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  Physical and Biological Modeling; Data Assimilation

–  John Kindle

–  Igor Shulman

–  Bradley Penta

–  Jason Jolliff

–  Stephanie Anderson

–  Sergio deRada

  Ocean Color:  Robert Arnone +…

   Field Measurements:

– William Teague

– Jeff Book

–  Ewa Jarosz

– Andrew McQuaid, Mark Hulburt, Wes H

 Optical Modeling and Measurements

–  ZhongPing Lee

–  Rick Gould

–  PostDoc

 Variational Data Assimilation

– Scott Smith

– Post Doc

Objective

• Overall Goal: Predict 3-D optical properties of coastal
ocean on time scales of 1-5 days.

• Objective:Improve our understanding of coupled bio-
optical and physical processes in the coastal zone that
govern the variability and predictability of the underwater
light field on time scales of 1-5 days

• Hypothesis: Most accurate representation and prediction
of optical properties requires fusion of  remote sensing,
in-situ observations and data-assimilative modeling
using coupled optical-biological-physical models.

Real-Time Global Models

1/12-degree GLOBAL HYCOM
- Mercator Grid(+bi-polar) (~7Km)
- 32 Layer _/_/z  (_2)
- Expt 60.5 (O-M Smedstad)

1/8-degree GLOBAL NCOM
- Curvilinear (~12Km)
- 41 Level _/z (19/21)
- GLB8_2f (operational)

Regional Models

California Current System (CCS)

30-50N,  116-134W

• 1/12-degree CCS HYCOM

- 32 Layer _/_/z (_2)

- Mercator grid (~7km)

- 239x312

• 1/12-degree CCS NCOM

- 41 Level _/z (19/21)

- Lat/Lon grid (~9Km)

- 163x229

Coastal Model (NCOM)

Monterey Bay (MB)

35.5-37.5N,  121.5-123.5W

• ~1-4Km Resolution

- 29 _ levels

- Orthogonal curvilinear
grid

- 81x58

- NCODA data assimilation

MODELSMODELS

Motivation: Global->Coastal
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Physical-Biogeochemical Model: Fei Chai
/ http://www7320.nrlssc.navy.mil/ccsnrt
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Absorption Components: 

Scattering  (bλ) and Backscatter (bbλ ) Components    

 bbλ total  =  bbλw + bbλp

particles  (size, shape, composition)
organic
inorganic

           Combined in APS algorithms ( CDM)

    Recent Advances in Remote Sensing: Role of
Inherent Optical Properties  in Bio-Optical
Processes

Predicting the Light Field:
Approach

Coupled Bio-physical
model

Bio-Optical
Model

3-d light field

Optical  Model

Phytoplankton
Detritus, CDOM

IOP

In-situ
Observations

Inherent Optical
Properties( IOP)

Data assimilation

IOP Approach

IOP



May 2007

BIOSPACE PPT at MURI meeting.ppt












































=

+











=

∑

∑

490

550
3.0015.0)490(

)490()490()490(

62.0

0

0

*

z

b

w

z

chlb

achlaa

(aw = 0.015; Pope and Fry, 1997) chlorophyll specific absorption 
coefficient at 490nm (a*490 = 0.0375; Prieur and Sathyendranath, 1981) 
and backscattering is computed from this phytoplankton absorption 
(Gordon and Morel, 1983) 

Candidate Bio-Optical Model
( Penta, 2007)

€ 

E(z) = E0e
− ˆ Κ (z)z

€ 

ˆ K (z) = K1 +
K2

(1+ z)0.5

€ 

K1 = χ0 + χ1(a(490))
0.5 + χ2bb (490)[ ] (1+α0 sin(θa ))

K2 = ς1 +ς2a(490)+ς2bb(490)[ ] (α1 +α2 cos(θa ))

E  downwelling solar radiation 350 -700nm 
a  solar zenith angle above the surface 

€ 

χ0 = −0.057
χ1 = 0.482
χ2 = 4.221
ς 0 = 0.183
ς1 = 0.702
ς 2 = −2.567
α0 = 0.090
α1 = 1.465
α2 = −0.667

€ 

E(z ) = E0e
−ak1z+ ak2 Chl dz

0

z

∫
Optical Models

Presently in Chai
Model

From Lee et al, 2005
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Model Evaluation: Regional NCOMModel Evaluation: Regional NCOM

NCOM Regional
(CCS) with
SeaWifs

Chlorophyll

Overlay of model
currents and SSH
with SeaWIFS
Chlorophyll.

      Surface Chlorophyll Comparisons with SeaWiFS

SeaWIFS Chl: June 2004 Model Chl: June 2004

Examine correlation between fields over period 2000-2005

      Surface Chlorophyll Comparisons with SeaWiFS

SeaWIFS Chl: June 2004 Model Chl: June 2004

          Compare Chlorophyll fields within 100km of coast

      Surface Chlorophyll Comparisons with SeaWiFS

Time series of monthly correlations along coast Between Model and SeaWIFS Chl.
Coastal Chl metrics can be used to evaluate model sensitivity to new
formulations or forcing. Blue curve is run with new optics formulation
showing improved response. ( Penta: 2007)

Exp with new optics formulation
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Scientific Issues
• Bio-optical Modeling

– Relationship between Model Biological Output  and IOP

– Efficient and accurate models to simulate light propagation
when water column is non-homogeneous

• Joint Assimilation of Physical and Bio-optical Data

– Initialization of  Ecosystem Model

• Choice of model variables and parameters for direct
inference

•  Balanced adjustment of model variables which are not
inferred

– Modeling and estimation of error covariances for models and
observations

• Remote Sensing: Continued refinement of APS

– Algorithms to detect major phytoplankton size groups

– Separating CDOM and detritus

     The End

 BIOSPACE: NRL ARI (FY2008--2012)
Bio-Optical Studies of Predictability and Assimilation in the Coastal Environment

Joint Assimilation of Physical and Bio-optical Observations

Cruise period: May 27—June 17 2008

Averaged over MB model
domain
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NCOMCCS RTM
NOGAPS COAMPS

GNCOMNLOM
MODAS

Kraken 64PEs.
HPQ under
reservation

22-minutes

-2d hindcasts
NOWCAST
+2d forecasts
+7d LT forecasts

7GB RAM
350MB DATA

NCOMCOAMPS

Intermediate Lat-
Lon grid

( 1-way coupling)

COAMPS
Native files
(2-way
Coupling)

COAMPS Surface Fluxes for
US West Coast*

* Courtesy of Jim Doyle, Rich
Hodur ( NRL Monterey) & FNMOC

Cruise period: May 27—June 17 2008

March April       May

Cruise period: May 27—June 17 2008

June July August
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      Surface Chlorophyll Comparisons with SeaWiFS
SeaWIFS Chl: June 2004 Model Chl: June 2004

Assess ability of model to represent temporal and
spatial variation of blooms along the coast.

Comparison of Model and SeawIFS CHL along coast: 30-46N

June 2004

SeaWIFS

ModelCorrelation
Coeff= .73


