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NMFS-Satellite group

e Satellite POCs for each science center (appointed
by lab director)

AFSC Jeff Napp (Seattle)

NEFSC Jay O’Reilly (Narragansett)
NWFSC Bill Peterson (Newport)
PIFSC Jeff Polovina (Honolulu)
SEFSC Tom Leming (Mississippi)
SWFSC Cara Wilson (Pacific Grove)

At labs outside of the regional HQ




. NMFS heeds to better artlculate I s needs"an
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Different Types of
Remotely Sensed Data (RSD)

A Satellite measurements
- SST, SSH, ocean color, wind etfc.

A Satellite-derived location information
- tracking of fish, animals, fishing ships

+ Aerial Surveys
- Benthic habitat mapping




Global Earth Observing System

Operational Satellite Component ﬁ%@g
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19 Jan 1996 00:04-30.00

Courtesy of John Pereira, NOAA/NESDIS




Animation of the first six years worth of biosphere data
taken by the SeaWiFS satellite, Aug 1997 - July 2003.

Animation by NASA Goddard’s Scientific Visualization Studio




5 SSH and SST

Animation of SST anomalies superimposed on SSH
anomalies from Jan 1997 through Feb 1998 showing
the impact of the 97/98 El Nino

Animation by NASA Goddard’s Scientific Visualization Studio




Sea lce

Animation of daily AMSR-E sea ice concentrations from
the Aqua satellite for the northern hemisphere during
late 2002 and early 2003.

Animation by NASA Goddard’s Scientific Visualization Studio
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@ Where are we going?
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e Over the next few years the majority of research
satellites currently operated by NASA will be
transitioned over into NOAA'’s operation:

Ocean Color
SSH
Sea Surface Winds

e Future ocean color satellites:

VIIRS on the NPP satellite in 2007
HES-CW on NOAA’s GOES-R satellite in 2012

* NMFS requirements for satellite data need to be
articulated in these processes!



Research — Operations
Transition (R20) TN

Excerpt from -- Senate Report 108-344 — Departments of
Commerce, Justice, and State, the Judiciary, and Related Agencies
Appropriation Bill, 2005:

Satellite Oceanography/Transitioning Research to Operations

The United States Commission on Ocean Policy, National Academy of
Sciences, and others have pointed to the United States’ poor record on
transitioning remote sensing research and development into operational
Earth-Observing satellites. NASA is charged with Research and
Development while NOAA is charged with flying operational satellites to
acquire data on the Earth, the earth’s atmosphere, and oceans. Little of
the sensor technology developed by NASA has been picked up by
NOAA, and NOAA'’s budget requests to Congress have been
conspicuously absent requests to even acquire and process data from
NASA satellites, such as ocean winds from scatterometers, exact sea
level and wave height from altimeters, as well as other oceanic
measurements such as coastal ocean color. As noted by the U.S.
Commission on Ocean Policy, it is NOAA’s mission to fly
operational satellites, including ocean remote sensing technology,
and to provide data continuity.
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Near-Term

» Congress granted $4M in FY05 to NOAA to prepare
an implementation plan for the Research to
Operations Program (R20 Tiger Team)

» Transition “Research to Operations” into a NOAA Goal
and engage in FY 2008 budget process

Longer-Term

» ~3-5 year: Establish plan to transition key
space/data/modeling units from NASA to NOAA

» ~Decade: Engage in the NASA Strategic Roadmap
process to identify and sustain key observations
required for research and operational use
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@ R20 Tiger Team -

Membership:

Stan Wilson and John Pereira, leads, NESDIS

Cara Wilson, Jeff Polovina and Kenric Osgood, NMFS
Rick Stumpf, NOS

Marie Colton and Eric Bayler, NESDIS/ORA

Dave Behringer, Fred Toepfer, Kevin Schrab and David Green, NWS"
Mike Johnson, Tony Rosati and Ants Leetmaa, OAR

Objective:
Prepare an implementation plan that will utilize NASA research data
to improve NOAA operational products and services, with clear
deliverables within FY05

Accomplishment:
|ldentified 18 specific tasks to be accomplished, and established a
timeline for their completion



} R20
” Ocean Color Tasks @a«

5
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oD R
. Continue SeaWiFS for MODIS evaluation and VIIRS overlap ﬁ“’r%:”
NOAA contributed funds for the renewed contract with

Orblmage to continue free research access to SeaWiFS data

. Fix MODIS deficiencies in coastal waters
MODIS data could be crucial for providing a continuous ocean
color timeseries between SeaWiFS and VIIRS

. Develop a more robust in-situ oceanic calibration capability
The MOBY calibration platform needs to be established as an
operational component for satellite ocean color

. Make a more effective case for climate-quality ocean color
Workshop sponsored by CIOSS (OSU) Aug 11-12, 2005

. Facilitate access to multiple satellite data sets to meet
fisheries & IOOS needs

Expand PFEL’s OceanWatch LAS to provide timeseries of
satellite derived primary productivity and to improve access to
other satellite datasets

-’"\\



OceanWatch LAS at ERD

http://oceanwatch.pfeg.noaa.gov

Live 0 h OPeNDAP (FDS) | THREDDS | Index
Presented by: Search
Access ce an atc ety I ET0

Pacific Figheries Environmental Labaralory

Server: North Pacific Demonstration Project

single I Datasets > Delaved. Science-Ouality Satellite Data > Ocean Surface Chlorophvll a > MODIS on Aqua Global Area
d_aia Coverage, 0.05 degree resolution
set Variable(s): Chlorophyll a pigment concentration: 8-day
Remﬂet:umam Select vour desited view (geometry of output) and output (type of product). Help
Then set the 4-D region (lon-lat-depth-time ) and any additional constraints. el
Datasets
. Select view: Longitude-Latitude map (xy) | % Next =
Variables )
. Select output: ArcView gridded i)
Constraints
Select region: Full Region )
DUIDUI LUse the interactive map Help
Previous Output
e . 75N
X 180w 180 E
Define variable —_—
755
About
LAS Ul Version 6.5

Select composite start time: [ 01 [4) [ Jan 1) (2003 [§) 01-Jan-2003

Select options:

(7] Evaluate expression




i  Visible Infrared Imaging s

| IF//W/ Radiometer Suite (VIIRS) :%
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e SeaWiFS and MODIS heritage technology

e First flight on NPOESS Preparatory Project (NPP)
in 2007

e NOAA NPOESS satellites starting in 2009
e 7/ ocean color channels and 2 SST channels
o Approximately 1 km global spatial resolution

e Maximum revisit frequency of twice a day at 10:30
and 15:30



> ';//f;f//// HES-CW on GOES-R T

e Hyperspectral Environmental Suite with Coastal Water
Imaging capability (HES-CW)

o Will be first ocean color sensor from geostationary orbi

« Sample all U.S. coastal waters (except Alaska) once
every three hours (goal is hourly)

e 300 m spatial resolution at nadir; ~400-450 m in U.S.
coastal waters

* 14 channels (visible & near IR), it could be hyperspectra

e Advanced Baseline Imager (ABI) could be used to
selectively sample during cloud free periods

* A contractor will be selected to build HES in 2006
« GOES-R launch is planned for 2012



Spatial Resolution Comparison

e

oD

£ 300 m s

The effect of spatia
degradation from

30 mto 150 m and
300 m is illustrated

Oy

*Detailed coastal
features are
compromised at
20 coarser resolutions
*Overall
characteristics
retained even at
300 m resolution
Hyperion Data
RGB Composite

B 0.65 um

[] 0.55 um

Il 0.45 ym

(Courtesy Ed. Howard, NOAA)
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Courtesy of the GOES-R COAST tea-m




Temporal Resolution Comparison

Increased temporal resolution will greatly increase data i%.g%\

coverage in persistently cloudy areas

Oy
-

3 day composite of 3 day composite of
GOES SST AVHRR SST

Image courtesy of NOAA CoastWatch, West Coast node at ERD



Fluorescence

MODIS Terra scene )
from 3 Oct. 2001. .

The ratio of
fluorescence line
height to chlorophyill
changes as a function;
of the physiological
state of the
phytoplankton. This
can be exploited to
assess the health and
productivity of the
phytoplankton
populations.

Fluorescence line
height not available
from VIIRS.

Chl Fluorescence Line Height
(W m2 umtsrt)

Image courtesy of the GOES-R COAST team
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@ The Bottom Line...<g=> 75
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« NOAA will be taking over the operational N

acquisition of major satellite measurements
such as SSH, ocean color and surface winds.

e |n support of this, NOAA needs to
demonstrate the operational use of these
data within the agency.

e NMFS and NOS are the two NOAA LOs
Involved with the operational use of oceanic

satellite data (ie non weather). For the open
ocean, NMFS is the only LO.
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@ Operational?... G o5
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e “Operational” in the context of fisheries has a
different temporal scale than for other uses
such as the weather service, HAB monitoring
etc.

 Linkages between satellite data and
ecosystems are indirect, involving
subsurface ocean dynamics and long-term
climate variability. Understanding and
monitoring these interactions requires
continuous timeseries of high quality data.
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@Oceamc Food Web "

4 _\_ Fishing
4 00%4—‘ Tuna, Marine

< billfish Tamma's
) A Large
A
O t1 T
z 3 Small Small
- Mesopelagics squids
— pelagics ’I £ ‘g I Aq
o f
- — A Benthic
.g- | fish
(o) [ Large I A
S lankton | Benthic
= 2- kil Small :
invertebrates
2 L zooplankton A
Detritus
1- Phytoplankton

Modified from Pauly & Christensen [1993]



Linkages

Alaska region
June 2002 |,q,
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Ware & Thomson [Science, 2003]




Linkages

r2=0.87, ® Upwelling
207 p<0.0001; O Downwelling ®
1 n =11

Mean resident fish yield
(metric tons -km-2)
o

O
o

o
N

Mean chl-a concentration (mg-m3)
Ware & Thomson [Science, 2003]




4+ Ocean ‘fronts’, boundaries, ‘edges’

+ River plumes

4+ Coastal regions

+ Mesoscale circulation patterns, e.q., eddies, meanders,
loops’ |

4+ Convergence zones

+ Subsurface thermal structure, e.qg. MLD, thermocline

4~ Ocean surface winds

4~ QOcean currents

+ Wave heights



~ Upwelling
+ Harmful Algae Blooms (HABS)
A Oil Spills

+ Seasonal Transitions

A El Nifio events

+ Regime Shifts (i.e. PDO)

4+ Global Climate Change



60°N

Monthly Chlorophyll, deseasoned Mode 1, 13.0%
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Wilson & Adamec [JGR, 2001]




Regimes shifts

PDO

P D 0 15 WARM CcooL WARM COoOL
10 -
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Zooplankton 3 H‘ ‘
el BT .
[e2lohz el L HHRFRERYE
Coho Survival %JL.”. |
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Peterson & Schwing [GRL, 2003] £ ax J""—l—l—'nl‘

(NOAA/NMFS - NWFSC & SWFSC) £ om] | ‘




Fisheries Relevant Applications
of ‘Satellite’ Data (RSD) @

+ Benthic Habitat Mapping

+ Land Cover Changes

A Oil Spill Detection and Monitoring
+ Distribution of Tagged Living Marine Resources (LMR)*
+ Enforcement '
A Harmful Algal Bloom (HAB) detection

A~ Coral Bleaching

A Optimize planning of fisheries research cruises
A Policy & Regulation

A LMR Strandings and Mortalities

A Pelagic Habitat Assessment

A Population Analysis of LMRs




Multispectral H
Imaging Satellite

rspactral
) Imaging Aircraft
&

Image courtesy of Science Applications International Corporation
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Spatial Coverage Comparisons
Couesyﬁof _, Pereira, NOAA/EIS
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Landsat image of the
coral reefs off the Florida

Satellite image of
nearshore coral reefs
In the Philippines.

Images courtesy of NASA



Changes in land cover can significantly impact habitat, particularly for
coastal fisheries. Satellite data is one of the most effective methods of
monitoring land cover changes. These analyses need high resolution
(<30 m) satellite data, most of which is commercial rather than
government.



Qil Spill
Detection and Monitoring

An oily sheen covers the surface of an
intertidal habitat with aquatic plants
following the Exxon Valdez oil spill. =

€ Dead oiled sea otter.

Photos courtesy of the Exxon Valdez Qil Spill Trustee Council



Oil Spill !
Detection and Monitoring @

SAR (Synthetic Aperture Radar) image of an oil spill (black region)
off of Wales in 1996.
Photo courtesy of Canada Natural Resources



Telemetry of Tagged

Living Marine Resources @
TN

e e

Winter migration routes of 13 female northern fur seals

180°W 155°W 130°W 105°W 80°W
= - 'avr. B %Y nE -

, ~ : W
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r‘ _ .

St. Paul J '
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180°W
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North Pacific Ocean

30°N
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0 500 1,000 2,000 Kilometers
e I N AN AN N NN N SN |
Py
155°W 130°W

From Ream et al. DSR II, 2005 NOAA/NMFS/AFSC



Enforcement

Satellite-based
Vessel Monitoring System (VMS)

e Established in 1994

e |In 2003 there were 1528 VMS
systems in place

* Not every fishery uses VMS, but
the list is growing

 SE: HMS Pelagic Longline
Fishery and the S. Atlantic Rock
Shrimp Fishery

» Alaska: Pollock, Pacific cod, and
Atka mackerel (to protect Steller
Sea Lion Habitat)

 NW: groundfish fishery



Harmful Algal Bloom s
(HAB) detection 2

MNOAA Ytionz] Ocazin Sarvics s

Operational Monitoring
and Forecasting of HABs
in the Gulf of Mexico

-
(=]
|

Wind conditions from Venice Pier
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Harmful Algal Bloom
(HAB) detection \
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e Pagel

Gulf of Mexico Harmful Algal

Bloom Bulletin -

21 September 2004 -

.'yl.n National Ocaan Servica/NCCOS and CSC
BT MESDIS/CoastWatch and NDEC

Last bulletin: September 17, 2004
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Analysis
HAB Forecast:

g /,//ff//f/rrr/////’
L7 A
o

Mo harmful algal blooms have been found along Florida's coast. Recent
tropical storms have caused sediment resuspension and non-harmful
blooms, which may cause discolored water.

Analysis:

Samples taken last week from southwest Florida near Sarasota, Fort
Meyers, and Naples showed no Karenia brevis. Imagery shows ele-

vated chlorophyll along much of Florida's west coast: concentrations 2 ) ff.:?:,ﬁxm'f" e oy 1 .l s ey e s () i X J
over 4 micrograms per liter off Cape San Blas and Cedar Key: over 5 k o ' Bl s s ol
micrograms per liter near Clearwater, Sarasota, Naples; and over 7 3 i = . . )

micrograms per liter Everglade s City.

i oo rom e ot o Setcnlet 2 2004 2Zvith <l s
wn red )

Winds have favored upwelling in southwest Florida for several days Ch]oroph}]] concentration from satellite with possible HAB areas shown by red poly gonis). Cell concentra-

and are forecasted to continue for the rest of the week and through the tion sampling data from September 12, 2004 shown as red squares (high). red triangles (medium), red dia-
weekend. These conditions are conducive to HAB formation, so this monds (low b, red circles {low a), orange circles ivery low b). yellow circles (very low a), green circles
area should be monitored. Sampling here is recommended. Conditions (present), and black "X" (not present).

in the panhandle don't favor HAB formation.
Wind conditions from Egmont Key, FL

—
v 10 q
Bronder, Stolz =
=
B3
o 0
o
w
'o
S .0
Pleasa note the following restrictions on all SeaWiFS imagery derived 2 Aug 07 Aug 12 Aug 7 Aug 22 Aug 27 Sen o SED 06 Sen 11 Sev 18 Sen 22 Sen 27

from CoastWatch.

1. These data are restricted to civil marine applications only: i.e. federal.
state, and local gove mment use/distribution is permitted .

. Distribution for military, or commercial purposes is NOT permitted.
There are restrictions on InternetWeh/public posting of these data.

‘Wind speed and direction are averagad over 12 hours from measurements made on buoys,
Length of line indicates speed: angle indicates dirzction. Red indicates that the wind direc-
tion favors upwelling near the coast. Values to the left of the dotted vertical line are mea-
sured values; values to the right are forecasts.

W

=

- Image Pm‘j“;‘s m?' be p C;rbl in i Arg gh:rs({'\amhp Southwest Florida: Winds have been northeasterly lor the past few days, and are forecasted to shift to east-
ama . alv ; i N - .
:J;ﬂs nis must receive mage approvalvia o - erly then northeasterly over the next couple of days. The NWS Marine Forecast calls for easterly winds
until Thursday, then northeasterly winds over the weekend. Florida Panhandle: Winds have been northeast-

Co urtesy Of Rick Stuﬁ'}im 1]uf:|sl WOHS forecasted to become easterly for the next couple of days.




Harmful Algal Bloom
(HAB) detection

HAB initiation and intensification with upwelling
HAB-flags (Red is HAB, green is weaker HAB)

Courtesy of Rick Stumpf NOAA NOS

Offshore w1nds 1ntens1fy blooms momtored from satelhte
Aug 03 Aug 08 Aug 13 Aug 18 Aug 23 Aug 28 Sep 02 Sep 07 Sep ‘12 Sep 17

Wind Speed



Coral Bleaching

NOAA's Coral Reef Watch Satellite Bleaching Alert
became operational July 2005

HotSpots [ L7
| - Il Y |

&Sy N
5/21-7/19 ; RS =P
; F— = = R _-*'E'- + S ot
2005 L 5 % | L g

http.//coralreefwatch.noaa.gov




Optimize planning of _
fisheries research cruises @

Ghostnet Program

Detection and tracking of marine debris in
the North Pacific ocean using satellite and
airborne remote sensing technologies

e Airborne Technologies Inc.

e NOAA Research/ETL

 NOAA Satellites and Information/ORA

e NOAA Fisheries/SWFSC/ERD (Dave Foley)




Ghostnet Program - -
Rationale N

Minimize navigation hazards
Reduce wasteful "Ghost fishing”

= : oo < °
3 ; 9

Endangered Hawaiian Monk seal trapped in marine debris

Protect endangered species

Maintain healthy coral
reef ecosystems

Derelict fishing net anchored on coral



Satellite data to identify convergence zones
 Infer with Ocean Color, SST, vector winds
e Observe with specially tasked SAR

Aircraft to confirm presence of debris
e Designating “hot spots”
e Deploy drifting buoys to track debris fields*

Interdiction with ships already on station*
e Possible use of helicopter to optimize collection

* Planned for FY06



Ghostnet
Preliminary Results

1000 Ghostnet Surveys March/April 2005
North Pacific Subtropical Convergence Zone

Image courtesy of Dave Foley (NOAA/NMFS/ERD)

Debris sightings (# per hour)
=

MODIS Chl a (mg m-3)
[ A 155°W = 229N

001 0075 010 0125 015 025 1.0

MODIS data courtesy of NASA|GSFC and NOAAIPFEL




Ghostnet -
Preliminary Results %%

Debris Density based on Observer Sightings per unit effort,
and satellite-derived meaures of SST, Chl a, and Chl a Gradient

Image courtesy of
Dave Foley
(NOAA/NMFS/ERD)

Optimum interdict
zone
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Be 35°N

Preliminary Analysis
Debris Liklihood (# per km?2)
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requirements in order to
mitigate catch of endangered
sea turtles
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"d SST from NOAA Coastwatch, NE node



Sea turtles rare
¢+ "in'water <11°C




El Nino Watch

Maintained by NOAA's west coast
CoastWatch node

Special SST data product prepared for
NMFS SWR fishery managers, mandated
for use in managing California fishery for
large pelagic fishes

First use of satellite data in management of
West Coast Fisheries

Generated monthly

Complementary images of Chlorophyll and
Wind Stress Curl now provided




El Nino Watch
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e EEmE—
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Sea surface temperature (°C)
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Sea surface temperature anomaly (°C)
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LMR strandings and mortalities
Images cousy of Bob Brownell, NOAA/NMFS/SWFSC




Pelagic Habitat
Assessment

e Typically a suite of satellite data, i.e. SSH,
SST, ocean color, and wind data, is used
synergistically to characterize LMR habitat.

 Marine ecosystems encompass vast areas
of the ocean, both coastal and pelagic. The
high temporal and spatial resolution of
satellite data, as well as its continuity,
makes satellite data a crucial component of
monitoring and characterizing marine
ecosystems.




Large Marine Ecosystems

- o . — x
SeaWiF3: Asnual Primary Production 1;5 Cm)
2 MO

B0 13 1 I3 I M

215 450

Average satellite-derived Primary Productivity and the
outlines of the 64 defined Large Marine Ecosystems

(LMEs)
www.wdc.uri.edu/Ime
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Defining Salmon
Ocean Habitat %

Temperature and depth tag
(not a ciga;g,;t—te!)

Fd
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SN NOAANMFS/SWFSC ERD
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Lobster Larvae Study

September lobster # vs prior SST)

Detrended Lobster Time Series
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Temporal Lag = 2 months

WSl THE UNIVERSITY OF

Data from A. Thomas, a NOAA/NESDIS funded project . M AINE




Characterizing
Turtle Habitat

SSH

Loggerhead turtle tracks along
the TZCF (Transitional Zone
Chlorophyll Front) in the North
Pacific during Feb. 2001

Chlorophyll

Polovina et al., Fish. Ocean., 2004
NOAA/NMFS/PIFSC
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Sperm Whale
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Sperm Whale
distribution
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__ Whale
= feeding
areas

Pershing and Monger, Cornell University
www.geo.cornell.edu/whales
Funded by NOAA'’s Right Whale Grants Program




%< . Population Analysis
= of LMRs

e |s satellite data currently being used
in stock assessments or recovery
plans of LMRs?

* Is VMS data being used to assess
stock distributions?




Population Analysis
of LMRs

Aerial photo of
Steller sea lions
hauled out at
Billingshead,
March 1999

http.//www.tamug.tamu.edu/labb/

The only satellite data with enough resolution to do
population analysis is classified military data.
Getting access to this data is difficult to impossible.




Whales from Space?

whale is 3-pixel gray smudge....

IKONOS satellite Aerial photo of Shamu’s

image of Shamu's tank at Sea World
tank at Sea World

From http.//www.abileah.com/DigitalOcean/DigitalOcean.html|




e The IOOS development plan identifies a number of
core ocean variables, many of which are directly
derivable from current remote sensing missions:

Temperature
Ocean color
Sea level
Surface waves
Surface currents
Ice distribution

e NOAA’s CoastWatch has been identified in the
|OOS development plan as an operational part of
the national backbone



New CoastWatch Browser at
West Coast Node 2

CoastWatch West Coast Regional

I‘_,-: ‘& C!J:‘JS_’!J'/&H::!"! Home | Data Browser | Browser | Data | Information | Software | El Nifio | Sites | Fe
CoastWatch Browser - Create custom maps and download near-real-time satellite data. [Help] L DeS|g ned tO aCCO| I " I IOd ate

Edit: O The Map @ Main Data © Bathymetry O Contour Data O Vector Data

SIS Rl = IR Sl s Rt el - i ST L 6 S eme rg i ng West Coast
O Aqua Chl-a ©SeaWiFS Chl-a © Zonal Wind* O Merid Wind* O Div Wind* .
1) Select a data set: ® Mod Wind* O Zonal Wind Stress* O Merid Wind Stress* O Mod Wind Stress* : - -
O Stress Curl* O Ekman Upwelling* © Zonal Ekman* O Merid Ekman* reg |0n al aSSOCIatlon Of I OOS
O Mod Ekman* I

2) Select a time period: O 1 day @3 day O 8 day .Beta VerSion Online Since

3) Select an ending date: [ 2005-07-13 [#) (1<) (=)

4) Select a palette: Rainbow %) Scale: | Linear [#) Min: 2.0 () (+) Max: 120 (-)(+) Ap rl I 1 2005
bl
I

5) Download the data: ~ (Casc) (grd) ("hdf) ("mat) (xyz) OPeNDAP [Help . . .
e Phase IlIl modifications in
[ ol CoastWatch g prog reSS

[=]
L

Wind Modulus

«Phase IlI will provide full

ain Data Courtesy
-9 NASA L
iCal Inst. of Technology)

S = compliance with NOAA data

45°

40°

10m/s
QuikSCAT Seawinds
Com posite

| = management requirements
L «Many datasets served by
I; OpenDAP

Wind Modulus
mis

N&5A JPL
(Cal Inst. of Technology)

35°

L 3|0"

L25°







' ‘J%/ Feedback.... s
. \ ?E\a%\

e Are their applications that | missed, or that
| should know more about?

 What future satellite data or products
would you like to see developed?

e What could be done to make satellite data
more accessible and/or useful?

 What benefits do you anticipate from the
increased spatial and temporal resolution
of future satellite sensors?

Please feel free to contact me at cara.wilson@noaa.gov
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