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ANNUAL AND WEEKLY ANALYSIS OF RAINFALL AND TEMPERATURE
FOR PUNE : A MULTIPLE TIME SERIES APPROACH

Alaka Gadgil, Sharad Gore and Shridhar Gupte, Pune

ABSTRACT : Annual and weekly rainfall and temperature records for Pune are

analysed. The data represent annual and weekly rainfall and temperature

records for the periods 1901-1985 and 1946-1985, respectively. The data are

smoothed and analysed for dependencies and periodicities, with a view to
examining the trends and changes in the temperature and rainfall regimes. An
attempt has been made to develop a model that can be employed for prediction
of rainfall by considering the maximum and minimum temperature records.

INTRODUCTION distinguish between the analytical and the
predictive models employed in a study of
rainfall data.Rainfall is a crucial agroclimatological

factor in the seasonally arid parts of the
world and its analysis is an important pre-

requisite for agricultural planning. In India,
traditional analysis of rainfall data has been
restricted to evaluation of trends for predic-

tion.

Various research workers like Ragha-

vendra (1974), Mooley (1967), etc. have

analysed daily precipitation,for identifica-
tion of rainfall patterns, using power spect-

rum and Markov chain models. These

methods basically aim at establishing trends
in the rainfall pattern and, under the
assumption of temporal homogeneity, can at
best provide estimates of the rainfall amount
at specific time-points. It should be noted
here that the forecasts using these methods
are not predictions in real sense. The
assumptions of homogeneity and stability
have to be established before applying any
such procedure. Even with all these precau-

tions the only component of the error in
such models is the random error. A predic-

tion model, on the other hand, gives an

additional component of deviations due to
the model. This makes it necessary to

In this paper, two approaches are pre-

sented to the analysis ofrainfall and tempera-
ture variations. The first approach aims
at examining periodic in rainfall
and temperatute, and the second one is rela'

ted to the prediction of rainfall with the

use of multivariate statistical techniques.

The data used in the analysis presented

in this paper were obtained from India

Meteorological Department, Pune. The

analysis were carried out on the micro-
computer of the Department of Geography,

University of Poona. The necessary soft-
ware for the analysis was developed by the

authors on this microcomputer.

The city of Pune is situated on the
western margin of the Deccan Plateau at an

altitude of about 600 m above sea level.
Owing to its position in the rainshadow
region, the climate of Pune is dry during
most of the year. On account of its eleva-

tion and dryness, Pune is cool during nights,
even in summer. Pune is covered by
Koeppen's Bsh and Thornthwaite's Da'da'
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climate, indicating semiarid and mega-
thermal conditions with no water surplus
during the year.

METHODOLOGY

Voluminous data on observations rela-
ted to daily weather conditions are provided
by India Meteorological Department for a

large number of stations in India. These
data on weather conditions have proved to
be very useful for an appreciation ofchanges
in climatic conditions for different stations.
Several research workers like Stern (1980),
Singh and Kripalani (1981) and others have

studied the runs of dry and wet spells for
selected stations for rainfall persistency.
These workers have applied one or the other
model to study the persistency phenomena.
They have indicated that it is possible to
give an objective forecast of the probability
of rainfall persisting for one or more days,
based on the previous spell. These studies

were limited to a few stations. Harris (1985)
has adopted autocorrelation function for
examining the temporal dependencies of
precipitation and temperature for Durham
(U. K.). However, the results indicate very
week correlations.

The study undertaken in this paper
deals with the weekly and yearly tempera-
ture and rainfall analysis for Pune station.
Autocorrelations for maximum temperature,
minimum temperature, and rainfall have
been computed separately. In addition to
this, cross-correlations between temperature
and rainfall, and cross-multiple-correlations
of rainfall with maximum and minimum
temperatures, at differeni lag periods, have
also been worked out, Thus the objectives
of the present study is to examine the trends
and periodicities in temperature and rainfall
and to investigate the relationships between
maximum and minimum temperatures and
rainfall, especially for the monsoon season.

TRENDS IN RAINFALL VARIATION
(r901-198s)

The statistical analysis carried out for
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the data gives the mean annual precipitation
value of 67 5.67 mm with a standard devia-

tion of l71.l7 mm for the series. The
erratic nature of annual precipitation is

clearly illustrated in Figure 1, The figure
depicts the occurrences of dry years follow-
ed by wet years. For example, the lowest
annual total in the series (268 mm) was

recorded in l9l8 and was followed by 800
mm in 1919.

Fig. 1 : Annual precipitation (mm) 1901-1985

Fig. 2 : Five-year moving average of the
annual rainfall

Fig. 3 : Eleven-year moving average of the
annual rainfall

Fig. 4 : Fifteen-year moving average of the
annual rainfall
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In order to establish the overall trend

in rainfall series, a number of smoothing

operations were . performed on the annual

rainfall data. For this, unweighted windows

of 5, 11 and 15 years were used' The series

filtered with a 5 year window (Figure 2)

shows an annual average rainfall maximum

of 740 mm in 1908 falling to a minimum of
600 mm in 1911. During the succeeding

years the average rainfall increased to reach

a peak of 810 mm in 1916' Since then,

the average rainfall pattern reveals a decreas-

ing trend till the late thirties. The peak of
1933 is followed by two successive troughs

covering a time span of twelve years each.

Since 1958, the graph shows a gradual

increase in the average rainfall amount.

Smoothing through I I years filter (Figure 3)

exhibits unstable rainfall conditions upto

1930 which were followed by stability in
the amount upto 1950. In the-sixties the

average rainfall attained a maximum value

of 800 mm and then decreased gradually in
subsequent years. As against this, a 15

year window indicates a decreasing trend
upto 1925, followed by a gradual increase

right upto the present (Figure 4). This

appears more interesting when compared

with the prevailing drought conditions.
However, this can be explained easily by
standard deviation values which have subs-

tantially increased over the last sixteen

years. Although the average rainfall
amounts are normal, the higher values of
standard deviation connote afl erratic

distribution (Table 1).

TABLE I : MOVING AVERAGES WITH

15 YEARS I.JNWEIGHTED WINDOW

Sl. No. Average Std. Dev

Sl. No. Average Std. Dev
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667.8666

676.6533
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667.52
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237.0294
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220.36'14

203.6621

698.0933
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692.78
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682.6934

203.6685

207.6126

179.9001

182.4732
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170.3509
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Sl. No. Average Std. Dev.
THE PATTERN OF TEMPERATURE
VARTATTON (1901-198s)

The mean temperature pattern shows a

gradual warming upto the fifties followed by
a cooling trend as indicated in Figure 5. The
graph shows annual mean temperature for
the period 1901-1985. The mean for the
series is 24.92oC with a standard deviation
of 0.+oC. The smoothing of the same data
will 5, 1l and 15 years window filters is

presented in Figures 6,7 and 8 respectively.
The mean annual temperature was below
25oC for most of the time, excepting 3 to
4 years at the beginning of this century.
The lowest mean of 24.5oC was recorded
n 1937 followed by a rising tendency upto
1960. During this period of rise, the highest
values of annual mean temperature were
found to be centered around 25.5oC. In
the early sixties, a marginal decrease in the
annual mean temperature was observed,

which dropped down upto 24.5oC. The
late sixties saw a slight increase by about
0.45oC. A similar trend is also revealed with
11 and 15 year windows (Figure 7 and 8).
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Fig. 5 : Annual mean temperature (oC) 1901-1985

Fig.6 : Five-year nloving average ofthe- 
annual mean temperature (oC)

Fig. 8 : Fifteen year moving average of the
annual mean temperature (oC)

Fig. 9 : Mean maximum temperature
Auto-correlation functionFig. 7 : Eleven-year moving average-of the

annual mean temperature (oC)
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THE TEMPORAL DEPENDENCIES OF
PRECIPITATION AND TEMPERATURES

The tenporal dependencies of precipi-
tation and temperature were analysed by
exarnining autocorrelation functions (corre-
lograms) of weekly mean maximum tempera-

ture. nlean minirnum temperature and rain-
fall. Figure 9 shows the autocorrelation
function for the mean maximum tempera-
ture. The graph is W shaped. The only
abnormality is seen in the decrease in the
correlation co-efficient value around 26th
week. i.e. at 6 months lag. This can be

associated with a decrease in the mean
nraximum tenrperature for the monsoon
period and with a slight increase in the
parameter during the retreat of monsoon.

Mean minimum temperature

Auto-correlation function

Fig, 10

Fig. 1l

Rainfall : Auto-correlation function
The correlogram for the mean mini-

mum temperature, illustrated in Figure 10,

resembles the alphabet 'tJ', with maximum
negative correlation (-0.75) around 26th
week, The Figure 11 shows the autocorrela-
tion function for rainfall, which is also more
or less 'U' shaped. The shape suggests that
there is no remarkable shift in the monsoon
pattern.

The maximum cross-correlation (0.26)
between the mean maximum temperature
and rainfall at 8 weeks lag indicates that

the former affects the latter directly after
8 weeks (Figure 12) The correlation
function reaches the minimum value of

-0.26, showing an inverse relationship
at 39 weeks lag (Figure 12). This negative

correlation conveys a high.probability of
good rains in the monsoon, following
prolonged cold winters. The graph of cross-

correlation between the mean minimum
temperature and rainfall (Figure 13) is the

mirror image of the previous one and may
be, therefore, explained in the similar
manner.

Fig. 12

Rainfall and mean maximum temperatuie
correlation function

Fig.'13

Rainfall and mcan minimum temperature
cross-correlation function

Fig.14

Mean maximum and mean minimum temperature
cross-correlation function

Similarly, the mean maximum tempera-
ture affects the mean minimum temperature
at 14 weeks lag. This observation is support-
ed by the highest cross-correlation of0.53 at
14 weeks lag. The highest negative correla-
tion observed at 39 weeks lag implies that
the mean maximum temperature is inversely
related to the mean minimum temperature
after 39 weeks (Figure 14).
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The relation of the mean maximum
and the mean minimum temperature and

the rainfall at different lags is talulated in
Table 2. The results can be effectively
employed for predicting rainfall. The high
multiple correlation coefficient values for
the three parameters further support the
above inference.

TAALE 2: TABLE OFCROS.MULNPLE CORRELAflON OF UNFALL WITH MEAN

MA)OM(Ju TEMPEMTURE AND [IEAN MINI[ItH TEMfERA't'RE
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DISCUSSION AND CONCLUSIONS

The importance of predictability of
rainfall in an area of marginal precipitation
cannot be overemphasized, especially in an
agriculture-based economy. Therefore,
much of the research on spatial and
temporal variations in the monsoon climate
are focussed on developing models for predic-

tion of rainfall (Bedi, 1972; Singh and
Mooley, 1978 etc.). The present communi
cation is a modest attempt in this direction.
This has been partially achieved by using
two statistical techniques, namely:

Smoothing operations with unweight-
ed windows, and

2. Correlationanalysis.

The smoothing procedures, often used,

have been found useful only for describing
the temporal changes. Their utility for
prediction is found to be limited in the
present analysis. However, the smoothed
series has been useful for identifying cooler
and drier conditions at the turn of the

century, followed by a warmer and wetter
climate towards the middle of the 20th
century and a cooling trend, since then,
for Pune city. NevErtheless, the analysis
fails to establish any significant cyclicity or
periodicity in rainfall and temperature
variations.

In view of the limitations of the
smoothing procedures, more sophisticated
methods like autocorrelation, cross-correla-

tion and multiple correlation were employ-
ed and were found to be more useful for
developing models for rainfall prediction.
The cross-correlations of the mean maxi
mum temperature and of the mean mini-
mum temperature with rainfall exhibit
strong interdependence and hence can be

used for prediction.

The following points emerge from
the foregoing discussion and the preceding
analysis of the data for Pune station:

The cross-correlation between the
mean maximum temperature and rain-
fall indicates that prolonged cold
winters assure good rains during the
following monsoon.

The fall in the maximum temperature
can be predicted 14 weeks ahead by
observing the rise in the minimum
temperature. For example, the fall
in the maximum temperature during
November is closely related with the
rise in the minimum temperature
during August. Therefore, duration
and severity of winters is also predict-
able.

The maximum temperature during
the first week of April and the mini-
mum temperature during early August
of the previous year are likely to be
good indicators of the rainfall amount
in the first week of June.

The rainfall in the second week of
October (post-monsoon period) can be
predicted by using the maximum
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terllperature during the first week of
August and the minir.num temperature
of tl.re second week of January.

The present study, based on the
consideration of weekly rnean maximum
and weekly r.nean r.ninimum temperatures
and weekly rainfall. is an attempt to provide
a nerv direction in search of models for
predicting rainfall in tropical monsoon
ciinrate. The authors are fully aware of the
linitations of the ntethocis used. However,
.it is iroped that a further analysis based on
daily temperatures and rainfall data over a

longer period of tlrrre is iikely to provide a

more reliable prediction model for monsoon
rainfall.
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