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ABSTRACT

The responses of physical and simulated fluid systems to the introduction of new field
values are compared to provide a basis for understanding the dynamic aspects of data
assimilation by general circulation models. It is shown that the concept of an optimal
set of initial values is only meaningful with reference to one particular forecasting model
as this initial state must be adjusted to the special dynamic reponse of the model.
From this standpoint, non-synoptic data or simultaneous field measurements are
equivalent. This is demonstrated by numerical tests of one possible iterative adjust­
ment procedure based on forward and backward integration of the dynamic equations
between successive map times.

1. Introduction

The principle of numerical weather fore­
casting consists in regarding the prevision of
the evolution of the atmosphere as an initial
value problem, to be solved by integrating the
equations of fluid dynamics from the known
state of motion at some initial instant to' This
problem, however, is not amenable to analyti­
cal solution and one must rely on approximate
numerical methods which necessarily involve
a truncation of the infinite number of degrees
of freedom of the real atmosphere. Thus, nu­
merical weather forecasting is basically highly
dependent upon approximating the real fluid
by a model endowed with only a finite number
of degrees of freedom. One can choose, for
example, to represent the mass and velocity
fields by discrete values at a finite number N
of grid points, providing thereby 3 N degrees
of freedom corresponding to the three independ­
ent variables u, v (velocity components) and
'" (geopotential). Now, the general problem of
initialization consists in defining the initial
values of these 3 N independent parameters
at t ~ to which would yield the best possible
forecast of the real atmosphere evolution.

The current operational approach to this
problem is to collect as many simultaneous ob­
servations of the relevant dynamic parameters
as possible, i.e., the mass (pressure) and veloc­
ity fields of the atmosphere at time to, and
infer from these the values of the missing para-
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meters. One finds generally, that the pressure
field is much better determined from direct
observation than the wiild field, so that the
initial values of the wind velocity are often
inferred from the pressure field through a
balance equation. This procedure may be
attractive from a practical standpoint but it is
certainly not the ultimate method as the
balance equation does not generally reflect a
perfect adjustment to one particular forecast
model dynamics. Further, this initialization
method definitely requires a synoptic analysis
of the meteorological fields from simultaneous
observations of the atmosphere.

The requirement of synoptic data collection
is easily met by the "conventional" observing
system now serving as the main source of
meteorological data thoughout the world, since
it is based on human observations which could
be scheduled at convenient synoptic times.
But, with the successful application of space
techniques for measuring meteorological para­
meters, a new and considerable problem con­
fronts us: space data obtained by high inclina­
tion orbiting satellites belong to more or less
constant local time. They do provide a global
coverage of the planet in a period of one half­
revolution of the Earth but definitely not at
one single instant of universal time. As a con­
sequence, one must now devise a "four-dimen­
sional" analysis scheme to infer a complete
description of one initial state from incomplete
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Ua(k) exp iiot - k-r)

u(r,to)=2(~ Ua(k)eXPioat)exPik.r (3)
k a--l

It is a standard result that (1) has three
different plane wave solutions (IX = -1, 0, and
1) for each wave vector k:

(1)

(2)

1J4> 1J4> 1J4> (IJU IJv)-+u -+v-+4>o -+- =0
IJt °IJX °lJy IJx lJy

where U stands for the three dynamic variables
u, v and 4>. The frequency or eigenvalue 0a is
given by the dispersion relation:

oa(k) =k· Yo + IX Vk2C~ +j2

where Co is the phase velocity of gravity waves
(c~ ~ 4>0)' As Co is normally much larger than
the flow velocity, relation (2) shows that solu­
tions or normal modes IX = I, -1 propagate in
both directions with a large phase velocity
whereas mode IX = 0 propagates much more
slowly. Normal modes IX = 1 and -1 are thus
associated with gravity waves and mode IX ~ 0
with a quasi-geostrophic perturbation of the
mean flow.

Also, the set of all normal modes constitutes
a complete basis so that any initial state of
motion of this simple fluid system can be ex­
pressed as a (generally) infinite series:

blocks of meteorological data (pressure-tem­
perature and wind) almost randomly distrib­
uted in space over the global domain, and in
time within one 12 or 24 hour period.

Standard objective analysis methods do in­
corporate the knowledge of previous observa­
tions in the form of a "first guess" field which
is to be corrected by new data where available.
These methods can be altered to take into ac­
count non-synoptic meteorological observa­
tions as suggested by Petersen (1968), for ex­
ample. This general approach may be defeated
however, in the case of satellite observations
when each new block of data covers only a
fraction of the global domain. Here, the recur­
rent piecemeal introduction of new field values
may be a constant source of local dynamic
imbalance and generate an excessive amount
of gravity wave noise. The problem of non­
synoptic data analysis cannot therefore be
separated from the problem of data assimila­
tion by one particular dynamic model for
simulating the real. atmosphere behaviour
without spurious high frequency motions.

A different approach is proposed here, using
the forecast model itself for combining into
one single operation, the time interpolation of
non-synoptic measurements with the dynamic
assimilation needed for making the raw ob­
servational values consistent with the model
atmosphere dynamics.

2. Linear analogy of synoptic
data analysis

Let us first review briefly the nature of the
dynamic response of a fluid system to a small
initial perturbation of some equilibrium state
of motion. For the purpose of simplicity, con­
sider the barotropic flow of an incompressible
fluid with a free surface on a flat earth with
constant Coriolis parameter f. The linearized
equations for small perturbations u, v, 4> of a
basic flow with uniform velocity Yo (uo, vol and
horizontal free surface 4>0 ~ constant, read:

au au lJu 1J4>
-+u -+v --fv+--o
IJt °IJX °lJy IJz

IJv IJv IJv 1J4>
-+u-+v-+fu+-=o
IJt °lJx °lJy lJy

Gravity waves are quickly damped in real
geophysical fluids and the amplitude of IX ~ 1,
- I modes in expansion (3) should be much

smaller than the amplitude of the IX = 0 modes.
Measurements in the real atmosphere are not
perfect however, nor would they fit the "nor­
mal modes" of any approximate model of at­
mosphere dynamics. Hence, the initial response
of a model to the introduction of real data or
artificial data generated by another different
general circulation model, does include a spuri­
ously large amount of gravity waves. This
would not be serious if the dynamic equations
were essentially linear like (1), and if gravity
waves did not interfere with the main motion.
But this is not so in primitive equations models
where those waves increase rapidly out of
bounds through non-linear interaction. Thus,
the problem of initializing a forecast consists in
selecting the proper components of the dy­
namic response (3).
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Note that expansion (3) is truncated in any
numerical model of atmospheric circulation
and includes a finite number N of wave-vectors
(as many as grid points) i.e. 3 N degrees of free­
dom, out of which only N belongs to IX = 0
modes. Thus, the quasi-geostrophic response of
a. barotropic model is completely determined
by N independent measurements of dynamic
variables and additional informations could
not, in general, be accommodated in the initial
state without admixture of gravity oscillations.
There is one important exception however:
artificial data sets generated by the model it­
eel], These artificial data already belong to the
sub-space of quasi-geostrophic modes and
cannot consequently generate gravity waves.
Much care should therefore be exercised in
interpreting the results of such "artificial data"
assimilation experiments, as they may depend
upon a truly exceptional a priori fit with the
model dynamics.

3. The requirement of instantaneous
dynamic balance

Our problem is then to quench the develop­
ment of unwanted gravity waves: this can be
achieved either by imposing a suitable balance
condition upon the initial fields or letting the
gravity waves be dissipated later by a selec­
tive damping process. Let us consider briefly
the first approach.

The quasi-geostrophic response may be dis­
tinguished from the unwanted gravity waves
by its slower phase-velocity (2). For practical
geophysical fluids, the flow velocity Vo may be
one order of magnitude smaller than Co, so
that typical frequencies (Jo and (J1 associated
with a given spatial scale are in the ratio of 1
to 10. One may then consider the quasi-geo­
strophic response as practically stationary
compared to the external gravity waves which
could propagate in the system.

It is usual then to consider the continuity
and divergence equations and specify that
CJt/>/CJt, CJD/at are small for the almost stationary
quasi-geostrophic mode of motion of the fluid,
thereby obtaining two approximate balance
conditions:

v·(.pV)~O (4)

VI(lVI+t/»+k'curl(f+C)V~O (5)
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These relations, particularly equation (5),
may be satisfied rather well in actual geo­
physical fluids. But they do not, by any mean,
express an exact dynamic relation for a primi­
tive equation model of the atmospheric flow.
Accordingly, initial states derived from ob­
served data with the help of (4) and (5) may
include a significant amount of gravity oscilla­
tions which appear as a "shock" in the initial
dynamic response of the forecasting model.

For comparison purposes, the balance equa­
tion (5) was used to infer the geopotential .p
from the horizontal wind field V in two fore­
cast experiments run with a simple hemi­
spherical N = 505 grid points model of a baro­
tropic flow corresponding to the horizontal
velocity at 200 mb in the real atmosphere.
Wind data were taken from the same model
in Experiment A and from the nine-level glo­
bal circulation model of the Geophysical Fluids
Dynamics Laboratory of E.S.S.A. (Smago­
rinsky, Manabe & Holloway, 1965) in Experi­
ment B. The initial RMS geopotential error
was found to be 9 m in Experiment A but as
large as 40 m in Experiment B (see section 6
below).

4. Dynamic data assimilation

Up to now, no truly satisfactory kinematic
condition has been found for constructing the
most favorable initial state from a set of
synoptic field, i.e., exciting the least amount
of spurious gravity waves. This points out to
the conclusion that the process of restoring
the dynamic balance in a particular model at­
mosphere, should explicitly involve the par­
ticular dynamic response of this model. Ac­
cordingly, the assimilation of new data should
not be made instantaneously at one synoptic
map time to' From this standpoint then, no
particular value can be attached to synoptic
versus non-synoptic observations.

As a numerical model of the atmospheric
circulation is a mechanical system with a finite
number of degrees of freedom, (3 N, say), its
state of motion is completely defined by 3 N
parameters or one vector X (to) in a 3 N-di­
mensional phase space. Accordingly, a model
may be specified by stating the nature of the
allowed degrees of freedom (or defining the
model phase space) and stating the dynamic
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AMPLIFICATION FACTOR

0,5

Fig. 1. Periodic solutions amplification factor for
one time step according to the Matsuno differenc­
ing scheme.

X(to) can be said equivalent if they belong to
the same historical sequence.

Because the forecasting scheme is determin­
istic, two independent historical sequences
never intersect (if they had one common state,
they would coincide for all times). Any state
of motion can therefore be specified by stating
the particular historical sequence or class X
to which it belongs, and time t, One historical
sequence can in turn, be determined by 3 N
field values at some initial synoptic time to or
equivalently, by any set of 3 N independent
conditions including non-simultaneous field
measurements and/or dynamic conditions re­
stricting the number of available degrees of
freedom like gravity modes.

Now the problem is to distinguish between
the historical sequences X (t) which do include
gravity modes and those which do not. This is
made possible by the difference between the
generally high frequency spectrum of the
gravity waves and low frequency spectrum of
the quasi-geostrophic or "meteorological" mo­
des. A practical separation method consists in
frequency selective damping by properly design­
ing the time integration procedure. The Mat­
suno or Euler-backward time differencing
scheme would serve this purpose, as shown
Fig. 1. Considering that the finite time incre­
ment !J.t is chosen to make the numerical in­
tegration just stable for the fastest moving
waves (a!J.t:: 1), it can readily be seen that this
scheme introduces a 10 % reduction of the
gravity waves amplitude at each time step
while leaving the slower quasi-geostrophic
modes essentially unaffected (1 %). More so­
phisticated schemes could be applied to the
same end (Lilly, 1965) with essentially similar
results.

We shall conclude that, given an adequate
number of independent observations during
some time period, there is one and only one
possible history of the model atmosphere con­
sistent with this set of data and the a priori
restrictions placed on its dynamic response. If
so, the particular computational procedure by
which this solution is arrived at, is immaterial:
inasmuch as the solution is unique, it can be
obtained as the limit of any convergent re­
laxation procedure. We feel therefore free to
present now one possible practical approach
which may be far from the optimal, yet can be
shown to converge toward a balanced solution.

(6)

0,5

X(t,) = f[X(to)' t, - to]

X(to) = f[X(t,), to - t,]

O'------;!-;-----!-----;-;..!

rules, i.e., the numerical scheme according to
which the state X(t,) is computed from X(to).

Considering that irreversible atmospheric
processes like friction or rainfall need not be
considered for short-term (24 hours) simulation
of the real atmosphere dynamics, and because
we are only dealing with a finite number of
degrees of freedom, the computation of X(t,)
from X (to) specifies a reversible one-to-one
correspondence in the phase space. We shall
formally express this reversible correspondence
by the relations:

Note that we do not claim that the actual
dynamics of real turbulent flows are revers­
ible. Indeed they are not. Because a physical
turbulent flow includes an infinite number of
degrees of freedom, its dynamic evolution is
non-deterministic and fundamentally involves
irreversible dissipation processes, if only on the
molecular scale. But we have explicitely ex­
cluded this feature here by replacing the real
atmosphere dynamics by a fully deterministic
numerical scheme operating on a finite number
of field values.

Now, this one-to-one correspondence (6) in­
troduces a class of equivalence structure in the
ensemble of all possible states of motion X(t)
at all times t, for any two states X(t,) and
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xu I

t' to' tl
TIME ----

xu)

to

X2(tol

XO(tol---

Fig. 3. Simultaneous updating of several differen­
tial corrections to map time t1 •

as it may appear at first glance since all new
informations can be carried along the modified
trajectory as independent differential correc­
tions of the same basic history XO (t), if each
successive observation is incorporated into a
single composite history at the proper time T,

T', TN, ••• (Fig. 3) as done by Charney, Halem &
Jastrow (1969). It is found that each new piece
of data generally brings the composite history
closer to the corresponding state of the real (or
reference) atmosphere. But this convergence
does not progress very far in the course of one
model day because the replacement of balanced
field values by corrected but unbalanced values
generates spurious waves which add up to a
considerable high frequency "noise".

There is one exception however, when arti­
ficial data from a reference history generated
by the model itself are used to demonstrate the
convergence. Indeed, these artificial field values

XO+4X°(tf)

X°(td

x(t)

X/(t 1 ) = f[XO(T) + ~XO(T), t1 -T] (7)

X°(101 --~-

5. Iterative relaxation of non-synoptic
data input

Let us require now that the forecasting model
be capable of accurately simulating the real
atmosphere behavior for a period equal to the
time necessary for collecting a complete set of
field measurements (complete in the sense
stated above: it may be only one field para­
meter per grid point and generally no more
than two). This model may not take into ac­
count energetic processes as needed for ex­
tended range forecast but must be identical
otherwise to the model actually used for fore­
casting.

Let then XO (to) be a starting estimate or
"first-guess" of the state of the model atmos­
phere at the beginning of the analysis period
and XO (t) be the subsequent history of the
model. Now provided XO (to) is already very
close to the real atmospheric flow and pro­
vided the model is accurate, any measurement
of one field value at time T will be a differential
correction ~Xo (T) of the forecast state XO (T)
at that time. If small enough, this correction
can then be carried forward as a differential
correction to the end t1 of the analysis period
by following the modified history (Fig. 2):

The same procedure could then be applied
to each new piece of information available
during the analysis period to, t 1 to make up an
updated differential correction field at time t1•

This procedure need not be as cumbersome

Fig. 4. Iterative data assimilation process.

to

Fig. 2. Updating of a differential correction of the
field values from time T to map time t1 • The X axis
represents the 3 N-dimensional phase space.

to t: to' tl
TIME -

Tellus XXIII (1971), 3



202 P. MOREL ET AL.

Fig. 5. Time and space distribution of the input
data (wind field).

Here m is the appropriate mapping facor. A
finite difference approximation based on the
"box-method" (Bryan, 1966; Kurihara & HoI·
loway, 1967) is used to integrate this set of
equations. Field values are carried at the N =
505 nodes of a square array covering approxi­
mately the projection of the northern hemi­
sphere. The distance between two adjacent grid
points is thus 1 060 km near the Pole and 530
km at the Equator. The time differencing
scheme is either the centered or "leapfrog" ap­
proximation or the Matsuno approximation,
both with a constant time step of 600 sec. Un­
der those circumstances the largest value of the
ratio ciltJilX is no more than 0.5.

Two artificial data sets were used as input
information. The first set in Experiment A,
was generated by model (M) itself, initialized
by interpolating from one particular map of the
Geophysical Fluid Dynamics Laboratory nine­
level general circulation model (GFDL). Model
(M) was run 16 days with the Matsuno
time-differencing scheme to damp out any

(8)

0+4

0+6

10+10

I +22

10+12

(
am am)+ f+u--v- </>u=O
ay ax

at/> 2 (</>V)-+mV - =0
at m

0 0

10+20 10+2

.... ..-

I

6 I

.. ~

10+ 14 10+8

\

10+1

10+18

a 2 (t/>VV) a</>-(t/>v)+m V - +m</>-
at m ay

6. Numerical test

are already balanced with respect to the partic­
ular model .response to start with, and their
introduction will generate less and less gravity
wave energy as convergence proceeds.

But taking real observations of the physical
atmosphere or artificial data from a diffe­
rent general circulation model may drastically
alter the convergence and even lead to a com­
putational divergence if too many data are
introduced without allowing proper time for
adjustment. Furthermore, the continuous input
of new data tends to obscure the fact that one
historical sequence could be uniquely deter­
mined from one single global set of observations.

To get away from these difficulties and for a
more fundamental understanding of the process
of data assimilation, one proposes here an itera­
tive relaxation scheme allowing the same set of
data spread over a 24 hours period say, to be
used again and again to arrive at the best possi­
ble fit of one model historical sequence with this
finite amount of information. We have seen
that the high frequency oscillations generated
by the input of initial field values, are not
likely to die off in the course of one 12 or 24
hours period, particularly if one keeps adding
new data. So the only way to give the system
a longer time to adjust after the end t1> of the
data acquisition period, is to retrace our steps
and iterate backward the time differencing
scheme from t1 to the initial time to when the
procedure can be started again (Fig. 4).

A numerical test of this method was per­
formed using a simple one layer model (M) of
a barotropic incompressible flow on the North.
ern hemisphere of a rotating planet. The mean
geopotential of the free surface and the veloc­
ity field are chosen to correspond to the 200
mb horizontal flow in the real atmosphere
(~o = 11 800 m). The dynamic equations of the
system expressed in cartesian coordinates on
polar stereographic projection, are as follow:

a 2 (~Uv) a~
-(~u)+mV - +mt/>-
at m ax
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RMS GEOPOTENTIAL ERROR (metres)
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hours from time to to time t 1 = to +24. At that
time t lJ the time-stepping scheme was turned
backward and the same procedure, including
the introduction of data blocks from the ref­
erence wind field history at proper instants,
was carried out from t1 to to, thereby produc­
ing a first corrected initial state XI (to) from
which the next cycle was initiated ... In this
experiment, the wind field was directly forced
to coincide with the reference history, so that
the decrease of the EMS wind discrepancy is
not meaningful. The geopotential field, on
the other hand, was left to adjust so that the
progress of the data assimilation procedure can
be judged from the mean geopotential error.

The initial EMS discrepancy of the first
guess XO (to) with respect to the reference geo­
potential field was 170 metres and decreased
to 65 metres after a one-day assimilation run
(Fig. 6). But this EMS error continued to de­
crease as better and better adjustment obtained
in the course of 20 equivalent model-days dur­
ing which this forward and backward integra­
tion was carried out. Fig. 7 is a plot of the
EMS geopotential error versus equivalent
model days. Note the rather fast initial adjust­
ment with a 1 day time-constant, during the
first two days. A similar adjustment time con­
stant was found in many predictability or ini­
tialization experiments and was associated

10 15
TIME (EOUIVALENT MODEL DAYS) -

Fig. 7. Root mean square geopotential error versus
duration (equivalent mode day) of the assimilation
process.

1•• 12t.

0 RMS GEOPOTENTIAL ERROR (metres)

\

\ -,
LY'

2~V- -- 3
4 56 7eo t,

TIME (hours) -

Fig. 6. Adjustment of the geopotential field to the
reference history in the course of the iterative asai­
milation process.

50

spurious gravity wave or computational mode
which may have been generated by the initial
shock. The scheme was then changed to leap­
frog for 5 days and the sixth day used as the
reference history for Experiment A. Geopoten­
tial and velocity fields taken directly from the
GFDL model were used instead in Experi­
ment B.

In order to simulate the effect of non-synoptic
global coverage by a polar orbiting satellite,
new input data were taken from the reference
in successive sectors of the plane every two
hours, in such a way that the whole hemisphere
was entirely observed in one 24 hours period
(Fig. 5).

Finally, as these experiments were originally
meant to simulate the EOLE satellite, the
input data were wind values only, thus leav­
ing the geopotential to adjust itself to the
velocity field. Note that the complete data set
distributed over one full day, includes 2 N
independent field variables, i.e., twice as
many pieces of information as the minimum
needed to define one state of motion of this
model.

The integration of the dynamic equations
(12) was based on the Matsuno time differenc­
ing scheme and started from a randomly chosen
first guess XO (to) at time to' New data were
introduced in successive sectors every two

iOO

150
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Fig. 8. Comparison of 36 hour forecasts starting from (I) synoptic wind data at time t1 (full line) or
(II) asynoptic wind data and dynamic assimilation (---).

Fig. 9. Same as Fig. 8 but reference history taken
from an artificial data set generated by the GFDL
model.

with the damping of initial high frequency
noise. But it is clear also that a different, much
slower adjustment process also takes place in
this experiment as evidenced by longer time
constant (4-5 days) which becomes evident
after the initial error reduction.

Still another test of the quality of the adjust­
ment afforded by this procedure, consists in
comparing the reference history with different
forecasts obtained from (I) exact wind field at
time t1 and inferred geopotential field using
balance equation (5) and (II) estimate X 20 (t 1 )

I,

80

50

RMS GEOPOTENTIAL ERROR (melres)

1/\ ,--o-

mI~.__•__.'
".";;

./"\ <. 7 1 <, /
, .... ...............-................../ I Cll

.

1,+12 1,+24
TIME (HOURS)-

after a 20 model days assimilarion run as de­
scribed above (Fig. 8).

Forecast (II) shows very little, if any, evi­
dence of high frequency noise, indicating that
the estimate X20 (t 1 ) is very well balanced in­
deed. These experiments demonstrate that non­
synoptic dynamic data assimilation could lead
to a better forecast than synoptic data ana­
lysis with the help of balance equation (5).
This is due, in the present experiment A, to
the small but not negligible, computational er­
ror involved in solving the Laplacian equation
(5) for .p. Such discrepancy does not occur in
the dynamic assimilation scheme since identi­
cal numerical procedures are applied to pro­
duce the reference history and the forecast (a
very exceptional situation indeed) .

Experiment B affords a rather more realis­
tic example of what would happen in actual
practice where real data are used instead. In
this experiment, an artificial data set was still
used, but a set generated by a different general
circulation model (GFDL) with many more
degrees of freedom than our simple "forecast­
ing" model (M), a situation not unlike that of
the sophisticated forecasting models compared
to the physical atmosphere. Experiment B
(Fig. 9) illustrates the fact that the initial state
cannot be better than the forecasting model
itself. Here, forecasts (I) and (II) are again
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compared to the GFDL model reference his­
tory and show equally unimpressive perform­
ances: the RMS geopotential errors are essenti­
ally the same and vary between 55 and 75 m
during the first 24 hours.

7. Conclusion

The first conclusion we may draw from
these remarks is that there is no such thing as
an "objective" analysis of meteorological
fields, meaning that the resulting initial values
must reflect one particular forecasting model
dynamic response to the observational data.
Indeed, this is implicitely recognized in current
operational analysis methods, by giving a
large weight to the forecast field values at map
time.

Furthermore, we did not see the possibility
of obtaining reasonably balanced initial fields
by applying some instantaneous "kinematic"
condition at time to' Rather, the model dynamic
response must be given time to develop so that
the faster moving gravity waves could be dis­
tinguished and damped. From this standpoint
there is no fundamental difference between
synoptic data from simultaneous measurements
of the meteorological fields and asynoptic data
distributed in time over a reasonably short
period like 12 to 24 hours. Similar results ob­
tain when dynamic assimilation is applied to
one or the other kind of data.

We also came to the conclusion that there
is a necessary and probably sufficient, mini­
mum number of independent field values
needed to define uniquely one acceptable ini­
tial state for one particular forecasting model.

This is not to say that additional informations
must not be used, when available. But it must
be kept in mind that redundant data cannot
generally be accommodated by a 3 N -degrees
of freedom system without exciting gravity
waves. Since these waves are only spurious
modes allowed by the model dynamics, they
must be given enough time to dissipate before
further forcing is permitted. Thus, too many
data could just increase the noise level rather
than help improve the similitude with the real
atmosphere. The capability of one particular
model for absorbing new data depends upon
its "memory" for high frequency modes and
should probably be assessed by careful experi­
mentation.

Finally, even our very preliminary numerical
tests showed the drastic difference between
experiments of type A or type B. Great care
should be exercised to draw definite conelu­
sions from type A experiments which essenti­
ally test one model against itself. Type B ex­
periments, based on either real data, or arti­
ficial data generated by another atmospheric
circulation model (preferably with a higher
spatial resolution) must be preferred whenever
possible.
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o BhIEOPE HA'lAJIhHhIX M MCIIOJIh30BAHMM HEO;IJ;HOBPEMEHHhIX ;IJ;AHHhIX

CpaBHHBaJOTCH peaanaa lPHSHqeCHOfi H MO]J;eJlH­
pyexoa iHH]J;HOCTefi aa BBe]J;eHHe HOBhIX BeJlHqHH
C I\eJlbJO ananaaa ]J;lmaMHqeCHHX acnereron
yCBoeHHH ]J;aHHhIx MO]J;eJlHMH oomefi I\HpHyJlH­
I\HH. Iloxaaaao, qTO HOHI\enI\HH OrrTHMaJlbHOrO
aafiopa nasarn.asrx ]J;aHHhIx HMeeT CMhICJl
TOJIbHO no OTHOIIIeHHJO H xacraoa nporaocra­
xecxoa MogeJlH, TaH HaH aTO aaxam.aoe co­
CTOHHHe gOJliHHO OhITb rrpHCnOCOOJleHO H cne-

uaansaon gllHaMHqeCHoit peaHI\1I11 MO]J;eJlII. C
aTofi TOqHII apeHIIH HeO]J;HOBpeMeHHhIe ]J;aHHhIe
IIJlII ogHoBpeMeHHhIe nOJIH 113MepeHHit aHBHBa­
JleHTHbI. OTO noaaaaao na npaxepe qHCJleHHhIX
TeCTOB OgHOit HTepaI\1I0HHoit npOI\e]J;yphI agarr­
TaI\IIH, ocaosaaaoa aa HHTerpllpOBaHIIH mrna­
MHqeCKHX ypasneaan snepen H aasan MeiHgy
nOCJlegoBaTeJIbHhIMH BpeMeHaMH COCTaBJleHHH
xapra.
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