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Our view from the
COOL room:

Building technology
& hopefully
knowledge in the
coastal ocean

Oscar Schofield, Scott
Grand Challenges? Glenn, Josh Kohut

3 along w/ collaborators (100s)
Humans have already altered the from Rutgers, WHOI, UNC, U,

Earth SyStem Maryland, U. Mass., Cal Poly, U
Delaware, NRL, Scripps, JPL, MIT,
Lamont, U. Florida, USGS, MBARI,

-Quantitative understanding of the Stevens, U Conn

Earth system will require the human

processes to be included Grad students & Postdocs:
Gong, Zhang, Kahl, Gryzmski,

: Bergmann, Miles, Xu, Durski,
-The cost of mtegrated global SyStem Oliver, Sipler, Garzio, Tozzi, Moline,

will require ocean observatory Saba, Montes-Hugo
networks need to be dual use to allow
for sustained support

!
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My nerd family
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Robots

3-D Nowcasts

S4DVAR procedureﬁv

. X —F(i = x(i
Lagrange function L = J(X) + 2 e,T (C x,)-F F, =F(iAr) X, = X(iA?)
dt Lagrange multiplier €, = é(¢,) = é(iA?)

=

At extrema of L , we require: | = ;,[‘ X; i NLROMS
oc .

T

) é,-6,H'0"(Hx, -y, )=0 ADROMS

Jom

0x

X0 0=B"(x(0)-x,)-&(0)=0 coupling of NL& ADROMS
oxX
S4DVAR procedure: L ey =0 ic.of ADROMS _
x(T) | -

Choose an X(0) =x,

Integrate NLROMS ¢ €[0,7] and compute J

Integrate ADROMS  1E€[7,0] to get €(0)
i) =B (x(0)-x, )-&(0)

Compute

Use a descent algorithm to determine a “down gradient” correction tox(0) that will yield a
smaller value of J

Back to (2) until converged

Nested Models Data Assimilation 4-D Forecasts
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What are the drivers of variability in my laboratory?

=== Subtropical Depression Tropical Storm Category 3 _. .
= Subtropical Storm Category 1 = Category 4 i3
Tropical Depression Category 2 = Category 5

Perfect Storm Event
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November 1, 1991

1601 UTC (1101 EST)
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Diverse funding with an evolving suite of questions

Upwelling, hypOXia & Shelf transport, land/ocean EcosyStem dynamiCS, climate
coastal predictive skill communication scale mediated change
e 2 s Glenn & Schofield 2009 Schofield et al. 2011
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Phase development: The nearshore coastal system
Question driving science deployment: Are humans causing coastal hypoxia?
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An Integrated Observatory
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Atmosphere/Ocean Physical/Biological Forecast Models

Operational Experimental

Low-Res COAMPS High-Res RAMS
Atmospheric Atmospheric
Model Model

ROMs
Assimilation ROMS

Ocean Model
(KPP and MY 2.5

MODAS Turbulent Closure)
Assimilation

Bottom Boundary
Layer Model
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Month Long Experimental Effort
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Real-time validation of the ensemble forecasts

HR COAMPS / ROMS

Thermistor

KPP

Depth (m)
Depth (m)

18 19 20 21

18 19 20 21 July, 2001
July, 2001

-In an observationally rich
environment, ensemble forecasts
can be compared to real-time data
MY2.5 (0 assess which model is closer to reality
and try to understand why.

Depth (m)

18 19 20 21
July, 2001
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Surface Velocities
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Shipboard surveys
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Adaptive Sampling of Resolved Scales- Shipboard & AUYV surveys
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Optical profiler deployed on LEO-15 guest port
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That Pristine Blue NJ Water
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Historical Recurrent
Hypoxia Centers
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What is happening in the northern zone?

: How does the dynamics in the physical
e *”’n biitntes Rtk R A e oceanography influence the transport and transformation of the
s AL 7”f;Lan" : Vot '? s SRS R R e e RS - e ‘,3:” i-'7l5_ . = P ? 1
I s e e particulate and dissolved matter in coastal buoyant plumes?

Downwelling Upwelling

-
RGB Aqua 05/04/06 18:30 GMT

-

¥

T

10

depth (m)

28 30
Salinity (psu)

Geyer and Fong

integrated mean salt flux = 1.08e-04 psu m/s integrated mean salt flux = 4.23e-04 psu m/s

10 20 30

10 20 30
distance offshore (km)

distance offshore (km)

Southern flowing Eastern offshore flowing
turbid plume shallow turbid plume
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Input of organic matter is pulsed to coastal system as floods and punctuated
tidal squirts. Example, a tidal bore as it flows past the R/V Cape Hatteras

40.315 40.32 40.325 40.33 40.335 40.34
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HF RADAR tracking and dye labeling of plume
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HF RADAR tracking and dye labeling of plume

RU COOL Raw Velocities (HFR) 2005/04/11 0600 GN
RU COOL Raw Velocities {HFR) 2005/04/11 0500 GMT
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HF RADAR tracking and dye labeling of plume

RU COOL Raw Velocities (HFR) 2005/04/11 0500 GMT
RU COOL Raw Velocities (HFR) 2005/04/11 0600 GMT
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HF RADAR tracking and dye labeling of plume

RU COOL Raw Velocities (HFR) 2005/04/11 0600 GN
RU COOL Raw Velocities (HFR) 2005/04/11 0500 GMT
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HF RADAR tracking and dye labeling of plume
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HF RADAR tracking and dye labeling of plume

RU COOL Raw Velocities (HFR) 2005/04/11 0600 GN
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HF RADAR tracking and dye labeling of plume
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HF RADAR tracking and dye labeling of plume
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HF RADAR tracking and dye labeling of plume
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HF RADAR tracking and dye labeling of plume
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HF RADAR tracking and dye labeling of plume
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HF RADAR tracking and dye labeling of plume

RU COOL Raw Velocities (HFR) 2005/04/11 0600 GN -75
RU COOL Raw Velocities (HFR) 2005/04/11 0500 GMT -75

RU COOL Raw Velocities (HFR) 2005/04/11 0600 GMT -75

RU COOL Raw Velocities (HFR) 2005/04/11 0700 GMT -75

RU COOL Raw Velocities (HFR) 2005/04/11 0800 GMT e
RU COOL Raw Velocities (HFR) 2005/04/11 0900 GMT

RU COOL Raw Velocities (HFR) 2005/04/11 1000 GMT
aw Velocities 2005/04/11 1100
RU COOL Raw Velocities (HFR) 2005/04/11 1200 GMT
RU COOL Raw Velocities (HFR) 2005/04/11 1300 GMT
RU COOL Raw Velocities (HFR) 2005/04/11 1400 GMT

5
8

8

de (Degrees:Minutes
)
t

8
@
Latitude (Begrees:Minutes)

5

=
[
Latitude (Degrees:Minutes)

i
8
N
o
Latitude {Degrees:Minutes)
5
N
tn
8
N
(3

8
S
Latitude (Degrees:Minutes)

..................................

8
S
Latitude (Degrees:Minutes)

8
N
Latitude (Begrees:Minutes)

8
S
Latitude (Degrees:Minutes)

termtmret et me ..y - - - - . i cessmrietetetetenetet st msmtm

8

N

o
&
cm/s

40:20

8
rg
8

")
2
3
=
=
o
&
8
2
o
E;
=
Q
-

5

......................................................

Latitude (Degrees:Minutes)
Latitude (Degrees:Minutes)

Surface Velocl

i

73:55 73:50 7345 73:40 73:35 73:30
Longltude {(Degrees:Minutes

Friday, July 1, 2011




HF RADAR tracking and dye labeling of plume
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HF RADAR tracking and dye labeling of plume
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LATTE April 2005
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>20 um particulate trace metals and phosphorus - Ag, Al, Cr, Cu, Fe, P, Pb
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Freshwater Plume Moves Out Across the Shelf:
Hudson Shelf Valley
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LaTTE 2005 --Post Injection 2 - Final shipboard survey

e Cape Hatteras offshore.

> "The survey began on the 'Highway'.
e We were near the glider when it
surfaced. We saw currents ripping
southward in a 10 m thick layer of
freshwater along the highway --
perhaps the most significant
freshwater transport we saw all
week.”

"Perhaps the most perplexing to
me is the Highway' and why there
has been a lack of a strong coastally
trapped flow this week.”

--- Bob Chant aboard the Cape
Hatteras, April 21, 2005




RU COOL Oceansat Chlorophyll: April 13, 2005 1713 GMT
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Dynamics in phytoplankton variance is described by 2 modes. Mode | occurs in the winter on the inner shelf.
Mode 2 occurs in spring on the outer shelf. Summer phytoplankton explain little of the shelf-wide variance
however is extremely important to the nearshore coastal ecosystems

Yi et al CSR (201 1)

EOF1: Winter (Nov-Feb)

% of Variance explained by the two major

Two major EOF modes EOF modes as a function of space
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> 4*10° 3 S‘_
® 2 Mode |:Largest and most recurrent
E’ % § ~ % bloom. Occurs during the dimmest
Em S ] = months of the year which is interesting.
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Biological Modeling System

Water column
NO, NH,

Phytoplankton Model assumes
? Zooplankton

N Is the main
Large limiting

Small detritus
detritus ?

?

wation




Xu et al.

MHMJMJM submitted

T o

= Umax .f(l) ® (LN03 +LNH4

Nutrient limitation

NO3 =

. -
Koz +NO3 (1+NH%<NH4) foo0 1050 oo 1s0 1200 1250

Days
NH4
Kypya+ NHA4
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No wind condition, later bloom, larger bloom during darkest winter
months, but integrated productivity over the winter is smaller by ~20%

Yi et al submitted

wind I

ho Wwind

600 900 1000 1100 1200 1300 1400 1500 1800
days of year
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CZCS (1978-1986) and SeaWiFs (1998-2007)
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Declines in the Winter Bloom?

Cross-shelf Wind, NDBC 44009 (1987-2008
| | | | | | | | | |

Wind Speed (m/s)
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Declines in the Winter Bloom?

AMO Index

I winter winds

lduration of shelf
stratification

phytoplankton

1 annual
biomass

1975 Year 2010




WHERE DO WE GO FROM HERE?
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WHERE DO WE GO FROM HERE?

People need to sleep
Machines have improved and are fragile

BEWARE OF PEOPLE

" » "0).. "l] }
4 ‘e ¢ 1IN ’ »

A technicians solution Humans become the
In integrating the observatory bottle neck for
components collecting data bytes
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WHERE DO WE GO FROM HERE?

People need to sleep Scientists need time
and are fragile | to think
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\- Current Waypoint
J&RU21
9 0

11911/09 07:19,GMT,
11/11/09 040G, B
* 11/1¥709.00:41 GMT,
ol 111/1%3_09,9:3; GMT
¥ I410/09 14:11 GMT

Design, Testing and Deploy

g “urrent Waypoint
Trent ypomu\s\-é M3

it
11/10/09 21:04 GMT == »11/10/0913:57 GMT..RU23
11/11409 0025 GmT, = 11/10/0921.06/ GMT
S 71109 07 06,GMT
b .\%}:37 GMT

-
-
W \‘r))é rrrrr t' Waypoint

Sensor & wwos
Platform

International Coalition of Ocean Observing Laboratories

| skip to Content | Home | Log in |

ARCHIVE FOR THE ‘MIDDLE ATLANTIC BIGHT” CATEGORY

» |-COOL Mission Blogs

for 2009-11-08 — Daily Mean L .
T B 10 Update on a cloudy Tuesday, but it is sunny in
- our heads....

Posted by: Oscar in: Espresso & Biospace, Middle Atlantic Bight, NORUS

Salinity Profiles

Depth (m)

-70
-30

Science Questions & Drivers =

-100
325 330 335 340

Salinity (PSU)

Science Community Workshop 1

v v

| Atlantic Crossing Website |

!

Data Assimilation

@ Observation

|
|
Data |

Analysis | \

Data Synthesis: Nowcast & Data Impact




Scientists were distributed throughout the country & interacted in real-time

Data Portal
C O m m U n ity B I Og };F;%rf; ['?;rrri— Cl OSSE Field Experiment

[o1 [0z [ca [o¢ [05 [e8 [07 | The Cyberinfrastructure (Cl) component of the Ocean Observing System (OOC!) will conduct an
BEEEEaE Observing System Simulation Expeniment (OSSE]) to test the capabilities of the OO! Cl to support field

tions in a distnbuted ocean abservatory in the Mid-Atlantic Bight. [ moee )
[Se[7[E e[ 21| orerasonsina Y

[27 28| gyecutive Summary of 11/11/2009
r

JERSEY ROOTS, GLOBAL REACH

RUTGERS Hogos

Winds have increased out of the north and northeast to over 20 knots as forecast yesterday by the NAM
model. These winds are forecast to continue through Thursday with some further increase in strength.
Excellent SST images are obtained again on Monday, including data from the microwave sensors. A
four-band structure is again seen in the blended SST field and also in each of the individual satellite
O sst sensor observations. SST comparnscns consistently suggest a band of warm model bias at the shelf
= break, probably due to the misiocation of the SST front there. The HF radar data for yesterday, though a
__ Blended wih gag bit sparse, suggest & northeastward flow on the southern shelf, and an offshare fiow (toward the
— ' southeast) in the northem part of the domain. While the equally weighted ensemble forecast shows only
L St very weak offshore flow in the north, the objectively weighted ensembie forecast reproduces this feature
] satelite somewhat better. The objectively weighted ensemble forecast also shows better agreement with the
[ HF Radar ghiger salinity profiles than the equally weighted ensemble forecast.

o v \
International Coalition of Ocean Observing Laboratories ¥ ) A@ e i here to view a more detailed CI daily summary.

[J Atmosphere Forcing , : - -
— Recent locations for the observational assets duning the iast 24 hours are shown below.
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Update on a cloudy Tuesday, but it is sunny in viddle Atiantic Bight. va Model o NDBC Buoys
our heads.... Thermal Glider Flight st

Posted by: Oscar in: Es o & Biospace, Middle Atlantic Bight, NORU ; 1dergraduate Operations J MF Radar &&m @' CalPoly Remus

v
' Glider ProtVos
We had a great telecon yesterday. I lock ferward to another great call today! The , Rutgers Gliders
decision was to conduct two experiments. The first experiment which was [ Ensembie Forecast
championed by Pierre was to send one glider Nerth te survey the Hudson Canyon Across the Pond ’ Equarl Walghting
which shows some interesting features. Pierre's plan and reasoning was laid out in - . UDel Glider
. . . = 0 & BIo ce ' Otyactive Waoghting /
some figures which I have posted below.
[ Gliger
. ; -/ Locanons & Path
0OI-0SSE09: Hudson Valley Adaptive Sampling Plan I ' Cruise
Pierre Lermusiaux et al, 2009 A ' [ Earth Observing-1

e’ Myperion byparspocial
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The OO| Observing System Experiment (OSE)
Nov 2 to Nov 13 2009

Weather Forecasts
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The OOl Observing System Experiment (OSE)

ov O 2009 ” US East Coas PL GlSST

G1 Daly Mean SST (G) for 20091109

5 different
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Sensors
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Temperature (C)

Friday, July 1, 2011



5 ocean numerical
models run in
forecast mode:

2 versions of ROMS
2 versions of HOPs
| version of POM
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Scientists could compare observations (single platform or means) with models (individual or means)

G1 Dally Mean SST (C) for 20081109 EQUALLY WEIGHTED ENSEMELE Daily Mean SST (C) for 20091109

Ensemble
Model

15 16 17 18 16 17 18
Temperature (C) Temperature (C)
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The same for in situ measurements

Temperatura Profiles Temparature Profiles Temparature Profiles

11 12 13 14 15 G / 12 13 14 15 18 17 18 12 13 14 15 18 17 10 11 12 13 14 15 18
Temperature (C) Temperature (C) Temperature (C) Temparatura (C)

Model A Model B Model C Model D

Salinity Profilas Salinity Profiles Salinity Profiles Salinity Profilas
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Discussion during experiment develops new tools during the experiment

Tempearaturae Profiles Temperature Profiles
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The OOl Observing System Experiment (OSE)
Nov 2 to Nov 13 2009

Observation model comparisons spurred discussion on tools for synthesis
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The OOI| Observing System Experiment (OSE)
Nov 2 to Nov 13 2009
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The OOl Observing System Experiment (OSE)
Nov 2 to Nov 13 2009

~ Nov 04 2009 US Mid Atiantic JPL G1SST

Known constraints (slow
0.5 knot, Battery, shipping
lanes)

N it (4 * FromAto B inthe
ncertain constraints (time- shortest time

varying 3D currents)

Operate autonomously & feature (shelf-slope
re-plan daily salinity intrusion)

* Follow a time-varying
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The OOI Observing System Experiment (OSE)
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The OOl Observing System Experiment (OSE)

Distributed decision
making
using live web
service tools
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Plan prediction accuracy
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The OOl Observing System Experiment (OSE)
Nov 2 to Nov 13 2009
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The OOI Observing System Experiment (OSE)
Nov 2 to Nov 13 2009
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