@»ioloIOk> AP I=

A VMIARACOOS

Ocean Information for a Changing World

To seek, discover and apply new knowledge
& understanding of our coastal ocean

Mid-Atlantic Regional

~ liCoastal Ocean Observing System:

e 7# From Observations to Forecasts

Scott Glenn, L.Atkinson, A.Blumberg,
Ny W.Boicourt, W.Brown, N.Georges,

Cf"pe\ o _/#  A.Gongopadhyay, E.Howlett, J.Kohut,

S J.O’Donnell, M.Oliver, O.Schofield,

IKUTGERS erseN oG REHBALREABPrOoughgood, J.\VValkirpeean *

Dl e <20 AdAitimmal (e Dlre frObseVaion Lab

NC



Mid-Atlantic Regional Drivers

=== Subtropical Depression = Tropical Storm == Category 3 B
=== Subtropical Storm Category 1 = Category 4 [3
Tropical Depression Category 2 = Category 5
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Evolution of Rutgers Major Coastal Ocean Observing Projects

1990’s: 2000’s: 2010’s:
Technology Development Observation Network & Observation Network
for Science Experiments  Forecast Model Operations & Forecasting
Development for Ensemble Development for
Projects: Science & Society Society & Education
NOAA Undersea
Research $2 M /5 Yr Projects: Projects:
*NSF Upwelling Exp *NOPP/ONR Coastal NOAA I00S MARACOOS
$1TM/3Yr Predictive Skill $20M /5 Yr
Experiments $5 M / 4 Yr -DHS CSR $12M /5 Yr
- NSF Hudson River Plume "NJBPU $2 M /2 Yr
Exp $5 M /3 Yr "NSF OOl Edu $5 M /4 Yr
NOAA I00S MARCOOS . .

LEO Instrumentation Used for the 2000-2001 Experiment
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Evolution of the Mid Atlantic Observation & Modeling System
MARACOQS =MACOORA +MARCOOS +Enhancements

Regional Assodation <_[ User Needs ]<_
1L = oral 1) Definesregional themes
I:m 2) Designs, constructs & operates a Regional <—[ Scientific Understanding ] MACOORA
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MARACOOS Regional Themes

1) Maritime Operations — Safety at Sea les, Hypoxia, Nutrients
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Rutgers University - Coastal Ocean Observation Lab

Observatory Operations & Education Center

3-D Nowcasts Glider Fleet

& Forecasts
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Direct Acquisition Satellite Data Evolution

'RU COOL MODIS: Aqua Chlorophyll (OC3M)
Mar 1720 181500 GMT
S 3

L-band (1.2m antenna) Since 1992

o

iy

L o

United States, NASA SeaWiFs
(9-year archive)

Product: 1km chlorophyll, reflectance,
backscatter, absorption

United States, NOAA POES AVHRR

(19-year archive)

Product: 1km sea surface temperatures (SST),
de-clouded SST

‘| China, China FY1 MVISR

(10-year archive)
Product: 1km relative chlorophyll

X-band (3.6m antenna) Since 2006

United States, NASA Aqua and Terra MODIS
(7-year product archive)

Product: 1km SST, chlorophyll, reflectance,
absorption, backscatter

Europe, ESA Meton-A AVHRR
(2-year archive)
Products: 1km SST

India, IRSO Ocean Color Monitor (past)
(7-year product archive)
Products: 360m chlorophyll

RU GOOL MODIS: Aqua Absorplion at 488 (QAA)
May 212010 17:54:00 GMT

AU GOOL NOAA=16 Sea Suriace Temperature March 13, 2011 2303 GMT

'DEGLOUDED NOAA~16 Sea Surface Tempersture March 13, 2011 23:03 GMT

Eig
DECLOUDED NOAA 19 Sea Sur

it Day Rolling Avorage

riaca Temperature March 23, 2011 06:15 GMT
' T
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CODAR HF Radar Network Evolution in the Mid-Atlantic

MARACOOS

\; Current Mapping
;,:? Nearshore Wave

& Currents
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Rutgers Slocum Glider Fleet _ Glider Sensors

Global Flight Statistics:
- 261 Deployments

4,037 In-water days
94,000 km flown
2.3 laps around the Earth
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MARACOOS Regional Real-time Data i

VIARACDOS

Ocean Information for a Changing World

Pennsylvania

Hourly (| 25 Hour Avg

SST Overlays || De-Clouded SST Overlays |
MARACOOS 25hr Surface Current Field: 2011-Apr-02 01:00:00 UTC (+/- 12 hours)
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Combining MARACOOS Spatial Data with Fisheries Distribution Data
New Product: Butterfish Bycatch Reduction Model

HF radar data G
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MARACOOS Ocean Forecast Models

UCOMNN ncWhS server > Macoora 6km Latest STPS = sea_water_velocity
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Ocean Models Still Validated Against Standard Measures

ﬂ‘l\:k STEVENS NYHOPS IS BETTER THAN ASTRONOMICAL TIDE PREDICTION
P == A e Water Level
- skill 1

T, AC-04

»_ma Water Level RMS error
A

SN, m

weoz 0 X o ¥ , DB-02
! r 5 3 b N

. DB-03

UMass HOPS

- HE-01

5 HE-02

Multiscale Forecast Validation
Large-scale Gulf Stream front weekly forecast

a 01 oo
15

Taylor (2001) diagrams
provide a statistical
summary of how well
model simulation and
observation patterns
match each other in
terms of their
correlation coefficient
(R), their root-mean-
square difference (E),
and the ratio of their
standard deviations (o)

125 |-

-

o
-~
m

NY HOPS Compared to Sea
Level Height Observations

Normalized Standard Deviation

o
5]

0.25

L E

The normalized Taylor Diagram showing the model skill for seven-day forecasting of
the Gulf Stream axis (the 15°C isotherm at 200 m) during the eight weekly runs
denoted by their starting yeardays (212 through 254).
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Forecast Model Comparisons to Drifters
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Surface velocity forecast skill improves with CODAR assimilation

This analysis for ROMS LaTTE domain (NY Bight). 2-day forecast skill
significantly improved for cross-correlation (submesoscale pattern variability)

MSE = mean squared error
CC = cross-correlation; Sm and So are std. dev. of model and obs

no assimilation of CODAR data after assimilating CODAR data
V-velocity forecast skill V-velocity forecast skill
e MSE | | —a MSE
—©—2SmSo(1-CC) —©—2SmSo(1-CC)
0.81 R 0.8 1
06" : 06

0.4r

forecast skill
forecast skill

0.2r

forecast day number forecast day number

> <+—» >

forecast window analysis forecast window
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Forecast Model Comparison with Subsurface Glider Data: Salinity

variable: SALT observations: 20101025T0000_marcoos_ru22_active
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Two example validation

data sets: Glider RU21
and NOAA ECOMON

ohservations: 20100319T0000_20100412T0000_muri_ru21
variable: TEMP

BIAS/ std(obs)
ESPIeSSO -0.061
NYHOPS +0.23¢

observations: 20100101T0000_CTD_ECOMON_active
variable: TEMP

BIAS / std(obs)
NYHOPS -0.013
HyCOM +0.065

. 15 -
ship survey CTDs COMMST 4025¢ | e
UMassHOPS  +0.85¢ /’ 05 e
HyCOM +0.87¢ i COAWST -0.128
NCOM +1.032 // UMassHOPS +0.265
Mercator +1.339 - 1 ,/ 07 Mercator +0.882
08
A
N
4 \ normalized normalized
centeret centersc
, P \ 09 RUBer - e RIS error
, , . ‘\ ' excudng - . excluding
. P ' - - bias 9 , /_/ - - bias
/ 7 - o -
s _ —i -’ " - ;’H
o T ’/\0‘95 - o ’ . ) b T - 0.95
i / '/ ’ . >\\ . - o -
/// A /f’ h : R /’/ -

[ A s N s P o}
e ’// 11099 141089 3§
I e | o
’/r I/ // b @
A _ 0 =
ol e - ]f By §
Z2- 1 1 7

normalized standard deviation normalized standard deviation

In Taylor diagrams, distance from OBS
to MODEL (green dashed contours)
depicts centered (bias removed) root
mean squared error RMSE’ normalized
by observation standard deviation.

Comparison is for all operational
models that include Mid-Atlantic Bight.

Global: HyCOM, NCOM, Mercator
Regional: NYHOPS, ESPreSSO,

BIAS is tabulated separately in order of UMassHOPS. COAWST

decreasing skKill.

Coastal Ocean
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Two example validation

ohservations: 20100319T0000_20100412T0000_muri_ru21
variable: TEMP

data sets: Glider RU21 157
ay
and NOAA ECOMON " ’”%Q,
. ) o
ship survey CTDs - R
. 2,
s ~ (%)
Oo‘q@ // 05—+ \\\ }770
6\)(A \\ 'QSA
norm. ! & 1
RMSD' | e |
! : o |
45 1& 05 05 Zﬁ; 1
\\ /f
\ 05+ /
\\ //
\\ ///
\H"TF— _______ -
norm.
a5 | bias

In Target diagrams, distance on y-
axis is BIAS and distance on x-axis
centered (bias removed) root
mean squared error RMSE’
normalized by observation
standard deviation.
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ohservations; 20100101T0000_CTD_ECOMON_active

variable: TEMP

Comparison is for all operational
models that include Mid-Atlantic Bight.
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Global: HyCOM, NCOM, Mercator
Regional: NYHOPS, ESPreSSO,
UMassHOPS. COAWST

Coastal Ocean
Observation Lab
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Glider Adaptive Sampling based on Ensemble of Ocean Forecasts

Temperature Profilas Temperature Profilas Temperatura Profilas Temperature Profilas
. .
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Multiscale Forecast Validation Glider data (t, s) assimilation

17 T ] 38 .
« Glider ud134, 25m + Glider
ud124, 25m = model w/assim 3.6 S = model w/assim ||
""" model w/o assim | i - mmmm===q ===="model w/o assim
16.5 . \ .
. I v [} i T 7 )
----------------- ] ] 33.4
peotT T At amne
9
g 16 A 33.2
)
o £ =
o 15.5 2 C Z
2 £ azs
§ 3
a
E 326
K
32.4
32.2 b
az :
6 7 8
Days since 02-Nov-2011 Days since 02-Nov-2011

Independent Glider (UD134) data at 25-m for (a) temperature and (b)
salinity, compared to the SMAST-HOPS 02 Nov 2009 runs. Only RUQO5,
RU21 and RU23 data were assimilated (UD134 was not) during the first
week. Glider data are shown with blue the model run with glider
assimilation is shown with a red solid line, and the model run with no
glider assimilation is shown with a dashed red line. Note the difference
between assimilation and non-assimilation runs for temperature is about

o « o ~ a
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