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ABSTRACT

Testa were made to evaluate the relative importance of large errors in some of the
veriables formally required to specify initial conditions for the time integration of the
hydro-thermodynamic equations for the atmospheric motion. The prime purpose was to
analyze the adjustment process immediatoly following the initial disturbance. The
variables selected were the surface pressure, the water vapor, the boundary layer tem-
perature, and the boundary layer wind. It is likely that these quantities are not indi-
vidually nor possibly even collectively essential to the definition of initial conditions
because of dynamic coupling. The experiments showed that the predictions appear
almost the same after about six hours irrespective of the initial velues of theSe quanti-
ties. But after several days, the subsequent error behaves similar to the growth noted

in predictability experiments.

1, Introduction

Several years ago, there was discussion on the
feasibility of remotely measuring surface at-
mospheric pressure from a weather satellite, a
difficult, if not impossible task. At that time it
raised. the question as to whether a knowledge
of non-orographic surface pressure variations is
essential input for a prediction computation.

It has been customary to regard the surface
pressure as a fundamental quantity in charac-
terizing weather conditions and that it is there-
fore an indispensable variable for initial condi-
tions. But its necessity is not obvious. There
is a possibility that the surface pressure could
be derived. from other variables within & certain
tolerable accuracy. This suspicion was one of
the motivations for initiating the series of the
experiments to be described here.

Y. Mintz & T. N. Krishnamurti (personal
communication), based on the original ideas of
Mintz (1963), conducted an interesting experi-
ment concerning the effect of the initial diver-
gent component of wind on the subsequent

! Some of these results were presented at the
WMO/IUGG Symposium on Numerical Weather
Prediction, Tokyo, 1968, under the title, ‘“The
relative importance of variables in initial conditions

for numerical predictions”, by J. Smagorinsky and
K. Miyakoda.
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evolution of the overall atmospheric motion.
They interrupted a long-term general circulation
integration, using a global, primitive equation
model. Next, they took the geopotential heights
ab & particular time from the data of the experi-
ment and computed the geostrophic wind with
a variable and a constant coriolis parameter,
and also determined the linearly balanced wind.
Using each of these wind fislds as initial condi-
tions, numerieal integrations were made with
the same model. They found that there was
remarkably close agreement between the origi-
nal experiment and each of the three integra-
tions with the modified initial winds for about
five dayys. This was noted in the hehavior of the
surface pressure as well as in that of the upper
lovel wind and temperature fieclds. However,
the solutions began to deviate from each other
after five days.

Smagorinsky ef al. (1967) had a similar ex-
perience, They carried out two marching com-
putations with a moist general circulation model
in which the initisl vertical velocities were dif-
ferent. For one, the vertical velocity was ob-
tained from the solution of the w-equation, and
in the other it was zero. In both cases the pre-
cipitation computed in the experiments was
quite similar in herizontal distribution and in
magnitude, except for the first six hours, even
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though precipitation amount would be expected
to be a very sensitive measure.

It thus appears that of the dependent vari-
ables formally necessary to specify the large-
scale state of the atmosphere, some are more
fundamental than others. As we know, they are
all physically coupled but some may have
greater dynamical inertia than others which will
be reflected in their relative inherent informa-
tion content. The above cited example suggests
that the vertical velocity is secondary in an
ordering of importance—a fact that has been
appreciated as a dynamical characteristic of the
large-scale atmospheric motions. As will be seen,
this motion can be generalized to include a
spatial ordering as well as an ordering of vari-
ables—an obvious consequence of the fact that
the dynamical and energetic coupling in the
extra-tropical troposphere and the equatorial
troposphere and the boundary layer are es-
sentially different. Subsequent studies (to be
published later) even show distinet and useful
differences between data in the troposphere and
stratosphere and even between the upper and
lower free troposphere, as one might suspect.
The question then is which quantities are do-
minant and which are secondary and, therefore,
redundant.

The objective of this work is to begin to
identify the redundant variables. Ultimately, it
will be our objective to order their degree of
redundancy as a basis for assessing information
content and its impact in designing observa-
tional systems. In a sense, it is to examine the
nature of the variable’s adjustment capability
within a given system of equations, and to in-
vestigate how it responds to baroclinic instabi-
lity. The adjustment of mass and motion fields
has been extensively studied for barotropic
fluids by Rossby (1938), Cahn (1945), Obukhov
(1949), Raetjen (1950), Washington (1964), and
for baroclinic fluids by Bolin (1953), Kibel
(1955), Veronis (1956), and Monin & Obukhov
(1959).

Relation to predictability decay

In actuality, the dynamic predictability ex-
periments (National Academy of Sciences, 1966;
Smagorinsky, 1969) were also examples of the
adjustment process. Although the initial vertical
temperature errors in those experiments were
small, they did in fact upset the thermal wind
balance and one did observe a decrease in the
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temperature error within the first day or two,
while the wind field, which was initially un-
disturbed, monotonically degraded. To the
writers’ knowledge, however, the questions as
to which quantities adjust more easily and
which quantities are instrumental in subsequent
error growth have not been discussed.

In the predictability studies, a control run is
compared with a perturbation run, in which the
initial temperature fields are disturbed ran-
domly at all levels for the entire hemisphere
(Lorenz, 1963, 1965; National Academy of
Sciences, 1966; Smagorinsky, 1969). Beyond
the second day, the temperature error grows
more rapidly in the lower troposphere at the
zonal wave numbers six to ten, suggesting that
baroclinic instability is the primary cause (Eady,
1949; Smagorinsky, 1969). At the same time,
the error spreads to a wider range of the
spectrum.

Presumably, an initial disturbance, even on
the turbulence scale, may eventually develop to
a sizeable magnitude in the synoptic or even
hemispheric scales. The period for the develop-
ment of the error to a ‘“‘fatal” level is tentatively
considered to be beyond three weeks (Sma-
gorinsky, 1969). A loss of predictability in syn-
optic scales is therefore inevitable, since at-
mospheric measurements cannot, in practice, be
made in the turbulent range for the entire globe
This period supposedly is the ‘“‘ultimate limit of
predictability’” of large scale weather. An ac-
curate prediction by the hydro-thermodynami-
cal method can never be achieved deterministi-
cally beyond this limit. This error growth may
be called “‘predictability decay”.

In these tests, the initial adjustment is clearly
reflected in a drop of the standard deviation at
the beginning (see Fig. 4). The distribution of
surface pressure was restored for the most part
within several hours. It is clear that this process
is not due to frictional dissipation but is pri-
marily due to other dynamical characteristics
of a fluid in a rotating frame.

The problem of adjustment (or adaptation)
has been one of the most interesting funda-
mental subjects in oceanography and meteor-
ology (see the review paper by Phillips, 1963).
In many of the previous studies, discussion has
been focused on the nature of the final state of
balance and on how the inertia-gravity motion
suddenly generated decays in the adjustment
of the system toward this balance.

Tellus XXII (1970), 2
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Veronis (1956) studied the partition of energy
between geostrophic and non-geostrophic mo-
tions for a two layer ocean model driven by
wind stress. One conclusion, among others, is
that if the stress is impulsive (less than six
pendulum hours), 74 percent of energy goes
into inertia-gravity motion, and that for longer
period wind stress variations, the partitioning
to the non-geostrophic modes is considerably
decreased.

The phenomenon described above is essen-
tially the same as that in the present study.
After the adjustment period, the behavior of
the solution enters into a second stage in which
the error starts to grow. This is the inherent er-
ror amplification due to baroclinic instability,
where the source of error is the remnant left
after damping, even if small. It is presumed
that before the error is completely dissipated
by friction, some portion is converted to the
geostrophic component, and at the same time,
is amplified by the ever existing instability.

In general, however, any arbitrary variable
may not always have the above error behavior
characteristics. Some variables are so essential
that their errors immediately grow at a sizeable
rate without any apparent damping. On the
other hand, some variables may quickly adjust,
so that there is very little time for baroclinic
instability to act. The question therefore is:
what is the ordering of variables according to
their susceptibility to error growth?

2. The method of the test

As a control run, a time integration has been
made with a prediction model using a complete
set of realistic initial conditions. This will be
denoted as Experiment 53G2. Next, the inte-
gration is repeated, but the structure of one
of the variables in the initial conditions is de-
liberately degraded in some way. This is the
modification (or perturbation) run. The results
of both integrations are then compared. If the
golutions are found to be essentially the same, it
is concluded that the variable in question is
redundant.

The prediction model used was that of the
Geophysical Fluid Dynamics Laboratory (Sma-
gorinsky, Manabe & Holloway, 1965; Manabe,
Smagorinsky & Strickler, 1965). The general
characteristics of the model are: nine-level;
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hemispheric; primitive equations; stereographic
mapping with 40 gridpoints between the pole
and the equator (‘“N =40"), i.e., the grid size is
about 270 km at mid-latitudes; the model ad-
mits moist adiabatic processes with condensa-
tion criterion of 100 percent relative humidity;
a moist adiabatic convective temperature and
water vapor adjustment; radiation; mountains;
land-sea contrast; a non-linear lateral viscosity
with “Karman” constant of 0.4; cloud cover
gpecified as a function of height and latitude
only; sea surface temperature as prepared by
the United States Navy Hydrographic Office;
continental surface temperature as determined
from a local heat balance at the surface; availa-
bility of water for evaporation over land and
sea is 0.5 and 1.0, respectively; water vapor and
ozone as absorbers of radiant energy are speci-
fied as functions of height and latitude and are
constant with time; the surface drag over land
and sea is assumed equal.

The initial data of wind, temperature, and
water vapor from 1,000 mb to 10 mb level for
1,200 GMT, January 9, 1964, were used. This
is the same case as that treated in Miyakoda
et al. (1969).

As a measure of dissimilarity of the two maps,
the standard deviation of the difference in the
variables (the ‘‘error’’) between two runs was
taken. Let us denote y, as the variable in the
control run and yx,, as that in the modification
run. Definitions of the various quantities are
as follows:

Error of y: Ay = x,, —xc
Mean of error: Ay =(ZAy)/n
where the summation is over all gridpoints pole-

ward of 20° N and » is the number of gridpoints.
Standard deviation:

S(Ay) = /; Z(Ay - E{)?/n

Denoting by x(¢) the variable for the day ¢ and
%(0) that for the initial time, we have
Error for a ‘“persistence’ forecast:

oy = x(t) —x(0)

Standard deviation of error for persistence fore-
cast:

VS(8xe— dyo2in
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Fig. 1. Comparison of the 500 mb geopotential height for the control run (left) and the modification
run of the surface pressure (Experiment 53M) (right) for fourth day. The contour interval is 60 m.

3. Choice of the variables

We have already discussed earlier tests on
the geostrophic adjustment and on the genera-
tion of the vertical motion fields.

The variables for the test of possible redun-
dancy were selected neither randomly nor syste-
matically, but rather intuitively. They are: sur-
face pressure; relative humidity; boundary layer
temperature; boundary layer wind.

These variables arerelatively difficult to meas-
ure or to determine with high accuracy either
for technical reasons or because of the variabi-
lity of the quantity. It is therefore natural to
inquire as to the degree of accuracy needed for
input to a hydrodynamical prediction.

It was also of interest to perform experiments
constraining the initial stratospheric structure.
But since such experiments require special treat-
ment in analysis and interpretation, those re-
sults will be reported in a separate paper.

4. The results of the experiments

(a) Surface pressure (Experiment 53M)

The modification run in this casestarts with the
surface pressure (px) purposely aberrated. We
took the initial surface pressure field such that
the geopotential height at 1,000 mb level is a
constant for the entire domain. This avoids the
excessively drastic imbalance which would occur
over terrain had we taken p, =const.

It may be useful here to mention how the
surface pressure is computed in the model,
though it is only a part of the system of pre-
diction equations. The tendency equation is

x| Givpa) + 2P 2 (4.1)
at
where P=DPx @
~_aQ
=— 4.2
w=_ (4.2)

p and p, are the pressures at an arbitrary height
and at the ground surface, and v is the hori-
zontal wind vector. With the vertical boundary
conditions,

@=0 at @ =0andl, (4.3)
equation (4.1) yields upon integration over @
from 0to 1,

2w

o (4.4)

= "f V(vps)d@Q
[}

Hence, if the initial state of p, is given, the sur-
face pressure for any time can be obtained,
provided that v is known. The total mass of
air is conserved for a closed domain.

Figs. 1 and 2 show the time evolution of
geopotential fields for the control run (Ex-
periment 53G2) and the test run with degraded

Tellus XXTI (1970), 2
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The anticyclone areas with the geopotential value greater than 240 m are hatched, and the cyclone
areas with the geopotential value less than zero meter are stippled. The mountains above 1,000 mb
level are blank areas enclosed by small segmented lines.
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Fig. 3. Latitudinal distribution of 1,000 mb zonally averaged geopotential height for the control run
(solid lines) and the modification run (Experiment 53M) (dashed lines).

Tellus XXII (1970), 2



146

Z 500

METER

180 - a 180
" PERSISTENGE

20 T - 20
_.—-~" PREDICTABILITY -
: | .DECAY,

%i234s67690NRBM O
~DAY

Fig. 4. Standard deviation of error in 500 mb geo-
potential height between the control run (53G2)
and the modification run (53M). For reference, the
standard deviations of error of the two real predic-
tions compared against the observed are given. A
‘“predictability decay’ curve is also shown.

initial surface pressure (Experiment 53M). The
maps are for the 500 mb and 1,000 mb levels at
the fourth day after initial time.

The height contours for the two runs are
quite similar. However, the 1,000 mb map at
the twelfth day begins to show some discrepancy
(not shown).

Fig. 3 displays another aspect of the result.
The zonally averaged geopotential height at
the 1,000 mb level is shown as a function of
latitude. For the first two days, the curves are
shown at six-hour intervals, and thereafter at
24-hour intervals. The profile in the test run
is almost latitudinally constant initially. Eight-
een hours later, the two curves are very close
to each other, then start to deviate slightly
from the first to third days, are close again on
the seventh day, and start to depart on the
ninth day. A kind of tidal oscillation is taking
place. Apparently the local, internal redistribu-
tion of mass is fairly rapid, but the adjustment
on the hemispheric scale is much slower.

Fig. 4 is a graph of the standard deviation
and of the persistence forecast of the 500 mb
geopotential height. The error of the persistence
forecast at its asymptotic level gives a measure
of the natural variability of a quantity. The
figure also includes the standard deviation of
error taken from the corresponding predictabi-
lity study (Smagorinsky, 1969). Shown also are
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the standard deviations of the predictions for
two January cases, which were reported by
Miyakoda et al. (1969) (Experiment 53J for
January, 1964, and Experiment 61J for January
1966). They are the real errors of the predictions
compared with observed verification data, and
are shown by small circles and triangles. It is
to be noted that the differences between the
control and test runs in the present study are
much lower than the real errors.

(b) Humidity (Experiment 53P)

In the test for water vapor, the modification
of initial conditions was made such that the
relative humidity was specified as the zonal
mean for the respective latitude and height.
The two week integration was then carried out.

The time evolution of humidity for the con-
trol run (Experiment 53G2) and the modifica-
tion run (Experiment 53P) is shown in Fig. 5.
It is a time-longitude diagram of the relative
humidity at level 8 (about 926 mb) in the belt
between 35° and 45° N latitude. In the test run,
the humidity at the initial time is constant, i.e.,
about 70 percent. The longitudinal structure
starts to develop promptly approaching that of
the control run as the prediction progresses. The
relaxation time is less than one day.

It is clear therefore that the initial water
vapor data in the extra-tropics is largely re-
dundant. Had another forecast been made with
different initial water vapor data, essentially
the same result should have been expected. It
follows, then, that if the initial water vapor data
is not consistent nor compatible with the predic-
tion model, the distribution as specified may
not remain intact, and the information not
utilized. Instead, it may be washed out as a
consequence of adaptation despite the great
effort which may have been required to con-
struct the data originally, irrespective of its
accuracy. This conclusion may not be entirely
surprising to those who are acquainted with
the large-scale correlation between relative hu-
midity and vertical velocity. This is quite ana-
logous to the futility of trying to use a directly
measured vertical motion field, if it were pos-
sible. In fact, the two are very closely linked
dynamically. A three-dimensional specification
of the mass field in the extra-tropics, or pre-
ferably the horizontal wind field, will determine
the vertical velocity distribution and the humi-
dity distribution.

Tellus XXII (1970), 2
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Fig. 5. Longitude-time diagram of the relative humidity at level 8 in a zonal belt between 35° and
45° N. (a) the control run, (b) the modification run (Experiment 53P). The contour interval is 10

percent.

Figs. 6 and 7 give measures of similarity
between the humidity fields of the two runs.
The first is the standard deviation of the dif-
ference in humidity at the 500 mb and 850 mb
levels. The latter is the correlation coefficient
of the change of relative humidity for the 500
mb, 700 mb, and 850 mb levels. The domain
of the comparison is north of 20° N. If &, is the
humidity in the control run and A, of the modi-

Tellus XXII (1970), 2

fication run, if Ak =h, —h, and dh =h(t) —h(0),
then the correlation coefficient is given by
S(8hSh — 8h) (Ohy — k) 1
S(6k.) + S(6h,,;)

In Fig. 6 the two curves of the standard de-
viation for 500 mb and 850 mb levels start at
large values, but they decrease and reach their



% T o7t T T v T T mTTTTTT)
r 40 850 MB PERSISTENCE
f
3 36’— p
§ il g S 7
T 28k 500 M PERSISTENCE 7 .
LD q /25" 'sTo 500 M8 .
& 200 _4¥  stoesows
4 T
@ 6 s 60
w 12 ‘/pop B
%] o
= o8
& o4l 4
Il 1 1 1 ! ! ! 1 1 1 ! 1 1 11 1
0 1 2 3 4 5 6 7 8 9 101l 12 13 14
DAYS -~

Fig. 6. Standard deviation of error in relative humi-
dity between the control run and the modification
run (Experiment 53P) at 500 and 850 mb.

minima at 1 or 1.5 days as the consequence of
initial adjustment. The curves rise after the
second day, and level off at about the eighth
day, where they reach their agymptotic values.
A similar tendency can be seen in the correlation
coefficients in Fig. 7. It is unreasonable to ex-
pect extremely detailed agreement in the hu-
midity patterns, since they normally have sharp
horizontal variations and are usually quite er-
ratic with time.

It is customarily assumed that accurate water
vapor data is indispensable for forecasting
smaller-scale weather phenomena. In this con-
nection, it may be of interest to see how quickly
the precipitation pattern is reconstructed in the
modification run. Fig. 8 gives the six hourly
amounts of precipitation over the United States
and a part of Canada for the two runs at six-
hour intervals during the first day. In the first
six hours, the distribution of precipitation is
quite different in the two runs, but by the second
period, they have already become quite similar
to each other. Of course, this is just one case,
and, therefore, any generalized conclusion must
be made cautiously. One might conclude, how-
ever, that the restoration of the rainfall pattern
is rapid. It would be of interest to repeat this
experiment for a case of excessively heavy preci-
pitation.

Rapid adjustment of the humidity pattern
does not occur in the stratosphere because the
residence time is fairly long. Therefore, the total
amount of water vapor given at initial time in
the upper atmosphere must be carefully deter-
mined independently; otherwise, the original in-
correctly specified water vapor could hardly be
replaced by a more correct balanced water
vapor distribution.
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The degree of redundancy of water vapor in
the tropics cannot be resolved in the present
experiment. A separate study addressing this
specific problem will be necessary.

(c¢) Boundary layer wind (Experiment 53 R)

In this test, the initial condition for wind in
the modification run was specified as zero at
the lowest two levels in the model, approxi-
mately at 926 mb and 991 mb. A two-week
integration was then performed (Experiment
53R). In Fig. 9, the latitude-time charts for the
zonally averaged zonal components of wind at
level 8 (or 926 mb) are shown for the two expe-
riments.

The correlation coefficients for the change
of the zonal component of wind from the initial
time are displayed in Fig. 10 for levels 5, 8, and
9 (approximately 500, 926, and 991 mb,
respectively). The correlation is low at the be-
ginning, but increased rapidly. The restoration
of the wind structure in the boundary layer oc-
curs within about one day. It is of interest that
the deterioration of the wind prediction is most
rapid at 926 mb.

(d) Boundary layer temperature
(Experiment 53Q1)

In this test, the modification run was made
with the initial temperatures at levels 8 and 9 set
to their zonal mean values for each latitude.
The subsequent two-week integration is denoted
by Experiment 53Q1. The measures of simila-
rity between the two runs are shown in terms
of the standard deviation (Fig. 11) and the cor-
relation coefficients of the time changes of
temperature from the initial time (Fig. 12). The
850 mb temperature has been interpolated
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Fig. 7. Correlation coefficient of the change in
relative humidity from the initial time between the
control run and the modification run (Experiment
53P) for 500, 700, and 850 mb.

Tellus XXII (1970), 2
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Fig. 8. The six hourly accumulation of precipitation for the control run (left) and the modification run
(Experiment 63P) at six-hour intervals during the first day. The isopleths are .03, .10, .30 inches.

Tellus XXII (1970), 2



Fig. 9. Time-latitude charts of the zonally averaged
zonal wind at level 8 (about 926 mb) (A4) the control
run and (B) the modification run (Experiment
53R). The contour interval is 2.5 m/sec.

from those of levels 7 and 8, where that of level
8 is disturbed initially.

In this case also, the correct temperature
field (for example, 1,000 mb and 850 mb) in the
modification run is restored, but a bit less
promptly. Later, the typical error growth oc-
curs, but the decay of the temperature predic-
tion itself is slow. It is worth noting that the
degradation of temperature prediction is fastest
at the 700 mb and 850 mb levels. This result, as
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Fig. 10. Correlation coefficient of the change in
intensity of zonal wind from the initial time between
the control run and the modification run (Experi-
ment 53R) for level 5, 8, and 9 (approximately 500,
926, and 991 mb, respectively).
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Fig. 11. Standard deviation of error in temperature
between the control run and the modification run
(Experiment 53Q1) at 500 and 850 mb levels.

well as that for the test of the boundary layer
winds, is consistent with the predictability
study. There it was found that the temperature
error developed most rapidly in the lower tro-
posphere, where the conversion from eddy avail-
able potential to eddy kinetic energy is at a
maximurm.

5. Effect on the geopotential fields and
precipitation patterns

Let us next examine how inaccurate initial
conditions influence the geopotential height and
precipitation distribution. These quantities for
many purposes can be considered to be the
most important elements in weather prediction.

(a) Geopotential fields

Since the maps for the control and modifica-
tion runs for the surface pressure were already
shown, the maps displayed here are 1,000 and
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Fig. 12. Correlation coefficient of the change in
temperature from the initial time between the
control run and the modification run (Experiment
53Q1) at 500, 700, 850, and 1,000 mb.
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Fig. 13. The 500 mb geopotential height for the modification runs. (a: Experiment 53P; b: 53R;
and c¢: 53Ql) for fourth day. The corresponding control run is in Fig. 1.

500 mb geopotential forecasts at the fourth day,
in which the initial water vapor, boundary layer
temperature, and boundary layer wind were
disturbed.

Although not shown, the second day shows
very little detectable error. The deterioration is
more rapid at 1,000 mb than at 500 mb. On the
eighth day, marked differences are to be found
in the 1,000 mb patterns, but the 500 mb height
maps are still similar. For each modification
experiment, the standard deviations of the geo-
potential with respect to the control run (53G2)
are taken at 50 mb, 500 mb, and 1,000 mb
(Fig. 15).

The effect of the initial surface pressure ab-
beration (Experiment 53M) is appreciable at
the early stage, but does not amplify much
later. The influence of the water vapor change

Tellus XX1II (1970), 2

(Experiment: 53P) is smallest for the first six
days and does not grow rapidly thereafter. On
the fourteenth day, the decay in the accuracy
of the 500 mb and 1,000 mb prediction is, in
ascending order, as follows: water vapor (53P),
surface pressure (53M), boundary layer wind
(53R), and boundary layer temperature (53Q1).
On the other hand, for the 50 mb height, the
effect of the surface pressure (53M) is the
smallest.

(b) Precipitation

The precipitation patterns for 24-hour accu-
mulations over the United States and a part of
Canada are shown for the control run and each
of the modification runs in Figs. 16, 17, and 18
for the second, fourth, and eighth days, re-
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Fig. 14. The same as in Fig. 13 but for the 1,000 mb height. The corresponding control run is in Fig. 2.

spectively. The contour lines are for .1, .3, and
1.0 inches per day.

The agreement in rainfall distribution among
each of the runs is good for the second and
fourth days. Deviations are apparent at the
eighth day, and by the twelfth day (not shown),
the disagreements are quite large.

6. Concluding remarks

The tests suggest that some variables such
as surface pressure, tropospheric relative hu-
midity, boundary layer wind, and boundary
layer temperature are not really essential as
initial data for prediction of extra-tropical
cyclone-scale weather for a few days ahead. As
soon as the time integration of the prognostic

equations starts, an adjustment process takes
place, and the major error in the solutions due
to inadequate initial data tends to disappear
within 6 to 24 hours. The mechanisms of adjust-
ment for each variable differ.

In the first 6 to 7 days (except the first 6
hours), the geopotential fields (or temperature
fields) as well as the distribution of precipita-
tion in the extra-tropics show little sensitivity
to ill-defined initial data for any of the test
variables.

After about 8 days, however, all predictions
suffer inherited error growth typical of predic-
tability experiments. However, the error devel-
opment in the present experiments seems to be
somewhat larger than is usually ascribed to
predictability decay. In practice, it is feasible
to employ more reasonable and more realistic
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Fig. 15. Standard deviation of error in geopotential
height for each of the modification runs, i.e., Experi-
ment 53M, 53P, 53R, 53Q1, against the control run.
(a) 50 mb, (b) 500 mb, and (¢) 1,000 mb.

initial data for these variables than those used
in these exaggerated tests, so that the error
growth can be considerably tempered. It cannot
be denied, however, that any improvement in
the accuracy for these variables might raise the
accuracy of the prediction after 8 days, but a
greatly improved prognosis should not be ex-
pected.

Conclusions on the redundancy of water vapor
information in the tropics should be reserved
until & more specific test is made. The tests in
this paper were performed separately for each
of the variables. As a next step, it may be de-
sirable to make a test of simultaneous modifi-
cations of all of the variables treated here. The
conclusions drawn in this paper are just from
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the simple results as displayed. To gain a deeper
insight and clearer comprehension of the prob-
lem, a theoretical analysis will be necessary.
‘We are continuing these tests to determine the
ordering of wind and temperature structure at
various levels in the free troposphere and in the
stratosphere.

As indicated earlier, one aim of this kind of
research is to provide a guide for the design of
the atmospheric observational systems by de-
termining a priority for quantities that must be
measured and the accuracy required for each.
It bears also on devising successful schemes for
the four-dimensional assimilation of observed
data.
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OTHOCUTEJBbLHAA BAHKHOCTDb HIEPEMEHHBIX B HAYAJIbBHBIX YCJIOBUAX IJIA
ANHAM NYECHOTO NIPEJCKA3AHUA IIOTO 4Bl

Bouin npofenaHBl OMBITHL MO OllEHKE OTHOCH-
TeJILHOM BaKHOCTH GOJLIINX OMIMOOK B HEKOTO-
PHX IepeMeHHbIX, OPMATLHO HEOOXOANMMIX JIA
HAYaJbHHX YCJIOBUH NpH HHTErPHPOBAHUM IO
BpeMEHH THAPOTEPMOJUHAMMYECKMX YDABHEHHM
armocdepHsix ABMeHni. [leppoHavanbHaA Helb
COCTOAJIA B aHAJM3e Ipollecca ajalTanuu, He-
NOCPEACTBEHHO CJeAylIlero 3a HavyaJibHBIM
BO3MYyleHMeM. llcHHTHBAMKCH CHeaylone me-
peMeHHBIE: NOBEPXHOCTHOE AABIeHHE, BOXAHON
nap, TeMIepaTypa MOrpaHUYHOI'O CJOHA, BeTep B
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MOTPAHMYHOM cioe. BepoATHO, YTO BTH BeJH-
YNHH HU WHIMBHAYAJIPHO, HU BO3MOXKHO HRaiKe
KOJITeKTHBHO He CYLleCTBEeHHH AJIA OIpefeaeHns
HAaYaJbHBIX YCJOBUHl HM3-3a ONpeAeAIIIEro
AeficTBMA IMHAMUKH. JKCIEPUMEHTH IOKAa3aJH,
4YTO NPOTHO3H, NO-BAIMMOMY, CTAHOBATCA OJHU-
HAKOBBIMU moOCJIe, NpUGIN3NTENBHO, INECTH 4a-
COB, HE33aBMCHMO OT HAYAJbHHIX 3HAYEHHH# BTUX
BestnyMH. OTHAKO Yepe3 HeCKOJIbKO IHel o1nbKa
BefleT ceGf TaK e, KAK B 9KCIEepUMeHTax IO
NPEeXCKA3yeMOCTH.



