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DEFINING THE PROBLEM: 

• Observations of the oceanic 
properties are costly and difficult to 

acquire. 
• Spatio-temporal coverage is the 

main problem in oceanographic 
observations (compared to other 

forms of error/uncertainty)

In order to overcome the problem, oceanographic observations aim at: 
• “Cheaper” observing methods (get as much data as possible covering large spatial and 

temporal scales) 
• Multi-instruments/multi-platforms 
• Emphasis on the observing methodologies/strategies 
• Combinations

CTD CAST DISTRIBUTIONS 



Platforms/instruments

Platforms a.Research vessels (R/V) 
b.Ships of opportunity (SOOP) 
c.Moorings 
d.Lagrangian instruments 
e.Satellites

Hydrography a.CTD  
b.Nansen και Niskin bottles 
c.Thermosalinograph 
d. Satelite SST (and SSS)

Dynamical 
observations

a.Current meters 
b. Pressure gauges - Wave measurements 
c.Lagrangian instruments 
d.Altimetry
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Investigating a scientific question in the ocean:



Research vessels (R/V)



Research vessels (R/V)







Ships of opportunity (SOOPs)



Moorings (the Eulerian approach)



Drifting instruments 
(the Lagrangian approach)

Drifter
(Profiling) 

Float

G
lid

er



The ARGO initiative



S.S.T. 

Altimetry (S.S.H.) 

Ocean color 

Wind 

Rain 

S.S.S. 

Turbidity

Remote Sensing 
(Satellites)



How can we define the proper platform(s) for our experiment: 

    Scientific question 

                  Area/process of interest 

                              Spatial/temporal coverage required 

                                            Resources/Expertise 

                                                         Other requirements 

e.g. Lagrangian vs Eulerian

Platforms a.R/Vs 
b.SOOPs  
c.Moorings 
d.Lagrangian 
e. Satellite



I. HYDROGRAPHY 

Conductivity, Temperature and Depth





Sampling/Processing

a. Check/remove upcast 

b. Remove spikes 

c. Subsample 

d. Smooth 

e. Archive Data/Headers/Bottles 

f. Plot



Analyzing



Nansen and Niskin 

Bottles

Calibration (T, S, O2)

Rosette



Thermosalinograph 

(TSG)

TSG observations since 2001



Radiometers that operate in the 
infrared are used to measure sea 

surface temperature. Their 
resolution has steadily increased 

over the years; the AVHRR 
(Advanced Very High Resolution 
Radiometer) has a resolution that 

comes close to 0.1°C.

Satellite SST (and SSS)



Global 
SST



Mechanical 
A.D.C.P.

II. DYNAMICS 
Current meters



Pressure (tide) gauges   
and wave measurements



FLOATS

GLIDERS

DRIFTERS
Lagrangian observations of water 

motion



The ARGO initiative



GLIDERS



Altimetry



The ocean surface topography



Many more ….

Radars

Satellite sensors

Microprofilers



Παράρτηµα: 
Υπολογιστική Φυσική Ωκεανογραφία 
(Αριθµητικά µοντέλα και πρόγνωση)
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for n=1:N %where N*dt = length of simulation	
u(n+1,i,j,k) = u(n,i,j,k)+dt*(F(n,i,j,k)/r(n,i,j,k)	
end
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OCEAN OBSERVATIONS … AND THE 
BLIND SCIENTISTS

Κίνητρα: 

Πρακτικές ανάγκες 
(πρόγνωση) και 
σύνθεση … 



Lewis Fry Richardson

1881 - 1953

Vilhelm Bjerknes

1862 - 1951

“Λίγη” 
ιστορία για 

την 
αριθµητική 
προσοµοίωση

-πρόγνωση

“The problem of weather prediction, considered from the viewpoints 
of mechanics and physics” Meteorlogische Zeitschrigt, 1904

“Weather Prediction 
by Numerical 
Process, Cambridge 
University Press, 
1921

Cleveland Abbe

The physical basis of 
long-range weather 

forecasts. Mon. 
Weather Rev., 29, 

551–61, 1901

1838 - 1916



“Weather Forecasting Factory” by Stephen Conlin, 1986

“Machines Forecast the Weather”, by L. Gandin, 1965
Alan Turing

1912-1954



Jule G. Charney
1917 - 1981

The first computerized weather forecast (1950) was performed by a team composed of 
American meteorologists Jule Charney, Philip Duncan Thompson, Larry Gates, and 
Norwegian meteorologist Ragnar Fjørtoft, applied mathematician John von Neumann, 
and ENIAC programmer Klara Dan von Neumann.

https://en.wikipedia.org/wiki/Jule_Charney
https://en.wikipedia.org/w/index.php?title=Philip_Duncan_Thompson&action=edit&redlink=1
https://en.wikipedia.org/wiki/Larry_Gates
https://en.wikipedia.org/wiki/Ragnar_Fj%C3%B8rtoft
https://en.wikipedia.org/wiki/John_von_Neumann
https://en.wikipedia.org/wiki/ENIAC
https://en.wikipedia.org/wiki/Klara_Dan_von_Neumann
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<latexit sha1_base64="CR1FaEAhDqROrnfNDDA6qXpGR/k="></latexit>

�x

�t
< Cmax ) �t <

�x

Cmax

<latexit sha1_base64="WmkmdeOrKEnJxaaTOm0omyj2+z0=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEVyWRoq6kUBcuK9gLtCFMppN26OTCzIm0hOzd+CpuXCji1hdw59s4bSNo6w8DH/85hzPn92LBFVjWl7Gyura+sVnYKm7v7O7tmweHLRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW9UX1ab98zqXgU3sEkZk5ABiH3OSWgLdcs9agvCU1710wAwePshyC7qrtpQMaZa5atijUTXgY7hzLK1XDNz14/oknAQqCCKNW1rRiclEjgVLCs2EsUiwkdkQHragxJwJSTzm7J8Il2+tiPpH4h4Jn7eyIlgVKTwNOdAYGhWqxNzf9q3QT8SyflYZwAC+l8kZ8IDBGeBoP7XDIKYqKBUMn1XzEdEp0N6PiKOgR78eRlaJ1V7PNK9bZarlXzOAroGJXQKbLRBaqhG9RATUTRA3pCL+jVeDSejTfjfd66YuQzR+iPjI9vLXCbGw==</latexit>

�x

�t
> Cmax



<latexit sha1_base64="VK/nXuwQ7gXZVLEJyrkh6UY/Fgs=">AAACLXicfVDLSgMxFL1TX7W+Rl26CRZBEMqMFHUjFOrCZQVbC+1QMmmmDc08SDJiGeaH3PgrIrioiFt/w0w7oLbigcDhnHOT3ONGnEllWROjsLS8srpWXC9tbG5t75i7ey0ZxoLQJgl5KNoulpSzgDYVU5y2I0Gx73J6547qmX93T4VkYXCrxhF1fDwImMcIVlrqmVdd4glMkm6EhWKYozj95ipFJ6iO/os8pJcW6pllq2JNgRaJnZMy5Gj0zJduPySxTwNFOJayY1uRcpLsTsJpWurGkkaYjPCAdjQNsE+lk0y3TdGRVvrIC4U+gUJT9edEgn0px76rkz5WQznvZeJfXidW3oWTsCCKFQ3I7CEv1jWEKKsO9ZmgRPGxJpgIpv+KyBDrapQuuKRLsOdXXiSt04p9VqneVMu1al5HEQ7gEI7BhnOowTU0oAkEHuEZJvBmPBmvxrvxMYsWjHxmH37B+PwCVr2ouQ==</latexit>

@u

@t
+ C

@u

@x
= 0

<latexit sha1_base64="UaEpfGDiI/nHZmxklWVEfbukXzE="></latexit>

un+1
i � un

i

�t
+ C

un
i � un

i�1

�x
= 0

<latexit sha1_base64="B92/+6svYfxV92zg6kP+cEB8XS8="></latexit>

un+1
i = un

i � C
�t

�x

�
un
i � un

i�1

�

<latexit sha1_base64="5qL9zr/ohTC3y8NX5lMggzeuGMU="></latexit>

un+1
i = (1� µ)un

i + µun
i�1 where µ = C

�t

�x
<latexit sha1_base64="Lt3v9ouZbu0NiozNervVM6gKZtU="></latexit>��un+1

i

�� =
��(1� µ)un

i + µun
i�1

��

<latexit sha1_base64="jbEBnXHfuKnOVJPmPfmuE0c5Mfo="></latexit>

|↵+ �|  |↵|+ |�| and for 0  µ  1

<latexit sha1_base64="jMGKfkdwzbMpXMc+rixW2lla78A="></latexit>��un+1
i

�� = (1� µ) |un
i |+ µ

��un
i�1

��

<latexit sha1_base64="jQLD//l+O39L9aE+isfwoScaS6s=">AAACLnicbVDLSgMxFM3Ud31VXboJFkEQyowUdSmI4LKCbYVOLZn0ThuayYzJHbGM/SI3/oouBBVx62eYPhBfBwKHc87l5p4gkcKg6z47uanpmdm5+YX84tLyymphbb1m4lRzqPJYxvoiYAakUFBFgRIuEg0sCiTUg97x0K9fgzYiVufYT6AZsY4SoeAMrdQqnPgIN5hF7GbgSwjxNm2Jy0ztegNfi04Xb6mVr+j/qa9Mq1B0S+4I9C/xJqRIJqi0Co9+O+ZpBAq5ZMY0PDfBZsY0Ci5hkPdTAwnjPdaBhqWKRWCa2ejcAd22SpuGsbZPIR2p3ycyFhnTjwKbjBh2zW9vKP7nNVIMD5uZUEmKoPh4UZhKijEddkfbQgNH2beEcS3sXynvMs042obztgTv98l/SW2v5O2Xymfl4lF5Usc82SRbZId45IAckVNSIVXCyR15IC/k1bl3npw3530czTmTmQ3yA87HJ86yq2Q=</latexit>

max
��un+1

i

��  max |un
i |

<latexit sha1_base64="ZNpvfCSELUMSoEW5FCWRjBeCNpo=">AAACCnicbZDJSgNBEIZ74hbjFvXopTUInsKMBPUYiAePEcwCmRB6OjVJk57F7hoxDDl78VW8eFDEq0/gzbexswia+EPDx19VVNfvxVJotO0vK7O0vLK6ll3PbWxube/kd/fqOkoUhxqPZKSaHtMgRQg1FCihGStggSeh4Q0q43rjDpQWUXiDwxjaAeuFwhecobE6+UOX+4rx1L0EiYzej34IR9TtwS2tdPIFu2hPRBfBmUGBzFTt5D/dbsSTAELkkmndcuwY2ylTKLiEUc5NNMSMD1gPWgZDFoBup5NTRvTYOF3qR8q8EOnE/T2RskDrYeCZzoBhX8/XxuZ/tVaC/kU7FWGcIIR8ushPJMWIjnOhXaGAoxwaYFwJ81fK+8xEgya9nAnBmT95EeqnReesWLouFcqlWRxZckCOyAlxyDkpkytSJTXCyQN5Ii/k1Xq0nq03633amrFmM/vkj6yPb3PRmg8=</latexit>

�x

�t
� C

<latexit sha1_base64="OAMN+haQSbvJXfLYLUlZusKGUYs="></latexit>

�x

�t
� Cmax or �t 

�x

Cmax

επιλέγουµε i και n όπου

η ανισότητα δεν θα διαταραχθεί αν 
αντικαταστήσουµε τα         και             
µε

<latexit sha1_base64="1llFksZjYYifPeYg4d2dnVzfQ0o=">AAACCHicbVA9SwNBEN2L3/Hr1NLCxSBYhTsJahmwsVQwKuTisbeZS5bs7R27c5JwSWnjX7GxUMTWn2Dnv3ETU/j1YODx3gwz86JMCoOe9+GUZmbn5hcWl8rLK6tr6+7G5qVJc82hwVOZ6uuIGZBCQQMFSrjONLAkknAV9U7G/tUtaCNSdYGDDFoJ6ygRC87QSqG7EyD0sUhYfxRIiHGYh+KmUKNAi04XhzR0K17Vm4D+Jf6UVMgUZ6H7HrRTniegkEtmTNP3MmwVTKPgEkblIDeQMd5jHWhaqlgCplVMHhnRPau0aZxqWwrpRP0+UbDEmEES2c6EYdf89sbif14zx/i4VQiV5QiKfy2Kc0kxpeNUaFto4CgHljCuhb2V8i7TjKPNrmxD8H+//JdcHlT9w2rtvFap16ZxLJJtskv2iU+OSJ2ckjPSIJzckQfyRJ6de+fReXFev1pLznRmi/yA8/YJcGqa1Q==</latexit>

max |un
i |

<latexit sha1_base64="8uAtu/mghOm+NqbfvPyBudXoOUk=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5JIUY8FLx4r2A9oYthsN+3SzSbsToSSFvwrXjwo4tXf4c1/47bNQVsfDDzem2FmXpgKrsFxvq2V1bX1jc3SVnl7Z3dv3z44bOkkU5Q1aSIS1QmJZoJL1gQOgnVSxUgcCtYOhzdTv/3IlOaJvIdRyvyY9CWPOCVgpMA+9gSLYJwF/CGXE0/x/gDGOLArTtWZAS8TtyAVVKAR2F9eL6FZzCRQQbTuuk4Kfk4UcCrYpOxlmqWEDkmfdQ2VJGbaz2fnT/CZUXo4SpQpCXim/p7ISaz1KA5NZ0xgoBe9qfif180guvZzLtMMmKTzRVEmMCR4mgXuccUoiJEhhCpubsV0QBShYBIrmxDcxZeXSeui6l5Wa3e1Sr1WxFFCJ+gUnSMXXaE6ukUN1EQU5egZvaI368l6sd6tj3nrilXMHKE/sD5/AOz0lhI=</latexit>

|un
i |

<latexit sha1_base64="5MBA/m6lKPJlRaU7+HUYCkE01Zc=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3FgSKeqy4MZlBfuAJobJdNIOnUzCzI1Q0i78FTcuFHHrb7jzb5w+Ftp64MLhnHu5954wFVyD43xbhZXVtfWN4mZpa3tnd8/eP2jqJFOUNWgiEtUOiWaCS9YADoK1U8VIHArWCgc3E7/1yJTmibyHYcr8mPQkjzglYKTAPvIEi2CUBTk/d8cP0lO814dRYJedijMFXibunJTRHPXA/vK6Cc1iJoEKonXHdVLwc6KAU8HGJS/TLCV0QHqsY6gkMdN+Pr1/jE+N0sVRokxJwFP190ROYq2HcWg6YwJ9vehNxP+8TgbRtZ9zmWbAJJ0tijKBIcGTMHCXK0ZBDA0hVHFzK6Z9oggFE1nJhOAuvrxMmhcV97JSvauWa9V5HEV0jE7QGXLRFaqhW1RHDUTRCD2jV/RmPVkv1rv1MWstWPOZQ/QH1ucPdFiWWg==</latexit>��un
i�1

��

<latexit sha1_base64="L2IYpCd472RiPcHRf761dlQwIXc=">AAACJ3icdVDLSgMxFM34tr6qLt0EiyAIZUaKulEENy4VrC10asmkd9pgJjMkd8Qyzt+48VfcCCqiS//E9LFQqwcCh3PO5eaeIJHCoOt+OBOTU9Mzs3PzhYXFpeWV4urapYlTzaHKYxnresAMSKGgigIl1BMNLAok1ILrk75fuwFtRKwusJdAM2IdJULBGVqpVTzyJYR4l7YykV9lasfLfS06Xbyjh9RHuMUsYrc5/S/VKpbcsjsAHSfeiJTICGet4rPfjnkagUIumTENz02wmTGNgkvIC35qIGH8mnWgYaliEZhmNrgzp1tWadMw1vYppAP1+0TGImN6UWCTEcOu+e31xb+8RorhQTMTKkkRFB8uClNJMab90mhbaOAoe5YwroX9K+VdphlHW23BluD9PnmcXO6Wvb1y5bxSOq6M6pgjG2STbBOP7JNjckrOSJVwck8eyQt5dR6cJ+fNeR9GJ5zRzDr5AefzC7oNp6o=</latexit>��un+1
i

�� = max
��un+1

i

��

αυτό ισχύει όταν                      ή 
<latexit sha1_base64="jbEBnXHfuKnOVJPmPfmuE0c5Mfo="></latexit>

|↵+ �|  |↵|+ |�| and for 0  µ  1

για όλα τα C δηλαδή 

*Courant–Friedrichs–Lewy or CFL condition

<latexit sha1_base64="LViZfiuuFtnsBgER4WYvsHr4X5M=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokU9VjQg8cK9gPaUDbbSbt0s4m7E7GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdT/3WI2gjYnWP4wT8iA2UCAVnaKV29wYkMvrUK5XdijsDXSZeTsokR71X+ur2Y55GoJBLZkzHcxP0M6ZRcAmTYjc1kDA+YgPoWKpYBMbPZvdO6KlV+jSMtS2FdKb+nshYZMw4CmxnxHBoFr2p+J/XSTG88jOhkhRB8fmiMJUUYzp9nvaFBo5ybAnjWthbKR8yzTjaiIo2BG/x5WXSPK94F5XqXbVcq+ZxFMgxOSFnxCOXpEZuSZ00CCeSPJNX8uY8OC/Ou/Mxb11x8pkj8gfO5w+UPY+j</latexit>

�x

<latexit sha1_base64="ij/Ys9CNwh3kjowVABTprLSloIQ=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVoh4L9eCxgv2AdlmyadqGJtklmS2Wpf/EiwdFvPpPvPlvTNs9aOuDgcd7M8zMixLBDXjet1PY2Nza3inulvb2Dw6P3OOTlolTTVmTxiLWnYgYJrhiTeAgWCfRjMhIsHY0rs/99oRpw2P1CNOEBZIMFR9wSsBKoev27pgAggHXw0ySp1nolr2KtwBeJ35OyihHI3S/ev2YppIpoIIY0/W9BIKMaOBUsFmplxqWEDomQ9a1VBHJTJAtLp/hC6v08SDWthTghfp7IiPSmKmMbKckMDKr3lz8z+umMLgNMq6SFJiiy0WDVGCI8TwG3OeaURBTSwjV3N6K6YhoQsGGVbIh+Ksvr5PWVcW/rlQfquVaNY+jiM7QObpEPrpBNXSPGqiJKJqgZ/SK3pzMeXHenY9la8HJZ07RHzifP9mtkyA=</latexit>

�tCmax



Numerical models 
and uncertainties 

Numerical errors

Initial/boundary error

Physics errors

Forcing errors

Sub-grid scale 
parameterization



In 1922, Lewis Fry Richardson 
published the first attempt at 
forecasting the weather numerically. 
Using a hydrostatic variation of 
Bjerknes's primitive equations, 
Richardson produced by hand a 6-
hour forecast for the state of the 
atmosphere over two points in 
central Europe, taking at least six 
weeks to do so. His forecast 
calculated that the change in surface 
pressure would be 145 millibars, an 
unrealistic value incorrect by two 
orders of magnitude. The large error 
was caused by an imbalance 
(inconsistency) in the pressure and 
wind velocity fields used as the 
initial conditions in his analysis, 
indicating the need for a data 
assimilation scheme.

Lynch, Peter, 2008, The origins of computer weather prediction and climate modeling, Journal of Computational Physics. 227 (7): 3431–
3444. Bibcode:2008JCoPh.227.3431L. doi:10.1016/j.jcp.2007.02.034. 
Lynch, Peter, 2006, The Emergence of Numerical Weather Prediction, Richardson’s Dream, Cambridge University Press. pp. 1–27. 
ISBN 978-0-521-85729-1.

Πως µπορούµε να µειώσουµε τα σφάλµατα: Αφοµοίωση δεδεµένων (data assimilation)

https://en.wikipedia.org/wiki/Lewis_Fry_Richardson
https://en.wikipedia.org/wiki/Hydrostatic_equilibrium
https://en.wikipedia.org/wiki/Vilhelm_Bjerknes
https://en.wikipedia.org/wiki/Primitive_equations
https://en.wikipedia.org/wiki/Atmospheric_pressure
https://en.wikipedia.org/wiki/Atmospheric_pressure
https://en.wikipedia.org/wiki/Bar_(unit)
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2008JCoPh.227.3431L
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.jcp.2007.02.034
https://en.wikipedia.org/wiki/Cambridge_University_Press
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0-521-85729-1


Combining 
Observations and 

Models 
(Data Assimilation)

The quality and the structure of the 
observations are taken into account, as 
are the dynamics and the physics of the 
forecast model to ensure the observations 
are used in a dynamical consistent way.



Bryan, K., & Cox, M. D. (1967). A numerical investigation of the oceanic general circulation. Tellus, 19(1), 54–80. https://doi.org/
10.3402/tellusa.v19i1.9761

1967



-model

-model

-model

c. The vertical coordinate problem

… and 
combinations

b. The horizontal coordinate problem
… and 
more

<latexit sha1_base64="FzJwh1+ecZQNyOBQqDKYm7rak1Y=">AAACL3icbVDLSsNAFJ34rPUVdelmsAh1UxIp6kYoCOKygn1AE8pkOmmHTh7M3Agl5I/c+CvdiCji1r9w0gbU1gMDh3PO5c49Xiy4Ast6NVZW19Y3Nktb5e2d3b198+CwraJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vsn9ziOTikfhA0xi5gZkGHKfUwJa6pu3DvUloakTEwmcCOzEI44dwXyoYsCO5MMRnOHsJwDZtb8U6JsVq2bNgJeJXZAKKtDsm1NnENEkYCFQQZTq2VYMbprvoIJlZSdRLCZ0TIasp2lIAqbcdHZvhk+1MsB+JPULAc/U3xMpCZSaBJ5OBgRGatHLxf+8XgL+lZvyME6AhXS+yE/0zRHOy8MDLhkFMdGEUMn1XzEdEd0f6IrLugR78eRl0j6v2Re1+n290qgXdZTQMTpBVWSjS9RAd6iJWoiiJzRFb+jdeDZejA/jcx5dMYqZI/QHxtc3cMConw==</latexit>

@� (t)

@t
= f (t)

<latexit sha1_base64="nZQEAYJKdsjIeGKf9E6oyI40XaM="></latexit>

� (t+�t)� � (t)

�t
= f (t)

<latexit sha1_base64="ZzfaBStW1NHfWgrZ8142sgHr/cE="></latexit>

� (t+�t)� � (t��t)

2�t
= f (t)

Euler - Forward Leapfrog

a. The time coordinate problem

<latexit sha1_base64="QZqblpj7zqJh9vb8LKBwNjQhV4w=">AAAB8XicbVBNS8NAEN34WetX1aOXxSIIQkmkqMeCHjxWsB/YhrLZTtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3nkAbEasHHCfgR2ygRCg4Qys94nn3FiQyir1S2a24M9Bl4uWkTHLUe6Wvbj/maQQKuWTGdDw3QT9jGgWXMCl2UwMJ4yM2gI6likVg/Gx28YSeWqVPw1jbUkhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uw2s/EypJERSfLwpTSTGm0/dpX2jgKMeWMK6FvZXyIdOMow2paEPwFl9eJs2LindZqd5Xy7VqHkeBHJMTckY8ckVq5I7USYNwosgzeSVvjnFenHfnY9664uQzR+QPnM8fzoqQUg==</latexit>

t+�t
<latexit sha1_base64="wgrjtOnY0P49Yj4qSIf0cN9NPnc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDwQH5YpbdRcg68TLSQVyNAflr/4wZmnEFTJJjel5boJ+RjUKJvms1E8NTyib0BHvWapoxI2fLS6dkQurDEkYa1sKyUL9PZHRyJhpFNjOiOLYrHpz8T+vl2J442dCJSlyxZaLwlQSjMn8bTIUmjOUU0so08LeStiYasrQhlOyIXirL6+T9lXVq1dr97VKo5bHUYQzOIdL8OAaGnAHTWgBgxCe4RXenInz4rw7H8vWgpPPnMIfOJ8/NHSNHQ==</latexit>

t
<latexit sha1_base64="QZqblpj7zqJh9vb8LKBwNjQhV4w=">AAAB8XicbVBNS8NAEN34WetX1aOXxSIIQkmkqMeCHjxWsB/YhrLZTtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3nkAbEasHHCfgR2ygRCg4Qys94nn3FiQyir1S2a24M9Bl4uWkTHLUe6Wvbj/maQQKuWTGdDw3QT9jGgWXMCl2UwMJ4yM2gI6likVg/Gx28YSeWqVPw1jbUkhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uw2s/EypJERSfLwpTSTGm0/dpX2jgKMeWMK6FvZXyIdOMow2paEPwFl9eJs2LindZqd5Xy7VqHkeBHJMTckY8ckVq5I7USYNwosgzeSVvjnFenHfnY9664uQzR+QPnM8fzoqQUg==</latexit>

t+�t
<latexit sha1_base64="c6fJ64SR9h8nolOqDSs57S7eRBM=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4sSRS1GNBDx4r2A9sQ9lsJ+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUc2jwWMa6HTADUihooEAJ7UQDiwIJrWB0M/VbT6CNiNUDjhPwIzZQIhScoZUe8bx7CxIZxV6p7FbcGegy8XJSJjnqvdJXtx/zNAKFXDJjOp6boJ8xjYJLmBS7qYGE8REbQMdSxSIwfja7eEJPrdKnYaxtKaQz9fdExiJjxlFgOyOGQ7PoTcX/vE6K4bWfCZWkCIrPF4WppBjT6fu0LzRwlGNLGNfC3kr5kGnG0YZUtCF4iy8vk+ZFxbusVO+r5Vo1j6NAjskJOSMeuSI1ckfqpEE4UeSZvJI3xzgvzrvzMW9dcfKZI/IHzucP0aKQVA==</latexit>

t��t
<latexit sha1_base64="wgrjtOnY0P49Yj4qSIf0cN9NPnc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDwQH5YpbdRcg68TLSQVyNAflr/4wZmnEFTJJjel5boJ+RjUKJvms1E8NTyib0BHvWapoxI2fLS6dkQurDEkYa1sKyUL9PZHRyJhpFNjOiOLYrHpz8T+vl2J442dCJSlyxZaLwlQSjMn8bTIUmjOUU0so08LeStiYasrQhlOyIXirL6+T9lXVq1dr97VKo5bHUYQzOIdL8OAaGnAHTWgBgxCe4RXenInz4rw7H8vWgpPPnMIfOJ8/NHSNHQ==</latexit>

t
<latexit sha1_base64="Jl3Awt//SkpcfSiJiCMKU9Mv2eM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAEIeyGoB4DevAYwTwgWcPspDcZMju7zPQqIeQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7gkQKg6777aysrq1vbOa28ts7u3v7hYPDholTzaHOYxnrVsAMSKGgjgIltBINLAokNIPh9dRvPoI2Ilb3OErAj1hfiVBwhlZ6QHpOy7RzAxIZxW6h6JbcGegy8TJSJBlq3cJXpxfzNAKFXDJj2p6boD9mGgWXMMl3UgMJ40PWh7alikVg/PHs6gk9tUqPhrG2pZDO1N8TYxYZM4oC2xkxHJhFbyr+57VTDK/8sVBJiqD4fFGYSooxnUZAe0IDRzmyhHEt7K2UD5hmHG1QeRuCt/jyMmmUS95FqXJXKVYrWRw5ckxOyBnxyCWpkltSI3XCiSbP5JW8OU/Oi/PufMxbV5xs5oj8gfP5A0enkQw=</latexit>

t+ 2�t



Coupled models

… and more components 



Year

Today

Hindcast Forecast

Ocean Forecast and  
Climate prediction

Ensemble modeling …

… and 
uncertainty 

quantification



Αριθµητικά Μοντέλα για τον ωκεανό


