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FIG. 1. VARIAT!ON OF SURFACE POTENTIAL TEMPERATURE
AT THE EQUATOR WITH TIME (0.P)
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(a) It took nearly six years for the surface temperature at the equator to get a state with interannual
variability of about 0.05°C.

(b) One can notice the semiannual cycle at the equator, and annual cycles at 45°N and at the pole.

(c) At the pole, the temperatures increased gradually and within two years they are above 263°K.
Final temperatures are about 272°K. Thus complete deglaciation took place.

(d) Once the ice melted at the poles it never got recovered. The ice physics parameterization in
this model is too simple. These results depend on the threshold temperature of 263°K.

In Figs. 4 to 9 we give atmospheric potential temperature (6oq) and Rainfall (Rf) profiles for the
months of March, July and January, of the 9th year. We notice the following:

IN DEG.K FOR THE MONTH OF MARCH
33600

328.00

296.00

esgooL__L 1 1441y
90 60 30 (o] -30 =60 =90
NORTH LATITUDE SOUTH
F1G. 4 .VARIATION OF ATMOSPHERIC POTENTIAL
TEMPERATURE  WITH LATITUDE (0.P)




182 M. SANKAR-RAO and A. V. KIRAM KUMAR

(a) The potential temperature difference during summer and winter between the poles is about
27°C.
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(b) Steepest temperature gradients occur in the winter hemisphere in which the potential tempe-
rature difference between the pole and the equator is about 41°C.

(c) Maximum rainfall always occurs near the equator.
(d) In the middle latitudes, the rainfall is more during winter.
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(e) The maximum rainfall zone shifts very little from one season to other (less than 5° in latitude)
in this global ocean experiment.

(f) A tropical desert between latitudes 10° and 20° and an extra tropical desert between 30° to
45° in both the hemispheres formed in the experiment. Such results depend on closure assumptions
between uos and vos and 6p5. Ocean currents can also alter these results. We must, in future,
introduce momentum considerations for closure and also the ocean currents and study the differences,
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4.2 Land planet ezperiment

In this experiment we took initially the following conditions:
(a) Dark soil with 500 mms of soil moisture everywhere.

(b) 20 meters of ice from 70° to the poles.

(c) Temperatures which are close to the present day ones.

Just as in the ocean planet experiment we first obtain equinoxial convergent solution with these
conditions and then introduce the displacement of the Sun. We observed the following:

(a) The middle latitudes soil became completely dry when we got the equinoxial convergent solu-

tion.
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(b) At the polar and at the equatorial regions the soil moisture rose from an initial value of 500
mm to a higher one of 2500 mm. Thus the middle latitudes soil moisture was dumped both at the
polar and equatorial regions because of the symmetry in the hemispheric poloidal cells.

(c) As in the ocean experiment, the model gives a desert in the middle latitudes, for the initial
equinoxial equilibrium solution.

In Figs. 10, 11 and 12 we give the surface temperature history for the equator, 45°N and the North
Pole. We notice the following:
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(a) After nearly 13 years of integration, the surface temperatures at the equator seem to have
reached a repetitive convergent solution.

(b) The amplitude of the seasonal cycle is increased after 12 to 13 years. We find that this is also
due to a gradual drying up of the equatorial regions.

In Fig. 13 is shown the soil moisture history at the equator. We note that the equatorial soil
moisture dropped from nearly 2600 mm, to about 200 mm in about 10 years and stabilized there.
Thus the transport loss is about 240 mm per year. Did such things happen in the early stages of the
ocean formation? Did the water accumulate in the oceans much faster than 250 mm per year in the
past? These are some of the fascinating quetions for which we must seek answers in the future.
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FIG. 13 VARIATION OF SOL MOISTURE AT THE EQUATOR WITH TIME (L.P)

In Figs. 14 to 19 we show fos and Ry profiles for the months of March, July and January of the
16th year. We notice the following:

(a) The potential temperature difference between the poles during summer and winter is about
52°C. This is almost the double that the one obtained for the ocean globe.

(b) The temperature difference between the equator and the winter pole is also about 50°C. Thus
at 500 mb level, equator is only slightly warmer than the summer pole.
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(c¢) The rainfall maximum shifts from one hemisphere to other with season. The rainfall is maxi-
mum at the summer pole because of its greater water availability than at the equator where the soil
moisture is low.

(d) The equatorial rainfall maximum migrates during summer up to about 30° towards the summer
pole.
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(e) Deserts form in both hemispheres between 35° to 60°. The tropical desert does not form in
this experiment mainly due to the migration of the rainfall belt. However, the middle latitude desert
is more extended than in the ocean globe experiment.
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5. Some comments

The simple climate models, necessarily, contain parameterization of integrated effects. Otherwise we

will end up with a GCM. So these models must be looked upon as phenomenological, hypothesis
producing and some times predicting models.

In this model, the very important poloidal motion parameterization depends on a tuning Sellers’
parameter b. In our view, this has to be improved by bringing in momentum considerations. The
results presented here depend on this single tuning parameter. However Sellers (1973) could get re-
alistic poloidal motions utilizing this parameter, for the present climatic conditions. Hence the results
given here may not be expected to be far from reality. Another crucial area is the parameterization
of small and large scale precipitation in the model.

6. Conclusions

We arrived to the following main conclusions with these toy model experiments:
(a) The tropical maximum rain belt migrates very little (< 5°) on an ocean globe.

(b) On a land globe it migrates to about 30°.

(c) On a global ocean the model gives a tropical desert. The land planet does not have this due
to the migration of the rain belt.

(d) On the ocean globe complete deglaciation takes place in the model. On the land globe ice
melts completely in summer and restores in winter from the pole to 60°.
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APPENDIX

Notation
p: pressure
¢: latitude
t: time
D: any dependent variable

Do: zonal mean of D

l_)o: zonal and vertical mean of D

an: zonal mean potential temperature of the atmosphere

a: suffix to indicate atmosphere

a: radius of the Earth

€oa: zZonal mean mixing ratio of the atmosphere

Voa: zonal mean meridional velocity of the atmosphere

Coefficient of large scale eddy heat conduction in the atmosphere: Kgyp = 0.25 | AT | 108 mz/sec.

Coefficient of large scale eddy water vapour diffusion in the atmosphere: Kg, = Kgr

Surface pressure: p; = 1000 mb = 10° N/m2

s: suffix indicating surface

B: suffix indicating 850 mb level

Mean atmospheric pressure: pg = 500 mb = 5 X 10* N/m2
0
)
((,:z): atmospheric heating due to sensible heat flux

((,‘3, : atmospheric heating due to condensation

: atmospheric heating due to shortwave radiation

: atmospheric heating due to longwave radiation

H((,p: net heat flux at the surface due to shortwave radiation
H((,g): net flux at the surface due to longwave radiation
Hﬁ): net flux at the surface due to sensible heat transfer
(4)
o8

)

: net flux at the surface due to latent heat transfer

: net flux at the surface due to sub-surface heat transfer
Latent heat of evaporation: L = 2.5 X 10° Joules/kg

w: vertical velocity in the atmosphere

fow: zonal mean ocean temperature

Vow: zonal mean meridional velocity in the ocean
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Kw: coefficient of large scale eddy heat conduction in the ocean

w: subscript to indicate ocean water

Depth of the active ocean layer: hyy = 100 m

a=rm/hy

0p: sub-surface temperature taken from Saltzman and Vernekar (1971)
Cj: specific heat of the lower surface material

Mass per unit area of the lower active surface 7 material: M; = pjh;
Density of the lower surface ice material: p;; = 1000 kg/m3

Density of the lower surface dry soil: p,p, = 1600 kg/m3

psws: density of the lower surface wet soil

Density of the lower surface ocean water: psyw = 1000 kg/m3

pj: density of the surface j material (ice, land or water)

hj: active depth of the surface j material

€5(p): saturation humidity mixing ratio at level p

€55 saturation humidity at the surface

An empirical constant in eq. (23): eg = 1.27

An empirical constant in eq. (23): f = -32.0 Joules/m? /sec

ev: evaporation

Atmospheric opacity: x = 0.35 to 0.55

Aa: atmospheric albedo

As: surface albedo

Steffan-Boltzman constant: o = 5.67 x 108 Joules/m? /sec/°K*
Downward longwave emissivity of the atmosphere: vy = 1.2
Upward longwave emissivity of the atmosphere: vy = 0.8
Surface emissivity: I' = 0.95

X;: an empirical sub-surface conductivity parameter for surface j material
X; = Xj/hj

x;-: a gross coefficient of conductivity for surface j material

Xsi = Xy for ice

Xsps = X; for dry soil

An empirical constant in eq. (28): a;j = 0.70

An empirical constant in eq. (29): Co = 0.76

C}: an empirical constant in eq. (29)

Go: downward longwave radiation for clear skies from the atmosphere

Gon: downward longwave radiation for cloudy skies from the atmosphere

191




192 M. SANKAR-RAO and A. V. KIRAM KUMAR

By: upward longwave radiation from the surface for clear skies
Ry: rainfall

Ryy: large scale rainfall

Rjy: small scale convective rainfall

R,: solar constant

P°: porosity

Active moisture depth of the dry soil: Hy = 1 m

w: water availability

Sm: soll moisture

e: void ratio

Specific heat of dry soil: C,p, = 800 Jules/kg/°K
Specific heat of water: Cyw = 4200 Jules/kg/°K
Specific heat of ice: C,; = 2000 Jules/kg/°’K

Csws: specific heat of the wet soil

Albedo of the surface ice: A,y = 0.5

Albedo of the surface water: Asw = 0.06

Albedo of the surface dry soil: A;p, = 0.28

Asws: albedo of the surface wet soil

@: an empirical friction constant occurring in eq. (41)
An empirical parameter occurring in eq. (42): b = taken from Sellers
Coriolis parameter f = 2(1 sin ¢

Angular velocity of the Earth: {1 = 7.29 x 1075 /sec
Gas constant for air: R = 287 Joules/kg/°’K
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