Introduction to Synthetic
Aperture Radar (SAR)
< (and SAR Data)

O
TMENT OF €°
z

WL a.“ @O
g e S

‘( ".ﬁﬁ
» !'

.d'

Christopher R. Jackson

Satellite 201 Summer Lecture Series
10 July 2016

NOAA Coastwatch Satellite Courses

- -

coastwatch.info@noaa.qov



mailto:coastwatch.info@noaa.gov
mailto:coastwatch.info@noaa.gov
mailto:coastwatch.info@noaa.gov

The CoastWatch Synthetic Aperture Radar Instructional Series

Synthetic Aperture Radar (SAR) Overview

This presentation provides a comprehensive introduction to Synthetic Aperture
Radar (SAR), explaining how SAR works, what oceanic, atmospheric, and
coastal features it can detect, the advantages and limitations of radar
measurements, and where to access and work with SAR data products available
through NOAA CoastWatch and partner archives.

Synthetic Aperture Radar (SAR) Imagery

This lecture explores how Synthetic Aperture Radar (SAR) imagery reveals
oceanographic and atmospheric features by capturing variations in radar
backscatter from the ocean surface. Using Sentinel-1 and other satellite
examples, it demonstrates how winds, currents, waves, sea ice, storms, and
surface slicks can be identified and interpreted in SAR data.

https://coastwatch-training.github.io/lectures/#cg-synthetic-aperture-radar-(sar)-overview
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Sentinel-1D C-Band
VV NRCS

Norwegian Sea
06 July 2026

Descending Pass (NE-SW)
06:02 UTC

Ascending Pass (SE-NW)
17:20 UTC

Features include
Wind Streaks
Convective Cells
Swell Waves (Zoom)

https://ovl.oceandatalab.com/

— '.@ @Jesa Ocean Virtual

Laboratory

wered by Syniool




Topic Overview

- The Pros and Cons of Using SAR Imagery
- What is a Synthetic Aperture Radar (SAR)
- SAR Characteristics
- Backscatter, Frequency, Polarization
- Satellite SAR Missions
Collection Patterns, Beam Modes
- SAR Data Processing Levels, Files and Archives
- SAR Collection Examples

Focus on National System (ESA, CSA, NASA) with an emphasis on
ocean/atmospheric roughness and sea ice

NOAA National Environmental Satellite, Data, and Information Service



The Pros and Cons of SAR measurements

SAR Advantgggs_ o SAR Disadvantages
 Data collection is independent of lighting
and cloud conditions - Experience is required to interpret the data
« Wide area coverage (100—-450 km « Specialized software to read and calibrate
swath)  Scheduled data acquisitions limit global
 High resolution coverage (30-100 m) coverage

« Fine resolution is available (1m-3m)
- Many different products can be derived
Traditional barriers

« Cost - free access is now available
« Difficulty in reading and interpreted data

 lIrregular temporal revisit times




Overview of Synthetic Aperture Radar

SAR is an active sensor that transmits a radar pulse to the earth's surface
and records the energy reflected back to the sensor (backscatter).

The returned signals are coherently combined over a time interval
to produce a 2D image of the normalized radar cross section

The distance the radar sensor travels in this time interval is the synthetic
aperture length.

The synthetic aperture is much larger than the “real” antenna aperture
allowing fine resolution in the azimuth (flight track) direction

Azimuth resolution is proportional to the wavelength (A) over radar aperture (L), i.e. A/L

Range resolution is determined by the bandwidth of the radar pulse
Radars use microwaves (A = few millimeters - 1 meter), which penetrate

through clouds and rain




RADAR measures the portion of the transmitter radar energy
that is backscattered to the antenna

/
@ Smooth surfaces scatter most of the radar energy A
away from the radar, so less signal is
,,x"' backscattered to the SAR antenna.
4 These SAR images appear black.
= Smooth Surface
- _/
4 Z )
Rough surfaces backscatter more the radar
energy back to the SAR antenna.
N : :
3 These SAR images appear brighter
Rough Surface
- /

Normalized Radar Cross Section (NRCS) is the measure of radar backscatter

Images from https://appliedsciences.nasa.gov/join-mission/training/english/arset-introduction-synthetic-aperture-radar
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Normalized Radar Cross Sectlon (NRCS)

Sentinel-1 SAR VV NRCS
8 June 2026 13:59 UTC

NRCS (dB): S1C_ESA_2026_06_C8_13_59_58_ 0834242388 _110.79W%_34.20N_WW_C_r
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Normalized Radar Cross
Section (NRCS) is the
measure of backscattered
radar energy.

SAR is sensitive to
roughness at the centimeter
scale (close to the sensor
wavelength)

Smooth surfaces scatter the
radar energy away from the
satellite (and appear dark)

Rough surfaces produce
more backscatter (i.e. more
radar energy returned to the
satellite and appear bright)



What can be detected by SAR?

OCEANIC ATMOSPHERIC COASTAL / LAND

Surface Waves Surface Wind Flooding and Inundation

* Signiticant Wave Height Convection Cells / Rolls Shorelines

* Wave Spectra

_ _ Storm Systems Land Use
St{rfactar.lts (Biogenic Vortex Streets Land Deformation
Slicks, Oil Seeps) _
Gravity Waves (interferometry)
Sea lce Rain Cells / Thunderstorms Burn Scar Identification
Internal Waves
Currents and Fronts ANTHROPOGENIC
Eddies Hard Targets (Ships/Oil
: Platforms)

Upwelling _
Underwater Topography Ship Wakes

Pollution (Oil Spills)

...there are many other applications




Freq uency Effects https://www.earthdata.nasa.gov/learn/backgrounders/what-is-sar

N

105cm 10cm  10%2cm 10%cm 102cm  104cm  10%cm

| Microwave | Infrared Ultraviolet
Visible
X-BAND 3 (m C-BAND 6 cm
100 75 3824 Wavelength (cm) \ %
lﬂl!BEEl g ANV
Frequency (GHz) * ¥ \/ ANV A
L-BAND 24 cm P-BAND 65 cm
Band Frequency Wavelength
(GHz) (cm)
* Radar backscatter is tied to roughness (and dielectric constant).
X 8-12 2.4-3.8
C 4-8 3.8-7.5 * Best scatterers are at the same scale as the radar wavelength.
S 2-4 7.5-15
* Physical properties of the target will interact differently to different
L 1-2 15-30

frequencies and polarizations

P 0.3-1 30-100
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Comparing L-Band and C-Band: 17-18 February 2022

K. - ¢ ; -

jdrsat-2 C-Band HH NRGS

L-Band’s longer
wavelength and deeper
penetration allows for
the identification of
internal features beyond
the capabilities of C-
Band. This includes
internal floe boundaries,
weaknesses, fractures,

0211872022 RADARSAT-2 Data and Product
.05 ! © MDA Geospatial Services Inc 2022 £3%
{ All rights reserved. RADARSAT is an offici:

Lof the] Canadian Space Agency
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Polarization

. . . Transmit
* Polarization refers to the orientation of the

plane in which the transmitted electromagnetic
wave oscillates.

« How target surfaces interact with or change
the polarization of the transmitted beam can
help determine physical properties of the
target surfaces.

 SAR systems can collect with different

polarization combinations

¢ Single Polarization (HH or VV)
® Dual Polarization (HH/HV, VV/VH, HH/\VV)
® Quad Polarization (HH/HV/VV/VH)

« Compact-Polarization is a new mode where
the system transmits circular polarization and
receives in linear polarization (H and V)

Vertical Horizontal

Vertical

Receive

Horizontal

13




Polarization

Radarsat-2
16 January 2020
02:22 UTC

69.575

Sea Ice and
Coastal Canada

69.450

69.400

HH Polarization

69.675

69.550

69.500 69.500

69.400

69.325

VV Polarization

69.675

69.550

69.400




HH Polarization VV Polarization

Polarization

69.675

Radarsat-2
16 January 2020
02:22 UTC

Sea Ice and . | k.
Coastal Canada

69.400 69.400 52400

Backsca’Fters HH polarized | 5 T Backscatters VV polarized
signals well - | signals poorly




SAR Satellites

» Sentinel-1 (2014) ushered in a new era for SAR data

coverage and access

» There is more SAR data available “today” then at

any previous time (a significant amount is available

free and in near real time)

Sentinel-1
2014 (A) /2024 (C) /
Launch 2025 (D) 2019 (1,2,3) 2025
Altitude 693 km 593 km 747 km
Repeat 12 Day 12 Day 12 Day
LT Ascending Node 18:00 18:00 06:00 (Left Looking)

Center Frequency

C-Band 5.405 GHz

C-Band 5.405 GHz

L-Band 1.25 GHz
S-Band 3.2 GHz

L. HH,VV,HV,VH, HH,HV (VV,VH)
Pol t VV,VH (HH,HV
clarization VH (HHHY) Compact Quad (US/India)
Swath Width 80,240,400 30,125,350,500 240,120 (Quad)
Resolution
4 1 - L
(Wideswath) 0/80 m 30/50/100 m 3-50 m (L)

NOAA National Environmental Satellite, Data, and Information Service



Current SAR System

L-Band ICEYE
*ALOS-4
«SAOCOM
*ROSES-L (Future)

C-Band

*Radarsat-2

*Chorus (Future)
X-Band

*TerraSAR-X / TanDEM-X s > - e
»COSMO-SkyMed ' Erd X Envisa

*Capella Space (Constellation)

*Iceye (Constellation)

, Historical: SEASAT, ERS-1&2, Radarsat-1, ENVISAT, JERS-1 ALOS-1/2
*Umbra (Constellation)

List is not comprehensive

NOAA National Environmental Satellite, Data, and Information Service



SAR Overview

| - The latest generation of SAR have very sophisticated
L capabilities offering a wide variety of data collection
Flight Direction modes

s, n . .
= - For a SAR on a polar-orbiting satellite, this imagery

Sub-Satellite Track can have fine spatial resolution of <3 to >100 meters

over a swath that can be as wide as 500 kilometers

HER - Tradeoffs between coverage area and resolution

~700 km

| R % - SAR data are collected over a small portion of each
i KNSR . orbit (typically 25%)

«  Collections are programmed in advance

‘ - Sentinel-1 changed the SAR paradigm implementing
™ Extra Wide Swath a regular (and repeating) data collection pattern
Mode . Temporal Image Stacks
- https://sentinels.copernicus.eu/copernicus/sentinel-
1/acquisition-plans

Mode
Wave Mode

Interferometric Wide Swath

Mode




SAR Overview

NISAR Mode Options

https://nisar-docs.asf.alaska.edu/observation-plan/

Vector ]

Number

Sub-satellite
Ground Track]
(Nadir)

Low Resolution Medium Resolution High Resolution
100m Mode ~ Medium Resolution 30m Mode Medium Resolution  5m Mode Very High Resolution
50m Mode 16m ?‘D“ 3m Mode
| |
Low Noise/ Quad-Pol Mode Spotlight Mode
Ship Detection Mode

. Low Resolution (100 m) 5 Options

. Medium Resolution (50 m) 11 Options
. Medium Resolution (30 m) 4 Options

. Low Noise 4 Options

. Ship Detection 1 Mode

. Medium Resolution (16 m) 16 Options
. High Resolution (5 m) 23 Options

*  Very High Resolution (3 m) 42 Options
. Spotlight 29 Options

*  Quad Pol 21 Options

Options include combinations of polarization and beam positions

https://www.asc-csa.gc.ca/eng/satellites/radarsat/technical-features/characteristics.asp

RCM Imaging Modes o - -

- Mnemaonic Primary Sclence Target

a1
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B7e
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5
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Hoise only collection H#V, 4-hit BFP()
Hew mode

ISRO land |ce

US agricutiure / india agricutture low ras
Background land

Land ice low res

Low data rate study mode single-pol

Sea lce types

India agriculture / Himalayas / Imagn
calival

Systematic coverage & deformation

Ocean

Seaice types ! Coastal sea

High-res defarmation [urban / landslide)

ISR0 calival

ISRD sund Land and glhobal science
caliv ]

Land ice - Greenland

ISA0 Bohal Bay and MASA urban area
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Sentinel-1 SAR Collections 06 July 2026

https://ovl.oceandatalab.com
e €oesa  ocean virtual Laboratory Iy —— R o % e @ @ 51

powered by Syniool
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Sentinel-1 SAR Image Processing Levels

Level-0: Compressed and unfocused raw data. Level-0 products
are the basis from which all other high-level products are
produced, with a typical size of 1GB (in IW mode).

Level-1 Single Look Complex: Focused data, geo-referenced
using orbit and attitude data from the satellite and provided in
slant-range geometry. These products have a typical size of 8GB
(in IW mode dual-polarization) and 4 GB (in IW mode single
polarization). Highest Resolution — Speckle Noise

Level-1 Ground Range Detected: focused data that has been
detected, multi-looked and projected to ground range using an
Earth ellipsoid model. Typical product size is 1GB (in IW mode).

Level-2: Systematically distributed ocean products for wind,
wave and currents applications.

Spatial resolution is often confused with pixel size, which

is the spacing of the pixels in the azimuth and ground

range direction after processing the data.
https://www.esa.int/Applications/Observing the Earth/Copernicus/Sentinel-1/Data_products




Sentinel-1 Product

S1A_IW_GRDH_1SDV_20260608T163200_20260608T163229 064880 082CFD_2DC7.SAFE .
Directory Structure

Naming Convention

Measurements mmm-sss-ttt-pp-yyyymmddthhmmss-yyyymmddthhmmss-000000-dddddd-nnn.tiff

R - Resolution Class:

MMM - Mission Identifier: | “F” (Full resolution)

“S1A" [*S1B" /" S1D"“51C” “H” (High resolution)
“M” (Medium resolution) CCCC- Product Unique Identifier

“_” (Not applicable)

calibration-mmm-sss-ttt_..._000000-dddddd-nnn.xml

DDDDDD — Mission Data Take Id (Hex) |
\

000000 - Absolute Orbit Number ‘

\ TTT - Product Type:
\ “RAW/“SLC"/
“GRD”/"OCN” ["ETA”

noise-mmm-sss-ttt_..._000000-dddddd-nnn.xml

rti-mmm-sss-ttt_..._000000-dddddd-nnn.xml

mmm-sss-ttt-pp-yyyymmddthhmmss-yyyymmddthhmmss-000000-dddddd-nnn.xml

Annotation

MMM _BB _TTTR_LFPP_YYYYMMDDTHHMMSS YYYYMMDDTHHMMSS OO0O0OO00 DDDDDD CCCC.EEE

S-1 Level-1
Product Folder

Start Date time I \ EEE - Product Format Extension:
\ . s map-overlay.kml
L-ProcessingLevel: Stop Datetime I
QY A
PP Polanisation: product-preview.html
g ey “SH" (Single HH ;
ot e it F-productClas: | e (el Gl

[:525f253 150 S5 f “s” (SAR Standard) o o

“lw” i ; DH” (Dual HH/HV) quick-look.png

B ‘A” (Annotation) “DV" (Dual VV/VH)

S . I\(‘ICa(Iii\‘lliljgln) “HH” (Partial Dual, HH Only)**

“EN”/"N1”/"N2”/"N3"/"N4" ["N5"/"N6" "y (ETAD) “HV” (Partial Dual, HV Only)** Annotation logo.png
A o o L Y R L L = L e L Ve “¥V” (Partial Dual,VV Only)**

“VH” (Partial Dual, VH Only)**

sl-level-1-measurement.xsd
s1-level-1-calibrantion.xsd s1-map-overlay.xsd

s1-level-1-quicklook.xsd

- Sentinel-1 (and RCM) Level-1 native files are a zip
file with contain the image (tif) and metadata (xml).

s1-level-1-noise.xsd s1-objevt-types.xsd
s1-level-1-rfi.xsd

s1-level-1-product.xsd

s1-product-preview.xsd

- Calibration constants and sensor noise correction
are needed to transform the Digital Number (DN) in
the tif files to NRCS

PDF Report

0o




SNAP Toolbox for SAR data

= Q + Science Toolbox Exploitation Platform

4 DOWNLOAD

SNAP Download

Here you can download the latest installers for SNAP and the various Toolboxes.
Data provision is available to all users via the Copernicus Data Space Ecosystem.
Current Version

The current version is 13.0.0 (31.10.2025 08:00 UTC).

For detailed information about changes made for this release please have a look at the release notes of the different projects: SNAP, Optical Toolbox, Microwave Toolbox, SMQOS Box

Note: the PROBA-V Toolbox is not compatible with SNAP version 13

We offer three different installers for your convenience. Choose the one from the following table which suits your needs. During the installation process, each toolbox can be excluded from the installation.
Toolboxes which are not initially installed via the installer can be later downloaded and installed using the plugin manager. Please note that SNAP and the individual Sentinel Toolboxes also suppeort numerous
sensors other than Sentinel.

If you previously used SNAP before, we recommend uninstalling the older SNAP version before installing the latest version.

Note: users running SNAP on Linux/Ubuntu version >= 16.04, please read the following instructions to avoid conflicts with the Ubuntu package manager “snap”: Update of SNAP default installation directory

https://step.esa.int/main/download/snap-download/ e SNAP will read the native format of most SAR system

e Users can calibrate and manipulate the data (sub-set or composite)
e SNAP-Python interface esa_snappy

@ 23




RCM Product

RCM1_OK4256220 PK4256221_1_SC50MA_20260709 092700 _HH_HV_GRD

The standard folder naming format is:
RCM<Satelliteld> OK<Orderld> PK<Productld> <BeamModeMnemonic> <Date> <Time>_ <Polarizations> <ProductType>

Name Component Breakdown
*RCM: Mission prefix. e
«<Satelliteld>: The specific satellite (1, 2, or 3). E E
*OK<Orderld>: The unique order ID from the client. — . l'n:agepixemam 1 ':ﬁ =
+PK<Productld>: The product ID within the Product Information File (PIF). | " e ||| Prevewrie |
<BeamModeMnemonic>: The imaging mode (e.g., SC50 for ScanSAR,

SQ for Spotlight).
«<Date>: Acquisition date. oroduct : incidence Angles '[_ ‘ || CompactPole | [0
-<Time>: Acquisition time. | omaton e || T L i I i ol i sl B LSO
*<Polarizations>: Polarization used (e.g., HH, VV, HH-HV).
<ProductType>: The processing level (e.g., SLC, GRD).

1+ 4

License File

Support File MJ

0.12 0.1 0.1

https://www.asc-csa.gc.ca/eng/satellites/radarsat/technical-
features/characteristics.asp

https://ftp.maps.canada.ca/pub/csa_asc/Space- https://ftp.maps.canada.ca/pub/csa_asc/Space-
technology Technologie- technology Technologie-
spatiale/radarsat_constellation_mission_plan/RCM-SP-52- spatiale/radarsat_constellation_mission_plan/RCM-SP-53-
9092 Product_Spec_1-15 Public.pdf 0419 Image_Product_Format_Definition_2-8 Public.pdf




NISAR Products

NISAR L2 PR_GCOV_006_151_A 012 4005 DHDH_A_20251202T155058 20251202T155131_X05009_N_F_J 001

- NISAR Products are distributed in HDF5 format
https://nisar-docs.asf.alaska.edu/

- Noise and Calibration Coefficients are pre-applied by

Mission . .
NISAR - 5 char for mission (static): NISAR o N ASA T h f I t N RC S
Frame Number Polarization . e I eS Con a I n gal I I I I la
Beam mode FRM - 3 chars for track frame number, a POLE — 4 chars for Polarization of the data for the
I —1 char for Instrument: segment of an orbital track corresponding primary and secondary bands respectively. E_ach band
L for L-SAR, S for S-SAR to the product, zero padded uses a two-character code among the following:
Valid values: 001-176 on each track = 8H = HH — Single Polarity (H transmit and receive)

Processing level * SV = VV - Single Polarity (V transmit and receive)

i ol - Regular distribution of NISAR ongoing collection is

. MODE - 4 chars for Bandwidth = CL = LH/LV — Compact Polarity (Left transmit)
Processing vee Mode Code of Primary (2<ha0 + GR = RHIRV - Compact Polarty (Right transmil) e
- 2 char for Processing Type: and Secondary (2 char) Bands * QP = HH/HV/VV/VH — Quad Polarity t d t b J I 2 O 2 6
= PR = Production respectively: + NA if band does not exist Extension eX eC e O e I n I n u
* UR = Urgent Response 40, 20, 77, 05, or 00 EXT—1ton
« 0D = Science On-Demand (00 is only used if the chars for file
. band is missing) Accuracy/Fidelity t .
Product Identifier ) . extension:
PROD — 4 chars for A~ 1 char for Product Accuracy or Fidelity of the Orbit h5, met, log

Ephemeris and Radar Pointing: P, M, N, or F

;?Eg?‘égi'gifg(‘:om SME2 (P: Precise, M: Medium, N: Near Re\a\—Time, F: Forecast)

\
RN v V7 N \

LO; raw science products L1: In radar coordinates L2: In geographic coordinates L3: derived geophysical

1
|
i
7 . 1
NISAR_IL_PT_PROD_CYL_REL_P_FRM_MODE_POLE_S_StartDateTime_EndDateTime_CRID_A_C_LOC_CTR.EXT ! parameters
i
} /¢ i B /1t / eslc | |
/ 4 i
Cycle Composite Release Identifier E;Zd“;tf“‘";“ter i
CYL — 3 chars for CYcle Source of data CRID - 8 chars for Composite Release Identifier, — & chars for !
number in the mission, S — 1 char for source of data for indicating software and input file versions. Product Counter RRSD RSLC GCOoV T SME2
each cycle represents the product Format: EPMMmm (zero padded). :
12 days, zero padded, + A = Acquired source of the (MMmm are major and minor release numbers) !
starting at 001 observation, single mode : i !
aron, End date and time " Location 1
. . " ”L_ M'x:".d source ‘;,f " EndDateTime — 15 chars for Radar gmqer:gg Lljldl::ator F e I e e Mt e '
Relative Orbit obssivalions, mixed tode End Time of the data processed as fran %ar incicating represent the
REL - 3 chars for zero Doppler contained in the file as .r?:nleFu(I:‘Nerage ‘0‘3.3“0" of the Pair-wise
:JE;:g\rfiﬁLt:: :ack Orbit Direction YYYYMMDDTHHMMSS (UTC) + P = Partial 2;!:12;9 Data products RDFF GOFF
cycle, resets to 1 with - | ehar for direction of Start date and time +J=JPL

movement of the satellite at
the time of imaging:

a cycle number StartDateTime — 15 chars for Radar

increment, zero - Start Time of the data processed as

cA=A d
padded. D= Dsecsecr;nlgigng zero Doppler contained in the file as RIFG
Valid values: 001-173 YYYYMMDDTHHMMSS (UTC)




SAR Data Repositories

NOAA CoastWatch
* https://coastwatch.noaa.gov/cw html/cwViewer.html

* Sentinel-1 SAR imagery (since 2018) around the U.S. and the Arctic
* NetCDF format (NRCS) and can be previewed with PNG images
NASA Earth Data (Alaska Satellite Facility DAAC)
* https://search.asf.alaska.edu/#/
* NISAR, Sentinel-1 (SEASAT, SIR-C, Limited: ALOS PALSAR, ALOS-2, Radarsat-1, ERS-1,2)
* Native system files (formats vary) Sentinel-1 coverage begins in 2014, NISAR in 2026

Copernicus Space Data Ecosystem
* https://browser.dataspace.copernicus.eu/

* Sentinel-1 (Native SAFE — tif/xml) Sentinel-1 coverage begins in 2014
CSA Earth Observation Data Management System

* https://www.eodms-sgdot.nrcan-rncan.gc.ca/index-en.html

* Radarsat Constellation Mission (Native SAFE — tif/xml). RCM coverage begins in 2019
ESA EOData Gateway

* https://earth.esa.int/eogateway/search?category=data

* Envisat, ERS-1, ERS-2 (Native N1 Format), Radarsat-1
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https://coastwatch.noaa.gov/cw_html/cwViewer.html
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What can be detected by SAR?

OCEANIC ATMOSPHERIC COASTAL / LAND

Surface Waves Surface Wind Flooding and Inundation

* Signiticant Wave Height Convection Cells / Rolls Shorelines

* Wave Spectra

_ _ Storm Systems Land Use
St{rfactar.lts (Biogenic Vortex Streets Land Deformation
Slicks, Oil Seeps) _
Gravity Waves (interferometry)
Sea lce Rain Cells / Thunderstorms Burn Scar Identification
Internal Waves
Currents and Fronts ANTHROPOGENIC
Eddies Hard Targets (Ships/Oil
: Platforms)

Upwelling _
Underwater Topography Ship Wakes

Pollution (Oil Spills)

...there are many other applications




Ocean — Swell Waves

Sentinel-1 SAR VV Co-Pol NRCS
23 February 2023 02:08 UTC

Swell waves (wavelength ~400 m —
1km) are produced by storms and
consistent wind forcing

The swell can be seen refracting
around Point Reyes (California)
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Sentinel-1 SAR HH Co-Pol NRCS : _
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Marginal Ice Zone: The region of an ice
cover which is affected by waves and swell -
penetrating into the ice from the open s
ocean. F B

SVEIRVEVES

Young Icc? | i,




NRCS (dB): RSATZ2_NA_ ) 172.03W_63.78N_HH_C_nrcs.png
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Radarsat-2 SAR HH Co-Pol NRCS
06 January 2026 04:58 UTC
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Ocean - Surfactants

Sentinel-1 SAR VV Co-Pol NRCS
14 March 2023 00:16 UTC

Ships and Oil Platforms (high backscatter)
Oil spill and surfactants (low backscatter)




Atmosphere

&

Sentinel-1 SAR VV Co-Pol NRCS »
08 June 2026 16:32 UTC

Signatures of atmospheric boundary
layer rolls, cold pools and an
iIsland wake around Hawaii

HERAVELE

Boundary Layer
Rolls

éold Pools




NISAR L-Band Image

L-Band HH NRCS
02 Dec 2025 15:58 UTC

NISAR_L2 PR_GCOV_006_151_A_012_ 4005 DHDH
_A_20251202T155058_20251202T155131_X05009
N_F_J_ 001




SAR Wind Features at the Marine Atmospheric Boundary Layer
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Sentinel-1
03 April 2025 22:17 UTC

Sentinel-1
21 August 2021 09:59 UTC

Sentinel-1 22 April 2022 23:42 UTC

MABL Phenomena
Ocean Surface Wind
Convection Cells / Rolls
Storm Systems

Vortex Streets

Gravity Waves

Rain Cells / Thunderstorms




SAR for Tropical Cyclones — Sinlaku 15 April 2026 20:11

2CS: RCM3_SHUB_2026_04_15_20_11_16_0829599076_144.75E_17.37N_VH_C—12_MERGEDO 1 _wind_levc SAR Wind: RCM3_SHUB_2026_04_15_20_11_16_0829599076_144.75E_17.37N_VH_C—12_MERGEDO1_wind_level2.nc
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https://www.star.nesdis.noaa.gov/socd/mecb/sar/sarwinds_tropical.php
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> 2024 Atlantic Hurricane Season
ISAR Winds (RCM Collections)
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Web Resources

STAR Tropical
https://coastwatch.noaa.gov/SAR/sar winds tropical.html
And subscribe to our tropical SAR notification mailing list!

SAR Marine Users Manual
https://sarusersmanual.com/

STAR S1 Winds High Resolution Wind Monitoring With Wide-Swath SAR: A User's
Guide (June 2005)

https://coastwatch.noaa.gov/SAR/sar winds sl1.html
https://www.star.nesdis.noaa.gov/socd/mecb/sar/publications.php

STAR Radarsat-2/RCM Winds
https://coastwatch.noaa.gov/SAR/sar winds rcm.html

NASA NISAR
NOAA Polarwatch https://nisar-docs.asf.alaska.edu/

https://coastwatch.noaa.gov/cwn/about/coastwatch-

nodes/polarwatch.html NASA Intro to SAR

https://www.earthdata.nasa.gov/learn/trainings/introduction-
synthetic-aperture-radar-sar-its-applications

Thank you!



https://coastwatch.noaa.gov/SAR/sar_winds_tropical.html
https://coastwatch.noaa.gov/SAR/sar_winds_s1.html
https://coastwatch.noaa.gov/SAR/sar_winds_rcm.html
https://sarusersmanual.com/
https://www.star.nesdis.noaa.gov/socd/mecb/sar/publications.php
https://www.esa-cyms.org/
https://www.esa-cyms.org/
https://www.esa-cyms.org/
https://www.esa-cyms.org/




SAR Data at CoastWatch

= CoastWatch Data Portal | Interactive search | “°%3°% . S Toggle Menns ﬁﬁﬁﬁ!
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W Active Layers
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Layers selected below will render in this order. i

Drag layer blocks to change stack erder.

Remove all layers
@ CoastWatch Data Layers

Layers L1/L2 Spatial Search

User drawn area to search Level-1 or -2 data

- |

Near real-time:

5-1B:@MRCS
5-2A: @ True Color

5-34:@Ocean Color
5-38:#0cean Color

Science Quality / RAN / Delayed:

5-NPP@Ocean Color  ##5ST

Q, Search Results

4@ Reterence Layars

Sentinel-1 SAR imagery (since 2018) around the U.S. and the Arctic are available at CW
The data are in NetCDF format and can be previewed with PNG images

https://coastwatch.noaa.gov/cw_html/cwViewer.html




SAR Data at Alaska Satellite Facility
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The Alaska Satellite Facility Data Archive host data from a variety of SAR sensors (Sentinel-1, ALOS-1, ERS).
The data are available in a variety of formats

Specialized software is needed to read the native data formats

Requires registration with NASA (free) to download the imagery.
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S1A_IW_GRDH_1SDV_20230128T04441... 491F
January 28 2023 04:44:10Z

https://search.asf.alaska.edu/#/




Sentinel-1 Data at Copernicus Data Space Ecosystem
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e Sentinel-1 imagery are available at the Copernicus Space Data Ecosystem
The data are available in the S1 native format (xml/geotiff)

[ J
_ e Requires registration to download the imagery. 41


https://browser.dataspace.copernicus.eu/
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RCM Data at CSA - Earth Observation Data Management System

. https://www.eodms-sgdot.nrcan-rncan.gc.ca/index-en.htmi
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e The data are available in the RCM native format (xml/geotiff)
e Requires registration to download the imagery.
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