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Forecasts and Analyses of the Onset of the Southwest Monsoon

R. Kexrshaw

This paper presents some results of forecast experiments for one of
the cases selected by the Working Group on Numerical Experimentation for
comparison of prediction models. The period is the 1ith to 19th June 1979
during which time the onset of the Southwest monsoon occurred over India.
The first experiments started from the European Centre for Medium Range
Weathef FYorecasts' FGGE IXIB analysis for 12Z on 1lth June (Lorenc, 1981),
and used the highest resolution version of our ll-layer general circulation
model (Saker, 1975). This is a global, primitive equétion, gridpoint model
hgving a horizontal resolut;on of 2° latitude by 3° longitude. It utilises
sigma as its vertical coordinate and incorporates routines which
paramctrize important physical processes, such as turbulent exchanges in
the boundary layex, large scale rain, dry and moist convection, and

radiative cffects.

A successful prediction of the onset must simulate the following
developments in the 850 mb wind field. The ECHWF analysis for 1lth shows
the low level jet (maximum speed 14 w/s) confined to the western part of
the Arabian Sea and the main brauch of the monsoon flow still to the south
of India (figure 1). By the 15th the jet has strengthened (20 m/s) and
extended eastwards to the southern tip of India (Figure 2). A cyclonic
vortex has also formed over the eastern Arabian Sea, on the northern flank
of the jet. Four days later this vortex has intensificd and, having moved
first north then west, is centred near 18H, 60E (figure 3). The jet is
stronger (29 m/s) and the monsoon flow has extended noxrthwards to cover
much of the Indian peninsula. It is cleax that the main features to be

predicted are the strengthening and castwaxd cextension of the jet, the

formation of the onset vortex, and the northward movement of the monsoon

flow.



The first set of experiments using thc genexal circulation model
demonstrated that the predictions were very sensitive to some aspects of
the model's formulation. By varying the radiation, diffusion and
convection routines forccasts could be obtained which ranged from quite
good to very bad. Figure 4 shows these two extremes, one forecast
producing a substantial increase in wind speed, the other hardly any. Both
these experiments had one thing in common with most of the others in the
gseries; they did not develop an onsct vortex. Only two out of nine
forecasts did produce such a development, and then only as a weak feature.
Nevertheless they indicated that two changes to the model were necessaxy
for it to predict the vortex. Firstly, the interactive radiation scheme
(Slingo, 1982) which uses forecast humidity fields in the calculation of
radiative fluxes had to be used, rather than the climatological scheme
which does not. Secondly, the treatwent of cveporation of falling
precipitation in the convection routine had to be modified. The
evaporation of precipitation in the kth layer of the general circulation

model is given by

o Y [2a[5) - 5] [ romers] - )
where Cpy is an arbitraxy constant, -3 the vertical mass £lux into the
layer, qo(Tko) the saturation specific humidity of the air in layer k, qx
the specific humldlty in layexr kx ard g the qrdvntatlonal acccleratlon. The
effect of modifying Cry are discussed in Rowntree (1984) but 1L wvas found
that in these experximents better predictions of the onset vortex were
obtained when Cpy was sct to 9 rather than 2 or 0. Figure 5 shows the
g-day forccast of the 850 mb wind field from the experiment which produced
the strongest vortex; it has several other encouraging features. The jet
has strengthened (maximum speed 24 1w/s) and extended eastwards. However,
this eastward_extension occurred rather too slowly during the forecast, and
although the vortex formed by day 4 (15th June) its intencification and

northward movement were not corxrectly predicted. . -

There axe some reacons for suspecting that this timing erxor might b 5
caused by exroxs in the initial conditions., It is well known that the

exclusion of diabatic effects in the initialization used at ECHWP led to

the damping of verticzl motion in the tropical analyses. A subjective




comparison with observations showed that the analyses also tended to
underestimate the strength of the low‘level jet., It was decided,
therefore, to try to improve on these results by using initial conditions
generated by a more recent version of the UKMO operational
data-assimilation scheme, This uses optimum interpolation to analyse the
observations and produce a set of corrections to a background field (Bell,
1983). These coxrrections are then agsimilated directly into the prediction
model. The model itself has 15 levels and a horizontal resolution of 11/,¢
Jatitude by 17/g® longitude (Foreman, 1982). It wag hoped that this
increased resolution would lead to better predictions than those obtained
with .the general circulation model. The two models have different
representations of the boundary layer, but the same convection routine and

the same climatological radiation scheme.

Using this scheme a .serics of analyses were produced for the period
oth to 19th June 1979: these will be called the URMO FGGE analyses. They
vere used to start and verify several 8-day forccasts. The analysis of the
€50 mb wind field for 1lth June (Fiqure 6) shows some differences from the
ECMWF product. The maximum winds are strongex, especially in the low level
jet (peak speed 23 n/s) but also over the northern Arabian Sea and noxrthern
India, for example. .The analysis isn't as smooth as ECMWF's, but it does
geem to fit‘thé obsexrvations better. »Analyses for subsequent days show
similar characteristics: on the 15th (figure 7) there is a jet of 230 w/s
over the nrabian'Sea with a stronger onset vortex; by the 1Sth (figure 8)

there is a peak speed of 34 n/s, agailn with a stronger vortex.

Control forccasts were run uging the )5-level model from initial
condiﬁ;ons valid at .12Z on 11lth June and also oﬁ successive days. The
forecast from the 11th was in many respects better than the earlierxr
predictions with the general cvirculotion model. By day 4 the jet had
) correctly extended eastwards to the southern tip of India and by day 8
(figure 9) its maximum speed was 29 m/e. The most encouraging feature is
the prediction of the noxthward progression of the mohscon westerlies up
the west coast of: India. In this respect this forecast compares favourably
with most others for the seme cage which appeaxr in the literature, fox

example in the report on the WEHE comparison experiments (Tempeiton et al,



1983), and also in moxe recent work repoxted by the meteorological

department of Florida state University (Xrishnamurti et al, 1983 ). However,
a major problem with the integration is its failuxe to develop an onset
vortex, and all the control integrations started from subsequent days

exhibit the same recluctance to predict this developnent.

The 15-level model also has the same sensitivily as the general
circulation model to the specification of Cpy in the convection routine.
The control forecasts had Cpy set to 4, the value uzed operationally, but
forecasts run with Cpy=9 werce much improved hecause they all developed the
onset vortex. The prediction starting from 11£h June was not perfect in
that the vortex was not gencrated until day 7 of the forecast, four days
late. The 850 mb wind chart for day 8 of this integration (figure 10) shows
the vortex further rorth than in the gencrai circulation model prediction
but got far enough west. KRone of the integrations started from subsequent
days predicted this westward wovement - of the vortex either. In fact these
later integrations showed a distinct tendency to move the vortex castwaxds
over India. The ecffect of increasing the value of Cgy ig to increase the
rainfall over the sea and xeduce it over land. Charts of the difiference
bet&een the experimental forccast with Cgy= g and the control show a
substantial local increase in the rainfall close to the centre of the
vortex. It seems likely thercfore that increaced latent heat release is an

important forcing of the development of the vortex in the model.

Other woxliers have obtnincd improvements in the‘prediction of the
movement of the onset vortex by using an envelope orography in their models
(Xxishnamurti et al, 1983), in which the height allocated to each gridbox
is increased above its mean value by adding some proportion of the standard
doviation of the terrain height within the gridbox, the intention being to
represent better the barriex cffects of mountain chains. A further sexies
of prediction experimente was yun using an.enve;opc orography, in this case
taking the mean height plus one standard deviation at cach gridhox. The
results were not cnceuvaging; a@ll integrations using the higher oxographiy.
failed to predict the development of a vortex in the Arabian Sea, even when

they had Cgy set equal to 9. Figure 1l ghows an example, the 8-day

e




.

forecast from 1)th June. It is not yet clear why the envelope orography
should have this effect, which has also been observed in our general

circulation model.

The graph of the area mean wind speed ovér the Arabian Sea (figuré 1223
ghows some interesting differences between the forecasts made from 1llth
June. The UK FGGE analyses show that this statistic increases by about 10
m/s during the eight days of the prediction period, and much of the
increase occurs during the time when the onset vortex was developing. The
control forecast only predicts an increase of 4-5 m/s but the integration
with Cpy = 9 is better with an increcase of 6-~7 m/s. Notice also that this
improvement occurs during'the last three days when the model developed the
vortex. The foreccast which also includes the envelopé orography has
s@rongcr winds throughout days 4 to 7 and from this graph it might be
concluded that it was the best of the three predictions. This would be
wrong, howevey, because it failed to form +the onset vortex. Moreover, a
graph of the root wmean squarc vector wind errors for the entire tropical
zonc at 850 wbh (figure 13) shows that the prediction with envelope
orography has the largest exrors during the first five days. The forecast
with Cgv= 9 has the lowest errors during tne- first four days, although it
is very similar to the control, and it is encouraging that the forecast

errors are less than persistence throughout the period.

This FGGE case study has been useful bhecause it has enabled us to xun
and verify our opeiational numerical weathex p;bdiction system using a much
better observational database tﬁan that currently available. In particulaxr
the presence of large numbers of cloud-irack winds (SATOBS) over the Indian
Ocean gives us nuch 1woxre confidence in the wind analyses for this region.
There is little doubt that the provigion of such data in future would

greatly improve thz Vioxrld Veather Watch database.

The operationzl data—acsimilation systeﬁ has performed reasonably well
in this study, and somé'qgite successful predictions of the onset of the
southwest monsoon have been made. The work has suggested ways to improve
our operational predictions in the tropics by making spzcific changes to

the parametrizotion of convective and radiative processes. Increasing the



valve of Cgy, which controls the evaporation of falling convective
precipitation, and including an interactive radiation scheme sceem likely to
prove beneficial. Running guch a radiation scheme in the global version of

our 15-level model has not yect been possible but this will be given a high

priority in future research. It is also intended to undertake an objeétivc

verification of our analyses against FGGE observations and we would like to
make comparisons with improved ITIB analyses from other centres. It would
also ba interesting to exchange these analyses for use as initial
conditions in other numerical prediction models; that sort of exexcise
helps to isolate the effects of analysis errors from model errors. Such
comparisons of analyses and forccasts have much to offer and should be
encouraged for other tropical case studies during the FGGE year. Good
exawples might be the formation of a monsoon depression and perhaps some

interesting episode of the winter monsoon.

Finally, I would like to acknowledge the assistance of my colleague

paul Harker in furthering this research and in producing charts and graphs

for this talk.
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