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ABSTRACT

This paper describes the results of numerical simulation experiments on observing
systems eonducted at the National Center for Atmospheric Research (NCAR) using
a six-layer §5° mesh NCAR global circulation model. The first series of experiments is
aimed at evaluation of proposed wind measurements at two levels in the tropical belt
(25° N-25° 8) and six levels in the equatorial belt (10° S-10° N), together with vertical
temperature profiles including random and systematic errors. It is shown that the
tropical wind measurements are needed in the tropics where temperature data alone
are not sufficient to infer winds with acceptable accuracy. The second series is per-
formed to determine the relative importance of reference pressure located at the
surface and at the 12-km level for the hydrostatic pressure calculation from vertical
temperature profiles. The third series is conducted to examine the desirability of
temperature versus wind observations depending on geographical latitudes and to

investigate minimum requirements of global meteorological observations.

1. Introduction

This paper describes the results of numerical
experiments carried out at NCAR in response
to a request from the JOC (1971) concerning
the planning of future observing systems of
the atmosphere. The major questions investi-
gated by these experiments are: (1) whether
wind measurements obtained from the proposed
geostationary satellite system coupled with ver-
tical temperature profiles are adequate to de-
termine the tropical wind fields to within the
JOC specification of error limits, and (2) eval-
uation of the usefulness of reference pressure
measurements for the hydrostatic pressure
calculation from radiometrically derived vertical
temperature profiles together with the tropical
wind measurements.

We describe in Sections 2 and 3 the results
of the tropical wind experiments and the refer-

! The first version of this paper was reported in
August 1971 to the Research Coordination and Plan-
ning Group on Observing Systems Simulation, Joint
Organizing Committee, GARP.

2 The National Center for Atmospheric Research
is sponsored by the National Science Foundation.

ence pressure experiments. The question of the
advantage of temperature or wind measure-
ments depending on geographical latitudes is
brought up by these experiments. Some ex-
periments were conducted to investigate this
and the results are described in Section 4.

Numerical experiments similar to those de-
seribed in this paper have also been carried out
at the Geophysical Fluid Dynamics Laboratory
(GFDL), NOAA, and the Goddard Institute
for Space Studies (GISS), NASA, to determine
any dependency of the results on the different
global circulation models. The results of these
groups including NCAR were presented at the
JOC meeting in Toronto, 22 October 1971. In
Section 5, we compare our results with those of
GISS and GFDL and point out the need for
further experiments to understand the dyna-
mical response of the atmosphere from the
point of view of designing effective observing
systems.

The global circulation model (GCM) used in
this study is the same one used in the previous
study (Williamson & Kasahara, 1971, referred
to as WK in the remainder of this report). The
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TROPICAL WIND AND REFERENCE PRESSURE MEASUREMENTS

Table 1. Height at which variables are defined

Subseript ¢ uy, v, T Py

1 1.5 km 3 km
2 4.5 km 6 km
3 7.5 km 9 km
4 10.5 km 12 km
5 13.5 km 15 km
6 16.5 km 18 km

The surface pressure is indicated by p;.

GCM has a grid network of six levels in the
vertical plus the surface, with vertical incre-
ment of 3 km, and covers the entire globe with
a horizontal increment of 5° in both longitude
and latitude. The top of the model atmosphere
is at a height of 18 km which corresponds
approximately to the 75-mb pressure level. We
will use & subscript on a variable to denote a
particular level in the vertical. Table 1 lists the
heights at which the east—west and north-south
velocity components (u, v), temperature T,
and pressure p are defined. The historical data
are generated by the GCM in the same way as
described in WK. Details concerning this simu-
lation are given in Kasahara & Washington
(1971).

Table 2. Tropical wind experiments
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Fig. 1. Global rms zonal wind () error in m sec™! as
function of time for Exps. 1 through 5 as specified
in Table 2.

2. Tropical wind experiments

The experiments concerning tropical wind
measurements are summarized in Table 2.
Experiments 1 and 2, which update correct
surface pressure and temperature with no error
and with 1°C random error, respectively, are

Update

Updated interval

Exp. variables Error bounds Coverage (hours)
1 P, No error Global 12
T, through T, No error Global 12
2 P, No error Global 12
T, through T, 1°C random Global 12
3 P, No error Global 12
T, through T 0.5°C random -+ 1° sin 44sin2¢p Global 12
4 P, No error Global 12
T, through T, 0.5°C random + 1° sin 44sin2¢ Global 12
#; and ug Vé m sec—! random 25°8-25°N 12
», and v, }/2 m sec~! random 25° §-25° N 12
5 P, No error Global 12
T, through T, 0.5°C random +1° sin 4Asin2¢ Global 12
u, and ug /2 m sec—! random 25° 8§-15° S, 15° N-25° N 12
v, and vy 2 m sec—! random 25° 8-15° 8§, 15° N-25° N 12

V§/2 m sec~! random
V2/2 m sec~! random

u, through u,
v, through v,

10°8-10°N 12
10° 8-10° N 12

Tellus XXIV (1972),2
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Fig. 2. (@) rms w4 error, (b) rms %, error, (c) rms wu, error, (d) rms u, error, all in m sec—! as function of time
for Exps. 1, 3, 4, and 5.

taken from WK. In this paper as in the previous, we use the root mean square (rms) error of a
a random error will mean an error taken at scalar quantity y given by

random from a uniform distribution with limits
of plus and minus the value specified.

In Exp. 3, correct surface pressure is updated
along with temperatures with a 0.5°C random
error plus a systematic error given by 1° sin
4Asin 2, where 1 and @ denote longitude and where ¢ is geographical latitude and the sum
latitude, respectively. The form of the syste- is taken over some set of grid points yet to be
matic error has been specified in the JOC defined. The starred and unstarred variables
Report (1971). simply distinguish the two states. The sum can

To measure the difference between two states, be taken over all grid points, in which case we

.?_(w«—wf)z cos ¢;]*

rms(y) =
; oS ¢;

(1)

Tellus XXIV (1972), 2
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Fig. 3. Zonal rms u; error in m sec—! at equator, 15°N, 30°N, and 45°N as labeled for Exps. 1, 3, 4, and 5.

refer to it as the global rms error; over all grid
points at one level in the vertical, in which case
we refer to it simply as the rms error; or over all
points at a given latitude and height, in which
case we refer to it as zonal rms error.

The global rms of the random plus systematic
temperature errors in Exp. 3 is about 0.59°
whereas the global rms of the 1°C random tem-
perature error of Exp. 2 is about 0.57°C. The
global rms zonal wind () errors for Exps. 1, 2,
and 3 are shown by the solid lines in Fig. 1. The
different experiments are distinguished by ex-

Tellus XXIV (1972), 2

periment number in the figure. The lowermost
curve (Exp. 1) indicates the lower limit to
within which the winds can be induced by up-
dating correct temperatures and a correct re-
ference pressure. The asymptotic error is about
0.6 m sec™!.

When the temperature includes the random
error as specified in Exp. 2, the global rms «
error approaches an asymptote of about 1.05
m sec—l. When the temperature error is system-
atic as in Exp. 3, but with approximately the
same rms as the random error in Exp. 2, the
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Fig. 4. Zonal rms u, error in m sec~! at (@) 15° N, and (b) 30° N. Zonal rms u, error in m sec-1 at (c) 15° N,

and’(d) 30° N.

global rms u error approaches an asymptote of
about 1.6 m sec-!, Thus, a systematic error is
more detrimental than a purely random error
with the same rms value.

In Exp. 4, correct surface pressure and tem-
peratures with the same errors as Exp. 3 are
updated along with the winds at 1.5 km (u,, v,)
and 13.5 km {u;, v;) in the tropical belt (25° N—
25° 8). These winds would correspond to winds
determined from cloud movement in the lower
troposphere and at 150 mb by constant level
balloons. The winds are updated with a random

error having a maximum vector error of 2 m
sec™1.

In Exp. 5, the same variables are updated as
in Exp. 4 with the addition of winds in the
equatorial belt (10° N-10° S) at all levels with
a random error giving a maximum vector error
of 1 m sec-1. The global rms u error curves in
Fig. 1 show that the additional wind measure-
ments reduce the asymptotic rms « error. How-
ever, it must be remembered that the average
is taken over all grid points, including those
where the wind is updated.

Tellus XXIV (1972), 2
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Table 3. Reference pressure experiments

105

Update
Updated interval
Exp. variables Error bounds Coverage (hours)
6 P, No error Global 12
T, through T 0.5°C random + 1° sin 44sin 2¢p Global 12
T, through T, 0.5°C random + 1° sin 4Asin2¢ Global 12
P, No error Global 12
T, through T 0.5°C random + 1° sin 44sin2¢p Global 12
u, and ug /2 m sec~! random 25° 8-25° N 12
v, and vy ]/5 m sec~! random 25° 8-25° N 12
9 T, through T, 0.5°C random + 1° sin 41sin2¢ Global 12
u, and ug VE m sec~! random 25° 8-25° N 12
v, and v VE m sec~! random 25° 5-25° N 12
10 P, No error Global 24
T, through 7', 0.5°C random + 1° sin 44sin2¢p Global 12
u, and ug l/2 m sec~! random 25° 8-25° N 12
v, and vg ]/5 m sec—! random 25° S-25° N 12
11 P, 0.3 mb random Global 24
T, through T 0.§°C random + 1° sin 44sin2¢ Global 12
u, and uy l/2 m sec~! random 25° 8-25° N 12
v, and vy VE m sec~! random 25° 8-25° N 12

Fig. 2 shows the rms u,, u;, %,, and u; errors
for Exps. 1, 3, 4, and 5. We will discuss first the
effect of the tropical wind measurements at
two levels as shown by the difference between
Exps. 3 and 4. The difference shows the im-
provement gained by updating the wind at two
levels in the tropics. The largest improvement
is at level 5 (13.5 km) where the winds are up-
dated, but at this level the rms error is computed
by averaging over updated and non-updated
regions. This is not the case at levels 2, 3, and 4.
The updating of winds at levels 1 and 5 improves
the determination of winds at levels 2, 3, and 4
perhaps slightly better at higher levels than at
lower levels.

The zonal rms u; errors at 0°, 15° N, 30° N,
and 45° N are shown in Fig. 3 for the same cases
shown in Fig. 2. Again we compare Exps. 3 and
4 first. The latitudes 0° and 15° are both in the
area being updated in Exp. 4. Notice in Fig. 3a
and ¢ that in the low latitudes the zonal rms
us error curves of Exp. 3 show no reduction of
error from the initial values of about 3 m sec-1.
This means that if observed temperatures con-
tain systematic errors on the order of rms
0.6°C, then the updating of temperatures alone
does not determine winds in these areas within
the JOC error specification. It is clear that to

Tellus XXIV (1972), 2
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determine the wind field in the low latitudes,
we must make direct measurement.

The zonal rms w%; error at 30° in Fig. 3d
shows a slight improvement by updating winds
in the tropical belt, but the zonal rms error at
45° in Fig. 3b shows no difference. The informa-
tion added by updating two levels of winds in
the tropics propagates in the vertical, but not
much to the region outside the updated area in
the horizontal. This conclusion is further il-
lustrated in Fig. 4a and b showing zonal rms
u, and u; errors at 15° N and 30° N. The im-
provements in %, and u; at 15° N (between
levels being updated) are greater than the im-
provement in us at 30° N (adjacent to the area
being updated).

The results of updating equatorial winds
(10° N-10° 8) at all levels as in Exp. 5, in addi-
tion to the tropical winds (25° N-25° 8) at two
levels, are also shown in Figs. 2, 3, and 4. Fig. 2
shows the rms u error at specified heights
computed over the sphere which includes the
updated areas. The effects of the additional
wind information are clearly seen in Figs. 3
and 4. Fig. 4 shows that there is a noticeable
influence on the winds at 15° N immediately
adjacent to the updated area, but almost no
influence farther away at 30° N.
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3. Reference pressure experiments

The experiments listed in Table 3 combined
with Exps. 3 and 4 in Table 2 are designed to
examine the desirability and location of an
updated reference pressure when the tempera-
tures are updated as in the Tropical Wind Ex-
periments. When no pressure is mentioned as
in Exps. 7 and 9, the forecast value of the surface
pressure is used as a reference pressure to com-
pute the pressure at all levels from the updated
temperatures.

Fig. 5 shows the global rms % error and the

rms u, U%,, and u, errors for Exps. 3, 6, and 7.
In all these experiments, the temperatures are
updated with the random plus systematic error.
In Exp. 3, surface pressure is updated; in Exp.
6, p, is updated; and in Exp. 7, forecast surface
pressure is used instead. The surface reference
pressure case produces a lower rms wind error
than either of the other two cases. This result
was also reported in WK where the temperatures
were updated with a purely random error, but
the difference there was not as great as here. The
difference in the global rms w error between the

Tellus XXTV (1972), 2
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case updating p, and the cas eupdating no ref-
erence pressure is small. This result was also
found in WK. The difference between updating
p. as reference pressure and updating no refer-
ence pressure seems to increase with height, the
no-reference-pressure-case being better at higher
altitudes.

Experiments 4, 8, and 9 are the same as 3, 6,
and 7, respectively, with the additional updating
of the tropical winds at two levels. Results of
Exps. 4, 8, and 9 are shown in Fig. 6. Again
updating the surface pressure (Exp. 4) produces

Tellus XXIV (1972), 2

the best wind field and there is little difference
in the global rms u error between the case up-
dating p, (Exp. 8) and the one updating no
reference pressure (Exp. 9).

Experiment 10 compared with 8 in Fig. 6
shows that the rms error is slightly larger when
P, is updated every 24 hrs instead of every 12
hrs. At the intervening update times, the fore-
cast surface pressure is used as a reference
pressure. Experiment 11 updates p, every 24
hrs with a 0.3-mb random error. The rms errors
for this case are graphically indistinguishable
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Table 4. Reciprocal configuration experiments

Update
Updated interval
Exp. variables Error bounds Coverage (hours)
12 P, No error 30° N-90° N, 30° S-90° S 12
T, through T,
13 u, through u, No error 25° 8-25° N 12
v, through v,
14 P No error 30° N-90° N, 30° 8-90° S 12
T, through Ty
u, through u, No error 25° §-25° N 12
v, through v
15 P, No error 25° 8-25° N 12
T, through T,
16 u, through ug No error 30° N-90° N, 30° S-90° S 12
v, through v,
17 P No error 25° 8-25° N 12
T, through T,
u, through ug No error 30° N-90° N, 30° §-90° 8 12
v, through v,
18 u, through u, No error Global 12

v, through v,

from the corresponding experiment with no
error (Exp. 10) and hence are not shown.

4. Reciprocal configuration experiments

To further investigate the effect of wind
measurements in the tropics and the horizontal
propagation of updated information, we per-
formed an additional set of experiments listed
in Table 4. In this set of experiments, the up-
dated data are assumed to have no error, and
only one type of data, either wind or tem-
perature, is updated at any one grid point. In
this section, when we refer to temperature as
being updated, we mean that temperature and
surface pressure are updated. Fig. 7 illustrates
the configurations of observing systems for the
various experiments listed in Table 4 to il-
lustrate the reciprocal nature of the experi-
ments.

We first consider Exps. 12-14 together with

Fig. 7. Tllustrative diagram for reciprocal configura-
tion experiments 12 through 18, together with Exp. 1.

Exp 1

Ps

T =T

everywhere

Uy Ug
Vi Vg

everywhere
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figuration experiments.

Exp. 1. In Exp. 1, temperatures are updated
everywhere. In Exp. 12, temperatures are up-
dated outside the tropical band 25° 8 to 25° N,
whereas in Exp. 13 winds are updated only in
the tropical band. In Exp. 14, winds are updated
in the tropical band and temperatures are up-
dated outside the tropical band. The reason for
choosing the latitude zone 30° 8 to 30° N as the
tropical band is to make the area of the tropical
band half the area of the sphere. However, the
grid points on the 30° parallels belong to the
polar caps and those on the 25° parallels belong
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to the tropical band as we have defined them.
The zonal rms u; errors from these experiments
are shown in Fig. 8 at 0°, 15°N, 30° N, and
45° N, The zonal rms 7Ty errors for the same
latitudes are shown in Fig. 9.

We first note in Fig. 8¢ and d that the zonal
rms u; errors at 30° and 45° are almost identical
for Exps. 1 and 14. In these two cases, one and
only one of the two fields, temperature and
wind, is updated at each grid point. Except for
the surface level, both cases update the same
amount of historical data which is half the
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total counting wind velocity and temperature
each as one piece of information. (As far as the
total amount of information used, Exp. 1 uses
a little more since Exp. 1 updates the surface
pressure in the tropical band as well, whereas
Exp. 14 does not. The effect of the additional
amount of information is probably minor.) When
one of the two fields is not updated at every
grid point, the asymptotic errors are greater
than those produced by updating at every grid
point. Comparison of Exps. 12 and 14 in Fig. 8¢
and d shows that the addition of wind data in
the tropical band helps to determine the wind
field outside the tropical band if temperature
data also exist outside the tropical band. How-
ever, comparison of Exps. 13 and 14 illustrates
that the wind data alone in the tropical band
do not determine the wind field outside the
tropical band. Similarly, comparison of Exps.
1 and 12 shows that the temperature data alone
outside the tropical band do not help to de-
termine the wind field in the tropical band. It
must be remembered that the temperatures in
Exp. 1 do not contain errors and that when
there are errors in the temperatures, even the
use of temperature everywhere is not sufficient
to determine the wind field in the tropics as
pointed out in Section 2.

Experiments 15-17 are complementary to
Exps. 12-14, as seen from Fig. 7. For example,
Exp. 15 updates surface pressure and tempera-
ture only in the tropical belt, whereas Exp. 12
updates the same quantities in the domain
complementary to the tropical belt. Experiment
18 updates winds over the entire grid which is
the reciprocal to Exp. 1 updating temperature
and surface pressure everywhere.

The results of Exps. 15-18 are also shown in
Figs. 8 and 9. As seen from Fig. 9¢ and d, Exp.
17 in which temperatures are updated in the
tropics and winds in the polar caps has about
the same asymptotic rms 7’5 error at 30° N and
45° N as Exp. 18 in which winds are updated
everywhere. However, updating winds outside
the tropics alone as in Exp. 16 does not reduce
very much the temperature error in the polar
caps. As expected, updating temperatures in the
tropics alone as in Exp. 15 does not help to
determine the temperature field outside the
tropics as seen from Fig. 9¢ and d, nor the wind
field outside the tropics as seen from Fig. 8¢
and d. Similarly, updating winds alone in the
tropical band as in Exp. 13 does not help to
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determine the temperature field or the wind
field outside the tropics.

Comparison of Exps. 1 and 17 in Fig. 8a and
b shows that the use of wind instead of tempera-
ture outside the tropical band (Exp. 17) results
in about the same asymptotic rms u; error at
0% and 15° N as Exp. 1 in which temperatures
are updated everywhere. Comparison between
Exps. 14 and 18 in Fig. 9a and b shows that the
use of temperatures instead of winds outside
the tropical band (Exp. 14) results in even
better reduction in the asymptotic rms T,
error at 0° and 15° N than Exp. 18 in which
winds are updated everywhere. This indicates
that the configuration of the observing system
of Exp. 14 is advantageous over that of Exps.
18, 17, or even Exp. 1.

As far as the determination of wind in the
tropies, it is interesting to compare Exp. 15
(temperatures updated in the tropics only) and
Exp. 16 (winds updated in the polar caps only)
shown in Fig. 8a and b. At the equator, Exp. 15
gives a smaller asymptotic rms «; error than
Exp. 16, whereas at 15° N this situation is
reversed. This implies that winds in the mid-
lIatitudes are influencing the determination of
winds in the tropies more than the temperature
field in the tropics is influencing the determina-
tion of wind in the tropics, except for a narrow
equatorial belt.

Concerning the determination of temperature
in the tropics, we shall compare the results of
Exp. 16 with those of Exps. 12 and 13 seen in
Fig. 9a and b. The asymptotic rms T, errors
of Exp. 12 at 0° and 15° N are lower than those
of Exp. 16. This implies that temperatures in the
mid-latitudes are influencing the determination
of temperature in the tropics more than are
the winds in the mid-latitudes. The behavior of
rms T'; error of Exp. 13 seen in Fig. 9a and b
may also be worthwhile to note. Updating of
winds in the tropical band has helped to infer
temperatures in the tropics at the beginning of
updating, but this induction of temperatures in
the tropical band is soon overwhelmed by the
lack of supporting information from the higher
latitudes. Eventually, the rms 7'y error of Exp.
13 exceeded the asymptotic value of Exp. 12.

5. Concluding remarks

We first summarize the major conclusions
derived from the present experiments and then

Tellus XXIV (1972), 2
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Fig. 9. Zonal rms T'; error in °C at (a) equator, (b) 15° N, (c) 30° N, and (d) 45° N.

compare our results with those of GISS con-
ducted by Jastrow and Halem (Jastrow, 1971)
and those of GFDL (Gordon et al., 1971) which
were presented together with our results at the
JOC meeting in Toronto, 22 October 1971.

A systematic temperature error results in a
higher asymptotic rms wind error than a purely
random temperature error even though the rms
values of systematic and random temperature
errors are approximately the same. For the
global rms of the random plus systematic
temperature errors of about 0.6°C, the asymp-
totic zonal rms wu, error in the tropics is on the
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order of 3 m sec~?, whereas in the mid-latitudes
it is less than 2 m sec—1. Therefore, to reduce
the wind error in the tropics to less than 2 m
sec-! rms, we need direct wind measurements.
To ensure the accuracy of the wind determina-
tion in the mid-latitudes, effort should be made
to reduce systematic errors in the temperature
measurements. These general conclusions are
consistent with those derived from the experi-
ments at GFDL and GISS.

The information added by updating two levels
of winds in the tropical belt propagates verti-
cally to some extent, but the tropical wind in-
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formation propagates very little horizontally to
the mid-latitudes. The results of GISS using a
two-layer model developed by Arakawa and
Mintz at UCLA also show that no significant
improvement occurs outside the zone of direct
data insertion in the tropics. On the other hand,
the results of GFDL using a nine-level model
with Kurihara-type grid indicate that improved
adjustment of winds also takes place in the
extratropics when tropical winds are updated at
two levels. The different results of GFDL, GISS,
and NCAR may indicate the degree of model
dependence in simulation experiments. How-
ever, as discussed in Section 4, the results of
reciprocal configuration experiments demon-
strate that the tropics are shielded in one di-
rection only in the sense that information in the
tropics barely gets out of the tropics, but in-
formation in the mid-latitudes can penetrate
into the tropics except for a narrow equatorial
belt. The results of additional experiments at
GISS and NCAR also illustrate that mid-lati-
tude information can penetrate into the tropics.
The GISS experiment updated temperatures
everywhere and winds in the latitude belt of
30° N to 50° N. The winds in the tropiecs were
improved by this updated mid-latitude infor-
mation. The two additional experiments per-
formed at NCAR similar to the GISS experi-
ments are not listed in our tables. In both ex-
periments, temperatures were updated with the
same random-plus-systematic error used in the
other experiments reported in this paper. In the
first experiment, winds were updated at two
levels (1.5 and 13.5 km) in the band 30° N to

50° N with a V2 m sec—! random error in each
component. In the second, winds were updated
at all levels from 30° N to 50° N with the same
error. The first case resulted in no information
propagation into the tropics. In the second
case, information did propagate into the tropics
in agreement with the GISS experiment where
wind was updated at all (both) levels of their
model.

It is known from the work of Mak {1969) and
Bennet & Young (1969) that planetary waves
in mid-latitudes can propagate into the tropics,
although there are conditions which have to be
met as discussed by Charney (1969) and Dickin-
son (1970). On the other hand, it has been shown
by Rosenthal (1965), Matsuno (1966), Lindzen
(1967), and others that low-frequency plane-
tary-scale motions in the tropics are trapped
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horizontally (although they can propagate
vertically) and, therefore, information added
to most of the Rossby modes will be confined
near the area of updating.

The trapping nature of equatorial planetary
waves may also explain why a wall at the
equator in a hemispherical model has a
relatively slow influence on mid-latitude flows
up to about one week (Baumhefner, 1971a, b).
As indicated by Matsuno (1966), it may be
possible that the inertia-gravity waves of long
periods propagate through the equatorial duct.
It is extremely interesting to investigate the
nature of coupling between the tropics and the
mid-latitudes using direct wind measurements
in the tropics as proposed for GARP.

The experiments in Section 4 revealed addi-
tional useful information concerning a minimum
requirement in observing systems. The pre-
ferred minimum requirement seems to be the
configuration of Exp. 14 in which winds are
observed in the tropiecs and temperatures out-
side the tropics. This combination of wind and
temperature observations is better than the
combination in Exp. 17 and the single ob-
serving systems of Exp. 1 or Exp. 18. If the total
number of observations of wind and tempera-
ture is less than this minimum requirement, the
large-scale description of the atmosphere will be
seriously impaired. Therefore, the observing
system of wind at least at two levels in the
tropical belt (25° N-25°S) and at all levels in
the equatorial belt (10° N-10° S}, together with
infrared temperature observations over the
globe, is almost the minimum requirement.

As far as the desirability of reference pressure
observation, the use of correct surface pressure
seems to produce a better determination of the
wind field than the use of correct 12-km refer-
ence pressure or the use of predicted surface
pressure as the reference. We cannot think of
any obvious reason why the surface is better
than 12 km for the reference pressure, except
that the structure of synoptic-scale baroclinic
waves in the atmosphere is relatively shallow
and the maximum amplitude of waves is found
at the surface level.

As a word of caution in interpreting the re-
sults of simulation experiments, we should re-
mark that these experiments were conducted
in an idealized condition, namely the simulated
atmospheric data were obtained from the same
model as that used for the prediction. As
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pointed out by Morel et al. (1971), a “rejection
phenomenon’ might occur when data simulated
with a different model or real data are used for
updating experiments. The question of model
dependence on simulation experiments should
be investigated further.
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APPENDIX

Additional reference presssure experiment

To investigate the usefulness of surface
pressure measurements taken over land only,
we performed an additional experiment in con-
junction with this report. Fig. 1 A compares the
results of this experiment with two earlier ones.
The solid curvesin the figure are from the experi-
ment updating surface pressure everywhere with
no error and temperature with the random plus
systematic error specified. The dotted lines are
from the experiment updating temperatures
everywhere with the random plus systematic
error. The forecast surface pressure was used for
the reference pressure in this experiment. The re-
sults of the experiment updating temperatures
with the same errors as the other two experi-
ments and surface pressure over land as de-
fined in the NCAR GCM are shown by the
dashed lines. The forecast surface pressure is
used for the reference pressure over the oceans.

As seen in the figure, in the northern hemi-
sphere the differences in the zonal rms u, errors
between the cases in which surface pressure is
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updated everywhere and in which it is updated
just over land are small. However, in the
southern hemisphere, the zonal rms wu; error
from updating surface pressure over land is
about midway between the errors produced by
updating surface pressure everywhere and by
updating no reference pressure. The differences
between these three cases decrease approaching
the equator. The zonal rms u; errors for these
experiments are very close to each other at
15° N or S with the three curves intersecting
each other repeatedly (not shown). These results
agree with expectations since most of the land
area is in the northern hemisphere.

Thus, a system of buoys over the extratro-
pical oceans capable of measuring surface pres-
sure would provide useful information for up-
dating in the NCAR GCM. However, the obser-
vations of surface pressure over land only are
sufficient for updating in the tropics and
northern hemisphere when compared to ob-
servations of surface pressure everywhere.
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Fig. 1 A. Additional reference pressure experiment.
Update
Updated interval
Line code  variables Error bounds Coverage (hours)
P, No error Global 12
— (3) T, through T 0.5° random + 1° sin4Asin2¢ Global 12
- (7) T, through T, 0.5°C random + 1° sin4Asin2¢ Global 12
P No error Over land 12
----- T, through T 0.5°C random + 1° sin4Asin2¢ Global 12
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OLIEHKA BAMHOCTU UBMEPEHUN BETPA B TPOIIMKAX U JJABJIEHUA:
YUCJEHHBIE DKCIEPMMEHTEI JJ1f1 CUCTEM HABJIOJEHUN

CTaThbd ONMCHIBAET PE3YJBTATH BKCIEPHMEHTOB
M0 YMCIeHHOMY MOJeJMPOBAHUIO CHCTeM Ha-
GmiopeHnit, npoBegeHHHX B HanuoHansHOM
HeHTpe armocdepHnx ucciegoBanuit (CHIA) ¢
MOMOIIBI0 MIECTUYPOBEHHON MomeNu riIo0aib-
Holt mupkynsauuu ¢ marom 5°. IlepBaa cepus
9KCIIEPUMEHTOB UMeJIa 1eJIbI0 OLeHKY BaKHOCTH
M3MepeHuit BeTpa Ha ABYX YPOBHAX B TpOINH-
yecKOM mosce (25° ¢. m.—25° 10. I11.) U HA WECTH
YPOBHAX B HKBaTOpHaNbHOM mosce (10° . m.—
10° ¢. m.), a Taxxke M3MepeHUI TeMIepaTypHOro
npoduia, BKIOYAWIIKUX CilydaliHble I cHcTrema-
TH4eckne omubku. ITokaszaHo, 4TO M3MepeHHMHA
BETPA HYKHBI B TPONMKAX TaM, rie OTHUX TeM-
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NepaTypHBIX JaHHHIX HEJOCTATOYHO MIJIA IIONY-
4eHNA BeTpa ¢ NpHeMIeMoit ToOYHOCThIoO. Bropas
cepud MpOAeNaHa ¢ lelibio ONpeReNuTh OTHO-
CHTeJIbHOe 3HAYeHMe H3MepeHMif NaBIeHUA Ha
NMOBEPXHOCTH 3eMJIM M HA ypoBHe 12 Km giaa
BHIYNCJIEHUA JABJEHUA B THAPOCTATHYECKOM
OpuOIMKEHUN 10 BePTUKAJIbHOMY mpoduiio
TemnepaTypel. Tperba cepus npogenaHa IJasa
TPOBEPKH KeJaTelbHOCTN HabJojeHui TemIme-
paTypsl BMecTo HalmlofileHMit BeTpa B 3aBHCH-
MOCTH OT reorpa@uyecKoil mMMUpPOTH M AJIA Olpe-
IeNeHNA MUHNMAJbHHX TpeGoBaHMI K riio6alb-
HBIM MeTeOpOJOTHYeCKUM HabiogeHnAM.



