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REPORT ON C-MMACS

SUMMARY The addition of a world-class supercomputer during the year
has resulted in a quantum increase in the computing resources
of C-MMACS and of the overall CSIR system generally. Initial
experience and response of the scientific community has been
extremely enthusiastic. The extraordinaty speed, intrinsic memory
and versatility of the system makes it possible to attempt mod-
elling and simulation of a wide variety of highly complex prob-
lems by drastically reducing the turn-around time for testing
alternative solutions and offering advanced graphic visualiza-
tion; indeed the supercomputer has an enormous potential for
spurring an adventure of ideas and approaches for addressing
a growing range of real world problems.

The year also witnessed the super computer has successiul
completion of a feasibility experiment designed to measure the
strain field in the Southern peninsula using high precision GPS
receivers with the objective of establishing a reliable approach
to delineating regions of anomalous strain accumulation pre-
paratory to rupture by earthquakes in peninsular india. The ex-
periment was jointly conducted by scientists of C-MMACS, In-
dian Institute of Science, Survey of India, Southern region and
University of Colorado. Concomitantly, facilities and expertise
for processing and analysis of GPS data were also established
at C-MMACS. These have been fruitfully utilized in processing
the massive data set obtained during the experiment, and con-
stitute an important national asset to support sam:iar endeavours
elsewhere in the country.

The Centre registered substantial enhancement in the range of

both inhouse and collaborative programmes during the year.

The growing variety and intensity of these programmes are

each addressed by a specific interdisciplinary group of scien-

DR K S YAJNIK tists drawn from the five main areas of expertise in various
Head areas of modelling and scientific computing.
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basin forming processes, proposed
earlier, do not yield results consis-
tent with the complex iithospheric
features inferred from sophisticated
deep exploration: technikyues. in many
rift associated basins, underplating
by magmatic bodies has been sug-
gested o be the cause of the ob-
served velocity structure. These
bodies affect the evolving geometry
of a basin by slowing the cooling
process, and thereby modifying the
pattern of subsidence during the ini-
tial stage of basin formation. The
latent heat evolved during solidifica-

tion further slows down the rate of
cocling. A study was accordingly
carried out to model the thermal
structure of lithosphere following an
underplating event, by including the
effect of solidification. This problem
has been solved for a one-dimen-
sional case by applying the Fourigr
spectral method in the space do-
main and a modified finite difference
scheme in time domain, The exact
sofution for this nonfinear problem s
not avaiable. The result, shown in
Figure 1, supponts the prolonged
duration of the warm environment
and, therefore, is suggestive of re-

exploitation,
(K S Narasimhary', 8 G Tumuhui,
A K Mukherjee’, N K Indira, R P
Thangavelu, K S Yajnik, "CFRI}

17.1B MODELLING FOR
CLIMATE CHANGE

TROPICAL RADIATION BUDGET
AND VOLCANIC AERQOSOLS

Recent eruptions of Mi. Pinatubo
have spewed massive quantities of
volcanic aerosols into the strato-
sphere. These cause appreciable
change in the radiation budget ow-

- duced subsidence in the inftial stages  ing 1o their longer residence times
Yy Flg 1 Thermalevolutionof | of geformation. l{{;?s! years), ing!um, this leads to
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vt s ofe (MHET) PROPOSAL ONCOALDATABASE of their magnitudes i stil a subject
Temparoture ("cg ) of considerable debate, especially
o} —F0.200_ T80 N0 1250 1 This programme was formulated  on account of the treatment of mul-
oo NLHET during the year after an in-depth tiple scattering which dominates
10- ' e LHET discussion amongstthe scientistsof  radiative transter in the presence of
CFRI,C-MMACSandINSDOC. The  aerosols. Modelling of this phenom-
resulting proposal has been submit-  ena at C-MMACS and computation
I ted to the Department of Coal, Govl.  of the radiative fluxes have been
& of India for (a} creating a national  carried out as accurately as cur-
‘;3{% ~ database on coal avallable in India,  rently possible. The radiative prop-
E: 5 oW {b)designof efficientdatastructures  enties of the volcanic aerosols were
S 40 % s for easy availability of information  calculated from first principles, that
e o and higher data products to all the 5, ysing the Mie theory. The radia-
50 o o participating organisations as well  tive transfer equation (RTE) includ-
50t 2 as other users and (¢} developing  ingthe multiple scattering terms was
o models of grade and spatial distribu-  solved by the application of a high
x tion of coal to faciitate its future order spherical harmorics(P-19)
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approximation. The RTE was solved
on a spectral basis and integrated
over wavelength to yield total fluxes,

The voicanic loading of the strato-
sphere {10-20 kms} has been as-
sumed to be twice the concentration
of aercsols in the normal atmos-
phere. The speciral optical depths in
the solar region of the normal and
the perturbed atmosphere calculated
by the application of Mie theory are
shownin Figure 2. The optical depth
~ of the perturbed atmosphereis 1.5 -
2.0 times higher in the solar region.

The totat solar radiative luxes com-
puted with the P-19 approximation
are shown in Figure 3. The reduction
in the direct flux of the perturbed

atmosphere, due 10 increased opti-

cal depth, is compensated partly by
anincrease inthe diffuse flux, dusto
multiple scattering. There is an in-
crease of 41.9 W/sg-minthe diffuse
radiation leaving the top of the at-
mosphere for the perturbed atmos-
phere. This indicates the magnitude
of cooling of the earth-atmosphere
system. On the surface of the earth
the net fiux {sumof direct and diffuse
fluxes) in the perturbed case de-
creases by 76 .8 Wisg-m, whichindi-
cates the exient of cooling of the
earth alone. The difference 34.9 W/
sq-m{76.8 - 41.8) is retained in the

perturbed aimosphere. The distribu-
tion of this heating with respect 1o
height in the perturbed atmosphere
can be seen in the figure.

(F S Swathi, Nandini Harinath)

MODELLING OF LARGE SCALE
TROPICAL CIRCULATION

Convection plays a vital role intropi-
cal dynamics - indeed, the convec-
tive towers in the tropics are the life
lines of the global atmospheric circu-
lation. Therefore modelling conves-
tion and understanding 4s interac-
tion with large scale dynamics are
necessary to examine various is-
sues ke low frequency variabilities
and climate change. However, this
task has turned out to be rather
difficult. A new parameterization of
interaction between convection and
large scale dynamics developed at
C-MMACS has provided a general
framework for understanding in-
traseasonal oscillations.

There are three major intraseasonal
oscillations, namely, (a) the 30-80
day eastward propagating planetary
scale oscillation, (b} the 3-4 day
westward propagaling wave observed
over the Atlantic and the Pacific and
{c} the 10-2¢ day variability observed
over the Indian summer monsoon
region. Athough several authors have

tried 1o maodel the first osciilation as
an equatorial Kelvin mode driven
unstable by moist processes, linear
models always predicted a growth
rate that increased with frequency
thus implying growth of the smallest
scales, This problem was overcome
recently {C-MMAGS Annual Report
1992-93) by postulating a convec-
tive time lag which parameterized
the time scale for organized convec-
fion. However, the other two inlrasea-
sonat oscillations which do not ex-
hibit Kelvin mode structure were still
outside the scope of this formalism.
The resulis given subsequently show
that the same parameterization
scheme can also explain the other
two intraseasonal oscilations as
intrinsic modes of the tropical at-
mosphere. Thus, the present model
provides a unified dynamicai mode! ~
{o understand the basic characteris-
tics of all the three major intrasea-
sona! oscillations, This parameteri-
zation holds promise for improving
perdormance of more complex nu-
merical models, The investigationis
continuing. :

Another aspect of tropical dynamics
being studied at C-MMACS is the
effect of land-ocean contrast. the
indian oceanregionis characterized
by a transition from ocean o land
within the equatorial belt. This land-

v

Fig. 4 Dispersion curves for n=0 tropical normal modes in presence of moist feedbacks and a convective time jag
for mean background easterlies and background westerlies. The dashed and solid lines represent the twa salutions of the
dispersion relation. The results are shown for fixed value of evaporation wind fgedback pararmeter and convective timelag
(x=6 hours). Flig. 4a shows variation of wave number (K.} with frequency. Only one pair of solutions is shown as there is
no significant variation of K, for mean easterlies and mean westerlies. Fig. 4b and 4c.represent the variation of growth
rates with frequency for mean easterlies and westerlies, respectively. The co-ordinates are in non-dimensional units with
length scale ~10° and timescale ~0.21 day.
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ocean contrast is likely 1o affect the
circulation considerably by affecting
among other things, the nature and
distributionof evaporation. Indeed, it
was found that inclusion of land-
otean contrast represenled by
modified evaporative forcing has a
pronounced effect on the tropical
eigen functions. The results from
these experiments can help us to
analyse and interpret observed data
and results from more complex
numerical models. This in furn can
help us to improve performance of
more complex models. Some of the
resuits from these experiments are
given in subsequent sections.

{F Goswami, B Joseph)

Mechanism of Scale Selsction in
Tropical Circulation at Observed
* Intraseasonal Frequencies

Figure 4a shows the variation of real
wave number K, with frequency for
the two branches of the solutions of

the dispersion relation. The segment
ABC represents the well known mixed
Rossby gravity mode. #t should be
noted that the branch DBE would be
forbidden in a dry tropical atmos-
phere; however, in the presence of
moist feedbacks this branch is al-
lowed and can represent observed
wave it the growth rates are not
negative. The spectral structure does
not change significantly as one
changes from mean easterfies to
mean westerlies. However, there is
a dramatic ditference between the
growth rate - frequency curves for
the cases with mean easterlies and
mean westerlies. in the presence of
mean easterlies only the MAG wave
is unstable with a maximally growing
wave at frequency about 0.8 {time
period about 4 days), while the sec-
ond branch is damped {Figure 4b).
In presence of mean westerlies, a
situation representative ofthe indian
summer Monsoon region, the sec-
ond branch of the solution has posi-

tive growth rates, representing a new
mode in the tropical circulation {Fig-
yre 4c). This branch also has a low
frequency maximally growing wave
with period about 11 days and wave-
length about 8000 km, which com-
pare well with the characteristics of
the 10-20 days wave observed over
the indian ocean surnmer monsoon
region, For both these waves, the
agreement betweenobserved struc-
fure and theoretical predictions is
axcellent. Thus the present work
establishes the relevance of the
concept of a convective imelag in
modelling interaction between con-
vection and dynamics of large scale
tropica! atmosphere,

(P Goswami)

Muodelling of Land-Ccean Contrast
in Tropical Circulation

Several experiments were conducted
ont the linear shallow water model of
tropical atrmosphere on equatorial B-

Y Fig. § Stuclure of the tropical clrculation with and without iand-ocean contrast. The left panels show the
perturbation u-figld while the right panels show tha pelurbation meridional wind fisld, The top panels show the fields for the
case with moist feedbacks and no land-ocean contrast, while the bottom panels show the case with moist teedback and
land-ccean contrast with conditional heating (pusitive precipitation} and evaporation over land proportional o local
precipitation. Each figure represents fields after 120 days of intagration. Co-ordinates are in non-dimensional units.
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plane with evaporation wind feed-
back and convergence feadback. In
Figure & the top panels show the u
(lefi panel) and v ({right panel) fields
for the case without land-occean
corirast afier about 120 days of miodel
integration. The model preserves the
basic structure of the Infial condition
which was given as a lowreglehcy
mixed Rosshy gravity waves, Iy ciher
experiments (Fig.5, bottom panels),
evaparation over land was consid-
ered proportional to local precipita-
tion, and heating was made condi-
tional 1o positivity of precipitation.
The resulls show dramatic change
inihe structure ol the tropical normal
modes. Inparticidar, the u-field now
has a distinet north-south asymme-
try {Fig. 5, lower isft panel}. The v-
tield is still equalor-symmetric as for
a mixed Rosshy gravity wave, {Fig.5,
tower right panel} wave characleris-
tics ke time period and wavelength
also show significant change. The
resuits have animportant bearing on
many areas fike Inftiakization and data
assimilation tor lropical circtilation.
{F Goswami and B Joseph)

SATELLITE SEA SURFACE
TEMPERATURE RETRIEVAL
ALGORITHMS

in association with the National
Hemote Sensing Agency (NRSA),
C-MMACS has been engaged in
developing algorithms for the pre-
cise estimation of sea surface tem-
perature {S5T) from satellite based
radiometer data, A new algorithm

¥  Fig. 6 Total  monthiy
average waler vapour comtent
obtained from analysis of radiosonde
data (1965-1987).
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has heen developed which is spe-
cific to indian conditions and over-
comes several imdations of the giohal
algorithm currently inuse. Develop-
ment of this algorithm invelved two
steps: {3} analysis of the water va-
pour content of the tropical atmos-
phere and {b) simulation of satellite
brightniess temperatures using these
almoespheric profiles. The atmos-
rheric water vapour content of the
tropical Indian atmosphera was ob-
{ained by analysing the monthly mean
radiosonde profiles fromone coastal
and two igland stations for the pariod
1865-87. The dew point lempera-
tures reported by radiosondes were
converled to waler vapour densilies
and integrated over height to yield
the column integrated water vapour
content. Flesults of the waler vapour
analysis are shownin Figure 6. Alter
a siatistical analysis ol these profiles
o reject outhers, a tolal of 587 pro-
fiies were used in radiance and bright-
ness temperature sinulations with
LOWTRANTY. For eachprolile, simu-
fations were performed for 17 85T's

{290-306K} and § zenith angles {0-
80 degrees). From the set of 57834
simulations, two new algonithims, TR-
MCSST Ver. 2 {tropical mulichan-
nel 887) and TR-CPSST Ver. 2
{iropical cross product SST) were
derived by linear and nonlinear re-
gression A-frequency tabulation of
the errors associated with these two
aigorithms along with the core cur-
rently used (MCSST) s shown in
Figure 7. TR-CPSS5T is seen to
perform remarkably well over all zenith
angles and 35T's. The algorithm is
also free from bias. The new algo-
rilhin is being tested in NHSA.
(P S Swathi, H Fadma,
MNarendranath’, * NRSA)

SEA LEVEL CHANGES

Stochastic time series analysistech-
niues have been applied at G-
MMACS and elsewherg to obtain
linear models for sea level change
data measured at Bombay, Cochin,
Madras, Vishakhapatham and Sa-
gar. In view of ceriain limitations of

in C-MMACS.

¥ Fig. 7 MCSESTis the algorithm currently used in NRSA. TR-MCSST
and TR-CRSST are the finear and nenlinear algonthms respeciively, developed
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A Fig. 8 Behaviour of Phyloplankion (P), Zooplankton (£), Bacteria (B) and Nitrate {Nn) at a station in Arabian Sea
latitute 15°N, longitude 70°E. Oscilations simitar to limit cycles can be observed,

near models, we are now investi-
gating the applicabifity of nonlinear
models o this process. This study,
which is under the SELMAM (sea
level monitoring and modeiling) pro-
gramme of DOD, is in progress.

{N K Indira, R N Singl', * NGRI)

MODELLING OF MARINE
BIOLOGICAL SYSTEMS

There is considerable interest in
elucidating the role of biclogical
processes, espacially pholosynthe-
sis, in modulating the carbon ex-
change between the atmosphere and
the ocean since this exchange plays
acriticalrole in controfling climate. A
T-component modei of the marine
ecosystem that highlights the effect
of the microbial loop has been stud-

ied at C-MMACS. These studies were
aimed at investigating the effects of
nutrients diffusion from the lower
layers, settlement of detritus and
seasonatvariationof themixed layer
depth and solar radiation. Detadled
simulations were catried out at se-
iected stations using global ciimatic
data and NIO data in the central
Arabian Sea. The influence of vari-
ations in the various model parame-
ters were examined atone stationon
critical factors, notably, new produc-
tion, regenerated production, detri-
tus selilement rates etc. A shamp
increase in the growth of phytoplank-
ton, zooplankton and bacteria was
ohserved during the onset of mon-
soons. Also, observable quantities
fike chiorophyll, gross production,
primary production, f-ratio and sedi-
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mentation flux were calculated for
two stations in the Arabian Sea. These
simulations have given an insight
into the detailed dynamics. Figure 8
shows phase plane plots of
phytoplankton(P}, zooplankion{Z},
bacteria(B) and nilrate{Nn} on a
logarithmic scale. These exhibit an
approximately periodic behaviour akin
1o the Bmit cycles, Fudhermore, the
growth or decay of phytoplankion,
zooplankton and bacteria are found
o be nearly exponential in certain
paris of the cycle.

(K S Yajnik, M K Sharada}

BASIN SCALE OCEAN
MODELLING

The response of the Indian Ocean
basin to seasonal winds and the



& Fig. 8 Temperature field in the surface tayer of F-3
the lndian Quean basin nole the axisting Somali gyres.

Fig. 10 Surface circulation in the Indian Ocean
basin. Nofe the slrong Somall fel,

influence of sea surface tempera-
iure anomalies on atmospheric ¢ir-
cutation need careful study as they
form crucial elemenms in medium and
long term prediction of the monsoon.
While the behaviour of atmosphere
has received considerable attention
in the past, the oceanic component
has ot been studied as extensively,
A major effort is therefore been
mounted at C-MMACS to study the
thermohaling and wind driven circu-
lation of the Indian Ocean basin using
the modular ogean model (MOM)
developed by Geophysical Fhuid
Bynamics Laboratory, (GFDL), Prin-
cetor.

With the arrival of GONVEX 3820, it
has now become possible 10 make
realistic runs of MOM al C-MMACS.
A 2°x 2° model of the global ocean
with 15 vertical levels (245,700 grid
paints), realistic topography, monthly
mean boundary foreing and Levilus
initial temperalure and salinity pro-
filas was thus integrated for 100
years with a Bime step of 1 day.
Hesulis of this study at day 3 July,
year 102 are shown in Figures 9,10,
Surface circulgtion in the Bay of
Bengalis poorly resolved due 1o the
coarseness of the grid. However,
the circulation in the Arabian Sea
including the strong Somali jet is
captured quite well. kfforts are un-
derway o improve the resolution of
the model in the Indian region.

(P 8 Swathi)

INVESTIGATION OF DYNAMICS
OF EL NINQ EVENTS WITH SIMPLE
COUPLED MODELS

&
Animportant questioninthe dynam-
ics of coupled ocean-atmosphers
systamisthe possibifity and implica-
tiong of interaction between El Nino
ovents and the Nonhern hemispheric
sUMIMEr Monseon. A simple coupted
model was adopted 10 investigale
these processes. This model, orige
nally developed by Mark Cane and
&.Zebiak at GFDL, has been highly
successiulingimulating ElNinctype
avents. fuses alinear, quasi-steady
atrmosphere on g 8-plane coupledio
an gcean basin. However as the
original formulation uses a zerg or
constant megnwind, itis not suitable
for coupling to the monsoon which
depends on the reversal of the wind
systern. inclusion of a mean zonal
wind with a latitudinat dependernce
changes the formulation of the at-
mospheric component significantly
and the resulls more so. In partic-
tar, the inclusionof an easterly mean
wind with observed {climatic) latitu-
dinal dependence is found to give
rise 1o only a positive sea surface
temperature anomaly in the Pacilic
region {E1 Nino}. Observationally, &l
NinoandbLa Nina events have nearly
equal amplitudes. The presen stud-
ies indicale, therelora, that the pres-
ence of g {y-dependent} mean wind
tan significantly after the dynamics
of the coupled system. Furher in-
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vestigations gre in progress.
(F Goswami, K Hameshan,
*HT, Kanpur)

17.1C MODELLING FOR
ENVIRONMENT

COASTAL POLLUTION
MODELLING

Astudy ofthe poliutant transportand
conceniration regime in the Thane
Creek near Bombay and the Bom-
bay harbour region was taken up at
C-MMACS underthe sponsorship of
the Department of Ocean Davelop-
ment. This exercise has besen car-
ried out at C-MMACS withthe assis-
tance of NIQ, RO and other local
bodies, towards the design of an
operational model for predicling the
pollutant regimes in these coastal
areas under varying conditions. Three
versions of a model were reparied
eartier {Oceanography of the Indian
Ocean, B.N. DesaitEditor, pp. 395-
408, 1892, IMACS Symposiur, Book
of Absiracts, pp. 66-67, 18921, Inthe
latest version of the model, a realis-
tic tidal boundary condition hasbeen
used torepresent the idatloading at
the southern boundary whers the
sea inieracts with 4.2 cregk. 34
spectral companenis have been used
for this purpose. Further more the
present version ofthe model permits
flooding of mudiiats on either side of
the creek lo simulate reatcondilions,
The model was validated in a imited



A Fig. 11 Contours ofpu!!ufanlconcsmfaﬁon fgm/ A
mj: efflvent discharge point near the right bank.

Fig. 12 Contours of pulitant concentration (g
my}; effiuant discharge point at the centre.

way using the available field meas-
yremerds {(M.S. Phanikumar, M.D.
Raghunath, K.S5. Yajnik, 1993).

This model has been used 1o study
the effect of shifting effluent dis-
charge points on the mean concen-
tration field in the creek. This study
was carried out with a view 1o de-
signing strategies for conserving the
quality of the creek water.

Two locations - the first being 3 km
andthe other 6 km away from Trom-
bay {towards north) - were chosento
represent two nallas discharging ef-
fiuents into the creek. in another
study, three discharge points - two
on gither bank and the other at the
centre, were considered. Figure 11
shows the presence of localized
regions of high poliutant concentra-
tion when the effluent is discharged
near the right bank. In contrast, Figure
12 depicts significant dilution in the
polivtant concentration field (dis-
charge point at the centre}. For the
testcases considered, anidea about
the dilution can be obtained by not-
ing that the contour corresponding
fo a levet of 0.3 ghvm? {in Fig. 11}
shifts southwards by abowl 6 km

{Fig. 12) when the poliutant discharge
point is shifled 1o the centre.

{M S Phanikumar,

M D Raghunath, K 8 Yajnik)

Modelling the coastal circulation in
the Bay of Bengal

The role of prodigious amounts of
fresh water discharged in the Bay of
Bengal, on determining its dynam-
ics, has been a matter of consider-
able debate. A 1-1/2 layer reduced-
gravity ocean model was developed
at C-MMACS 1o study the impact of
the local forcing, i.e. the seasonal
monsoon winds and the freshwater
influx from rivers, on the circulation
in the Bay of Bengal. The mode!
ocean consists of two constant-
density layers. The denser lower layer
is much thicker than the upper layer
and is assumed 10 be motionless,
The interface between the layers
represents the model pycnocline.

The modelequations, which are fully
nontinear and include equations for
energy and salt conservation, are
solved numerically for a rectangutar
basin on an equatorial beta-plane.
The model uses the Arakawa-C grid
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and leapfrogs in time. The bounda-
ries may either be closed, i.e. coasts,
or open. The gradient condition is
applied at open boundaries. In addi-
tion, rivers may be specified at the
coastal boundaries, The model ocean
is forced by wind-stress and by fresh-
water influx from rivers,

The code has been documented (C-
MMACS TR 9402) and some simu-
lations carried out to study the im-
pact of open boundary conditions
and river inffux. In Figure 13, ariver
on the northern boundary discharges
0.1 Sv, which is roughly the peak
discharge of the Ganga-Brahmapu-
tra system, into a basin which is
open io the east and the south. The
oceanis forced by a nonthward wind-
stress of 1 dyne/sq.cm. A quasi-
steady situation is found to setile
after 60 days, and the thickness
anomaly and velocity fields show
that the river discharge has no dis-
cemible impact, thereatier. This study
thus shows that the inflow from the
Ganga-Brahmaputra system may not
have a significant direct impacl on
the circulation in the Bay.
{D Shankar,
S R Shetye’, " NIO)
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Modelling the anticycionic gyre in
the Bay of Bengal

The wind-stress cud over the North
Indian Ocean exhibits a -distinct
seasonal cycle caused by the mon-
soons. Alinear, analytical modet has
been developed to isolate the contri-
bution of the wind-stress curl {o driv-
ing of the circulation in the Bay of
Bengal. :

Equations for vertical modes given
by McCreary (Phil. Trans. R. Soc.,
1981, 298A, 603-635) have been
. sinplified io describe the large-scale,
sub-inertial response of amodetoa
periodic wind-stress curt over the
open-sea regims of an oceanic basin,
The ‘no normal geostrophic flow’
condition is applied at the eastern
boundary; this permits Exman flow
normal to the boundary, and thereby
eliminates other forcing mechanisms.

The basin is forced by the observed

wind-stress curl, which is decom-
posed into a temporal mean and
annual and semi-annual harmonics,
This yields a peak iransport of about
3 Sv in the upper 1000 m of the
western boundary cument of the gyre;
this is one-third the observed value.

This leads {0 the conciusion that the
wind-stress curl is a significant forc-
ing parameter, but it alone cannot
account for the anficyclonic gyre;
other mechanisms 100 must be in-
voked, '

{Shankar D, 8 R Shetye’, * NIO}

17.1D MODELLING FOR
HAZARD
QUANTIFICATION

SOUTH INDIAN STRAIN
MEASURING EXPERIMENT

The recent Latur eanthquake clearly
underlined the strong possibility of
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significant strains being accumulated
in other parts of penisular India.
Indeed, the distribution of seismicity
in Southemn india (Figure 14} itself
calls attention {0 some of these ar-
eas although other areas not marked
by earthquakes are not necessarily
free from earthquake hazard as these
apparently quiet zones may have
escaped detection by the sparse and
outdated seismic network. in any
case, seismicily alone cannot deter-
rnine the distribution of crustal defor-
mation in an area required for the
quantification of seismi¢ hazard.

A feasibility experiment for measur-
ing slow accumulating crustal strain
in South india (SISME) was accord-
ingly designed at C-MMACS using
six high precision global positioning
system (GPS) receivers. This ex-
periment was catried out jointly in
association with Prof. R, Bitham,
University of Colorado, Mr, Dave
Mengcin, University Navstar Consor-
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A Fig. 14 Seismicilty map of South India.

Fig. 15 Fiot showing the great tianguiation survey
netwark established by the Survey of India in the 19th
century and the poinls occupled during 1994 - GPS
Survey (Denoted by A mark).

tium (UNAVCO)}, Boulder, Dr. Bur-
gamann, Standford University, Sur-
vey of india {Southem region) and
the indian Institute of Science, Ban-
galore

The experiment involved an exten-
sive field campaign {Figure 15) be-
tween March 24 and April 18, with
the GTS point at the Indian Institute
of Science serving as a fixed point
synchronous with all measurements,
where one receiver was operatedior
22 hours each day throughout the
campaign. Twoctherreceivers were
operated for 22 hours a day for 3
days at two ends of the Bangalore
baseline. Three mobile teams trav-
elled west, east and south of Banga-
lore, each covering 3 stations, each
station being surveyed for 8 hours
{9:00 - 17:00 IST) for 3 days. Con-
comitantly, the GPS processing
software was implemented onthe C-
MMACS computing network and an
intensive training programme car-
ried out to establish in-house exper-
tise for GPS data processing and
analysis at C-MMACS. This is cur-
rently in progress and some of the
initial resulls are quite exciting. In-

deed, with the supercomputing fa-
cilities now available at C-MMACS,
and excellent networking, particu-
tarly the fip which permit easy ac-
cess 1o delayed time refined orbital
parameters available at Scripps, C-
MMACS scientists have shown
continued repeatability of base line
determinations within a few mm.
These facilities are aiso being ex-
ploited by C-MMACS scientists to
establish longer intercontinental high
precision baselines between Ban-
gatore Canberra, Capetown arxd sites
in Nepal and Japan.
(V K Gaur, John Pau,
P S Swathi, Sridevi Jade)

MODELLING STRESSES IN THE
INDIAN LITHOSPHERE

Aknowledge ot the stress field distri-
bution in continental areas, resuiting
frompiate driving lorces, is essential
to studying its deformation and frag-
mentation, which in tumn provides
the basic perspective for manage-
ment of #s resource and hazard
regimes. A numerical model of the
Indian lthosphere has been accord-
ingly deveboped at C-MMACS to study
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the sirmuslated patterns of stress and
deformation subject to various kinds
of piate driving forces.

\ This preliminary model consists of a
flat isolropic elastic plate of 100 km
thickness, subjected to boundary
forces slab pull, trench resistance;
body forces such as ridge push and
shear forces such as basal drag.
These forces which are lithospheric
age dependent have been analyti-
cally computed considering the
geometry and the age distribution of
the Indian plate. This finite element
model showed development of
compressive stresses in the central
and northeast Indian ocean to the
west of Sunda are, in contrast to the
tensile stresses in the neighbouring
Central Sunda arc. This fealure is
attributed to the age of the sub-
ducting plate. The plate subducting
near the Cenfral Sunda arc is old,
thick and dense and resulls in a
targer slab pull than the young and
thin plate subducting to the west of
Sunda arc resuliing in a weaker slab
pull. Other simulations involving basal
drag are in progress.

{V K Gaur, John Paul)



A Fig 16 Landslide risk

mapping by regression analysis.

PROGNOSTIC MODELLING OF
LANDSLIDES

Statistical models inthe tield o slope
stability in hilly regions have been
developed in coliaboration with
Central Building Research Institute
at Roorkee. The objective is to de-
lingate areas according to their sus-
ceptibility 1o landsiides. A software
based on information theory and
regression analysis has been devel-
oped to accomplish this. Functional
inputs for the scltware are faciors
governing the slope instabifity and
fandslide phencmena. Some results
classifying the region in different
categories of instability are #lustrated
in Figure 16.

Towards the next step {o model a
particular landslide for determining
the surface along which # is more
susceptible o slip, a user-triendly
interactive software has beendevel-
oped to determine the global opti-
mum factor of safety and the corre-
sponding slip surface using a ran-
dom search global oplimisation al-
gorithm, This algorithm automatically
searches the critical slip strface of
arbitrary shape for any given siope
height, slope angle, lower and upper
bounds of coordinates of the sip
surface and geotechnical parame-

ters of the slope material.
{Sridevi Jade)

STUDIES ON GENESIS AND IN-
TENSIFICATION OF BAY OF
BENGAL CYCLONES

Tropical cylones are among the most
gnergetic phenomena ingeophysics

and interms of devastation potential |

comparable only to eathquakes.
Each year these intense vorices
with winds of 100 krvhour or more
visit the indian coasts, especially the
east coast, quite often causing heavy
loss of life and property. Considering
their devastation potential & is very
important 1o be able to issue timely
aleris and warnings in cycione-prone
areas.

A prime objective in the study and
modelling of tropical cyclones is to
be ableto provide a 24-hour warning
of the onsel of cyclonic gales at
coastal Iocalittes. However, not many
warning centres can meet this ob-
jective. Over the eastern coast of
india cyclogenesis ofteniakes place
within & few hundred kms of the
coast. In addition, the Bay of Bengal
cyclones quite often require very litle
intensification time, sometimes as
low as twelve hours. This makes
timely issue of wamings and alerts
even more difficult. 1t is also now
generally recognised that while the
tropical cyclones exhibit a remark-
able universality in their mature strug-
ture, there are individual as well as
basinwise variations in properties like
size, intensity and inlensification time.
It is also important {o identidy proc-
esses and parameters that govern
the genesis and intensification of
tropical cyclones. At C-MMACS an
organised effort was initiated to look
into the processes of genesis and
intensification of Bay of Bengal dis-
swrbances with three major objec-
tives: {a) 1o identify key paramelers
toimprove early warning and predic-
tion (b)toidentify crucialparameters
for observational programmes and
{¢) to supplement, by way of provig-
ing better paramelerization and in-
terpretation, results from large nu-
merical prediction models, A series
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of experiments using an axisymmet-
ric model and a mean thermody-
namic state representative of the
Bay of Bengal was conducted fo
determine the various faclors that
affect intensification with the goal of
understanding genesis and intensifi-
cationol Bay of Bengatdisturbances
toimprove early warning and predic-
tion, Eadier studies showed the ex-
istence of a scale selective intensifi-
cation oftropicat disturbances which
was reporied earlier {(C-MMACS
Arnnual Report 1992-93). Among
vortices of size ranging from 10010
450 km {radius), embedded in the
same large scale condition, it is the
vortex with size about 250 km that
intensifies to the mos! severa sys-
tem. One of the findings from the
present series of experimentsis that
the process of diftusion, both hori-
zortal and vertical, plays an impor-
tant role in the scale selective inten-
sification. While moderate diffusion
does not aller the magnitude of in-
tensification significantly, the scale
selection is guite sensitive o the
strength of diffusion. Interestingly,

the three diffusion processes of

momenium, moisiure and heat do
not affect the scale selection in the
same fashion. The scale selection
trns outto be aresuliof acombined
eftect of these three diffusion proc-
esses. Similarly, the verical diffy-
sion of momentum also piays a sig-
nificant role in scale selective inten-
sification. These resuils are summa-
rized in section 4.4.2 below.

in other numerical experiments, at-
tention was focused on the eifect of
sea surface temperature (SST) on
the process of genesis and intensifi-
cation. Although previous modelling
studies have addressed and par-
tially answered some of the straight-
forward questions regarding the role
of air-sea interaction on cyclogene-
sis, there are several guestions to
which the answers are not obvicus

~and can be uselul. The specific

questions that were addressed dur-
ing this sel of experimentis are (a)
whether the response of an incipient
voriex fo a given SST field depends
on the strength of the vortex and {b)



how the response of the incipient
vortex depends on the distribution of
the SST field. it was found that the
response of an incipient vortex de-
pends strongly on the strength of
incipient vortex. There resulls are
summarized in section 4.4.1.

(P Goswami, R Koteshwar Rao)

Roie of SST Field in Organisation
and Development of Bay of Bengal
Disturbances

It is well-known that no tropicai cy-
cione can form with SST below about
26 C. In addition studies of Hanson
and Long {1985) emphasize the
importance of 88T gradients in in-
ducing cyclogenesis. Numerical
experiments were conducted on a
modelto study the response of ropi-
cal disturbances o the structure of
underlying SST field for the Bay of
Bengal region, The significant find-
ings can be summarised as follows:

¢ For a uniform background SST
field, the nature of the response
dependsonthestrengthofthe in-
cipient vortex. In Figure 17, the
left panels represent the resporise
{measured by maximum inten-
sity attained) of 8 weak {solid
line} moderate {small dash line)
and strong {big dash line) incipi-
ent vortex 1o different mean SST
field (in °K) for three different
months May {topleft panel}, June
{middie ieft) and September
{bottom left), As can be seen
trom these figures, the response
of a weak vortex is dramatically
different from that for a strong
vorigx. Sinte for a strong voriex
the initial flow itself has & centain
amount of organization, this again
shows the importance of organ-
ized motion in the process of
cyclogenesis. Inno case does in-
tensification take place for S8T
less than 26° C.

& Inthepresenceof an anomaly in
the SST, the intensificationis sig-
nificantly enhanced. Here again
the response depends oh both
the nature and the extent of the
anomaly. The intensification is
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A Fig. 17 Rols of background SST in the development of a tropical
disturbance. The ieft panels show the results for three strengths of the incipient
vortex : weak (solid kine}, moderate (small dash line} and strong (big dash line).
The results are shownfor the months of May (top panel) July (middls panel) and
September (bottom panel). The right panels show the rasponse of a tropical
disturbance 1o a nonuniform SST tield. In each figure the x-axis represents the
mean SST field, while the y-axis represents the maximum intensity attained.
Thres different values for the extent of the SST anomaly were used: 100 km
{top) - 250 km {middie} and 500 ken (hottorn). In each figure on the right the
curves a.b and ¢ represent three diffarent valuo of the amplitude of the 58T

anomaly, 0.0.5 and 1.5°C respectively.

much higher for a nonuniform
anomaly than for a unfform anom-
aly. Somae of the results of the
experiments with an anomaly in
the SST fieid are shown the right
panels of Figure 17. in each of
the figures, the curves aband ¢
represent, respectively, resulls
for S8T anomaly amplitude 0,
0.5 and 1.0°C imposed upon the
hackground SST field. The SST
anomaly was {aken {o be maxi-
mum at the cenire, decaying
outward with three different ex-
tents: 100 km (top, right} 250 km
{middie, rght} and 500 km
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{boitom right). Comparison with
the case with uniform SSTY field
{left paneis) showtheimportance
of the spaliat variation of the 58T
field in the intensification proc-
ess.

As can be seen from Figure 17
left panels, the intensification of
Bay of Bengal distusbances ex-
hibits a finite amplitude perturba-
tion characteristics. For each
month the weak and the moder-
ate vortex fait to reach cyclonic
strength. An incipient vortex of &
minimum strength is required for
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dash line represent respectively K = 0, K= 1000 mP/s and K = 8000 ni/s. Middie
process, Curve a: zere diffusion, b: only momentum difiusion, ¢: only moisture diffusion, o: only heat diffusion. Right Panel.
Effect of variation of strength of vertical diffusion on intensification. The solid, small dash and large dash lines represen!,
respactively, the cases of zere, moderate (10 é/s) and high (56 m¥/s) diffusion.

Fig. 18 Role of diffusion in scale selective intensitication of tropical disturbances. The x-axis shows the incipient
verlex size in ks and the y-axis shows the maximum tangential velocily attained (infensity} in nv/s. Lelt Panel: Hola of
horizontal diffusion of momemtum (K ), moisture {Kjandheat (K jwithK_ =K = K = K. The solid, small dash and large

m

Panel: Effectof a single horizontal diffusion

o

attaining cyclonic intensity,

Mechanism of scale selective inten-
sification of tropical disturbances

Figure 18 summarizes some of the
resufts on effect of diffusion on scale
selective intensification of Bay of
Bengal disturbances. The top panel
shows the eftect of variation of the
horizontal diffusion coefficient with
equaivalue {K) 1or the coefficients of
horizontal diffusion of momentum
(K., heat (K) and moisture (K ).
The three curves ab,c represent,
respectively, the resulls for zero,
moderate (K = 1000 m#s} and high
(K = 5000 m?s) diffusion. it can be
seen that the scale selection is less
sharp for the zero diffusion case
while for high diffusion there is no
scale selection around r, = 250 km.
Theoverallintensities are also much
reduced by the increase in diffusion.
The middie panel shows the eflect of
a single diffusion process while the
other {horizontal} diffusion processes
areswitched off, The solidline repre-
sents the zero diffusion case for
reference while the curvesbcand d
represent, respectively, the cases
withK_ =1000 m¥s, K_= 1000 m?/s
and K, = 1000 m?/s. It can be seen
from these figures that a combina-
tion of the three diffusion processes
is necessary to bring about the scale
selection. The bottom panel shows
the effect of vedical diffusion. Once

again, the scale selection is less
sharp for zero (solid line) or high (K,
= 50 m¥s, large dash line} vertical
diffusion; the scale selection is the
sharpest with moderate (K = 10 m?/
s, small dash line) vertical ditfusion.

These studies emphasize the impor-
fance of modelling of the diffusion
process in numerical models of
atmospheric and oceanic fiows. Whie
the gross features may be relatively
insensitive 1o the process of diffu-
sion, effects like scale selective in-
tensification are quite sensitive to it
The adopled numerical model inthis
case uses upwind difference scheme
which sufters from implicit ditfusion,
Investigation of impact of improved
representation of the diffusion proc-
€8s (such as inclusion of grid-spac-
ing dependence} is important and is
in progress.

(P Goswami, R Koteshwar Rao)

17.1E MODELLING
FOR DESIGN

COMPUTER-AIDED CHEMISTRY
CONFORMATIONAL SPACE
SAMPLING OF BIOLOGICALLY
ACTIVE MOLECULES

Till quite recently drugs were "dis-
covered” by testing extracts of natu-
ral products for potential therapeutic
properties. Drugs were alse "devel-
oped” by synthesising and empiri-
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cally screening a large number of |
compounds for the desired biologi-
cal activity. This was then followed
by a systematic chemical modifica-
tion of the lead compound inorder to
optimize its biological properties. This
kind of dug development andror
discovery would often take uplo 12
years and costs could nun into mil-
lions ofrupees. Naturally aneedwas
telt for anoptional method that wouid
compress the research and devel-
opment cycle and curtail the snow-
balling cost factor. The choice of
computers inthe chemist's quest for
solving his problems is logical,

The area of computational chemis-
try, thoughitbeganwiththe deveiop-
ment of programmes for molecular
structure elucidation, now encom-
passes a wide ¢lass of applications
ranging from organic synthesis to
speciral analysis and melecular
simuigtion of properties, amongst
others.

A wide variety of molecules have
been studied as modulators of di-
verse biclogical functions. The knowl-
edge of their three-dimensional struc-
iures is of primary importance in
understanding the mode of action.
The existence of many locai minima
in the conformational energy space,
which quickly becomes a combina-
forial problem as the size of the
system increases, has proved to be



intractable. Molecuiar recognition,
which forms the basis of biologicat
phanomoenn, lvolves the hinding of
a guest molecule v a receplor thost}.
For rational conformational design
of a guest molecule, which exhibits
specific functionalities, # becomes
necessary lo examine ali energeti-
cally feasible conformations exten-
sively and, above ali, efficiently.

For flexible molecules, interest lies
in generating all the significantly
popuiatedconiormers. Thiscanonly
be done by a sysiematic generation
of all the likely conformers, which is
again a chaltenging problem. Sev-
eral groups around the world have
been working on the conformer
generaling programmes. The ap-
proachof Prol. Osawa is being used
in the joirt project between C-MMACS
and lICT on the conformer generat-
ing problem of cyclic peptides and
peplidic-organic  molecutes. Two
complrter codes have been devel-
oped. namely, CONFLEX-AMBER
lor the study of cyclic peptides and a
program for the molecular dynamics
simulation. The former generates all
the likely conformers and the latter is
used for local perturbation with ex-
perimental constraints to generate
all the chemically meaningful con-
formers. The programs have under-
gone extensive testing and now the
production runs are being carried
out for identified biologically active
molecules with a view o carry out
structure-activity studies.
(B Jagannadh,
R P Thangavelu, " ICT)

TURBOMACHINERY

Several of transition pieces required
to build up the test facility for the
development of a scaled scramiet
combustor forthe hyperplane {spon-
sored by DRDL) were modelied on
the graphics workstation and the CAD
geomelry was developed. Appropri-
ate models among these were cho-
sen, fabricated and incorporated into
the test rig.

A project titled “Experimental Stud-
ies of Rupture of Intake Cap” spon-

sored by DRDL, Hyderabad, in rela-
tion to the "AKASH” missite pro-
arivene was aken up by NAL Jor
these studies, experiments were {0
be conducted at an inlet velocity of
Mach 2.0, To obtain this velocity, a
convergent-divergent nozzle was
designed,

This nozzie was modelied on the
RIS graphics workstation in C-
MMACS and CNC software was
generated to machine this compo-
nemt. The machined supersonic
nozzie was used to generate the
required Mach number for tests and
experiments.

(C 1 Haque', B B C Kumar', * NAL)

MODELLING OF MACROSEGRE-
GATION DURING SOLIDIFICATION
OF BINARY ALLOYS

Binary alioys, specially those having
iong range freezing characteristics,
show considerable segregation of
solutes during solidification. Under-
standing this complex phenomenocn
requires modelling of the transient
multiphase heat and mass transter
and fuid flow. In view of the impor-
lance of segregation in predicling
inhomogeneities produced during
solidification, a proiect has been ini-
tiated at C-MMACS in colloboration
with scientists from National Metal-
lugicat L aboratory, Jamshedpur.

A macrosegregation model has been
formulaled taking into account the
latent heat release, the fiow in the
mushy zone and thermosohstal con-
vection. The solute balance equa-
tion is coupled with this model along
with the Scheils’ equation o deter-
mine the exient of segregation. A
compuler program has been pre-
pared 1o solve the above system of
governing using #nite-difference
mathods.
{M S Phanikumar,
Chattopadhyay’, * NML)

COMPUTER AIDED DESIGN OF
TUNNELS

Preliminary design of supports for
tunnels is made by empirical meth-
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ods because the behaviour of sur
rounding rock mass is difficult fo
prodict duo 1o complnxily of rock
mass like anisotropy and heteroge-
neity. Hence, the instrumentation in
tunnels is necessary and it gquides
the field engineer about the face
advancement. Inorderto character-
isa the behaviour of rock mass, foad
cells and closure meters havetlo be
installed at different locations along
the face advance and monitored
periodically for a long time to assess
the stability of the tunnel. The field
data of load cells and closure from
five different tunnelling projects of
the Himalayan region were collected.
This data was processed by means
of statistical analysis and the neces-
sary software was developed for this
purpose, The drawn curves for load
verses time and closure verses lime
were also extrapolated to study for
long term stability of the tunnels. An
inverse analysis is to be followed up
by the theory of elasticily and elasto-
plasticity to determine the state of
stress surrounding the rock mass.
The siress state is heipful in deter-
mining the stability of rock mass and
the effect of overburden of the rock
mass. The scitware for back analy-
sis was also davelopedio predictihe
characteristics of the stability of the
jong-lerm solitions. '

{AK Dube, VV R Prasad,
A K Soni’, A Swarup,
8 Sudhakar, N K Indira)

17.1F OTHER MODELLING
AREAS

DETERMINISTIC CHAOS
STUDIES

Interpolation and extrapolation of at-
Iractors

This study was aimed at delermining
whether a system C derived from
two chaotic systems C, and C, as
given below

C=AC, +{1-1C, O<het

would also be a chaotic system. C
and C, were taken 1o be the Rossler



and Lorenz systems respectively,
Then) =0andl=1yieldLorenzand
Rosster systems. b was found that i
is possible to obtain altractors for all
values A of by adjusting the Lorenz
and Hossler parameters suitably, and
that the restriction O<h<! was not
necessary. Attractors obtained for
A<0 canbe called contra-Rossler in-
fra-Lorenz and those for A > 1 con-
tra-Lorenz uHra-Rossler. Attraciors
obtained for 0<i<1 constitute inter-
potalion and the rest extrapolation.
Another conclusion is that for any
value of A including 0 and 1 many
very different attractors can be ob-
{ained by choosing the other para-
meters over a wide range.

(P 8 Moharir, N K Indira * NGRH

Compound chaos

There are innumerable instances of
modelling physical systems wherein
some physical phenomena are ne-
glected as of negligible or subsidiary
importance. The studies repored here
indicate that this practice may notbe
justifiable. Parameters of one cha-
otic system are modulated accord-
ing to the variables of another cha-
otic system. These two systems are
called compoundee and compounder
systems respeclively and the resul-
tard system the compound system.
Lorenz and Rossler systems were
used as compoundee and com-
pounder systems. Compound sys-
tem was shown to be chaotic when
the compoundee and compounder
systermns were both chaotic, the for-
mer a Emit cycle and fatter an aftrac-
tor, or the latter a limit cycle and
former attractor. When the compoun-
dee and compounder systems were
both limit cycles, # is possible that
the compound systern is also a fimit
cycle or an altractor, depending on
the modulating mechanism and its
parameters. The most interesting
observalion was that the compoun-
dee system may be a focus and yet
acompounder imit cycle or atiractor
may yield a compound attractor. The
phenomenon of compound chaos
throws new light on the behaviour of
interacting norfinear systems. Chaos
" means sensitivity to initial conditions,

multiplicity of attractors within the
same system, sensitivity to control
parameters, including fractal transi-
tions among various atiractors with
different characteristics etc. All these
considerations are compounded
when compound chaos is possible.
The compound system would have
sensitivity 1o control parameters of
the compoundee system, the com-
pounder system or the compound-
ing mechanism, Thus the compound
chaotic systerns are ‘chaoticer’. This
means that modelling and estima-
tion, wherein possible compounder
systems are ignored, may be mis-
leading.

(F S Moharir', N K Indira * NGRI)

STUDIES IN TIME-SERIES
METHODS

The ‘tr” algorithm

One of the important problems inthe
use of time-series models is the
adequacy of parameter estimation.
in the present study the problem of
estimating the order of aulo-regres-
sivetime series was taken up. There
are methods based on minimizing
¢riteria such as the final prediction
arror, description length and infor-
mationcriterion. These methods are
not satistactory. For example for the
true orders of 3, 5 and 7, the esti-
mated order would be correct only
about 61%, 48.5% and 34% times.
Thig cannot be regarded as too sat-
isfactory. An experiment was per-
tormed to test whether the autore-
gressive order can be estimated
directly from the rellection coeffi-
cients obtaineu lhrough Durbin's
algorithm. Different norms of the
reflection coefficient series were
combined inlo a weighied sum for
the purpose. it was shown that the
estimator can dowelifor any particu-
lar true order but not for a range of
true orders. This brings out the in-
adequacy of drawing conclusions on
the basis of a large number of mod-
els of a fixed order. Subsequently an
algorithm named tri' {Sanskrit for
three} was developed. It uses three
drders which give the three lowest
values for the conventional criteria
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viz., final prediction error etc. and
three statistics of order one, two and
three and oblains the order estimate
in terms of a weighted sum of these
six. The weights which improve the
estimator performancefor arange of
true orders fromihreeto sevenhave
been obtained.

(N K indira}

Parametric time-frequency |
distributions

Simultaneous localization in time and
frequency domains is an aim of many
descriptions. One method of study-
ing it is provided by the time-re-
quency distributions. When it is inte-
grated with respect to time, it gives
energy distribution in frequency and
vice versa. There are many time-
frequency distributions. Many of them
can be given a unilied treatment.
Time-frequency distribution can be
caictiated starting fromthe signal or
Hs spectum. The falter possibility
has been used to define parametric
time-frequency distributions, because
there are many methodsto estimate
the specqum without Fourigr analy-
sis. In the work completed the spec-
trum used is the autoregressive
spectrum, The avtoregressive order
can be used as a parameter {0 gen-
grate a family of time-requency
distributions. This gives a desirable
means of exiracting information from
the time-frequency distributions, The
correct order of the time-series is
then not a very essential notion, the
order becoming a control parameter
tor fitering of and super-resolutionin
the time-frequency distributions,

(N K Indira)

BIFURCATIONS ANDCHAOSINA
MODEL BIOCHEMICAL REACTION
PATHWAY

i is becoming increasingly evident
that chaotic processes are more
generi¢c and ubiquitous in biological
systems than expected from the age-
old concept of homeostasis in bigl-
ogy. Biological systems, being non-
finear and maintained far away from
equitibrivm, achieve the apparent
homeostasis through a combination
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A Fig. 18 Power spectrum plots of the 53-time serias; tha k value is lixed at 0.004 and q Is varied between: (a}
g = 0.044, chaotic osciiation; (b} q = 0,026, period-two oscilation, and (d) q=0.017, fimit cycle. Given in the Inset of (d} Is
the schamatic of the metabolic pathway being modelied.

of system parameters that yield a
state that persists, Such a condition
may be a steady equilibrium, a peri-
odic oscillation or seemingly irregu-
tar oscillations.

The most common type of controls
observed in biochemical reactions
are through feedback processes of
the positive and negative kinds, A
model of metabolic pathway with
coupled positive and negative {eed-
back processes has been investi-
gated in a joint project of C-MMACS
& CCMB. These feedbacks model
the common processes of genetic
repression {end-product inhibition)

and afiosteric enzyme aclivation {see
schematic in Figure 19).

The work during the earlier years
numerically established different
types of behaviours for different values
of the two system parameters gov-
erning the degradation rates of sub-
strates $1 (=k) and 83 {=q}. The
results showed clearly that the pe-
rio¢h-doubling route to chaos was
exhibited by the system. A parame-
teric study led to delineation of re-
gions of steady states, fimit cycles
and period doubled chaos; the exis-
tence of reverse bilurcalions was
also shown. i becomes possible
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through such parametric mappings
toidentify ranges of pathological and
normal behaviours as a function of
ihe control parameters.

The work during the present year
concentrated on characterising the
chaotic osciflations and identifying
the region in parameter space that
corresponds to reverse bifurcations,
Both manifest for appropriate ranges
of jow values of k and q. A step-by-
step scanof this region of parameter
space using power spectrum analy-
sis along with phase plots and time
series plots were used to establish
that as values ofk and q are conting-
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ously reduced, the system evolves
back towards Hmit cycles. Figure 19
gives examples of 1his reversal
sequence in lerms of power spec-
trum plots and the period-halving
phenomenon s flustrated. An at-
temnpt is being made to map, in de-
1ail, the transition surlace ink-g space
acrosswhichihisreversebifurcation
1akes place. This work is, howaver,
being slowed down by the {act that
the ODEs that modetl the system
show extrermne stiiness inthis region
of parameter space.

Liapunov  exponents  and - fractal
dimensions for ko) values that
cotrrespondg o chaotic oscillations
are aiso being compuled. These
numhers can be used o character-
ise chaos apart from the visual aids
of phase plots and time series plols.
{1 B Krishna Mohan,

Somdatta Sinha’, * CCMB)

TRANSPORT SECTOR

i an eadier study, long term trends
ity road, rail and air ransport. were
examined {C-MMCS Annuat Report
1992-93, TM CM 8301, ChM TR 8401}
The rate of growth of motorised two-
whesiers s exceptionally largs, about
7% per year over four decades.
Since such high growth rales leadio

actite problems i traffic contral,
polivtion, road salety stc., # was
decided fo explore the relgtionship
of this growth with other factors.
Various ndicators of growth of pur-
chasing power wera considered.
Figure 20 shows how the annual
increase in the two-whaeler popula-
tion Is related to the five year aver-
age of per capita gross national
product with the lag of one year,
Clearly, the increase in the size of
middle ciass, as indicated by the
growth of purchasing power, increas-
ing urbanisation and increasing
mobiiity requirements of individuals
for personal needs combing o rosulf
i farge growth rates. What the fig-
wra seems (0 show is the net effect,

(N K indira)

DETERMINATION OF MATERIAL
PROFERTIES OF ROAD PAVE-
MENT COMPONENT LAYERS

FROM SURFACE
MEASUREMENTS DEVELOP-
MENT OF MATHEMATICAL MODEL
AND SOFTWARE

Determination of subsuriace struc-
ture of road pavemenis is of consid-
erable importance as it leads o strue-
wral capacity ol in-service pavemanis
and maintenance requirements. s
proposed to develop amathematical
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modet and indigenous software o
determine material properies of dit-
terent layers of the pavement using
the deflection data. The problem of
delermining delieclions of a muite-
layer pavement of known properties.
and tayer depths for a given load is
calied the direct problem. The pres-
ent problem of inlerring propearties
tfrom the given load and deflections
is aninverse problemwhichrequires
special technigues. A joint exercise
betwaen C-MMACS and CRRI has
been inftiated 10 review and o de-
velop multilayered models for oad
sysiems and lo assess their applica-
hillly under Indian conditions. A
mathematical modot for the direct
problem of detennination of strasses
and strains and displacements at
any point in an ideally elastic muli
layered road systers, inresponse to
surface loads, has been developed.
A detailed review of the existing fit-
grature has besn carred out and
stnulation software has heen writ-
ternn. |t is being evaluated for the
existing data. The nex{ step is to
formulate an inverse problem o
determine the material properties of
the muttilayered system which is
presently being studiad.

{Sriclevi Jade, K R Sudarshan,
dohn Paul P K Nanda', * CRRY



STRENGTH CONTOURS QF
LEATHER SURFACES

Cenlral Leather Research stilute
{GLRD Is interestad in developing a
methodology to dlSpiayi- birenqm
variglion in leather: W -

have more effective use af avas!ahkx '

leather in footwear and 1o obtain
resulting increase in the value of
production. C-MMACS is assisting
CLRlin a study of strength contours
of teathsr surfaces with the objec-
tives of developing methodologles
and ppropriate software for contour
mapping the physical strength of

51 COMPUTING
RESOURCE
DEVELOPMENT

teather suraces and facililating belter
material optimisation inleather prod-
uctindusiry. C-MMACS has dovel-
oped a computer graphics package
to display the strength contours of
leather. Figure 21 shows one typical
strengih profile,
(T Ramasami, B Lokanddany,
M tdames, " CLRI)

MOTION OF AN ARBITRARY BODY
NEAR A PLANE RIGID WALL

The motion of an arbitrary body near
a plane rigid wal in viscous flow was
taken up as a joint project between

The reporting yvear culminated with'

the introduction of a staie-of-an
supercomputer among the G-
MMACS compuling facilities. The
resulting qualitaiive change in com-
puting power is beginning to add a
new dimension {o scientitic comput-
ing in CSIR

The process leading fo the above
change involved extensive technical
evalzation, fulfitment of procurement
requirements and sle preparation
work for the large compuie server
andg associated sysiems.

Table 1
C-MMACS Supercomputer Configuration
Systemn Convex CI820
CPU Two 64-bit inlegrated scatar and veclor processors
Gallum Arsenide [GaAs) technology
Memory 512 Mbyies
Disk 34 Gbyles {IPI-2 disk array)
Performance LINPACK 106 x 100 DP 82 Mflops
1000 x 1000 DFP 222 Mtlops
PEAK 84-bit 240 Mflops
32-bit 480 Mflops
Operating Convex(OS {UNIX 4.3 BSDY
System
Compilers Fortran, G, G++, application compiler
{with avtomatic paralielisation and vectorisation)
{her VAX user environment (COVUE)
Software Vector librartes (VECLIR)
Application visualisation system (AVE)
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RRL, Trivandrumand C-MMAGS as
it has applications to metal matrix
cornpasites. The aitn of Hie project
was to develop equations for the
resistance coefficients for the torques
and forces acting on a rigid body
moving near a plane rigid wall. An
initial survey of available methods
for solving similar problems showed
that the method of Hsu and Ganatos
{1988} is best suited. Inital studies
suggest errorg in their analysis, This
approach after corrections is being
applied 1o a new class of bodigs.
(S Savithei, T 1 Ramamoharn,
M lJames, " ARL (Tri}}

17,24 TECHNICAL
EVALUATION OF
HIGH-
PERFORMANCE
COMPUTER
SYSTEMS

Technical evaluation of large com-
pute-servers (LCSY and graphics
workstations through specially de-
signed benchmark suites was car-
ried out during April-July 1993, The
benchmark suite for LCS contained
a set of 10 programs with 25 tesis,
each varying in the CPU time re-
guired, memory usage and YO re-
guirements. The proegramimes were
in computational fuid dynamics,
compuiational chemistry, structural
analysis and were conlributed by
users in C-MMAGS and CSIR Iabo-
ratories. Each lest was given a weight-
age based on the nature and appli-
cation area of the program, the re-
source reguirements of the test and
the frequency of is usage at C-
MMACS. The weighted harmonic
mean of the relative performance on
the individual tests was delined as
the perormance index of a com-
puter system and the selected con-
Bguration ranked first among the
benchmarked compute-saervers. The
multivser performance was tesled
using a throughput run that con-
tained 8 of the 25 1ests. These bench-
mark tests revealed that the RISC
hased servers did not have the kind



of ¥O bandwidth required to carry
out computations using large apph-
cation programs that need a balk
anced CPU and VO perlormance,
The benchrnark suite for graphics
workstations included a mix of graph-
ics and number crunching programs.
The outcoma of the graphics bench-
mark tests is that, not surprisingly,
the actuaipericrmance of aworksta-
tion is significantly lower than the
theoretical peak performance.

Based on the recommendations of
the technical evaluation commitiee
in August 1893, orders were placed
forthe supply of (a) CONVEX (3820
Supercomputer, (b) DEC Alpha 3000
model 800 AXP workstations, (¢}
Control Data CD9140 (indigo 2)
workstations and {d) Ungermann
Bass Router with FDDI network
gguipment.
(R P Thangavelu, H Krishna-
murthy®, K § Yajnik, * i15¢)

17.2B CONVEX
SUPER-
COMPUTER

The CONVEX C3820 computer
system arrived in January 1994,
insialiation was completedin Febru-
ary 1984 and operations started
immediately. The existing iocal area
network was expanded 1o link the
CONVEX C3820 and the terminal

servers. The system is currently under

acceptance. This system is an air-
cooled vectar supercomputer which
is unique in its use of advanced
technology gallium arsenide {GaAs)
gate arrays and is rated at 240 Mflops
on 64-bit and 480 Mllops on 32-bit
computations {peak). The configu-

ration details are given in Table 1.

Several application programs have
been ported on C3820 and they were
foundto requirg very little changes in
the sourcecodeasthe Convex OSis
UNIX based and the compilers are
compatibie with many other compil-
ers. Also, the automatic paralielisa-
tion, vectorisation and optimisation
capabilties of CONVEX compilers
are extremnely helpiul in utilising the
computing power of this system,

The high-performance graphics
workstations and router with FDDI
network are expected {0 be instalied
in JunefJuly 18G4,
(R P Thangavelu. A Saldanha, H
Krishnamunhy', K 8 Yajnik, * 115¢)

INTERNET CONNECTIVITY

With the commissioning of the 4-
wire ieased data circuit between G-
MMACS and ERNET backbone at
HSc, C-MMACS became the fist
CSiR centre to establish internet
connectivity through ERNET. This
connection provides a direct access
10 computer systems connected on
Internet across the worid, With the
restructuring of the local area net-
work within C-MMACS, and instalia-
tion of a network router, it will be-
come possible for g8 user who has
access tointernet elsewhere inindia
{ousethe CONVEX Supercomputer
and high-pertormance workstations
at C-MMACS in near future. The
internet facility is being widely used
by C-MMACS scientists {o obtain
atmospheric, oceanic and other
geophysical data and public domain
softwgre avaiable on Internset,

{Maya Rai R P Thangavelu)
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OTHER FACILITIES
Site preparation

The site preparation work for the

supercomputer and associated sys-

tems was completed during 1993-
94,

(Antony Sakthana,

R P Thangavelu, M D Raghunath,

K 8 Yajnik}

Databases

Gliobal database on annual and
monthly averages of sea levels has
been obtained from PFermanent
Service for Mean Sea Level (PSMSL).

C-MMACS published last year an
updated report TM CM 8301 on its
study of the growth of the indian
transpon sector, Thedatabase used
inthis study is now available (CM TR
9401),

{N K Indira, T R Krishnamohan}

Utitisation of facilities

The COSMOS supermini compuier
continged its role as a workhorse in
1693-94, Table 2 shows s utilisa-
tion in comparison with previous
years.

Table 2
COSMOS uvtilisation (CPU hrs) #5

Main 860
processor  satelite
processor
1992-93 1892 2348
1983-94 3216 24493




