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ABSTRACT. Daily weather charts for the sea level and two upper levels for the months of July
and August for 30 years (1946-1975) have been categorised for different features of the charts. The

coded information is objectively utilised as the basic source for selecting analogues for forecasting
rainfall over different parts of the country.

The resalts of a forecasting experiment conducted during the monsoon season of 1978 based on
the analogues for the prediction of rainfall over the metcorological sub-divisions of the country are

discussed. The overall performance of the analogues for forecasting purpose is assessed with respect

to operational forecasts and persistence.
The categorised information was also utilised to study the synoptic-climatological aspects of

monsoon.

1. Introduction

In meteorology, analogue means two states of
atmosphere resembling each other very closely.
During the peak monsoon months of July and
August quasi-steady flow and pressure patterns

revail over India. As such analogous situations
in the daily flow and pressurc patlerns are ex-
ted to exist in the historical records for July
and August. It is, therefore, expected that these
‘weather analogues’ may serve as a tool for fore-
casting rainfall over different parts of India
during these months. The analogue technique of
forccasting weather is based on the assumption
that days of similar synoptic situations experience
nearly identical weather. The technique is being
used in meteorology by many for the prediction
of short-term weather variation (Baur 1951,
Elliot 1951). Lorenz (19569) used the naturally
occurring analogues to study the atmospheric

rrediclability. Recently the analogue methodo-
ogy has been further advanced and used by
several others for the prediction of short term
weather variation and climatic fluctuation (viz.,
Yacowar 1975, Gruza et al. 1976, Gruza and
Ranjkova 1977 and Agnew and Alexander 1980).
In fact, an operational forecaster under certain
situations refers to similar situations in the past
records to see the evolution of the subsequent
patterns and the weather accompanying them and
in doing so he has to depend largely on his
experience and memory of the past weather
charts. It is, therefore, relevant that analogue
charts from the past years arec chosen by am
objective method, and their utility in forecasting
is evaluated. For this purpose, the important
synoptic information from the daily weather
charts of gast several years for the main mon-
soon months of July and August had been cate-
gorised and put in punched cards in a coded

*The paper was presented in the “Monsoon Prediction” symposium held at Indian Institute of Technology, New Delhj
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form which can easily be processed by the com-
puter. Categorised data collected in this way
forms a large historical data bank from which
appropriate analogue charts can be found out in
a short time by modern data processing technique.
In this paper we discuss the method of cate-
gorisation of syno;;ltic information adopted for
the daily weather charts over India and evaluate
their use for forecasting daily rainfall over diffe-
rent parts of the country by selecting suitable
analogues from the past years. The results of a
forecasting experiment conducted during the
monsoon season of 1978 based on the analogues
for prediction of rainfall over the meteorological
sub-divisions of the country, is also discussed.
The overall performance of the analogues for
forecasting purpose is assessed with respect to
operational forecast and persisience. The histori-
cal data bank has also been utilised to study the
life history of the monsoon lows and informa-
tions and statistics thus obtained has been utilised
in studying the life history of the analogous
monsoon lows.

2. Categorisation scheme

Daily weather charts over the Indian region
from 1946 to 1975 for the two main monsoon
months July and August were categorised in suit-
able codes and put on punch cards. The scheme
followed for categorisation is discussed below:

2.1. Area covered

The area covered for the categorisation of
charts extended from equator to 40 deg. N and
40 deg. E to 110 deg. E covering the Indian
region and its neighbourhood. This area was
divided into 2% deg. latitude-longitude squares
and each square was given an identification
number.

2.2. Information categorised

With reference to each grid square the follow-
ing information were collected from various
weather charts and coded in suitable card format.
The weather charts referred were sea level pres-
sure and auxiliary charts of 0300 GMT and
upper air charts of 00 GMT.

(a) Information from sea level pressure
chart:

(i) Meridional gradient of pressure over
peninsular India which we designate
as ‘Monsoon Zonal Index’. This gives
an indication of the general strength
of the monsoon westerlies over the
peninsula,

(ii) Position, intensity, orientation and ex-
tent of the monsoon trough,

(iii) Position, intensity, orientation and ex-
tent of any other troughs, ridges etc.,

(7v) Position, intensity and past movement
of closed low pressure systems,

(b) Information from auxiliary charts :
(i) 24-hour pressure changes,
(ii) Pressure departurc from normal,

(iii) Distribution and character of convec-
tive phenomena, such as, thunder-
storm, dust storm etc.,

(rv) Distribution and character of daily
rainfall,

(v) Distribution and character of very
heavy rainfall (greater than 12 cm in

24-hour).
(c) Information from upper air charts :
1.5 km

(i) Position of monsoon trough,

(ii) Position of any other troughs or
ridges,

(iii) Position, intensity and past movement
of closed cyclonic circulation,

(iv) Areas of well marked convergence/
divergence, cyclonic/anti-cyclonic shear
and field of deformation (judged
subjectively).

9.0 km

(i) Position of seasonal anticyclone ridge
to the north of India,

(ii) Movement and intensity of closed
cyclonic circulation.

3. Forecast by Analogue method
3.1. Procedure for selection of analogue

During the summer monsoon months of July
and August 1978, forecasts of rainfall distribu-
tion valid for 24 hours over various meteoro-
logical sub-divisions of India were issued daily
on an operational basis by using the analogue
method. As the 03 GMT sea level and auxiliary
charts of the day were not completely ready by
the time the forecasts were issued. the morning
00 GMT sea level and upper air charts of the
day as well as the previous day, 12 GMT sea
level, upper air and auxiliary charts were consi-
dered for the purpose. Searches are then made
through the historical data file containing 30
years data collected as above to find analogues
in respect of some salient features in the current
synoptic chart, like a low pressure system/
systems in the sea level chart, cyclonic circula-
tion(s) at 1.5 km level, position and orientation
of monsoon trough or any other trough at sea
level/1.5 km level. The process usually yields a
number of analogues (say approximately 15 to
20). These analogues were then compared more
closely with current situations in respect of over-
all sea level pressure pattern, meridional pres-
sure gradient, upper air flow pattern at 1.5 km,
changes in sea level pressure in 24 hours, pres-
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Fig. 1. Sea level pressure pattern at 0830 IST of 16 Aug 78 (current situation) and 26 Jul 51 (analogue

situation)

sure departure from normal, weather associated
with them, their history of evolution etc. The
analogue which was in close agreement in all
these aspects with the current situation was
selected as the best analogue by subjective assess-
ment. On some occasions more than one
analogues were picked up as best analogues. In
such cases forecast was decided by the subjective
assessment of the various analogues.

Analogues were selected on the basis of lower
tropospheric conditions of the atmosphere. The
middle and upper tropospheric feature (e.g.,
mid-tropospheric  westerly trough or upper
tropospheric casterly jet stream) have not been
considered in this study because of non-avail-
_ ability of these informations on day to day basis
in the historical data file used in this study. Such
information is available only at best for the last
10 years and this length of data is not considered
sufficient for determining analogues.

Forecast under the present series were issued
on an operational basis on 50 occasions during
July and August 1978. It is worth mentioning
here that not all the analogues chosen were found
to be good, very good or excellent analogues.
There were occasions (approximately 25 per
cent cases) when the analogues were not found
to be very satisfactory from all respects. We
termed them as poor analogues. Situations having
no well defined monsoonal systems or having
two or more co-existing systems, the past records
of which were rather few or rare, sometimes
causes difficulty in selecting the analogues. On
one or two occasions no reasonable analogue
was found. Perhaps extension of more years data
in the data file may help us fo overcome these
sitnations,

3.2. Analogue forecast

The weather accompanying the analogue
situation in the next 24 hours were considered
to be the forecast for next 24 hours following
the current situation. In this experiment the
distribution of rainfall over various meteorolo-
gical sub-divisions of India were forecast. Five
categories of rainfall distribution as used in
Weather Central, Pune of the India Meteoro-
logical Department were also used in this experi-
ment for forecasting the rainfall distribution.
These are: -

Rainfall category Areal specification

Wide spread (W) more than 759, of area

received rain

Fairly wide spread (F) 51-757% of area received
rain

26 - 50% of area received
rain

Scattered (S)

Isolated (1) 1-25% of area received

rain

No Rain or Trace (<.25

Dry (D) ;
mm

The rainfall distribution over various sub-
divisions, as recorded on the subsequent day of
the analogue situation were therefore, considered
as the forecast of rainfall distribution over the
same sub-divisions on the subsequent day of the
current situation.

3.3. Example of the analogue situation

~ An example of an analogous situation selected
in respect of a current situation on 16 August
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Fig. 3. Tracks of the two depressions-actual (13-17
Aug 78) and analogue ( 24-27 Jul 51)

1978 is shown in Figs. 1 to 4. A deep depression
which formed over northwest Bay of Bengal on
14 August 1978, lay over east Madhya Pradesh
at 03 GMT on 16 August 1978 and the 03 GMT
chart of 26 July 1951 was found to be a perfect

0830 IST and flow patfern at 1.5 km

analogue of this situation in respect of its surface
pressure pattern (Fig. 1), pressure departure
from normal and upper air flow pattern at 1.5 km
Tevel (Fig. 2), and movement of the two systems
(Fig. 3). Fig. 4 shows the rainfall distribution
over various sub-divisions at 03 GMT on the
subsequent day of the analogue data as the fore-
cast of rainfall distribution valid till 03 GMT
of 17 August 1978 and the rainfall distribution
actually realised over the same subdivisions on
the day.

4, Verification of forecast

Forecasts thus issued were verified against the
actual rainfall realised at 03 GMT of the verify-
ine day. If the same category of rainfall distribu-
tion occurred in a sub-division as that of the
forecast, the forecast was said to be absolutely
correct and if the realised rainfall distribution
for the suhdivision agreed within one category
on either side of the forecast category the fore-
cast was considered to be fairly satisfactory.
Percentage of the total number of subdivisions
for which the forecast lay under different verifica-
tion categories were worked out on each day.
The operational forecast issued by the Weather
Central, Pune (based on experience and subjec-
tive assessment of the synoptic situations) as
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Fig. 4. Forecast of rainfall distribution over different sub-divisions by analogue technique and the
realised rainfall distribution

Fig. 5. (a) Percentage of success of analogue forecast under fairly correct category over different
sub-divisions and (b) percentage of success expected on random basis (shaded sub-
divisions in Fig. (a) shows the analoguetechnique scored less success over the success
expected on random basis over these sub-divisions)

TABLE 1

Comparison of forecasts based on analogue technique. opera-
tional forecasts and persistence forecasts

TABLE 2

Average percentage of sub-
division in which forecast were
absolutely correct when

Average percentage of sub-
divisions for which forecast were

Technique — A \
Absolutely Fairly correct
correct
Analogue 37 80
Operational 32 74

Persistence 40 78

Technigue analogue chosen was
A
y Poor Very good or !
excellent
Analogue 29 46
Operational k)| 33
Persistence 39 41
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published in the Indian Daily Weather Report
were also verified on day to day basis, based on
the scheme outlined above, Besides, the forecasts
were also verified against persistence, i.e., the
rainfall category as obtained on the current day
chart is the forecast for the next day. For this
verification the rainfall reports as received by
the Weather Central, Pune including the late
reports have been considered. Table 1 shows the
average performance of three methods which
occurred during the series of experiment.

Table 1 suggests that the score of the three
methods is almost identical to each other. This
is understandable as the rainfall over the scale
of the subdivisions is by and large controlled by
the large scale monsoon flow/pressure pattern
which evolve rather slowly and the synoptic scale
gisturbances which have a life span of a few

ays.

However, it appears that the average perfor-
mance of the analogue technique for the absolu-
tely correct category is encouraging compared to
the average performance of the operational
technique, but it is not so when compared with
that of persistance forecast. This is because the
success of analogue technique depended solely
on the quality of the analogue chosen. A poor
analogue (See Sec. 3.1) consequently yielded
poor prediction success, whereas the percentage
of success of persistance forecast maintained an
average success of 40 per cent irrespective of
the quality of the analogue. Table 2 shows the
average percentage of sub-divisions in which
analogue forecasts were absolutely correct for
cases when the analogues chosen were rather
poor and also for cases when analogues chosen
were very good or excellent. The corresponding
performance of the other two techinques are also
shown.

The percentage of success of analogue fore-
cast under fairly correct category were assessed
for different subdivisions of India and also com-
pared with the percentage of success expected
on random basis over different subdivisions
(Fig. 5). To obtain percentage of success expect-
ed on random basis. 5X5 contingency tables,
based on 5 category of rainfall distribution
[e.g., W, F, S, T and D (see Sec. 3.2)] between
the observed and forecast rainfall distribution
were prepared for each subdivision. The marginal
totals of column and rows are used to chiain
the expected frequencies of each cell in the
contingency table which is given by Maxwell
(1961):

fi = CiR;|T

where, C; is the frequency in the ith column
R; is the frequency in the jth row

fii is the frequency in the cell correspond-
ing to 7th column and jth row.

T  isthe total number of forecast,

In the present case of 5 X 5 contingency table,
the procedure is expanded to calculate the fre-
quencies of observed rainiall distribution within
one category of forecast rainfall distribution and
the number of forecasts expected to be correct
(£) within one category are calculated as
follows :

E = (foo -+ SfoD + (fip+ Su+ fis)+
+ (fst +fss+ fsw) + (fvs +Fwr+fww) +
+ (fwli' +fww)

where the first and second subscripts in the right
hand side refer to forecast and observed category
of rainfall distribution.

It is seen from Fig. 5 that but for few sub-
divisions, i.e., Arunachal, Nagaland, Punjab,
Himachal Pradesh, Rayalaseema, Bay islands
and Lakshadweep the analogue technique exhibits
more success for rest of the sub-divisions.

We have also classified the success in four
calegories according to the percentage of number
of days of fairly correct forecast in each subdivi-
sion. These categories are (i) very good (when
the percentage of success was 80 per cent and
above), (ii) good (70-79 per cent), (iii) Poor
(60-69 per cent) and (iv) extremely poor (below
60 per cent. Table 3 shows the break up of the
number of subdivisions in each of these categories
as well as the percentage of area of India covered
by these subdivisions, for the three types of fore-
cast,

Table 3 shows that the success of analogue
forcast under very good categories is higher com-
pared to the operational and persistence forecasts.

5. Special features of analogue study

it is of interest to know the persistency of an
analogous situation in time or in other words
whether subsequent calender days of an analogous
situation are the analogue for the subsequent
calendar days of the current chart also. The
length of this period would determine the persis-
tency of similar development or evolution of
synoptic situation. Table 4 shows the frequency
distribution of the persistence of analogues for
two days and above.

The analysis shows that majority of the ana-
logues are valid for only 1 day. However, there
were 16 occasions out of 50 days of the ex-
periment when the analogy was retained for two
to four days. However, only twice the analogous
sequence was retained for 4 days. The longer
period persistency occurs when a well marked
synoptic scale feature like a monsoon depres-
sion is present on the current chart. An
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Percentage of arca of India

Category of Range of per- No. of sub-divisions
success centage of suc- for different methods covered by the sub-divisions
cessful days — —A Y — e \
(%) Opera-  Persis- Analogue Opera- Persis-
Analogue tional tence tional tence

- Very good 80 and above 20 8
Good 70-79 8 14
Poor 60-69 3 6
Extremely Poor Below 60 2 5

15 63 26 54
13 27 42 37
2 6 21
3 4 11 5

TABLE 4
Frequency distribution of persistence of analogues

No. of days of persistence of

analogy
Edays 3days 4days more :
than 4
days
No. of occasions 10 4 2 0

TABLE 6

Frequency distribution of the formaton of
low pressyure systems

No. of lows formed

A,

= A
Below 10to 15to 20 and
10 14 19 above
No. of occassions 3 8 15 4

TABLE 5
Life duration of low pressure systems

Life duration (in days) of lows

7T 2 3 4 5 6 7 8 9 10>10
No. of
lows
formed 19684 47 41 35 28 17 5 5 5 7
Percen-
tage of
total 1w 0 9 7T & 4-1 11 1

TABLE 7
Frequency distribution of formation of lows in different
major areas
Total No. and % of lows in the
areas
Duration — A Y
India N.Bay Land N. Ara-
& adj. locked bian Sea
land mon- & land
s00n
trough
1 day 196 60 86 11
42% (1% @4 (6%
= 1 day 274 128 81 14
(58%) 47%) (0% (570
L4 A -
Total 470 188 167 25
40%) (5% (5%)

example of one such case was the system which
formed at 03 GMT on 14 August 1978 in
which a deep depression was found to lie over
d north Bay of Bengal and for which the ana-
logue chosen was the 03 GMT situation on 25
July 1951. Thereafter the analogy was found
- 1o retain for 4 days till 17 August 1978.

The track which the August 1978 depres-
sion followed was also similar to the track of
the analogue depression (Fig. 3) for which
reason the analogy could be retained for 4 days.

In some cases the analogy was short lived
even in cases which were dominated by mon-
soon depression due to differences in move-
ment/development of the system.

6. Synoptic climatological aspects of monsoon lows

The categorised data would also serve as
important reference material for study of synop-
tic climatological aspects of monsoon.

Information about monsoon depressions have
been compiled by India met. Dept. (1964 and
1972). As low pressure systems are of frequent
occurrence and are also responsible for a good
amount of rainfall it may be worthwhile to
compile and study statistics about low pressure
systems which might or might not have inten-
sified into depression. Sikka (1980) has sug-
gested that the performance of monsoon sea-
son rainfall is related to the frequency of for-
mation of lows rather than depression. The
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TABLE 8
Frequency distribution of percentage of disturbed days

TABLE 9
Frequency distribution of mean zonal index

Percentage of disturbed days
A

30-  40- 50-  60- 70- 80% |
39% 49% 9% 69% 799

No. of 2 5 7 8 6 2
occasions

following synoptic-climatological aspects about
monsoon lows are oblained based on i intos-
mation contained in the dala used for the present
study.

During the 30 years period (1946 to 1975)
a total number of 470 lows formed over the
Indian region during July and August, out of
which 265 (56 per cent) formed in July and
205 (44 per cent) in August. Of these 470
lows 113 (24 per cent) intensified into tropical
depressions or higher stage of intensity. Thus on
an average 16 lows form every year during the
period July and August of which ncarly 4 inten-
sify to at least the tropical depression stage.
A large number of these lows are rather short
lived, i.e., those whose life did not exceed two
days representing nearly 60 per cent of the
total systems. Low pressure systems living more
than five days are rather infrequent. Table 5
shows the lifc duration of the low pressure
systems.

Table 6 shows the frequency distribution of
the formation of low pressure sysiems over the
Indian region during July and August. There is
considerable year to year fluctuation in the for-
mation of lows in July and August. There are
quite a few years (1959, 1970, 1973, 1975)
when more than 20 lows formed in the month
of July and August. In some of the years (1953,
1968, 1972) the number of lows in these months
were less than 10.

Table 7 shows the distribution of formation
of low pressure systems and their percentage
of total in different major areas like (i) north
Bay of Bengal and the adjoining land area (17.5-
25 deg. N and 85-92.5 deg. E), (i) land-locked
part of the monsoon trough arca (75-90 deg. E
and 20-30 deg. N) excluding the Bay arca, and
(vif) north Arabian Sea and the adjoining land
area (17.5-25 deg. N and 65-72.5 deg. E).

It may be noted that the contribution of Bay
of Bengal sector is maximum (40 per cent) lo
the total frequency of cyclogenesis and majority
of them have life duration of two days or more.
The landlocked part of the monsoon trough also
contributes significantly (35 per cent) to the
frequency of formation of lows which are, how-
ever, short lived.

zonal index (mb)

r i)
4.0  6.0- 8.0- =10
5.9 7.9 9.9
Jul 0 9 21 0
Aug 4 17 0

if we define a disturbed day as a day when
at last one low pressure system existed in the
monsoon arca the stalsiics shows that nearly
60 per cent of the days in July and August
can be classified as disturbed days. Table 8
shows the frequency distribution of the percen-
tage of disturbed days during the months July
and August.

During the monsoon scason large meridional
pressure gradient exists across most of India.
Sea level pressure difference between Colombo
(7 deg. N, 80 deg. E) and Nagpur (21 deg. N,
79 deg. E) is considered to give a fair measure
of this pressure gradient south of the monsoon
trough. This is called in our study as ‘Monsoon
Zonal Index” and would give an indication of the
general strength of the westerlics over the penin-
sula. The strengithening of the westerlies are
usuaily associated with the formation of lows and
depressions over the Bay of Bengal. Even in
absence of low or depression in the Bay, strong
westerly winds are noticed when the monsson
trough is well marked and is positioned in its
normal position. Table 9 shows the frequency
distribution of mean zonal index for July and
August,

It may be noted that the month of August
had a lower value of zonal index than July in
most of the years. In some of the years (1965,
1966, 1969, 1971) the month of August has
considerable low value of zonal index (below
6 mb).

7. Concluding remarks

The results of the prediction experiment to
forecast the distribution of 24 hour rainfall
over different parts of India have been assessed
and compared against the operational and per-
sistence forecast. The results show that analogue
method of forecasting can be utilised with
sulficient accuracy in forecasting the 24-hour
rainfall  disiribution during monsoon season
over most parts of the country particularly wheu
we consider the areawise distribution of fairly
correct forecasts. However, there are pockets
where the performance is not found to be highly
satisfactory. These areas are Punjab and Har-
yana in NW India, Arunachal Pradesh, Naga-
land, Manipur, Mizoram, Tripura in NE India
and Marathwada over Peninsular India. The
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area of these sub-divisions, however, comprise
only about 10 per cent of the total area of
India. It is also seen that the performance of the
operational forecasts and the persistence fore-
cast was also not satisfactory over the same
sub-divisions. Whether this was peculiar to the
year 1978 or is a general feature cannot be
assessed with the data of present experiment.
However, some explanations can be given to the
failure of analogue technique over Punjab and
Haryana, Arunachal and Nagaland etc. Apart
from monsoonal systems, the rainfall over
Punjab and Haryana are also considerably
influenced by the eastward moving western dis-
turbances across northwest India and under
such situations analogues which were chosen
based mainly on monsoonal systems might not
be good enough for these regions. Past records
of rainfall data in respect of Arunachal Pradesh
and Nagaland etc. were rather not satisfactory
which caused the failure of the technique over
these regions.

The study also shows that a particular ana-
logue is generally not retained for more than a
day unless the situation is dominated by a well
defined synoptic scale system, e.g.,, monsoon
depression.

The paper also documents some aspects of
the life history of monsoon lows from a study
made by utilising the historical data bank which
served as an important reference material for
the study of analogues.

The study suggests that analogues of synoptic
situations from the present data bank of 30
years can be objectively determined and the
analogue method of forecasting rainfall can be
used as an objective technique for short-range
prediction over India. Perhaps better rcsults may
be expected if the data bank is extended to
cover more years so that while determining the
analogues suitable weightage depending upon
the quality of the analoques is introduced.
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P.S.:

The experiment of finding the analogues dur-
ing the monsoon months of July and August,
and utilising them in forecasting the rainfall
distribution over different sub-divisions of
India on an operational basis and also issuing
the same to the operational forecaster for
their use as a forecast guide, were also carried
out during 1979 and 1980. The result shows
that while analogue technique maintained
more or less the same success as that of 1978,
the operational forecast have improved from
32 per cent (for absolute correct) and 74 per
cent (for fairly correct) in 1978 to 39 and 83
per cent respectively in 1979 and 41 and 82
per cent respectively in 1980.
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