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SAR Wind Fields
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-

Wind-Wave Tank of the University of Hamburg

o
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Geophysical Model Functi:

with

¢, coefficients
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IMicrowave Basics

edges &
shadowing

-
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SAR Wind Fields

Measuring wind speed and direction
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[Jackson and Apel, 2004]
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SAR Wind Fields
Measuring wind speed and direction
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[Jackson and Apel, 2004]
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Ocean winds

Data basis:

Seasat SAR Image (L-HH)

U.S. East Coast

(28 September 1978, 15:20 UTC)
© NASA

[Monaldo et al., 2013]
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SAR Wind FEields

winds
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SAR Wind Fields

01, 02:48 UTC)

on & Apel, 2004]
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SAR Wind Fields

Ocean winds

Data basis:

Radarsat-1 SAR Image (C-HH)
Aleutian Islands

(04 May 2001, 05:26 UTC)

© CSA

[Jackson & Apel, 2004]
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Atmospheric

convective cells

[Jackson & Apel, 2004]

Radarsat-1 SAR Image (C-HH,

300 km x 300 km) U.S. East Coast

(17 January 1997, 22:42 UTC, © CSA)
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SAR Wind Fields

Atmospheric
convective cells
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[Jackson & Apel, 2004]

Radarsat-1 SAR Image (C-HH,
300 km x 300 km) U.S. East Coast
(6 March 1997, 22:42 UTC, © CSA)
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SAR Wind Fields

tmospheric roll vortices

[Jackson & Apel, 2004]

Radarsat-1 SAR Image (C-HH,
300 km x 300 km) U.S. East Coast
(6 March 1997, 22:42 UTC, © CSA)
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SAR Wind Fields

Atmospheric roll vortices
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[Jackson & Apel, 2004]

Radarsat-1 Images (C-HH, 25 km x 25 km)
off Southern California
(left: 12 June 1999, right: 2 December 1998, © CSA)
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SAR Wind Fields

convective

[Wikipedia, 6/2013]

age (C-V\, 100 km x 100 km)
2ssina
per 1992, 21:13 UTC, © ESA)
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SAR W"lnldﬁiejds

hal waves

ric gravity

Trapped lee waves
Lenticular clouds

Turbulence and shear

Surran and Kiemgs 1381 L.The COMET Progiem

. ERS SAR Image (C-VV, 100 km x 100 km)
Strait of Gibraltar
(3 September 1993, 22:39 UTC, © ESA)
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SAR Wind Fields

Atmospheric lee waves
(gravity waves)
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[Jackson & Apel, 2004]

Radarsat-1 SAR Image (C-HH, 20km x 20km)
Santa Barbara Island
(28 July 1998, © CSA)
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SAR Wind Fields
Take-Home Messages
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Storms & Tropical Cyclones

Polar mesoscale cyclone

c: PMC center

i: ice

m: convective cells
r: wind rows

v: vortices

w: wind shear bound. Pacific Surface Analysis

16 Jan 2001 1800 UTC
(NOAA National Weather Service)

[Jackson & Apel, 2004]

- Radarsat-1 ScanSAR Image (C-HH,
176W 500 km x 600 km) - Bering Sea
(16 January 2001, 18:21 UTC, © CSA)
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Storms & Tropical Cyclones

A | Hurricane Floyd

e: eye
p: precipitation
s: convective cells

Atlantic Surface Analysis
15 Sep 1999 1200 UTC
(NOAA National Weather Service)
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[Jackson & Apel, 2004]

Radarsat-1 ScanSAR Image (C-HH, 500 km x 1000 km)
East of Florida

(15 September 1999, 11:08 UTC, © CSA)
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Storms & Tropical Cyclones

Hurricane Dalila

e: eye &
w: eye wall

Radarsat-1 ScanSAR Image (C-HH,
100 km x 100 km) - Pacific
(26 July 2001, 01:24 UTC, © CSA)

[Jackson & Apel, 2004]
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Storms & Tropical Cyclone

1SAR Image (C-HH)

2007, 19:43 UTC, © CSA)
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Storms & Tropical Cyclones

Hurricane Earl

Data basis:
Radarsat-2 ScanSAR Image (C-VV/VH)
[Horstmann et al., 2013] Bermuda

(2 September 2010, 22:59 UTC)

Tracks: Stepped Frequency Microwave
Radiometer (SFMR)
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Storms & Tropical Cyclone

ScanSAR Image (C-HH)

igust 2005, 11:38 UTC, © CSA)
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Storms, Tropical Cyclo
Take-Home Messages
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SAR Imaging of O Surface Waves

(C-VV, 25 km x 17 km)
Propagation direction of the

ocean waves is important! E—
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r

SAR Imaging of Ocean Surface

Simulated Image Image Spectrum

6.4 km x 6.4 km, sinusc aves (= 120 m, 0°)

[Jackson & Apel, 2004]

N ——
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Ocean Waves

Orbital motion of long ocean waves

—

Direction of Wave Motion
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[Jackson & Apel, 2004]
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SAR Imaging of Ocean Surface Waves
Velocity bunching

[Robinson, 2003] AN kA ?’%‘ggﬁwkpé\ i\
8 ‘2 3 ., ) i 214 -1
PRSI N

Propagation direction of the
ocean waves is important!

[Jackson and Apel, 2004]
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ging of Ocean Surface \

Azimuthal ¢

with

E.g., R =800km, V' = 7km/:
[Jackson and Apel, 2004]
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SAR Imaging of Ocean Surface Waves

Wave refraction

[Jackson & Apel, 2004]

Radarsat-1 SAR Image (C-HH,
29 km x 28 km) Point Reyes
(22 November 2001, 22:39 UTC, © CSA)
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ging of Ocean Surface \

Depend Spectrum

6 =25° (R/V) =30 120s,H;=1.6 m

[Jackson & Apel, 2004]
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SAR Imaging of Ocean Surta
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SAR Imaging of Ocean Surta
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SAR Imaging of Ocean Surface \

-
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Ocean Surface Wave
Take-Home Messages
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" SAR Imaging of Oceanic Internal Waves

8
Seasat: First SAR Imaging of Internal waves
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b [Robinson, 2010]
A Seasat SAR Image (L-HH, 100 km x 270 km)

‘ Gulf of California
(29 September 1978, 18:11 UTC, © NASA)
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Hydrodynamic Processe:
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SAR Imaging of Oceanic Internal Waves

Internal waves

[Robinson, 2010]

ERS SAR Image (C-VV, 100 km x 100 km)
Strait of Gibraltar
(1 January 1993, 22:39 UTC, © ESA)
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SAR Imaging of Oceanic Internal Waves

Roughness variations

on, 2010]

ERS SAR Image (C-VV, 30 km x 30 km)
Cape Cod
(21 August 1994, 15:26 UTC, © ESA)
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SAR Imaging of Oceanic Internal Waves
Roughness variations
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ERS-2 SAR Image (C-VVV, 25 km x 25 km)

Mozambique Channel
(24 September 2001, 07:39 UTC, © ESA)

[Jackson et al., 2013]
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SAR Imaging of Oceanic Internal Waves

Propagation JIRACALUUESAE el
direction

[Robinson, 2010]

ERS-2 SAR Image (C-VV, 15 km x 15 km)
Gulf of Cadiz
(23 July 1998, 11:10 UTC, © ESA)
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g of Oceanic Internal Waves

A

S5
=,

e & S SR

[Robinson, 2010]

2:26 UTC, © DLR)
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[Robinson, 2003]
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SAR Imaging of Oceanic Internal Waves
Propagation speed from pairs of ERS/ ENVISAT |mages
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s — i @ [Jackson
- L - i etal., 2013]
ERS-2 SAR / ENVISAT ASAR Images ERS-2 SAR / ENVISAT ASAR Images
(C-VV, 35 km x 30 km) South China Sea (C-V/V, 65 km x 65 km) U.S. East Coast
(28 March 2009, 02:19/02:50 UTC, © ESA) (8 August 2006, 15:04 / 15:33 UTC, © ESA)
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Oceanic Internal Wa
Take-Home Messages
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Marine Surface Films
Slicks & eddies

Los Angeles

Harbor, @t

; : Catalina
Island

[Jackson & Apel, 2004]

Radarsat-1 SAR Image (C-HH)
Catalina Channel
(26 December 1998, © CSA)

TR

A oA X
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Marine Surta

[Gade et al., 2014]
age (C-VV; 70 km x 70 km)

e 1997, 22:30 UTC, © ESA)
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Marine Surface Films

]‘N Slicks & eddies

[Robinson, 2003]

ERS SAR Image (C-VV; 100 km x 100 km)
Caspian Sea
(12 October 1993, © ESA)
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Monomolecular Surface Fi

palmitic acio

Model Subs irface films
Hydrophobic p ar’

Substances accumula acular film

Universitat Hamburg Martin Gade - SAR Maritime Applications - 2 - Wind & Waves
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Monomolecular Surface Films

Kayy, 0= 53°

6 8 6 8 10 12

Reference Wind Speed [m/s] Reference Wind Speed [m/s]

Measured radar contrast
left: X band (9.8 GHz, A; = 3 cm) right: Ka band (37 GHz, A;=0.8 cm)
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Marine Surface Films

A. December 26, 1998 (R1) B. August 02, 2001(ERS2)

o

: |

Natural oil seeps

o

Radarsat-1 SAR Images (C-HH; 12.5 km x 12.5 km)
ERS-2 SAR Image (C-VV; 12.5 km x 12.5 km)
Redondo Beach, CA

(© CSA, ESA)

I 5 km l [Jackson & Apel, 2004]

Universitat Hamburg Martin Gade - SAR Maritime Applications - 2 - Wind & Waves



SAR Training Course, UM-TRISAT, Maribor, Slovenia, 7-11 September 2015

Wave Damping by Surface Films

Vlarangoni damping pure viscous damping
biogenic (anthropogenic)

—

50 100 500 50 100 50C
Wavenumber [rad/m]

Th
an

ative Damping y (¥

e
relative Dampin;

Wavenumber [rad/m

Use multi-frequency radar techniques to
discriminate between biogenic and
anthropogenic surface films

Bragg Wavelength 4 [cm

40 50
Incidence Angle 3[°]
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Scatterometer Experiments

- | MULTIESCAT of Uni Hamburg
~wi e flown on BO 105

e 5 frequencies: (L, S, C, X, Ku band)
® 4 polarisations (HH, HV, VV, VH)

® incidence angle: 23° ... 65°

e nominal flight height: 150 m

e (@ footprint: 1.6 m ... 128.9 m

® transmit power: 10 mW ... 150 mW

Universitat Hamburg Martin Gade - SAR Maritime Applications - 2 - Wind & Waves
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Marine Surface Films

RELATIVE RADAR BACKSCATTER [dB]
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Marine Surface Films
Modeling damping ratios at high wind speeds

An=3.3 : m=0.7

—_—
a2
-
—
2
=
e
=0
8
(=9
g
o

damping ratio [dB]

100
Bragg wavenumber [rad/m]

[Gade, 1996]

. Model can explain
ot Wy(k) NI

o-(s) - lIls (k) ﬁO

monotonous increase of
damping curves (no Marangoni

maximum!)

m : parameter describing reduction of friction velocity il d D ahavi

4n : parameter describing reduction of wave breaking EERPINE DEhavior i
of biogenic and anthropogenic
films
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Marine Surface Films

Detecting and tracking of sub-mesoscale oceanic eddies

ENVISAT ASAR WS Image (C-VV; 25 km x 25 km)
NE Black Sea
(15 August 2006, 19:18 UTC, © ESA)

ENVISAT ASAR WS Image (C-VV; 120 km x 200 km)
NE Black Sea
(10 May 2007, 07:37 UTC, © ESA)

[Gade et al., 2013]
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r

Marine Surtace

Universitat Hamburg Martin Gade - SAR Maritime Applications - 2 - Wind & Waves

[Gade et al., 2013]
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Marine Surtace

lghy = Avgust

September - May.

Universitat Hamburg Martin Gade - SAR Maritime Applications - 2 - Wind & Waves
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Marine Surface Films

Take-Home Messages

Universitat Hamburg Martin Gade - SAR Maritime Applications - 2 - Wind & Waves
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Heavy Rain

Impinging rain drop

Zev

ERS SAR Image (100 km x 100 km)
South Chinese Sea
(14 May 1998, 02:52 UTC, © ESA)

Martin Gade - SAR Maritime Applications - 2 - Wind & Waves
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Heavy Rain

Downdraft

[Jackson & Apel, 2004]

‘< gy ERS-1 SAR Image (100 km x 100 km)
1 ' Andaman Sea
1: gust front - (3 April 1996, 12:34 UTC, © ESA)

2: rain-induced turbulence » ¥ »
el N 5 e 1) SO T8 [ Tickson & Apel, 2004]
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Heavy Rain

Downdraft

[Jackson & Apel, 2004]

ERS-1 SAR Image (100 km x 100 km)
. . Gulf of Thailand
1-6: chain of rain cells - (18 April 1994, 03:42 UTC, © ESA)

(from old to young) — Y
North ___Flight ___Look N R R sl B lelery
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Heavy Rain

Impinging rain drop

Zev

SIR-C/X-SAR Images (5 km x 4 km)
Solomon Islands
(10 April 1994)

[Jackson & Apel, 2004]
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The Action of Heavy Rain on the Water Surface

Universitat Hamburg

wind only

wind and rain

Wave damping coefficient, A
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Damping of long waves (f < 5 Hz)

Generation of short waves (f > 5 Hz)
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[Braun, 2002]
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Heavy Rain

\/

SAR Imaging at different
radar frequencies and
radar polarizations

Wave damping coefficient, A

5ms’

SIR-C/X-SAR Images (16 km x 18 km)
Northern Straits of Malacca
(17 April 1994, 18:47 UTC)

[Jackson & Apel, 2004]
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Comparison of SAR Imagery and Weather Radar

50 UTC, © DLR
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Rain
Take-Home Messages
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to be continued...
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