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ABSTRACT. Potential of rainfall self analogues in forecasting S-day monsoon rainfall over India is
examined. S-day rainfall maps during July-August of 80 years (1901-1980) (1o1al 960) are searched for the
analogues by an objective compuierised procedure. Low but positive skills with higher values over western
parts of the vountry have been obtained. Use of group ol analogpes is found 1o improve the skills
though only marginally

The self analogue technigue has been applied for 1987 (drought year) and 1988 (good monsoon year) 1o

assess its predictive value
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1. Introduction

The Indian monsoon rainfall shows large
interannual and intra-seascual variability. which
has well publicised effect on the Indian economy.
For the purpose of agricultural planning. therefore.
the forecasts of weather on medium range scale (4-
10 days) are very important.

The forecasts on medium range scale involve
prediction of not only the intensity and movement
of the current weather systems (i.e. weather systems
observed on the synoptic chart) but even the growth
and movement of the second generation systems.
Success in prediction of weather by the numerical
methods has been limited to 2-3 days in the tropics.
Therefore empirical techniques have been deve-
loped by many scientists for prediction of rainfall
on 5-day scale. These techniques include the effect
of persistence. sysiematic evolution and other
physical factors implicitly. They. automatically.
include the effect of the geographical factors. A
rather simple technique is that of analogues. which
has been employed by several researchers and
operational meteorologists. This technique is
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simple but requires large data sets. We are examin-
ing here the skills of this analogue method in
forecasting 5-day rainfall. The basic principles
involved in analogue prediction are described in
section 2 and the data used in section 3. The method
followed is illustrated in section 4 and the results
have been presented in section 5. Section 6 assesses
the predictive value of the self-analogue technique.
The technique is applied for recent contrasting
monsoon vears 1987. a drought year and 1988 and
1990. the good monsoon years. Finally in section 7,
important conclusions are given.

2. Principles and use of the analogue method

The word analogue refers to two meteorological
states resembling closely. The assumption involved
in analogue prediction is that similar initial
situations evolve similarly and give rise to similar
weather. The dynamic solution of the initial state
weather condition is implicit in analogue predic-
tion. The method depends on how the nature itself
has integrated its initial states in the historical
records. A major difficulty is that the identical
situations seldom occur and similar situations
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Figs. 1 (a-e). (a) Location ol 532 blocks (No. 1.2 14, 15 & 24 not used). (b) lower tercile limit (47 blocks). (¢) upper ter-
cile limits (47 blocks). (d) skill scores achieved uxing single best analogue and (e) skill scores achieved
using 12 best analogoes [actual value = figure vidoe x 1077 for (dy & ()]

result in widely different situations. The analogue
can be selected on the bhasis of circulation indices or
fields at one or more levels but the more features we
consider the more difficult it may become to select
good analogues from a limited data set. necessita-
ting longer data sets.

Csimaeral. (1991). Rimba and Boroneant (1991)
have used analogue technique for forecasting.
Lorenz (1969) used the analogues for examining
predictability. The experience has shown that even
the hest analogue may not result in similar weather.
because it differs from the current situations in
terms of several unaccounted factors and that the
weather is a stochastic process. Also it may not be
possible to get a good or satisfactory analoguc in a
large number of cases. To encounter these problems
use of group of analogues has been suggested by
Gruza er al. (1976). According to these authors a
group of 10 or 20 analogues provides probabilistic
and more skilled forecasts than the single analogue.
While for predictions on daily scale a few good
analogues may be found. for predictions on mon-

thly scale the data may be inadequate to provide for

more than one good analogue. Paul ¢r al (1982) have
used the analoguc technique for forccasting daily

monsoon rainfall distribution over various parts of
the country. Datta er al (1981) have used it to
forecast the tracks of tropical cyclone.

3. Data

The daily rainfall data of 365 stations uniformly
spread over the country are obtained for a period of
80 years (1901-1980) from the India Meteorological
Department. Pune. From these station data the spa-
tial averages have been prepared for 52, 2.5% lat./
long. blocks Fig. 1 (a) covering contiguous country.
The density of rainfall stations is about 7 stations
per block. To remove high [requency oscillations. 5-
day averages are prepared for these 52 blocks. We
have considered the data for 12 pentads for July and
August only. Using these pentad data for blocks.
Percentage Departure from Normal (ie. long term
average) (PDN) or standardized departures have
been determined. Block numbers 1. 2. 14, 15 & 24
(extreme castern blocks) have not been used in the
analysis. So. here we deal with only 47 blocks.

4. Method

In analogue prediction we usually search for
analogues in the circulation fields and/or some
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other physical lactors like surface boundary con-
ditions and the weather following the analogue is
considered as forecast weather. For fine tuning the
circulation at many levels and past history may also
be considered. The analogue forecast procedure
assumes that the relationship between circulation
and rainfall is perfect. which is Far from the reality.
Therefore. in an analogue procedure there are 3 ac-
tors responsible:for the loss of predictive skill :

(1) perfect or good analogue may not he
found.

(i) apparently perfeet analogue may  nol
evolve similarly. and

(#ii) the relationship between circulation and
rainlall is Far from perfeet.

The chances of finding good analoguce increase
with the length of historical data. Although the rain-
fall is more spatially variable than the circulation
quantities. still we hope that reasonably good
analogues will be obtained because of large length
of data. Therelore. we look for the analogues in the
rainfall ficld itself and call them as self-analogues.
This  method  of sclf~analogues  automatically
climinates the last step in analogue forccasting.
namely. the interpretation of the analogue in terms
ol rainfall,

For the purpose of finding the analogues the

hasic rainfall data has been expressed in terms of

PDN for each block. This removes the scasonal
cycle and singularity ol any kind and puts ecach pen-
tad on equal Tooting. A wvariety of similarity
measures may he adopted like map-to-map correla-
tion. distance hetween  principal  components
(Koizumi er al 1990) or some other'indices of cir-
culation (Paul er al 1982) for the scarch of
analogues. Iere we try 1o get sell-analogues of rain-
fall feld by wusing map-to-map  correlation
method.

4.1, Map-10-map correlation method

We have 960 maps (12 pentads X 80 years) each
consisting of 47 values corresponding to blocks.
Thesc 47 values of every map are correlated with 47
values of every other map. Thus. we get the matrix.
R=(r). 7=1....960: j=1....960 of map-to-
map correlations.

For any map i the best analogue is the map
which has maximum corrclation with map i. The
sccond best analogue is that which has sccond
maximum correlation with map i and so on. The
forecast. then. consists of the PDN values for the

pentad following the single best analogue or the
average PDN values of the pentads next to the selec-
ted number of ranked analogues. The forecasts are
made only for 11 pentads in each vear and the
analogues are also scarched from only these 11 pen-
tads excluding the 12th pentad since it will require
the rainfall for the 13th pentad for verification. Thus
the observed pentad runs from 1 to 11 and the
verification pentads from 2 to 12. The forecasts are
verifled against the observed PDN values in the
nextpentad through a 3 X 3 contingency table. The
three classes of the contingency table are equipro-
hable and the tercile limites. ie. the lower and
upper limit of the middle class are determined by
arranging 960 (12 pentads X 80 years) PDN values
for every block in ascending order. Then the values
ol this ordered array below which 33% of the values
lic fi.e.. 3200h value) gives the lower limit of the mid-
dle class and the value above which 33% of the
values lie (i.e., 640th value) gives the upper limit for
the middle class. These limits are shown in Figs.
I (b & c) respectively. There are a total 11 (pen-
tads) X 80 (years) = 880 forecasts made. As men-
tioned above the observed and predicted PDN are
classified in a 3 X 3 contingency table. We then
compute the skill scores (SS) from these tables
defined as follows :

C—E

S§$ = ———
r—FL

where.

C — The number of forecasts in correct
category.

I: — The number of forecasts expected to be
correct by chance alone.

In the present case. since the marginal
totals are 33%. these will be 33%.

T — The total number of forecasts.

The value of skill score (SS)is 0if € = E ie. the
number of correct forecasts are equal to those
expected by chance alone. It is 1 when C = T ie.
when all forecasts are correct.

We have used single best analogue as well as
combination of 3. 5. 7. 10. 12. 15 ranked analogues
for making forccasts,

5. Results and discussion
The skill scores achieved by using single best

analogue are shown in Fig. 1 (d). It can be scen that
the skills are positive but not so satisfactory and.
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Figs. 2 (a & b). (a) Best correlated current and analogue pentad
patterns and (b) corresponding observed and
predicted pemtad pauterns for 1987

perhaps. not usable. Spatially the skills are higher
over the western parts of India. This distribution of
skills is consistent with the skills achicved through
regression equation (Singh er al. 1978) or through
extrapolation of the rainfall fields by empirical
orthogonal function analysis (Singh and Kripalani
1986). It should be added that the low frequency
oscillations. namely. the Madden-JTulian oscilla-
tions and persistence of 5-day rainfall is strongest
over this region. This might have been responsible
for the higher skills over the western parts of the
country. Another reason for higher skills over this
region may be our use of PDN maps whose patterns
may be predominantly controlled by the dry
regions. There is slight improvement in skills for
group of analogues. About 80% of the blocks keep
on improving the skills as the group size is enlarged
with saturation in skills reaching for 12 hest
analogues. The SS achievable due to 12 best
analogues are shown in Fig. 1 (¢). The maximum S§
as achieved by using 12 best analogues is 0.25 for the
block number 6 [Hatched block in Fig. 1(e)].
According to the formula of §S. a S§ of 0.25 means
that about 50% of the forecasts are in correct
calegory.

We have reasoned into the possible cause of the
low skills. One possible suspect is the level of resem-
blance of the analogues. The frequency distribution
between the actual and the best analogues rainfall
charts is given in Table 1.

Figs. 3(a & b). (a) Best correlated current and analogue pentad
patterns and (b) corresponding observed and
predicted pentad patterns for 1988

TABLE 1

The frequency distribution between the actual and the best
analogues rainfall charts

Feu'n.-lmi(mrcucl'ﬁciems Frequency Percentage

(o

04-05 2 0.23

05-06 47 534

0.6-07 128 2591

0.7 - 0.8 362 41.14

0R-09 12 24.09

09-1.0 9 3.29
Total 880 100

We can see from Table | that over 95% of the
analogues charts have correlation coefficients (CC)
more than 0.6 which is quite high and the poor skills
are not because of the level of similarity but because
of the possibility of lack of organised evolution of
the rainfall fields having median correlations as
high as 0.6. We recall that. the PDN fields are tuned
to the lower rainfall regions. Therefore, as an alter-
nate. we consider the charts of standardised rainfall
anomalies. Use of standardised anomalies show
marginally higher skills than those obtained
through charts of PDN. In this case we obtain the
highest skill of 0.18 as against 0.16 observed by
using PDN for the case of single best analogue. The
areas of high skills remain similar.
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6. Assessment of self-analogue technique

In order to assess the predictive value of sell-
anlogue technique. it is applied for recent contrast-
ing vears. ie. good monsoon (1988) and bad
monsoon (1987) years.

TABLE 2

Correlation cocflicients hetween the cnrrent & analogue patierns
and ohserved & predicted patterns

Currem Analogne  C.C. Observed  Predicted C.C.

Year Pentad Year Pentadd Year Pentad Year Pentad

1987 7 1903 3 075 1987 B 1905 6 061

1988 R 1916 11 075 1988 9 1916 12 0.47

For 1987 the level of correlation for the best
analogue is as high as 0.75. Pentad No. 7 has maxi-
mum correlation with its analogue. i.e.. pentad no. 5
of 1905 |Fig. 2 (a)]. The observed and predicted pat-
terns [Fig. 2 (h)] also match very well with correla-
tion 0.61. Pentad no. 7 of 1987 shows negative
departures all over the country except northeast

India and southeastern tip part. Its analogue is also
similar with less magnitudes of PDN values. The
observed pattern (pentad no. 8 of 1987) has positive
departures in the northeast corner and southeastern
tip of the country. The predicted pattern (pentad no.
6 of 1905) shows similar pattern.

For recent good monsoon year 1988. the level of
hest correlation is not as high as that for bad mon-
soon vear 1987. The maximum correlation between
pentad and its analogue is achieved for pentad no. 8
of 1988. The analoguc is pentad no. 11 of 1916 [Fig.
3(a)]. The correlation coelTicient is 0.70. The cor-
relation between observed pentad (pentad no. 9 of
1988) and predicted pentad (pentad no. 12 of 1916)
is 047 [Fig. 3(b)]. For pentad no. 8 of 1988 the
departures are positive over northeastern parts of
the country. This corresponds to mid-tropospheric
cyclonic flow. Duc to western disturbances, in next
pentad (observed) positive departures get shifted
eastward to the foothills of Himalaya. resulting in
break monsoon situation over the country. The
analogue pattern is similar. In the observed pattern,
positive departures are there only in northwest cor-
ner and southern tip of India. The predicted pattern
is almost similar to the observed one.

Thus. it is secen that the analogue technique
is quite satisfactory technique for prediction
purposes.

6—800 IMD/94.

7. Conclusions
From the above results we see that:

(/) Low but positive skills are achievable in
prediction of S-day rainfall by analogue
technique. This suggests that the rainfall
ficlds possess some systematic evolution-
ary signal.

(ff) The skills are somewhat higher in the wes-
tern parts of the country. It is over this
region. the intensity of the Madden-Julian
low frequency (30-60 day period) oscilla-
tions is highest. Therefore. the skill of
these self-analogues seems to arrive from
Madden-Julian oscillations. The magni-
tude of the skills is comparable to that
arrived by extrapolating the Madden-
Julian oscillations.

There is some improvement in skill when
group of analogue is considered. A group
of 12 analogues gives maximum skill.

We note. however. that the si-ills presented here
may not be the best skills achievable through
analogue prediction. Analogues in circulation fields
may give better skills but this will need large data of
circulation fields. The rainfall fields could also be
treated differently. One could consider the EOFs of
the rainfall and the Euclidean distance between the
charts in terms of principal component scores.
Alternatively. the spatial patterns of rainfall fields
could be smoothed by considering the original
values corresponding to the terciles of rainfall. Tt
may also be of interest to investigate if the skills are
different and better for certain types of current
situations. It is hoped that investigations into this
direction may improve the skills in prediction. Such
skills may be used as essential elements of an
operational forecast set up and the forecasts pre-
parcd from other means may be suitably combined
with the forecasts prepared by the analogue method.
The analogue forecasts can also be used as a basis
against which skill of the forecasts prepared from
more involved mcthods could be verified.
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