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Course Structure

* One lecture per week — every Wednesday July 6 — July 27

* 1:.00 — 2:00 PM EDT (UTC-4)
— Lectures
— In-class demonstration

— Homework exercises, due August 10th

» Webinar recordings, presentations, and homework assignments can be found after
each session at:

— http://arset.gsfc.nasa.gov/land/webinars/coastal-oceans-2016

* Q/A: Following each lecture and/or by email (sherry.l.palacios@nasa.gov)
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Accessing Course Materials

http://arset.gsfc.nasa.gov/land/webinars/coastal-oceans-2016

Earth Sciences Division Applied Sciences ASP Water

Introduction to Remote Sensing for Coastal and Ocean
Applications

Land Management

Land Webinars ~

Upcoming Training
Disasters

Using NASA Remote
Sensing for Disaster
Management

Airquality

Dates: Wednesday, July 6, 2016 to Wednesday, July 27, 2016
Times: 1:00-2:00 p.m. EDT (UTC-4)
Registration Closes: Tuesday, July 5, 2016

Monitoring

National Aeronautics and Space Administration

06/09/2016 to 06/30/2016

Fundamentals of Satellite
Remote Sensing for Health

06/02/2016 to 06/30/2016

Course Agenda:

Agenda.pdf

Session One: Overview of Satellite Remote Sensing of Aquatic Environments

July 6, 2016

An overview of themes in coastal and ocean applied science, how remote sensing is used for coastal
and ocean applied science, fundamentals of remote sensing (spatial, temporal, spectral resolutions),
and the advantages and limitations of remote sensing in aquatic environments. View the recording »

« Presentation Slides »
Session Two: Platforms and Sensors for Ocean Observations, Data Access, and Processing
Tools
July 13, 2016

Satellites and sensors for coastal and ocean applications, satellite data processing levels, NASA
satellite data access tools and data processing tools. View the recording »

« Presentation Slides »
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Your Course Instructors

» Sherry Palacios: sherry.l.palacios@nasa.gov

« Amber McCullum: amberjean.mccullum@nasa.qgov

» Cindy Schmidt: cynthia.l.schmidt@nasa.gov

» Guest Speakers:

- Mitchell Roffer, Roffer’'s Ocean Fishing Forecast Service (Week 3)
- Mark Eakin, NOAA Coral Reef Watch (Week 4)

» General ARSET Inquiries
- Ana Prados: aprados@umbc.edu
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Course Objectives

» Overview of NASA Earth Observation
resources available for open ocean and
coastal applications including:

— A basic understanding of remote sensing of
aquatic systems

— How to access and visualize NASA Earth
science data

— How to use NASA Earth science data, tools,
and products for ocean and coastal applied
science issues

» Conduct live demonstrations of useful
ocean and coastal applied science tools

Credit: NASA/USGS Landsat; Geoscience Australia
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Course Outline

Week 2
Week 1
: Platforms
Overview of
_ and Sensors
Satellite for Ocean
Remote Sensing Observations
278 Wy 17 N 5% Probaciy Risseting Thcrmst Sises far Mar—iiug 2016
< v % L
Week 3 Week 4
Animal
Coral Reefs
Movement
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Week 2 Agenda

* Brief Review of Last Week

 Satellites and sensors for coastal and ocean applications
 Satellite data processing level

* NASA satellite data access tools

« NASA satellite data processing tools
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Review of Week 1




Coastal and Open Ocean Applied Science Thematic Areas

 Marine Protected Areas

 Marine Fisheries

» Eutrophication

* Animal Migrations

* Coral Reef Health

» Water Quality

« Harmful Algal Blooms (HABS)

National Aeronautics and Space Administration

* Marsh Subsidence
» Coastal Development

» Coastal Hazards — flooding, sea
level rise

Applied Remote Sensing Training Program



How Light Interacts with the Water

Defining Remote Sensing Reflectance (Rrs) — or ‘Ocean Color’

by(4) __L.(%)

Ris(2,07)=C a(2)+b,(%) " E,(2.0°)
\\ Ed Lw a= absorp_tion
A 1 l L, b = scattering

aW
dcpom // \ L., = water leaving radiance
Bnag /" \

E, = downwelling irradiance
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An Overview of Satellite Remote Sensing

Satellites carry instruments/sensors
{0 measure:

 reflected solar radiation

» emitted infrared and microwave
radiation

Radio waves Micrwaves Gamma

RY Y

Ultraviolet X-rays

N\

SHORTER—>
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Satellites and Sensors for
Coastal and Open Ocean Applications




Overview of NASA Satellites & Sensors for Water Quality
Monitoring

» Currently several satellites observe
water surface properties in:

— the open ocean
— coastal oceans and estuaries

— many inland lakes
* A number of water quality |
parameters are operationally L

available from these satellites Wi " Lagats
— (e.g. temperature, chlorophyll-a) 1 °
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‘ NASA Satellites & Sensors for Ocean and Coastal Systems

Satellite Sensor Parameter

» Thematic Mapper (TM)
+ Enhanced Thematic Mapper (ETM+) |« Spectral Reflectance
» Operational Land Imager (OLI)

Landsat Series
(7/1972 - present)

» Spectral Reflectance
» Chlorophyll-a Concentration

Moderate Resolution Imaging * Temperature

Terra
(12/1990-present)

. » Colored Dissolved Organic Matter
Spectroradiometer (MODIS
Aqua P ( ) (CDOM)

(5/2002-present)  Turbidity
» Euphotic Depth

Advanced Spaceborne Thermal

Terra . : : » Spectral Reflectance
(12/1999 — present) (E/{g?sélg)] and Reflection Radiometer . Temperature
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‘ NASA Satellites & Sensors for Ocean and Coastal Systems

Satellite Sensor Parameter
National Eolar Visible Infrared Imaging Radiometer » Spectral Reflectance
Partnership (NPP) Suite (VIIRS) + Chlorophyll Concentration
(11/2011-present)

International Space Hyperspectral Imager for the Coastal » Spectral Radiance

Station Ocean (HICO) (2009 — 2014) » Spectral Remote Sensing Reflectance
Plankton, Aerosols,

Clouds, ocean » Spectral Reflectance

Ecosystems, PACE Ocean Color Instrument » Optional Polarimeter being

(proposed for 2022 or considered

2023)

National Aeronautics and Space Administration Applied Remote Sensing Training Program 15




Landsat Satellites and Sensors

http://landsat.gsfc.nasa.qgov/

I Landsat 1 July 1972 - January 1978
I Landsat2 January 1975 - July 1983
I Landsat3 March 1978 - September 1983
I Landsat4 July 1982 — December 1993
I Landsat5 March 1984 — January 2013
| Landsat6 October 1993
Landsat 7 April 1999 -
Landsat 8 February 2013 - [P
Landsat 9 2023

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

http://landsat.usgs.gov//about_mission_history.php

National Aeronautics and Space Administration

Near-polar orbit

10 a.m. equator-crossing time
Global coverage

July 1972 — present

16 day revisit time

Sensors
— MSS
- ™™

— ETM+
— OLlI

— TIRS

Applied Remote Sensing Training Program
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Landsat-7 Enhanced Thematic Mapper (ETM+)

http://geo.arc.nasa.gov/sge/landsat/I7.html

« Flying on-board Landsat 7 polar orbiting s & = NR [ iemedsemiored |
satellites s |1511°] 1A T
» Spatial Coverage and Resolution: C“‘“: /N
— Global, swath 185km £ ]
— Spatial Resolution: 15m, 30m, 60m E o4 W]
: w0-/TN
» Temporal Coverage and Resolution ”,{ AN e B oo
— April 15, 1999 - present : 05 01? nl,g 1[,1 1l.3 1]5 1[,7 ~.I,9 2'41 1:,3 Iz,s
— 16 day revisit time Wavelength (um)
* Spectral Bands « Spectral Bands
— 8 bands (major bands include: blue-green, _ Bands 1-5. 7 30m
green, red, reflected and thermal IR, and S 6(; '
panchromatic) — Bando. bbm
— Band 8: 15m

National Aeronautics and Space Administration Applied Remote Sensing Training Program 17



Landsat-8 Operational Land Imager (OLI)

http://landsat.usgs.gov/landsat8.php; http://landsat.gsfc.nasa.gov/?p=5779

* Flying on-board Landsat 8 (Landsat
Data Continuity Mission — LDCM) polar
orbiting satellite

Transmission (%)

« Spatial Coverage & Resolution: ; 'nmg ' B o | ws{ WD
— Global, Swath 185km <mn - L, ( E——
— Spatial Resolution: 15m, 30m of
» Temporal Coverage & Resolution: —_—— — ; )
- February 11, 2013  present Vi Noar | Shortuzueengh - Themalualergh
— 16 day revisit time
» Spectral Bands » Spectral Bands
— 9 bands (major bands include blue-green, — Bands 1-7, 9: 30m
red, near IR, shortwave and thermal IR, — Band 8: 15m
panchromatic)

National Aeronautics and Space Administration Applied Remote Sensing Training Program 18



Landsat-8 Operational Land Imager (OLI)

http://landsat.usgs.gov/landsat8.php; http://landsat.gsfc.nasa.qgov/?p=5779

* Flying on-board Landsat 8 (Landsat
Data Continuity Mission — LDCM) polar
orbiting satellite

Spatial Coverage & Resolution:
— Global, Swath 185km
— Spatial Resolution: 15m, 30m

Temporal Coverage & Resolution:
— February 11, 2013 — present
— 16 day revisit time

Spectral Bands

— 9 bands (major bands include blue-green,
red, near IR, shortwave and thermal IR,
panchromatic)

National Aeronautics and Space Administration

(a)oul

7 -‘%MODIS
A !
iy

Chlorophyll @ (mg m-3)
k1

0.01 0.07 0.45 2,99 20.00

Fig. 3 Images of chlorophyll a concentration retrieved from OLI and MODIS Aqua over
Chesapeake Bay on September 5, 2013. The MODIS data were collected on the same day,
about 3 h later. The chlorophyll a concentration was retrieved using standard NASA ocean

color processing in SeaDAS.

Franz et al. 2015

http://oceancolor.gsfc.nasa.gov/cmsdocs/papers/franz_et_al_2015_jars.pdf
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Terra and Aqua

http://terra.nasa.qov/; http://aqua.nasa.qov/

Terra

 Polar orbit, 10:30 a.m. equator crossing
time

Global Coverage

December 18, 1999 — present

1-2 observations per day

Sensors:

— ASTER, CERES, MISR, MODIS, MOPITT

Aqua

 Polar orbit, 1:30 p.m. equator crossing
time

Global Coverage

May 4, 2002 — present

1-2 observations per day

Sensors:

— AIRS, AMSU, CERES, MODIS, AMSR-E

National Aeronautics and Space Administration
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MODerate Resolution Imaging Spectroradiometer (MODIS)

http://modis.gsfc.nasa.gov

« Flying on-board Terra and Aqua — polar Tt M MY _ ]
orbiting satellites NIV 1 LN VO I R A R B W

» Designed for land, atmosphere, ocean, | L | | | Y
and cryosphere observations T i | | ]

« Spatial Coverage & Resolution =gl . I ) | | 4
— Global, swath width 2300km e s bl we | T
— Spatial resolution: 250m, 500m, 1km ‘o mm " meee |

» Temporal Coverage and Resolution 0955~ —,50 -m L

Wavelength (nm)

— 2000 — present
— 2 times per day

Paul Menzel, http://cimss.ssec.wisc.edu/

» Spectral Bands

* Spectral Bands _ Bands 1-2: 250m
— 36 bands (major bands include red, blue, IR, _ } :
NIR, MIR) Bands 3-7: 500m

— Bands 8-36: 1000m

National Aeronautics and Space Administration Applied Remote Sensing Training Program 21



National Polar Partnership (NPP)

http://www.nasa.gov/mission_pages/NPP

Ozone Mapping and
Profiler Suite (OMPS)

Clouds and the Earth's
Radiant Energy System
(CERES)

= e

> Advanced Technology
Microwave Sounder (ATMS)

Cross-track Infrared

[ [} I
e |
ot
oA
Sounder (CrIS) /
Visible Infrared Imaging

Radiometer Suite (VIIRS)

NASA/NOAA

National Aeronautics and Space Administration

Polar orbit

1:30 p.m. equator crossing time
Global coverage

November 21, 2011 — present
1-2 observations per day

Sensors
— VIIRS

— ATMS

— CrlIS

— OMPS

— CERCES

Applied Remote Sensing Training Program
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Visible Infrared Imaging Radiometer Suite (VIIRS)

http://npp.gsfc.nasa.gov/viirs.html

* Flying on-board NPP, polar-orbiting
satellite

» Designed to collect measurements of
clouds, aerosols, ocean color, surface
temperature, fires, and albedo

» Spatial Coverage and Resolution:
— Global, swath width: 3,040 km
— Spatial resolution: 375m — 750m

» Temporal Coverage
— October 2011 — present
— 2 times per day

National Aeronautics and Space Administration

» Spectral Bands

— 15 bands (major bands include visible, red,
blue, green, short, middle, and long-wave
IR)

— Ocean Color Bands 1-7: 0.402-0.682um

— Sea Surface Temperature Bands 12-13:
3.660-4.128um

Applied Remote Sensing Training Program 23



Hyperspectral Imager for the Coastal Ocean (HICO)

http://hico.coas.oregonstate.edu/ ; http://oceancolor.gsfc.nasa.gov/cms/data/hico

» Partnership with US Naval Research Lab, Office of Naval Research, Oregon State

University, and NASA

 Active 2009 — 2014 aboard the International Space Station (ISS)

* 380 nm to 960 nm at 5.7 nm spectral resolution
« 90 m? spatial resolution
« Targeted data collection

National Aeronautics and Space Administration

W |
/ s |

3 4
2
R R
N 5 _
=3 - ]

HICO Japanese Module
Exposed Facility

http://www.ioccg.org/sensors/Davis HICO 10CCG-15.pdf

Applied Remote Sensing Training Program 24



Plankton, Aerosol, Clouds, ocean Ecosystem (PACE)

http://pace.gsfc.nasa.qgov/

correction
(coastal) &
Aerosol/cloud
properties

correction
{coastal)**

*MODIS on Terra (2000-) does not yet pravide science-quality ocean data
=*ASMODIS/VIRS short-wave infrared bands are not optimired for cceans

SPECTRAL COVERAGE
: 3 . OCEAN COLOR HERITAGE SENSORS compared with PACE
% . N CZ2CS  SeaWiFS MODIS  VIIRS e
CE P'ankton:@ol Cloud, ocean Ecosystem (TS L} (90 20100 ROLT: v PRARUEL
} & L " N e ‘j w w w §g é Absorbing aerosols
Ny L— 3 ‘= 5Q S
3 Ty ' §§ NO MEASUREMENTS = B v
‘ 53 PRODUCTS ; Dissolved organics
N— S — Total pigment or é
Lo .. 1 11 1 | 1 Chlorophyil-a g  Functional groups
 Polar orbiting, 2-day revisit T —
1 ! ! % Particle sizes
» High spectral resolution —t t— bt 1 .
g E Physiology
. w S S
* 1 km ground sample distance 2 P B e
> [ O T s correction/ v fluorescence
. . . MODIS 3
» Optional polarimeter being — ehiorophyi g |
. flourescence 18 Coastal biology
considered for cloud and aerosol .
. . o Y3 Atmospheric g g A"h‘mosphen’c
study and to aid in atmospheric 32 W W TR gace ;SRR E oTeke
: 2 _— s N Rk
correction | M : |
mamm mmm Atmospheric " Atmospheric
o [ —
==
= ]

SHORT-WAVE
INFRARED

SHORT-WAVE
INFRARED
3 bands

From: http://pace.gsfc.nasa.gov/
National Aeronautics and Space Administration Applied Remote Sensing Training Program 25




[0)
>
(())

nea)
(@))

=
n
(/9]
()
o
O
=
al
®

e
©

0O
()

et

[0)

e
©

(7))




Levels of Data Processing

http://oceancolor.gsfc.nasa.gov/cms/products

» Level 0: unprocessed instrument data at full resolution, rawest
format available

» Level 1A: reconstructed and unprocessed instrument data at full
resolution, Level 1B: L1A data with instrument/radiometric
calibrations applied

» Level 2: Derived geophysical variables at same resolution as L1
data

» Level 3: L2 projected onto a well defined spatial grid over a well-
defined time period

» Level 4: model output or results from analyses of lower level data
(e.g., Primary Productivity)

National Aeronautics and Space Administration Applied Remote Sensing Training Program 27



Data Processing Levels

LO: Raw instrument data

L1: Geolocated and calibrated

LL2: Products derived from L1B

L3: Gridded and quality controlled

L4: Model output: derived variables

National Aeronautics and Space Administration

Harder to Use

Easier to Use

Applied Remote Sensing Training Program
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Phytoplankton Bloom in the Arabian Sea

http://earthobservatory.nasa.gov/IOTD/view.php?id=85718

» Winter is the prime season for
phytoplankton blooms due to
monsoon wind shifts that bring
more nutrients to the surface

» Arecent phase shift from
diatoms to dinoflagellates may
have an impact on the food web

» The phase shift is due to
changing surface oxygen
concentrations

National Aeronautics and Space Administration

Vasa EARTH Q) BSERVATORY

Home MIFUTEN Global Maps Features News & Notes 1" Search

Winter Blooms in
the Arabian Sea

OGeol5@

EARTH O BSERVATORY

SUBSCRIBE
' TODAY

download large image (6 MB, JPEG, 7355x6376)

Related Images
Winter is the prime season to see filaments of phytoplankton twist and curl amid the Arabian Sea. On February
14, 2015, the Moderate Resolution Imaging Spectroradiometer (MODIS) on NASA's Aqua satellite acquired this A':l S;i":ld Ui;eiﬂ
n
image of the region’s winter blooms. the Arabr a
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NASA Worldview

https://worldview.earthdata.nasa.gov/

« Interactive web-based tool for g

browsing satellite imagery

vasa \X/ORLDVIEW/

Active &

+ OVERLAYS
5

* Imagery is generally available
within four hours of observation

+ Daily imagery from May 2012 to
present

e Data can be downloaded

» Image output in JPEG, PNG,
GeoTIFF, and KML formats

National Aeronautics and Space Administration

e B
L4 ~
Corrected Reflectance (True Color) & 3
[~ Aqua / MODYS \
v
<

A
g
.;.‘\ =

' -

<>

o

BASE LAYERS
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NASA Worldview

https://worldview.earthdata.nasa.gov/

* Interactive web-based tool for ETrrT
browsing satellite imagery e

OVERLAYS

* Imagery is generally available
within four hours of observation

« Daily imagery from May 2012 to [27=
present

<@
Corrected Reflectance (True Color) 3%
Agus / MOOSS

<o

e Data can be downloaded

* Image output in JPEG, PNG, S TR L .y - o
GeoTIFF, and KML formats el L 6N i g IO
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NASA Worldview

https://worldview.earthdata.nasa.gov/

* Interactive web-based tool for
browsing satellite imagery

* Imagery is generally available
within four hours of observation

 Daily imagery from May 2012 to
present

e Data can be downloaded

* Image output in JPEG, PNG,
GeoTIFF, and KML formats

National Aeronautics and Space Administration

Q

Categories / Other

X

Areas of No Data (mask)
Brigh;ness Temperature
Chlo_(ophyll a

Dams

Earth at Night 2012
Global 250m Water Map

Global Digital Elevation Map

Latitude-Longitude Lines
Orbital Track

Population Density
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NASA Worldview

https://worldview.earthdata.nasa.gov/

* Interactive web-based tool for
browsing satellite imagery

* Imagery is generally available
within four hours of observation

 Daily imagery from May 2012 to
present

e Data can be downloaded

* Image output in JPEG, PNG,
GeoTIFF, and KML formats

National Aeronautics and Space Administration

Q

Categories / Other

<

Areas of No Data (mask)

Brightness Temperature

Chlorophyll a

Terra/MODIS

Aqua/MODIS

Dams

Earth at Night 2012

s Chlorophyll a
Orbital Tracks:

Ascending/Day

MODIS (Terra/Aqua) Chiorophyll 2
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NASA Worldview

https://worldview.earthdata.nasa.gov/

_ 26.4705", 69.3236'
=

* Interactive web-based tool for R > : L -
. . ] LR N 3 ’ : s . ’ S EZZEET  Resolution (per pixel)
browsing satellite imagery Bl e e S o o

. g 2 NSRS b L X - £ ™ SN T Worldfile (.zip)
« Imagery is generally available B | S, .. ...

v72.74 MB 250 M8

within four hours of observation e T N & T
+ Daily imagery from May 2012 to * '
present
 Data can be downloaded

» Image output in JPEG, PNG,
GeoTIFF, and KML formats

I - i
16.9607°, 56.4212°
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NASA OceanColor Web

http://oceancolor.gsfc.nasa.qov/

» OceanColor Web is supported by
the Ocean Biology Processing
Group (OBPG) at NASA
Goddard

« OBPG’s duties include collection,
processing, calibration,
validation, archive, and
distribution of ocean-related data
products from a large number of
satellite missions

National Aeronautics and Space Administration

“ EARTHDATA Data Discovery - DAACS ~

Science Disciplines -

O 9 3 \\ﬂmuw'
& OceanColor
2 R SR VI

VAV

L ABOUT MISSIONS DATA pocs SERVICES

NASA's OceanColor Web is supported by the Ocean Biology Processing Group (OBPG) at NASA's Goddard Space Flight Center. Our responsibilities
include the collection, processing, calibration, validation, archive and distribution of ocean-related products from a large number of operational,
satellite-based remote-sensing missions providing ocean color, sea surface temperature and sea surface salinity data to the international
research community since 1996.

Ocean Color Feature

Labrador Sea K

Ocean Biology Distributed Active Archive Center
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NASA OceanColor Web — Data Access

http://oceancolor.gsfc.nasa.qov/cms/dataaccess

Level 1 & 2 Browser
Level 3 Browser
Direct Data Access
Data File Search
SeaBASS Field Data

National Aeronautics and Space Administration

Data Access

The Ocean Biology Processing Group (OBPG) serves as the Distributed Active Archive Center (DAAC) for all Ocean Biology (OB) data produced or
collected under NASA's Earth Observing System Data and Information System (EOSDIS). This website thus serves as the primary data access
portal to the NASA OB.DAAC. The links below provide a variety of methods to access the holdings of the OB.DAAC, including visual browsers that
enable point-and-click access by data levels and direct access for bulk download. In agreement with partner organizations, some data access
requires user registration to enable better tracking of usage metrics.

Data Management

The data management plan describes the acquisition, generation, management, archive and distribution of science data products generated by
the Ocean Data Processing System (ODPS). For a detailed description of science data products, data flows, supported sensors, and data
availability, archiving and distribution, please refer to the plan document.

Data Access Tools

Level 1 & 2 Browser - visual browse, download and data order access to all supported satellite data for Level-1 and Level-2 scenes at observed
geographic scale and temporal granularity including cross satellite and in situ data search capabilities.

Level 3 Browser - visual access to global composites at various spatial and temporal scales.
Direct Data Access - direct access to all available data through http protocols suitable for bulk download.
Data File Search - direct access via filename search, including support for wildcard search on partail filenames.

SeaBASS Field Data - community archive of field data relevant to ocean color research, algorithm development, and validation.

Applied Remote Sensing Training Program 37



NASA OceanColor Web — Level 1 & 2 Browser

http://oceancolor.gsfc.nasa.qgov/cagi/browse.pl

A < > ¢ [oa] ssr sera L Connigil Halp

SeaWiFS MODIS MERIS
] s
Select Select one or more regions:

GAC Aqua RR AdriaticSea

Da AegeanSea
y "

MLAC Terra FRS y Antarctica

ke ArabianSea

Night AralSea
VIIRS OCTS HICO GOCI CZCS Arzlic
(Suomi-NPP) ___ (ADEOS) (1sS) (COMS) (Nimbus-7) Avstralia
Radius (km) about map click or about typed-in Select ma‘;:,f;},'mmng (at AustraliaCoast
_location: — Azores
© |[any part Select Bahamas
4 only BalticSea
25 % scenes or specify boundary coordinates or a single
e | having location:
500 | 150 % in ii(u N
W E
1200 5% | -
1500 Jfan & :
199 Chlorophyll Find swaths

of the area of interest.

Display results 10 ata time. Reconfigure page
2002 [Jan [Feb)[Mar] [Apr May] [ec| [ July 2006 |
3003 mluu;;rlg“ [pec| [ May 2016__|[__June 20165 MW T[F]S
| e i SIM[T|WIT[F[S|[SIM[T|W][T]F[S 112

2004 [eb![Max] [Apx](May] loec| 71312516 2 12122

2005 [Jan [Feb[uax |[pec] o 32531529132

2006 [Feb)Mar][ap :[M > 00k00l000k000 10]11]12]13[14[15[16
i mtﬁ lﬁ uml‘lls';;lslo’ozlzzzw

2008 |Eeb) ] = 21 3
s|  [Max| (A ]
$ (2009 [Jan [Feb Max [Ap: /Dec D R e R R B B
o [2010 Jan][Feb) ax] 3 |[Dec 2930 xxpocdugu
n [2011][3an) [Feb uaxx |[Dec] |

2012 feax [ ‘[E

2015 [3an) [Feb Max|Ap

2016 [Jan [Feb) pax [Apx | May [Fun)[7ul [Aug] IS-F l_llov [pec|
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NASA OceanColor Web — Level 1 & 2 Browser

http://oceancolor.gsfc.nasa.qgov/cagi/browse.pl

Al 1¢ [on]) sor sera L)

Choose Sensor

[ SeaWiFS MODIS MERIS
Select
GAC Aqua RR
Day
MLAC Terra FRS .
Night
VIIRS OCTS HICO 50C CZCS
(Suomi-NPP) (ADEOS) (ISS) (COMS) (Nimbus-7)
Radius (km) about map click or about typed-in Seloct swa!ll:.:';c;mammg (at
location: R
(] © |[any part Select
Q|2 only
ls00 25 % ;ccr]es
= aving
300 50 % in situ

7

(Apr May [Jun [Jul [Aug [sep [oct [Nov [Dec

Chlorophyll

Display results 10 at a time.

Reconfigure page

Area and &iFFFFF Dec| November 2015
. [May |Jun |3 Nov|[Dec|
Swath SIZe @E{M {A_uq{ }ou_ {)lov {nec
. [May|[Jun [Jul)[Aug|[Sep [oct [Nov [Dec:
Selections (2007 )b o [apz ax [7ua 7 [nug [Sep [ost o pes
; [2008](Jan|[Feb|(Mar][Apz/May|[Jun|[sul|[Aug]|[sep[oct [Nov|[Dec
$ [2009)[3an|[Feb]jmax]Ape [May [Jua [Jul [Auq][Sep [oct [ov[Dec
[2010/[3an|[Feb Maz|[Apr May [Jun|[Jul [Aug|[sep [oct [Nov![Dec
n [2011][Jan|[Feb|Mar [Apx/[May [Jun [Jul|[Aug [sep [oct [Nov![Dec
{2_01_2 an|[Fe {mmm_axm ul{m{m{m}m{m
. . 2013|[7an) [Feb|[Maz|[Apr|May [Jun][Jul|[Aug [Sep [oct [ov|[Dec

Time Selection [2014] (7] P [Hax [apx [May [7ua)[7u [Aug[Sep [oct |

Y. [2015][7an|[Feb)[Maz | [Apz | May][Tun [Jul][aug [Sep)[oct x4y [Dec
( ear) [2016[an][Feb]Maz][Apr]May][Jun][Tul]Aug][sep][oct | iyipec]

National Aeronautics and Space Administration

Lommont

Halp)

Select one or more regions:

Time Selection
(Month and Day)

Applied Remote Sensing Training Program

AdriaticSea Pre-
Navarsea defined
Aral .
Ao Regions
Australia
AustraliaCoast
Azores
Bahamas
BalticSea
or specify bound.':r}:u:;\(:lr‘diumes or a single
N: )
W *  Define
Find swaths Own
Region
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NASA OceanColor Web — Level 1 & 2 Browser

http://oceancolor.gsfc.nasa.qgov/cagi/browse.pl

A€ >¥ s 1o [c] sor ssa ) Dhplr®)_jua e _ORDER DATA| Comuign|  Halp
" £A2015335091000,L2 LAC OC
[ »a201533500000012 LAC OC
1Dec2015

‘ g

o

Select image of
interest
(just click with mouse)

| J™A2015335000500.12 LAC OC

s
Time Period: Tuesday, 1 December 2015 (daytime)
Sensors: Aqua

Area of Interest: Within 0 km of 89.6N,179.6W

G

Percentage of AOI that swaths must include: 0

Number of swaths: 1st through 3rd of 3 swaths
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NASA OceanColor Web — Level 1 & 2 Browser

http://oceancolor.gsfc.nasa.gov/cgi/browse.pl

A€ 2% e 1¢ [GR] 8571 sata L Commiant Halp|

A2015335091000.10 LAC 284,254,205 bytes [ Tuesday, 1 December 2015
e | 2015335

Click on
files to
download

20,969,652 bytes

Documentation on these pmd\lnﬂmﬁ.)

Sclect this scenc |
Quasi True Color Chlorophyll Sea Surface Temperature (11 p)

Search Criteria

Time Period: Tuesday, 1 December 2015 (daytime)

Sensors: Aqua

Arca of Interest: Within 0 km of 89.6N,179.6W
-

7 e

National Aeronautics and Space Administration Applied Remote Sensing Training Program
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NASA OceanColor Web — Level 1 & 2 Browser

http://oceancolor.gsfc.nasa.gov/cgi/browse.pl

Az vz ¢ [SR] ssrisats L] Conusng Halp)
A2015335091000.L0_LAC 284,254,205 bytes [ Tucsday, 1 December 2015
A2015335091000.L1A_LAC 199,553,461 bytes [ 2015335
A2015335091000.1.2 LAC OCanc 39,779,166 bytes i .
A2015335091000.L2 LAC_IOPnc 47,771,644 bytes ‘l

A2015335091000.1.2 LAC SSTanc 20,969,652 bytes
(The above hyperlinks point to compressed files.
Documentation on these products can be found HERE.)

Sclect this scene
Quasi True Color Chlorophyll

When finished -
downloading, i B ey | D 2015 Gy

Aqua
Area of Interest: Within 0 km of 89.6N,179.6W

open in SeaDAS

™ A2015335091000.L2_L....nc
= - - 3
7.2/37.9 MB, 2 p A2015335091000.L.2_L....nc Show All

National Aeronautics and Space Administration Applied Remote Sensing Training Program
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NASA OceanColor Web Level 3 Browser

http://oceancolor.gsfc.nasa.qov/cqi/l3

Data Product, Time Selections, and Spatial Resolution Selections

Rl Standard & SNPP VIIRS Chiorophyll Concentration, OCI Algorithm B Monthy & 9km [ 24 thumbnails ‘t*n’*

N ,z'—\ e
z::ii__ﬁts_ t“ﬁi)p ?M’

June 2014 July 2014

\a‘”\ﬂ-::'”. .;&‘j"\’\d A - iy
AWMW., Wk)

October 2015 November 2015 December 2015 January 2016 February 2016 March 2016 April 2016 May 2016

Janl2 Febl2 Marl2 Aprl2 Mayl2 Junl2 Jull2 Augl2 Sepl2 Octl2 Novl2 Decl2 Janld Febl3d Marl3 Aprl3 Mayl3 Junl3 Jull3 Augl3 Sepl3 Octl3 Novl3 Decl3 Janld Febld Marld Aprld Mayld [JunldfJulldfaugld]
Sepid)Octid| Novid [becid | Janis|Febis Maris [Apris [Mayis | Junis | Julis Augis [8epis|Octis [ Novis | Decis [Janis | Febit [ MarisApris)Hayie

Chlorophyll a concentration (mg / m?)

0.01 0.03 0.1 03 1 3 10
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Some Other Data Access Tools

« NOAA CoastWatch

29
science for a changing world

— http://coastwatch.noaa.qgov/

Home 1 New System Message Login Registe dback Help
m Date Sats ]| Adwonmi Crms || S Search Criteria Summary (Show) Clear Criteria

. . A .

1. Enter Search Criteria Y
iovanni - 4 ’

To narrow your search area: type in an address or
place name, enter coordinates or click the map to
define your search area (for advanced map tools, view

— http://qiovanni.qsfc.nasa.qov/QioVaNNi/ g e e

[T pathRow  Feature

oo I
» USGS Earth Explorer ) o

‘E" r cond [l
— h : r h X I r. r- ) V 1. Lat: 10° 23' 27" N, Lon: 075" 28° 45" W /8
ttp://earthexplorer.usgs.gov/
mw:woﬂt

Search from: to:

Search months: (s1)

c=n =3

National Aeronautics and Space Administration
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NOAA CoastWatch

http://coastwatch.noaa.qov/

» CoastWatch is organized into
regional nodes (USA only at
this time)

 Each node serves needs of
regional user community

« Serves image data from a
variety of satellite sensors

« Download to work with image
processing software such as
SeaDAS or CoastWatch
Utilities software

National Aeronautics and Space Administration

Homc Central Operations & Reg onal Nodes

i L
v’

——
Gulf of Mexico loop
current.

More Information

Applications

|

©ComstWatch NOAA | "Conl AK CenPac WestCoast GLERL East-Coast Car-GoMx

VIIRS Ocean Color S.NPP VIIRS Life-of
NOAA CoastWatch Near Real-time Mission Science .Qu‘ll}l\‘
NCWCP E/RA3 Global 4km chlorophyll-a (single file) and 750m (24 sector tiles) and Level-2 Ocean Color
College Park, MD 20740 CONUS (CoastWatch regions) are produced daily. Both CONUS and Poohicss are availshle,
301.683.3335 GLOBAL 750m (L2,13) products are available through the CoastWarch | |m@ts June 2016]

coastwatch.info@noaa.gov THREDDS Server.

Delayed (CDAT) has been release
Global 750m level-2 products are available from November 2011 - [FEB 2016)
present. Products are processed from IDPS-SDR with NOAA MSL12,

morc

Level-2 granules can be browsed by using the CoastWatch Granule

Selector. The selector allows visualization of a granule's geographic

coverage with quick access to the Level-2 dataset.

Q NOAA Satellites and Information Vvv Privacy | Customer Survey | Contact Us
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NOAA CoastWatch

http://coastwatch.noaa.qov/

» CoastWatch is organized into
regional nodes (USA only at
this time)

 Each node serves needs of
regional user community

« Serves image data from a
variety of satellite sensors

« Download to work with image
processing software such as
SeaDAS or CoastWatch
Utilities software

National Aeronautics and Space Administration

| AR

' Regional Nodes

Home
Histo
Regional Nodes

Data Access
Data Products

Applications

Science

Repors Ceatral Pacific

Prooucts & Seavices: Prooucts & Servces: |
]

Resources I PacoucTs l
SEA SURF ACE TEMPERATURE

Kaar SURRACE WNDS ‘SuRFACE WNDS

© CosstWatch  NOAA e e 5
\Live Access Senver i
memm Dara Browser

%
| Live Access Server
OrenDAP
i

The six regional nodes are made up of other NOAA line offices that participate in the C

coastwatch.info@noaa.gov

(4444

i

%
—'ﬂ

2EgE

i

:

7 H

Program. They are located around the country, hosting equipment and personnel to pro

time data distribution regional scientific expertise to the local user community. T , central
operations and the regional nodes provide for the distribution pathway for CoastWatch data products.

: : Privacy | Customer Survey | C Js
NOAA Satellites and Information vVV Privacy | Customer Survey | Contact Us
Nationcl Environmentol Satellite, Data, end Information Service i!sp:nmcm Szf('qmmsgg»
National Oceanic & A heric Administrati
Satellite € hy & Climatology Division
Weh site cnvner: Satellite Oceannaranhy & Climatalome Divicinn
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NOAA CoastWatch

http://coastwatch.noaa.qov/

» CoastWatch is organized into
regional nodes (USA only at
this time)

 Each node serves needs of
regional user community

« Serves image data from a
variety of satellite sensors

* Download to work with image
processing software such as
SeaDAS or CoastWatch
Utilities software

National Aeronautics and Space Administration

HOME DATA ACCESS ~ TOOLS & TRAINING ~ ABOUT CONTACT QUICK LINKS ~

D COASTWATCH
' NO WEST COAST REGIONAL NODE

Providing near real-time satellite data for the coastal ocean

| Environmental Data

| View and download over 800 regional and
global datasets, including satellite data,
model output, and in situ measurements
from field sensors.

Data Catalog | Coastal Conditions

ERDDAP Data Server Software

The ERDDAP data server provides a simple, The Environmental Data Connector (EDC)
consistent way to subset and download and Xtractomatic data extraction scripts

environmental datasets in common file make it easy to discover and extract data
formats with options to make graphs and from online servers and download them
maps. directly into ArcGIS, R, MatLab, and Excel.

NOAA HOME WEATHER OCEANS FISHERIES CHARTING SATELLITES CLIMATE RESEARCH COASTS CAREERS

Applied Remote Sensing Training Program
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NOAA CoastWatch

http://coastwatch.noaa.qov/

» CoastWatch is organized into
regional nodes (USA only at
this time)

 Each node serves needs of
regional user community

« Serves image data from a
variety of satellite sensors

* Download to work with image
processing software such as
SeaDAS or CoastWatch
Utilities software

National Aeronautics and Space Administration

HOME DATA ACCESS

SNO
x-\‘ : /.'

Data Catalog

TOOLS & TRAINING ~

COASTWATCH

SST Ocean Color Wind & Currents  All Data

Ocean Color Datasets

ABOUT CONTACT QUICK LINKS ~

WEST COAST REGIONAL NODE &
Chlorophyll-a, VIIRSN, Global, 2012-Now
1-Day 8-Day © Month

003 01 04 2 10 30
Chlorophyll Concentration, 0CI Algorithm (mg m~-3)
VIIRSN, Suomi-NPP, Level-3 SMI, Glrobal. llmhlorophyﬂ a,

..............................
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NOAA CoastWatch

http://coastwatch.noaa.qov/

» CoastWatch is organized into
regional nodes (USA only at
this time)

 Each node serves needs of
regional user community

« Serves image data from a
variety of satellite sensors

* Download to work with image
processing software such as
SeaDAS or CoastWatch
Utilities software

National Aeronautics and Space Administration

© e

ERDDAP > griddap > Make A Graph o

Dataset Tite: VIIRSN, Suomi-NPP, Level-3 SMI, Global, 4km, Chiorophyll a, OCI Algorithm, Monthly, DEPRECATED 5200
Institution:  NASAIGSFC OBPG (Dataset ID: erdVH2chiamday)
Information: Summary @ | License @ | EGDC | 1SO 19115 | Metadata | Backaround & | Data Access Form

Graph Type: surface Be Cllclon!hornaouospocwya new center point. @
X Axis: wogtuce [ © Zoom: M2 e

Dimensions @ Start @ Stop @
time (UTC) @ specily just 1 value = 2016-02-15T00:00:002 4|~

latitude (degrees_north) @  80.97916 + 8997918

longitude (degrees_east) @ -179.97%2 +  17eeTe2

Graph Settings
Color Bar: B Continuity. B Scale B

Min: Max. N Sections: %]
Draw the land mask:
Y Axis Minimum: Maximum: asconcng [

Redraw the Graph (Please be patient. It may take a while to get the data.)

Optionat:

Then set the File Type: nc |8 and  Downioad the Data or an image

or view the URL I y Q2-1¢
(Rocumentation / Bypass this | ‘orm 0 ) (Elle Type. oformamn)

Applied Remote Sensing Training Program
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NOAA CoastWatch

http://coastwatch.noaa.qov/

» CoastWatch is organized into
regional nodes (USA only at
this time)

« Each node serves needs of
regional user community

« Serves image data from a
variety of satellite sensors

* Download to work with image
processing software such as
SeaDAS or CoastWatch
Utilities software

National Aeronautics and Space Administration

|
l b4 Eﬁ%imﬂnm

ERDDAP > griddap > Make A Graph o

| Dataset Tile: VIIRSN, Suomi-NPP, Level-3 SMI, Global, 4km, Chlorophyll a, OCI Algorithm, Monthly, DEPRECATED 53 0G0
Institution:  NASA/GSFC OBPG (Dataset ID: erdVH2chlamday)
Information:  Summary @ | License @ | EGDC | ISO 19115 | Metadata | Background & | Data Access Form

| Graph Type: surface asc Click on the map to specify a new center point. @
t 8 t2x Ot I in

X Axis: longitud  C8V Zoom: Dwa 2 8
| Y Axis: Wttude  CIVP
Color. Y < s
| das
Dimensions @ s ne Stop @
time (UTC) @ sorthac vaive 5 2016-02-15T00.00002 |-
| fgde
latitude (degrees_nort  graph + 897018
help
hemi
longitude (degrees_ez  Mm{Tabie o 1r09me2
18019115 t
| =
mat
Graph Settings ncHeader
Color Bar: nemi ty: B Scale: B
| Min: odvTxt iSections: |
Draw the land mask: tav
Y Axis Minimum: tsvp ascenaing [
’ tsv0
Redraw the Graph | :o’:“' may take a while to get the data.)
opons =
Then set the File Type it and Downioad the Data or an Image
orview the URL: btpd oo [Select the type of file you want to download.
(Documentation /BY®  smaiiPng Erye
pog
largePng
transparentPrg

Applied Remote Sensing Training Program
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Giovanni

http://giovanni.gsfc.nasa.gov/giovanni

» Giovanni: Geospatial Interactive Online
Visualization ANd aNalysis
Infrastructure

» A web-based application developed by
Goddard Earth Sciences Data &
Information Services Center (GES
DISC)

* Provides a simple and intuitive way to
visualize, analyze, and access vast
amounts of Earth science remote
sensing data without having to download
the data

*Reference: http://disc.sci.gsfc.nasa.gov/giovanni/

National Aeronautics and Space Administration

Available Data
* MODIS-Aqua Chlorophyll Concentration
* Monthly, 4km (7/2002-2/2016)

"N 873741877 W slev 001 % oye alt 1261.00 mi
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NASA Giovanni

http://giovanni.gsfc.nasa.gov/giovanni/

“ EARTHDATA Data Discovery « DAACs ~

Community ~

Science Disciplines ~

GIOVANNI The Bridge Between Data and Science v4.20 Release Notes Browser Compatibility Known Issues

~ SelectPlot

[ « Maps: Time ged Map ¥ ] C Select... ¥ Time Series: Select.. ¥ Vertical: Select.. ¥ Miscellaneous: Select.. ¥
———— — —
Select Date Range (UTC) Select Region (Bounding Box or Shapefile)
2004 -01 -01 i to 2016 -01 -01 46.4063, 12.6563, 75.2344, 34.4531 Show Map  Show Shapes
Valid Range: 1948-01-01 to 2016-07-12
Select Variables
m Number of matching Variables: 2 of 1406 Total Variable(s) included in Plot: 0
~ Ocean Biology (1) Keyword : Search  Clear
+ Oceanography (2)
m Variable Source Temp.Res. Spat.Res. Begin Date End Date Units
+ Chilorophyll (2) Chiorophyll.a .
Energy (2) concentration (MODISA_L3m_CHL rfuz‘s Monthly ~ 4km  2002:07-04  2016-05-31 mg m-3
Radiation, Net (1) v204)
Normalized fluorescence line
V:Fiationn nakument height (MODISA L3m_FLH WODIS: Monhly  4km 20020704 20160531 o2
< MODIS-Aqua (2) ¥2014) - B

NOBM Model (1)
» Spatial Resolutions

¥ Temporal Resolutions
v monthly (2)
» Portal

Responsible NASA Official: Steven.J.Kempler@nasa.gov
NASA  Web Curator: M. Hegde«gsfc- @lists.nasa.gov»
Privacy Policy and Important Notices

Powered By:
NC®

Contact Us

X[ OPeNDAP

National Aeronautics and Space Administration

Analysis and
Plot Selection

Start and End Date; and Spatial
Selection by Map/Latitude-
Longitude/Shapefile

Applied Remote Sensing Training Program
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NASA Giovanni

http://giovanni.gsfc.nasa.gov/giovanni/

= EARTHDATA DAACs ~

Data Discovery ~

Community ~

Science Discl

iplines ~

GIOVANNI The Bridge Between Data and Science v4.20 Release Notes Browser Compatibility Known Issues

| Snow meit (GLOAS_NOAH025_3H v2.0) te
Select Plot

Valid Range: 2002-07-04 to 2016-05-31

Select Variables
£ Ocean Biology (3) ) %
Oceanography (2) n
£ Chiorophyll (3) -

Phytoplankton (8)
Soil Moisture (1)

» Platform / Instrument

» Temporal Resolutions
» Portal
Responsible NASA Official: Steven.J.Kempler@nasa.gov

Web Curator: M, Hegde«gsfc-help-disc@lists.nasa.gov
Privacy Policy and Important Notices

NAsSAa

National Aeronautics and Space Administration

s [[V0F3 messa

» Spatial Resolutions ‘“

Mor

Powered By:
NC®

(]

% OPeNDAP

[o Maps: Time Averaged Map ¥ ] Comparisons: Select.. ¥ Time Series: Select.. ¥ Vertical: Select.
Select Date Range (UTC) Select Region (Bounding Box or Shapefile)
2015 -12 = fo 2015 -12 44.2969, 9.8438, 77.3438, 35.8594 Show Map

v

Show Shapes

_ﬂ

80°09'N, 177°S3'E

7145700N
| 00°00N
50008

“35°00W _90°00W A5'00W 00°00E  45°00°E '90°00E 135°00E

Miscellaneous:

Seloct.. ¥

MODIS-based
Chlorophyll for
Dec 2015 in the

End Date Units .

i Arabian Sea
2012-12-31 9 TS

0121231, m ks

w0531 M o2

Contact Us

Applied Remote Sensing Training Program
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NASA Giovanni - Visualization

http://giovanni.gsfc.nasa.gov/giovanni/

w EARTHDATA Data Discovery ~ DAACs ~ Community ~ Science Disciplines ~

Snow melt (GLDAS_NOAH025_3H v2.0) temp: ly [10of3 Read More S ave I m ag e

- Browse History

. % Options
- 1. Time Averaged

Map Time Averaged Map of Chlorophyll a concentration monthly 4 km [[Fssaftasiits GEOTIFF
User Input 2L 22:251(%&3{0@5;092, Regon| 7ime Averaged Maplpt KMZ ion monthly 4 km
N Tas fm [MODIS-Aqua MODfss PNG o) mg m-3
a [ o o
a Change Data Ran,

Minimum: 0.07999
Maximum: 64
Change Palette

© M | Cyan-Red-Yellow (Seq), 65

I | Greys, Dark to Light (Seq), 9
T Greens (Seq),. 9

I Ml Blue-Yellow-Red (Div), 12
I | Biue-Green-Yellow (Seq), 9

Download s
Data

View All Palettes

Change Smoothing
On Qoff

Change Scaling
= | Linear ©Log

45°00W 00°00'E 45°00E 90°00'E
- Selected date range was 2015-Dec - 2015-Dec. Title reflects the date range of the grany Restore Defaults Re-Plot

Change Colors and
Re-plot

National Aeronautics and Space Administration Applied Remote Sensing Training Program 54



NASA Giovanni — Data Download

http://giovanni.gsfc.nasa.gov/giovanni/

“ EARTHDATA Data Discovery ~ DAACs ~ Community ~ Science Disciplines ~

GIOVANNI The Bridge Between Data and Science v4.20 Release Notes Browser Compatibility Known Issues
Snow melt (GLDAS_NOAH025_3H v2.0) temporari od.... [10f3

Y

I eSSag Read More |
~ Browse History Click on file links to download. Files contain data portrayed in the plot images.
= 1.Time Averaged Map  NetCDE:
User Input g4.timeAvgMap. MODISA_L3m_CHL_2014_chla.20151201-20151231.44E 9N_77E_35N.nc
Plots PNG:

Lineage g4.timeAvgMap.MODISA_L3m_CHL_2014 chla.20151201-20151231.44E_ON_77E_35N.png

Downloads GEOTIEF:
g4.timeAvgMap.MODISA_L3m_CHL_2014_chla.20151201-20151231.44E_9N_77E_35N.geotif

KmzZ:
g4.timeAvgMap MODISA_L3m_CHL 2014 chla,20151201-20151231,44E_9N_77E_35N.kmz

Back to
Data

Options for multiple Selection

formats, including
formats used by
SeaDAS

Responsible NASA Official: Steven.). Kempler@nasa.aov  Powered Bv: Contact | le
NASA  Web Curator: M

Privacy Policy and | Acknowledgment Policy, m Feedback J§ Back to Data Selection

National Aeronautics and Space Administration Applied Remote Sensing [raining Program
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USGS Earth Explorer

http://earthexplorer.usgs.qov/

e Search for Landsat and
other satellite sensor data

 Download to work with

image processing software
such as SeaDAS

National Aeronautics and Space Administration

: ; X ¥ Contact USGS
science for a changing world * N - :

Search USGS

EarthEprorer Page Expires In1:51:03 C
Home 1 New System Message Save Criterla Load Favorite ~

m Dilia Sai |}l AdiCeial Criaikd B Search Criteria Summary (Show)

Clear Criteria
1. Enter Search Criteria ‘ W
To narrow your search area: type in an address or
place name, enter coordinates or click the map to
define your search area (for advanced map tools, view
the help documentation), and/or choose a date range.

m Path/Row  Feature

Manage Criteria

Itern Basket (0) sherrypalacios + YL} Feedback Help

Predefined Area  Shapefile  KML

& No coordinates selected.
[oe o
et Range (LTS

Search from: 01/0172016 to: 07/10/2016

Search months: (al)
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USGS Earth Explorer

http://earthexplorer.usgs.qov/

» Search for Landsat and USGS by TR PEaw, [t g 35 ———
other satellite sensor data  xxRatztm 2l R, SO A 5 5

Search USGS

EarthExplorar

Page Expires In1:50:33 C
° Down Ioad to WO rk With Home 1 New System Message Save Criteria Load Favorite ~ Manage Criteria item Basket (0) sherrypalacios ~ HZ3 Feedback Help
0 0 ft Date Sefs’ || - Addional Crieris’. || Rowilta Search Criteria Summary (Show) Clear Criteria
IMage processiNg SONWare 1 ener search criteria ' ~ -
To narrow your search area: type in an address or
Su Ch as S ea DAS place name, enter coordinates or click the map to
define your search area (for advanced map tools, view
the help documentation), and/or choose a date range.

J PathRow  Feature

m Predefined Area  Shapefile KML

| Degreo! Decimal
1. Lat: 22° 54'24" S, Lon: 043° 10'22° W /R
XT3 Resut Options

Search from: 010122018 = to: 07/01/2016

Search months: (afl) ¥

(ovesor - o ] o

National Aeronautics and Space Administration
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USGS Earth Explorer

http://earthexplorer.usgs.qov/

e Search for Landsat and

other satellite sensor data ‘USGS Y e f’ Serenees

EarthExplorer

.
° DOWn Ioad to Wo rk Wlth Home 1 New System Message Save Criterla Load Favorite ~ Manage Criteria Item Basket (0) sherrypaiacios ~

Page Expires In1:59:42 C

1 J Feedback Help
Searcn Crteria LTI Addtonal Crteria | Resuts Search Criteria Summary (Show)

image processing SOftware , o vou ous set e
Check the boxes for the data set(s) you want to search. - Eanidbdic) niibeidlie:’) I unnit Ihaen
Su Ch as S ea D AS When done selecting data set(s), cliZk thv; Additional , ] YA 4 " . .

Criteria or Results buttons below. Click the plus sign
next to the category name to show a list of data sets.

Clear Criteria

Use Data Set Prefilter (what's This?)

Data Set Search:

+ EO1
* Global Fiducials
*+ Global Land Survey
+ HCMM
* ISERV
* Land Cover
= Landsat Archive ()
90 % oumrs
% L8 OLUTIRS Pre-WRS-2
% Landsat Surface Reflectance - L8 OLUTIRS
& L7 ETM+ SLC-off (2003-present)
£ L7 ETM+ SLC-on (1999-2003)
% Landsat Surface Reflectance - L7 ETM+
L Le-5T™

-N-N-N-N-N-

National Aeronautics and Space Administration
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USGS Earth Explorer

http://earthexplorer.usgs.qov/

e Search for Landsat and
other satellite sensor data

Click image to view in another window

* Download to work with
image processing software
such as SeaDAS
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USGS Earth Explorer

http://earthexplorer.usgs.qov/

e Search for Landsat and
other satellite sensor data

* Download to work with
image processing software
such as SeaDAS

LandsatLook "Natural Color” Image (5.8 MB)
LandsatLook "Thermal® Image (2.2 MB)

LandsatLook "Quality” Image (440.5 KB)
LandsatLook images with Geographic Reference (8.4 MB)
Level 1 GeoTIFF Data Product (775.3 MB)

National Aeronautics and Space Administration Applied Remote Sensing Training Program 60






SeaWiFS Data Analysis System (SeaDAS)

http://seadas.gsfc.nasa.gov/

Missions ~ Data -~ Documents -~ Analyses~ People Forum~ Services - Links

» Image analysis package for the
processing, display, analysis, & quality Wt 5 -
control of ocean color data . ! e <

A Q.
o

 Originally developed for SeaWiFS, but
supports most U.S. and international
ocean color missions T e e e

processing, display, analysis, and quality control of ocean
color data. While originally developed to support the SeaWiFS
mission, it now supports most US and international ocean

* Online tutorials, help pages, and an B v o o e tasa s

T data analyses
H H H g The latest vef:ion (SeaDcS 7.3.1)Is the'mult ofa
active user community in the Ocean == o i e S o SR ENS ot
based on the BEAM framework, with extensions that provide
CO I O r FO ru m the functionality provided by previous versions of SeaDAS..
. . Supported Missions  User Support Other
« Attentive & friendly support team based

: MODIS : MERIS : SeaDAS :xiqeo Tutorials and Demos : SeaDAS Vls;'anlzliz:;o: ;o;orv:je rcc:dc:d .
at NASA Goddard : i e D

° o OCM-2 o Other SeaDAS Tutorial Material ©o MODISL1DB 1.8

o OSMI o Ocean Color Web
o MOS o Ocean Color Forum
o Landsat8/OLI o GOCI o SeaDAS Mailing List
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Online Tutorials and Webinars for SeaDAS

http://seadas.gsfc.nasa.qgov/tutorial/

» Strongly recommend completing all of
the on-demand tutorials listed on this

M Oc¢:anCo|or

Webpage Missions~ Data~ Documents~ Analyses~ People Forum~ Services~ Links
» SeaDAS supports a wide variety of Video Tutorials and Demos
Satelllte Sensors so your Investment fg}:ﬁ?ogz:a rlegonr;ler:\ebcdrz? e;lseéwme?rder. Core videos first, then multi-tool case studies. Everything else follows in
in learning it will be time well spent oD B :
_ - gy
* Check out SeaDAS webinar on i
June 15, 2016:
— https://earthdata.nasa.qgov/user- CamD Ac ;C‘E’E;:?‘:‘Ei‘f'z.«a,zm
resources/webinars-and-tutorials e VSRS Wit youlube-com/watch I 39DI00

Case Study

Title: "Sea Surface Temperature Anomalies”

Release Date: 21 Oct 2015

Duration: 39:08

Youtube: www.youtube.com/watch?v=5dIwCK7IDXE
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Features of SeaDAS
http://seadas.gsfc.nasa.gov/

SeaDAS Features
Visualization

© Very fast image display and navigation even of giga-pixel images

© Advanced layer management allows adding and manipulation of new overlays such as images of other bands, images from
WMS servers or ESRI shapefiles

© Rich region-of-interest definitions for statistics and various plotting funtions

© Easy bitmask definition and overiay

© Flexible band arithmetic using arbitrary mathematical expressions

© Accurate reprojection and ortho-rectification to common map projections

© Geo-coding and rectification using ground control points

© Coastline, land/water masking for navigated data

C Store and restore the current session including all opened files, views and layers

Data Processing

SeaDAS offers the ability for users to process satellite data from a number of ocean color missions (both U.S. and
International) through the various processing levels:

O Level 0 to Level 1 processing is offered for the MODIS sensors onboard the Terra and Aqua spacecraft
© Level 1 to Level 2 (12gen)

O Level 2 to Level 3 binned (I2bin)

© Temporal binning of Level 3 (I13bin)

© Mapping of Level 1 data (I11mapgen)

O Mapping of Level 2 data (I2mapgen)

© Mapping of Level 3 binned data (smigen)

© Browse file creation (I1brsgen,|2brsgen)
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System Requirements for SeaDAS

http://seadas.gsfc.nasa.gov/

 Visualization only version

 Visualization and data processing
version

» Data from multiple missions can be
analyzed

National Aeronautics and Space Administration

SeaDAS Configuration and Requirements

SeaDAS is currently available for Linux, Mac OS X, and Windows. The Windows version currently does not support the

science data processing code. The SeaDAS source code is publicly available.

Suggested Hardware Requirements:

Linux
Intel Mac OS X

256MB minimum, 1GB+ suggested

SeaDAS software package (display only version): ~200MB

SeaDAS software package (with processing capabilities for all sensors): ~5GB
10GB of free space is also suggested for rudimentary data processing and storage.

15" Console or X-terminal with 20MB memory
1280x1024 resolution

24-bit X display plane depth

256 colors display minimum

Requirements:

The core visualization package of SeaDAS is written in Java. A minimum Java JRE of version 1.7 is required. A suitable
JRE is packaged with the Windows and MacOSX distributions. Linux users will need to separately install a suitable JRE.

Operating Systems: Linux: tested on various versions of CentOS, Fedora, and Ubuntu
Intel Mac: OS X 10.10

Optional Compilers: gcc/g++/gfortran (version 4.5 or higher) or Intel Compilers
Program | Versio

Java JRE 1.7 or above WIndows and MacOSX distributions come with a suitable JRE
Linux users will need to separately install a suitable JRE

Bash version 3.x should work, but not tested
necessary only for science code, thus not required for Windows distributions
Python 2.6.5 or above necessary only for science code, thus not required for Windows distributions;
not (yet) compatible with version 3 and above

1.7.9 or above necessary only for science code install/update option, thus not required for Windows distributions

cURL 7.x or above necessary only for science code install/update option, thus not required for Windows distributions

Applied Remote Sensing Training Program
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Downloading SeaDAS

http://seadas.gsfc.nasa.gov/installers/

« Follow the instructions on the g S OceaﬂColor
download webpage G ‘ L wocal>AS

&

Missions ~ Data ~ Documents - Analyses~ People Forum -~ Services~ Links

 The “The Basics (getting started)”
tutorial provides step-by-step SeaDAS Visualization Installers
directions on downloading and o Vo I

seadas_7.3.2_win32_installer.exe 7.3.2 167.88 MB
. . seadas_7.3.2_win64_installer.exe 7.3.2 169.6 MB
installi ng SeaDAS on your com puter SRR 77 5 2 yhncie Wit v 732 17236M8

seadas_7.3.2_linux32_installer.sh 7.3.2 140.38 MB
seadas_7.3.2_linux64_installer.sh 7.3.2 140.38 MB

The Windows installers are executables. The MacOSX installer is a dmg file. The Linux installers are shell scripts. They
can be executed as the following:
$ sh seadas_<version> linux[64]_ installer.sh

Once installed, you may wish to add the seadas-<version>/bin directory to your path to allow easy launching of
SeaDAS, e.g. add the following to your .bashrc:

$ export PATH=[full-path-to]/seadas-<version>/bin:$PATH

SeaDAS Processing Programs and Source Code

The SeaDAS data processing components are distributed separately from the SeaDAS visualization package.

Currently, the processing components can only be installed on Linux or MacOSX (Intel, not PowerPC) systems. The Linux binaries were
compiled on a system with GLIBC-2.14. If your system has an older version, you will need to build the binaries from source.

Processing Component Sizes
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Using SeaDAS

http://seadas.gsfc.nasa.gov/tutorial/

@ seadas File Edit View Tools Layers Processing DataProcessing Analysis Info Window Help
® ® SeaDAS 7.3.1

S HEHES MR FIACHO® IVl @& @m 6%\ (<813 A Ikwldid

0 O O File Manager

0 O O world Map Location

000 Ppixelinfo
© Geo-location a'x

@ Rasters o'

mEs ¢ 8 a
Snap to selected pin
O O O Navigation Controls

Tupeep

:

Zu. |S.|8c g
i |
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Using SeaDAS

http://seadas.gsfc.nasa.qgov/tutorial/

S EPe MR FIECHIO NEY I 22 gnm o ®w\ Oxifpa YL ki wld

O O O File Manager

A Eil S ™

National Aeronautics and Space Administration

Su

8c

A

O O O world Map Location

File: A2015335091000.L.2_LAC_OC.nc

[ Week2

000 Pixelinfo
© Geo-location a'x

Name
A2015335091000.L2_LAC_OC.nc Satu...
A2015335091000.L2_LAC_SST.nc Sun...

=) Week2_building

[ Rasters ax

EEN ¢ 8 @
Snap to selected pin
© O O Navigation Controls

File Format: | All Files

New Folder Cancel Open Product

Zupssmp
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Using SeaDAS

http://seadas.gsfc.nasa.gov/tutorial/

eve [1] chior_a - ["../sherry/NASA_PostDoc/Projects/ARSET/OceanC MWeek2/A2015335081000,L2_ LAC_OC.nc] - [Session not saved] - SeaDAS 7.3.1
= ’0“@‘@3E #Ho0@ @Y ! “Q 8'.'\0“ 7P A ITE L e ¥ w 1A 1 4

O O O File Manager
v @ (1] A2015335091000.L.2_L
» [ Metadata
» [ Flag Bit Coding
¥ 19 Rasters
> [ aot
EI angstrom
» BRes
oErm
E chl_ocx
» [kd
@ ric
@ poc
ipar
O nfin
par
3 12_flags
[ tongitude
O ratitude
v & [2) A2015335091000.L2_L
» [ Metadata
» [ Flag Bit Coding
¥ 9 Rasters
sst
[ 12_flags
[ sstref
stdv_sst
qual_sst
[ flags_sst
[ bias_sst
[ rongitude
O ratitude

O O O World Map Location

D OO Pixellnfo

@ Geo-location a'x
Image-X 477 pixel
Image-Y 1321 pixel
Longitu...60°24"... degree
BRasters 9%
chlor_.a 1.177287 mg mA-3
longitude 60.393... degree_...
latitude  22.947... degree_...

EEs © 8 3
Snap to selected pin
O O O Navigation Controls

ZNpPPP

A2y |Su.|8c.|
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Using SeaDAS

http://seadas.gsfc.nasa.qov/tutorial/
SHEBONFRe ZER#00 Y Boa Ap 0w\ Oxr T Akl iwldi L

O O O Color Manager - (1] chlor_a [2) 55t X \fA}chlora. X 000 World Map Location
Basic e Sliders Table ’

3%

@ [1] chlor_a

Name: chlor_a
Unit: mg mA-3

Min: 0.019 _—
Max: 75.064 i
100%
&3
&
&
000 Pixel Info
@\ © Geo-location a'x
Q Image-X Invalid pos. pixel
'_'; Image-Y Invalid pos. pixel
553 Longitude Invalid pos. degree
Latitude Invalid pos. degree
Ky
@ Rasters g'x

chlor_a Invalid pos. mg mA-3
longitude Invalid pos. degree_east
latitude Invalid pos. degree_north

EEm e ] a
Snap to selected pin
o000 Navigation Controls

RRERBUR 23

¥ Less Options

ZRpPpp

No-data color: B
Histogram matchi... None :
_ Discrete colors @
R i M, [ZMask. | Loyer., iDICHONN 1:3.4 0° v
\
National Aeronautics and Space Administration Applied Remote Sensing Training Program 70



Using SeaDAS

http://seadas.gsfc.nasa.qgov/tutorial/

® seadas File Edit View Layers F ing DataP ing Analysis Info Wind: Help

g [ ] [ ] [1]chlor,  Pixel Extraction... Jjects/ARSET/OceanC: P! /A2015335091000.L2_LAC_OC.nc] - [Session not saved] - SeaDAS 7.3.1 1
S HEO WP W o0 PIEYEoQ Buneow\ o iTlhluliivldid The tutorials and

T ‘ e e webinar review the
functionality of

» [0 Metadata Math Band...
» [ Flag Bit Coding
¥ 18 Rasters

» B aot £ Color Manager 0
s o
B s @scrpiconoe_~s SeaDAS in more
» [0 Rrs
Sfcnor ] depth
O chi_ocx e p
v B Kd
[ kd_490 (490 nm) 000 Pixel Info
@ pic © Ceox-localion - : ax
Image-. Invalid pos. pixel
8 poc Image-Y Invalid pos. pixel
Ypar Longitude Invalid pos. degree
g ofih Latitude Invalid pos. degree
par
O 12_flags @ Rasters ax
@ tongitude chlor_a Invalid pos. mg mA-3
@ latitude longitude lnva:lg pos. deqree_cas(h
D topography latitude Invalid pos. degree_nort
[ bathymetry
0 elevation O EEs  © @ a

v i@ (2] A2015335091000.L2_LAC_SST.nc
» [ Metadata
» [ Flag Bit Coding
¥ 1 Rasters
@ sst
[ 12_flags
@ sstref
@ stdv_sst
=} qual_sst
a flags_sst
-

Snap to selected pin
000 Navigation Controls

AV Y

NaFleM 2 Mask.. | S Layer.. | @ Colo
|
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Using SeaDAS

http://seadas.gsfc.nasa.qgov/tutorial/

i ! seadas File Edit View Tools Processing DataProcessing Analysis Info Window Help

[1) chior_a - [*.../8

Bathymetry & Elevation  \RSET/OceanC /s A2015335091000.L2_LAC_OC.nc] - [Session not saved] - SeaDAS 7.3.1

S HBO MPEe P Cootielanditater pyW PHOQ A8 0%\ Ax T il wld i L

000 File Manager
v i@ [1] A2015335091000.L2_LAC_OC.nc
» [ Metadata
» [ Flag Bit Coding
¥ 15 Rasters
» [0 aot
[ angstrom
» B Rrs
Lo
[ chl_ocx
¥ B Kd
[ Kd_490 (490 nm)
@ pic
B poc
D ipar
3 nfih
0 par
O 12_flags
= longitude
3 ratitude
[ topography
D bathymetry
(@ elevation
v @ A2015335091000.L2_LAC_SST.nc
» [ Metadata
» [ Flag Bit Coding
¥ 1 Rasters
@ sst
3 12_flags
3 sstref
D stdv_sst
)} qual_sst
a flags_sst
-

Mo M £ Mask.. | S Layer.. | @ Colo

World Map Location

i 000

Map Gridlines @ [1] chlor_a
No-Data =

Contour

GCP Manager
Pin Manager
Geometry Tools

# Layer Editor 000 Pixel Info
@ Geo-location a'x
2 Mask Manager Image-X Invalid pos. pixel
& Layer Manager Image-Y Invalid pos. pixel
Longitude Invalid pos. degree
Latitude Invalid pos. degree
@ Rrasters a'x
chlor_a Invalid pos. mg mA-3
longitude Invalid pos. degree_east
latitude Invalid pos. degree_north

EESErE o i a
Snap to selected pin

000 Navigation Controls

Zupppp

0° v
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The tutorials and
webinar review the
functionality of
SeaDAS in more

depth
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Using SeaDAS

http://seadas.gsfc.nasa.qgov/tutorial/

» [0 aot
D angslmm

» WRes
cnor
D chl_ocx

¥ B Kd

[ Kd_490 (490 nm)

@ pic
[ poc
@ ipar
@ nfih
0 par
O 12_flags
i} longitude
3 tatitude
[ topography
[ bathymetry
(@ elevation

v @ (2] A2015335091000.L2_LAC_SST.nc
» [ Metadata
» [ Flag Bit Coding
¥ 1 Rasters

@ sst

o 12_flags
O sstref
O stdv_sst
@ qual_sst
o flags_sst
-

[2] sst

[1] chior_a - [*.../sherry/NAS

O e FEG
000 File Manager "
v i@ [1] A2015335091000.L2_LAC_OC.nc
» [ Metadata
» [ Flag Bit Coding
¥ 1 Rasters

N FleM £ Mask.. | S Layer.. | @ Colo

l

Coll

i _‘ seadas File Edit View Tools Layers DataProcessing Analysis Info Window Help

OceanCi

Crop...
Flip Data...
Image Analysis
Level-3 Binning
Mosaic...
Orthorectify...
Reproject...
Time Series

Boa @dsow xizhlukiwld d

@ (1) chlor_a

000

000 Pixel Info
© Geo-location
Image-X Invalid pos.
Image-Y Invalid pos.
Longitude Invalid pos.
Latitude Invalid pos.
@ Rasters
chlor_a Invalid pos.
longitude Invalid pos.
latitude Invalid pos.
EEEERE o

Snap to selected pin
000 Navigation Controls
1:34 (_r=——

A2015335091000.L2_LAC_OC.nc] - [Session not saved] - SeaDAS 7.3.1

World Map

a'x
pixel
pixel
degree
degree

mg mA-3
degree_east
degree_north

Zupppp
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The tutorials and
webinar review the
functionality of
SeaDAS in more
depth
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Using SeaDAS

http://seadas.gsfc.nasa.qgov/tutorial/

V‘__uadas File Edit View Tools Layers Processing Analysis Info Window Help

) [1] chlor_a - [.../sherry/NASA_PostDoc/Pi  Update OC P 2015335091000.L2_LAC_OC.nc] - [Session not saved] - SeaDAS 7.3.1 Th e tuto rl a I S a n d

= O Re FTIRHCO®  ovactor. BE 0w\ OxriTIAlwldwldid
000 File Manager 2] 55t X f2) chlora | modis_L1A... 000 World Map Location b th
v i@ [1] A2015335091000.L2_LAC_OC.nc modis_GEO... - - We Inar reVIGW e
» [ Metadata modis_L1B... H H
(2]
> I8 i Coeg ogen. functionality of
{5 Rasters Ibrsgen...
> B 20t Iimapgen... 1 m
[ angstrom 12gen... Sea DAS I n O re
» [ Res 12gen_aquarius...
o 12brsgen... d th
@ chi_ocx I2mapgen... e p
v B kd 12bin...
[ Kd_490 (490 nm) 12bin_aquarius... 000 Pixel Info "
0 pic 13bin. © Geo-location &%
Image-X Invalid pos. pixel
8 poc 13gen... Image-Y Invalid pos. pixel
3 ipar I3mapgen... Longitude Invalid pos. degree
B nflh smigen... Latitude Invalid pos. degree
par 13bindump...
2 12_flags @ Rasters a'x
[ 1ongitude Multi-Level Processor... chlor_a Invalid pos. mg mA-3
[ tatitude 52 longitude Invalid pos. degree_east
D topography latitude Invalid pos. degree_north
[ bathymetry
O ciesstion GEEEDE ° &8 a4

v @ [2) A2015335091000.L2_LAC_SST.nc
» [ Metadata
» |3 Flag Bit Coding
¥ [ Rasters
@ sst
a 12_flags
[ sstref
3 stdv_sst
] qual_sst
[ flags_sst
-

Snap to selected pin
000 Navigation Controls

Zupppp

VahFileMi| 2 Mask.. | & Layer. | 8 colo
| l
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Using SeaDAS

http://seadas.gsfc.nasa.qgov/tutorial/

® seadas File Edit View Tools Layers Processing DataProcessing Info Window Help

‘ene [1] chior_a - [*.../sherry/NASA_PostDoc/Projects/ARSET/Oceal  Correlative Plot  (Week2/A2015335091000.L2_LAC_OC.nc] - [Session not saved] - SeaDAS 7.3.1 ) 1
g EB0NPRe FIRHO | @Y [f] HooommPt g @\ Oxr 3Ll lwld |4 The tutorials and

1 no335891000 2.1 0 v | Sovcir o e \WVEDINAr review the
~ functionality of

» [ Flag Bit Coding Statistics

¥ 1 Rasters
» [ aot S S o
8 anascom eaDAS in more
» 9 Rrs
s depth
B chl_ocx { e p
v B Kd
(3 kd_490 (490 nm) 000 Pixel Info
@ pic © Geo-location o'
D poc Image-X Invalid pos. pixel
o Image-Y Invalid pos. pixel
s Longitude Invalid pos. degree
@ nfih Latitude Invalid pos. degree
O par
3 12_flags @ Rasters &%
[ longitude chlor_a Invalid pos. mg mA-3
) 1atitude longitude Invalid pos. degree_east
latitude Invalid pos. degree_north

D topography
D bathymetry
[ elevation
v @ (2] A2015335091000.L2_LAC_SST.nc
» [ Metadata
» [ Flag Bit Coding
¥ 1 Rasters
@ sst
[ 12_flags
0 ssteef
D stdv_sst
@ qual_sst
[ flags_sst
-

N o a a
Snap to selected pin
000 Navigation Controls

Zupppp

e 2 mask.. | S Layer.. | @ Colo

[ 5 |
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Week 2 Review

* Brief Review of Last Week

 Satellites and sensors for coastal and ocean applications
 Satellite data processing level

* NASA satellite data access tools

« NASA satellite data processing tools
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ARSET

Applied Remote Sensing Training
http://arset.gsfc.nasa.gov
W @NASAARSET

Thank you!

www.nasa.gov

Next Week:

Animal Movement and Migration

National Aeronautics and
Space Administration




