* _ Dawn in the age of robotic oceanography
Oscar Schofield, ScottiGlenn, Josh Kohut, Ulrich Kremer, Travis Miles, Nicole Couto, Xu Yi (Rutgers)
=S . Doug Martinson, Darren Mckee (Lamont)

William Fraser (Polar Associates)

Coastal Observation and Prediction Sponsors: [ N2 E®

We make things work for you.

OFFICE

- g National _
NR R:Esi‘i‘:;'éi " The G.Unger Vetiesen Foundation
4 VAL ResERnCy 4  Foundation T = new jersey.
— Celebrating 50vears \Q BPU boal'd Of pub"c Uti"




Oceans are complex and central to the Earth system
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Despite heroic efforts, the ocean is chronically under-sampled. We need a permanent

sustained presence making SPATIAL time series.

Oscar
Schofield
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Rutgers University - Coastal Ocean Observation Lab
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MARACOOS - International Constellation of Satellites — Since 1992
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Mld-AtIantlc Blght HF Radar Network Since 1997
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MARACOOS - Autonomous Underwater Gliders — Since 1998
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325 deployments - 129580.19km flown - 5930 days
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RU-COOL Deployments by Year

Year Number | Distance (km) Days
2012 19 5054.31 290.3
2011 37 11975.53 624
2010 46 17003.36 876.6
2009 30 18114.34 761.1
2008 28 16642.28 604.7
2007 27 10277.99 462.9
2006 38 9745.88 538
2005 16 4113.87 207.1
Totals 241 92927.56  4364.8

Includes all Global deployments

«  Since 2005: 241 Global deployments totaling 92,927 km over 4365 days
« Since 2005: 149 Mid-Atlantic deployments totaling 52,187 km over 2628 days
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HURRICANE IRENE AFTERMATH

States urricane-related deaths Power outage | Evacuation

(.000) | (,000) | Deaths
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o 2 | | A e A First tropical storm to threaten NYC
e e S R A Tl 1 since Hurricane Gloria in 1985 |

Sources: Reuters, ESRI, news reports. U.S. Dept, of Energy “Figures unavailable {3 REUTERS i 3 o Floodlng record S broken |n 26 rlverS
: « Caused at least 56 deaths
« Damage nearly $8 billion
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The Miami Herald > Weather >

Hurricanes

Sunday, 02.19.12 Welcome Guest o

HOME NEWS | SPORTS ENTE

Miami-Dade | Broward | Keys | |

Posted on Friday, 09.02.11

HURRICANE SEASON

Intensity remain
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Scientists say that it is much easier to accurately predict what path a hurricane will take.

By HENRY FOUNTAIN

Published: August 27, 2011
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Hurricane Irene 39.5N 73W Surface Current Time Series
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Hurricane Irene

Direct Wind Forcing Inertial Response
Mean Wavelet Power between Period 20 h and 30 h Mean Wavelet Power between Period 16 h and 20 h
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Two Gliders *
Deployed by MARACOOS '

in Hurricane Irene
, O ;
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A ,E’Last Surfacing

(o) Déployment Locatior

RU23

* Deployed for MARACOOS.
» Map subsurface T/S

| T 1N
_Last Surfacing /,'

e O RU16 structure for fisheries.
eht.Waypointiry16] * Deployed for EPA. - Damaged early - drifter
e V7 * Map bottom dissolved » Recovered by fisherman
| Syl « Provided data on inertial

* Provided data on currents during storm.

mixing during storm.
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WARM: RTG+SPoRT(8/27) Init: 2011-08-27_00:00:00 RTG,SPoRT(9/06)+AVHRR(8/31) nit: 2011-08-28_06:00:00
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WARM (RTG only)

COLD “Update” (AVHRR)

Wind Speed at 10 m |kts

Wind Speed at |
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Date/Time NHC Warm (RTG |Warm (RTG |Cold “Update”
(UTC) Forecast |only) only, OML (AVHRR)
Model)

27/1200 5 -17.22 -17.23 -6.17
27/1800 10 4.1 4.2 5.88
28/0000 10 1.39 -2.14 3.96|
28/0600 5 -1.2 -1.04 -1.21
28/1200 15 2.39 4.79| 0.5
28/1800 15 4.97 3.51 -2.67
29/0000 15 3.62 1.93 -0.89|
29/0600 10 10.48 9.84 4.52
Sum of Squares 800 457 452 118]
RMSE 9.43 7.13 7.09| 3.61
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Temperature profile

Temperature change with

depth (dT/dz)

0 0
sl -5}
-0} -10f
g -15F g -15}
g‘ -2t ggl -z0f
o 25+ - o -25¢
;¢ —— before storm -30¢
=35t < =35} d
o . ._ after storm = . . — lafter' Sltorm
BT 15 ) 25 30 .05 0 0.5 1 15 2
b
5
-10 % {
2 ‘A;*;,A .
£ i Mixed layer depth = max(dT/dz)
i -20
# TR lw"'\ \ W“ Transition layer= dT/dz< 0.01
S Al I
3o [ SR ‘ H WY JIUT ) \ J . “Jlll'wJ It Hﬂ [ ‘“'|J|"|l _________
‘J'_;"i |J W Ui
-35

225 230 235

days of year

240

RUTGERS

JERSEY ROOTS, GLOBAL REACH

245 250

Coastal Ocean

Observation Lab



Gradient Ri =
Buoyancy/shear

Shear |dU/dz|

23 248 2438 240 41 242 294 234 245

Buoyancy Frequency

297 233 239 240 REY 242 243 244 242
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RU23 Temperature [°C] RU23 Density [kg/m°]

Depth (m)
Depth (m)
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RU23 Salinity [PSU]
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315 32 3é.5 23 335 0 0.02 0.64 O.IOG 0.08 0.1
WBL grows and mixes from the bottom up Winds mix from the top down
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Near Surface and Bottom Temperature Near Surface and Bottom Salinity
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Enter a location
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Case example 2: Application of observatory technologies for studying
remote and extreme locations, the West Antarctic Peninsula



We are using the WAP as zone to study how rapid warming can shift the food web

\
(P . . .
il Fastest winter warming location on Earth
'£ v Northern WAP perennial ice is gone
e R 87% glaciers in retreat
;.'», =Antarctic Peninsula " o glaciers in retrea
;l ."' ~

Sea ice duration decreased by ~60 days
Increase in ocean heat content

Increase in wind and clouds

I I

—10

|
-
o)

Winter (JJA) Air Temperature (C)

Temperature trends per year
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Heat engine melting the WAP
is the ACC

ACC upwelling is rapid flushing
events (time scale of weeks)
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RU25d-194 (3 Jan 2011 - 1 Feb 2011) 2b,
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« Glider depth-averaged
currents: agree well with
moorings + model!

Grid Line [km]
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Thanks Lamont team

Coastal Ocean

Observation Lab
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« Glider depth-averaged =

currents: agree well with
moorings + model!

400
« Glider deep water (> 220 .
db) temperatures: E
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After about 3 days at the fence, we begin tracking.
*Divert north/south to wait for feature to catch up if we exit (v, ~ 3v,,).

*Follow feature for about 6 days.
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There are indications in changes in the primary production

Remote Sensing (Decadal changes)
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Antarctic krill Antarctic Salp
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There are indications in changes in the zooplankton communities
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Adaptive Sampling of Penguin Habitats

P {. P
F L3 L

Penguin Reaad
Foraging Island
locations

Adelaide
Island

WTGERS JERSEY ROOTS, GLOBAL REACH ey



Anvers Island

Hot spots along the peninsula are associated with
deep undersea canyons located near suitable breeding areas,
which can be reached in a days foraging effort (~30 km).




Zodiac-based sampling
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Observatory (simulated) data

Models

T

Sensor &
Platform

3

o~

| skip to Content | Home | Log in | | Atlantic Crossing Website |

ARCHIVE FOR THE ‘MIDDLE ATLANTIC BIGHT” CATEGORY .
» |-COOL Mission Blogs

Previous Entries > Atlanti
> LTER

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

Data Assimilation

Posted by: Oscar in: Espresso

ospace, Middle Atlantic Bight, NORUS

i
some figures which I have posted below.

001-0SSE09: Hudson Valley Adaptive Sampling Plan
frre Lermusiaux et 3], 2009

Salinity Profiles
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An ensemble of different numerical models run by different laboratories

RUTGERS
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A fleet of four gliders
October 30 — November 20, 2009
EERTy. 0

4 Deployments
(3 Rutgers, |
University of
Delaware)

|
! ) |
N1
o | wr3se | w3z | w73 | Wr2iet | W

. | | 77 in-water days

| 608 km flown
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Temparature Profilas

Temparature Profilas

Temparature Profilas

Temparature Profilas
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COMBINING THE FIELD ASSETTS WITH OCEAN FORECASTS
FOR PLANNING AND PROSECUTION EFFORTS

US Mid Atlantic JPL G1SST

43y Nov 04 2009

[ ] Kn Own C O n Strai nts (s I OW O . 5 kn ot, Wew W 76W 75W Taw ] T W Tow ow JPL

Battery, shipping lanes
¥ SNIPPINg ) * From A to B in the shortest time

* Uncertain constraints (time-varying 3D

currents) * Follow a time-varying feature (shelf-

slope salinity intrusion)
* Operate autonomously & re-plan daily
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odify waypoints Conversion

Cartographic
Plan

Examine path,
“reachability envelopes”

State
== And
~ Resource
Plan

Two-phase =
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view
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PLANNING FOR THE PRESENT

[Su M [T (W[ [F s
gg?%ﬁglﬁ Gliders are retasked on 24-hour cycles. Each daily glider planning session produces a 24-48 hour trajectory
08 fo3 [10 13 14 i i imi i g ination. |
I Fi iz i 18 B that is designed to optimize travel time toward the operators’ chosen destination. more
22 [23 [24 [25 (26 [27 (28

Glider Planning and Prosecution
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PLANNING IN THE FUTURE
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Plan prediction accuracy
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Day of operations

JERSEY ROOTS, GLOBAL REACH

Reduce forecast error
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Science
Alerts

Science
Campaigns

Science Event Manager
Processes alerts and
Prioritizes response observations

Science

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
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science for a changing world
|

= USGS/

Last Surfacing

ru2:l Current/Wayp,

. J
hent.Location lEDeployment Location

Deploymenti®@cation

Data 510, NOAA, U:S. Navy. NGA, GEBCO v
Image © 2009 DigitalGlobe % (JOO‘%IC
2009 L

Image USDA Farm Service Agency.
39°16'57.28" N 73°28'14.47"W elev -45m Eye alt 145.59 km 4

UTGERS JERSEY ROOTS, GLOBAL REACH Olff:;ft'iﬁcfjg




e
R TSR




