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ABSTRACT, Based on the instrumental observations of over a century available in Indin, attempt is made
to study if there is a clear-cut evidence of any climate change or trend over India with particular reference to
rainfall, surface temperature, atmospheric pressure and total ozone. The study concludes that while there are vear
to year random fluctuations in thes2 atmospheric variables and there are certain epochal increases and decreases
in respect of rainfall and surface temperature, there appearsto be no systematic climate charge or trend over
India. There is also no evidence of vzone depletion over India.
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1. Introduction

In India, climatic data based on inttrumental obser-
vations are available from 1870 onwards for about 120
vears. By using these data, the problem of climate
changes and trends in India has been studied by seve-
ral investigators and the reviews on the subject are
available in the literature (Sarker and Thaplival 1988).
Here an attempt has becen made to summarise the
evidence and identify signals, if any, which indicate
climate change over the Indian region. The problem
has been discussed with particular reference to the
Indian rainfall. temperature, pressure and ozone data.

2. Raijnfall

Among various climatic parameters, rainfall is of
greatest concern to the population of India. The inter-
annual variability of the yearly and monsoon rainfall
has considerable impact on national activities like,
agriculture, water management and energy generation,

Towards the end of the nineteenth century, scientists
from the India Meteorological Department started
analysing the available annual rainfall data over India
and studied year to year variability in the rainfall.
Blanford (1886) was the first meteorologist to make

extensive studies of Indian rainfall. The analysis of
19 vears (1867-1885) annual rainfall data for India
as a whole did not reveal any systematic trend. Perhaps
this was tco short a period for such a study.

Sarker and Thaplival (1988) and Thapliyal (1990)
studied the long period (1875-1989) annual rainfall
of India using the data of large number of raingauges
(about 2500) well distributed over the country. The
analysis of the data did not reveal any cignificant trend.
The rainfall anomalies as percentage of the yearly
normal (based on 1901-1950 data) are shown in Fig. 1.
As seen in the figure, the annual rainfall of India
exhibits considerable year to year variation, but does
not show any increasing or decreasing trend throughout
the period. For the 70-year period (1901-1970) the
average rainfall and its standard deviation (o) are
1148 mm and 108 mm respectively.

Five-year running means, have also been plotted in
Fig |. Two dotted lines in the figure indicate the upper
and lower limits of =£o. It is seen from the figure
that during the 115 years (1875-1989), the S5-year
running means have fluctuated from the normal rainfall
within plus and minus one standard deviation.

NoTte — A detailed paper on the subject was presented by the authorsat the 'A:‘.iar! Workshop on the Inlcguational Geosphere Bimphe(t"
Programme’ (New Delhi, February 1991) and it may appear in the proceedings of the Workshop, if and when published. This
abridged version is published here after following the procedure prescribed for reviewing scientific contributions in Mausam.

— Editor
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Fig. 1. Annual rainfall of India (Thick curve S-vear running ma2an)

For determining the decadal trend, running means
of annual rainfall have been studied by different investi-
gators (Pramanik and Jagannathan 1953, Thapliyal
1990). No significant decreasing or increasing trend
has been found throughout the period of 115 vears
(1875-1989). However, as would be seen from Fig. 2.
linearly increasing trends are found during 3 cpochs
(1876-1894, 1906-1964 and 1973 onwards)  whil:
linearly decreasing trends are noticed during the two
epochs (1895-1905 and 1965-1972)  This suggests
that the rainfall of India exhibits fluctuating epochal
decreasing and increasing trends during recent 115 years.
This transition from one state of above normal to
another state of below normal rainfall is an interesting
result in keeping with Lorenz (1963) who attributed
such aperiodic random behaviour to deterministic
chaos. The system chooses one state (according to
the initial conditions) from a variety ol simultanzously
available states known as attiactors. The initial con-
ditions are decided by events like enhanced/weak land
sea temperature contrasts, advective/convective pro-
cesses, etc.

It would, thercfore, appear that the long period an-
nual rainfall data exhibits year to vear fluctuations but
does not indicate any long term climate change and
trend. Similar results have been reported earlier also
(Rao 193€, Agarwala 1952, Pramanik and Jagannathan
1955. Rao and Jagannathan 1963, Koteswaram and
Alvi 1969, 1970; Raghavendra 1974, 1980; Dhar ef al.
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Fig. 2. Annual rainfall of Tndia (10-year running mean)

1982, Sarker and Thapliyal 1988, Thapliyal 1990}
when the rainfall of different stations and regions of
India were analysed.

Figs. 3 and 4 for monsoon rainfall over India show
similar patterns as the annual rainfall. This is under-
standable as the bulk of the indian rainfall is from the
summer monsoon.
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Fig. 3. Monsoon rainfall of Ind
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Fig. 4. Monsoon rainfall of India (10-year running mean)

. Temperature

Fo:_' a tropical country like India, the temperature of
the air near the surface of the ground is another impor-
tant climatic parameter. Realising the importance
of the long term climate change in the surface temperature

ia (Thick curve S-year running mean)

of India, scientists from the India Meteorological
Department started analysing the land surface tempera-
ture data of India as early as the middle of this cen-
tury. The annual maximum and minimum tempera-
tures of 20 meteorological observatories situated in India
and neighbourhood were studied by Pramanik and
Jagannathan (1954). The study revealed that there
is no general tendency of systematic increase or dec-
rease of temperature over these stations. Jagannathan
(1963) and Jagannathan and Parthasarathy (1972)
have analysed the trends in the characteristics of seasonal
variation of temperature in the arid and semi-arid
regions of the globe which included 8 Indian stations
with about 55 to 100 years data. No systematic increase
or decrease were observed by them in the mean annual
temperature of Indian stations. Recently, Hingane
et al. (1985), Sarker and Thapliyal (1988) and Thapliyal
(1990) have studied the trends in long period temperature
data from about 70 stations well distributed over India.
The temperature anomalies for the entire period shown
in Fig. 5 indicate a slight warming trend of the order
of 0.4°C during the last 89 years. In the figure, the
trend is depicted by a dofted line. The 5-year running
means shown in the figure by a continuous curve also
confirm the slightly warming trend since 1901, though
well within one standard deviation. While certain
regions of the country such as the west coast, interior
peninsula, north central India and northeast India have
shown warming, other regions have either shown slight
cooling or no noticeable trends at all.
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Figz. 5. Annual temperature of India (Thick curve S<year rnnning mzan)

For determining the decadal trend in temperature,
Thapliyal (1990) studied the 10-year running means
of Indian surface temperatures for 89 vears (1901~
1989) which are plotted in Fig. 6. It is seen from the
figure that on decadal basis, temperature variation also
exhibits epochal trends as in case of rainfall although
it does not seem possible to delineate a relationship
between temperature and rainfall variations.

An interesting feature is that the Indian mean annual
temperature does not show the post-1940 cooling ob-
served in the Northern Hemisphere data. Though it
is difficult to interpret the above results in terms of
cause and effect, one cannot but note a significant in-
crease in the consumption of fossil-fuel, deforestation
and land use in India, during the period.

Despite the importance of monitoring a wide range
of climatic variables, surface temperature trends — es-
pecially land-surface trends — are frequently cited as
the potential indicator of climate change. One yet
unresolved problem is the warming bias caused by urban
heat island effects as there are fewer observing stations
in sparsely populated or rural areas,

4. Atmospheric pressure

Detailed analysis of long period (80 to 100 years)
pressure of India (Pramanik and Jagannathan 1955,
Sarker and Thapliyal 1988) has not revealed any sys-
tematic increasing or decreasing trend of the surface
atmospheric pressure over the country, though ccnsi-
derable year to year fluctuations have been noted.
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Fig. 6. Annual temperature of India (10-vr running mean)

5. Total ozone

In India, total ozone is being measured since 1928
when the first Dobson Ozone Spectrophotometer mea-
surements were carried out at Kodaikanal. By using
Indian data, Ramanathan (1963) studied the total ozone
amounts observed at Mount Abu/Ahmedabad (25° N-
22° N) and Kodaikanal (10°N) and noted a biennial
variation in czone amount during the period 1954 to
1962.
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Fig. 7. Ozone distribution over India

For studying the inter-annual and long term variabi-
lity of ozone over India, a number of investigators
(Tiwari 1973, Tiwari and Sreedharan 1973, Thapliyal
1990) analysed ozone measurements over India. The
ozone distribution over 3 representative stations of India
are shown in Fig. 7 for the period (1958-86). It may
be seen from the figure that ozone mzasurcments exhi-
bit year to year variability but do not show any syste-
matic decreasing or increasing trend over India.

6. Conclusions

During the pzriod of about 120 years from 1870 for
which instrumental records are available, the important
climatic parameters over India show considerable year
to year random fluctuations. Except for temperature
which has shown slight warming within the limits of
one standard deviation over a century, rainfall and pres-
sure do not indicate any systematic decreasing or in-
creasing trend throughout the pericd. However, fluc-
tuating epochal decicasing or increasing trends have
been noted in the surface temperature and rainfall
patterns of India.

Analysis of total ozene data does not show any signi-
ficant evidence towards depletion of ozone over India.
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