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Summary: The effect of the subgrid-scale processes on the simulation of general
circulation and gross weather were studied by incorporating various physics into
a global finite difference model and carrying out 30-day integrations for three
winter, one spring and one summer cases. Three models with different sets of
parameterization schemes were: the first reference model, which uses the GFDL
1965 version of physics; the second model, which includes advanced boundary
layer physics and turbulence closure scheme, excluding the dry convective
adjustment; and the third model, which uses the Arakawa-Schubert cumulus
parameterization. The impact of these processes on about 10 day integration was
subtle and yet significant. The second and the third models were noticeably
better than the first model in the performance of 10 day forecast. The
differences of the three models in 30 day forecasts were appreciable in all
cases treated. The third model produced the best prediction results
consistently for winter and spring cases. The distribution of tropical rainfall
is spatially smooth, which appears to be realistic, and Tess gravity waves than
other models are generated. The impact of cumulus parameterization is
significant especially in the tropics. The effect of the elaborate
subgrid-scale schemes in the second model is also appreciable in the tropicé]
region. The subject treated in this paper is relevant to the issue of
equatorial heating and its teleconnection with the extratropical circulation.
Perhaps the most pronounced impact in the second and the third models is that
large amplitude meandering westerlies in the middle and high latitudes were
produced, implying that the simulation of blocking ridges has been improved.

1. INTRODUCTION

This article is a follow-up of Miyakoda and Sirutis (1977), which
described thé design of a performance test of the subgrid-scale (SGS)
parameterization scheme in a general circulation model (GCM). Three versions
of parameterization were selected, i.e., the A2, the E4, and the F2 physics.
They were reasonably diverse in the formulation of concept and the extent of
elaboration. They were also considered to represent a variety of the methods
that had existed before 1975.

Since then, the similar kind of sensitivity tests or performance tests of
the SGS parameterization have been conducted by several groups. Baker et al.
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(1977; 1978) and Donner et al. (1982) compared two different convective
parameterizations, i.e., the moist convective adjustment (Manabe et al., 1965)

(referred subsequently to the Manabe scheme), and the modified Kuo scheme
{(Kuo, 1965; 1974), applying them to the NCAR (National Center of Atmospheric
Research) GCM and the Community Climate Model, respectively. They found that

the Kuo scheme warms the upper troposphere more than the Manabe scheme. Baker
et al. obtained a substantial difference in kinetic energy, whereas Donner et
al. obtained a smaller but measureable difference. These works are
essentially sensitivity study, comparing two GCM runs of different moist
convection schemes. On the other hand, Hollingsworth et al., {(1980) carried
out an extensive comparative forecast experiment of ECMWF (European Centre for
Medium-Range Weather Forecasts) physics and GFDL 1965 physics (Manabe et al.,
1965) where the former incorporates the modified Kuo method, surface flux
scheme dependent on stratification, and the elimination of dry convective
adjustment (Tiedtke et al., 1979). The conclusion was that little difference
exists between two version physics in the quality for a 10 day forecast,
although some differences are noted in the individual features such as the
mean meridional circulation and meridional fluxes of momentum and sensible
heat due to medium waves. Tiedtke's (1982; 1984) works are similar to the
present paper except that his study is a sensitivity test. The unique aspects
of his work are that not only the Kuo scheme but also the Arakawa-Schubert
scheme are used, and that the interaction of model's cloud with radiation is
included. He found that the cumulus cloud-radiation interaction plays a
significant role in producing the zonal asymmetry of tropical heat sources and
sinks.

In the present work, the 30 day forecast experiments with the three
combinations of the SGS processes were performed. The preliminary study
(Miyakoda and Sirutis, 1977) treated only individual effects such as the depth
of mixed layer and the vertical distribution of heating and moistening. On
the other hand, we will focus here on the collective effects of the
parameterized processes. The assessment of various schemes with the observed
data is the key aspect of this paper.

2. THE SPATIAL RESOLUTION AND THE SGS PROCESSES OF THE GCM

The GCM was the finite difference model using the modified Kurihara grid
in which the Arakawa A-grid was employed and the kinetic energy conserving
finite difference was included (Kurihara and Holloway, 1967; Umscheid and
Bannon, 1877).

2.1 Various SGS processes
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Concerning the SGS physics, one difference from Miyakoda and Sirutis
(1977) is that the F3-physics instead of the F2-physics will be employed,
where the treatment based on.the mixed layer theory in the F2 was replaced by
the turbulence closure scheme. Thus there are three versions of combined
physics, i.e., the A2, the E4 and the F3 physics. However, for simplicity,
we shall hereafter denote them by the A, the E and the F-physics. One more
modification is the condensation criterion. The criterion for the A and the E
model is now 80% relative humidity for practical reasons, and that for the F
model remains at 100%.

It may be worthwhile to review briefly the models of these physics.

The first model includes the A physics, which is the so-called "GFDL 1965
physics" (Manabe et al., 1965). This utilizes the drag law formulation of

neutral stratification for surface fluxes, the mixing length theory, the dry
convective adjustment, and the Manabe cumulus scheme.

The second model includes the E physics, which incorporates the similarity

theory for the surface constant-flux layer and the turbulence closure scheme
for the entire atmosphere, excluding the dry convective adjustment. The
Manabe scheme is retained as the cumulus parameterization. This model
contains three subsurface levels for soil heat conduction. The turbulence
closure scheme is of the second-order at the hierarchy level 2.5 (Yamada and
Mellor, 1980), which predicts the SGS turbulent intensity at all grid points but
uses the diagnostic equation for the second moment of temperature fluctuation,
and importantly, includes the "diffusion term".

The third model includes the F-physics which uses the E-physics as the base
but replaces the Manabe scheme with the Arakawa-Schubert (1974) method, which
uses the "penetrative convection" approach. In the previous F2-physics, the

planetary boundary layer was treated by an integrated scheme based on Randall's
(1976) mixed layer theory, whereas in the F3-physics, the planetary boundary
layer was handled by the turbulence closure scheme, and the mixed layer depth is
calculated as the "1ifting condensation level” (see Appendix I).

The equations in the new F-model are written symbolically as

dT _ RT aH
+ (cumul. conv.) + Vv (kVT), (2.1)
g% =g %% —C + (cumul. conv.) + V(xvq), (2.2)

alo
o+

= 9T
=-Kxfy—-9—g ENi)

+ {cumul. conv.) + (horiz. diff.), (2.3)

233




where T, q and Y are the temperature, the mixing ratio of water vapor, and the
wind vector, respectively, H, E and 1 are the vertical turbulent fluxes for heat
(p w6 ), moisture (p.w q>) and momentum (-p WU*, -p WV~), respectively, QR is
the radiational heating, C is the rate of condensation due to large-scale
processes, L is the latent heat, K is the coefficient of lateral turbulent
diffusion, V is the two-dimensional del operator, (cumul. conv.) denotes the
effect of the Arakawa-Schubert cumulus parameterization, and other notations

are conventional.

2.2 Further remarks on physics

The cloud-radiation interaction has not been treated at all in this study.
Concerning the Arakawa-Schubert cumulus parameterization, the most recent
version of code, provided by Lord, then at UCLA (Lord et al., 1982), was used
throughout this research. Different from the previous version, the effect of
"water loading" on the cloud buoyancy was removed. The detrainment from clouds
is assumed to take place not only the cloud top but also beneath the top. The
calculation of Fredholm's integral equation for "cloud mass flux" is efficiently
carried out by solving a matrix with the "simplex method".

In connection with the turbulence closure theory, Mellor and Yamada (1977)
proposed an equation to calculate a "master length scale" of turbulence, but our
work still used the old length scale specification of Blackadar.

The Tland surface temperature was calculated by the heat balance equation in
the previous papers. However, for economical reasons, the surface temperature
is now calculated from a prognostic equation as |

BLSTS CR SM_-LE +H_ (2.4)
ot n s S soil
where Tg is the temperature at the ground surface, Rp is the net radiation, Cs
is the heat capacity of the soil, A is the thickness of the soil (5 cm in
practice) Hs and Eg are the upward fluxes of sensible heat and water vapor, and
Hsoi1 1is the upward heat flux in the soil at the surface. In addition, the
Monin-Obukhov similarity function in stable condition has been replaced by
Hick's (1976) formula, where the original formula was specified by Clarke (1970)

empirically. (See Carson and Richards, 1978)

2.3 The spatial resolution

In Miyakoda and Sirutis (1977) the N24L18 model was used, where N24 denotes
the horizontal resolution and 24 indicates the number of gridpoint between the
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pole and equator (the grid size is 3.75° in the meridional direction) and L18
denotes the 18 vertical levels. It is our view that the spatial resolution and
the SGS physics are, in addition to the radiation, the major factors which
determine the overall quality of the GCM. Figure 1 shows the performance of
various models which consist of different resolutions and different physics.

There are the N24L18, the N48L9 and the N48L18 models, and there are the A, the
E and the F physics.

10+

CORRELATION COEFFICIENT FOR 10 DAY MEAN OF Z 500mb 1

Fig. 1. Correlation coefficients between the forecast and

the observed anomalies of 10 dax mean geopotential height
for the northern hemisphere (90°-25°N) in the case of

March 1965. Thinner lines, thin lines and thick lines are
for the different spatial resolution models, i.e., N24L18,

N48L9, and N48L18, respectively for three different SGS
parameterizations. The N48L18 does not include the F-physics.

The predictive performance is shown by the correlation coefficients of the
anomaly of the 10 day mean geopotential height at 500 mb level. The experiment
was applied for the case of March, 1965. The correlation curves are plotted for
one-month from 1 to 31 March. The figure may indicate that the curves of
various resolution models are clustered together irrespective of the physics,
indicating that the resolution is more dominant and important factor than the
SGS physics. For example, the N24L18 models are all marginal; the difference of
the SGS physics can not be well recognized beyond Day 10 and the N24L18 models
show virtually zero skill for all physics. The performance of the models is, in
the ascending order, the N24L18, the N48L9 and the N48L18, though they are not
exactly in this order for other verification variables such as the azonal eddy
kinetic energy. It has been known, however, that in order to obtain beneficial
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jmpact of the SGS physics, the GCM should have sufficiently fine space
resolution. Otherwise, the model is insensitive to the difference of physics.

In the forthcoming sections, we will use mostly the N48L9 models, since the
higher resolution models are prohibitively expensive to run. As will be shown
later, the N48L9 model (1.875° grid size in the meridional direction) gives
reasonably good (but not entirely satisfactory) results for monthly forecasts so
far as the troposphere is concerned.

3. THE OUTLINE OF EXPERIMENTS

One-month integrations for 5 cases were performed by the three versions of
model, i.e., the A, the E and F-physics using the N48L9 resolution. In a
separate project which treated the simulation of January 1977 blocking event
(Miyakoda et al., 1983) it was found that the second model (E) was successful in
producing the blocking ridge, while the first model (A) did not perform well.
Thus, the objective of this paper is to confirm the hierarchy of the performance
assessing the GCM solution for the purpose of medium-range deterministic
prediction and of monthly time-mean forecasts, based on 5 cases in this paper,
but 8 cases in the near future. The impact of cumulus parameterization, which
was not included in Miyakoda et al. (1983), is also investigated.

Five cases for different initial conditions were employed, i.e., OOGMT,

1 March, 1965; 00GMT 1 January, 1977; 00GMT 1 January, 1979; O0OGMT 16 January,
1979; and OOGMT 24 August, 1974. A1l1 data are the global sets, in which the
data of ¥, T, q (mixing ratio of water vapor) and Ps (sea level pressure) are
included. The first case is the manual analysis, that is, the same as used in
Miyakoda and Sirutis (1977). The second, the third, and the fifth cases were
obtained by the GFDL four-dimensional data assimilation system (Ploshay et al.,
1983; Miyakoda et al., 1982). The fourth case was produced by ECMWF (see
Bengtsson, 1981).

In order to make an appropriate assessment on the SGS parameterization, the
quality of initial condition is important together with the sufficient spatial
resolution of the GCM. The quality of initial data has been substantially
improved recently.

The verification for the 30 days was made using the NMC (National
Meteorological Center) analysis for January 1977 and 1979. The verification
data for March 1965 was supplied by NMC, and by Oort (1983b).

4. THE SUMMARY OF 4 CASES

4,1 Skill scores
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Figures 2, 3 and 4 are summaries of verification for the 10 day means of
geopotential height at 500 mb and 1000 mb levels. The curves indicate

arithmetic averages of the skill scores for four winter and one spring cases.
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Fig. 2. Correlation coefficients Fig. 3. The same as figure 2 but
between the forecast and the for 1000 mb.

observed anomalies of 500 mb 10 day

mean geopotential height for the
northern hemisphere (90°-25°N). The

curves are the averages of the four

cases.
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Fig. 4. Root-mean-square errors of the 500 and 1900 mb 10
day mean geopotential height for the northern hemisphere
(90°-25°N). The curves are the averages of the four

cases.

The scores are: correlation coefficients of the height anomalies (the departure
from climatology) between forecasts and observation, and the root-mean-square
errors of height, the verification domain being the northern hemisphere poleward
of 25°N. Figures 2 and 3 are the correlation coefficients for the 500 mb and

1000 mb height, respectively. Figure 4 is the root-mean-square error for both
500 mb and 1000 mb height.
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In the first ten days, the scores are high for all cases and for all models.
Beyond Day 10, they start to decay depending upon the cases and also upon the
models. In the first ten days, the hierarchy of the performance is, in
descending order: the F, the E and the A for all scores except the rms error
of 500 mb height. This is the extent to which the SGS processes (which we
employed) can contribute to the improvement for medium-range forecasts. For the
correlation coefficient of 500 mb geopotential height, for example, the F-model
yielded better results than the A-model by 0.05.

Beyond Day 10 and up to Day 20, the overall hierarchy of the performance is,
in the descending order: the F, the E and the A or the E, the F and the A for
the scores of height at 500 mb.

4.2 Prognostic gecpotential height maps

As sample of the forecasts, the 500 mb geopotential height maps at Day 10
and Day 20-30 are shown and compared with the observation. The Day 10 maps are
the snapshots, whereas the latter are the 10 day means. Day 30 is beyond the
Timit of the deterministic predictability, and therefore, the temporal mean maps
are appropriate for comparison with -reality.

The 500 mb geopotential height maps

Figures 5 and 6 are for March, 1965, in which the Alaskan blocking ridge is
included. On March 20, the sudden warming and the vortex breakdown occurred in
the stratosphere. The Pacific block at 130°W stayed throughout the entire month
in the observation. The F-model simulated well the maintenance of the ridge.

In figure 5, at Day 10, all models gave reasonable forecasts. In figure 6, at
Day 20-30, the F is good.

Figures 7 and 8 are for January, 1977, in which the extraordinary cold and
warm air prevailed over North America. Pronounced blocking ridges over both
Pacific and Atlantic were persistent for several months. The Pacific block at
140°W persisted up to Day 25, and it then started to move westward. There are
appreciable number of transient waves that propagate eastward. In figure 7, at
Day 10, the E and the F are very good. In figure 8, at Day 20-30, the F and the
E are good, while the A is poor. The maintenance of the blocking ridge was
better simulated by the E and the F than the A.

Figures 9 and 10 are for the case of 1 January 1979. This and the next cases
are for the Special Observing Period of FGGE. In the first half of January,
Pacific biocking was dominant, and in the latter half, European blocking emerged
and persisted. In figure 9, at Day 10, the F and the E are good, whereas the A
is poor for the sector 180°-120°W. In figure 10, at Day 20-30, the E is good,
and the F is not bad, whereas the A remains poor.
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Figures 11 and 12 are for the case of 16 January, 1979, in which only the
Atlantic blocking ridge persisted between 30° - 60°W Tongitude. This case was
treated by ECMWF, and an excellent forecast was obtained by the ECMWF model,
using the same data as in this study (Bengtsson, 1981). In figure 11, at Day
10, the E, the F and the A are all very good. In figure 12, at Day 20-30, the F
is very good; the A is not bad, but the E is poor.

In summary, blocking ridges at 40° - 60°N were well simulated by the E or
the F. The amplitude of meandering westerlies tend to be larger in the E or the
F than in the A.  The performance of the A was poor for this type of situation;
blocking ridges became weak and disappeared. Day 10 is the target day in the
medium-range forecasts, which corresponds to the latter part in the
deterministic predictability range. These experiments indicate the SGS
processes contribute, in this extent, to these forecasts. It may be noticed,
however, that the prognostic maps of the A, the E and the F-models for Day 20-30
are more similar to each other than those to the observation.

4.3 Simulated general circulation

The 30 day means of various variables in the models' results were calculated
and compared with the corresponding observations. The presentation will be
divided into five variables, i.e., zonal averages of the temperature, the zonal
wind, the meridional wind, the vertical pressure velocity, and the squared
vertical pressure velocity.

(a) Temperature

The ensemble averages aver three cases of temperature difference of the

A, the E and the F predictions from the observation are shown by meridional

sections in figure 13, the three cases being 1 January, 1977, 1 January,

1979, and 16 January 1979. The following are noted.

o Error distributions are similar among the three models, indicating
that there is a large source of common errors, which appears not well
treated in these models.

The predicted temperature is overall lower than the observation.
Particularly the temperature deficits are extremely large at high
latitudes. It has long been speculated that poleward eddy heat fluxes
are not sufficiently strong to compensate for these deficiencies

o It is surprising that the difference between the E and the A is so
small, so far as the zonal average and monthly mean temperature is
concerned.

o The F-model has a pronounced tendency of warming in the upper

layer centered at 200~250 mb, and of cooling beneath it at 400 mb. The
warmings are spread for the meridional region of 40°N - 40°S.
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Fig. 13. The monthly-mean, zonally-averaged temperature
qifference between the prediction and the observation,
i.e., the A (upper right), the E (lower 1eft), and the F
(lower right), with the contour interval of 1°C. The
total temperature is also shown at the upper left with the
contour interval of 5°K. All diagrams are the ensemble
mean of three January cases. The abscissa is the
latitude, and the ordinate is the pressure in mb, both at
equal interval. The negative regions are shaded. The
positions of subtropic westerly jets are indicated by W.

It was discussed in Miyakoda and Sirutis (1977) that the F gives more
heating at high levels than the A and the E, because of the penetrative

convection characteristic in the Arakawa-Schubert scheme. Figure 13 reproduces

exactly this tendency. The fact was also pointed out by Baker et al. (1977),
Hollingsworth et al. (1980), Donner et al. (1982), Rowntree (personal
communication) and Tiedtke (1983), comparing the GCM results between the Manabe
scheme and penetrative convection schemes, where the first three papers used Kuo
or modified Kuo schemes, Rowntree used the UK Met. Office cumulus parameteriza-
tion (Lyne and Rowntree, 1976) and Tiedtke used both the Arakawa-Shcubert and
the Kuo schemes as the penetrative convection parameterization.

The point, being that the upper layer heating,is the most fundamental

feature in the penetrative convection, which leads to various consequences for

the general circulation.

(b) Zonal wind
The ensemble averages of zonal wind difference of the A, the E, and the

F predictions from the observation for the three January cases are shown by

meridional sections in figure 14, The following are noted.
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Fig. 14. The monthly-mean, zonally-averaged zonal wind
digference between the prediction and the observation,

j.e., the A (upper right), the E (lower left), and the F
(lower right), with the contour interval of 2 m.s-l1. The
total zonal wind is also shown at the upper Teft with the
contour interval of 5 m.s~1. See the caption 13 for other
explanation.

0 In this case also, error distributions are similar among the three
models. The major cause would be the same as for the temperature.

o In all models, the westerly jets are overly intensified, and are
shifted s1i ghtly to poleward in the northern hemisphere, and con-
siderably to equatorward in the southern hemishpere.

o In all models, easterly winds at the upper levels (200mb) in the
equatorial region are excessively strong. In the F-model, this
easterly bias is appreciably moderated.

Hollingsworth et al. (1980) and Donner et al. (1982) mentioned that the
intensity of westerlies in winter is unfavorably increased at the midlatitudes
by the Kuo scheme compared with the Manabe scheme. This feature may or may not
agree with our result. Tiedtke's (1982) result is similar to our results in
Figure 14.

(c) Meridional wind

The ensemble averages of meridional wind of the A, the E, and the F
predictions for the three January cases are displayed together with the
climatology by meridional section in Fﬁgure 15. The climatological values
were taken from Oort (1983) based on 10 year data. The following are noted.

o Distributions of zonally-averaged meridional winds, [v], are simi-
lar to each other among the models. The Hadley cell circulations are
outstanding, and the three circulation cells are recognized in both

hemispheres.
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Fig. 15. The monthly-mean, zonally-averaged meridional
wind of predictions, i.e., the A (upper right), the E
(Tower left), and the F (lower right), and the climatology
for January (upper left) with the contour interval of 0.5
m.s-1-in solid Tines and of 0.25 m.s-1 in dashed lines.

"~ See the caption 13 for other explanation.

The center of the upper level tropical current is located at 10°N
and 250 mb level in the predictions with the intensities 1.8 m.s-1 (the
A), 1.8 m.s-1 (the E) and 1.3 m.s-1 (the F), whereas the climatological
center is at 10°Nand 200 mb level with the intensity 3.3 m.s-1; it is
It is noted that the F model decelerates the
meridional wind, [v], and that the weaker equatorial cross current, in
turn, affect the intensity of zonal wind, [ul], as is seen in Figure 14.

The effect of the “cumulus friction" was discussed by Holton and
Colton (1971), Stone et al. (1974) and Schneider and Lindzen (1976).
One of the possible consequences of.this effect is the intensification
of the winter Hadley circulation (Schneider and Lindzen, 1976; Helfand,
1979). Helfand (1979) reported 14% increase in the [v] of his GCM with
the cumulus friction, compared with the case without it. 1In this
connection Figure 15 shows the opposite, The deceleration of [v] in the

larger by a factor 1.5~2.

F is due to the decrease of condensation in the tropics. Donner et al.
(1982) mentioned that the poleward flux near 200 mb in the tropics
decreases by ~0.9 m.s-1 in the Kuo scheme compared with the Manabe
scheme. So this result agrees with the present paper, though Donner et
al. does not include the cumulus friction.

The tropical surface counter current of the Hadley cell is located

at 12°N with the intensity - 3.6 m.s-1 (the A), -4.5 m.s-1 (the E) and
-3.2 m.s~1 (the F), whereas the climatological current is at 10°N with
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(d)

the intensity-33 m.s~l. This result indicates that the E-physics

intensifies the surface counter current substantially, and the
F-physics decelerates it. ;

The surface currents outside of tropics are weaker, and yet
measurable. The climatological values are very weak. Oort and Peixoto
(1983) stated that the [v] values for the Ferrel cell are very hard to
measure directly. It is interesting to note that the E-physics

accelerates appreciably these surface currents in the extratropics too.
Vertical velocity at 660 mb

The zonally averaged vertical pressure-velocity,

(= %)

at 660 mb Tevel is shown in figure 16. There is the upward velocity at
the equatorial zone and downward velocity at the doldrum zone.

(4] ] [ws)

MAR 1965 JAN 1977

103 mbos!

[e0e]
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Fig. 16. Monthly and zonal average of vertical pressure
velocity w at model's level 6 (660 mb). The case, c, of 1
January 1979 is missing. ‘
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Comparison of these values with the climatological values by Oort

(1983) has revealed that [w]'s at 5°N are: =-.5 (the A), -.3 (the

E), -.2 (the F) and -.19 (climate); and [w]'s at 20°N are: .37

(the A), .32 (the E}, .27 (the F) and .2 (climate) in units of

10-3 mb.s-1. The agreement is overall good, despite the

difficulty of direct measurement.

In summary, the intensities of predictions are strongest in the
A-model, and weakest in the F-model. It is considered that two factors
mainly contributed to this feature, i.e., the "penetrative convection"
by the Arakawa-Schubert scheme, and the difference of the surface heat
exchange and soil heat conduction. This tendency agrees with that of
Baker et al. (1977) and Donner et al. (1982).

Squared vertical velocity

Figure 17 presents the squared vertical velocities, wz, averaged
vertically, and zonally, which are perhaps the most pronounced feature,
next to the static stability, of the impact of the Arakawa-Schubert
perameterization. The w? is consistently lowest in the F compared with
the E and the A. This tendency is particularly strong in the tropics,
implying that the F-model produces the spatially and temporarily smooth
vertical velocity, and accordingly, smooth distribution of rainfall.

T i@

MAR 1985

o [’

JaN 1877

(dyn/em?- 5ec)?

16 JAN 1973

(dyn/crm?- sec)?

Fig. 17. Monthly, vertical, and zonal average of squared
vertical pressure velocity, w“. The case, ¢, of 1 January
1979 is missing.
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The low value of wz in the F, would be resulted from the filtered
cloud mass flux and the stabler thermal stratification, suppressing
high-frequency gravity waves.

(f) Sector mean zonal wind

It is now understood that the meridional profile of the zonal wind
is extremely important for determining planetary-scale wave patterns
(Held, 1982; Miyakoda et al., 1983; Kinter and Miyakoda, 1983). Even
small modulation of zonal wind profile causes a substantial change in
downstream meandering of westerlies in conjunction with the orography
(see Appendix II).

According to the study of Kinter (1983), the zonal winds, that are
possibly related to the Pacific teleconnection pattern, i.e., PNA
(Wallace and Gutzler, 1981), are the longitudinally averaged winds over
the sector of 90°E - 180° - 90°W, and the zonal winds related to the
Atlantic teleconnection pattern, i.e., WA, are the ones over the sector
of 170°W - 0° - 10°E.

Figures 18 show the differences of sector means of zonal wind between the
predictions and the observations (i.e., the errors of zonal wind). Figures 18a
and b are the averages over the Pacific sector for two cases, and figures 18c
and d are the averages over the Atlantic sector for other two cases.

These diagrams together with the flow patterns in figures 6, 8, 10 and 12
appear to reveal a certain tendency, suggesting a link between the zonal wind
and the teleconnection index, and possibly the blocking activities. Namely, the
observed 10 day mean flow patterns in the upper left of figure 6 (March 1965)
and 8 (January 1977) are categorized as the positive PNA, and the patterns in
the upper left of figure 10 (1 January 1979) and 12 (16 January 1979) are
categorized as the positive WA.

In figure 18a, the intensities of [u] for the latitudinal region of 40°-
70°N in the F is weaker than those of the A and the E, corresponding to the fact
(figure 6) that the blocking ridge over Alaska (180° - 120°W) (positive index)
is more easily reproduced in the F than in the E or the A. Similarly, the
intensities of [u] in figure 18b in the E and the F are appreciably weaker than
that of the A, corresponding to the blocking ridges in figure 8. The similar
relation may be found in the cases of figure 18c and d and figures 10 and 12,
respectively, for the Atlantic sector and WA patterns.

5. THE ENERGETICS

For the purpose of long-range forecasts, the monthly mean circulation
pattern is of a considerable interest, because the time-mean fields are only
predictable, if anything can be predicted, and the day-to-day variability is not
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Fig. 18a. Sector mean of zonal wind over the Tongitudes
of 90°E-180°-90°W, averaged over a month for the case of
March, 1965. The observed zonal wind (upper left) with
the contour interval of 5 mes-1. The difference between
the prediction and the observation for the A (upper
right), the E (lower left), and the F (lower right) with
the contour interval of 2 mes-l. The negative regions are

shaded. Fig. 18b. The same as figure 18a but for the case of
January 1977. The averaging sector is: 90°E-180°-90°W.
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Fig. 18c. The same as figure 18a but for the case of 1
January 1979. The averaging sector is: 170°W-0°-10°E.

Fig. 18d. The same as figure 18a but for the case of 16
January 1979. The averaging sector is: 170°W-0°-10°
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expected to be simulated in detail. The monthly mean component of energy is
expressed by the “"stationary eddy kinetic energy", and the deviated part is by

the "transient eddy kinetic energy”.

5.1 The total kinetic energy

Kinetic energies are now divided into the zonal mean, [ ], and the
deviations, i.e., the eddy ( )*, using the Oort's (1983) notations. For the

purpose of separation the momentum is first divided as

u=[u] +ur (5.1)
v=[v]e v (5.2)
thus
gh- gHs gH ' 5.3
M E (5.3)
where (—nSH is the horizontal average over the entire domain,
—H ——H
3 H_ 1 2 2
KM = k_M = 2-( ul® + [v]7) (5.4)
— H H
H 1
KE = -EE = ( u*2 + v*z) (5.5)

Figures 19 show the vertical distributions of KM and KE averaged over the

northern hemisphere (90° - equator). There are a number of salient features

worthy to note.

(o]

In the observation, KM is substantially larger than Kg at their

peaks. However, if the energies are integrated in the vertical, RE is
larger than QM where (~) is the mass weighted vertical average;
QE/RM = 1.02. This value is quite reasonable in view of ﬁE/QM = 1.16
for the 15 year January average (Peixoto and Oort, 1974). These two
features are, to some extent, simulated by all models, i.e., ?E/EM =
0.74 (the A), 0.82 (the E), and 0.70 (the F).

The maximum of energy is located at higher Tlevel for Ky say 200
mb, than for Kp say 250 ~ 300 mb (see also Peixoto and Oort, 1974).
A1l models are successful in reproducing this aspect.
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Fig. 19. Vertical distributions of the zo i i
energy, Ky (left) and the eddy kinetic engiéyTeﬁg Kinetic
(r1ght), which are averaged horizontally over the northern
hemisphere and over a month. The case, ¢, of 1 January
1979 is missing.

0 For KM the predictions appear often larger than the
observation, whereas for Kp the predictions are always smaller than
the observation. As will be seen later, the intensity of Kg for the
southern hemisphere is, in the descending order, the observation, the
A, the E, and the F-models.

o It is interesting to note that, in Kg there is a miximum at 850
mb level in the forecasts, whereas the counterpart is not found in
the obsevation of NMC. Note, however, that there appears a maximum
in the ECMWF analysis of FGGE, i.e., Figure 11 of Tiedtke (1983).

5.2 The eddy kinetic energy

The eddy kinetic energy, Kg, is further broken down into the stationary
component and the deviation, i.e., the transient component. For example,

u* = u* +u” (5.6)
where (—3 is the monthly mean and ( )° is the deviation from the mean. Thus

KE = KSE + KTE (5.7)

where Ksg is the stationary eddy kinetic energy and KTE is the transient eddy
ki netic energy, i.e.,
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Fig. 20, Latitudinal distributions of the stationary eddy
kinetic energy Kgp (upper) and the transient eddy kinetic

energy, Krg (1ower), which are averaged vertically,
zonally and over a month.
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The 30 day mean of zonally averaged eddy kinetic energy for the three
models' results and the observation is shown for all cases. Figures 20 a, b,

and c are the stationary (Kgp) and transient (Kyp) eddy kinetic energies; all
eddy energies are integrated in the vertical.

Figure 21 is the vertical distribution of Kgg and Kyg ; all eddy energies
are integrated over the Northern Hemisphere and are the average of two January
cases, i.e., 1 January 1977 and 16 January 1979.
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Fig. 21. The vertical distribution of the stationary eddy
kinetic energy, Ksg (left), and the transient eddy kinetic

energy, KTg (right), for the mean of two year cases, i.e.,
January 1977 and 16 January 1979, which are averaged
horizontally for the entire globe and over a month.

To summarize figures 20 and 21, we note the followings:

o For KSE in the northern hemisphere, there are at least two
maxima at latitudes of 35° and 55°, associated with the subtropical
and the subpolar jets, respectively. See also Oort and Peixoto (1983;
in their 15 year data, the peaks are at 30° and 55°N). The eddy
kinetic energy at 55°N is related to blocking activities. According
to the ECMWF FGGE analysis (Tiedtke, 1982), the maximum at 55°N
consists of wavenumber 1-3 for large portion with the center at 60°N
and of wavenumber 4-9 for another large portion, which is extended
from 35°N,

o The latitudinal positions and magnitudes of KSg are better
predicted by all models in the northern hemisphere than in the
southern hemisphere.

o The prediction of Ksg in the northern hemisphere is overall good
by the F and the E, compared with the A, for the cases of March 1965,
January 1977, and 16 January, 1979. On the other hand, the
prediction of Ksg for the case of 1 January, 1979, is poor. In this
case, the magnitude of KTE is extraordinarily large, reflecting the
evolution of synoptic situation, that is, blocking ridges were
switched from the Pacific to the Atlantic at the middle of the period.

° The transient kinetic energy, KTE s appreciably underestimated
by all models. This tendency is particularly pronounced in the
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southern hemisphere. The magnitudes of KTE are, in the descending
order, the observation, the A, the E, and the F for all cases; the

F-model produces the Tlowest amount of transient eddies.

o Perhaps it is important to restress that the stationary eddies
are better simulated, in the descending order, by the F, the E and
the A-physics, whereas the transient eddies are not handled well by
the elaborate physics. It is, however, not proper at this stage to

ascribe the deficient performance to the SGS physics, as will be
discussed later.

5.3 The conversion from the potential to the kinetic energy

P
Figure 22 shows the Tatitudinal distribution of term, [—m*a*], which
indicates the conversion rate from the eddy available potential energy, AF to

. . A

the eddy kinetic energy, Ke, | | being the average with respect to the

Tongitude A and the vertical coordinate o (the mass weighted vertical average).
Two outstanding points may be noticed.
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Fig. 22. Latitudinal distributions of the rate of energy
conversion from the eddy potential to the eddy kinetic

energies, C(Ag, Kg). The case, c, of January 1979 is
missing.

o There are three peaks in latitudes. The two large peaks are
located at mid-latitudes, and a small one is at 10°N in January cases,
and near the equator in March case.

o In both hemispheres, the intensity of [4;;&*] is, in the
descending order, the A, the E, and the F.
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The fact that the penetrative convection scheme leads to smaller
magnitude of [-6;;*], and accordingly, to weaker eddy kinetic energy,
compared with the Manabe scheme, was also pointed out by Baker et al.
(1977; 1978), though their case shows somewhat excessive tendency.

The conversion rates in figure 22 correspond well to the peaks
of the transient eddy kinetic energy, KTE’ in figure 20 (not KSE) in
terms of latitudinal positions. It is plausible to consider that the
baroclinic instability is in a close relation with KTE rather than
the total eddy kinetic energy (Hayashi and Golder, 1981). These
transient eddies are the disturbances generated along the cyclone
tracks particularly over oceans.

There is another interesting point. The tropical peak of
[-J:E*J at about 10°N in January corresponds to the peak of Kyp in
figure 20 for the A and the E. This is almost missing in the F and
the observation (NMC). (See also Oort and Peixoto, 1983)

In summary, the elaborate physics generate less transient
eddies, because of larger static stability, slower manifold of cloud
mass flux, more moderate land surface temperature, more efficient
boundary layer physics, and perhaps more effective vertical diffusion
in the entire atmosphere.

6. THE PRECIPITATION

6.1 The global distribution

The 30 day mean precipitation distributions for the average of two cases,
i.e., 1 January 1977 and 16 January 1979, are displayed in Figure 23, which
are compared with the January climatology (Jaeger, 1978).

The first impression of these distributions may be the striking similarity
among the models' simulations. However, a closer look may reveal a slight
superiority of the F-model over the others. The pronounced feature is that the
rainfall distribution in the model is spatially smooth, and is concentrated,
in an organized fashion in the oceanic ITCZ (Inter-tropical Convergence Zone)
and in the certain areas of tropical continents. On the other hand, the E and
the A models produced spatially noisy patterns. The noisiness is more
pronounced in the individual case (not shown here). The similar results were
obtained by the UK Met. Office experiment (see figures 38 and 39 of Rowntree
and Cattle, 1983).

The ITCZ 1in the Indian ocean is clearly discernible in both hemisphere
away from the equator in the F and E models but not in the A model. It is
likely that the rainfall over the Indian Ocean is sensitive to the boundary
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Namely the Monin-Obukhov similarity process appears

layer parameterization.

to be capable of sensing delicately the ocean temperature.

6.2 The Tatitudinal distribution

Figures 24 and 25 are the latitudinal distribution of rainfa]] over land

and ocean separately, the rate of rainfall being 30 day means for one March

The climatological values are the March norm

case and three January cases.

and the January norm respectively.

The tropical rain is

)

(a
larger over land than over ocean, whereas the mid/high

The following may be noted in these figures.

the

in
This aspect agrees

latitude rain

Northern hemisphere is larger over ocean than over land.

the

In all cases,

)

b

(

between the climatology and the models simulation.
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model's rainfall is substantially or somewhat larger than the climatology.

The rates of tropical rainfall in the models are, in the increasing order, in
the F, the E and the A-physics. The rate of the mid/high-latitude rainfall is
lowest in the F-model; yet it is still larger than the climatology. (c) Over
the ocean in the southern hemisphere, the Jaeger's distribution has a maximum
at 60°S, whereas the model's rainfall has a maximum at different latitude,
i.e., 45°S. Although the Jaeger's maximum is controversial, the models' rain
is even more questionable, since the zonal wind in the models, for example,
are also shifted equatorward compared with the observation.

It is perhaps generally accepted that the SGS processes manifest their
effects in a most dramatic way in the rate of precipitation. Our results
agree with this perception. In the tropics, the magnitude of rainfall
decreases, in the descending order, in the A, the E, the F and the
observation.

One may argue that the excessive rates 1n the A and the E would be due to
the 80%, instead of 100%, condensation criterion. However, as was shown in
Miyakoda and Sirutis (1977), in which 100% criterion was used in all three
models, the tropical rainfall in the A was still considerably larger than
those in the E and the F. Furthermore, the 80% saturation criterion is a part
of cumulus parameterization scheme, which is not unreasonable.

In summary, from the standpoint of precipitation rates, the F is best, and
the E is next, both over land and ocean and both in the tropics and the
mid-latitudes. As has been alluded earlier, the reasonable magnitude of
rainfall in the F is ascribed to the slow manifold of cloud mass flux and the
large static stability.

The E-physics also contributes to the decrease of precipitation. It is
certain that the land-sea contrast of surface physics causes the difference in
the A and the E. There was an experiment with a modified A model which has
the same physics as the A but uses the homogeneous surface drag coefficient
over land and sea. This model has a very sharp peak of rainfall at the
equator. This implies that the differential surface drag in the A is
effective to push the condensation area from land to sea, where the sea
surface temperature controls the condensation, keeping the rain away from the
equator. ' _

Coming back to Figures 24 and 25, it may be seen that the rainfall of the
E is less than that of the A over land, and that it is not quite so over
ocean, and even opposite in the middle latitudes. The reason over land would
be the soil heat conduction and possibly the stability-dependent surface
boundary layer turbulent processes in the E in contrast to the A. The
rainfall over ocean is larger in the E than in the A, over the Indonesian
archipelago and north Pacific and north Atlantic. The reason has not been
studied yet.
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The quality of the rainfall in the three models will be discussed in the
next subsection.

6.3 The GATE study

Figure 26 is the geographical distribution of precipitation rates over the
GATE (GARP Atlantic Tropical Experiment) A-area, obtained by the forecasts of
the E and the F models, and by the observation based on the infrared imagery
taken by the SMS-1 satellite (Woodley et al., 1975; 1980). The forecasts were
started at OOGMT 24 August, 1974, using the four-dimensional analysis
(Miyakoda et al., 1982) based on an augmented GATE data set, and the
integrations were carried out for one-month period. However, Figure 26 shows
the 28 day average of the rainfall, since the infrared observation is
available only for that period.

-1
28 day mean E fem.d”)

______ 7 /g_

H ¢

=1
PRECIPITATION 28 day mean OBS {em.d™}

150
SOUTH AMERICATS,
50°W 40° 30° 20° 10°W

Fig. 26. Predicted rates of precipitation for 28 days,
starting on 24 August, 1974, over the GATE A-scale area,
in Atlantic and western Africa. The observation based on
satellite infrared measurement (upper left), the E (upper
right), and the F (Tower left).

The moist convective adjustment produced the precipitation that is
scattered in a wide domain as in the upper right, whereas the F-model
generated the reasonable distribution as in the lower left. These
precipitations are associated with African easterly waves, which start in the
central Africa and propagate westward. The intensity of rainfall reaches
maximum before the waves leave African coasts, and yet the decay is slow over
the ocean. In this respect, the forecast rainfall decays more rapidly, the
reason being unclear.

260



7. SIGNIFICANCE OF THE SGS PARAMETERIZATIONS

The SGS parameterizations involved in the E beyond those of the A are "dry
turbulent processes". These SGS processes are the logical outcome from the
discretization of the model's atmosphere. The formulas are derived in a straight-
forward way by applying the running means of a grid length to the
equations of motion and thermodynamics and utilizing turbulent theories and
observational data. There would be not much room to suspect whether these
parameterizations are unnecessary and unreasonable, though it may be argued
whether the effects are properly included in GCMs (see Manton, in this
workshop report) and whether the Rotta and the Kolmogoroff assumptions are
adequate.

On the other hand, the cumulus parameterization is more heuristic, more
hypothetical, and more complex. A question often raised is whether it is
really necessary or useful.

7.1 The parameterization of penetrative convection

Yamasaki (1977) and Rosenthal (1977) attempted successfully to make
hurricane simulation without any cumulus parameterization. Orlanski and Ross
(1984) demonstrated that the squall Tines can be reproduced numerically with
the so-called explicit convection. _

A similar situation exists for the numerical simulation of the general
circulation. A test of one-month integration was conducted without any
cumulus parameterization. The GCM includes the E-physics but excludes the
moist convective adjustment (let us denote it "G-physics). In this case,
gigantic cumuli of grid-size were generated and yet the GCM integration -
proceeded without any numerical trouble.

The predicted pattern of 500 mb geopotential height on Day 10 for the case
of January 1977 turned out to be surprisingly -good (not shown here). Other
variables are also reasonable and are as good as those in other models such as
the E-model. The only problem is that the rain distribution is not
reasonable. Figure 27 is the space distribution of 10 day mean rate of
rainfall along a zonal rainbelt at the tropical latitude of 9.35°S. The rain
in the G has spikes, which are associated with the huge cumulonimbi. This
tendency is also seen in the rain of the E-model but to lesser extent. The
precipitation of the F has broader distribution pattern.

Comparing the predicted geopotential height patterns by the G, the E and
the F-models, it is revealed that the pattern of the G-model maintains the
vortex over the north America, as is found in the observation, whereas the map
of the F-model missed this vortex entirely. It is unclear whether the
upper layer heating or the momentum transport due to the cumulus convection in
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Fig. 27. An example of spatial distributions of predicted
rainfall by the G (solid lines connecting squares), the E
(dashed Tines), and the F (solid lines connecting crosses)
in units of cm/day.

the F-model caused the adversary effect to the stratospheric vortex. The
gravity wave generation is, however, largest in the G, next in the E, and
smallest in the F. The skill score shows that the G's result is slightly
poorer than the E's for the 30 day time range (not shown here).

This indicates that there is some advantage in utilizing cumulus
parameterization, though the merit is subtle for the simulation of the general
circulation but substantial for that of the precipitation. There are two
additional evidences: one is the tropical rainfall study, and the other is
the experience of the short-term weather forecast.

Lord (1979) applied Arakawa-Schubert parameterization to estimate of
precipitation over a small tropical region in GATE in a semi-prognostic
framework, and demonstrated an excellent agreemént with the observed time
variation of rainfall, while the agreement of the estimate with other schemes
were not quite good. Thus the F-model may praovide not only the reasonable
geographical distribution of precipitation, but also have a potential to
provide quantitatively accurate rainfalls associated with individual tropical
waves. Krishnamurti et al. (1980) showed that the Kuo parameterization is
equally good as the Arakawa-Schubert scheme.

Hammarstrand (1977) and other investigators studied the qud]ity of
rainfall estimate in short-range forecasts (one or two days) at the mid- and
high-latitudes, and concluded that the Kuo scheme gave better forecasts than
the Manabe scheme. More recently, Leslie (1981) has compared the cumulus
parameterization schemes, based on 61 case studies, and assessed that the
Arakawa-Schubert scheme and the recent Kuo schemes are greatly superior to the
Manabe scheme in the intensity and distribution of the predicted rainfall
patterns. (See also the result of Golding in this workshop.)
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1f this is true, it may be summarized that the penetrative cumulus
parameterization provides some significance and advantage in forecasting
precipitation. (The issue is still controversial. There is a report that with
a fine grid model the explicit convection is superior to a parameterization -
Orlanski, private communication.)

7.2 The calculation of ratio

In order to assess the significant response to various SGS physics, a
ratio was calculated based on the formula

~\

FaN
r=[1ar] / [o0)] s (7.1)

where o(yx) is the standard deviation of a variable y, A is the difference of x
between two physics, for example, yx is the 20 day mean for Day 10-30, and [/\]‘
denotes the zonal and vertical average. The denominators are estimated by the
standard deviation,

?(x) = I (x - <«)%n (7.2)
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Fig. 28a. Latitudinal distribution of the ratio for the
geopotential height differences between the F and the E,
and between the A and the E, for the case of January
1977.

Three monthly predictions were generated from three different initial
conditions for each sample case, USing the E-model (see Miyakoda et
al., 1983). The signal levels are estimated by the difference A as
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1

ig. 28c. The same as figure 28a,
ut f

or the zonal wind.

Thus, the ratio r indicates the response of the A or the F physics

relative to the E physics.
be appreciable.

In general, if
Chervin and Schneider (1976 b) and Hayashi (1982) have

r>1, the difference is assumed to

proposedestimates of the signal-to-noise ratio. However, Eg. (7.1) is
different from those definitions.
that Eq. (7.2) is quite different from that in the definition of signal-to-
noise ratio, and besides, the sample number in our case is extremely small, .

Figure 28 shows the latitudinal distributions of the ratio in the case of
1 January, 1977, for the geopotential height z, the temperature T, the wind

components u and v.
January, 1979.

following conclusions.
The largest ratios are noted in the differences of the geopotential

o

Hayashi (personal communication) mentioned

The similar results were obtained for the case of 16
Thus figure 28 together with the result of 1979 Tead to the

height z and the temperature T between the F and the E in the

tropics.

The ratio of the temperature T between the A and the E in the tropics
is also large but to lesser extent.
The ratio for u or v is not quite large as that of T or z. Yet there

is a tendency that the ratio in the tropics is appreciably larger

than in the extratropics.
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Figure 29 is the vertical distribution of the ratio for T at the equator,
i.ed,

re=[1a1] / [o(x]] (7.5)
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Fig. 29. Vertical distribution of signal-to-nois i
for the temperature differences betwgen the F ang €ﬁ21g,
ng7between the A and the E, for the case of January

The response of the F-physics is really large in the layer between 400 and 100
mb level; r” is about 9. This effect is generated solely by the cumulus
convection. The difference between A and E models is also appreciable in the
lower atmosphere, implying that the boundary layer physics caused a
considerable effect in the tropics. The similar effect is also noticed in the
vertical distribution of r” for u at the equator (not shown here). Attention
is called for the fact that the ratio for the geopotential height z is above a
unity for most of the latitudes except high latitudes.

8. REMARKS

8.1 The mechanism of impacts

Figures 28 and 29 indicate that the impact is significant in the tropics.
In other words, the effects of SGS parameterization expressed by the A, the E,
and the F models have been detected unerringly in the tropical temperature and
pressure, and probably precipitation, whereas the effects for the extratropics
have not yet been proved. Only evidence for the extratropics is the skill
scores for the 10 day mean geopotential height maps in figures 2, 3 and 4,
though a great caution should be exerted on attaching the statistical validity
to the conclusions based on only four cases.

Let us, at the moment, assume that this is true. Then a question may
arise as to why and how the stationary or the slawly varying eddies can be
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better predicted by the E and the F than the A. The advantage of the
E-physics over the A is particularly noticed in connection with blocking
episodes. Since the mechanism of blocking has not been fully understood, it
is not easy to discuss this matter.

There are, at least, two schools of thoughts on the mechanistic accounts
of blocking (for example, Kinter, 1983}, The first postulate is that a
solitary blocking ridge at high latitudes develops if local zonal westerlies
upstream of the key geographical region are appropriate (generally weaker than
normal), in conjunction with mountain effect. The second postulate is that
baroclinic transient eddies interact with pre-existing downstream stationary
waves to generate a resonance-like amplification (for example, Kalnay and
Merkin, 1981; Dole, 1981).

In section 4, the substantial impact of the SGS physics on the sector mean
of zonal wind was mentioned. The meridional profile of the zonal wind in
figure 18 may be suggestive of the clues for the 1ink between the SGS
parameterizations and the overall GCMs' performance in the skill score. The
SGS parameterizations appear to be critical in producing adequate meridional
profiles of local zonal wind, which, in turn, determine the appropriate
positive index anomalies.

There are four major changes in the SGS processes from the A to the E.
They are: the removal of dry convective adjustment, the improved transfer
physics at the Earth's surface, the soil heat conduction, and the vertical
diffusion of momentum and heat above the pltanetary boundary layer. The second
and third factors improve the effect of land-sea contrast, and, therefore, the
Earth's surface conditions are better included in the solution of the GCM.
The removal of dry convective adjustment could be attributable to the
simulating capability of the zonal flow at high latitudes. However, our
efforts of tracing the causes stop at this point. The further investigation
is a future work.

The differences in the GCM performance between the F and the E are
substantial. There are two major changes in the cumulus parameterization from
the E to the F, i.e., the larger heating in the upper level and inclusion of
vertical momentum transport. The former leads to more stable stratification
in the upper layer. Dynamic theory predicts that the static stability is
extremely important for determining the non-zonal kinetic energy and the eddy
meridional heat transport (Held, 1978).

In the F-model, the conversion of potential to kinetic eddies is reduced,
and the magnitudes of transient eddies are decreased, while the magnitudes of
stationary eddies remain jntact, and the longitudinal phase of stationary
eddies are improved. The F simulates the condensation associated with
extratropical cyclones better than the E, and the quality of cyclone-scale
forecast affect the simulation of ultra-long waves.
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Because of stabler stratification and the method used to obtain the cloud
mass flux, the F generates less gravity waves, particularly in the tropics,

than the E, and other small scale variability tends to be suppressed in the F.
It is not known, however, whether these effects are beneficial for prediction.

With regards to the tropics, a large number of investigations have
recently been conducted on the teleconnection effect of tropical sea surface
temperature anomalies on the mid-and the high-latitudes. In particular,
persuasive theories (Hoskins and Karoly, 1981; Simmons, 1982) and convincing
observational evidences (Horel and Wallace, 1982; Rasmusson and Carpenter,
1982) have been offered. If one looks at the magnitude of precipitation
differences among the A, the E, and the F in figures 23 and 26, the magnitude
is as much as 0.5 cm/day locally (in Indonesian Archipelago), 0.2 cm/day in
the zonal average over ocean, and 2.0 cm/day in the zconal average over land.
These amounts are comparable to the increment of precipitation in tropics due
to the sea surface temperature anomalies in the case of E1 Nino.

The SGS parameterization is the matter of improvement of quality on the
internal dynamical process in GCM's, whereas the sea surface temperature
anomalies are the matter of imposition of external forcing as the boundary
condition for the GCMs integration. The slowly varying boundary effects in
tropics have a potential to increase the predictability of time-averaged
circulation in mid-Tatitudes, and besides, the tropical flows may be
potentially more predictable than those in mid-latitudes (Shukla, 1982). It
may be appropriate, therefore, to rectify first the internal dynamics of GCM,
and thereafter, to prescribe correct anomalies of external forcings.

8.2 The space resolution

As was mentioned earlier, the A and the E-physics of N48L18 models were
applied to the 30 day integrations, using the initial condition of 00GMT, 1
March, 1965. Figures 30 and 31 are the vertical and the latitudinal
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Fig. 30. Vertical distributions of eddy kinetic energy by

the L9 (Qine lTevel) and the L18 models, compared with the
?b§e;v§t1on (small circles). The A (left) and the E
right).
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Fig. 31. Latitudinal distributions of eddy kinetic
energies by various models, averaged zonally, vertically
and over a month of March, 1965. The cobservation (small
circles), the A, the E and the F of N24L18 (thin lines),
the E of N48L9 (thicker dashed Tine). and the A and the F
of N48L18 (thick lines).

distribution of Kg, respectively, obtained by the L18 and the L9 models. In
figure 31, the N24L18 models are also included. These figures indicate that
the eddy kinetic energy increases with the vertical resolution. It is
interesting to note that the transient eddies, i.e., KTE is enhanced, though
KSE is also to some extent increased in the L18 model. This characteristic is
confirmed by an independent study, using spectral models of L9 and L18.

It appears that to achieve an appropriate intensity of KTE in a GCM is an
extremely challenging task. For example, in the study of space resolution
impact in GCM's, Manabe et al. (1979) obtained a result that the increase of
lateral space resolution of a GCM leads to more stationary eddies and, yet,
unfortunately, less transient eddies.

From the experiences gained so far, it is speculated that, in order to
obtain reasonable magnitude of Ksg and Kyg and their partition,ia high space
resolution of the GCM in both vertical and horizontal is required. Besides an
adequate aspect ratio between the vertical and the Tateral resolution has to
be considered together with an appropriate SGS diffusion for vertical and
lateral, pertinent to the specific spatial resolution. In addition, the
advanced SGS physics and the cloud-interaction should be properly included
(see Tiedke, 1983). Cloud-interaction and prescription of sea-surface
temperature anomalies increase the transient eddies.
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CONCLUSIONS

Tentative conclusions based on four samples are as follows.

(i) The F- and E-models showed better performance in the medium-
range forecasts of about 10 days, compared with the A-model. The
effects are subtle yet substantial.

(i) The superiority of the F over the E- and A-models is more
evident for the 30 day integrations.

(i91) The stationary azonal eddies are best simulated by the F, and
next by the E-model.

(iv) The geographical distribution of rainfall in the F-model appears
better than in other models. The predicted distribution agrees well
with the observation in GATE, for example.

The precipitation pattern in the F emerges in an organized
fashion rather than in a scattered pattern, and the rainfall
distributes more gradually and smoothly than in other models.

The precipitation pattern in the E-model is better than in the
A. The improved rainfall over ocean is probably due to the refined
surface physics, and the moderate rainfall over land is presumably
due to the soil heat conduction.

(v) It is a most pronounced result that the squared vertical
velocity, w2, is substantially smaller in the F than in other models,
corresponding to less gravity noise and less tropical precipitation.
The E gives slightly less w2 than the A.

(vi) Another pronounced result is that vertical thermal
stratification is most stable in the F. This is the direct
consequence of the penetrative convection in the F.

(vii) In the experiment of the N48L9 models, the magnitude of the
transient eddy kinetic energy is, in the decreasing order, the A, the
E and the F-models, particularly in the southern hemisphere but, to
lesser extent, in the northern hemisphere as well. This is another
consequence of the penetrative convection scheme. The magnitude of
[-5’3’€J and w2 also decrease appreciably in the F compared with
other physics. |

(viii) The hemispheric integral of the azonal eddy kinetic energy is
overwhelmingly affected by the model's space resolution in this
resolution range.

(ix) The zonally averaged zonal winds in the upper atmosphere in the
F-model are somewhat large in the extratropics.

(x) The zonally averaged zonal winds at high latitude, say 35°-65°N,
tend to be larger in all of the models than the observed.
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(xi) The method to use the 1ifting condensation as the cloud base in
the Arakawa-Schubert cumulus parameterization appears to work

satisfactorily.

(xii) The difference of the geopotential height and the temperature
between the F and the E-physics is significantly large in the
tropics. The difference between the A and the E is also appreciable
in the tropics, but to Tesser extent.
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APPENDIX 1
Mixed Layer Depth

Using the N24L18 model and March 1965 data, the mixed layer depths
obtained by various models were investigated. Figure A-1 is an example of
these results. This indicates the depths from the F2-physics which uses
Randall's scheme (Randall, 1976), and the F3-physics which used the 1ifting
condensation level (LCL). As additional information, the LCL in the F2-model
is shown. The condensation criterioh is 100% for both models.
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Fig. Ala. Latitudinal Fig. Alb
distributions of the LCL (lifting ’ )
condensation level) of the F2 and
the F3-models, and the depth of
mixed Tayer of the F2, over land.

The same as figure Ala,
but over sea.

The LCL over land is much larger than the mixed layer depth in the
F2 model, whereas both levels are comparable over the tropical ocean. The
depth estimated by Randall's scheme is substantially Tlarger at high latitudes.
(Note that the recent Randall's model gives lower height, Randall, 1982).

APPENDIX II

The meridional profile of zonal wind at high latitudes may be detrimental
for determining meandering patterns of downstream westerlies. The intensities
of zonal wind north of say 40°N are statistically weaker in the positive index
pattern than in the negative index pattern of the teleconnection of Wallace
and Gutzler (1981). Figure A2 is the observed profile of sector mean of zonal
wind for Pacific-North-American (PNA) patterns based on the 15 year data
(Kinter, 1984). The vertical bars in the figure indicate the range of
variability among the 15 year data. The similar feature in the sector mean of
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zonal wind can be obtained for the West Atlantic (WA) pattern. The
possibility of the weak zonal wind in high latitudes for the case of the
blocking actions was also suggested previously (Miyakoda et al., 1983) with

respect to the case of January 1977.

PNA
90°E —180° —90°W

negative

positive

90 80 70 60 50 40 30 20N

LATITUDE

Fig. A2. The zonal wind at 300 mb as a function of

latitude for the positive and negative PNA index cases
(after Kinter, 1983).
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