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OUTLINE
* Physical Oceanography — what is 1t?
* Hydrosphere
* In situ Data Acquisition.
* Historical Oceanographic Data Storages.
* Major Findings based on in situ Data
* Operational Forecasting

* Long - Term Changes
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» Physical oceanography is the study (Tmn'?) of
physical conditions and physical processes
within the ocean, especially the motions and
physical properties of ocean waters.
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* Physical oceanography is one of several sub-
domains (D'INN-NN) into which oceanography
1s divided

* Oceanography — scientific study of the oceans.

Physical h
Oceanograph)/< ysical Oceanograpny
N Chemical Oceanography
Biological Oceanography

Geological Oceanography
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BASIC GOAL OF PHYSICAL
OCEANOGRAPHY

* The basic goal of oceanography is to obtain a
clear and systematic description of the
oceans, sufficiently quantitative ('nind) to
?ermu us to predict their behavior in the

uture with some certainty.

* To achieve this goal the study of Physical
Oceanography is divided into sub-
disciplines (D'XYI-NN):

- Physical properties of sea water
- Air-Sea Interaction (n'7TTn NysWN)

- Ocean motions such as Currents, Water
Mixing, Sea Level Changes, and Waves.
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VIEW OF THE EARTH

North Pole

ARCTIC OCE

an



OCEAN DIMENSIONS AND
SHAPES

* Proportion water:land

southern hemisphere 4:1

northern hemisphere 1.5:1

* Pacific = Atlantic + Indian

* Average depth of oceans =

, Horizontal dimensions

(MI'POIX NIT'N)

* Oceans very thin relative the
Earth dimension
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TWO APPROACHES IN
PHYSICAL OCEANOGRAPHY

* Descriptive approach: from observation to
regularities (NIN'T0) and parametrization

* Theoretical approach: implementation of
physical laws to the ocean environment

(N'M' N2'207 DMINP'T'DS D'ZIN NYNLN)
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OBSERVATIONS: FROM TRADE AND WAR
SHIPS TO OCEANOGRAPHIC SHIPS

Track of H.M.S. Challenger during the British
Challenger Expedition 1872—-1876. After Wust (1964).
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* Niskin bottle, GO bottle

TYPICAL EQUIPMENT FOR
MULTI-BOTTLE CAST

* Nansen water bottles before (1), during (II), and after &

(III) turning
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e Salinometers

TYPICAL EQUIPMENT OF
T,S MEASUREMENTS

* Reversing thermometers




OCEANOGRAPHIC IN SITU DATA

ACQUISITION

Research Vessels
Coastal Stations
Moorings

Autonomous
systems

10/6/2021
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ONDUCTIVITY-

EMPERATURE- EPTH

PROBES

Neil Brown Instrument System
Mark Ill CTD (1980-1990)

Soviet CTD ZOND-BATHOMETER
(1980-1990)
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SEA BIRD CTD +
ROSETTA

CTD ' onductivity- emperature- epth probes

SBE 3plus
temperature
sensor

sensor

~ : rd
DO sensorintake -~
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CTD CAST FROM R/V METEOR
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Physical Oceanography of the Eastern Mediterranean
Experiment (POEM) Casts Location
(Germany, Greece, Israel, Italy, Turkey (1986-1990)
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Atlantic Climatology Database

= WOCE Pre-WOCE Historical

Potential Temperature at 200 m Depth
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Generalized ocean surface currents
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https://www.youtube.com/watch?v=CCmTY0PKGDs

MODERN OCEANOGRAPHIC

OBSERVATIONS

(CURRENT STAGE - 'ndna 1%wn)
* Observation from autonomous ("NIVIX) sea and space

platforms.

(WIND SPEED & DIRECTION

S o8N ) AIR PRESSURE & TEMPERATURE
P10 1M HUMIDITY
R WAVE HEIGHT & DIRECTION
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DRIFTERS TRAPPED BY SHIKMONA EDDY
SUMMER 2009

Drifters - Lagrangian current
meters.

(Anchored Buoy station - Eulerian
current meters.)
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Argo Floats — Regular diving & Sampling Characteristics

FULL DIVE CYCLE (deep dive) FULL DIVE CYCLE (shallow dive)

2 days 3 days 4 days 5 days 7 days 8 days 9 days 10 days

Surface (8h) - Argos transmission Surface (6h) - Argos transmission

Drift at 350 m (4.1 days) Drift at 360 m (4.5 days)

. scent (2h)
Descent (2h) TS

700 m

Ascent (7h)
T/S

Descent (5h)
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ARGENTINA (1)
AUSTRALIA (361)

* BRAZIL(3)
* CANADA (87)

CHINA (105)

National contribu
Latest location of operatior

* EUROPE (94)

FINLAND (3)
FRANCE (277)

*  GERMANY (142)

GREECE (2)

* INDIA (12
INDONES
IRELAND

. o}
T 45°N

o ITALY(35)
e GREEGE(8)
o GERMANY(1)
® FRANGE(11)
o EURO(8)

¢ SPAIN(7)

Expected result:

Short term and
Long term

Ocean forecasts.
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GLIDERS FOR OCEAN
OBSERVATORIES




Observations of ,
CTD — Conductivity, Temperature, Depth

Chemical measurements from a boat
are still more accurate e coiy
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GENERAL FEATURES

* Depth coverage: 30-700 meters.

* Horizontal coverage: 20-25 Km per day.

 Endurance: up to 2 months.

* Rechargeable Lithium batteries.

* Deployable from small boats (<7 m).
* Interchangeable Science payload.

e Real-time data via iridium satellite Com.



THE ISRAELI SCIENCE
PAYLOAD SETUP

» SeaBird GPCTD - Conductivity (Salinity), Temperature &
Depth (pressure)

* SeaBird Dissolved Oxygen.
* Wetlabs Triplet — Chlorophyll, Scattering, CDOM.

* Alseamar MiniFluo UV — Hydrocarbons.

Interchangeability of payload:
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SUBMESOSCALE COHERENT VORTICES (ANTICYCLONES) IN THE
NORTHWESTERN MEDITERRANEAN SEA AS OBSERVED WITH

GLIDERS
WARM (+0.4°C) AND SALINE (+0.1PSU) AT INTERMEDIATE DEPTH
CHARACTERIZED BY A SMALL RADDIUS (~5KM)
BOSSE ET AL. 2015

17/11/2010 - 25/11/2010
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ISRAEL MARINE DATA CENTER
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Hadera Wave Height and Period
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http://isramar.ocean.org.il/isramar2009/Hadera_CTD/

MEDITERRANEAN CAST DATA
BASE

* An oceanographic cast or oceanographic vertical profile is a
logical unit of physical and chemical parameters of sea water
obtained by different equipment:

sl satellite

surface

s

drift at 1000m
nearly 9 days

Argo float measures temperature and salinity profile
from 2000m up to surface every 10 days
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TIME DISTRIBUTION OF CASTS

1905 | - : - . e : T 1905
1900 : - C - ~1900
1895 = T T e — - 1895
1890 | .. e sy i R - 1890
1885 R 1885
1880 R - 1880
1875 e ol . - 1875
1870 C . e 1870

1865 PR — - 1865
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SPACE DISTRIBUTION OF CASTS

25




TIME SERIES DB

(CONTAINS TIME SERIES OF PHYSICAL,
CHEMICAL AND BIOLOGICAL DATA OBSERVED

AT FIXED STATIONS)

Isaac Gertman
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Coastal Stations

o Coastal stations in Hadera and
Ashkelon

a Sensors: ADCP+Waves, CTD o
(T, S, Oxygen, Chlorophyll, g B/ ciia

e e MODIS
Turbidity), Sea-level, Atm. N SR
Pressure. ) Ve m

! BNt o ] ¢ ("Ashgelon
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CTD ANTI-FOULING HOUSING

PVC Casing for CTD RT Stations

/, Com. Cable \
Stainl teel
ainless steel
N Harness

Chl & Tur

/ Sensor \ o

Open <<< Front View >>> Closed Rear View Side Orientation View
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DATA FLOW IN THE IOLR TIME SERIES DB

Stations

| |

Ve : .. Manual process

Periodic
maintenance

Automatic process

--———'/

| 5 £ / ' ] [

Near real b

time transfer J/] transfer

Daily
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GLOBAL HISTORICAL
COLLECTIONS OF CAST DATA

NATIONAL OCEANOGRAPHIC

DATA CENTER (NODC)

3 AT RTMENT

R ERERE RN L DA

et it e O - World Ocean Database

T N eEed T ST TR
& Ui TR R NE BT R
e ke W et [ b Rk Y

e e e e hpm Sl The World Ocean Database (WOD) provides access to scientifically quality-

T IR re———

controlled global ocean profile and plankton data that includes measured in situ
variables gathered since 1773.

SEARCH CRITERIA: (definitions) DEFAULT:

[] GEOGRAPHIC COORDINATES - whole world

[] OBSERVATION DATES - e.g., Year(s), Month(s), Day(s) - all years/months/days
[] DATASET - e.g., OSD, CTD, XBT - all datasets

[] MEASURED VARIABLES - e.g., Temperature, Salinity, Nutrients - all available variables

[l 1oLocGy - e.g., Phytoplankton, Zooplankton - all available plankton

N [ DEEPEST MEASUREMENT - all depths

-
o [ country - all countries

WORLD OCEAN-DATABASE SELECT AND SEARCH | = suwrmarroes

[ crurse - all cruises

[] Accession # - all ac

[ proJect - all projects
[ instrTUTE - all institutes
[] DATA EXCLUSION USING WOD QUALITY CONTROL FLAGS - no exclusion

[] pata ADDITIONS - WOD13 released data



EUROPEAN GLOBAL HISTORICAL COLLECTIONS
OF CAST DATA

" PAN-EUROPEAN INERASTRUCTURE
FOR OCEAN & MARINE DATA
MANAGEMENT

CoMMON DATA INDEX (CDI)

Common Data Index (CDI) service giv

, that are man data centres. Mc L pro unique interface for

10/6/2021 41




NUMERICAL MODELS

Numerical models are used to simulate oceanic flows
with realistic and useful results.

Most recent models resolve:
* 3D time dependent flow
* containing mesoscale eddies
* using realistic coasts and sea-floor features
* and synoptic atmospheric forcing.

Resent models are now so good, that they show
previously unknown aspects of the ocean circulation.

Numerical models are not perfect. They solve:

discrete approximated and simplified equations, which are not
the same as the exact equations of motion.

1/2/2020
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GOVERNING EQUATIONS OF OCEAN
CIRCULATION MODEL (OCM)

p@—\t/ ; adv(\/)j —Fure + Fuorione + UPDAiff (V) + F, .. [
div(V) =0 Cont E

06 Heat B E

— +adv(@) =turbdiff (6) + R

Sources
t

‘;—f +adv(S) = turbdiff (S) Salt B E

o =p(0,5,p) State E
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HOW IT WORKS

* Creating the model:
« Simplifying the physical processes (e.g. UML formation, Side Friction )

* Choosing the numerical schemes (Discretization)

* Model setup:
* Domain and grid definition

* Choosing parameters (time step, space steps, ...)

* Running the model:
* Specify initial conditions including data assimilation
* Specify boundary lateral conditions
» Specify heat, salinity, momentum, water fluxes through the sea surface.

* Time integration

oV (t,Xx,Y,2)

V({Ut+ALX Y, 2)=V(, X Y,2)+At-

Isaac
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The Mediterranean Operational
mon Network for the Global Ocean
http://mongoos.eu  Observing System (MONGOOS)

Partners

Map  Satellite

Isaac
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HIERARCHY OF NESTED
MODELS FOR DAILY
FORECASTS

From Global Mediterranean Model (at 7 km resolution) to Regional Models (at 3 km)
and to Shelf Models (at ~1 km)

5w

regional models at 3 km
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SOUTH EASTERN LEVANTINE ISRAELI
PREDICTION SYSTEM (SELIPS)

From Global Mediterranean Model (at 7 km resolution) to Regional Models (at 2 km)
and to Shelf Models (at ~1 km)

Current Velocity, m/s Surface 28/01/2017 00:00 UTC

A =

&

—

g
- opericus

.

,,,,,,,
........

1]

INGV model: now is 1/24 deg
instead of 1/16
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SOUTH EASTERN LEVANTINE ISRAELI
PREDICTION SYSTEM (SELIPS)

SELIPS is one way nested to ALERMO
(which is nested in turn to MFS )
and forced by the SKIRON atmospheric model.

SELIPS provide daily high resolution 4 day forecast of:
Temperature,

Salinity, oot
Current,

Sea level elevation

b
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SYSTEM OPERATION

00:00 GMT 12:.00GMT 18:00 GMT
Global ! Regional ! Shelf !
OGCM ALERMO SELIPS
Bologna, Italy = Athens, Greece m=—————) Haifa, |Srael
~ 7 X7 km ~ 3.5 x 3.5 km ~1x1km
Legend
ECMWF SKIRON
London, UK

Athens, Greece .
Boundary and Oceanographic
initial conditions models
Isaac Gertman /
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Basin Scale RT Observing System

Multiparametric buoys in:
Ligurian Sea, Adriatic Sea
and Cretan Sea
(few hours delay)

5 XB‘T VC;SIS‘&)OP'Shigr;]resc;lutic;'n

(12 nm along track and full profile
transmission, few hours delay)

20 ARGO floats deployed from VOS
(few hours delay)

Scatterometer DAILY winds
analysis, 1/2x1/2
(one week delay)

Daily satellite SST interpolated in
RT on model grid (one day delay)

Bologna. May 10. 2006

Open ocean monitoring by gliders
(few hours delay)

JASON-1, GFO, ENVISAT, T/P
Sea Level Anomalies
(few davs delav)
TOPEX/POSEIDON SATELLITE 04 april 2000

03 -025 -02 -015 -01 -005 O 005 01




SOUTH EASTERN LEVANTINE ISRAELI
PREDICTION SYSTEM (SELIPS)

HTTP://ISRAMAR.OCEAN.ORG.IL/SHELFMODEL/DEFAULT.ASP

FERRET Yar. &
M 'PHEL ThcP
b T4 T 1KIRE

DATA SET: pomn

32.0°M

La LUDE

salinity (ppt)
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OIL SPILL PROPAGATION FORECAST
(MEDSLIK)
BASING ON SELIPS

HTTP:/ /ISRAMAR.OCEAN.ORG.IL/ISRAMAR2009/MEDSLIK

E nte r 011 plll lllfﬂ l'mﬂ.tlﬂll spill trajectory forecast for 07/ Nov/2010 10:20 - 10/Now/2010 10:20

longitude  34°50.00'E B
latitnde 32°B100N - B
time of spill 2010/11/07 09:25 GMT - E]

oil type Belayim
amount 500 Tons
@ Instantaneous
) Duration I hours
' Rate I Tons/hour
simulation length: 72 hours

output interval: 6| hours

Data SIO. NOAA, U'S' Navy. NGA, GEBCO
Run Qil Spill forecast © 2010 ORION-ME

® 2010 GisraeKiryat MOtSkI . "‘“QGOOSIG

iglmage ©2010 DigitalGlobe . @ Kirvat Bialik
] 07/Nov/2010 10:20 32°53'3"

Location of maximal oil spill concentration

Latitude Longitude

07 /Mov/2010 14:20 | 32°54'31

] 07 /MNov/2010 18:20 *54'51" 34°5736"


http://isramar.ocean.org.il/isramar2009/medslik

LONG-TERM CHANGES CONNECTED
WITH GLOBAL WARMING

10/6/2021
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NEAR TO SURFACE TEMPERATURE ANOMALY
(RELATIVE MEAN 1961-1990)

 The globally averaged | —— Metoffice Hadley/CRU

combined land and ocean o NODe
NASA GISS

near to surface
temperature data (2m
above the earth) as
calculated by a linear
trend, show a

warming of
0.85 [0.65 to 1.06] °C,
over the period

1880 to 2012
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* Derived from 3
independent datasets
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OBSERVED SURFACE TEMPERATURE CHANGE
FROM 1901 TO 2012 DERIVED FROM
TEMPERATURE TRENDS DETERMINED BY LINEAR
REGRESSION

Observed change in surface temperature 1901-2012

0.6 -04 -0.2 2 04 06 08 10 125 15 1.75 25
(°C)
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NOAA POSTS REGULARLY UPDATED MEASUREMENTS OF THE

AMOUNT OF HEAT HEATING-REVEALS-ABOUT-GLOBAL-WARMING
(HTTP:/ /WWW.NODC.NOAA.GOV/OCS5/3M _HEAT CONTENT/ )
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(&)

0-700 m Global Ocean Heat Content
20

N
o

== 3-Month average through Jan-Mar 2015
= Yearly average through 2014

15
= Pentadal average through 2010-2014

p—y
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-—b
o
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‘ '-" ‘ 't'«"h: .
' . l\ (1'% "t hii

\ . “\ J | "

) UM AT '

’V \l‘/' ‘
/ NOAA/NESDIS/NODC Ocean Climate Laboratory
Updated from Levitus et al. (2012)

1960 1970 1980 1990 2000 2010 2020

The increase in the
amount of heat in the
oceans amounts to 17 x
1022 Joules over the last
30 years (it is equivalent
to exploding a Hiroshima
bomb every second in
the ocean for thirty
years)

* The amount of heat stored in the oceans is one of the most important diagnostics for

global warming, because about 93% of the additional heat is stored there

 The atmosphere stores only about 2% because of its small heat capacity

Isaac
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http://www.nodc.noaa.gov/OC5/3M_HEAT_CONTENT/

MEAN ANNUAL SEA ICE S
AREA IN THE ARCTIC
OCEAN IN DEVIATIONS
FROM AN AVERAGE

Total extent = 5.7 million sq km
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Average Monthly Arctic Sea Ice Extent
October 1979 - 2019

About 9.3 % per decade

National Snow and Ice Data Center
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Mational Snow and lce Data Center
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Year
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https://nsidc.org/arcticseaicenews/

SEA LEVEL CHANGE
1993-2018

https://www.climate.qgov/news-features/understanding-climate/climate-change-global-sea-level

Climate.gov

science & information for a climate-smart nation

Contributors to global sea sea level rise (1993-2018)

10
added water + thermal expansion
8
ye?'
» QG‘ added water
S 6 (mostly meltwater)
@
E
=
o 4 global sea level
(from satellite)
2
thermal expansion
0

2010
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https://www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level

LONG-TERM INCREASE OF
TEMPERATURE (ABOUT 0.1°C PER YEAR)
AND SALINITY (ABOUT 0.006 PER YEAR) OF LSW

[ T =
o R i Y e

=

Thickness [db]

Yearly thickness increment is -0.320.4 db
Megative trend is rejected with 95% confidence

o _owm ¥
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I-_._‘
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Yearly TEIII[JEI‘dTIJFE increment is 0.1320.05°C
Positive trend is accepted with 95% confidence

e
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o
Yearly salinity increment is 0.006+0,005
Positive trend is accepted with 95% confidence

The moderate salinization process in the upper layer of the SEM can be attributed to
the damming of the Nile in 1964.



LONG-TERM INCREASE AND INTERANNUAL
FLUCTUATIONS OF TEMPERATURE AND
SALINITY OF LIW

Bimodal Oscillating System
(BIOS: Gacic et al., 2010)

Depth of Smax [db]

]

—
et

Yearly temperature increment is 0.03£0.01°C
Positive trend is accepted with 93% confidence

ax [°f

e
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S 2
“HIGH” salinity
; content

on Z of

cyclonic
th lonian Gyre

=
E 4
T
[}
b
[(v]
=

“LOW” salinity
content >

Two evident maxima of salinity in LIW (1992 and 2008) can be explained in the
framework of the lonian Bimodal Oscillating System (BIOS: Gacic et al., 2010). Both
maxima result from periods of anticyclonic circulation in the north lonian (1988-1997
and 2006-2009) and limited AW advection to the SE Levantine.



