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1. INTRODUCTION

The cloud generation schemes presently used in general circulation models were
originally designed in order to predict the release of latent heat in the atmos-
phere, as well as the transport of sensible heat, water vapour and momentum, asso-
ciated with convection. But cloudiness also modifies the energetics of the atmos-
phere because it changes the solar and infrared radiative fluxes. To take the pro-
blem into account, most GCMS now try to predict in a simple way the percentage cover
of cloudiness, either as a function of large scale variables (such as relative humi-
dity, vertical velocity or vertical stability) or in relating the occurrence

of cloudiness to the occurrence of precipitation. (Somerville et al., 1974 ; Gates
and Schlesinger, 1977 ; Washington and Williamson, 1977 ; Wetherald and Manabe,

1980 ; Slingo, 1980 ; Geleyn, 1980). Although some progress has been made, especial-
ly in the prediction of stratus, stratocumulus, and low convective clouds

(e-g. Moeng and Arakawa, 1980 ; Wakefield and Schubert, 1981 ; Ramanathan and Dickin-
son, 1980)and in the direction of predicting the cloud liquid water content and the
cloud optical properties (Sasamori, 1975 ; Sundquist, 1980), the problem of predic-
ting accurately in GCM the cloudiness percentage cover, as well as the cloud verti-
cal distribution or the cloud optical properties, remains largely unsolved. This is
especially true for the deep convective clouds,; where the cloud fraction predicted
by convective schemes (such as Kuo-scheme) corresponds only to the entraining clouds

and considerably underestimates the actual cloud fraction.

As a result of this complexity, most general circulation sensitivity studies have
focused on the problem as tc whether or not it was important to have a good des-
cription of the cloud cover in GCM, and whether it was necessary to predict rather
than to prescribe it. This has been done in a climate perspective, in order to see
whether cloudiness could enhance or diminish the climate variations due to a modifi-
cation of external boudnary conditions such as the solar constant (Wetherald and Ma-
nabe, 1980), the CO2 concentration (Manabe and Wetherald, 1980 ) or the sea surface
Schneider et al., 1974), More specifically a number of studies havé also tried to

analyse the role of a given change in cloudiness on the general circulation.
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Different comparisons have been made

zonal prescribed cloudiness versus transparent atmosphere (Hunt, 1978) ;

- zonal climatology versus "geographical" distribution of cloudiness (Meleshko
and Wetherald, 1981) ;

- fixed cloudiness (in time) versus predicted cloudiness (Schukla and Sud, 1981) ;

- reference cloudiness versus cloudiness transparent in the infrared or thé solar
range (Herman et al., 1980) ;

- variations of the cloud base height or of the cloud optical properties (Hunt,
1982) ;

- zonal climatological cloudiness versus predicted cloudiness (Le Treut and Laval,
1983) ;

- removal of convective clouds (Tiedtke,1983).

all these experiments are different in their nature, and have been made with diffe-
rent models. Therefore their results are difficult to compare, and many more stu-
dies are needed to assess the role of cloud-radiation interaction. We will present

here some new experiments we have done with the L.M.D. GCM.

2. THE MODEL ; THE EXPERIMENT

A detailed description of the L.M.D. GCM may be found in Laval, Le Treut and Sadour-
ny (1981) and in its companion paper Laval, Sadourny and Serafini (1981). But, un-
like in those papers, we have used here a global version of the model with realis-~
tic orography and a finer resolution (64 points in longitude, 50 points in latitu-

de, and 11 levels).

The reference version for our experiments has been described in Le Treut and Laval

(1983) (and referenced there as well as hereafter as IC experiment).

The experiment starts from the 12th of June 1979 and is carried out for 50 days,
with the boundary conditions of a July climate. Throughout the integration thecloud
fraction is predicted over three fixed levels. The occurrence of cloudiness is lin-
ked to the occurrence of precipitation. Whenever supersaturation occurs, we predict
100 % cloudiness. For Kuo-type convection we use the fractional area of active
cumulus predicted by the scheme. Cloudiness is then split over the three fixed le-
vels and a simple spatial smoothing is done. The cloudiness climatology for the

last 30 days of the experiments is displayed in Fig. 1.

Prom the same initial state, we have carried out two other 50 day integrations

- For the first one (hereafter referenced as FGC experiment), we have used the fi-
xed geographical cloudiness distribution averaged for the last 30 days of the

reference run.
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- For the second one (hereafter referenced as FZC experiment), we have used a zo-

nal average of this climatology.

As we have not yet achieved a precise study of the variability of the reference
integration, we will use here, in order to estimate the significance of our results,
two integrations very similar to the IC experiments (but with some modification of

the albedo over the Sahel).

In what follows, they will be referred to as IC2 and IC3. All the analysis we show

correspond to the last 30 days of the various integratiomns,

3 RESULTS

3.1 Precipitations

A first measure of the feedback effects due to the cloud-radiation interaction will
be given by the precipitation distribution. We have displayed in Figure 2 the pre-
cipitation distributions for the IC, FGC and FZC experiments, in the Tropics. In
‘both integrations where cloudiness was prescribed rather than predicted, the con-
vective regions over the oceans have diminished, especially over the Atlantic. On
the contrary, the precipitation has increased over the Central Africa. These re-
sults are in accordance with those of Slingo (1980) or Herman (1980). The largest
differences in the precipitation distributions are found in South East Asia. Their
significance is difficult to assess due to the large variability of the precipita-

tions in that region.

3.2 Temperatures

We have displayed in Figure 3.a the map of the differences of ambient temperature
between the IC and FGC experiments. Although the mean solar flux distributions are
almost the same, we may see that large differences of temperature occur. Over Cen-
tral Africa, the diminution of temperature in the FGC experiment seems to be lin-
ked to an increase of evaporation (not shown here), which results from the increase
of precipitation mentioned earlier. At mid latitudes and high latitudes, the signi-
ficance of the large differences of temperature is difficult to assess due to

the large variability in those regions. Yet the fact that we obtain mainly negative
anomalies should indicate that they are the results of the non-linearities due to

a time-varying radiative forcing rather than a time-averaged radiative forcing.

3.3 Wind potentials at 200 mb

The wind potentials at 200 mb for the three experiments IC, FGC and FZC are displa=
yed in Figure 4. The ascending branch of the Hadley circulation is displaced east-
ward from its position in experiment FZC to that in experiment FGC and in

Experiment IC (and experiments IC2 and IC3 as well, although they are not shown
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here). This displacement may be partly responsible for the changes of precipita-
tion in South-East Asia mentioned in paragraph 3.1, and is an important element in

our results.

3.4 Sea level pressures

We show in Figure 5.a the mean distribution of sea level pressure for the IC expe-
riment, as well as the differences between the IC and FGC experiments (Figure 5.b),
and between the IC and FZC experiments (Figure 5.c¢). The characteristics of the IC
integration are responsible for the striking features Figure 5.b and Figure 5.c
have in common. In particular, the IC integration presents in the Southern Hemis-
phere deeper lows situated = further South, which seems more realistic. Also the
high pressures over Northern Atlantic extend more over Eurcpe and Western Asia in
the IC experiments than in the two other experiments. The difference between the IC
and FGC experiments may be compared to the results of Shukla and Sud (1981), who
have made a similar experiment. Our results show a more important response of the
sea-level pressure to a radiative forcing varying in time ; the sign of the diffe-

rence is the same around 40°S but there are disagreements at higher latitudes.

3.5 Cyclone statistics

More insight in the dynamical response of the model to cloud-radiation interaction
is given by the cyclonic center statistics. The method used to compute those statis-—
tics is described in Le Treut and Kalnay (1983) : it consists in retaining the cy-
clone centers more than 4mb: lower than an average pressure around them. The results
for the IC, FGC and FZC experiments are displayed in Figure 6. DUnlike the other
statistics shown, these analyses have been made using the whole 50 days integration,

with one analyse every 12 hours.

The most striking differences are to be found in the Northern Hemisphere. In the IC
experiment. over North America cyclones form more in the North and then spread east-
ward over the Atlantic, and there is also more.eyclonic activity over Eastern Sibe-
ria. In the Southern Hemisphere, the structures we get are much more zonal and dif-

ficult to intercompare.

3.6 Energy cycle

We have displayed in Figure 7 the diagram of the energy cycle for the IC, FGC and
FZC experiment, separately for both hemispheres. In the Northern Hemisphere, there
is some decrease of the eddy energetics in the FZC experiment as cdmpared to the IC
experiment and some increase in the eddy available potential energy in the FGC expe-
riment. This last result is in accordance with the results of Shukla and Sud. But
unlike in their results we don't find any increase in the zonal kinetic energy of
experiment FCG (compared to experiment IC). In the Southern Hemisphere, we find a

clear decrease of the eddy energetics in the experiment FZC when compared to FGC,
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and FGC when compared to IC. Again these results are not in agreement with those

of Shukla and Sud.

To get more information on the nature and significance of these changes, we have

displayed in Table 1 the transient and stationary energies for the various inte-

grations we have studied. Two results come out very clearly

The model with zonal clouds has less stationary eddy available potential energy

and less stationary eddy kinetic energy in the Southern Hemisphere.

The models with fixed clouds have less transient eddy available potential energy

in the Southern Hemisphere and also perhapsin the Northern one. But

the transient

4 CONCLUSION

The experiments

may play in the

- determination

over land and

- determination

eddy kinetic energy is not affected.

described here help clarify  the role cloud-radiation interaction

maintenance of the general circulations

of the convection in the tropics, with a tendency to decrease it

enhance it over ocean ;

of the position of the ascending branch of the Hadley cell ;

~ modification of cyclogenesis regions ;

- enhancement of stationary waves ...

Yet one must keep in mind that these results may be largely model dependent. In

particular we have made the assumption of cloudiness occurring at fixed levels.

Thus, the best way to confirm those results would be to do these experiments again

with other G.C.M.
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Figure 1.b: Middle level cloudiness simulated in the IC experiment.

Mean values over 30 days.The broad lines are 0.1.
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Figure 1l.c: High cloudiness simulated in the IC experiment,

Mean values over 30 days.The broad lines are 0.5, the

dotted lines are 0.1.
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Figure 2 :Distribution of precipitation for the experiments IC, FGC, FZC,

from left to right.Mean values for 30 days.Units are in mm/day.
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Figure 4: Wind potential at 200 mb gor experiments IC, FGC, FZC (from
top to bottom) . Units are 10 m®/s.

290



ressure beetween the experiments

Figure 5.b: Difference of sea-level p
IC and FGC (in mb)

291




Sjuaw 2 = *
[ Hmnmx( QU] usoMLeD : v q
q axnssaaxd [2AST-BBS Jo SOUSISFITJ
! pro R q aanb !

292



1
3

i % % -
1819 1 ¢ 2 1
~.CO0R#0% 7 * 7 3 2 8.3 ¢ 3t g et eI & L2
T 2 2 113 3 3 4323 & o3 55

LI s

1 22 43 3 5 5_2a 11..3_1*?
~ =

[R— "t 2 1 1‘: 1T‘:—1 1 ¢ 2 :‘”
T— .
- . 900Er8——— SSEUSIURES USRS PR |

-.1B0E+03 —. 150E+03 ~, 120E+03 ~. 900E+02 —. 600E+02 ~. 300E+02 0. .300E+02 .600E+02 ,900E+02 ,120E+03 ,150E+03 ,1BOE+D3

Figure 6.a: Number of cyclonic events for 50 days with 2 analyses per day.
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Figure 6.b: Same as Figure 6.a but for FGC experiment.
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© stationary transient

kinetic emergy available potential kinetic energy available potential

energy energy

NH SH NH SH NH SH NH SH

2,52 3.77 3.18 2.50 2,85 5.82 0.85 2.06

2.45 3.54 2.94 2,66

2.47 3.61 3.16 2,56

2.58 3.23 3.15 2.39 2.71 5.86 0.79 1.79

2.25 2.53 3.08 1.91 2.66 5.64 0.74 1.76
Table 1 stationary and transient eddy energies for the

various integrations (in 105 J/m2).
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Figure 7: Energy cycle for the experiments IC, FGC, FZC, for the two

hemispheres separatly.Units are 105 J/m*> for the energies
and W/m* for the conversion terms.
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