5-1.0
Maximum Wavelength AMAX (mj 100 — 1000
Crest Length C,(km) 0-30
Internal Tidal Wavelength D =VT (km) 15—-40
Characteristic Soliton Width [/, (m) 100
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SAR CONTRIBUTION TO OCEAN RESEARCH &

APPLICATION

Operational Operational Research and
Services and NWP Surveillance Development
Ocean wave spectra Sea Ice Surface Current
fronts and eddies
Swell propagation Oil Spill
and tracking Range Doppler
Ship Detection Velocities
Shallow Water Internal Waves
Bathymetry
ABL Processes
Surfactants

3 NERSC
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SUMMARY

Wave spectra and swell propagation retrievals are robust without first
guess input, but shorter waves and freak wave detection not generally
possible. In use at NWPs and ECMWF

Oil spill and ship detection turned into operational services. But oil
spill detection is based on statistical approach.

High resolution wind fields are retrieved, but repeat coverage too
Infrequent to go into full operational NWP use

Surface current retrievals now emerging from range Doppler shift
method and ATI

Consistent wind, wave and surface current retrievals not yet mature
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In orbit Approved

TIMELINE OF SAR SATELLITES
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