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Unique Capabilities

Remote - global coverage possible
Non-intrusive and wide coverage - economical
Multiple scales - ideal different applications
Wide spectral range - thermal, microwave
Hyperspectral - more applications

Repetitive coverage - ideal for environmental
monitoring



Earth’s rotation and gravity on their best!
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Radio waves, microwaves, x-rays, gamma rays, and the spectrum of
visible colors are all really the same thing: electromagnetic energy.
The differences are their wavelengths.

A photon of shorter-wavelength light packs and emits more energy than a
photon of longer-wavelength light.

MICROWAVE INFRARED VISIBLE ULTRAVIOLET X-RAY GAMMA RAYS

10°-10° 10102 10*-10® 10° 3107 10°-10° 10%-10" 1010
Lo Frequency = Lurlg:Er Wevesanglh

HighF resguamncy "'.Sl'r.lrl.n‘_'r Warvelangth I
107107 ‘ 107-10% ‘

Freguancy (Hz)

10"*-10% 1010 10%510" 10"-10"

v i@y q@?’ Visibie ﬁ e‘f 4 ﬁ:ﬁ

Spectrum )

mfmm:lunht I . . Ultraviolst Light

Ton m 500
Wavelength {nm)

Light is part of the electromagnetic spectrum, fluctuations of magnetic and electric fields



Remote Sensing Processes
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The SeaWiFS Sensor
Sea-viewing Wide Field-of-View Sensor

Most remote sensing instruments (sensors) are designed to measure photons based on the photoelectric
effect (reason for Nobel to Einstein): When a beam of light hits a material, electrons are emitted and
scattered as reflectance. These are measured by the sensor’s detector. The magnitude of the electric
current produced (number of photoelectrons per unit time) is directly proportional to the light intensity.

Different materials undergo photoelectric effect release of electrons over different wavelength intervals.



The OrbView - # satellite carrying SeaWiFS sensor

OrbView -4 OrbView -2

Solar panels for energy — electronics — calibration equipment — antennas — reflectors — emitters
— receivers — sensors — detectors. Ground control stations.



A satellite may carry many sensors

NOAA Polar Operational Ervironmental Satellite

. AMSLU-AT




Different ways satellite sensors measure the Earth

There are nidiny ren ote sensors
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Sensors:

Non-imaging: measure radiation received from all points in the sensed target,
integrate this, and reports the result as an electrical signal strength or some other
quantitative attribute, such as radiance (astrometric and geodetic applications).

»Imaging: the electrons released are used to drive an image producing device
(likeTV) guided by electronic detectors; since the radiation is related to specific
points in the target, the end result is an image (environmental applications).

Radiometer is a general term for any instrument that quantitatively measures the
EM radiation in some interval of the EM spectrum. If the sensor includes a
component, such as a prism that can break radiation extending over a part of the
spectrum into discrete wavelengths and separate them at different angles to
detectors, it is called a spectrometer.

Spectroradiometer tends to imply that the dispersed radiation is in bands rather
than discrete wavelengths. Most space sensors are spectroradiometers.




SATELLITE REMOTE SENSING

The passive and active Remote Sensing sensor systems.

Sensors absorb either the sun’s light reflectance to the earth (passive)
or they transmit and absorb their own signal (active).

Different environmental parameters are measured by each sensor
system.



The geostationary and polar orbits of environmental satellites.
Sensors in geostationary orbit constantly monitor the same area of the
Earth while sensors in polar orbit provide data for essentially all Earth’s

surface.

GEOSTATIONARY
ORBIT
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Geostationary satellite

Click to =top,

A geostationary orbit is a geosynchronous orbit directly above the Earth's equator.
From the ground, a geostationary object appears motionless in the sky.



Polar orbits

Click ta =top.

Satellite has a fixed orbital plane perpendicular to the planet's rotation.
It will pass over a region with a different longitude on each of its orbits.



MARINE SATELLITE REMOTE SENSING

Main Measured Parameters

Current:

v'SST (Sea Surface Temperature distribution)

v'Chl-a (Sea Surface Chlorophyll-a concentration)

v'PAR (Photosynthetically Active Radiation)

v ALT (Altimetry)

v'WIND (Wind Speed & Direction)

...and a variety of derived measurements (sea level anomalies, sea
currents, suspended sediments, etc)

Near-Future:

»>SSS (Sea Surface Salinity)
- Soil Moisture and Ocean Salinity (SMOS) by ESA: 2008
- Aquarius by NASA & Space Agency of Argentina: 2009



MARINE SATELLITE REMOTE SENSING

Main Satellite Sensors

v'Advanced Very High Resolution Radiometer (AVHRR): SST
v'Sea-viewing Wide Field-of-view Sensor (SeaWiFS):Chl-a, PAR
v"Moderate-resolution Imaging Spectroradiometer (MODIS): SST, Chl-a

v'QuikSCAT (Quik Scatterometer): WD, WS
v'SeaWinds: WD, WS

v'TIP (TOPEX/Poseidon): SL

v'ERS1/2 (Earth Resources Satellite): SL
v'Jason1: SL

v EnviSAT (Environmental Satellite): SL



MARINE SATELLITE REMOTE SENSING

Measured Environmental Parameters
2 or 4 things to note

1. SPATIAL RESOLUTION (pixel size)
Is the spatial extent of our study area represented adequately by
available satellite data?

Examples
of different
resolutions




MARINE SATELLITE REMOTE SENSING

Measured Environmental Parameters
2 or 4 things to note

2. TEMPORAL RESOLUTION (daily, weekly, monthly, seasonal)

Is the time period of our study represented adequately in the available
time series of satellite data?




MARINE SATELLITE REMOTE SENSING

Measured Environmental Parameters
2 or 4 things to note

3. SPECTRAL RESOLUTION (how many different spectral bands)
Are available spectral bands of our satellite data adequate to describe
our parameter of interest? Mostly yes!

0.4um 0.7pm
Black & White Blue+Green+Red
Film
0.4 05 086 0.7
Colour

Film Biue |Green| Red




MARINE SATELLITE REMOTE SENSING

Measured Environmental Parameters
2 or 4 things to note

3. RADIOMETRIC RESOLUTION (intensity sensors detect)
Is the resulted satellite image adequate to describe our parameter of
interest?
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MARINE SATELLITE REMOTE SENSING

Data Sources

Sea Surface Temperature

DLR-EOWEB, Germany http://eoweb.dIr.de:8080/index.html

Spatial Resolution: 1.2km
Temporal Resolution:  daily, weekly, monthly, 1993-onwards



EOWEB - DLR - SST

(=] E3

() EOWEB - Earth Observation Data Service - Netscape

File Edit Yew Go Bookmarks Tools wWindow Help

OO \) O \) |':.'http:,I',I'eoweb.dlr.de:SDSD,I'servlets,l'template,l'welcome,l'entrvPage.vm | [QSearch ] ng @
- - — . =

Cluster

DLR  Angewandte Fernerkundung

Login Register Logout Help Data in EQWEB You are logged in as anonymous user.

Catalogue || UserSet | ShopCart | L= = Navigate Set Area ® Foctprints
Collections : :
& Dezelect al & Expandicollapse 1 Collection selected

[~ Atmospheric Sensors
[+ Thematic Maps
™" chiorophyil Maps Baltic Sea (MOS)
™ Ozone Maps (GOME LEVEL 3 PRODUCTS)
I vegetation Index NDVI (NOAA AVHRR)
™" Land Surface Temperature {NOAA AVHRR)
[”" Gea Surface Temperature (NOAR AVHRR)
I~ Sea Surface Temperature (NOAA AVHRR) monthly ma
[+ Sea Surface Temperature (NOAA AVHRR) weekly mag
I~ Sea Surface Temperature (NOAR AVHRR) daily maps

p L I— > 3 out of 3 items returned

Id+ Abstract Product Type Start Date End Date ftern D&
Quory Modoe: |standar | = L|Zea Burface Tempezatuzs NOAA-15 AVHER etk _Compezits |2007-04-02 |2007-02-08 |PID_ARC_Sea Susfacs Tempezatuzs_(H
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" I 2|3ea Burface Tewperavure WOAA-15 AVHER Week _Compesice |2007-04-03 [2007-04-15 |[FID_ARC_Jea Burface_Tempezavure (N
S e 2522 Jurface Tamperavure NOAA-15 AVHER Week fompesite |2007-04-16 |2007-04-22 |(FID_ARC Jea Burface Tempezavure (N
Chooze a Date | w Rectangle | »

From: 2007-0<4-04 00:00.00 Center Lat/Lon
|3'.-'.858 ||18.4‘11 |

To: 2007-05.02 23:50:50

Extension Lat/Lon

e e T.a42 ||1Q.1Q1 |
q Step by range | W 2} |

DLR-EOWEB, Germany http://eoweb.dlr.de:8080/index.html




MARINE SATELLITE REMOTE SENSING

SST 2005




MARINE SATELLITE REMOTE SENSING

Data Sources

Sea Surface Chlorophyll-a

NASA-OceanColorWEB, USA http://oceancolor.gsfc.nasa.gov/

Spatial Resolution: 4km and 9km
Temporal Resolution:  daily, weekly, monthly, 1998-onwards



Color scales

Level-3 Standard Mapped Images

Rolling 32-day composites

"Filled-in" rolling 32-day hiosphere composites

Climatologjes

SeaWiFS anomaly images

Aqua-MODIS Chlorophyll Diffuse attenuation nlw at 551 nm Aerosol optical thickness Angstrom coefficient | SST[11 pday] | SST[11 pnight] | SST [4 p night]
Terra-MODIS Chlorophyll Diffuse attenuation nlw at 551 nm Aerosol optical thickness Angstrom coefficient | SST[11 pday] | SST[11 pnight] | S5T [4 p night]
SeaWiFs Chlorophyll Diffuse attenuation nLw at 555 nm Aerosol optical thickness Angstrom coefficient
e Biosphere PAR NDVI Land Reflectance
OCTSs Chlorophyll Diffuse attenuation nLw at 565 nm Aerosol optical thickness Angstrom coefficient
CZCS Chlorophyll nLw at 550 nm Aerosol optical thickness Angstrom coefficient
Evaluation Products | Merged Chlorophyll Calcite Fluorescence Line Height
Sep 1997 | Oct 1997  Nov 1997 | Dec 1997
Jan 1998 | Feb 1998 Mar 1998  Apr 1998 | May 1998 | Jun 1998 | Jul 1998 @ Aug 1993 | Sep 1998 = Oct 1998  Mov 1993 | Dec 1998
Jan 1999 | Feb 1999  Mar 1999  Apr 1999 | May 1999 | Jun 1999 Jul 1999 | Aug 1999  Sep 1999  Oct 1999  Mov 1999 | Dec 1999
Jan 2000 | Feb 2000 = Mar 2000 @ Apr 2000 | May 2000 | Jun 2000 | Jul 2000 | Aug 2000 @ Sep 2000 @ Oct 2000  Mov 2000 | Dec 2000
Jan 2001 | Feb 2001 = Mar 2001 | Apr 2001 | May 2001 | Jun 2001 | Jul 2001 | Aug 2001 | Sep 2001 | Oct 2001  Mov 2001 | Dec 2001
Jan 2002 | Feb 2002 = Mar 2002 @ Apr 2002 | May 2002 | Jun 2002 | Jul 2002 | Aug 2002 | Sep 2002 = Oct 2002 | Mov 2002 | Dec 2002
Jan 2003 | Feb 2003 = Mar 2003 | Apr 2003 | May 2003 | Jun 2003 | Jul 2003 | Aug 2003 | Sep 2003 = Oct 2003 | Mov 2003 | Dec 2003
Jan 2004 | Feb 2004 | Mar 2004 | Apr 2004 | May 2004  Jun 2004 | Jul 2004 | Aung 2004 | Sep 2004 | Oct 2004  Nov 2004 | Dec 2004
Jan 2005 | Feb 2005 = Mar 2005 | Apr 2005 | May 2005 | Jun 2005 | Jul 2005 | Aug 2005 | Sep 2005 = Oct 2005 @ Mov 2005 | Dec 2005
Jan 2006 | Feb 2006 = Mar 2006 = Apr 2006 | May 2006 | Jun 2006 | Jul 2006 | Aug 2006 | Sep 2006 = Oct 2006  Mov 2006 | Dec 2006
Jan 2007 | Feb 2007 LTI P May 2007
1 7 Tovrs inthe
S Chlorophyll (SeaWiFS) o o
Yearly Seasonal Donthly

06Mar2007 to 13Mar2007
9km png HDF

Winter-
9km png HDF

1411ar2007 to 210 ar2007
9km  png HDOF

Mar-2007

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

NASA-OceanColorWEB, USA




OCEANCOLOR — Aqua-MODIS

¥ Level-3 Standard Mapped Images {Chlorophyll {Aqua-MODIS)) - Mozilla Firefosx

Eile  Edit

-

-

=
Level-3 Standard Mapped Images el
Color scales Rolling 32-day composites "Filled-in" rolling 32-day hiosphere composites Climatologies SeaWiF8 anomaly images
Aqua-MODIS Chlorophyll Diffuse attenuation nLw at 551 nm Aevosol optical thickness Angstrom coefficient | SST[11 pday] | SST[11 pnight] | SST [4 pnight]
Terra-MODIS Chlorophyll Diffuse attenuation nLw at 551 nm Aerosol optical thickness Angsitrom coefficient | SST[11 pday] | SST[11 pnight] | SST [4 pnight]
SeaWiFs Chlorophyll Diffuse attenuation nLw at 555 nm Aerosol optical thickness Angsirom coefficient
e Biosphere PAR NDVI Land Reflectance
OCTS Chlorophyll Diffuse attenuation nlw at 565 nm Aerosol optical thickness Angstrom coefficient
CZCS Chlorephyll nlw at 550 nm Aerosol optical thickness Angsirom coefficient E
Evaluation Products | Merged Chlorophyll Calcite Fluorescence Line Heizht

Jul 2002 | Aug 2002 | Sep 2002 @ Oct 2002 | Mov 2002 | Dec 2002
Jan 2003 | Feb 2003 | Mar 2003 | Apr 2003 | May 2003 | Jun 2003 | Jul 2003 | Aug 2003 | Sep 2003 | Oct 2003 | Nov 2003 | Dec 2003
Jan 2004 | Feb 2004 | Mar 2004 | Apr 2004 | May 2004 | Jun 2004 | Jul 2004 | Aug 2004 | Sep 2004  Oct 2004 | Hov 2004 | Dec 2004
Jan 2005 | Feb 2005 | Mar 2005 | Apr 2005 | May 2005 | Jun 2005 @ Jul 2005 | Aug 2005 @ Sep 2005 | Oct 2005 | Nov 2005 = Dec 2005
Jan 2006 | Feb 2006 | Mar 2006 | Apr 2006 | May 2006 | Jun 2006 @ Jul 2006 | Aug 2006 @ Sep 2006 | Oct 2006 | Nov 2006 = Dec 2006
Jan 2007 | Feb 2007 | EETSUIFSIE TR P May 2007

Previous Chlﬂl‘ﬂphyll (Aqua—MODIS) 7 wm::om Next
Yearly Seasonal Monthly Weekly DE i

06[ar2007 to 13Mar2007
Winter-2007 9km png HDF

A 20063552007079 Lim_SHWI_CHLO_O dkm png HDF

not available .

140Jar2007 to 210 ar2007

Mar-2007 9km png HDF
9km png HDF 4km png HDF

NASA-OceanColorWEB, USA http://oceancolor.gsfc.nasa.gov/
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Chl-a 2005
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MARINE SATELLITE REMOTE SENSING

Data Sources

Photosynthetically Active Radiation
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NASA-OceanColorWEB, USA  http://oceancolor.gsfc.nasa.gov/

Spatial Resolution: 9km
Temporal Resolution: daily, weekly, monthly, 1998-onwards



MARINE SATELLITE REMOTE SENSING

Data Sources

Sea Level Anomaly

CNES-CLS-Aviso, France http://www.aviso.oceanobs.com/

Spatial Resolution: ~15km
Temporal Resolution:  weekly, 1993-onwards



Q.00 9

AVISO - FR Sea Level Anomaly

fl:EIJ Aviso LAS server - Netscape

. File Edit Mew Go Bookmarks Tools Window  Help

http:filas. aviso,oceanobs, comflas/serviets/constrainar=4

Seatch datasetfratiable:

Datasets

Variables
Constraints
Output

Output Options
Frevious Output

Uefine varable

About

LAJ U Version 6.4.2

Select output: EArc\fiew gridded [small area) j
IFuII Fegion j

Don't use map applet

Select region:

IEE‘.EI )

|24.|:| v |42.|:| E

|29.EI N

Foomm In | Foora Chat |

Select time: 22-Aug-2001 | |22-Aug-2001

;\% \&_ \\ \\ == .JL ]
v -|ive Access Server
¥ Datasets » 3ZALTODUACS near-real time Maps of Sea Level Anomalies
Wariable(s): Maps of Sea Level Anomalies Merged
Select your desired view (geometry of output) and output (type of product). Hel
Then get the 4D region (lon-lat-depth-time) and aty additional constraints. =2
Select view: |y (latlon) slice =] Next >

CNES-CLS-Aviso, France

http://www.aviso.oceanobs.com/




MARINE SATELLITE REMOTE SENSING

Data Sources

Wind Speed & Direction
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WIND SPEED & DIRECTION: AUG405

RS Systems, USA http://www.ssmi.com/

Spatial Resolution: ~15km
Temporal Resolution: daily, weekly, monthly, 1999-onwards



RSDATA SYSTEMS - WIND SPEED & DIRECTION

Core FTP LE - ftp.ssmi.com:21 !El
Sikes  Manage Help

il 4|+ %zlrl BlB[E AEcE el 4 32 e 2

P =R R E il ] o] ] (@] (2] 5] =0 B (3 T 1l (] [o+] [-o] [@]
II::\ LI | 5551 | | o) | I:'q&cat;‘bmap&_\-'ma.f ;I
Al Filename | Size | Date | - Al Filenarmne | Size | Date | Fermizzions
(1 $AULTEAVG 04,2707 03:52 i O

) 4DOBELPP 02/16/04 12:56 o

=) arcexefl 12423703 12:20 ) weeks 05/02/07 20:08 dna-ri-n-
) 4RCH 027407 13:08 w199 10410406 00:00 dr-ria-na-
ATl 01 /28408 12:07 | 22 y2o0n 09/414408 00:00 drw-r-na-
(3 Baorand 04/15/05 12:26 3 200 03/14/06 00:00 T
() Conlig Msi 04721407 13:14 3 vao0z 09414406 00:00 drria-na-
) covers 04/25/07 13:29 3 y2003 03/14/06 00:00 dna-r-n-
acpf_editorZB.E 0B/23/05 11:18 -‘:_l.JEDD4 09/14/06 00:00 dr-pia-na-
[C3 Documents and Settings 12418406 16:05 3 p2005 03414706 00:00 dna-ri-n-
=3 downloads 04/27/07 12:03 3 2006 03/14/06 00:00 dna-ri-n-
CJESRI 12/23/03 12:35 ) v2o07 12/08/08 22:31 drw-ria-na-
CFer 01430404 1331

[ Fa0 0E/23/05 11:21

(3 flexim 05/02/07 16:41

L3 FPlus examples 0E/23/05 11:07

agfartran 0e/24/05 10:28

[CIHCMRA 05/02/07 16:59

RS Systems, USA http://www.ssmi.com/
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WIND SPEED & DIRECTION 2005
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Modelled Data

Data Sources

Sea Surface Salinity

IRI-LDEO-CDL, USA http://ingrid.ldeo.columbia.edu/

Spatial Resolution: ~40km
Temporal Resolution: daily, weekly, monthly, 1999-onwards



UNIV. COLUMBIA - Salinity

) Datasets By Category - Oceanographic Data - Mozilla Firefox

Fle Edt View History

Oceanographic Data m the IRI Data Library
Spatial Resolution
Dataset Name (Lon/Lat) / Number of Spatial Extent Time Period Tempaoral Resolution
Stations
Finding
35 STATIONS 14.855W,163.62E], [7017,88. 3330 N4 N4
Datasets ARCTIC STATION — S [ . ) |
— Description: Cceanic station data for the Arctic Region
By Category
By otk 05205 GLOBAL [75.255,89.25M] Jon 1938-Dec 2000 Jan |y oy
By Search TON-GIESE 50 2000-Dec 2004
Description: Smple Ocean Data Assimilation: & Reanalysts of Crean Climate. |
s A | 18751860121 GLOBAL 79,2715 90N] Tan 1982 Mar 2007 MONTHLY :
CMA BCC GODAS S— sm— :
Descrption: Global Ocean Data Assimilation Operational System
s 2 STATIONS N& VARIOUS: 1646-1995 MONTHLY
Description: [sotope d180 from coral colones i Seychelles and Tarawa,

IRI-LDEO-CDL, USA http://ingrid.ldeo.columbia.edu/




3D DATA SOURCE BASED ON RS DATA + SURVEYED DATA

¥ Mercator Ocean, Operational Ocean Forecasting - Products and Services - Mozilla Firefox

File  Edit

o~ | Drodicti I
MERCATOR

Mercator Ocean ____ Praducts | Access terms | Handbooks | Images bulletin | Interpreted bullstin |

Live Access Server = | Dpendap Server = | Maps Server «

Mercator products

Current and forecast 3D ocean products ; web images and digital products

MWercator web image bulelting are designed for a wide audience, while digital products target professional ocean users such as scientists, fishermen, military users, oil producers and
racing yachtsmen.

Images bulletin

Find out about all the web products available:

» Visualize the weekly bulletin

® Tutorial
® The illustrated Mercator system
® Avoyage of discovery

Digital products

Digital products are files for professional users and are available on a remate server. Please make an e-mail request to
products@mercator-ocean.fr or download a request farm.

* Digital products handbook
v Access Opendap Server (authorized access @ see conditions)
» Live Access Server : Draw your own map and retrieve the data (authorized access : see conditions)

MERCATOR, FR http://www.mercator-ocean.fr/



BATHYMETRY DATA SOURCE

‘;& http: /e bodc, ac, ukfdatafonline_deliveryfgebco/select!
Bl

Latitude 71°29'24"S Longitude 64°30'0"E

© 2007 NERC

i PREONGED e

Morthernmost

latitude (7) EO ID— IN_L,

Westernmost & ' Easternmost 5 '
'5 CRRERN e ¢ [CHRRCEEERS

Southernmost
latitude (7)

S G S|

GEBCO One Minute Grid, British Oceanographic Data Centre http://Iwww.bodc.ac.uk/



BATHYMETRY - EUROPEAN SEAS




FINAL IMAGE PRODUCTS (L3)

v' L1 (raw data), L2 (corrected), L3 (image data)
v' L3 ready-to-use

v Provided in different distribution formats

v Provided with image values 0-255

v ...with image-to-real values tables or equations
v’ Classification



Classification Techniques

v Unsupervised v' Supervised

Clustering does not Spectral signatures are
require the user to developed from
specify any specified locations in

information about

he i . h
the features the image. Suc

contained in the locations are 'training
images but just the sites' and are defined

cluster number by the user.

Combined Classification



Combined Classification of SSTL Chl-al SAL l

WINTER . SPRING




RS L3 IMAGE DATA PROCESSING IN GIS

image processing basic routine

imagegrid may07.tif may07a
may07b = select(may07a, 'value > 0 & value < 255')

gridwarp may07b linkdd.txt may07

joinitem may07.vat sst.lut may07.vat value

image-to-real_value conversion

georeference
4095.500 -0.500 42.855 28.052
2047.750 -0.500 16.500 28.052
-0.500 -0.500 -9.846 28.052
3455.500 4.928 34.574 28.104
3485.798 131.470 34.941 29.503
3163.239 129.842 30.815 29.504
3295.095 168.897 32.571 29.977
2256.027 199.196 19.125 30.277
22.832 200.087 -9.641 30.297
1,0.13
2,0.25
3,0.38
4,0.50
5,0.63
6,0.75
7,0.88
8,1.00
249,31.13
250,31.25
251,31.38
252,31.50
253,31.63
254.31.75




DATA HOLDINGS BY HCMR

v’ Sea Surface Temperature

v" All SeaWiFS Products (Chl-a, PAR, etc)
v’ Sea Surface Salinity

v’ Sea Level Anomaly

v"Wind Speed & Direction

v’ Bathymetry

v’ Coastlines

Resolutions: European Seas, weekly, monthly



Marine GIS Intro and some examples



GIS

Gl SCIENCE & Gl SYSTEMS

Geographic Information Science (Gl Science), the scientific content
to Geographic Information Systems (Gl Systems), the technical content

of Gl Science, are both emerging and coherent science and technology
fields with two important research streams:

»>research in basic Gl Science (e.g. software integration, data scale and
resolution, process models)

»research using Gl Systems (e.g. data modeling and integration,
decision support)



GEOGRAPHICAL INFORMATION SYSTEMS

Examples of the variety of data
types handled by Marine GIS.

Points, lines and polygons are

vector data type while satellite

imagery and model output are
raster data type.

i tempmmm Under GIS relational databases,
chlorophyll different data formats are
uniformly stored and referenced
through a common geo-reference

system. Then, spatial integration
and GIS analysis of different data

types is applied.




GIS RELATIONAL DATABASE
(attribute data)

Hypothetical Relational Database Model

PublD Publisher PubAddress

03-4472822 | Random House 123 4th Street, New York

04-7733903 | Wiley and Sons 45 Lincoln Bivd, Chicago

03-4859223 | O'Reilly Press 77 Boston Ave, Cambridge

03-3920886 | City Lights Books | 99 Market, San Francisco

AuthorlD AuthorName  AuthorBDay
345-28-2938 | Haile Selassie 14-Aug-92
302-48-09965 | Joe Blow 14-Mar-15
454-22-4012 | Sally Hemmings 12-Sept-70
E63-58-1254 | Hannah Arendt 12-Mar-08
ISEN AuthorlD PubID Date Title

1-34532-4821 345-28-2938 03-4472822 1930 Cald Fusion for Dummies

1-38482-595-1 392-48-0965 04-7733903 1985 Macrame and Straw Tying

2-35921-499-4 454-22.4012 03-4859223 1952 Fluid Dynamics of Aguaducts

1-38278-293-4 BE3-59-1254 03-3920886 1967 Beads, Baskets & Revolution




Examples of a vector GIS database including fisheries attribute data
represented spatially by points, lines and polygons.

LINE DATA (e.g. Fish Longlines)
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POLYGON DATA (e.g. Fish Production)
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Overlay of vector and raster GIS datasets including anchovy attribute
data (vector-points) and sea surface temperature (raster-colors).

Anchovy distribution
June 2005, North,Aegean Sea
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DATA FROM HYDROACOUSTICS GI STANDARDS
ON-SITE TECHNOLOGY (DATA FORMATS,
MONITORING SYSTEMS (MULTIBEAM SONAR) METADATA)
REMOTELY INTERFACE DATABASE
SENSED DESIGN MANAGEMENT
DATA SYSTEMS INTEROPERABILITY
\4

MARINE GIS TECHNOLOGY BACKBONE
(DATA STORAGE AND INTEGRATION)

COMPUTER INTERNET SCIENTIFIC
TECHNOLOGY TECHNOLOGY VISUALISATION
(PARALLEL SYSTEMS
PROCESSING)
ENVIRONMENTAL IMAGE GEOSTATISTICAL CELLULAR
MODELLING PROCESSING PROCESSING AUTOMATA

GIS
are
linked to
many
other

disciplines



The Essential Goal of Marine GIS

Increase in complexity of GIS database, GIS integration routines, and GIS user-interface

>

Cartography Tools

Marine Data Distribution Tools

Tools for Monitoring Marine Resources

Tools for Decision-support in Marine Resource Management




MARTNE DATA SOTRCES

* INTERNET DATA SERVERS
* NATIONAL DATA HOLDERS

~ A

MARINE GIS
DATABASE

GEO-DIS TRIBUTION OF GIS
DATASETS AND MONITORING
OF MARINE ENVIRONMENT
AND RESOURCES

IS MAFFING OF
OCEANDGRAFHIC
FROCESSES AND SFECIES
FOPULATION DYNAMICS

LINK TO
STATISTICAL AND
VISUALTEATION CARTOGRAPHY
SOFTWARE AND
MONITORING
GIS ANALYSIS
USER
INTERFACE

‘ GIS-READY DATA ‘

!

DECISION
SUPFORT

CONNE CTION
> TO INTERNET

GENERATION OF
INFORMATION-EASED
MANAGEMENT

+ State Authorities
e NGO’s

GIS OUTPUT DISSEMINATION

« Scientific Community

Conceptual
Model of

Marine GIS
Development
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Manley, T.O. and Tallet, J.A. (1990). Volumetric visualization: An
effective use of GIS technology in the field of oceanography.
Oceanography 3, 23-29.

Meaden, G. (1994). The One That Got Away? GIS in Marine
Fisheries. Mapping Awareness 8(7), 20-23.
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Arc Marine
Reference Book
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Arc Marine

GI5 for a Blue Planet

Oraft cover of A Manre book
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Reference Book in Press (due out June 1, 2007)

Wright, D.J., BElongewicz, M.J., Halpin, P.N. and Breman, J., in press, 2007. Arc Marine: GIS for & Blue Planet, Redlands,
CA: ESRI Press, ~275 pp. ISBN 978-1-53948-017-9

At a time when the health of our oceans is seen as crucial to our very existence, marine researchers have developed a data
rmodel that supports seafloor mapping, fisheries management, marine mammal tracking, monitaring of shareline change, and
water ternperture analysis. Our ability to measure change in oceans and along coasts has increased as marine GIS has grown
rmore complex. A Manne: GIS for a Biug Flanet presents the initial results of & successiul effort to create and define a data
rmodel for the marine community—that group of academic, government, military, and private oceanographers, resource manzagers,
consenationists, geogrmphers, nautical archaeologists and others who support better management of complex spatial analysis in
marine applications. The data model not only provides structure to storing and analyzing marine data but helps users create maps
and 3-dimensional scenes of the marine environment in ways invaluable to decision making. The standards and best practices
that emerged from the case studies in Are Manne: GIE for a Blug Flanat help form a diverse set of resources to dre=w from as the
marine community strives to understand, illuminate, chart, and explore the unknown depths. As a teaching tool, Are Mamne: GIS
for & Bliug Flanet serves as & perfect starting point for the imermediate student or as a resource for the expert in marine Glis and
its implementation.



Marine Geographic Information Systems
Theory and Applications

By
Valavanis V.D., Wright D., Georgakarakos S., Kitsiou D.

To be published by
Springer-Verlag

A University Textbook targeting close-to-BSc and MSc-PhD fellows
including theoretical background on GIScience

and applied GISystems exercises in accompanied CDROM & website

A joined effort of:

—Hellenic Center for Marine Research, Greece: -Marine GIS Lab (furniture just received!)
—Qregon State University, USA: -Davey Jones' Locker Lab
—University of Aegean, Greece: -Fisheries Resources
Management Lab

-GIS and Remote Sensing
Lab



GIS Mapping of Ocean Processes

1. Marine Productivity Hotspots

Measurements: location, area, DSST, DChl-a

2. Mesoscale Thermal Fronts

Measurements: location, length, DSST, DChl-
a

3. Ocean Gyres

Measurements: location, area, DSST, DChl-a



Marine Productivity Hotspots (MPH)

MPH: lowSST/highChl-a anomalies

How are they computed:

1. Initial data: Monthly AVHRR SST and SeaWiFS Chl-a
imagery
2. Production of climatology for SST and Chl-a
3. Production of monthly anomaly in SST and Chl-a

MPH: Selection in anomaly maps of simultaneous
below-average SST and above-average Chi-a patterns



Marine Productivity Hotspots (grid)




Marine Productivity Hotspots (polygons)
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Marine Productivity Hotspots with Fisheries Production
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Marine Productivity Hotspots




Mesoscale Thermal Fronts (MTF)

The 8 valid values

in a flow direction grid

32

64

128

16

PROFILE VIEW OF A SINK

Vectorized representation of sink cells (numbers are $ST in °C)

Spatially connected sinks
with simultaneous

DSST<0and DCHL >0
patterns

are mapped as mesoscale
thermal fronts



Mesoscale Thermal Fronts (coastal, shelf-break, open-water)

Hellenic Seas Fronts {(North Aegean) / July 1908




Ocean Gyres
(cyclonic/anticyclonic eddies)

Major Gyre/Eddy formations in SE Mediterranean:

1. Pelops Anticyclone
2. West Cretan Cyclone
3. lerapetra Anticyclone

4. Rhodes Cyclone

METHOD:
ON-SCREEN DIGITIZING FROM SST IMAGES
WHERE GYRE THERMAL SIGNALS ARE STRONG



Mapping Area for Ocean Gyres

PELOPS ANTICYCLONE: warm water trap - low productivity
WEST CRETAN CYCLONE: cold water pump - high productivity
IERAPETRA ANTICYCLONE: warm water trap - low productivity
RHODES CYCLONE: cold water pump - high productivity




Ocean Gyres
(cyclonic/anticyclonic eddies)

Small-scale
Gyre/Eddy
Formations

in the Aegean
Sea

METHOD:

HERE GYRE
THERMAL SIGNALS
ARE WEEK BUT
DEPICTED WELL IN
ALTIMETRY DATA.

METHOD IS BASED
~ ON CONTOURING
OF SLA IMAGES.




GIS Mapping in Fisheries

Fish Distributions

Species Life history data

Essential Fish Habitats



Animation of cephalopod production data

Cephalopod Production Areas 01-1997



Mapping of Major Catch Areas based on abiotic life history parameters

Hllex coindetti monitored catch distribution 97-98 Major occurrence areas
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Mapping of Essential Fish Habitats (EFH)
based on environmental parameters

IMITIAL DATA:
murveyed acoustic presencefabsence data(Tuly 2004y EFH Mlap based on habitat ensrironmental descriptors



Mapping of Essential Fish Habitats (EFH)
based on environmental parameters




<N X

AN

Environmental Approach to EFH Designation

Method overview: Surveyed data->satellite data->GAMs—->env. ranges>GIS

EFH mapping:
Presence/Absence surveyed data
Extraction of environmental parameters from satellite data
Development of GAMs

GAMs extraction of minimum and maximum environmental
ranges

Application of ranges to satellite images through GIS

GIS selection of areas that are simultaneously characterized by
all input environmental ranges



Relation of mesoscale fronts to the distribution of fish populations

North Aegean Sea (Eastern Mediterranean)
European Anchovy acoustic data
in relation to mesoscale thermal fronts
(June 2004)

Thracian Sea

Thei‘maikus Gulf
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Relation of small-scale gyres to the distribution of fish populations




HCMR HOLDINGS OF GIS PRODUCTS

v Mesoscale Thermal Fronts
v' Marine Productivity Hotspots
v Ocean Gyres/Eddies

v' Essential Fish Habitats



Loligo vulgaris unhatched eggs attached on arrowhead (Sagittaria spp.)
Heraklion, Mononaftis Bay, Crete Island, Greece (February 2000)

ECOSUMMER-Crete is overl  Many thanks for makin




