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ABSTRACT. A global, spectral Atmospheric General Circulation Model (AGCM) has been developed indigenously
at Physical Research Laboratory (PRL) for climate studies. The model has six o levels in the vertical and has horizontal
resolution of 21 waves with rhomboidal truncation. The model includes smooth topography, planetary boundary layer, deep
convection, large scale condensation, interactive hydrology, radiation with interactive clouds and diurnal cycle. Séa surface
temperature and sea ice values were fixed based on climatological data for different calender months.

The model was integrated for six years starting with an isothermal atmosphere (240°K), zero winds initial conditions |
and forcing from incoming solar radiation. After one year the model stabilizes, The seasonal average of various fields of the
last five years are discussed in this paper. It is found that the model reproduces reasonably well the seasonal features of
atmospheric circulation, seasonal variability and hemispheric differences.

Key words — Climate, Convection,Condensation, General Circulation Model, Hydrology, Radiation, Season,
Spectral.

1. Introduction (Otto-Bliesner et al., 1982, Gallimore et al., 1986). But these

The General Circulation Models (GCMs) are used for models do not take into account of many feedback processes
like cloud radiative interaction. Further more, the radiative

climate studies. They are based on primitive equations,

include all essential physical processes and require enor- schemes used in these models are unsuitable for assessing
mous computer resources for climate time scale integra- the effects of environmental changes. This paper reports the
tions. it is an extremely difficult task to run complex GCMs summer and winter climate simulated by an indigenously
with limited computer resources for longer time scales. developed GCM by us over years which is an extension of
Some computationally efficient low resolution models have our earlier adiabatic model (Keshavamurty et al., 1986,
been developed with simplified physical parametrization Krishnakumar er al., 1993).
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Fig. 1. Time variance of global mean of pressure (hPa) temperature (°C) at level 6, at level 1, and specific humidity(g kg Datlevel 1|

We have seen that even with a GCM of intermediate
complexity and from a very idealized initial condition, we
can simulate the seasonal climatology of the atmospheric
circulation reasonably well. A number of GCMs are avail-
able with different groups today which simulate the general
circulation pattern fairly well. But most of these models are
not completely free from biases and errors as documented
by Boer er al., 1991. In this paper we do not claim any
particular improvement in simulation of seasonal climatol-
ogy. Our longterm objective is to develop a climate model
which can simulate monsoon and tropical climate (seasonal
mean circulation, precipitation pattern and their variability)

reasonably well and use it for studies of monsoon climate
change. The present paper marks the beginning in this
direction. The details of the model and the model run are
given in section 2, the results are discussed in section 3 and
the conclusions are discussed in section 4.

2. Description of the model

A primitive equation global spectral model with 21
waves in horizontal with rhomboidal truncation and six ¢
levels in the vertical placed at o = 0.991, 0.9,0.7, 0.5, 0.3,
0.1 is developed indigenously. The vertical velocities and
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Figs. 2(a &Db). Zonal mean field for zonal component of wind (ms ") for DJF and JJA respectively

vertical derivatives are calculated at intermediate levels at
first and then weighted average with respect to o of adjacent
half level values are taken for full level values. The physical
processes like radiation and convection are calculated at 10
pressure levels and interpolated back to six model o levels.
For time integration the model uses a leapfrog semi-implicit
time differencing scheme (Bourke, 1974) and the high fre-
quency computational modes are controlled by Asselin filter
(Asselin, 1972). The physical processes included in the
model are vertical and horizontal diffusion (Bourke e al.,
1977), surface fluxes with varying drag coefficient (Wil-
liamson et al., 1987), dry adjustment scheme, deep convec-
tion (Krishnamurti er al., 1983), large scale condensation
and radiation (Chang, 1979) with interactive clouds (Senior
and Mitchell, 1993).

Surface temperature is calculated by solving surface
energy balance condition over land grid points (Bourke et

al., 1977). Climatological monthly mean surface tempera-
ture data (Shea et al., 1992) is used over oceanic grid points.
Surface albedo over land is taken from seasonally varying
albedo data sets of Mathews (1983) and over oceanic grid
points it is fixed as 0.06. Over sea ice and permanent snow
covered land points albedo is fixed at 0.7 and 0.8 respec-
tively. For topography 1 x 1 degree latitude/longitude tabu-
lated surface elevation data is interpolated for 21 waves
resolution and is used in the model.

2.1. Integration of the model

The model was started with zero wind conditions and
an isothermal atmosphere with 240 °K temperature with
forcing from incoming solar radiation. The bottom bound-
ary values of SST and albedo were fixed from monthly mean
climatological data. The model was integrated for six years.
After one year the model stabilizes and seasonal averages of
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Figs. 3 (a & b). Zonal mean field for temperature (°C) for DJF and JJA respectively

various fields of the last five years were taken as mean
climatology for winter/summer season. The results are pre-
sented in the next section.

3. Results and discussion
3.1. Time variation of global means

Time variation of global means for temperature at level
6(c=0.1) and level 1 (5 =0.991), specific humidity at level
1 and surface pressure and shown in Fig. 1. In the figure the
zero on the x-axis refers to January 1*'. The time evolution
of the model global mean values give indication of the
stability and conservation properties of the model. The

global mean temperature at level 1 has no trend over four
year simulation as it is driven by prescribed climatological
monthly mean SST. Its seasonal cycle has 3 K range with
minimum in January and maximum in August. The global
mean temperature at top model level is out of phase with
level 1. It has same temperature variation ( 3 K) like the
lower level. The global mean specific humidity at the lowest
level has cycle similar to temperature at that level. It has
variation of 2 g/kg and is small. The global mean surface
pressure has a decreasing trend at a rate of 0.1 hPa per year.
The time variations of temperature and mixing ratio are
similar to the results of Otto-Bliesner ef al. (1982). But, in
our simulation surface pressure has negligible variation and
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Figs. 4 (a & b). Zonal mean field for specific humidity (g kg ") for DJF and JJA respectively

has very small decreasing trend while Otto-Bliesner ef al.
(1982) reported an increasing trend of 1 hPa per year in their
simulation.

3.2. Zonal mean fields
(D) Zonal winds

The zonal mean fields of the model simulation for
December- February(DJF) season is shown in Fig. 2a and
for June-August (JJA) season in Fig. 2b. For observations
refer Oort (1983). The main features of the zonal wind
distribution of the model simulation which nearly agree with
climatological features (Oort, 1983) are, “mid-latitude west-
erlies and low latitude easterlies during both the seasons,
slightly poleward movement and weakening of northern
hemispheric jet in JJA and the less pronounced seasonal
variability of the amplitude of the southern hemispheric jet”.
One discrepancy is that the subtropical jets are not closed in

the simulation. A similar discrepancy is seen in other GCMs
like MRI, OSU etc. which have poor vertical resolution (see
Boer et al., 1991). The winter hemispheric jet is not well
simulated in most of the currently using GCMs. During DJF
the subtropical westerly jets in Southern Hemisphere (S.H.),
low level wind distribution and the position of zero-wind
line are nearly reproduced by the model. However, maxi-
mum wind in the Northern Hemisphere (N.H.) during DJF
is simulated around 10° poleward than is observed. The
easterlies in the tropical region are seen in the simulation in
both the seasons. During JJA model simulated maximum
westerly winds are latitudinally well positioned in the both
hemispheres. Like observation, seasonal variations in inten-
sity are largest in N.H. and the intensity is nearly half in N.H.
summer than N.H. winter. Like the observations, model
simulated subtropical westerly jets are stronger in winter
hemisphere than summer hemisphere.
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Figs. 5 (a & b). Mean sea level pressure (hPa) for DJF and JJA respectivly

(i1) Vertical wind

The upward and downward motions related to the
Hadley cell in the both seasons are simulated by the model.
(figures are not reproduced for reasons of space). The up-
ward motion during N.H. summer extends to higher north-
ern latitudes and downward motion to lower southern
latitude like observations. The strength of the Hadley cell in
both the DJF and JJA simulation is less than observations.
Also a weak upward motion is seen around 25°-40° N during
JJA. This may be due to the spurious vertical motion asso-
ciated with the model topography of Himalayan region.
Rainfall field (Fig. 6b) also shows this effect. Model also
captures the observed Ferrel and Polar cells in both hemi-
spheres and both seasons. For observations refer Oort
(1983).

(iii) Temperature

The zonal mean temperature for DJF and JJA are shown
in Figs. 3(a&b) respectively. For observations refer Newell
et al. (1972). The broad structure of the model simulated
zonally averaged temperature field nearly agrees with ob-
servations. The model captures the temperature inversion at
high northern latitude (65°) during DJF but is warmer by
10°. Like in observations, model field also shows more
seasonal variability in N.H. than S.H. and at higher northern
latitudes. The temperature at low latitudes of the middle and
lower troposphere matches nearly well with observations.
However, during both seasons, middle latitude and low
latitude of the upper troposphere is warmer than it is ob-
served. Also during DJF north pole has a cold bias at upper
troposphere. The model simulated stronger N.H. mid-lati-

-



THOMAS et al. : ATMOSPHERIC GENERAL CIRCULATION

RAINFALL FROM THE MODEL FOR DJF

60E 120€E

LONGITUDE

Figs. 6 (a & b). Rainfall rate{mm day") for DJF and JJA respectively

tude westerly jet during DJF is consistent with the warm bias
at low latitude and cold bias at North pole. A warm bias at
low latitude and cold bias at North pole is commonly seen
in other simulations with GCMs like GFDL, MRI and CCC
(Boer et al., 1991).

(iv) Specific humidity

The specific humidity values for DJF and JJA are
shown in Figs. 4(a&b) respectively. For observations refer
Oort (1983). The model distribution of specific humidity
exhibits maximum moisture near the surface in the tropics
and decreases with altitude and poleward like observations.
Also model simulates the seasonal migration of contours to
northern hemisphere from DJF to JJA. During DJF, like
observations maximum specific humidity values are located
near equator region while during JJA, more moisture is at
northern latitudes. Although the pattern in general agrees

with observations, the details differ. The simulated distribu-
tion is not as smooth as observed one. This is clear during
N.H. summeraround 35°N. This may be due to the excessive
convective activity over Tibetan plateau in the model atmos-
phere and the associated upward motion. Also model atmos-
phere is slightly more moist at tropical region near the
surface than observations.

3.3. Geographical distribution

(i) Mean sea level pressure

The mean sea level pressure during DJF and JJA are
presented in Figs. 5(a &b) respectively. For observations
refer Schutz and Gates (1971,1972b). The model simulated
features include the familiar picture of equatorial low, sub-
tropical high during both the seasons, and the low pressure
area over north Indian region during JJA. During N.H.
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winter, model reproduced Icelandic low is well positioned
and is slightly broad but Aleutian low is broader and is
shifted northward than observation. During DJF, the model
has captured S.H. subtropical high, equatorial low pressure
zone with a low over south America, south Africa and
Asiatic high. But the Asiatic high is broader and extends
further over western Africa than observations. The other
climatological features like Antarctic low pressure band and
Siberian high are well reproduced by the model. During
N.H. summer, like observations, high pressure zones are
appearing over oceanic region and lows are appearing over
relatively warm land mass in N.H. Also model has captured
other climatological features like subtropical high pressure
near 30°S, N.H. subtropical high, and low pressure over
south Asia. Model simulated closed high over northern
Pacific is well positioned but it is slightly stronger than
observation. In general, eventhough model simulated sea-
level pressures are sometimes 5-10 hPa higher than ob-
served, pressure gradients match well with observations.
Other models like GFDL (Boer er al., 1991) also produce
higher sea level pressures than observations. One discrep-
ancy is that model simulates an intense high during N.H.
summer over Antarctic region. This discrepancy is seen in
other models like, GFDL, NCAR and MGO (Boer et al.,
1991).

(if) Surface air temperature

The global distribution of the temperature at the lowest
model level (o = 0.991) is compared with observed surface
temperatures of Schutz and Gates (1971, 1972b). During
N.H. winter over south Asia, Africa, Australia, south Amer-
ica and southern part of north America model field nearly
agrees with observations. Eventhough the temperature mini-
mum in Siberia and north Canada are reproduced by the
model, it underestimates the cold pools over these regions
by 15-20°. Model reproduces the seasonal migration of
surface temperature well. During N.H. summer, except in
Antarctic and Greenlands model field nearly matches with
observations. Over Antarctic and Greenlands model has a
strong warm bias. However it should be noted that the
observational data is uncertain in these regions and the
effects of mountain are also important. (Fig. are not repro-
duced).

(iif) Precipitation rate

The rainfall rate for DJF and JJA are shown in Figs.
6(a&b) respectively. For observed rainfall rate refer Schutz
and Gates (1972a). The model reproduces reasonably well
the tropical rain belt, subtropical dry region, seasonal differ-
ences like the rainfall maximum over south America and
south Africa, shift by 15-20°N from DJF to JJA and devel-
opment of the south Asian monsoon in northern summer. In

DIJF simulation rainfall maximum east of north America is
slightly stronger and rainfall maximum east of Asia is of the
same strength as observed. During DJF the rainfall over
western Pacific and north Atlantic is less than observed. The
dry zone over central north America and north Africa are
reproduced like observations. But model simulates more
rainfall over Brazil and equatorial Africa than observations.
The model simulated rainfall nearly matches in the north-
west region of north America and central and eastern Pacific
ocean. The model produces more rainfall over southern part
of south Africa, Australia, north-west Arabian sea and north
Bay of Bengal.

During JJA the model simulation of rainfall over west-
ern Pacific ocean nearly agrees with observations. Like
observations, the model reproduces less rainfall activity
over Australia, south-east Pacific ocean and central south
America. Also model captures the small pockets of rainfall
maximum over northern part of south America and Mala-
gasy. During JJA the model simulation of rainfall over
south-east pacific ocean, Indonesian region, south America
and equatorial Africa nearly agrees with observations. But
model produces less rainfall over southern part of Chile.
During both seasons model rainfall activity over central
north America agrees reasonably well with observations but
the model reproduced rainfall over central pacific ocean
during JJA, is less than observed. But model overestimates
the rainfall over north Asia. We feel that a more smoothened
model topography over Himalayan region and a realistic
representation of snow cover over Eurasia during previous
winter will prevent the unrealistic splitting of rainfall max-
ima from Pacific to north Asia during JJA.

4. Conclusions

We have developed indigenously a relatively simple
spectral GCM with 21 waves in horizontal and six levels in
the vertical. It includes all important physical processes like
horizontal and vertical diffusion, planetary boundary layer,
dry adjustment scheme, cumulus convection, large scale
condensation, radiation with interactive clouds and hydroi-
ogy. The GCM was integrated for a reasonably longtime (six
years) with our limited computer resources, from a very
idealised initial condition i.e. an isothermal atmosphere,
zero winds initial conditions and forcing from incoming
solar radiation. The time series of global average tempera-
ture, moisture and surface pressure for the last five years
show good stability and conservative properties of the
model. The structure, magnitude and seasonal variability of
zonally averaged zonal and meridional components of
winds reasonably agree with observations. One discrepancy
is the large magnitude of westerly maximum in the upper
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troposphere in both hemispheres and in both seasons. These
errors could be due to the result of errors in the simulation
of the temperature at upper troposphere and we feel that
these errors could be minimized by improving the vertical
resolution of the model especially in the stratosphere. The
zonal mean vertical component of wind shows the three cell
structure of the atmosphere during both the seasons and both
the hemispheres and they agree fairly well with observa-
tions. The zonally averaged distribution of temperature and
humidity, in general agrees with observations.

Model simulated sea-level pressure include Icelandic
low and Asiatic high during N.H. winter and monsoon low
and oceanic subtropical highs during N.H. summer. The
model captures well the observed gradient of pressure and
land-ocean contrast. The temperature field at the lowest
model level shows seasonal variability and land-ocean dif-
ference and resembles well with surface temperature with
the exception of a warm bias at south polar region during
N.H. winter and warm bias at north polar region during N.H.
summer. The overall main features of the precipitation field
agree with observations. However, model overestimates the
rainfall activity over central Asia and Central north America
during N.H. summer. The model reproduces well the mid-
latitude westerly winds at 850 and 200 hPa during both the
seasons and both hemispheres. The model also reproduces
well the reversal of winds at 850 hPa in NW Arabian Sea
from N.H. winter to N.H. summer. The model captures the
structure of the observed temporal variability of zonal and
meridional components of winds and temperature in both
the seasons and both hemispheres with slightly lesser mag-
nitude. Thus the large scale general features of the atmos-
pheric circulations are reasonably well reproduced by the
model with seasonal and hemispheric differences. The dis-
crepancies of GCM:s to the state of art of simulating present
day climate are discussed in Boer et al., 1991. Eventhough
basic numerical techniques are standard, the physical para-
meterizations are different in different models, and the evo-
lution of climate in a climate model mainly depends on
physical parameterizations used in it and model resolutions.
So simulation of climate with different models will give
more insight to the nature of certain discrepancies of cur-
rently used GCMs and it will help to improve the model
numeric, resolution and physics. The time taken by this
model for one day integration on HP-9000/735 workstation
is 6 minutes. We feel that with limited computer resources,
this kind of GCM is still a useful tool to understand the
various physical and dynamical processes occurring in the
earth-atmosphere system.
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