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ABSTRACT

We examine the characteristics of stationary and transient eddies in the geopotential-height field as simulated
by a spectral general circulation model. The model possesses a realistic distribution of continents and oceans
and realistic, but smoothed, topography. Two simulations with perpetual January and July forcing by cli-
matological sea surface temperatures, sea ice, and insolation were extended to 1200 days, of which the final
600 days were used for the results in this study.

We find that the stationary waves are well simulated in both seasons in the Northern Hemisphere, where
strong forcing by orography and land-sea thermal contrasts exists. However, in the Southern Hemisphere,
where no continents are present in midlatitudes, the stationary waves have smaller amplitude than that observed
in both seasons.

In both hemispheres, the transient eddies are well simulated in the winter season but are too weak in the
summer season. The model fails to generate a sufficiently intense summertime midlatitude jet in either hemisphere,
and this results in a low level of transient activity. The variance in the tropical troposphere is very well simulated.
We examine the geographical distribution and vertical structure of the transient eddies. Fourier analysis in
zonal wavenumber and temporal filtering are used to display the wavelength and frequency characteristics of
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the eddies.

1. Introduction

In a recent paper in this journal (Pitcher et al., 1983;
hereafter referred to as paper I), we began an exami-
nation of the simulation characteristics of the NCAR
Community Climate Model, Version 0 (CCMO0). The
CCMO is a version of the spectral general circulation
model developed by Bourke and his collaborators
(Bourke, 1974; Bourke et al., 1977; McAvaney et al.,
1978) which was modified by the incorporation of a
radiation and cloud parameterization scheme devel-
oped at NCAR (Ramanathan et al, 1983, hereafter
referred to as paper 1I). In paper I, the time-mean
atmospheric fields for simulations with fixed January
and July boundary conditions were examined. Of par-
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ticular note was the simulation of realistic temperatures
in the lower stratosphere over the winter pole and,
thus, a realistic polar-night jet, thereby avoiding a
common defect of earlier models (e.g., McAvaney et
al., 1978). With the stratospheric jet reduced to the
proper strength, clear separation occurs between the
stratospheric and tropospheric jets. Paper II presents
a series of model experiments which highlight those
aspects of the radiation and cloud parameterization
which are responsible for the marked improvement in
the simulation of the zonal wind. In other respects,
the January and July simulations are quite acceptable,
although it is apparent that the model consistently
obtains tropospheric temperatures which are too low
by 2-9 K, primarily over the wintertime continents.
In this paper we examine certain aspects of the sta-
tionary and transient eddies in these same model sim-
ulations. In the Northern Hemisphere (NH), the sta-
tionary waves are forced primarily by orography
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(Charney and Eliassen, 1949) and land-sea thermal
contrasts (Smagorinsky, 1953). Although our model
topography is smoother than the actual topography,
the well-simulated NH stationary waves indicate the
adequacy of these forcing mechanisms in the model
formulation. Several mechanisms have been suggested
for the forcing of stationary waves in midlatitudes of
the Southern Hemisphere (SH). Of these, at least two
should .be operative in the model: the eccentric posi-
tioning of Antarctica relative to the South Pole (Tal-
jaard, 1972a; Grose and Hoskins, 1979), and sea-sur-
face temperature differences between the Atlantic and
Pacific oceans (van Loon, 1972ab; van Loon and
Jenne, 1972). We present comparisons with the ob-
served stationary waves in both hemispheres and sea-
sons (van Loon and Jenne, 1972; van Loon et al.,
1973; Lau, 1979b).

Many aspects of observed transient eddies have been
documented in recent years. Various types of distur-
bances, some of which have yet to be clearly identified,
contribute to the observed temporal variance. By
searching in the model variance for the characteristics
of known processes' we may determine the degree to
which the model faithfully simulates these processes.
Conversely, a deficiency in model variance, especially
when identified with a particular range of frequency
or wavelength, can help to identify important processes
which are absent from the model. In other cases it
may still be shown that the model is reproducing re-
alistic, though poorly understood, processes. This is
important because it justifies the use of the detailed
and self-consistent model output for diagnosing these
very processes. An example of this is blocking, which
is thought to be a major contributor to the low-fre-
quency variability over the eastern oceans of the NH
in winter. As we shall show, the CCMO produces rather
realistic variance patterns in these areas, which have
encouraged us to examine the model data more closely
for blocking situations; these studies will be discussed
elsewhere.

The observed characteristics which we shall seek to
verify in the CCMO are as follows:

1) Distribution in latitude and altitude of the zonally
averaged variability. This is determined largely by the
gross features of the mean zonal circulation arising
from the seasonal meridional temperature gradient.

2) Geographical patterns of variability. These are
determined largely by the same longitudinally varying
mechanisms which control the stationary waves: to-
pography, land-sea thermal contrasts, and sea-surface
temperature gradients. The observed patterns have
been documented extensively in the NH by Blackmon
(1976), Blackmon et al. (1977), and Lau (1978, 1979a),
and in the SH by Trenberth (1981, 1982).

3) Partitioning of variability by time scale. Black-
mon (1976) has shown that fluctuations with periods
of 10 days or longer dominate the total variance and
that the centers of low-frequency variance in the At-
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lantic and Pacific correspond closely to regions of fre-
quent blocking. He also showed that the variance max-
ima of fluctuations with synoptic time scale (2.5-6 day
periods) occur in elongated regions across the North
Pacific and Atlantic oceans which have a high fre-
quency of cyclonic activity (Sawyer, 1970); following
the example of Blackmon et al. (1977), we will also
refer to these elongated regions as “storm tracks.”

4) Partitioning of variability by zonal wavenumber.
Blackmon and White (1982) have simplified the wave-
number decomposition of Blackmon (1976) by de-
composing fields according to zonal wavenumber (71)
alone. They have shown that synoptic scale waves
(m = 6) coincide closely with the storm tracks men-
tioned above, while planetary scale waves (m < 5)
dominate the total variance. A combination of tem-
poral and spatial filtering allows us to identify a con-
tribution to the variance in the winter hemispheres
which we attribute to stagnating synoptic disturbances
cut off from the main zonal flow.

5) Vertical structure of the transient eddies. The
analysis described in paragraph 1) above will yield the
change with altitude of zonally averaged variability.
Following Blackmon et al. (1977), we examine more
closely the variability at various levels in the model;
observations indicate a significant increase in variability
at 300 mb relative to the surface. We will also use the
correlation of the 500 and 1000 mb heights to examine
the phase coherence of fluctuations at these levels
(Blackmon et al., 1979).

Because we wish to examine in detail the spatial and
temporal characteristics of transient eddies, we find it
convenient to limit ourselves to consideration of the
geopotential height field alone.

Manabe and Hahn (1981; hereafter MH81) and Lau
(1981, hereafter 1.81) have discussed the characteristics
of the variability and the structure of the recurrent
anomalies, respectively, in a 15-year simulation of a
spectral general circulation model developed at the
Geophysical Fluid Dynamics Laboratory (GFDL).
MHS81 showed that the natural variability of mid-
latitude geopotential height occurring in their simu-
lation was quite close to that observed. Their model
is quite similar to the one used here. Some of the main
differences in the models are: 1) The GFDL model
uses a different radiation and cloud parameterization
than that discussed in paper II; 2) The GFDL model
uses a fixed, zonally averaged cloud distribution,
whereas the CCMO computes the cloud cover; 3) the
GFDL model has variable soil moisture, whereas the
CCMO uses a single, fixed wetness factor at all land
points. Finally, the simulation discussed by MH81 and
L81 was a multiyear experiment with prescribed, but
seasonally varying, sea surface temperature. Our ex-
periments are perpetual January and July simulations
having fixed sea surface temperatures. In spite of these
differences, we will show some results similar to those
obtained by MH81 and L81 and also mention some
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interesting differences in the model simulations. The
similarities and differences in the two simulations and
their comparison with observations are helpful in de-
termining the importance of various processes included
in the models.

In Section 2 we summarize the salient features of
the model, specify the simulation data analyzed here,
and discuss the data employed for the observational
comparisons. The analysis procedures are described in
Section 3. The stationary eddies are examined in Sec-
tion 4 and the transient eddies in Section 5. Section
6 contains a summary and our conclusions.

2. Model boundary conditions, model data sets and
observational data

The model used for these studies (CCMO) is a mod-
ified version of the spectral general circulation model
developed by Bourke and his collaborators (Bourke,
1974; Bourke et al., 1977; McAvaney et al., 1978).
The present version is described in papers I and 11, to
which the reader is referred for details. As in those
papers, the simulations described here were performed
with rhomboidal truncation at wavenumber 15. The
model topography is displayed in Fig. 1; it has been
smoothed as described in the Appendix of paper 1.
Because it is lower in height and of greater horizontal
extent than the actual topography, one might expect
a degradation in the amplitude and positioning of phe-
nomena forced by topography. In fact, the topography
shown here was chosen over a smoother topography
considered earlier because the rougher topography im-
proved certain aspects of the geographical distribution
of variance. In Fig. 2 we display the anomaly relative
to the zonal average at each latitude of the model sea-
surface temperature in the SH summer and winter;
this and the eccentric position of Antarctica relative
to the South Pole are the dominant longitudinal forcing
mechanisms in the SH midlatitudes (Taljaard, 1972a;
van Loon, 1972a,b). The anomalies in the model sea-
surface temperature (Alexander and Mobliey, 1976)
correspond closely to those presented in Figs. 3.2 and
3.9 of van Loon (1972a); note, however, that the latter
figures are for February and August. The global dis-
tribution of the mode! sea-surface temperature itself
was given in Fig. 1 of paper L

The model results presented in paper I were based
on averages over the last 120 days of 200-day simu-
lations with fixed January and July boundary condi-
tions (sea surface temperature, sea ice distribution, and
insolation). Those perpetual January and July simu-
lations were later extended to 1200 days. Examination
of subintervals of 100-200 days revealed that the sam-
ple-to-sample variability of the time-averaged fields is
considerably smaller than that of the temporal-variance
(second-moment) statistics presented here. To obtain
representative values for these statistics we have used
the final 600 days of each 1200-day simulation for the
analyses in this paper.
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{a)

FiG. {. Model topography for (a) Northern and (b) Southern
Hemispheres. Dashed contours are —100 m; solid contours are given .
for 100, 300, 500, 1000, 2000, 3000 and 4000 m.

Observational counterparts are available for all fig-
ures of model results presented except for a few South-
ern Hemisphere statistics. For the reader’s benefit we
generally show simulated and observed results together.
However, where a group of observed results are con-
veniently available in one or two papers, we have
sometimes chosen not to reproduce them here. Many
of the NH observations are conveniently cataloged in
Lau et al. (1981).

The data for the observational comparisons have
been obtained from a number of sources. Figures 3b
and 3d were prepared from data provided by H. van
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(a} JANUARY . 0

(b) JULY 0

FIG. 2. Zonal anomalies of the model sea-surface temperature
boundary conditions in the Southern Hemisphere for (a) January
and (b) July. The deviation from the zonal average of sea surface
temperatures at each latitude is plotted in steps of 1 K. Areas of sea
ice are stippled.

Loon; some results from this data have been presented
in van Loon and Jenne (1972) and van Loon ef al.
(1973). The data employed for Figs. 10b and 10d in
Section 5 were provided prior to publication by A.
Oort; they have been published in Oort (1983). In the
rest of the figures, the NH observations are based on
U.S. National Meteorological Center analyses, and the
SH observations are based on Australian World Me-
teorological Center analyses. The problem of poor data
quality in the SH has been considered by a number
of authors (Oort, 1978; Trenberth, 1979; van Loon,
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1980). In a careful examination of the Australian anal-
yses, van Loon has demonstrated a systematic under-
estimate in the transient eddy heat flux over much of
the SH midlatitude oceans, while Trenberth (1981)
has suggested a bias toward barotropic structure in
these same areas. Nevertheless, these authors concluded
that the Australian analyses are the best available.

As was the case in paper I, it has often been necessary
to compare model results for fixed monthly conditions
with observations appropriate to a season, simply be-
cause these were the only observations readily available.
The winter and summer seasons are defined to be 120
days in length for the observations presented here, ex-
tending from mid-November to mid-March and mid-
May to mid-September, respectively, in the NH and
conversely in the SH. The caption of each figure spec-
ifies the interval incorporated in each observational
analysis.

3. Time and space filtering notation

The model datasets consist of twice-daily values of
the model fields on g-coordinate surfaces, as explained
in paper 1. These fields are then interpolated to a spec-
ified set of pressure levels on a grid containing 48
equally spaced points in longitude and 40 Gaussian
quadrature points in latitude. The time average Z and

variance Z" are then computed at each point; Z is the
geopotential height and Z' = Z — Z denotes the de-
viation from the time mean. We employ the usual
notation in which Z* = Z — [Z] is the deviation from
the zonal mean [Z]. Thus the root-mean-square (rms)
deviation of the stationary waves from the zonal mean
is denoted by [Z*?]"/2. If the time-averaged geopoten-
tial height Z(A, ¢, p) is decomposed into cosine and
sine coeflicients, C,(¢, p) and S,.(¢, p), the total sta-
tionary variance can be expressed at each latitude and

pressure level as

15
(2] =2 3 (C? + S, )
m=1

Temporal and spatial filters are employed to assess
the relative contributions to the second-moment sta-
tistics of high- and low-frequency and short- and long-
wavelength phenomena. Two time filters are used: a
bandpass filter which retains fluctuations with periods
of 2.5-6 days and a lowpass filter which retains only
fluctuations with periods = 10 days. The time-filter
coefficients appropriate for twice-daily data are given
in Blackmon (1976). Blackmon also analyzed the wave
spectrum of the 500 mb height field by performing a
complete decomposition of the field into coefficients
of the spherical harmonics Y,,,, where m is the zonal
wavenumber and # is the two-dimensional wavenum-
ber; spatially filtered grid arrays were then reconstructed
for long (0 < n < 6), medium (7 < n < 12), and short
(13 < n < 18) waves, where 0 < m < n in each group.
A simplified analysis in terms of zonal wavenumber
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July. The contour interval is
H. van Loon.

(a) SIMULATED: JANUARY
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_FiG, 3. Root-mean-square deviation of the geopotential height stationary eddies
[Z**]' for (a) simulated and (b) observed January and (c) simulated and (d) observed

20 m. Observations were prepared from data supplied by
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m alone is sufficient to distinguish the gross spatial
character of transient disturbances. Following Black-
mon and White (1982), we perform a Fourier analysis
in longitude and reconstruct spatially filtered grid arrays
corresponding to planetary-scale (0 < m < 5) and syn-
optic-scale (6 < m < 15) waves. The upper limit of
m = 15 is dictated by the model spectral truncation.
Subscripts refer to pressure levels; superscripts refer to
temporal or spatial filters as follows: B = bandpass
(2.5-6 days), L = lowpass (=10 days), P = planetary
waves (0 < m < 5), and S = short waves (6 < m < 15).

4. Stationary eddies

The rms amplitude of the stationary eddies in Jan-
uary and July is displayed in Fig. 3. The observations
have been constructed from values of the observed
zonal harmonics below 100 mb provided by H. van
Loon. Using more recent data, Lau (1979b) and White
(1982) have published similar results for the midlati-
tude troposphere of the NH winter and summer, re-
spectively. These more recent results agree closely with
the van Loon data in January, but there is some dis-
agreement in July: both of the nearly circular maxima
displayed by White (his Fig. 2a) have greater vertical
extent and larger magnitudes in the van Loon data.
The model results for July agree very closely with
White’s analysis.

The agreement between the simulated and observed
results in the NH in both seasons is striking. The max-
imum at the tropopause in the NH winter is correct
in position and strength, and there is a hint of the
observed secondary maximum at lower latitudes. In
the NH summer the model correctly reproduces the
large-amplitude stationary wave at the surface asso-
ciated with the monsoon low over India and the high-
level ridge above the low (the longitudinal positioning
of these waves is discussed in connection with Fig, 5).
The high-latitude maximum has the right amplitude
but is at somewhat higher altitude than the observed
maximum.

The simulated stationary waves in the SH are de-
ficient in both seasons, but especially in the summer
(January). In both seasons the observations show a
narrow band of high spatial variance having a width
of about 20° in latitude and extending from the lower
troposphere into the lower stratosphere; a weaker sec-
ondary maximum occurs at the tropopause near 35°S
in the SH winter (July). The model results for July do
show both a high-latitude band and a secondary max-
imum at lower latitude, but the high-latitude band
extends over about 40° of latitude and has rms am-
plitudes which are too small by about 30%. In summer
the rms amplitude of the stationary eddies is too small
by a factor of two.

Figure 4 shows the time-averaged 300 mb height in
the NH winter, near the level of the tropospheric max-
imum in Fig. 3. The height is systematically low by
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{a) SIMULATED: JANUARY 9?

(b) OBSERVED: NH WINTER 90

FIG. 4. Time-averaged geopotential height at 300 mb (Zs0) in the
Northern Hemisphere as (a) simulated for January and (b) observed
for a 120-day winter season. The contour interval is {00 m.

100-300 m, consistent with the conclusion in paper
I that the tropospheric temperatures are too low. How-
ever, the principal features are properly reproduced in
the simulation, namely, two strong troughs along the
east coasts of Asia and North America with a weaker
eastern European trough and the two Arctic lows. A
more quantitative analysis of the waves which con-
stitute these figures can be seen in Fig. 5, which shows
the amplitude and longitudinal position of the ridge,
for m = 1, 2, and 3. Observations of these same quan-
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FIG. 5. Simulated amplitude in meters and longitude in degrees of the first ridge east of the Greenwich meridian
for stationary waves (a) m = 1, (b) m = 2, and (c) m = 3 in the Northern Hemisphere in January. Contour intervals
of amplitude and phase are 50 m and 60° for m = 1 and 25 m and 30° otherwise. Corresponding observations are
presented in Figs. 2-4 of van Loon et al. (1973).
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tities may be conveniently found in Figs. 2-4 of van
Loon et al. (1973). A comparison of the simulated and
observed waves can be summarized as follows. The
simulated amplitudes of all three waves agree quite
well with observations in magnitude and in vertical
and latitudinal distribution, although the m = 1 and
2 waves are both weak by a factor of 2 in the lower
stratosphere. In midlatitudes the simulated m = 1 wave
slopes westward with height in the troposphere as ob-
served, a condition which is necessary for the stationary
waves to transport heat poleward. In the tropical tro-
posphere, the simulated 7 = 1 wave has nearly constant
phase (120°E) from 500 mb to the tropopause, again
in agreement with observation. In the troposphere the
simulated m = 2 wave also slopes westward with height
in midlatitudes as observed and has almost no slope
with height in the tropics. The m = 3 wave has almost
no phase change with height at any latitude but there
is a gradual eastward rotation of the ridge from low
to middle latitudes, in common with the observed m
= 3 wave.

Figure 6 shows Zso in the NH summer. The dom-
inant feature is the broad m = 1 ridge overlying the
surface low of the Indian monsoon (the surface low
can be seen in Fig. 26). The simulated » = 1 amplitude
and ridge location are shown in Fig. 7. Observations
for the NH can be found in Fig. 5 of van Loon ef al.
(1973). As noted in connection with Fig. 3, the model
stationary waves in July are somewhat weaker than
given by van Loon but in close agreement with White
(1982). The strong surface feature in the amplitude at
30°N is a ridge at 100°W and a trough at 80°E. The
m = 1 amplitude has a minimum near 500 mb where
the phase of the ridge is shifting rapidly from west to

east longitude. Another amplitude maximum is’

reached near the tropopause, now with the ridge near
60°E, over the region of low-level convergence. Above
the tropopause the ridge rotates eastward with height
in agreement with observations. The secondary max-
imum near 70°N is reasonably well simulated in am-
plitude and phase. The m = 2 wave (not shown) also
has a surface trough and upper-level ridge over India
in both the model and observations.

Figure 8 displays Z3q in the SH winter. It is apparent
that the observed stationary waves are of much smaller
amplitude than those in the NH winter, but the waves
in the model are even weaker than those observed.
This fact is consistent with Fig. 3, which showed the
rms amplitude of the stationary waves to be smaller
than that observed. The simulated m = 1 stationary
wave for the SH winter is displayed in Fig. 7. These
results compare favorably with observations (Fig. 5 of
van Loon and Jenne, 1972), except that the stationary
waves in the model troposphere are not so closely con-
fined to the latitude band 50-70°S. The secondary
maximum near 30°S is captured rather well by the
model. That these are the same features noted in con-
nection with the SH winter in Fig. 3 is not surprising,
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(a) SIMULATED: JULY 90

120

FIG. 6. As in Fig. 4 but (a) simulated for July and
(b) observed for a 120-day summer season.

since van Loon (1972b) showed that the m = 1 wave
dominates the mean spatial variance by a large factor.
Analogous results are not displayed for the SH sum-
mer because the simulated stationary waves are quite
deficient, as noted in connection with Fig. 3a, b.
Grose and Hoskins (1979) have examined the steady
perturbation of zonal flows by orography similar to
that of Antarctica. They find that, due to Antarctica’s
eccentric position relative to the South Pole, an
m = 1 wave is produced with large amplitude near
the pole and with weak spirals radiating out from the

pole. They also find that the longitudinal positioning
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FIG. 7. Simulated (a) amplitude in meters and (b) longitude in degrees of the first ridge

east of the Greenwich meridian for stationary wave m = 1 in July. Contour intervals of
amplitude and phase are 25 m and 60°. Corresponding observations are given in Fig. §
of van Loon et al. (1973) for the Northern Hemisphere and in Fig. 5 of van Loon and
Jenne (1972) for the Southern Hemisphere.

of the m = 1 features is sensitive to the zonal flow
profile assumed.

The asymmetric position and shape of Antarctica
and the distribution of ocean currents around it result
in. a temperature difference between the Atlantic and
Pacific oceans near 50°S (Taljaard, 1972a; van Loon,
1972a). This temperature difference appears, of course,
in the model boundary conditions (Fig. 2). The role
of this sea-surface temperature (SST) difference has
been emphasized by van Loon (1972a,b) and van Loon
and Jenne (1973). They suggest that this m = 1 SST
pattern in the SH midlatitudes forces an m = 1 sta-
tionary wave in the temperature field through the entire
troposphere; the amplitude and phase are essentially
the same in both winter and summer. This temperature
wave is reflected in the geopotential height, which also

has a strong m = 1 stationary wave throughout the
year between 45-65°S (van Loon, 1972b). Figure 9
displays the deviation from the zonal mean at 55°S
of the time-averaged temperature as simulated by the
model for both January and July. An m = 1 pattern
consistent with the underlying SST pattern in Fig. 2
is apparent. However, when these results are compared
to the observations of van Loon (1972a, Fig. 3.17),
one sees that in January the amplitude of the m = 1
pattern is smaller than that observed, while in July it
is more realistically simulated. These discrepancies in
the tropospheric temperature are consistent with the
errors in the stationary waves of the geopotential height
and are suggestive of deficiencies in the model bound-
ary-layer formulation. However, because the model
also responds to the orographic forcing described by
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FIG. 8. Time-averaged geopotential height at 300 mb (Z;40) in the
Southern Hemisphere as (a) simulated for July and (b) observed for
a 120-day winter season. The contour interval is 100 m.

Grose and Hoskins, the present simulations are in-
sufficient to determine the cause of the errors in the
simulated stationary waves.

5. Transient eddies

In this section we discuss the model simulation of
temporal variance of the geopotential height o2
= Z" = (Z — Z)*. We have chosen to restrict our con-
siderations to the geopotential height because we wish
to examine the contributions to the variance from var-
ious spatial and temporal scales as well as the geo-
graphical distribution and vertical structure of these
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fluctuations. While we will often discuss results in terms
of the temporal variance o2, we will always present
results graphically in terms of the standard deviation
(rms height) ¢, which has units of meters.

The zonally averaged standard deviation [¢] for Jan-
uary and July is presented in Fig. 10. The observations
were provided by A. Oort? prior to publication (Qort,
1983). The simulated rms height in the tropics is in
excellent agreement with the observations throughout
the troposphere and lower stratosphere. The tropo-
spheric maximum in the NH winter (Fig. 10a, b) is
well simulated in magnitude and altitude but its sim-
ulated position is about 5° north of the observed po-
sition. This northward shift will also be apparent in
later figures. The rms height in the north polar strato-
sphere in January is also in good agreement with the
observations. In the SH winter (July, Figs. 10c, d) the
tropospheric maximum is weak by about 20 m and is
about 10-15° poleward of the observed maximum.
The observations indicate extremely high variability
between 50-100 mb over the SH winter pole, but this
does not appear in the model. In both summer hemi-
spheres the simulated tropospheric maxima are well
positioned but have amplitudes which are weaker than
observed by 35 m. The observations show that in each
hemisphere the rms height decreases in amplitude by
about 20 m from winter to summer. However, the
simulated summer maxima have decreased even more
than observed, especially in the NH. As later figures
will corroborate, the winter hemispheres, forced by
large meridional temperature gradients, have a realistic
level of simulated transient activity, while the more
weakly forced summer hemispheres have too low a
level.

a. Northern Hemisphere winter

The surface features of the NH winter circulation
are illustrated with Z oy in Fig. 11. The Icelandic and
Aleutian lows are well simulated in both intensity and
position, as is the Siberian high. The model has a low
over the Himalayan plateau (see Fig. 1a) which may
be distorted by the extrapolation to sea level; this ex-
trapolation will make other aspects of the model sim-
ulation at 1000 mb suspect in the vicinity of high
mountains. The simulated subtropical highs over the
oceans are 40-60 m too intense, and they are not
properly delineated at western continental boundaries
because, as noted in paper I, the surface pressure over
the subtropical continents is too high in winter.

2 The observations presented here differ from those shown in
Manabe and Hahn (1981), which are also based on Qort’s data, in
that the variance which they present is computed relative to a mul-
tiyear seasonal mean and so contains interannual variability. Our
variance is a multiyear average of single-year variances, each variance
being computed relative to the seasonal mean. Observations without
interannual variability are more appropriate for comparison with
“perpetual” simulations with fixed boundary conditions such as ours.
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FIG. 9. Deviation from the zonal average of the simulated temperature at 55°S in (a)
January and (b) July. The contour interval is 1 K. Observations may be found in Fig.

3.17 of van Loon (1972a).

The upper-level features of the height field have al-
ready been shown in Fig. 4. It was shown in Fig. 11a,
b of paper I that the zonal wind at 300 mb is very
well simulated. The strong jets on the east coasts of
Asia and North America are favored regions of cyclo-
genesis in both the atmosphere and the model.

Figure 12 shows the geographical distribution of the
standard deviation of the unfiltered 1000 mb height.
The model has maxima in the vicinity of the Aleutian
and Icelandic lows, but the fluctuations are more in-
tense by about 20 m and are located about 10° higher
in latitude than observed. The simulated map has many
features similar to those shown in MH81. Another
significant feature of o9 is the enhanced variability

just in the lee of the Rocky Mountains at 100°W over
the United States. This feature, which was noted by
Blackmon e al. (1977), is nicely captured by the model.
Farther to the east, there is a reduction in the simulated
variance which extends into northern Canada, in fairly

good agreement with the observations. The reduction
in variance east of the Himalayas is better simulated
than that east of the Rocky Mountains. It is unclear
whether the simulated maximum over the Himalayan
Plateau is real or a topographic artifact; slightly en-
hanced variability in this region is present in the ob-
servations of Fig. 12b, while a distinct maximum 1is
present in the observations of Oort shown in Fig. 5.1
of MHSI1.

Figure 13 compares the bandpass-filtered standard
deviation o5y for the model and observations. The
model accurately reproduces the maxima over the mid-
Pacific and over Newfoundland, regions which are on
the poleward side and slightly downstream of the jet
cores (see Fig. 11 of paper I). The enhancement in
variability in the lee of the Rocky Mountains, referred
to above, can be seen even more clearly in the bandpass
analysis, particularly for the model. The model sim-
ulation, Fig. 13a, is remarkably similar in pattern to
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FiG. 10. Zonal average of the standard deviation of the unfiltered geopotential height,
[o], as simulated for (a) January and (c) July. The observations for (b) December-February
and (d) June~-August were obtained from data provided by A. Oort. The contour interval
is 20 m.
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