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MODIS Ocean Products
Developlng Future Ocean Capability:

High resolution 250 m for Coastal Products
Detecting coastal jets, coastal plumes, estuaries and harbors

Satellite products and Model fusion in the Gulf of Mexico
Pathway toward data assimilation

West Coast Bio-Optical Physical Coupling
Underneath the satellite product — 3d view.

Predicting and Forecasting the Ocean Process
Particle tracking




Diffuse Attenuation
Coefficient

Recent Advances in Remote Sensing
Inherent Optical Properties (I0OP)

Monterey Bay — Ocean Color

Backscattering (Spectral)
— particles distribution

Coloref Dissolved Deita
Organic Matter

» Uncoupling the Surface Color Signature

* Understanding Coastal Processes require
IOP’s -

* Differences represent in-water processes

» Limitation is “Color” Represents the

“near —surface” (first Attenuation

Coefficients)

= Rich data sources - available 2+ times day




Identifying Coastal Processes
Using| IOP — Absorption Budget
Water Mass Classification
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Real Time — Ocean Products

MODIS Terra and Aqua SeaWIES,
Real Time (3-4 hours)
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Fusing the MODPIS: products with
Circulation Models

Near Surface Observations: Products

. RRS — 412, 443,490,510,555,670 K532,
TI me Chlorophyll (0C4, Carder) absorption (total, 1) (A, C,QAA)
aphi443 (carder, OAA, Gould, Stumpf), adg412 (Carder, QAA, Stumpf)

adg443(Carder, QAA)) ad412 (Gould)
MODIS B Terra —SST / Ocean CO|OI‘ acdom (Gould) bb555 (Arnone, Carder, QAA)
C555,(carder, A , QAA) c670 (Carder)
MODIS — Aq ua — SST / Ocean COlor Horizontal Vis ?:;:;\e, Arnone) Vertical Vis (QAA, Arnone)
. Particulate Organic matter Particulate Inorganic Matter (Gould)
SeaWiFS — Ocean Color Total Sus Sed (Gould) Water Mass (Gould)
Cloud Albedo L2'Flags

3+ times / day True Color
250M — True Color c670 (G&A)

SSil;

Physical Ocean Models —
Navy Coastal Ocean Models (NCOM)

Products
= salinity, temperature, density
= velocity (u,v), Sea Surface Height
- Nowcast — 12, 24 ,48 hour forecast

Dong Ko et al
s Resolution 6 km

= 41 hybrid sigma/z levels SST — (9 km) (MODIS 1km)

s River fluxes (non-real time) Synthetic BT (MODAS)
= Driven by wind fields and heat fluxes Forced by COAMPS

Assimilation
Altimetry SSH




HEL 1ASKTR TE2-¥r Fofweash ¥aiid st 20006, 14 G2

P oy L ] e B

i Intra-Americas Sea
| Nowcast/Forecast System

ML LS Te-Hr Todecast walid et @003/00 04 002
By e s Ll ]

NRL IASNFS 72-Hr Forecasts¥alid at 2003/05/447002

90 W GO™F TSR BO™W

" Fenaacels, FL Cr = 0,82 " 54, Patarsburg, FL

-
=

e
=

e
=

iSurfacF

2

Saa Level YorlaHons {om)
X o= ] 3
Sea Level YWarkaHona (am)

|
Salinit}L

JF M d F M &
IASHFS [2003,/05,/1- 200X,/95,/ ) IASHFS (200E/05,/01- 2005,05,/04)




-

Assimilation of SST into Navy Coastal Ocean Model - '~ -

MODIS — AQUA — SST

ST

Currently Uses — 9 km Global SST (AVHRR)
NAVOCEANO

Existing NCOM Model SST Field

Intra-American Sea Forecasting System

Improved NCOM Model in coastal
areas , resolves the fine scales
Coastal features.




SSH-— NCOM

Currents — NCOM
“Intra Americas Seas”

- Automated Scripts to generate combined
-Remote sensing and model regional products

-Pre-operational at NRIL — “Real time Room™
- Integrated with NASA and NOAA




Coastal Oceanography Northern Gulf of Mexico
Numerical Models and Satellite Ocean Color Naval Research Laboratory

NCOM 1/24 Degree IASNFS MODIS Chlorophyll Stennis Space Center MS
Sea Surface Salinity : ;
: August 14, 2003
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MODIS 250 meter
Coastal Processing

Processing: (Being upgraded)

LO == [LIB: MCST Calibration
performed by Goddard DAAC or HRPT
stations.

Raleigh Correction:

Atmospheric Correction:

Cloud Detection:

[Cand Detection:
NIDVAFreshioldior andSmasks

Ocean Products:
IBeamrAticnation (CH45):
Crocilel/Arilgtie ellgaciitirnl;

ScalDAS Processing Soltware

90.1W _89.7W

89.3W

e tchartrain

Lake

Martinolich, Casey, Franz

With' PC Tides

0.83 1/m
Beam Attenuation Coefficient




250 M MODIS — Terra —

' Extracti titati
Rayleigh corrected xtracting Quantitative

Ocean Properties In Coastal regions

and Edge sharpening Monitoring Estuaries and Harbors

Miss Bight: Processed
Adua
Friday Dec 10,2004

Ul




Monitoring Coastal Optics
Tidal responses to the “Beam Attenuation Coefficient”
- Note the Consistent between the products

Ladner, Preller, Posey, Blain, Gould Beam Attenuation Coefficient




Comparison of Spatial

resolutions Chesapeake Bay
March 13, 2004

Monitoring the Estuarine
and Riverine Environment

New: Capabilities for:
Managing Coastal Resources &g 7
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West Coast —
Bio-Opticall Models

Goal: Real-time Coupled Ocean Prediction Systems

| Coupled

Bio-physical

-Altimetry.
-SST
-SSMI
-Windsat
~Etc

Data Assimilation




Satellite Derived Light Field

Constraining| Ecosystem: Models with
Inherent Optical Properties

Physical-Biogeochemical Model: Fei Chai

Micro-
Zooplankton

Predati¢n

Zooplankton
(22]

Fecal
Pellet]

Detritus-N Detritus-Si
[DSi]

Sinking

Air-Sea
Exchange

Biologica Total CO,
Uptake [TCO,]

Nitrate

Advectid
& Mixir]

Silicate
[Si(OH),]

Sinking

Si
Pig= Physical
Model

Processing

n.ll‘l“.l n. P

Inherent Optical
Properties (IOP)

3-d light field

T

Optical Model
Hydrolight/t
Ecolight/
Lee et al (2005)

|

Surface Light




Biological Model Simulations
Vs.
Satellite Chiorophyil

Combined Small andl Larger Phytoplankton within
satellite optical depth: (1/e)

01-NOV-2001 to 30-NOV-2001

1

h002 09.0 : NS ; h002 09.0
SSH C1=0.1m - Jh e SSH C1=0.1m

-

0.5 m/sec B - SR 0.5 m/sec

-

MODIS Chlorophyil Model Chlorophyil




Model Simulations vs. MODIS IOP.
Phytoplankton Absorption (a ;)

Differences im Magnitudes require “constraining/” the ecosystem models with the IOP

NCOM with a . from MODIS NCOM with  Model a,, .

APHI(QAA): 05-SEP-2004 to 10-5EP-2004 MODFEL APHI

NCOMCCS 20.6
05-SEP-200:4 TO 12-SEP-2004

h002 20.6
_S5H Cl=0.lm

—128 —126 —124 126W

Lee et al., (QAA)., Kindle et al.,
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Near Real-Time Depiction of the California Current System:

RECENT IMAGES
Today is Monday, September 13.
Global NCOM Model Results and ©--***7¢ ©_Day Composite
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ARCHIVED IMAGES

Real time Updates
of Biological Models
And
MODIS Ocean Products
Large and| Fine Scales

LOBAL NCOM
SmCURRENTS
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Surtoce Height
Cl=0.05%m
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LLoeking| below: the Surface Satellite' Ocean Color
Comblnlng the Biological Model with: MODIS Surface Chlorophyll

MODIS — Surface

Model

Subsurface
Chlorophyll
Light Field

West Coast

— Surface

\West Coast
3d-Chilerophyll

MonteryBay
MODIS
3d-Chlorophyl

narKindle



« Satellite Observations: Ocean Color, SST, Altimeter, SAR
MODIS — IOP products

- HF Surface Radar Currents > Autonomous Platforms, = Moorings

L pug 1557  Aug 1321

MNCOM p01207.8

W: Light fields
+ AUV

I'"’- . ¥ - ~1® _m ourtesy of Schulman et al. |
MODIS Observed Chlorophyill Predicted Model' Chlorophyll




* Forecasting Ocean Properties using MODIS Products ™

“Particle; Tracking”

 Derived MODIS bb555 Product
Applications : Particle dIStI‘lbUtIOn '

Movements ofi Different River Plumes
Movements off Harmfiul Algal Bleems
Dispersion Coastal Jets

How: physical processes affiect Ocean
Color.

Define the: Chlorophyll Blooms: or Color
FESPONSE.

NEGOM Model With Tldes _
Hourly Surﬁace Currents & '

Chlorephyll

Dififerent firom
Particle Backscattering

Preliminary
Courtesy of: “llllﬂl' nﬂ\mlﬂllnwm

Flynn, Parsons, Zimmer, Scott, Peggion




Develop the particle field from the

* Backscatter image. (Particle Concentratlon)
Backscatﬂ’t m-1 -

November 22, 2005
§ 1 km Grid Locations
(Landsat background)
Converted
& backscatter to Particles

|
& Particle Concentration }
\
|




Seed the Model
with Particles from MODIS
Nov 22 2005,

Nov 22, 2005
Backscatter Seed

Advect the particles forward
Hourly steps
Conservative tracers

24 hour forecast
Nov 23, 2005

Compare with
MODIS
Nov 23, and 24, 2005

48 hour forecast
Nov 24, 2005




(Animated)

Forecasting the MODIS Particles

Initialization Particle Field
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surface currents
hourly prediction (2 hour Step)

-NEGOM-




Forecasting the MODIS Chlorophyll Particles. (Animated)
Advection of the Nov 22 image to Nov 24
-NCOM - surface currents

hourly prediction (2 hour Step)

Mobile Bay Plume Dispersion

L R - SRR e T e e
SRl W r fpa T 3 .l L ;e

INote:
Tidal Oscillations
Eastward Propagation of Plume
Imagery - ~ 1400 Local time
Doesn't capture the tidal response .

Courtesy of :Flynn, Parsons, Zimmer, Scott, Peggion
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Following the MS Plume Advection field

/Conservative Particles -- Limited particle settling) / dlspersmn

MODIS 22 Nov

B T
e e

.-
o ol

hx-i : Thma e R"‘:‘-

T

- -f""-\-..‘h

e
— .5 -.____._""‘-\-._\_ =——n

\‘\"l ":'.l'u

¥ m__:,_h__—‘ﬁ'“_“"“-%»

— e e T

November24: 200\5 000000 s

=
s T RN SR

- i i :‘-""--..___L__
s S -
0.00784 11 rIII
- e

3

e N H“““é:\-\"“\s; i S
BackscaMm 1
|'|||n' __

0.13
e ‘*wx"“i-“'ﬁ‘
. “'*-3- x.\“““x
. e

T g, b



MODIS Applications for Coastall Processes

Summary. —

> Satellite products Linked with Physical Ocean Models
Pathway toward data assimilation , SST and Ocean Color

> High resolution 250 m MODIS Products

New Capability for monitoring coastal jets, river plumes,
estuaries and harbors

» Coupling MODIS Ocean Color with Biological Models
Underneath the satellite product — 3d view.
MODIS can provide products to constraint ecosystem
models

> Predicting and Forecasting the Ocean Processes
Particle tracking of MODIS fields




