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Climate change

F’i“ Donald J. Trump & W Follow Source: huffpost.com
. ﬁ W @realDonaldTrump

The concept of global warming was created by and
for the Chinese in order to make U.S. manufacturing
non-competitive.

715 PM - 6 Nov 2012

3,775 RETWEETS 719 FAVORITES « 13 %

Source: Climatedenial.com
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Source: The Guardian

Source: Coral reef watch




Climate change

Source: http://drsircus.com/
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Climate change

Indonesia landslides leave
19 dead, 10 missing
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Rescuers search for the vichms of a landslide in Jombang, East Java, Indonesia, Jan. 28, 2014 AP
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Climate data for Porto Alegre

Month Jan | Feb | Mar May d:‘lg'{y | ,!u!_
Average high °C (°F) [ |ﬁ-;,,- 1:@' -wg"l;-]
176 151 152

Daily mean °C (°F) 83.7) (59.2) (59.4)

163 130 10.7 10.7

Average low °C (°F) _'.‘L{le). (55.4) | (51.3) | {51.3) .




Climate change and ocean observatories

The world reacts to a changing climate, long term measurements allow to keep track of it

Long-term observations at key regions provide background to recognize complex patternsin ocean’s
variability

Challenge: Ocean is immense, inaccessible and always in motion

~150 permanent deep-water observatories report air and sea conditions (OceanSITES)
Europe: 1/35 the size and ~10 times that many weather stations on land

Scientists aim to find explanations and model predictions with modern technology instrumentation

Maturing consensus that stewardship of the ocean ... source: OceansiTes
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Operational Oceanography .%&

* Systematic, long-term routine measurements of seas, oceans
and atmosphere, and their rapid interpretation and
dissemination.

* Monitor and predict ocean behavior combining computer-
based models, observations from remote and in situ sensors

Source: Malta Page for Oper. Oc.

B Important products derived from operational oceanography
*NOWCASTS *FORECASTS *HINDCASTS

Collection = data assimilation centres = value-adding organisations

Final products
Monitor, understand and predict weather and climate
Describe and forecast the state of the ocean, including living resources
Improve management of marine and coastal ecosystems and resources
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NG B Improve electronic charts and optimum routes for ships
Source: CLS.fr Mitigate damage from natural hazards and pollution
Protect life and property on coasts and at sea
Enable scientific research
 Users

— Science and industrial users, government agencies, and regulatory authorities
— Supporting those who make a living at sea.

Text adapted from: European Global Ocean Observing System
OceanSITES



In situ and remote platforms
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Research vessels

- Basic measurements of ocean properties are made by lowering equipment over the

side of a vessel;

- Equiped with ice-breakers, drillings, sonars, underway probes;

Source: Personal archive
¥

capacity for reach hostile environments \ A CTD Rosette: the most fundamental
. tool for open ocean oceanography

»
and sampling on the go f

- Platform for deployment of buoys, floats, drifters,

submersibles...

......

Source: BIOS



Ships of opportunity

Status by country, January 2009

Volunteer to conduct research
during their transits across the
ocean

Underway measurements

collected via the ship’s clean
seawater ﬂOW'th ro ugh SysS i AR N S i Kommeps

Source: JCOMMOPS - Ship-of-Opportunity Programme

pCO,, Temp, Salinity..

Deployment of equipment
Buoys, floats, argos..

-----

Continuous Plankton Recorder  souressasros =~ = "

Since 1946, North Atlantic and North Sea monitored
from a network of shipping routes

Source: seaice

Sir Alister Hardy Foundation for Ocean Science

Source: Antarctica.au



Time series stations
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- Systematic and regular sampling §
on a single spot of the ocean

Source: Personal archive

- Allows factor out everyday
patterns and detect changes to
the ocean

HAWAIIAN ISLANDS
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Hawaii Ocean Time-series Bermuda Atlantic Time-series Study
(HOT - 1988) (BATS - 1988)

- Biogeochemical and physical variables - Hydrostation S (1954)
- from surface to 4700 m on monthly basis - 25 different biogeochemical and physical
- A Long-term Oligotrophic Habitat variables

Assessment (ALOHA) cabled observatory - from surface to 4200 m on monthly basis

(ACO) since June 2011 providing real time

physical data.




ARGO floats

— Deployments began in 2000

— Drifting with currents.
By changing buoyancy, profiles vertically (0-2000m) CTD records

Once at the surface it transmits location and recordings by satellite to Argo data

centers
over 3,000 Argo floats forming a synoptic 3-D view of the ocean in near real time.

BIO-ARGO: next generation includes sensors able to monitor biological activity
(e.g., back-scattering coeff., [Chl-a], [NO,],[0,])

Source: Ifremer/ Coriolis
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Drifters and gliders

Drifter buoys

— Lagrangian drifters
measure sub-surface currents and surface ocean & atm data

* Drogue attached (~15m depth)
* Easy deployments, relatively inexpensive
— Drifters with experimental set-ups

* Encubate samples in situ
* Radio signal to recover

Source: NOAA Source: GOOS
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Source: Personal archive
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— AUVs with GPS, pressure & tilt sensors, compass

— CTD measurements, currents, chl, fluorescence, optical
backscatter, bottom depth, and (occasionally) acoustic backscatter.

Source: GOOS

Salinity for Spray 7 Gulf Stream - Northward Leg

T

 — Usually reach 1000 meter depth. (2010 one recorded at 6km)

0

0o 200 am
; prrmtsen Source: WHOI




Moored buoys

- Anchored, regularly collect using different atm. & ocean.
sensors , surface and subsurface.

- Usually deployed to serve national forecasting needs,

maritime safety needs or to observe regional climate patterns. Tsunami warning sys

- Relatively large and expensive platforms, serviced yearly. =

- Storage and transmission of data to owner's data center. -

- Carefull design considering weather and other possible ‘*?-\

damages. - Q:%'m

- DBCP's moored buoy network M = ST ’
- Tropical Moored Buoy Implementation Panel array ‘_"::” = i ]
- Monitor large scale phenomenon such as ENSO ‘d o -l_l' &

Source: NOAA Source: NEMO

Environmental Monitoring System at the Guadiana Estuary - SIMPATICO

- At the mouth of the Guadiana Estuary, since March 2008

- Measures in continuous the current velocity and direction, pressure,
water temperature, turbidity, dissolved oxygen, salinity and pH.

© Jeutstosn 4

= Moored Buoys (424) = Drifting Buoys (1282) = Tsunameter Buoys (48) 4 Fixed Platform {(57)
komages

Source: Data Buoy Cooperation Panel

Source: CIMA/UALg



Source: OceanSITES

Deep sea moorings

Beneath the moored buoys, or with no surface signature at all
Commonly deployed in waters of more than 4 km

Temperature, salinity, dissolved oxygen, chlorophyll, submersible
incubation devices and water velocity changes through the water column.

Hollow glass spheres to keep line taut and upright even in strong currents.
Instruments along the line between the hardhat floats.

S-bend in the line to reduce tension between anchor and buoy during
heavy seas

Source: Personal archive

Source: GOOS



Oceanic Flux Programme / BATS design

Sediment traps

Communications Buoy
ARGOS (450 m)

(10) 17" Glass Flotation

Biogeochemical flux in water column (marine snow) Spheres

- food supply for organisms in the depths Sediment Trap (500m)

- major impact on Earth’s climate by transporting carbon to SEEEEERE e
the deep sea and preventing it from re-entering the i
atmosphere as a greenhouse gas.

Particle traps can associate current meters and other sensors (@) 17" Glass Fiotation

Samples analyzed for type and quantities of marine snow

accumulated over the duration of the deployment g __Parllux Mark Vi

Sediment Trap (3200m)

(6) 17" Glass Flotation
Spheres

Dual Benthos
Acoustic Releases

2200 Ib anchor

Dapth: 4400 m

Source: BATS/BIOS

Source: Dr Maureen Conte



Smart tags

With a little help from our friends
 Harmless
* Animal cardiac rhythms, body temperature

Source: John Gunn, Australian Antarctic Division.

 Temperature, salinity, and depth
 Transmitted via satellite when in surface

Source: Google Earth

15,1002082

* Tracking available on Google Earth

4,,1002010

@ Global Tagging of
GTOPP

Pelagic Predators
S o S S _ : White shark

Tagging Data

» CASLO024SNI
s Swim with me:

p ) Quickly
Slowly
Where | went

OSU4204173 7 Dinnlgairack
. Depth Profile:

Q00m _

About me:

Tag Mumber; 4008

Gender: Mg,

Lengih; N4

Weight N/A

Credits:

data courtesy of TOPP tagged shark

photograph@Scot Anderson; underwater shark
photograph and tag photograph€Uason Bradiey,
wideo courtesy of Rick Rosenthal, species map
courtesy AquaMaps

Source: GOOS Source: http://blog.



Satellite oceanography

Our only window into the ocean ecosystem on synoptic scales
Sole method to take global view of marine biosphere
Synoptic view capture meso and large scale features, but surface only

10,000yr
1000yr
100yr
10yr

1yr

Time Scale

1mon

1wk

id

1hr
10m 100m 1km 10km 100km 1000km 10°%km 10°km

Spatial Scale




Satellite oceanography

Atmosphere, water and their constituents
have properties which reduce the amount
of useful signal to the satellite

Sensor records the amount of
reflected energy in
O determined wavebands
(/ :
4 JJJ

Source: NASA



Satellite oceanography

Orbital sensors can measure four primary properties: colour, surface temperature
and roughness and sea level height. Any variable or phenomenon related to these
properties can be evaluated from space (Robinson, 2004)

Absolute Dynamic Topography & Geostrophic currents 2012/02/03
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Satellite oceanogra
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DATA ACCESS

e Data from all these observing systems and instruments are
received and processed by MANY operational data centers.

1 g LI
* Usually requires download S
and post-processing in GIS or “ : =
prog ramming software r SeEeseaa=ee e }Hll F i

* Some have online plotting =

NF-POGO Alumni Network -
Oceanographic datasets list

| R i

o @wpel 3%
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World Ocean Database

WORLD OCEAN-DATABASE SELECT AND SEARCH

#Casts in WOD

3500000 4

* Global collection of data called WOC; ——

2500000

* WOD is updated and re-published regularly, latest in 2013;

2.000.000 4

* More than 13 million temperature and 6 million salinity profiles

1500000

-Ocean Station Data (OSD) i |
Bottle or Nansen/Niskin casts, low resolution CTD/XCTD, plankton data
-High Resolution CTD/XCTD (CTD) =
-Expendable (XBT) and Mechanical Bathythermographs (MBT) i
-Profiling Floats (PFL) i

-Drifting (DRB) and Moored Buoys (MRB)
TAO, PIRATA, others

NODL  NODC WOAS: WODSE WODO1 WODOS WODo3 woDi3

-Autonomous Pinniped Bathythermographs (APB)

-Undulating Oceanographic Recorder (UOR)
Towed CTD o |

-Surface-Only (SUR) s R
Bucket, Thermosalinograph :

-Glider data (GLD)

Figure 2.2. Geographic distribution of OSD casts in WOD13

Source: WOD

Adapted from: Marine Data Literacy/ Dr Murray Brown



World Ocean Database

Ocean Data View

® 2012 Reiner Schlitzer

* Ocean Data View (ODV) — very WOD data friendly E it

- $$$5$
e Example: WOD for PhytoClima (UAlg/PML)
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Newest generation of instruments

* Environmental Sample Processor (ESP)

RNA analyses by water sampling

e Tendon Anchored Composite Ocean Spar (TACOS)

—  Stable and long-lasting ocean buoys moored to seafloor with myriad of instruments

— Renewable energy power supply and fiber optics, with data relayed through a surface antenna

—  TACOS will both reduce life cycle costs enormously while also enhancing sensor stability and data
availability

* Ocean Observatories Initiative (OOl)

- International Internet-connected network

—  ~800 instruments distributed throughout the 38 moorings, 12 seafloor instrument packages, and 27
mobile assets distributed in arrays from Greenland to southern Chile

- Collect data and receive commands from land

* Biological activity measurements

— Torpedo-shaped robots to travel alone to an algae bloom during its initial
stages of development and then monitor its growth and decline.

Source: Science

Future

* Due to costs and facilities, high tech instruments will be part of routine
oceanography research;

e Yet, ship time will still be required (validation of data)
e The combined use of both is the ideal

Source: OO0l



Hands on

In situ and satellite data online visualization

Looking into T and Chl in different regions and
seasons %W 10%

Polar —90°-60°N
Subtropical — 60°-30°N e o

Equatorial — 5°N-5°S
Winter —01/Jan/2011 — 31/Mar/2011
Summer — 01/Jul/2011 — 30/Sep/2011



1)
2)
3)

4)

Satellite Ocean Images

O

Go to http://oceancolor.gsfc.nasa.gov/ |

Click on Giovanni link _
Click on Ocean > Ocean Color
Radiometry Online Visualization and

T e e e

Analysis Monthly Data =

Set parameters

i) AOI > Region/35W-10E I e 3

i) Check

i)  Sea Surface Temperature (4 micron nlght) 4km
i)  Chlorophyll a concentration 4km

iv) Begin/End date (2011) | ———
v) Lat-Lon map, Time-averaged

vi) Click Generate Visualization



Winter/2011

Polar
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Subtropical
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Latitudes= 60°-30°N "
Longitudes= 35°W-10°E

Winter/2011
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Winter/2011
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Equatorial

Latitudes= 5°N-5°S
Longitudes= 35°W-10°E

T P e o

Winter/2011
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Coriolis Argo Data

| Boromam . mwe remee o ek -t

o |

1) Go to www.coriolis.eu.org

Coriolis wu ==l

MEASUREMENTS Sl
FOR OC

2) Click on Data services &
Data selection

3) Set parameters

i) Profiles > Argo only
i) Set date > Season/2011
iii) Param > Any

iv) Quality > Good data only
v) AOI > Region/35W-10E
vi) Click Refresh

vii) Click Display data




Polar

Latitudes= 90°-60°N
Longitudes= 35°W-10°E

High Latitudes

Winter/2011

s

Sea temperature - degree_Celsius
oo 25 5.0

Coriolls data centre 08/03/2012
Mo data for Dissalved cxygen (deprecaled)

No data for Civiarophyfl-a total

Practical salinity - psu
i 34,00 3425 3450 3475 3500 3525

Coriolls data centre 08/03/2013

Sea pressure - decibar

Chlorophyl total - milligram /m3
001 002 003 004 005

Summer/2011 v
[V |®|Argo profiles

Seatemperature - degree_Celsius

0o 25 50 73 W0 125

Source: Chamberlin & Dickey (2007)

Corlolis data centre 06/03/2013
e datn far Dissolved mxygen (deprecated)

‘o data for Chisrophyli-s fotal

Practical salinity - psu
32 33

200 o . —l=
Corlolis dara centre 06/03/2013

‘Sea pressure - decibar

1,250 & ]
Corfolis dara centre 08/03/2013

Chlorophl total - milligram/m3
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Subtropical

Latitudes= 60°-30°N
Longitudes= 35°W-10°E

Mid-Latitudes

Winter/2011 [ |vere

Seatemperature - degree Celsius

Firsio pre s

Coriolis data centre 08/03/2013
Ho data for Chiorophyll todal
Mo data for Chiorophyla total

Practical salinity - psu

Summer/2011 |

of lemperature =

Moed layer

Wiler  Spring  Summer
- MLD = Mixed kwyer dapih

Source: Chamberlin & Dickey (2007)
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w15 0 5
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Tropical

Latitudes= 30°-5°N
Longitudes= 35°W-10°E

Tropical Latitudes

- Poiczone. Mdlayer

Winler  Spang  Summer  fal

Winter/2011

Seatemperature - dagres_Celsius
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Fractical salinity = psu
M5 350 355 360 385 0 IS

Dissohved oxvpen (dapracated - millimola/n
50 100 150 200 250

100
200
300
400
560
600
700
800
a0
1,000
5 1,100
2 1,200
o 1300
1400
1500
1,660
1,700
1,800
1,900
2,000
z100
Coriolis data centre 08/03/2013

Na datn for Chiaraphvyd totsd
T data for Chigrophyia tolal

deacibar

assure

Summer/2011

-Seatemperature - degree Celslus.

Practical salinity - psu
5 Lo 15 20 25 7

35 36

£ 90
11,000
a0

£ 1,200
5 L300
1400

1,500
1,600
1,700
1,500
1,900
2,000
2t00
Coriolis data centrs 08/03/2013
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Winter/2011

Equatorial

Sea temperature - degrae_Celsius

Practical salinity - psu
5 1m0 15 20 iy 0 4 35 E
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Latitudes= 5°N-5°S
Longitudes= 35°W-10°E
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4 Coriolis data centre 08/03/2013
Mo data for Dissalved oxygen (depracated)
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Summer/2011  []%
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Ko data for Daacived oxygen (deprecaled)
Yo data for Chiorophyl fotal
o data for ChiorophyT-a fotal




