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A 25-layer Ocean General Circulation Model has been al§o have many_other important applicat_ions, viz. dyna-
used to investigate and analyse the model-simulated Mcal coupling with the atmosphere, sea-ice, land run-off,
sea surface current (SSC) and sea surface temperature €tC:- _ _

(SST) fields from a 26-year model simulation covering Knowledge of ocean variables, viz. sea surface current
the Southern Indian Ocean region (5%6-10N and 30— (SSC) and sea surface temperature (SST), aids in under-
12C°E). In general, simulated time-mean SSC and SST standing features like mesoscale gyres and further im-
fields are found to agree well with the corresponding proves our understanding of climate-related studies. Oceanic
observed datasets in most parts of the model domain. currents are described as coherent horizontal movement
All major_currents such as Antarctic Circumpolar  of water that flow in complex patterns affected by wind,
Current, Equatorial Counter Current, South Equato-  yater salinity, heat content, bottom topography and earth’s
rial Current, North Equatorial Current and Agulhas — yation Due to extent of the earth’s oceans, measurement
Current are preserved in the model, as verified by the of ocean current by ship drift or ocean drifter buoys is

observation. However, slight variation in current in- e . ) X X
tensity is reflected on monthly scale. Similarly, the difficult, especially south of 5&; the fields are not reliable.

pattern of time-mean monthly SST field is found to However, ocean-current measurements can be achieved

agree with Levitus climatology. However, disparities from a variety of current metérsThe vector measuring

do exist as evidenced by the SST bias calculation incurrent metetand the acoustic Doppler current profifer
some parts of the model domain. The vertical profile have been extensively used by oceanographers during the
of temperature from the model simulation is found to past decade. In particular, these instruments have proven to
agree well with the Levitus climatology. We conclude be reliable for obtaining quality ocean-current data from
that the model is able to reproduce well, the observed moorings for scientific studié§=®

structure in the ocean. A validation study using the 25 layer OGCM model

was performed. Parameters like SSC and SST were chosen
Keywords: Antarctic Circumpolar Current, sea surfaceo skill assess the model performance with observations.
current, sea surface temperature, South Equatorial Cure study also analysed how these oceanic variables in the
rent, Southern Indian Ocean. model simulations compare with the observations; for ex-

ample, what scientific questions about validation can the
THE influence of numerical modelling has grown dramamodel answer?
tically over the last few decades due to the advent of fasterA 26-year numerical simulation of Modular Ocean Model
computational resources and improved methods. The prac(it@OM3.0) was performed by forcing the model with a
of oceanic numerical modelling is growing rapidly becausdimatological monthly wind stress from the NCEP-NCAR
of a widespread realization that model solutions can, eithexanalysis. This study presents an evaluation of the
now or at least in the near future, be skillful in mimickingsouthern Indian Ocean (SI10; #-12CE, 5¢S-1C0N)
observed oceanic features with the exploitation of steatijne-mean velocity field (1900-25; on a monthly and an
increase in computing power that makes meaningful simannual mean timescale) and time-mean SST field (on a
lation of oceanic cirdation more feasible. Ocean Generamonthly timescale) from the 26-year integration by com-
Circulation Models (OGCMs) are useful because they eparing these fields with ship drift observatior? €.1°)
able the study of the ocean currents in the context ofdatasets™ for the velocity field and Levitus climatolotfy
dynamically consistent model-simulated dataset. Thég° x 1°) for the SST field. In the ship drift observed data,
each velocity component was estimated using th&aisc
objective analysis (OA) routine described in Mariano and
Brown'!, after a median filtéf was applied to the data to
*For correspondence. (e-mail: ansty 86 @rediffmail.com) remove gross outliers.
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Model description searchers in the diverse regions of global and regional
oceans using MOM3.0, and results have beslidated
The OGCM used in this study is version 3 of the GFDRgainst other models. Since the accuracy of the atmos-
MOM™€ This version uses the Boussinesq and tradpheric forcing and climatologies of the SST can strongly
tional approximations, and allows use of rigid-lid and freeaffect quantitative measures of the model simulation skill,
surface methods. The horizontal mixing of tracers antigh model simulation skill is also an assessment of these
momentum is Laplacian. Momentum mixing uses the spacketors to a limited extent. It would be difficult to obtain
time-dependent scheme of Smagoriftéland tracer mixing high model accuracy over diverse regimes of the global
uses Redf diffusion along with quasi-adiabatic stirring ocean with highly inaccurate dafaNCEP and NCAR®
of Gent and McWilliam¥.. Its domain is that of the world are cooperating in a pjext (denoted ‘reanalysis’) to pro-
oceans between 74.25 and 68N. The zonal resolution duce a 40-year record of global analyses of atmospheric
is 1.5. The meridional resolution is 0.%etween 10N fields in support of needs of research and climate moni-
and 10S, gradually increasing to L.at 20N and 20S. toring communities. This effort involves the recovery of land
There are 25 levels in the vertical with 17 levels in thsurface, ship, rawinsonde, aircraft, satellite and other
upper 450 m of the ocean. The model is forced by thdata; quality control and assimilation of these data with a
monthly averaged surface wind stress from the NCER}ata assimilation system that is kept unchanged over the
NCAR reanalysis. The original surface reanalysis is on apanalysis period 1957-96. The NCEP/NCAR reanalysis,
irregular grid with a zonal resolution of 1.87&n1d Gaus- which is currently available back to 1948, contains several
sian latitudes of grid spacing less than&nd is linearly meteorological parameters in a global spatial resolution
interpolated to the OGCM grids. The vertical mixing schemaf 2.5° x 2.5° (lat. x long.) and in a vertical extent from
is non-local K-profile parameterization (KPP) of Laege the surface toward the 10 hPa level. Therefore, the NCEP/
al.?>. The model surface salinity is relaxed to LevituNCAR reanalysis offers potéally an opportunity to in-
monthly climatolog$™. vestigate the long-term variability of the troposphere and
For a quantitative evaluation of the model performancstratospheric climate as well as the connection between
some statistical measures and skill assessment have beeth in a global scale. For this purpose, these data are ex-
done in the present study. Several skill measurement atessively used worldwide.
statistical studi¢d'** have been performed by various re-

Results and discussion

Jon Model Annual Mean Swurface Circulation

The ability of model to reproduce climatological SSC is
first evaluated in terms of the annual mean using the cli-
matological ship-drift dataset (Figurebland the corre-
sponding model simulated sea surface circulation (Figure
1a). The horizontal mean sea surface circulation (Figare 1
is comparable with the observation (Figure) lwith the
evidence of major currents such as Antarctic Circumpolar
Current (ACC) in the circumpolar region (around®80

e S S

PN e s, S IIIIIIIILILL and poleward), the Equatorial Current, and the Eqizdtor
sog TS T m S A s e A Counter Current (ECC). However, the magnitude of sur-

308 40F S50F 60K 70E 80F 90F 100F 110F 120F . . .

= face current in the model (Figurea)lis weaker compared
10w Observed Annual Mean Surface Circulation to the observation (Figureh). This may be because of
v v Al i . . . -

o] (D) NER R .‘Q i L7 the differences in the resolution of the model and the ship-
5|5 (_/f’;' CIIIIIDTIOTTIEN 4 drift data. Moreover, the ship-drift data may not be accu-

551 (G T TS T T e mme NN ;i.ag;g rate because of certain limitations and technique applied
o5 ‘—'*’h'rr'tv-(rthb¥\\ LA = B . B .

SR e AR ey for interpolation, whereas the model simulation may also
os T I T - show deficiency in forcing fields and boundary condition.
265 ] T TTTITm T i This may lead to differences in the magnitude of the cur-
sosyZo T L ITIILiuLiirlIriius rents. The general circulation of currents at the sea sur-
S ZRG ARSI AR DA face is of a zonal nature, particularly the ACC. The nature
::i:-;jdﬂ,,_;\\.%_;;:\:j;:;::;::::::I of the model circulation seems similar to the observation,

—_ . — e o J—— . . .
v TS o T PR which is attributed to the fact that the stable ACC serves
S0F 40F 50F 60F 70E 80FE 90E 100F 110F 120F . . . .
= as a major circulation eleméfit The South Equatorial

_ . _ , Current (SEC) near 28-20S, 5CE-11CE is also evi-
Figure 1. a, Model-simulated annual mean surface circulation (&ns d . . db. Al litative diff
b, Ship drift observed annual mean surface circulation (&m @rrow entin Figure han _-A most no qualitative difterence
length of 0.5 cm represents current speed of 407¢m s between the model (Figureal and observed annual mean
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sea surface circulation pattern (Figurg) 1s seen, excluding and October is close to that obtained from the respective
a narrow current at some places along the equator. observations; however, the interpolated observed currents
The OA routine applied in ship-drift data is used exteren a grid resolution of°1x 1° are considerably smoothed
sively by meteorologisté?®and oceanographéfs®to esti- and, thus contain only major, large gyres and currents.
mate the values of geophysical variables at a grid Gomparison of current velocity intensity indicates that
interpolation points from irregularly distributed datapointsmost currents in the model during each month have velo-
OA is based on the Gauss—Markoff theotefor a linear cities/intensities within the limits obtained in the observa-
minimum mean square estimate of a random variable, atishs. The root mean square error (RMSE) has been evaluated
requires estimates of the first- and second-order statistimstween model output and ship-drift data at representative
of both the observing and the dynamical system. The Q#ints in deep and shallow-water regions for January,
package also produces the mapping estimation error &pril, July and October (Table 1). Table 1 shows that the
variance and mean values for a particular field, which areodel performs well in the deep-water region and also to
used during data assimilation. The surface current measme extent in shallow-water regions.
urements from ship-drift data required correction with re- The ACC preserves its general eastward direction in the
spect to leeway in order to have a useful dataset of surfasedel (Figures 2, 3a, 4a and 5a) as well as in the ob-
current measuremerits Also, the track of ship drift is servations (Figures 12 3b, 4b and 5b) during all the
one of the factors for performing interpolation and obtairmonths and ACC current velocities look stable and its
ing the correct data. Therefore, the data collected by shipdth ranges between 48 and 60S. The general nature
drift have their limitations. Estimates remain poor in thef the circulation is qualitatively alike in the model as
southern Ocean due to scarcity of observation stations, amell as in the observations during each month. The nature
hence qualitative assessment has been done here usihthe modelled ocean circulation is complicated in some
ship-drift data against the model results. places and is not consistent with the observation in a nar-
The sea surface circulation for January, April, July ancbw belt (Figure 2&), which reflects peculiarities of tem-
October of the multiyear model mean is shown in Figuegs 2perature and salinity field. However, the general model
3a, 4a and 5a and the corresponding observations areirculation pattern follows the observations.
shown in Figures B, 3b, 4b, and Sb respectively. The  The SEC (105-20S, 50E-11CE) and North Equato-
general surface circulation scheme in January, April, Julial Current (NEC, 0-8\, 5C’E-11CE), flowing west-
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Figure 2. a, Time-mean (1900-25) SSC (ci)ssimulated by the Figure 3. a, Time-mean (1900—25) SSC (cit)ssimulated by the
ocean model for Januarp, Ship-drift observed circulation (cm*for  ocean model for Aprilb, Ship-drift observed circulation (crm'} for
January. (Arrow length of 0.5 cm represents current speed of 50.gm s April. (Arrow length of 0.5 cm represents current speed of 507¢m s
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Table 1. RMSE evaluated at selected regions

RMSE (ms?) SD (standard deviation) of observed data {ins
Selected region U \% U \%
Deep-water region
(22°S-16'S, 98E-102E) 0.02 0.06 0.08 0.07
Shallow-water region
(24°S-27S, 11FE-114E) 0.08 0.12 0.09 0.13
(20°S-18S, 117E-12CE) 0.05 0.06 0.06 0.05

U, Zonal current component; V, Meridional current component.
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Figure 4. a, Time-mean (1900-25) SSC (cm)ssimulated by the
ocean model for Julyb, Ship-drift observed circulation (cm'} for
July. (Arrow length of 0.5 cm represents current speed of 50¢tjn s

Figure 5. a, Time-mean (1900-25) SSC (cm)ssimulated by the
ocean model for Octobeb, Ship-drift observed circulation (cm’} for
October. (Arrow length of 0.5 cm represents current speed of 50.¢m s

ward near the equator with a weaker eastward ECC occu-

pying a narrow belt within 6E-95E, 0-2S and flowing As far as the circulation in the Indian Ocean is con-
between them, are simulated well by the model for eagrned, the divergence extends from western to eastern
month (Figures 2, 3a, 4a and 5a; observations shown in oceanic coasts in the region defined byEB®CE and
Figures 2, 3b, 4b and 5b). The Mozambique Current 1°S-3'S (Figures Z to 5a) and the southern subtropical
(10°S-30S, 3CE-5CE), flowing between the African anti-cyclonic gyre (ACG) occupies a large longitudinal
coast and Madagascar through Mozambique Channel, amidth between 55 and 40S (Figures 2-5a). These

the Agulhas Return Current (33-40S, 30E-5CE) at model features can also be seen in the observations (Fig-
the southern end of Madagascar show anomaly betwadies 20-5b). The largest gyre in the SIO is the subtropi-
model computation (Figuresa 3a, 4a, and 5a) and cal ACG. In all three oceans, the subtropical ACG is
ship-drift data (Figures, 3b, 4b and 5b). Further, itis characteristic of a common physical nature related to the
obvious that the model sirtates the flow of the Mozam- available planetary anticyclonic gyre in the atmosphere
bique Current well, while ship-drift data show out-of-and intensive processes of heating and evaporétion
phase flow. This mismatch is only related to observegeneral, the correspondence of the circulation on a
ship-drift data, which do not simulate correctly the Momonthly scale seems to be good as long as observations

zambique Current. are followed.
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Figures 6 and 7 show the time-mean SST simulated sy January as well as in July. These biases may be due to
the model, corresponding observatitrend SST bias for some deficiency in the forcing field as well as in model
January and July respectively. The evolution of the modebnfiguration and coarser resolution of the model domain.
time-mean SST is similar to that of the observed SST fém the model, the following elucidate the role of the forcing
January and July with a variation around Arabian Sea, Javaechanism: (i) the surface forcing of wind stress from
Sea and near coastal areas. However, the SST biasNlBEP/NCAR and (ii) heat flux parameterized through
January is withint1°C in most of the basins (Figurey damping of SST. The NCEP/NCAR forcing may be
Interestingly, major differences occur at some places in toensidered less accurate forcing fféldnd thermal forcing
Arabian Sea, near Java Sea and in the coastal region nisalso treated as ‘poor’. Due to this reason, ocean modellers
Madagascar, where the model SST is higher than the Leviafsen relax the ocean model simulation to the observed
climatology by EC. In the southern Ocean, maximumSST. However, various forcing fields applied in the
difference exceeding =€ is observed in the region aroundmodel put a limitation for a certain model results and this
35°S, 80E-120E and near the circumpolar region {80 differs from data to data. The model provides the result
50°E-7CE). In July (Figure ), the difference is within using natural scientific equations under specific forcing
+1°C in most of the regions, as in January. In the regioapplied in the model. In the present work, the biases are
around 58E-72E, 45S-50S and 20S-35S, 9CE— within +1 to —1 in most of the basins as far as model simu-
110°E, SST bias is =T (i.e. the model SST is lower thanlations and their comparisons are concerned. There is scope
the Levitus climatology by aboufC) and regions around for improvement of the model results provided one performs
Arabian Sea, Java Sea and the coastal region near Madag-term simulations by changing the mechanism of
gascar show differences up t&Cl i.e. the model SST is forcing fields. Then one can assess the capability of model
higher than the Levitus climatology by abof€lIn general, accuracy in the simulation against the observation in the
we find that the ocean model has a warm bias along tbentext of the biases observed in the simulation. It is difficult
coasts and cool bias away from the coasts (near the midtieliscuss further the deficiency in the forcing field and model
of the ocean), and SST biast$°C in most of the basins performance due to limitations of the various datasets.

Model SET (JSulpy)
i [

Madel S8T (Janua ’
o N

observed SST (January)
- =]

SET Biaos (Jonuary)

— D -

Figure 6. a, Time-mean (1900-25) SSTQ) simulated by the ocean Figure 7. a, Time-mean (1900-25) SSTQ) simulated by the ocean
model for Januaryb, SST (observed) for January. Contour interval isnodel for Julyb, SST (observed) for July. Contour interval is°&.0c,
3.0°C. ¢, SST bias between model and Levitus climatology. (ContousST bias between model and Levitus climatology. (Contour interval is
interval is 1.0C.) 1.0°C))
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imposed plot (black line is the 5 yr model climatology for years2Bland the green line is the Levitus climatofdyyb, Model minus
Levitus vertical profile of temperature.

Moreover, the SST distribution is approximately zonabut the oceans in the present domain using a numerical
(the isotherms are oriented roughly east-west; Figuaes (OGCM and compared the simulated results with the ob-
b and 7a, b), with the highest values at low latitudes andervations. As a preliminary analysis of the OGCM, only
lowest values at higher latitudes, corresponding closatyodel-simulated horizontal sea surface velocity and SST
with the input of short-wave radiatidh field in the SIO have been investigated and compared

In order to evaluate the model climate drift during thavith the respective observed climatological datasets. Re-
simulation, we examined an area-averaged vertical profgelts show that the model-reproduced monthly mean circu-
of temperature. Five-year average model climatology fdation fields are in agreement with the observed data. The
years 21-25 is compared with the area-averaged vertieanual mean flow pattern is also in agreement with the
profile of climatological temperature in the Levitus cli-annual mean observed field. However, a substantial de-
matology? for the same region. The model and Levitusrease in the strength of the current is seen with respect to
climatology profiles given in Figure@show that the ob- observations. The RMSE evaluated between model and
servations are well simulated by the model. As far as tlobservation shows that the model perform well in deep-
mixed-layer thermocline is concerned, the model climatgater regions and to some extent in shallow-water regions,
drift is small relative to the climatological dataThis is as evidenced by the standard deviation of the observed
also evidenced in a study in which model climate driiata. The SST field is also found to be in agreement with
remained large during the first few years of the model ruhe observed Levitus climatolofy However, the mod-
and decreased in subsequent years of th¥.rBigure & elled SST shows bias at some places with respect to the
shows that there is oscillation in the difference of the vepbservations, which may be because of the coarser resolu-
tical profiles of temperature between the model and thien of the model domain, as well as some deficiency in
observation, which may be because of the coarser resdllne forcing field and model configuration. In particular,
tion of the model and numerical interpolation error. ~ SST bias is found withit1°C in most of the domains,
except some regions in southern Arabian Sea and south of
Java Sea during January and July, reflecting that the
ocean model has a warm bias along the coasts and cool
bias away from the coasts (near the middle of the ocean).
It is not possible to observe all parts of the oceans throughdlte SST bias is again related to the model configuration
the world. Therefore, we have used observations in a pamd resolution, and in turn may also be related to the
of the SIO to simulate what would be happening througlocean current bias (which we cannot estimate because of

Conclusions
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lack of ocean current observationBhe area-averaged ver-
tical profile of temperature corresponding to the model|

years for 21st to 25th is well simulated and shows that tHe:

model climate drift imImost negligible with respect to the

Levitus climatology. Due to lack ofada in the SIO, com- 1s.

parison with the model has to be dealt with qualitatively. 1 S _
However, quantitative assessments have also been perforrhgdGent. P. R. and McWilliams, J. C., Isopycnal mixing in ocean cir-
to estimate the model performance. In brief, the stu

shows that model-simulated SSC and temperature fields

are validated against the observations with some accuracy.
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