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ABSTRACT. An exiremely deficient summer monsoon (June to September) produces severe drought
conditions in India Because 735 per cent of the annuval rainfall over a large part of the counfry occurs
during this seasen. The prediction of large scale monsoon failure sufficiently in advance can therefore
help to forecast the occurrence of drought over India. A number of studies have indicated that the
Quasi Biennial Oscillation (QBO) plays an important role in linking different layers of the atmosphere.
Recently, Thapliyal (1979) has shown that mean January circulation features at 50 mb level are able to
indicate the deficient monsoon rainfall in westerly QBO years, This, however, does not explain fully the
large scale monsoon failure that occurs in westerly QBO years such as 1979. An attempt has thevefore
- been made here to identify a few global circulation features during antecedent months which can be
used for predicting large scale monsoon failure over India. For this purpose, the mean monthly global
circulation features in (he lower stratosphere have been studied for two recent years of conirasting
monsoon over India, namely, 1980 — a good monsocon year, and 1979 ~-a severe drought year. During
these two years, completely different circulation features have been found at 50 mb level. In winter
1980 a subtropical ridge is situated over the northern hemisphere around latitude 20 deg. N. On the
other hand, in winter 1979 three significant large scale circulation features are situated over the globe.
The prominent among them is a pair of trough and ridge which runs parallel to the equator and is
mosily situated in the tropical region of the northern hemisphere. Simultaneously a near equatorial
trough is also found in 1979 which encircles the southern hemisphere. Encouraged by this result, the
mean winter circulation features during the recent 16 years (1965 to 1980) have been studied in relation
to monsoon rainfall in India. The circulation features like those of winter 1980 are found in all the
easterly QBO years while the features like those of winter 1979 are found in all the westerly QBO
"years. It has been noted that the location and the extent of the ridge and the trough provide
reliable ‘in'dications' regarding the deficient monsoon rainfall in India. Years, when the extent
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of northern hemispheric ridge and trough is small, are followed by good monscon rain while years
when the extent of these circulation features is large are followed by deficient monsoon rains. This
relationship has been expressed by an exact mathematical model which has been successfully used for
forecasting the large scale rainfall deficiency during the recent monsoon seasons (1965 to 1980). The
performance of the forecast model during recent 16 years has been found excellent. From the model it
is inferred that the winters, in which the mean -longitudinal length of the pair of trough and ridge over
northern hemisphere is more than 140 degrees longitude are followed by severe drought conditions
during subsequent summer monsoon over India, Thus, severe droughis have occurred over India in
westerly QBO years only. Based on this method the dromght conditions due to large scale monsoon
failure could, therefore, be forecast about 3 months prior to the start of the season over India.
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Fig. 1. Indian monsoon rainfall {(June to September). Percentage
departure from normal (851.8 mm)

1. Introduction

Extreme. deficiency in rainfall during the summer
monsoon can produce severe drought conditions in
India because the 75 per cent of the annual rainfall
that occurs during 4 monsoon months, June to Sep-
tember, has fo meet the water requirements of the
country during the entire year. The problem of fore-
casting drought over India, therefore, reduces to the
prediction of large scale monsoon failure over the
country, This indicates that the long range forecasts
for extremely deficient monsoon rains given sufficiently
in advance, can play a dominant role in mitigating the
disastrous effects of the droughts. There is, therefore,
a need for developing reliable techniques for long range
forecast which could Beé used for foreshadowing, at-
least a season ahead, the large scal¢ deficiency in
monsoon rainfall over India,

A large nmumber of studies has shown that the QBO
{Quasi-Biennial Oscillation) plays an important role
in linking the different layers of the atmosphere. The
QBO slowly descends from middle stratospheric levels
and after a few months it affects several tropospheric
and surface parameters. This suggests that the global
wind circulation in the lower stratosphere can, after a
few months, produce some effects on the major weather
“events that occur over the world, “Since” the ‘monsoon
circulation over the Indian sub-continent is a part of
global general circulation, it may be worthwhile to

study the influence of the lower stratospheric winds
on the performance of the monsoon and also to
identify a few global circulation features that can be
used for forecasting, sufficiently in advance, the large
scale monsoon failure over India. Recently Thapliyal
(1979} has shown that some features in the mean
January circulation at 50 mb level are able to indicate
the monsoon rainfall in the years when QBO has a
westerly phase. This method, however, does not fully
explain the large scale monsoon failure that had occur-
red in 1979. Recently, Pisharoty (1981) has suggested
that the monsoon is a delayed response to the in-
adequacy of the poleward transport of heat during the
preceding winter. For relating the lower stratospheric
winter conditions with the monsoon rainfall it is, there-
fore, felt that the circulation features during the months
of January and February should be viewed together
and not those occurring in January circulation alone.
In relation to monsoon rainfall the 50 mb winter
(January and February) circulation patterns for recent
16 years (1965 to 1980)- have, therefore, been studied
here in detail.

2. Monsoon performance

The performance of monsoon has been judged by
the actual total precipitation it gives over the entire
country. Since the World Meteorological Organisation .
‘has recommended that the 30-year period is sufficient
for computing normal, the monsoon rainfall data for
1951 to 1980 have been collected from the National
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TABLE 1

Group ‘A’ years (easterly QBO years winter patterns similar to that

of 1980) and corresponding monsoon rainfall departures in
- percentage of normal

TABLE 2

Group ‘B’ years (westerly QBO years winter patterns similar to
that of 1979) and corresponding monsoeon rainfall departures
in percentage of normal

1980 77 75 73 71’69’66

Rainfall
departures +2

+1 415 46 —1 —4 —15

Data Centre of the India Meteorological Department
and used for calculating the normal (85.18 cm) and
standard deviation (12.14 per cent of normal). For
recent 30 yr (1951-80), the monsoon rainfall has
been shown as percentage of departure from normal in
Fig. 1. It is seen from the figure that recent 16 years
(1965 to 1980) are characterised by large scale year
to year variation in the rainfall. During the 30-year
period large scale monsoon failures have occurred in
1951, 1965, 1972, 1974 and 1979 and in all these
years more than 30 per cent area of the country has
~been affected (Dhar et al. 1979) by significant rain-
fall deficiency (— 20% of normal or less). It is also
noted from the figure that during all these five years
the deficiency of rainfall has been more than 15 per
cent of the normal. This indicates that the magnitude
of the drought can be measured by the deficiency of
the rajnfall and the year in which the monsoon defi-
ciency is more than 15 per cent can be termed as
severe drought year, It can, therefore, be inferred that
severe drought conditions during recent 30 years have
accurred on five occasions (1951, 1965, 1972, 1974,
and 1979) only. A detailed study of the mean monthly
circulation patterns during these five years, therefore,
may provide some clue for predicting the occurrence
of drought over India, _

3. Monsoon performance in relation to stratospheric winds

Evidence is slowly accumulating that the studies of
the interaction between the stratosphere and of the
general downward propagation of the phase of QBO
might lead to development of techniques for forecast-
ing weather over large areas of the globe. For examin-
ing the relationship between the mean monthly wind
circulation patterns in the lower stratosphere during
winter months and the performance of the subsequent
monsoon, the 50 mb mean monthly wind charts for
the globe for all the 12 months of two recent contrast-
ing monsoon years 1979 (a severe. drought year) and
1980 (a good rainfall year) have been prepared. In
1979 the drought conditions prevailed over many parts
of the country while in 1980 good monsoon rajnfall
occurred in India. From the “Monthly Climatic Data
of the World” the mean monthly winds at 50 mb level
have been collected and plotted on global charts which
cover both hemispheres from latitude 40 deg. S to
60 deg. N. In recent years a large number of wind
observations have been collected from the lower strato-
spheric levels and the global coverage of data parti-
cularly at 50 mb level (20.5 km) is adequate for
studying the different circulation features that occur
at this.level,

On ‘comparing the mean monthly charts of the two
contrasting years it has been found that by and large

1979 76 74 72 TG 68 67 65

Rainfall

departures ~ —22 +1 —16 —25 +9 —i1 0 —19

the circulation features in a drought year differ consi-
derably from those of good monscon year, During the
winter months (January and February) a significant
difference has been noted between the mean monthly
circulation features of two conirasting years. The
analysed charls of mean January winds of two con-
trasting years 1980 and 1979 are respectively present-
ed in Figs. 2(a) and 3(a). In addition, the mean
February charts for these two contrasting years are
also given in Figs. 2(b) and 3(b). It is noled from
the figures that the broad scale circulation features
during the winter months of a good monsoon year
differ considerably from those found in a severe drought
year. The most prominent circulation feature in a
good year is the well marked subtropical ridge over
the northern hemisphere around latitude 20 deg. N
covering the entire globe. On the other hand, in a
severe drought year (1979) this extensive sub-tropical
ridge around 20 deg. N gets broken and appears over
a limited region of the giobe. Among three prominent
features of the circulation in a drought year the most
salient one is the near equatorial trough which encircles
the southern hemisphere. Simultaneously a pair of
trough and ridge which runs almost parallel to equator
is also found over the large part of tropics in the-
northern hemisphere, Thus the winter circulation
features in a severe drought year are completely diffe-
rent ftrom those of a good monsoon year and are unique
in nature,

4. Identification of nnique circulation features during severe
drought years

The inference, that the above unique circulation pat-
tern in winter months occurs in severe drought year
is based only on the study of patterns for only two
contrasting years. Before arriving at a final conclusion,
it is very necessary to confirm that the same circula-
tion pattern, as is found in 1979, occurs in all the
severe drought vears and it does not occur in any other
year, For establishing this result, the 50 mb, mean
January, February, March and December winds for
recent 16 years (1965 to 1980), for which adequate
observations are available, have been analysed, While
examining the winter circulation patterns, these four
months have been considered because the winter condi-
tions start in late December and continue upto early
March, On examining the wind circulation during these
four months, it has been found that the mean monthly
winter circulation pattern for each of these years in
the recent period is either similar to 1979 or to 1980.
On the basis of the winter circulation patterns, the
recent 16 years (1965 to 1980) have, therefore, been
divided in two groups namely ‘A’ and ‘B’. In group ‘A’
those years have been selected whose winter circula-

~ tion patterns are similar to that of 1980 (Table 1).
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Figs. 2 (a & b). 50 mb mean monthly winds for (a) January 1980 and (b) February 1980

The years whose winter circulation patterns are similay
to that of 1979 have been classified under group ‘B’
(Table 2). It is seen from the tables that the year
1978 does not appear in either of the groups because
the mean monthly circulation patterns during its four
winter months are not same. The circulation pattern
during December 1977 resembles that of group ‘A’
while that of the subsequent January, February and
March resembles that of group ‘B’. In view of this, the
year 1978 has not heen placed in either of the groups.
But it may be mentioned here that the monsoon rain-
fall during 1978 monsoon has been good (7 per cent
of the normal). Since the mean monthly circulation
patterns during all the winter months of 1978 do not
belong to either of the groups it can be inferred that
the winter circulation features in a drought year are
different from those that are found in 1978.

It is seen from Table 1 that the large scale monsoon
failure (having deficiency more than 15 per cent of
the normal) has not occurred during group ‘A’ years
even on a single occasion. In all these years as can

~be-seeni from Fig 3, the easterly ‘QBO phase has been

present at 50 mb Ievel. This suggests that no large
scale monsoon failure has occurred during the easterly

QBO years, Since the mean monthly circulation pattern
during the winter of all group ‘A’ years is different
from that of a droughlt year, it can be inferred that
the circulaiion features found in group ‘A’ years do
not lead to drought conditions over India.

During the winter of group ‘B’ years listed in
Table 2 three large scale circulation features are
noticed.

it is seen from the table that severe drought condi-
tions have occurred during group ‘B’ years on four
occasions, In the rest of the years, the rainfall has
been normal or slight defect. In all these years the
significant circulation features are a tropical trough
line running parallel to equator over entire southern
hemisphere and ‘a pair of ridge and trough over a
large portion of the northern hemisphere. In the pre-
sent section, each of these circulation features has
been critically studied in relation to the monsoon rain-
fall over India, with a view to examine whether the
degree of variations in these features can provide some
clue for forecasting the occurrence of drought.

The largest circulation feature that is found during
the winter months of all the group ‘B’ years, i3 a
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TFABLE 3

Longitudinal extent of northern hemispherie frough and ridge
during winter

Mean extent in degrees

longitude of Mon-
Year f A — soon rain-
Trough Ridge Mean of fall (per-
trough cenfage of
and ridge normal)
1979 185 160 - 172.5 78
1975 100 81 90.5 101
1974 147 136 141.5 84
1972 238 222 230.0 75
1970 27 28 21.5 109
1968 139 135 137.0 89
1967 68 55 61.5 160
1965 172 152 162.0 81
TABLE 4

Performance of forecast formula

Magnitude of the drought as
Severe drought percentage departure from
years the normal
e,

— e
Actual Pred i\cted Difference

1979 —22 —20 2

1974 —16 16 0

1972 —25 —25 0

1965 19 —19 0

tropical trough line that runs in east-west direction
and covers the entire southern hemisphere (Figs, 3 &
3). The trough line separates the QBO westerly winds
from the southern hemispheric easterly winds, The
position of the trough at 50 mb level may thus indicate
the relative strength of QBO in relation to the seasonal
lower stratospheric circulations and if so it may have
some influence on the monsoon rainfall in India. To
examine this aspect the location of the trough line
during all the group B years has been studied. In all
these years, the location of the trough has been found
between the equator and 10 deg. § latitude. On com-
paring the mean location of the trough with the rain-
fall of the corresponding year it has been found that
when the trough is located in more southerly position
during the winter, the subsequent monsoon gets more
deficient rainfall. However, the difference between the
mean location of the trough in any two years is very
small and may not be very useful for foreshadowing
the occurrence of drought in India.

The second prominent circulation feature that is
found in all the group ‘B’ years is a northern hemis-
pheric trough which runs in east-west direction. To

estimate the influence of this global feature on the
rainfall, the winter circulation patterns of two severe
drought years 1972 and 1979 have been examined.
The apalysed charts for 1979 and 1972 are respec-
iively presenied in Figs. 3 and 5. It is noted from
Fig. 1 that the most severe drought has occusred in
1972. This is also the year when the Jongitudinal extent
of the northern hemispheric trough m the winter
months was found (o be maximum. This suggests that
the longitudinal extent of the northern hemispheric
trough may be associated with the monsoon rainfali
in india. For establishing this association, the mean
longitudinal extent of the trough during winter has
been determined for all the group ‘B’ years. The
winter extent of the trough has been calculated by
taking the average of its longitudinal lengths that are
found in the months of January and February, The
winter extent of the trough in degrees longitude and
the rainfall during subsequent monscon in percentage
of normal are presented in Table 3.

From Table 3, it is scen that maximum lengih of
the trough is found in winter 1972 (most severe drought
year) and minimum length is found in winter 1970
(most excess rainfall year). Even during the remaining
years, the length of the trough increases as the monsoon
rainfall in India decrcases. To determine an exact re-
lationship, the longitudinal extent of the trough during
winter and the rainfall in subsequent monsoon have
been plotted on a semi - log graph which is reproduced
in Fig. 4. It is seen from the figure that the line
joining all the points is a straight line. It can, therefore,
be concluded that the relationship between the east-
west length of the trough during winter and the subse-
quent monscon rainfall in India, is logarithmically
linear.

During all the group ‘B’ years the third largest circu-
lation feature is the northern hemispheric ridge which
runs in east-west direction, and is nearly parallel to
the northern hemispheric trough. An analysis similar
to that of the northern hemispheric trough has also
been carried out for the ridge., This has revealed that
the relationship between the length of ridge in winter
and subsequent monsoon rainfall is also logarithmically
linear, as has been found earlier in case of the trough.

5, Long range forecasts of severe drought over India

In recent 29 years (1952 to 1980) the severe
drought conditions (rainfall deficiency more than 15
per cent of the normal) have occurred over India in
four years (1965, 1972, 1974 and 1979) as can be
noted from Fig. 1. Tt has been seen that the winter
circulation patterns in all these years are similar fo
that of group ‘B’ years (like 1979). In all these years
three significant circulation features have been noted.
Out of these, the pair of the trough and ridge has shown
a linear logarithmic relation with the monsoon rainfall
in India. Since both the features, the trough and the
ridge, run nearly parailel to each other, they have been
combined and used here for predicting the occurrence
as well as the magnitude (rainfall deficiency) of the
severe drought over India. It is seen from Table 3
that severe drought conditions occur in India when the
pair of frough and ridge covers a length in degrees
longitude about 140 degrees or more. During all the
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Figs. 3 (a & b). 50 mb mean monthly wind patterns for (a) January 1979 and (b) February 1979
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Figs. 5 (akb). 50 mb mean monthly wind patteras for (a) January 1972 and (b) February 1972

severe drought years (1965, 1972, 1974 and 1979)
this condition has been satisfied. It can, therefore, be
concluded that the longitudinal Iength of the trough
and ridge over the northern hemisphere during the
winter of a particular year can be used for forecasting
the severe drought conditions that occur due to large
scale monsoon failure over India,

Tt may be mentioned here that the mean length of the
trough and ridge can be used for forecasting the mon-
soon rainfall that occurs during the group ‘B’ years.
Since, westerly QBO phase has been found in all the
group ‘B’ years, it can be concluded that the longi-
tudinal length of the pair (trough and ridge) can be
used for predicting monsoon rainfall in all the westerly

QBO years. In this article an atiempt has, however, -

been made to derive an exact mathematical expression
which can be-used for forecasting the magnitude of
severe droughts that occur due to large scale failure
of monsoon in India. Since the extent of the trough
and ridge shows a linear logarithmic relation with the
rainfall, the following expression has been fitted by

using the data of four severe drought years (1965,
1972, 1974 and 1979)::

- R=C. exp (MX}—N )]
where R is the monsoon rainfall as percentage depar-
ture from the normal, X is the longitudinal extent of
the pair of trough and ridge during the winter (January
and February), N is the normal rainfall (100%),
C and M are constants given below :

C=100.58 Y

==---,0013 ]

By using Eqn. (1), the magnitude of severe drought
has been predicted for the recent 4 years (Table 4).

Tt is seen from the above Table that Eqn. (1)
provides good forecast for the magnitude of the severe
droughts, that occur due to large scale monsoon failure
over India. From the equation it has been found that
the severe drought occurs over India when the mean
extent of the trough and ridge is more than 140
degrees of the longitude. In Eqn. (1) the magimum

2)
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value of X can be assumed as 360 degrees of the longi-
tude which means the pair of trough and ridge is
covering the entire northern hemisphere, On using this
extreme value of X in Egqn. (1), the valug of maxi-
mum rainfall departure has been found equal to —37
per cent of the normal, The value seems to be reason-
able as it has not been exceeded even once during the
recent hundred years (1875-1981).

6. Conclusions

It is possible from this study to forecast the severe
drought conditions that occur due to large scale mon-
soon failure over India, The winters, in which the mean
longitudinal length of the pair of trough and ridge over
the northern hemisphere is more than 140 degrees,
are followed by severe drought conditions during the
subsequent summer monsoon over India. Based on this
criterion it is possible to forecast, 3 months in advance,
the occurrence of severe drought in India. By using
Eqn. (1) the highest magnitude of severe drought that
" can ever occur over India has been found equal to
minus 37 per cent of the normal, The fact that this
limit has not been exceeded even once during recent
history of monsoon, lends confidence to the technique
and methodology discussed above and the mathemati-
cal expression developed to predict severe drought in
India. Thus, it is possible to predict, sufficiently in
advance, the occurrence of severe droughts over India,
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