Themes
-Some of the new technologies your generation will have
-There are MANY UNKNOWN UNKNOWNS

-Automation is coming
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Natural Variability: Where do you put a mooring?
Where do you drive the ship? When should you be out there?

Sensitivity Study on Using Randomly Placed Moorings to

Measure Cross—Shelf Carbon Flux
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Rumsfeld “Unknown unknowns”
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Rumsfeld “Unknown unknowns”
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HOW WE ARE TRAINED TO GO TO SEA
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Ocean is hard to sample
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Technology will rescue us!!!!




My Lab (Coastal Ocean Observation Lab: COOL)
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3518 Floats
30-Jun-2012
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AUVs: They can be big

Autosub Hugin
Southampton Oceanography Center UK Kongsberg Simrad, Norway

A%
Y

T ISEEr);zIeOar?ctrraglalx,ada : Odyssey,
Maridan, Denmark ) Bluefin Robotics, USA

Thanks to Gwynn Giriffiths
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AUVs: They can be small
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Slocum gliders

REMUS

Gavia

Thanks to Gwynn Giriffiths
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The Communication Revolution
Darwin’s Odyssey
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The Communication Revolution
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The Communication Revolution
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The Communication Revolution
Darwin's Odyssey
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The Communication Revolution
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Robots

3-D Nowcasts

S4DVAR procedureﬁv

x. o o
Lagrange function L = J(Xx)+ 2 e’ T x,)-F F, =F(iAr) X; = X(iAr)
t

i

= a Lagrange multiplier €, = &(t,) = €(iAr)

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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Lets say you are hunting “whales”

Knowledge of the environment will give you a tactical advantage
Knowledge of future environment will give you a bigger tactical advantage

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED
Velocity Vectors (knots) over Temperature (Deg F) Velocity Vectors (knots) over Temperature (Deg F) Velocity Vectors (knots) over Temperature (Deg F)
Date: 2005041900 Z Depth: 600 feet . ’ Date: 2005041900 Z Depth: 600 feet . ’ Date: 2005041900 Z Depth: 600 feet

Sargasso Sea

Sargasso Sea
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No in situ data BSP In situ data Gliders (4) in situ data
Into the model Into the model Into the model
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Science enabled by social networking
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Network allows for construction of ad hoc networks when needed
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Hurricane Irene
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Two Gliders § § B0l e |
RPN ) © Deployment Locatior
Deployed by MARACOOS 1 S .

in Hurricane Irene /

RU23
* Deployed for MARACQOOS.

* Map subsurface T/S

ks O G
_ Last Surfacing 4

Wl o RU16 structure for fisheries.
ent Waypoint: ru16(®) * Deployed for EPA.  Damaged early - drifter
o Sy * Map bottom dissolved « Recovered by fisherman
| oxyge_n. * Provided data on inertial
* Provided data on currents during storm.

mixing during storm.
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Winds assuming warm temperatures Winds using glider temperatures
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Optical data collected by gliders

Phytoplankton communities

! L 2

10 15 20
Distance Along Track (km)

051006-051014-RU08: Chlorophyll a (ug L™!) 051007T1941-051008T1746 GMT (D)

uopjue|dojAyd

<10 25 >35
hytoplankton (440

cdom: 29-Apr-2004 15:24:44 - 29-Apr-2004 23:58:06

10 15
Distance Along Track (km)

1.5

Depth (m)
NOdD

<35 50 >60
% CDOM (440 nm)

§§Q@§"?@

5% NN

=)
3
=
£
G
e
£
2
r ]
[

Bacillariophyceae

-73:53.0 -73:52.0 -73:51.0 -73:49.0 10 15
Longitude Distance Along Track (km)

bb532: 29-Apr-2004 15:24:44 - 30-Apr-2004 04:56:09 0.5 1 1.5 2

051006-051014-RU08: Chlorophyll a (ug L") 051009T1656-051010T1511 GMT (D)
A

Cyanophyceae

- -

snia

. i ' - A A IR
2 i  § 3 ‘ 8o .‘ Q N o o o Q
.:,‘.,, $o128 ﬂ“é*?’:lz‘

g t 14 b .

Depth (m)

Prymnesiophyceae

s AT T . .

i, & ° ETIITT,

=i ’! i .;! !! mu : : . % detritus (440 nm)

’ 9 088 o°s83s8s -

BaCkS Catte r 10 15 827 8275 828 -8285 -829 8295 -83 PESS ir:ja$ : : 5 1 O 1 5 20
73500 73480 Distance Along Track (km)

Longitude (deg.)
Longitude

Distance Offshore

Sunday, July 1, 12




actual
water column

physics Viean

water column
hydrography

phytoplankton -(
OPTICAL rr(-j
PROPERTIES

In situ

Acoustic
Field

2"d and higher
trophic levels

Sunday, July 1, 12



actual
water column

physics viean

water column
hydrography

phytoplankton -(
OPTICAL p
PROPERTIES

In situ

Acoustic
Field

2"d and higher
trophic levels

Sunday, July 1, 12



Sunday, July 1, 12



Diverse funding with an evolving suite of questions

Upwelling, hypoxia & Shelf transport, land/ocean Ecosystem dynamics, climate
coastal predictive skill communication scale mediated change
Schofield et al 2002

Glenn & Schofield 2003 Glenn & Schofield 2009 Schofield et al. 2011

e m S et Y North East Observing System (NEOS)
‘3:} SeaWiES » / - g-’_’g;i" oo o g‘i‘ &= ¥ Large Marine Ecosystem #7
: '\ £ mpmsa ) ';DCEANS'A:T et FY1-C Northeast U.S. Continental Shelf

1996-2001 2001-20006 2006-2011
Local scale observatories Regional scale observatories Large marine ecosystem
observatories
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Phase development. The nearshore coastal system
Question driving science deployment Are humans Causmg coastal hypoxia”

Historical Recurrent
Hypoxia Centers
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Phase development. The nearshore coastal system
Question driving science deployment CRBIERE Causmg coastal hypoxia”?

Historical Recurrent

Hypoxia Centers C
Depth
Hi2m L D ey Y\ 7 =
[120m B 3\ ) | oV
|:| 25 m b v 5 ;Y | : | \H . -
.35m il X ' 5

B 40 m
B som

B 100 m
Blsoom |

1000 m )
I 2500m !

Robert John Scott Josh Oscar
Chant Wilkin  Glenn Kohut Schofield
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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 (o 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 Velocnhes
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Shipboard surveys

Temperature (°C)
Depth (m)
2
Alengshore Velocity (em/s)

—= 25.cm/s Xshore

28 24 20 16 12 o8

=4 20 16 12
Range (Km)

Range (km)
MiniBat Temperature Section: Date: 980723, Leg Surface Towed—ADCP Velocity Section: Date 980723, Leg 03

its

Depth (m)
2
o
S
S

Depth (m)
X

Flucrometer Un

W
<
<

—
[¥3}
F
a
S

>
—
a
Q
—
D
=
D
=
O
A
¥l
1)}
g
O
—
<1

——= 25%.cmn/9 Xshore

24
20 16 12 8 4 —4 20 =4 20 16 12
Range (km) Range (km)
REMUS ADCP Velocity Section: Date 980723 MiniBat Fluorometer Section: Date 980723, Leg 3

Sunday, July 1, 12



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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What is happening in the northern zone?

: How does the dynamics in the physical
oceanography influence the transport and transformation of the
particulate and dissolved matter in coastal buoyant plumes?

Downwelling Upwelling

-
RGB Aqua 05/04/06 18,.:30:1241'

-." e

h
R L

depth (m)

26 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

1 - T
10 20 30 40
distance offshore (km)

10 20 30
distance offshore (km)

Southern flowing Eastern offshore flowing
turbid plume shallow turbid plume

Sunday, July 1,




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
RU COOL Raw Velocities (HFR) 2005/04/11 0500 GMT

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

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

RU COOL Raw Velocities (HFR) 2005/04/11 0800 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
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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
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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
After' Iur'mg the Cape Hatteras offshore.

.....

"The survey began on the 'Highway'.
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
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Temperature

distance from coast (km)
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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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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
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days of year
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WHERE DO WE GO FROM HERE?




WHERE DO WE GO FROM HERE?
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A technicians solution
In integrating the observatory
components
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WHERE DO WE GO FROM HERE?

People need to sleep

and are fragile
Reanoall A7, T

BEWARE OF PEOPLE
MO A
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\

www.engrish.com

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
Machines have improved and are fragile to think

A technlc:lans solution Humans become the Oscar tries to

In integrating the observatory bottle neck for reintegrate into
components collecting data bytes society after the field

experiments
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The OOI Observing System Experiment (OSE)
Nov 2 to Nov 13 2009

(\2 CGurren t Waypoint
Design, lesting ELEIEEEEY ?Kﬂz Observatory (simulated) data

B1010.000 ) 35 6™

|ldea of Test
(May 2009) ek

1-COOL "™

International Coalition of Ocean Observing Laboratories v

V i rt u a I I e St | Skip to Content | Home | Log in | Atlantic Crossing Website |
ARCHIVE FOR THE ‘MIDDLE ATLANTIC BIGHT’ CATEGORY

» |-COOL Mission Blogs
; e 2 O O ; e N 1_ o 10 Update on a cloudy Tuesday, but it is sunny in
: ' ST | Moss *our heads....
NS s} .

Data Assimilation

@ Observation

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

Wet Test
(Nov 2009)

|
|
Data |

Analysis | \

Science Questions & Drivers = Data Synthesis: Nowcast & Data Impact

-100
325 330 335 340

Salinity (PSU)

Science Community Workshop 1

Depth (m)




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

Data Portal
[ Naveroor 139 [ 2005 139

[Sum [T [w[m[F[s Cl OSSE Field Experiment

[o1 [oz [oa [o2 [05 & 02| The Cyberinfrastructure (Cl) component of the Ocean Observing System (OCI) will conduct an

[ [% [ @[z [ Observing System Simulation Expeniment (OSSE] to test the cagao.-.'.'nes of the OC! Cl fo support field
hans tnbuted ocean observatory in the Mid-Atlantic Bight. [ moee )

WW IWIW [W[EP_' operabons \n a aisinbut ¥

[22 [23 [24 (25 [26 27 [28| Eyecutive Summary of 11/11/2009
o 3

Community Blog

JERSEY ROOTS, GLOBAL REACH

Winds have increased out of the north and northeast to over 20 knofs 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

Sunday, July 1, 12

International Coalition of Ocean Observing Labor

| Skip to Content | Home | Log in |

gtories

| Atlantic Crossing Website |

ARCHIVE FOR THE ‘MIDDLE ATLANTIC BIGHT’ CATEGORY

10 Update on a cloudy Tuesday, but it is sunny in
our heads....

Posted by: Oscar in: Espresso 8 », Middle Atlantic Bight, NORUS

We had a great telecon yesterday. I look forward to another great call today! The
decision was to conduct two experiments. The first experiment which was
championed by Pierre was to send one glider North to survey the Hudson Canyon
which shows some interesting features. Pierre's plan and reasoning was laid out in
some figures which I have posted below.

0O0I-0SSE09: Hudson Valley Adaptive Sampling Plan
Plerre Lermusiaux et al, 2009

» |-COOL Mission Blogs

[ Observation
[ sst

| !
— Blonded with gag

| |
— ISy
[ satelinte
[J MF Radar
— ]
[J atmosphere Forcing
' NAM

[J Ocean Forecast

-’ HOPS-PE_SHELF

BOMS-ESPreSS0O
[J oata vs Model

O Ensembie Forecast
/ Equarl Walghting
/ Oogactive Woghting
O Glicer
' Locatons & Fath
O E:m Observing-!

' Myperion hyparspecial

four-band structure Is again sean in the blended SST fiald and also in each of the individual satelite
sensor abservations. SST comparisons consistently suggest a band of warm model bias af the shelf
break, probably due to the misiccation of the SST front there. The HF radar data for yesterday, though a
bit sparse, suggest a& northeastward flow on the southern shelf, and an offshore fiow (toward the
southeast) in the northern part of the domain. ¥hile the egually welghted ensemble farecast shows only
very weak offshore flow in the north, the objectively weighted ensembie forecast reproduces this feature
somewhat better. The objectively welghted ensemble forecast also shows better agreement with the
glider salinity profiles than the equally weighted ensemble forecast.

Click here fo view a more detalled C! dally summary.

Recent locations for the observational assets dunng the iast 24 hours are shown below.

Location of Assets 20001111

NDBC Buoys
CalPoly Remus
v

Rutgers Gliders

UDel Glider



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

Weather Forecasts
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The OOl Observing System Experiment (OSE)

ov O 5009 “ US East Coast L GlSST

G1 Daly Mean SST (G) for 20091109

5 different

satellite
Sensors

73%W 72°W

16 17 18 19
Temperature (C)
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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

Tamparatura Profilas Tampearatura Profilas Tampearatura Profiles

12 14 15 7 12 13 14 15 18 17 | 12 13 14 15 18 17 18 11 12 13 14 15 18 17 18
Temperatura (C) Temperatura (C) Temperature (C) Tamperatura (C)

Model A Model B Model C Model D

Salinity Profilas Salinity Profiles Salinity Profilas Salinity Profiles

30 | 0 32 | 35 34 a2, 30 35
Salinity (PSU) Salinity (PSU) Salinity (PSU) Salinity (PSU)
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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

US Mid Atlanti
1, Nov 04 2009 id Atlantic JPL G1SST

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

T eSO * FromAto B in the
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 OOl Observing System Experiment (OSE)

Scientific
community
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The OOI Observing System Experiment (OSE)

Distributed decision
making
using live web
service tools
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Plan prediction accuracy
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Science
Alerts

Science
Campaigns

Science Event Manager
Processes alerts and
Prioritizes response observations

Science
Agents

EO-1 Flight Dynamics
Tracks, orbit, overflights,
momentum management

Observation
Requests

ASPEN Hyperion
Schedules observations on EO-1 on EO-1

Updates to
onboard plan

Science ComntumtAorkshoy



Hyperion on EO-|
7.5 km by 100 km
(30 m resolution)
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The OOl Observing System Experiment (OSE)
Nov 2 to Nov 13 2009

science for a changmg world
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