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An agroclimatic approach to the assessment
of tropical droughts
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ABSTRACT. Droughts have been a mafter of serious concern fo man since ancient times, and
even today they are an outstanding example of man's helplessness before nature’s large-scale and
formidable phenomena, To the meteorologist, drought is a rainless situation for an extended period
of time during which some precipitation should have been normally received depending upon the geo- .
graphical location of the region and season of the year. To the agriculturist, drought is a shortage of
imoistare availability for his crops while the hydrologist views it as being .responsible for depression
of surface and sub-surface water levels or decrease of stream flow.

Most of the concepts and definitions suggested in literature are based on techniques which either
lack physical basis or are empirical. However, Thorathwaite for the first time suggested that water
availability or its deficiency should always be considered in relation to the water need of the region
taking into consideration the important role of soil moisture, for a rational understanding of droughts,

In this paper, the index of moisture adequacy - ([,,) derived from water balance procedures,
has been employed to categorize droughts from the agricultural and ecological point of view. Droughts
of selected stations in the semi-arid zone of India have been analyzed. '

However, more imporiant than the delineation of drought years of various severities, is the assess-
ment of the exact duration of drought spells. Selected drought spells were, therefore, analyzed critically
by plotting the ratic of the departures of monthly indices of moisture adequacy ([,,) from the
climatic normal, to the standard deviation of (7, )} for that month. This technique is found to be of great
value in agricultural and ecological investigations as due weightage is given fo the drought resistance
:and tolerance of crops which are adapted to the region. It also highlights the fact that the same amount
of water deficiency during the various seasons of the year and at different stages of crop growth causes
varying moisture stress. This is of special interest in tropical regions where it is the moisture factor
that inhibits the growth of vegetation to its potential levels. :

1. Introduction - and distribution of rainfall that the country receives.

It is now a well established fact that the Indian An year with normal or above normal rainfall leads to

geonomy is controlled to a great extent by the nature all round prosperity and progress of the country. On
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the other hand, the failure of the monsoons in a parti-
cular year or even a few weeks delay in their onset
could cause widespread droughts leading to catastrophic
consequences and large scale human misery. Historical
evidences show that droughts and resuftant famine
conditions - have been one of the most serious of
natural hazards to man since ancient times in our
country. Against this background of utter dependence
on weather and climate for our progress and develop-
ment, it is imperative that the droughts of our region
are studied in the greatest detail possible.

Though droughts have been defined variously, they
are generally understood as periods of dryness due' to
lack of rain. The concept of drought varies from place
to place depending upon the normal climatic conditions,
available ‘water resources, agricultural practices and
various economic activities of the region. A detailed
description of definitions of droughts has been given
by Subrahmanyam (1967), To the meteorologist
drought is a rainless situation for an extended period
during which some precipitation should have been
normally received depending on the geographical loca-
tion of the place and scason of the year while to the
agriculturist drought is a shortage of moisture avajlabi-
lity for his crops.

From the above considerations, drought is seen to
be a relative rather than an absolute condition, Further,
since neither the beginning nor the end of droughts are
normally recognizable, their assessment is based on
the actual experience of its effects on surface run off,
soil moisture and ground water levels.

Most of the concepts and definitions suggested in
literature are baséd on techmigques which either lack
physical basis or are emperical. A clearer understanding
and better appreciation of the problem of droughts and
aridity became possible after Thornthwajte (1947)
laid the basis for the water balance methods and
suggested that drought cannot be defined in terms of
rainfall shortage alone, since this does not take into
account either the water need of the region or the
important role of soil moisture on which the plants
depend for their existence.

2. Materials and methods

In India, the water balance approach for the studies
of aridity and droughts was first applied by Subrah-
manyam (1958). He and his co-workers Subrah-
manyam and Subramaniam (1964, 1965), Subrah-
manyam and Sastri (1969) and Ram Mohan ( 1978)
used the departures of ‘Aridity Index (1.} of Thomn-
thwaite (1948) from the median value to categorize
droughts,

A more useful parameter to study droughts from
the agroclimatic point of view is the Tndex of Moisture
Adequacy  (I,,) derived from water balance proce-
dures. This index, first put forth by Subrahmanyam et
al. (1963) with a view to study the cropping pat-
terns in India, is defined as the percentage ratio of the
actual evapotranspiration to the potential evapotrans-
piration on an annual basis. A value of 100% would
mean that the moisture status is at the optimum level
and agricultural operations can be carried out without

TABLE 1
Drought years at Madurai and Cuddalore

Total Disas-
Station  fre-  trous Severe Large Moderate
quency
Madurai 42 {2) (17} ()] (14)
1913, 1905, 1907, 1908, 1911, 1901, 1904,
1952 1914, 1918, 1912, 1926, 1906, 1915,
1923, 1924, 1927, 1931, 1916, 1917,
1928, 1934, 1938, 1964, 1918, 1925,
1935, 1936, 1969, 1939, 1945,
1937, 1950, . 1946, 1948,
1958, 1959, 1860, 1965
1961, 1962, .
1970
Cudda- 38 (2) (5) N (24
fore 1945, 1918, 1927, 1906, 1911, 1904, 1905,
1969 1937, 1950, 1913, 1919, 1907, 1908,
1952 1951, 1939, 1910, 1912, -
1968 1915, 1916,
1923, 1924,

1931, 1934,
1935, 1936,
1938, 1940,
1942, 1948,
1949, 1957,
1960, 1970,
1973, 1974

any supplemental irrigation. High values of the index
denote fairly sufficient quantities of water for use by
the soil and plants for evapotranspiration. Some
supplemental irrigation would help the actual evapo-
transpiration reach potential levels. Low values would
indicate large moisture stress on the plants whose
growth is inhibited resulting in low yields. Irrigation
is then absolutely essential if crops are to survive
under these conditions,

In this paper, the yearly water balances of two
representative stations in Peninsular India - Madurai
(Semiarid climate} and Cuddalore {Dry sub-humid
climate) have been worked out for a period of 75
years (1901-1975) using the book-keeping procedure
outlined by Thornthwaite and Mather (1955). The
indices of moisture adequacy have been calculated on
an annual basis. Percentage departures of 7, from
the climatic normal have been plotted (Figs. 1a and
1b). Categorization of droughts has been done ag
shown below employing the standard deviation (o) as
the basis of reference when the departures have been
negative :

Negative departure of L,

Drought intensity
Jrom normel
\

Less than 1 o Moderate
Between 1 o and < Large
Between ¢ and 2 ¢ Severe
Above 2o Disastrous

During the period of study, Madurai experienced a
total of 42 drought years while Cuddalore experienced
38 years of drought of various categories (Table 1).
At both the stations droughts of disastrous nature
occurred twice in 1913 and: 1952 at Madurai and in
1945 and 1969 at Cuddalore,
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(a) Madurai

Figs. 1 (a&b). Yearly march of index of moisture adequacy

Madurai experienced more severe droughts than large
or moderate ones while Cuddalore experienced more
moderate droughts than of other categories,

However, more important than. the delincation of
drought years of various severities, is the knowledge of
exact duration of drought spells. The study of the
duration of droughts is of great practical imporiance
in agriculture and hydrology.

3. Resulis and discussion

Droughts usually result from the cumulative effect
of a set of weather sequences developing over an ex-
tended period of time, Thus, droughts may be either
prolonged or shortlived depending upon the nature and

duration of the water deficiency responsible for it. The

severity of droughts depends upon the degree and
duration of moisture deficiency. Therefore, the drought
spells in disastrous drought years have been selected
for detailed study of their durations and severities on
a monthly basis. The ratios of the departures of the
monthly 7, values from their climatic normals to the
standard deviations of the corresponding months were

1970 1980 1900

plotted (Fig. 2). Months with negative values indicate

a drought spell while the magnitude of the negative
departure from the normal is an assessment of ils
severity. This technique takes into consideration the
fact that the same amount of water deficiency during
the various seasons of the year cause varying moisture
stress. This aspect. is of importance in agricultural
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(b) Cuddalore

investigation as due weightage is given to the drought
resistance and tolerance of crops which are adapted
to climatic conditions of the region, :

At Madurai the 1913 disastrous drought spell is
actually found to extend from November 1912 to June
1914, during which its intensity is found to be maxi-
mum during the post monsocon months of Sepiember
and November 1913; the dry spell of 1952 is found
to have begun in September 1951 and continued upto
March 1953 being most severe in November 1952.

Unlike at Madurai, the duration, of drought spell
at Cuddalore is limited to the year itself in 1945, The
spell has maximum severity in February. During. the
period from March to May, the station is free from
the dry spell. However, dryness prevails again from
May to November. The ofher disastrous drought spell
extends from September 1968 to November 1969,
During this period the driest months were February
and October of 1969.

This approach highlights the fact that droughty have
an origin, intepsification and decay. Such an analysis
is of great value in agroclimatic and ecological investi-
gations as the exact duration and severity can be
delineated. Such a study on shorter term basis, weekly
for instance, would help locate the exact beginning and
cessation of droughts. This would be of use in schedul-
ing supplemental irrigation fo mitigate the severity of
dryness at the appropriate stages of crop growth, This
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Fig, 2, Analysis of drought spells on a menthly basis

is of special interest in tropical regions, where it is
the moisture factor that inhibits the full growth of
vegetation to its potential levels, the thermal factor
being more than adequate to support the most
luxuriant type of vegetation,
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