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2. Observing and Forecasting methods in
Physical Oceanography
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observational platforms
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Oceanographic instrumentation

* Hydrography

* Dynamic parameters
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Modeling
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DEFINING THE PROBLEM:

. Observations of the oceanic
properties are costly and difficult to
acquire.

e Spatio-temporal coverage is the
main problem in oceanographic
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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




estigating a scientific question in the ocean:

_ Platforms/instruments
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Drifting instruments
(the Lagrangian approach)
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The ARGO initiative
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Remote Sensing
(Satellites)
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Platforms a.R/Vs

41'N

b.SOOPs

c.Moorings
d.Lagrangian

e. Satellite

How can we define the proper platform(s) for our experime **

Scientific question

|.:> Area/process of interest

L> Spatial/temporal coverage requir«
l:> Resources/Expertise

L> Other requiremen
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Salinity (PSU)
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Nansen and Niskin

Bottles
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TSG observations since 2001
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Radiometers that operate in the

infrared are used to measure sea
surface temperature. Their

ST (and SSS) resolution has steadily increased

over the years; the AVHRR

(Advanced Very High Resolution

Radiometer) has a resolution that

comes close to 0.1°C.
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Pressure (tide) gauges
and wave measurements
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The ARGO initiative
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Altimetry
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Radars

Many more ....

Satellite sensors
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du(t)  FVY(t)
dt  p(t)
Au(t) FVY(t)
At p(t
u(t+1) —u(t) FY(1)
At p(t)
1) = ue) + A [ T
u =U
v p(t)
omov ”U,Zj:i u?,j’k + At ( ;’j’k>
t—n . Pi .k
(z,y,2) = (i, 4, k) 4

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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1838 - 1916

The physical basis of
long-range weather
forecasts. Mon.
Weather Rev., 29,
551-61, 1901

1862 - 1951
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WEATHER PREDICTION
BY
NUMERICAL PROCESS

-

LEWIE F. RICHARDSON, B.A., F.R.MerSoc, Pt

CAMBRIDGE by Numerical

AT THE UNIVERSITY PRESS

University Press,
1921
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Cur. 11/2 A FORECAST-FACTORY . 219

Om. 11/2. THE SPEED AND ORGANIZATION OF COMPUTING

1t took me the best part of six weeks to draw up the computing forms and to work
out the new distribution in two vertical columns for the first time. My office was a
heap of hay in & cold rest billet. With practice the work of an average computer
might go perhaps ten times faster. If the time-step were 3 hours, then 32 individuals
could just compute two points so as to keep pace with the weather, if we allow nothing
for the very great gain in speed which is invariably noticed when a complicated
operation is divided up into simpler parts, upon whick MAiidhds~speciglize. If' the
co-ordinate chequer were 200 km square in flan, thore would be 3200 c?»lmwm on
the complete map of the globe. In the {mpiw the weather is often foreknown, so
that we may say 2000 active columns. Se that 32 x 2000 = 64,000 computers ¥ould
be needed to race the weather for the whole'mlobe. That is a staggering figute. Per-
haps in some years' time it may be possible to repoft = =implificatiorr & Tthe process.
But in any case, the organization indicated is a central forecast-factory for the whole
globe, or for portions extending to boundaries where the weather is steady, with indi-
vidual computers specializing on the separate equations. Let us hope for their sakes
that they are moved on from time to time to new operations.

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

Lewis Fry Richardson
1881 - 1953

“Weather Prediction

Process, Cambridge
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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 Fjertoft, applied mathematician John von Neumann,
and ENIAC programmer Klara Dan von Neumann. % =% gob -fo— oo £

o | ~y A ; . = = - e
Jule G. Charney T7% RO AN @/T
1917 - 1981 «,l Ry ; - LT
VOLUME 2, NUMBER 4 Te l l u S NOVEMBER 1950 ‘% )
A QUARTERLY JOURNAL OF GEOPHYSICS o,
by
T | \ i
1
Numerical Integration of the Barotropic Vorticity Equation N
By J. G. CHARNEY, R. FJORTOFT?, J. von NEUMANN L /o
The Insticute for Advanced Study, Princcton, New Jersev? e
(Manuscript received 1 November 1950) Fig. 1. A typical finite~-difference grid used in the

computations. A strip two grid intervals in width at
the top and side borders and one grid interval in width
Abstract at the lower border is not shown.

A method is given for the numerical solution of the barotropic vorticity cquation
over a limited area of the carth’s surface. The lack of a natural boundary calls for an
investigation of the appropriate boundary conditions. These are determined by a
heuristic argument and are shown to be sufficient in a special case. Approximate
conditions necessary to insure the mathematical stability of the difference equation
are derived. The results of a series of four 24-hour forecasts computed from actual
data at the so0 mb level are presented, together with an interpretation and analysis.
An attempt is made to determine the causes of the forecast errors. These are ascribed
partly to the usc of too large a space increment and partly to the effects of baroclinicity.
The réle of the latter is investigated in some detail by means of a simple baroclinic model.

35
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Fig. 6. Barotropically and baroclinically computed

s00 mb height tendencies at 0300 GMT, January 3o,

1949. The barotropic tendencies are represented by

continuous lines and the baroclinic tendencies by broken
lines. The unit is 100 ft/24 hours.
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Uber die partiellen Differenzengleichungen der
mathematisechen Physik.

Von
" R. Courant, K. Friedrichs und H. Lewy in Géttingen,

1928
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R. Courant, K.O. Friedrichs, H. Lewy,, 1928, Uber die partiellien Differenzengleichungen der mathematischen Physik, Math. Annalen 100, 32-74.
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*Courant—Friedrichs-Lewy or CFL condition
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Numerical models
and uncertainties

Numerical errors
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Hog propodue vo HELOGOVUE TO GOALNOTE: APOopnoimaor) oeoguévmv (data assimilation)

In 1922, Lewis Fry Richardson
published the first attempt at

G299 K. vt : ,ﬁ v forgcasting the we.ather.m}merically.
B\ Copefhagen Using a hydrostatic variation of
o) Bjerknes's primitive equations,
. Nad) B Richardson produced by hand a 6-
800 ‘ hour forecast for the state of the
Qiy;; Soe i i A% atmosphere over two points in
5l (5 | S, e oa 3 central Europe, taking at least six
weeks to do so. His forecast
O J L T O A | calculated that the changc? ip surface
;00‘ — ztmhode:Ml T pressure would be 145 millibars, an
P mw | P unrealistic value incorrect by two
:O; PraDm o - orders of magnitude. The large error
- Moncaliori Favin £ V3™ W 3 was caused by an imbalance
| o2 dm~ep | % IN0E | Nee Nz | s (inconsistency) in the pressure and
T O e aAIoE ot g U (40 USED IN wind velocity fields used as the
N ghvades e, nih chegoes msastes 5 from st 1o s anc 200 ko o sonths te morth initial conditions in his analysis,
* Die physikalischen Einwirkungen des Waldes, Berlin, Verlag von Wiegandt, Hempel und Parey, 1873, i n di C ati n g th e nee d fo ra d at a

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/.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.
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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.
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A NUMERICAL INVESTIGATION OF THE OCEANIC GENERAL CIRCULATION 57

A numerical investigation of the oceanic general circulation

1N
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A NUMERICAL INVESTIGATION OF THE OCEANIC GENERAL CIRCULATION F16. 2. (a) Sketch of the basin, (b) The temperature specified at the surface, #*, and the z-component of
the surface wind stress,
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a. The time coordinate problem
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b. The horizontal coordinate problem
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¢. The vertical coordinate problem
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