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PREFACE

The Report of the National Commission on Agriculture comprises
69 chapters in 15 oparts. A complete list of chapters and
parts is given in pages (iii) to (v). The Terms of Reference of
the Commission and its composition are given in Part I—Chapter
I—Introduction.

This volume entitled ‘Climate and Agriculture’, is Part IV of the
Report and is divided into the following two chapters :

13. Climate and Agriculture
14, Rainfall and Cropping Patterns
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CLIMATE AND AGRICULTURE

1 INTRODUCTION

13.1.1 “It is intolerable that this world of the 1970's with all its.
scientific progress and its slowly growing sense of common purpose,
should go on enduring a situation in which the chances of enough
decent food for millions of human beings may simply depend on the
whims of one year’s weather.”” The Director General of the Food and
Agriculture Organisation (FAO) of the United Nations said this in a
statement to the Press on February 1, 1973.  The statement very aptly
sums up the Indian scene and the recurrent years of low food produc--
tion during the past decade are still fresh in our memory. 'In a pre-
dominantly agricultural country like India, national progress is vitally
linked with increasing production of agricultural crops. A major factor
influencing growth, sustenance and yield of crops is weather, in fact,
weather is significant in nearly every phase of agricultural activity from-
the preparatory tillage to harvesting and storage. Successful farming,
therefore, calls for appropriate decisions in relation to weather for choice:
of crop, sowing. transplanting, scheduling of irrigation, fertiliser applica-
tion, use of pesticides etc. A knowledge of risk due to adverse weather
conditions such as drought, floods, hailstorm, frost and environmental
conditions conducive to pests and disease incidence is essential.
13.1.2 The Royal Commission on Agriculture (RCA) (1928) re--
cognising the close relationship of weather and agriculture recommend-
ed that :
“Much useful light would be thrown on agricultural questions if the:
weather data collected by the Meteorological Department were
correlated with the statistics of area sown and yield of crops collected
by the Revenue Departments. Agricultural Departments should
make themselves responsible for meteorological studies relating
to the influence of weather conditions on the growing crop.”

In pursuance of the above recommendation, the India Meteorological

Department (IMD) commenced work on agricultural meteorology in

1932 and has been conducting micro-meteorological studies in coopera--

tion with agricultural institutes and State Agriculture Departments..
2--133Deptt of Agrl/76



2 CLIMATE AND AGRICULTURE

In 1945, a coordinated Crop-Weather Scheme, patterned on the model
of the British Crop Weather Scheme, was introduced. The scheme
aimed at collection of basic meteorological and crop data in a farm en-
vironment with a view to studying their inter-relationships, with an
attempt to study the effect of individual climatic elements like temperature
and rainfall on crop yield as a necessary first step. Standard statistical
techniques were employed, but the results obtained could not lead to a
fuller understanding of the complex biological processes of the plant,
which are conditioned by a large number of combinations of the
environmental factors. A broadening of the scope of investigation is
found necessary to encompass wider considerations like energy budget
and water balance.

13.1.3 Several aspects of this subject need detailed study. In
a paperl presented at the symposium on crop, weather and water re-
lationship in agricultural production, a few specific problems were raised
on the role or contribution of each of the factors of weather and tech-
nology to crop production. In this connection, reference was made to
the large decline in production in 1965-66 and 1966-67 as compared to
1964-65 and the much larger rise in 1967-68, a normal year, and almost
stationary production in spite of unfavourable weather conditions over
farge parts of the country in 1968-69. These raise the important question
on the relative roles of weather and technology. Similarly for the planner,
it would be helpful to know in advance, the years’ production well before
the date of harvest, but the question is whether this could be attempted
through the use of meteorological factors. A related point is whether
Indian climate has trends, periodicity, points of symmetry etc. which
could be used for purposes of prediction. Another point concerns
weather in relation to pests and diseases. The major problem of crop-
weather relationship, however, persists. An attempt has been made to
analyse these and other related problems in the subsequent
sections.

2 CLIMATE

13.2.1 A brief introductory accountis given of the main climatic
features of the country and this is followed by a discussion of climatic
factors important to agriculture, such as precipitation, rainfall variability,
rainfall correlations, breaks in rainfall, temperatures, wind, sunshine and
radiation and climatic change—trends and periodicity.

1 Sarma, J. S., 1969. Crop-weather relationship—Areas of Study. Symposium on Crop,
weather and water relationship in agricultural production—Annual Conference,
Indian Society of Agricultural Statistics, Bombay,
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General Description

13.2.2 The climates of India are varied and diverse. Khasi-Jaintia
Hills (Meghalaya) in the extreme east is one of the rainiest areas in the
world with annual averages of the order of 1000—1050 cm while in the ex-
treme west in Rajasthan there are areas receiving less than 10 cm.  The
contrasts in climate are striking. Punjab and adjoining areas have con-
tinental climates with extremes of temperature ranging from 45—50°C
in summer to near freezing temperatures in winter, while Kerala has
equable maritime climate throughout the year. The major feature of
Indian climate is the alternation of the seasons when the winds reverse in
direction twice in the year. The seasonal features are :

(i) In the winter months of December to February, the principal
feature of weather is the passage of western disturbances over the
northern areas of the country which receives significant precipi-
tation. Kashmir gets rainfall of 10 cm per month or more during
January and February, The precipitation in the adjoining
plains is small, 3 cm pm or less and very uncertain too. Be-
cause, however, of its importance for crops a seasonal forecast of
total rainfall and snowfall combined (in northwest India) for
January to March is issued by the IMD. The extreme southeast
of the peninsula gets significant rainfall during November and
December. In the rear of the areas affected by western disturb-
ances in the north strong cold winds blow and temperatures
fall considerably giving rise occasionally to cold waves. The
fall in temperatures may be 10to 12°C below normal and near
frost or frost conditions are not uncommon.

(if) March to May is a period of continuous rise in temperatures
over most of the areas of the country. In March, temperatures
are highest in the Peninsula with order of 38°C and the seat
of maximum shifts to north and northwest by May with tempera-
tures of 45 to 50°C. This is a period of severe thunderstorm
activity all over the country and where moisture is less as in the
north and northwest, duststorms are more frequent, Maximum
wind speeds in thunderstorms have exceeded 100 knot but 60
to 80 knots are more common.  Rainfall is substantial in Assam
and neighbouring areas and in Kerala and adjoining Karnataka
and Tamil Nadu. In fact May is an important rainy month
in areas to the south of Bangalore. Thunderstorms are also
sometimes accompanied by hail. Hailstorms are more common
in the north and northeastern areas and some of them are of
destructive violence, the stones varying up to 7 to 8 cm in
diameter.



4 CLIMATE AND AGRICULTURE

(iii) June to September is the rainiest period of the year for most of the
country., The southwest monsoon sets in on Kerala coast
towards the end of May, the average date being May, 30 and
proceeds northwards. The monsoon is established all over the
country by the end of June. The orography of India considerably
modifies the flow patterns in this season. The principal feature
of this season is the trough of low pressure on the sea-level
pressure map. This extends from the Punjab in the northwest
to the head of the Bay of Bengal. Depressions form in the north
Bay of Bengal and move in a westerly direction across the country
giving heavy to very heavy rainfall. The intensity and degree of
monsoon rainfall vary from year to year. The monsoon may
set in late with large delays in rainfall, have long breaks in July
and August or withdraw earlier. It is essential to note these
variations in distribution and plan agricultural operations ac-
cordingly, The daily frequency of the locationsl of the trough
during July and August of the years 1961 to 1969 corresponding
to longitudes 77°E, 81°E and 87°E is shown below. The
position was considered normal, if the trough was located
between latitudes 27° to 29°N along 77°E, 25°to 27°N along
81°E and 23° to 25°N along 87°E.

Monsoon Trough—Percentage Frequency of Locations

longitude 71°E 81°E 87°E
S* . . . . . . 27 27 37
July M* . . . . . . 30 48 35
N* . . . . . . 43 28 28
S . . . . . . 20 24 34
August M . . . . . . a3 47 39
N . . . . . 47 33 27

*S—south, N—northfof normal position {M).

Over NW India trough is represented by longitude 77°E. The
trough is north of normal position on about 45 per cent of days
during July and August. This large frequency of northerly
positions may be due to the influence of mid-latitude systems
moving across north of India. Southerly positions are mainly
associated with the passage of monsoon lows or depressions from
the Bay of Bengal or with those forming over northeast Arabian
sea and Gujarat. This {requency is, however, small. The
trough is in normal position on about half the days along 81°E.

1 Forecasting Mapuel. Iredia Metecrclcgical Department, Poona.
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Slightly increased frequency in northerly positions in August
is mainly due to more northerly tracks of Bay depressions in
this month. In northeast India and north Bay of Bengal (along
87°E), the frequency during July and August is nearly the same
for corresponding positions. On 70 per cent of the days, the
monsoon trough is either normal or to the south of it. The 12
GMT position of the trough on any day and the rainfall reported
at 03 GMT next day at stations within two degrees of latitude on
cither side of the line along longitudes 77°, 81° and 87°E were
examined. The frequency of occurrence of different intensities

of rainfall is shown below :—
Percentage Frequency of Rainfall

longitude no rain light (less moderate heavy
*E than 7.5 (7.5—35.5 (greater
mm) mm) than 35,5
mim)
July 77 19 39 27 15
81 13 47 26 14
87 8 55 29 8
August 77 15 40 | 26 19
81 13 42 25 20
87 11 52 24 13
About 35 to 45 per cent of the days received moderate to heavy
rainfall along the longitudes considered,
(iv) In addition to the trough, note has also to be taken of the de-

pressions/storms* forming in the head of the Bay of Bengal in
the monsoon season and moving in a westnorthwesterly or
northwesterly direction. The average frequency for June to
September is about 7. The average latitudinal positions of
depressions crossing different longitudes from 92° to 75°E together
with their respective standard deviations are given in Appendix
13.1—Statement I. From long. 75° to 90°E, the standard
deviation varies between 1.3 to 1.5° and standard deviation
of the mean is about 0.1° only over many longitudes. This is a
clear indication of the high stability of the mean track positions.
It may be seen from Statement I, Appendix 13.1 that the rise in
average latitudinal position is 0.2° for one degree of longitude
from 91° to 88°E and thereafter from 87° to 78°E generally
between 0. 3t0 0.4°,  As heavy to very heavy rainis associated
with passage of depressions and the maximum is in the south-
western sector, the mean track is helpful for prediction of direction
of movement mainly on climatological considerations.

*The minimum wind speed in a cyclonic storm is 34 knots and in depressi ons

33

knots or less.
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(v) October-November is a transition period. Weather is generally
fine except inthe south peninsula which gets significant rainfall
in these months. The averages can be even 30 cm in small
parts of Tamil Nadu coast. October and November together
account for 40 per cent of annual rainfall in Tamil Nadu and
neighoubring areas. The important feature of this season is the
storms* (sometimes severe or very severe) forming in the Bay
of Bengal which strike the east coast of India and recurving north-
east cause heavy damage to life and property. In October,
storms originate between latitudes 8 to 14°N and move initially
in a northwesterly direction and a number of them recurve and
move northeast. The average number of storms/depressions
based on 80-year records is four during October to December
and of these only two cross coast. The following short table!
shows the frequency of storms/depressions crossing or coming
within a degree of the east coast of India for various latitudinal
positions.

Frequency of Storms/Depressions crossing Coast (1891—1970)
latitude October November December
°N/
2221 . . . . 5

21—20; . .

20—19 . . . . N |

19—18 . . . . 8

18—17 . . . . 5

17—16 . . . . 16

16—15 . . . . 7
8

4

5

3

1

15—14
14—13
13—12
12—11

o Bow B N

—
o

—
—

11-—1¢ . . . .

10—9 . . . . - 1

9—8 . . . i — 2

total . . . . 80 64 i4
The most frequent positions where east coast has been struck
in October is between latitudes 14 to 17°N: and 18 to 2I°N.-
In November lowest latitudes 10—13°N predominate and account
for 50 per cent of total. Very heavy rains of 20 to 40 cm in

o
WNw—NI

*Ibid., p. §
1 Scinivasan, V. and Ramamurthy, K. 1971." Weather over the Indian Seas during
the Post-monsoon season, Forecasting Manual, Part III—4.1, India Meteorological
Department, Poona.
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24 hours are not infrequent though occasionally even 50 c¢m has
been reported. If one examines the frequency of daily rainfall,
it will be noticed that it is a few heavy falls which account sig-
nificantly in the annual totals and the absence of the storms in any
year would mean reduced rainfall. Besides the heavy rainfall
it is also the very strong winds reaching speeds of 100 to 120
knots which cause extensive damage to property. The maximum
estimated winds in gusts during severe storms is of the order of
150 knots and such strong winds have been experienced in
different parts of the east coast right up to West Bengal and

Bangladesh.

Rainfall

13.2.3 The Rainfall Atlas of Indial contains maps of normal
monthly, seasonal and annual rainfall and rainy days and of variability
of rainfall (coefficient of variation CV). The Atlas includes also maps of
seasonal rainfall as per cent of annual. The Introduction io the Atlas
gives a short account of the main features of rainfall of the country. In
view of this, no detailed account of rainfall will be given here except for a
brief reference to the annual features, Almost the entire country east of
longitude 79°E (Tiruchi—Jabalpur—Bareilley) and the west coast has
normal annual rainfall of more than 100 ¢cm; in particular Assam and
neighbouring areas and most of the west coast gets more than 250 cm.
Rainfall in the Peninsula excluding coastal belts is generally 50 to 75
cm and in northwest India it decreases to less than 30 cm west of Jodh-
pur. More than 80 per cent of the annual rainfall is received during
June to September excepting in the Peninsula south of Hyderabad to the
leeside of the Ghats, south of Cannanore (Lat., 1I°N) along the west
coast, in Assam and adjoining areas, West Bengal and coastal Orissa and
in the northern areas of Jammu & Kashmir. In these eastern States the
percentage is 70 to 80; the reason for the lower percentage is the signi-
ficant rainfall of May and October in these areas. Appendix 13.2—
Maps I to 11l show rainfall of July, June to September and annual. Map
VI (a) shows June to September seasonal rainfail as percentage of annual.
Data showing subdivisional rainfall and rainy days and coefficient of
variation are given in Appendix 13. 1—Statements II to IV. What is of
primary concern for agriculture, however, is the distribution of rainfall
during periods of crop growth. This aspect is examined in detail in
Chapter 14 on Rainfall and Cropping Patterns. The reports on rainfall
and corpping patterns of the various States which are published separately
also includes detailed rainfall analysis pertaining to their respective areas.

1 1971. Poona, Rainfall Atlas of India, India Meteorological Department.
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Rainfall Normals

13.2.4 The rainfall normals at present in use are those published by
the IMD! which are based on available data during 1901 to 1950 with
a minimum of five years. The total number of stations in this publica-
tion including closed stations is 2693. The distribution Statewise along
with the number at present is shown in Appendix 13. 1—Statement V.
These normals are more than two decades old and there is frequent
-demand for more recent normals and that these should cover all the rain-
gauge stations, as far as practicable. Another point concerns the normals
for shorter periods; if these could be reduced to normals for a uniform
period, their usefulness in comparison would be more reliable. The pub-
lication also contains normals of districts. As the number of stations
‘have not remained uniform, district normals for different periods are not
casily comparable. Besides there are districts with wide range in annual
rainfall. The district averages, in such cases are likely to be misinter-
preted. A review of the method of working out normals for short
periods, districts etc. seems necessary. A connected but important
question is the preparation of subdivisional departures—monthly, seasonal
and annual. The number of raingauges in each of meteorological sub-
divisions has not remained constant and various normals have been
used in working out departures. It is necessary that IMD reviews the
entire question of preparation of normals of rainfall and number of rainy

days and publishes very early the latest set of normals for use and
reference.

Dates of Onset and Withdrawal of Southwest Monsoon

13.2.5 The main rainy period is the southwest monsoon which is
also the kharif season for crops. It would be of help to agriculturists
to have a broad idea of the normal rainy periods in the different parts of
the country. For this purpose, Appendix 13.2—Map VII shows the
normal dates of onset and withdrawal of the southwest monsoon. These
have been prepared initially from graphs of five-day normals of rainfall
for about 200 stations. The middle day of the characteristic rise
in rainfall, mostly in June was plotted for each station and the iso-
pleths drawn. Similarly from the characteristic decrease in rainfall,
the dates of withdrawal were worked out and corresponding map
prepared. '

13.2.6 In this connection it is necessary fo emphasise that the
amounts of rainiall corresponding to the dates of onset of monsoon, may

1 1962, Monthly and Annual normals of rainfall and number of rainy days (based

onrecords from 1901 to 1950). Memoirs, India Meteorological Department, XX XI
(1), New Delhi.
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not in many parts of the country meet the minimum rainfall require-
ments for the sowing of crops. A clear understanding of the distinction
between the two is necessary. The maps provide the normal date of start
of the rainy season and the duration of the season; as a first indication this
would be of value for initial planning. Some studies on the amounts of
rainfall needed for sowing and their dates of occurrence have recently been
initiated in the IMD but would need to be tried out in practice before
stabilising the approach. To give an idea of the range of variation in
the normal dates of onset and withdrawal of the southwest monsoon,
we consider here Kerala and Bombay for which data of seventy years
1901-70 are available. The frequency distribution of dates is shown in
Table 13.1.

TABLE 13.1

Frequency Distribation of Dates of Onset of Southwest Monscon over Kerala and
Bombay—1%01-70

dates number of years
Kerala Bombay
May 11—15 . . . . . N . 5
15—20 . . ; . . . . 8
21-25 . . . . . . . 7 1
2631 . . . . . . . 12 3
June 1—5 . - . . . . . 20 12
6—10 . . . . . . . 14 22
11—15 . . . . . . . 3 25
16—20 . . . . . . . 4
2125 . . . . . . . 1 3
mean date . . . . . . . May 30 June 9
median date . . . . . . . Junel June 9
range . . . . . . . Mayll May 20
to ]
June 25 June 25
standard
deviation (days) . . . . . . . 9 6

The range of variation in dates of onset in Kerala extends over six
weeks while in Bombay it is less, five weeks. The important point is the
high variability of the dates of onset and the position would not be
different even for the dates with specified amounts of rainfail needed
for sowing. A few decades 2go an attempt was made to forecast the dates
of onset of monsoon and in view of the importance of such studies for
- agriculture, it is desirable to study dates for sowing in the different part

'i of the country with a view to their forecasting when such dates are found

% helpful after trial by agriculturists in actual practice,
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Frequency of Daily Rainfall

13.2.7 To give an idea o f the occurrence of different intensities of
daily rainfall, frequency tables are available for about 300 stations in the
different parts of the country. These tables serve the purpose of indicat-
ing frequency of heavy rain in different parts of the country and also
their approximate contribution to the annual total. In fact, in many
areas of the country it is only a few heavy falls which account for most
of the annual rainfall. Asan example, in Saurashtra and Kutch only 10
per cent of the total number of rainy days account for about 50 per
cent of the total annual rainfall. As such information is of value to
agriculture, it is desirable that IMD should publish  for all the taluk
stations (and representative stations in States which do not have taluk or
tehsil divisions of districts) frequency distribution of daily rainfall using
a uniform period 1901 to 1960.

Nature of Frequency Distribution of Rainfall

13.2.8 Information on the nature of frequency distribution of rain-
fall is of importance for evaluation probability of occurrence of different
daily rainfall amounts. It is found that frequency distributions of daily,
weekly and monthly rainfall do not follow the normal or Gaussian
distribution. In fitting these distributions incomplete Gamma type dis-
tribution is employed and probabilities are evaluated accordingly. The
use of probability values of weekly rainfall is often limited because of the
extremely  high variability of such weekly values. However, these
weekly data may be of use for various agricultural purposes. It is
desirable that IMD publish weekly totals of rainfall for all the stations for
which at least 20 years’ data are available in consultation with Indian
Council of Agricultural Research (ICAR) and other user interests, When
we examine! the frequency distributions of seasonal (June to September)
and annual rainfall, these are found to mostly follow the normal law.
This result is useful for quickly evaluating seasonal and annual probabilities.
and in other statistical analysis.

Depressions/Storms and Heavy Rainfall
13.2.9 Depressions and Storms forming in the Indian seas and

travelling over land cause very heavy rain. 40 cm or more in 24 hours is
not infrequent particularly in Andhra and Tamil Nadu coastal areas.

1 Rao K. N, George, C. J., Abhyankar, V. P., 1972.Nature of the frequency distribution
of Indian rainfall : Monsoon and annual. Indian Journal of Melteorology and
Geo-physics, 23 (4) : 507—514.
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More than 25 cm in 24 hours has fallen all over the country excepting
in certain interior parts of the Peninsula and the extreme northern areas,
The TMD has brought out atlases! showing the tracks of all thedep-
ressions and storms during 1891 to 1960 and 1961 to 1970. Auxiliary
maps showing the frequency of depressions passing over different land
areas and areas of formation are also included, Very heavy and heavy
rain is invariably associated with the passage of storms and depressions
and in many areas contributes significantly to the total annual rainfall
as mentioned earlier. A knowledge of their frequency or probability
of occurrence in different areas should be ui help in planning.

Snowfall

13.2.10 The India Meteorological Department prepares every year
an annual summary of snowfall information collected from its few obser-
vatories and the reports of Government officials and travellers in the areas
tothe northand northwest of India. The reports are mostly qualitative
except those from the observatories. Though considerable improvement
and expansion of network of observatories has taken place in recent
decades, the position still needs careful review. The problem of
obtaining quantitative snowfall information from mostly inaccessible
regions is difficult. The importance of snowfall was recognised by
Blanford (Chief Meteorological Reporter) as early as 1880. He had
observed that heavy snowfall in the region to the north and west of
India caused abnormal pressure conditions and was unfavourable to the
advance of the monsoon over the areas affected. Later, snow accumula-
tion at the end of May came to be included as one of the significant fac-
tors in the regression equation used for forecasting monsocon rainfall.
In recent decades, however, the earlier degree of association (correiation.
coefficient) has not been maintained and has even changed sign. This
may be due to the nature of the approximations involved in putting
the snowfall information in quantitative figures. Another direction in
which snowfall information was used was to find out its contribution
to river flows. The analysis was done about two decades ago and the
data available did not show encouraging results. All these only show
the urgent need for recording and collecting snowfall data in a systematised
form for further analysis and use. We recommend intensified efforts by
_IMD to organise a good snowfall network to enable a fuller understand-
ing ofits role onsubsequent weather and its contribution to river flow.

1968. Tracks of Storms and Depressions in the Bay of Bengal and Arabian Sea,
1877—1960. India Meteorological Department.

1972, Tracks of Storms and Depressions in the Bay of Bengal and Arabian
Sea, 1961 | 1970. India Meteorological Depatiment,
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~Glaciation

13.2.11 A related subject is the study of glaciers. Except for a
few isolated expeditions in the Himalayas, work in this field is almost
absent. We are hardly aware of its potential in the context of water
resources of the country, It is understood that the Geological, Meteoro-
logical and other connected departments or organisations are planning
coordinated programmes of glacjer studies, but it is necessary that
systematic work should be organised and for the purpose suitable

organisation needs to be developed in the Meteorological and Geo]oglcal
Departments which are closely connected with the subject.

Dew

13.2.12 Dew is water vapour in the atmosphere condensed on sur-
faces of objects exposed to nocturnal radiation, This could be an addi-
tional source of moisture for plants. Observations of dew were started
onaregular basis from 1968 with a network which now consists of about
80 stations. A preliminary analysis! using data of two to three years
has shown the following features.

(i) Dew accumulation is 15 to 30 mm in north and northeast
India during October to March. This deposition is com-
parable to values in other tropical and even temperate
countries. The largest value is over Assam with a six month
accumulation exceeding the annual amount in Israel.

(i) The total dewin January in the submontane plains of north
India from south Punjab to Assam where water stress in
this month is about 40 mm, could meet about 25 to 50
per cent of water deficiency. In the dry area dew depo-
sition is too small to contribute to soil moisture.

The picture does not yet seem promising for the relatively drier areas.

Rainfall Variability

13.2.13 Indian rainfall is highly variable. Two places may have
the same or nearly the same averages but with differing degrees of variabi-
lity. Therefore, the publication of averages without a measure of their
standard errors is likely to lead to differing interpretations. As a rule,
we recommend that rainfall averages should be always accompanied by
their respective standard deviations, The measure used for describing

1 Raman, C. R. V., Venkataraman, S. and Krishnamurthy, V., 197]. Dew over
{adia and its Contribution to winter Crop-Water Balance—Prepublished Scientific
Report No. 147, India Meteorological Department.
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ariability is the coefficient of variation (CV). Because of jts importance,
he variability in different parts of the country is briefly stated.

@)

(ii)

(i)

(iv)

January-February : CV is 80 to 100 per cent or higher except
in Kashmir and northeast Assam where it is 40 to 50 per
cent. Rainfall in these months is very highly variable and
uncertain,

March-May: CV for this season is 30-40 per cent in Assam
and neighbourhood, 40-50 per cent in West Bengal, South
Kerala and interior areas south of Bangalore excluding
east coast. Elsewhere CV rises rapidly to 80-100 per cent
or higher.

June-September : June CV is 30-40 per cent along Waest
Coast and northeast Assam and 60 to 100 per cent else-
where. Almost the entire area west of Bombay-Lucknow
and south of latitude 16°N, CV is 80 to 100 per cent
or higher. In July which is generally the rainiest month
for most of the country, CV is 40 per cent or less east of
longitude 80°E (Madras-Jabalpur-Bareilly) and along the
West coast, CV is high over northwest India increasing
from 50 per cent to 80 to 100 per cent west of Jodhpur.
In the peninsula on the leeside of the Ghats covering Madhya
Mabharashtra, Karnataka, Rayalaseema and Tamil Nadu CV
is mostly 80 to 100 per cent. August CV distribution is
nearly similar to July, September CV shows marked
difference from earlier months CV in the peninsula including
coast is generally 60 per cent with pockets of 80 to 100 per
centin the southeast.  The season’s CVis 20to 30 per cent
east of longitude 80° E and along West coast. In the
Peninsula it is 40 per cent rising in the extreme southeast

t0o 80 to 100 per cent West of Lucknow up to Jodhpur,

CV is 30 to 50 per cent and higher elsewhere.

October to December : October CV is 80 to 100 per cent
except for southern portions of the peninsula and Assam
where it is of the order of 60 per cent. November CV is
60-80 per cent in Tamil Nadu and Kerala and 80 to 100
per cent or higher elsewhere. December is 80 to 100 per
cent in the southeast Tamil Nadu and more than 100 per
cent in the rest of the country.

(v) Annual : West of Surat to Delhi line, CV exceeds 30 per

cent and rises rapidly to 60 to 80 percentin west Rajasthan
and Kutch. Elsewhere CVis 20 to 30 per cent with lower
values along west coast and in northeast Assam.
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As may be seen from the above great caution is necessary in interpreting
the behaviour of rainfall in India. Monthly rainfall variability even
in the rainiest months (July and August) and areas, is as high as 40 to 50
per cent. When one comes to September, CV is higher and in Qctober
uncertainty becomes nearly complete. If these aspects are not taken note
of in crop planning, risk of uncertainty with consequent failures is great.
In the case of winter months the amounts are small and CV very high. We
recommend that when the next set of rainfall normals are worked out,
simultaneously CV also should be computed and both published to-
gether. Maps showing Coeflicient of Variation for July, June to Septem-
ber and Annual are included in Appendix 13.2—Maps IVto VI. These
have been taken from the Rainfall Atlas of India (1971), published by the
India Meteorological Department.

Rainfall Correlation

13.2.14 There are frequent queries on the relationship between the
rainfall of one month with that of subsequent months, particularly during
the southwest monsoon. Such a study of intercorrelations for months
April to September for all the meteorological subdivisions is available in
the publication on Indian Monsoon Correlations.! The principal re-
sult is that deficient rainfall during any month of the monsoon season is
just as likely to be followed in succeeding months by abundant as well
as deficient rainfall and vice versa. Inter-correlation coefficients (cc)
exceeds 0.30 onlyin a small number of cases. Thereis no significant
inter-correlation between August and the other monsoon months.
However, there are a number of significant cc’s between individual
monsoon months and the monsoon season as a whole. Sample tables for
East Uttar Pradesh, Madhya Maharashtra and Tamil Nadu are given
in Appendix 13.1— Statement VI. 'We now refer briefly to the degree of
association or correlation among the various Meteorological sub-
divisions of the country for the southwest monsoon season as a whole.
These are shown in Appendix 13.1—Statement VII. A significant
feature is that Assam rainfall is negatively correlated with that of most of
the Meteorological subdivisions or the cc is not significant. Another
point is that in general, neighbouring or adjoining subdivisions are
significantly correlated but this does not extend far. Such information
would be helpful for groupingtogether areasin connection with seasonal,
forecasting in the country.

1 Rao, K. N,, Jayanthi, S.andBhargava, V. K., 1972, Indian Monsoon Corre-
lations—Part 1 Moathly Lnter-Correlation for all the Meteorological Sub-divisions
of India, Mzteorological Monograph No. 4, Climatology, India Meteorological
Department. .
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Breaks in Rainfall in July-August

13.2.15 Breaks are periods during the southwest monsoon when
there is considerable diminution of rainfall over large parts of the country.
A major feature of the sea-level pressure map in the southwest monsoon
months of June to September is the trough of low pressure which runs
northwest to southeast from the Punjab to the head of the Bay of Bengal.
During breaks the axis of the trough is close to the foothills of the
Himalayas when westerly winds prevail over the greater part of the
country. On such occasions there is considerable decrease in rainfall
over most of the country. In astudy! of breaks during the 80 year period
1888 to 1967, there were a total of 113 breaks, 53 in July, 55 in August
and 5 in July-August. The study is based on analysis of past daily, weekly
and monthly weather and related surface and upper air data. The fre-
quency of breaks in each decade was as follows :

TABLE 13.2
Frequency of Breaks

Decade July August
1888-1897 8 9
1898-1907 8 6
1908-1917 10 9
1918-1927 6 9
1928-1937 1 2
1938-1947 . 4 3
1948-1957 . 3 7
1958-1967 . . 7 5

Total . . 53 55

There was significant decrease between 1928 and 1947 but in the last
two decades the frequency hasrisen again. The average number of breaks
is four inthree years.

Duration of Breaks

13.2.16 The duration of breaks has varied from 3 to 21 days and half
of them are of 3 to 4 days. Breaks of duration of 8 continuous days
and higher form 20 per cent of the total in July and 24 per cent in August.

The following data indicate that breaks of longer duration exceeding a
week are not infrequent :

Breaks July August
number of days % to total % to total
3—4 . . . 52
5—7 . . . 28 gf
8 . . . . 6 7
9 and higher 14 17

1 Ramamurthy K., 1969. Some aspects of the ‘Break’ in the Indian Southwest

Monsoon during July and August, Forecasting Manual Part IV, 18. 3. India
Meteorological Department, Poona.
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The total number of break days in the 80-year period was 306 in july and
356 in August. The average duration of a breakis 3-8 daysin July and
4.5 days in August. The distribution of total number of break days in
ten days period of July and August is as follows :

Period Total
number of
break days
(1888-
1967)

July

1—10 . . - . . 81
11-20 . . . . . 117
21=31 . . . . . 108
August :

1—10 . . . . . 115
1120 - . . . . 159
2131 . . . v . 82

Break days are not uniformly distributed in the different ten days of July
and the last ten of August. While there is near uniformity between 11 July
to 10 August, the maximum is between 11 to 20 August with average
of 2 breaks. This perbaps is the reason for the general impression of
greater frequency of breaksin August inthe country, though the above
shows clearly that the average number of breaks is practically the same
in July and August.

Rainfall in Break Periods

13.2.17 Because of the widespread decrease in rainfall it would
be useful to know the order of this decrease in the different parts of the
country. This is shown in Appendix 13.1— Statement VIII for 12
break periods in the years 1951 to 1967 in the different meteorological
sub-divisions of the country; the breaks of 4 to 12 days’ duration during
these years totalled 83 days. The mean percentage departure from nor-
mal was negative in all the sub-divisions exceptin north and south Assam,
Sub-Himalayan West Bengal, Bihar plains, Rayalaseema and Tamil
Nadu. In eleven of the sub-divisions the mean departures ranged from
—51to —85 per cent. In order to give an idea of the distribution the
number of rainy days expressed as percentage of normal and percentage
departure of rainfall during the breaks are shown in Appendix 13.2—
Maps VIII and IX,

Spatial Distribution of Rainfall

13.2.18 While the above gives an idea of the average departures for
r the sub-divisions as a whole, it would be both useful and necessarv to
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know the category of rainfall distribution also (widespread 76—100%,
of the stations in a sub-division, fairly widespread 51—757(, scattered
26—509 and isolated 1—25 9, of stations having 2.5 mm or more rainfall
daily). These details were worked for the different meteorological
sub-divisions and are shown in Appendix 13.1—Statement 1X. The
categories scattered to dry account for 70 to 90 per cent in many of the
sub-divisions. In Assam and sub-Himalayan Bengal the per cent
of occasions of widespread and fairly widespread rainfall is over 80.
Even in an area of good rainfall like east Madhya Pradesh only 21 per
cent occasions were widespread and fairly widespread.

13.2.19 The above analysis is general and in view of importance
of such a knowledge for agriculture and planners, it is necessary to
analyse taluk data from this point of view and make the same available to
all users. We recommend early action in the matter by the state Agricul-
ture Departments in cooperation with IMD.

Temperatures

13.2.20 A major feature of distribution in space and time of normals
of maximum, minimum and mean temperatures is the small extent of
variations over large areas in the monsoon season. The variation in
July mean temperature over most of the country is less than 5° C.
Between July and August and in some areas July to September, the
monthly averages differ hardly bya degree. What, however, would be
needed most is the distribution of daily maximum and minimum tem-
peratures to evaluate the frequency of high or low temperatures and their
spells (heat waves, cold waves) too. This information would be useful
in planning for different distribution of temperature ranges. We re-
commend that IMD should publish frequencies of daily maximum and
minimum temperatures including spells of high or low temperatures for
all the observatories with data of five years or more. Hourly data for a
number of stations are now available for more than five years. These
data are useful in knowing hourly distribution and thus the diurnal
variation of temperature. Frequency of hourly values exceeding certain
threshold figures necessary to know the duration in hours of different
ranges of temperatures for application in cropweather studies.

13.2.21 The country has a reasonably good network of temperature
recording stations for getting an idea of the distribution in space and time,
Two main publications which give the averages are referred to. The
climatological Tables of observatories in India (1931--60) issued by the
IMD contains normals of (a) maximum and minimum temperatures
and(b) dry and wet bulb temperatures for 0830 and 1730 hrs IST.
The publication also contains extremes of maximum and minimum
3—133D:ptt.ofAgrl./76
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temperatures based on all available data up to 1960. The climatological
Atlas of India {Abridged) published in 1971 by IMD includes maps of
(a) mean temperature and (b) maximum and minimum temperatures for
January, April, July and October. In addition, maps of maximum
temperature for May and absolute maximum and minimum tempera.
tures are included. As the maps of extreme temperatures are based
on data of 60 years or more, they could also be regarded as the highest,
lowest temperatures ever likely to be recorded. These maps and data
should be adequate for getting a general picture of range and the dis-
tribution of temperatures in the country. We understood that the stock
of these basic publications is low and IMD should arrange for their
republication early.

Sunshine

13.2.22 The duration of bright sunshine is an important factor
affecting crop growth. It would, therefore, be useful to have a brief idea
of its distribution ! which is as follows :

(1) The daily average in January is more than 7 hours per day
except in Kashmir. The western half of the peninsula and
adjoining Gujarat areas has the highest average of more
than 9 hours per day. Only in the extreme north and over
Kashmir, the values are low and Srinagar average is only
2:5 hours per day. The low values in the extreme north
may be attributed to the passage of succession of western
disturbances during the winter season when clouding is also
high. With the advent of summer conditions the duration
of bright sunshine shows a general increase and the average
in Aprilis 9 to 10 hours per day over most of the country.
The highest averages are over Gujarat and the adjoining
regions of Rajasthan and Maharashtra.

(i) The pattern changes completely with the onset of the
southwest monsoon in June and July. The west coast
has an average of less than 3 hours per day. Bombay's
average is only 2.5 hours. Assam and Bengal and the
exireme southeast Madras have averages of 4 to 5 hours
per day.

(iiiy By October, the southwest monsoon has withdrawn from most
of the sub-continent. With a maximum of more than 10
hours, over western Rajasthan, it decreases to less than 6

hours in the extreme northeast and southern parts of the
sub-continent.

Rao K. N, and H.R. Ganesan 1972, Sunshine over India, Prepublished Scientific
Reportt  India Msteorological Department, Poona.
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(iv) The annual average duration of bright sunshine is 7 to 9

)

hours a day. The annual range of sunshine decreases from
5 to 7 hours in the Peninsula to 3 to 4 hours in northern
latitudes. The average monthly duration is maximum in
the Peninsula in February and during April-May in north
India; it is minimum in the monsoon season. Diurnal
variation is nearly similar at most stations with flat maxima
between 10 to 15 hours local time and least in the mon-
soon seasons, Isopleths of hourly values show two ovals
separated by a central zone of low values during monsoon
months; this feature is not noted in Kashmir latitudes.
A pronounced inverse relation exists between sunshine
and cloudiness. The correlation coefficient between
annual mean cloudiness and sunshine of 57 stations dis-
tributed all over the country is 0-76. The highest duration
of sunshine recorded on any day so far is 12,5 to 13.3
hours to the north of lat. 20°N and 11.5 to 12 hours in the
peninsula. The frequency of daily duration exceeding
9 hours is generally least during the monsoon. Sunshine
is not a seriovs limiting factor over almost the entire
country.

Maps showing the duration of bright sunshine and percentage
frequencies of number of days of bright sunshine exceeding
9 hours for the months January, April, July and October
and for annual are given in Appendix 13.2—Maps X
and XI. The present network is not large but is helpful
in giving a fair idea of the average distribution in the differ-
ent parts of the country.

13.2.23 Solar radiation is an important factor in crop studies but
observational data in this country are very limited. The network has
only recently been expanded and a summary of the available data is
contained in a paper! on Global Solar (T) and Diffuse Solar Sky
Radiation, The main features are described below §

(i) The annual mean of global solar radiation ranges between

400 and 500 cal/cm? and mean daily values are maximum
in March, South oflat. 13°N and in May elsewhere. It
1s minimum in July-August over western monsoon area
and in November in the east and north latitudes. The
annual mean diffuse solar radiation ranges between 175 to
200 calfcm.2 This is maximum in the monsoon and

Rao K. N.and Ganesan, H. R., 1972. Global Solar and Diffuse Solar Sky Radiation
over India. Monograph, Climatology, No. 2, India Meteorological Department,

Poona.
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least in winter. Diurnal variation of global solar radia-
tion 1is practically the same at all the stations with flat
maxima between 11 to 13 hours and atleast in the monsoon
months. Diurnal variation of diffuse solar radiation
is similar but in magnifude is only a small fraction,
one fifth to half of global solar radiation. The highest
global solar radiation recorded is 625 to 700 cal/cm?
in latitudes south of 20°N and 700-800 cal/cm2 north of
20°N. The highest diffuse radiation is of the order of 400
cal/cm?2,

(i) Mean daily global solar radiation and diffuse solar sky
radiation are shown in Appendix 13.2—Maps XI (a) and
XI (b) respectively.

Winds

13.2.24 Surface winds in the country are generally weak, mean
daily wind speeds being less than 10 to 15 km per hour, excepting along
Saurashtra Coast where they are stronger. Strong or high winds are
mainly in association with cyclonic storms, depressions, thunder or dust
storms, squally weather along coasts etc. There is clear difference between
the strong or high winds in thunder-squalls and in cyclonic storms, The
former are momentary gusts while in the latter the duration of high winds
is much longer. The strong winds due to cyclonic storms along some
part or the other of our coastal belts are almost a regular annual
feature; only recently, we had the storm which struck Saurashtra
coast causing severe damages estimated at several tens of crores of
rupees. The maximum wind speeds estimated in the cyclonic storms
is 150 to 250 km per hour. Most of the information is estimated as the
number of anemographs recording wind continuously throughout the
day, is not large. The northwesters of Bengal are well known and speeds
in gusts in the squalls have exceeded frequently 60 km per hour. In
severe thundersqualls speeds of 160 km per hour have been recorded.
Thundersqualls are generally localised and the very high winds in gusts
last only for a few minutes as compared to storms. Considerable damage
occurs to crops when winds with high speeds blow over an area—lodging
of crops, creation of conditions favourable to frost when air is cold,
increase in evaporation when air is hot and dry, loss of water in reservoirs
due to high evaporation etc. and by transpiration from plants and trees.
To check the ravages due to high winds, wind shelters have been proposed.
Considerable work has been done in USA, USSR and other countries
in this field and generally these studies have been found helpful; wind-
breaks have helped increase yields in grain crops by 20 to 80 per cent
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and 100—200 per cent in some grasses'in the USSR. The major bene-
ficial effects due to wind breaks! have been stated as fol]ows :

(i) checking air movement and thus affording protection to
fields and orchards; .

(i) checking of the movements of top-soil and f:orzlsequent
prevention of strong winds in areas where the soil is sandy
or very fine; _

(iti) reducing evaporation from free water surfaces and transpira-
tion from the vegetation by reducing windspeed;

(iv) providing shade to farm stead, and

(v) providing timber and fuel as older trees are replaced by

, younger ones.

Tn recent years the network of anemograph stations has considerably
increased and processed data to meet the varying agricultural needs in the
form of means frequencies of wind speeds in different ranges, frequency
of duration of windspeeds in various ranges etc. should be published by
IMD.

"Weather Phenomena

13.2.25 Information on frequency of thunder, hail, dust storm,
squall etc. is collected from observatories of the IMD and of hailstorms
from a wider network. Averages and frequencies of these are available
in the Climatological Tables of observatories referred to earlier. Most
of this information is supplied by part-time observers with the result thai
their dependability is less. It has been observed that the frequencies
recorded by full-time staff differ much from part-time observatories.
In recent years, the network of stations with full-time departmental
staff has considerably improved and the new set of normals and frequen-
cies when published should improve the position.

‘Climatic Change—Trends and Periodicity

13.2.26 The problem of trends and periodicity in Indian climate
has always attracted and continues to attract attention. Questions per-
taining to this aspect have been raised even at the highest level of Govern-
ment. Considerable work in the field of trends has been done in the
country, but most of it is in respect of individual stations only. In dealing
with areas, a common difficulty has been the lack of data computed on a
uniform basis i.e., using the same set of normals and the same number
of stations. A first requirement is therefore the publication of com-
Plete series of data of all stations with records of 70 years or more and

1 1962. Weatherand the Indian Farmer, India Meteorological Department.
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preparation of uniform series for the various meteorological sub-division
of the country. This work is necessary so that a detailed analysis may be
made for the country as a whole using both individual stations with long
records and also for the various meteorclogical sub-divisions. These
would also be helpful in examining correlations among the various
seasons and sub-divisions in greater detail and for grouping similar
areas.

13.2.27 Periodicity in weather has also been examined ina limited
way, but so far there is no significant support for any definite period.
A recent analysisl of rainfall series in Madras, for 158 years (the largest
in the country) shows that there is no trend or periodicity. We feel that
the data recommended for being compiled in the preceding paragraph of
this Section when ready, would enable detailed examination with a view
to arrive at dependable conclusions.

13.2.28 The above studies have been limited to rainfall mostly and
also to the use of statistical techniques. But the problem of climatic
change and climate prediction is much broader and is a global problem
too. The subject of global decrease in temperature in recent decades is
engaging the attention of a number of distinguished scientists all over the
world and international symposia and discussions have recently been held
to review the present position and explore possibilities of climate predic-
tion. Unless we get to a better understanding of the physical processes
and causes involved in climatic variation, the problem of prediction
will continue to be difficult and complex. In the meantime the subject
would have to be attacked by all possible approaches dynamic, physical,
and statistical. All these will need considerable time, effort and
concentrated attention. In view of the importance of climatic predic-
tion to agriculture we recommend that the study of climatic change and
prediction be taken up as a project by the Indian Institute of Tropical
Meteorology (under the Ministry of Tourism and Civil Aviation) in
cooperation with the Meteorological Department, ICAR and other
interested Ministries/Departments of the Government of Indja.

3 AGROMETEOROLOGY

Meteorology and Crop Production

13.3.1 Quantitative studies on crop-weather relationship attracted
attention in the beginning of the century when certain data were collected

1 Rao,K.N.and V.K.Raghavendra, 1973. Time Series Analysis of 158’ years® Rain-
fall of Madras (India) (Period 1813-—1970). Meteorological Monograph, Cli-
matology, No. 7, India Meteorological Depariment, Poona,
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on groundnut and cotton crops in Egypt and interpreted in terms of
weather factors. This was followed by a comprehensive crop-weather
study on wheat in Britain (1922). The broad object in these studies
could be said to have been whether the plant itself can be used as an
indicator of its own yield. It is not difficult to visualise that the play
of weather factors starts right from the time the seed is put in the soil.
Every weather sequence favourable or adverse, has its impact on the
growth and development of the plant. The easiest way to visualise
this is to examine any crossection of a log of wood which contains many
concentric rings, each of which represents an annual growth of vascular
bundles, which are used by the tree for translocation of food material.
The distance between any two rings is an indication of the type of
weather which a particular tree has experienced in a particular year.
Compared to the life of a tree, the life of a crop plant is very much shorter,
but even in this case, the variation in height, the intensity of branching
or the quickness or the delay in the time of flowering all vary from year to
year depending upon the weather. It is generally estimated that weather
as a single factor could be responsible for as much as 50 per cent of
variations in yield which occur from year to year, the remaining 50 per
cent being due to other factors like irrigation, manuring and plant pro-
tection measures etc. Although it appears so simple to visualise,
when it comes to relating the play of weather factors on a crop plant
quantitatively to various plant characters and the yield, the job becomes
very complicated. This is because merely correlating the weather fac-
tors with the morphological features like the plant height, the number
of leaves or branches, the number of flowers and so on does not represent
the full story of the plant development. The real clue to the changes
that occur in a plant lies in the bio-chemical activities. It is these bio-
chemical activities which manifest themselves ultimately in various
external features. Therefore, what can possibly afford an answer to
the growth pattern which is found in a particular season is how the bio-
chemical changes within the plant have been influenced by the weather.
An ideal study should include the bio-chemical aspects also together
with the measurement of external features for a clear answer of the
irherent relationship between the plant and weather. This is piecisely
what B.A, Keenhad emphasised in his presidential address to the Royal
Society, London while commenting upon the British results (1940),
13.3.2 As stated earlier in section 1, crop-weather scheme was
initiated in India around 1945 for collection of meteorological data
in the farm environment and even inside crops simultaneously with the
collection of data on certain selected crops. The crops chosen for the
study on all-India basis were wheat, rice, jowar, cotton and sugarcane.
The plant observations included the progress of germination as revealed
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by the number of seedlings observed per day after sowing, the height of
plants, the number of tillers/branches, the time of flowering, the number
of flowers in the case of cotton and the yield. The observations were taken
by sampling. Canada also undertook this kind of study, but with fixed
sampling. One major advantage which has decidedly accrued from the
crop-weather scheme is that the country today has a network of more than
a hundred well equipped agro-meteorological observatories situated with-
in the environment in which crops are grown, viz., the experimental
farms, These observatories record data on sunshine, air temperature
(maximum, minimum, dry, wet and terrestial minimum thermometers),
soil temperature, wind, rainfall, evaporation from water surface and
evaporation from soil surface, Periodical measurements of soil mois-
ture through gravi-metric method are also made at about 20 stations.
A second advantage is that series of growth and yield data measured
in a systematic manner on a common all-India pattern have been collected
for about a dozen stations per crop for 20 to 25 years. The growth data
represent measurements of meteorological features only. The meteoro-
logical and crop data have been subjected to various studies, but if
the original question is posed even at this stage whether the plant has been
utilised successfully as an indicator of its own yield, the answer is not yet
definite. We feel that the ICAR should include in their future program-
mes work of bio-chemical studies for a fuller understanding of crop-
weather relationship,

13.3.3 In the higher latitudes, besides soil moisture, temperature
and sunshine are serious limiting factors for plant growth. Emphasis
in their studies is, therefore, placed on thermo-periodism and photo-
periodism and the concept of day degrees has consequently been deve-
loped which gives very clear results for those latitudes in any study involv-
ing plant and weather. In India, however, temperature and sunshine
do not act as limiting factors in a given part for the crops which are com-
monly grown. Forexample, wheat a cold loving crop grows wellinthe
northern areas but the temperature variations from year to year are not
of such a magnitude as to bring about major changes inits growth pat-
tern. Simitarly, inthe case of sunshine, one could expect about 7 to 9
hours of sunshine in clear seasons and even during the south-west mon-
soon period, there could be 3to 5 hours of sunshine per day on an average
over large parts of the country. Many crops can do well with diffused
sunlight and, therefore, even in rainy season, less hours of sunshine do
not adversely effect them. This would become apparent if one goes
through critically all the crop-weather studies which have been made so
far utilising the data collected in the country. It is either the rainfall or
the moisture deficit which comes out as the most important factor
influencing the crop growth. At places temperature and sunshine have
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also been found to be significant contributors but there is no consistency

in the results that the effect of temperature which has been found to be
valid in one area ijs corroborated by all the areas where the same crop is
grown. It seems difficult to visualise that the effect of a weather factor
on a particular crop will be so particularised as to be applicable at one
station and not at the other. What jsintended to be emphasised here is
that one has to be careful about spurious correlations and has to dis-
tinguish such correlations from the consistent ones which could be
applicable to many places where the same crop is grown. If this test
is applied to the data collected within the country, it would be satisfied
.only by rainfall.

13.3.4 The effect of sunshine, temperature or humidity etc. how-
ever cannot be ignored. In fact, whether it is the frigid Ilatitude or the
temperate or the subtropics or the tropics, plant would always need
a particular set of circumstances representing the various weather elements.
But, in our country, the towering influence of rainfall masks the other
influences in practice when it comes to representing the results in a quan-
titative manner. What is, therefore, needed is to have a clear idea
of the influence of individual weather factors on plant growth. In biologi-
.cal experiments, glass houses have been utilised in the past for conduct-
ing studies under controlled conditions. However, the glass houses are
most suited to a few elements like the coritrol of temperature and humidity.
‘Sometimes attempts have been made to vary the light conditions also.
But by and large, glass houses are not very suitable for this purpose.
An improvement over the glass-house approach has taken place in
recent times and is represented by the phytotrons. These are constructions
-of good size both in regard to length and breadth as well as height and are
equipped to simulate weather with regard to a single element or a com-
bination of various elements. Crop plants could also be grown within
these phytotrons in the same manner as they would grow in a field.
The IMD had once considered equipping its Agricultural Meteorological
Division at Poona with such a phytotron. We feel that there is an urgent
necessity to go in for such constructions not only in the IMD, but also in
different agricultural universities, so that a clear idea of crop-weather
relationship under controlled conditions could be obtained. It will be
only after such a step that it would be desirahle to collect and studv data
-on field scale.

13.3.5 It does not, however, mean that the efforts should be
slackened to collect the kind of data both on crops as well as on meteoro-
logy under field conditions on an all-India basis as has been done under the
crop-weather schemes. The building up of such series of data over a
long period of time will enable the country to have normals of crop
characters as well as meteorological factors collected simultaneously
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which should prove helpful to administrators, planners and research wor-
kers in many ways. Qur studies (Chapter 14) on the distribution of
monthly rainfall in the year have revealed that there are 174 rainfall
patterns within the country. It is necessary that every zone representing
a particular pattern of rainfall distribution must have one or more fully
equipped agromet observatories depending upon its size etc.

Soil Moisture Observation Network

13.3.6 A serious handicap which has been noticed in regard to
agrometeorological data relates to soil moisture. There is considerable
emphasis on soil moisture storage within the soil in various kinds of
estimates which have a bearing on water requirements for plant growth.
In the absence of soil moisture measurements, this element is estimated
on the basis of other related meteorological parameters. The estimates
suffer from many assumptions and the greatest of all is the depth of soil,
not to speak of the type of soil. There are hardly about two dozen
stations in the country at present which take direct measurement of this
element. Soil moisture varies from field to field, depending upon the
texture, structure and depth of soil. There is, therefore, no short cut to
having actual field soil moisture observations all over the country but it
may not be practicable to build up such an extensive network covering
about six lakh villages. One could, however, aim at building up a net-
work of soil moisture determining stations up to the block level. As a
first step towards that objective, a2 minimum target of building up a
network of at Jeast 3,000 stations, each covering a taluk, must be
accomplished in the next few decades. Whereas the responsibility for
agrometeorological observatories proposed in the above paragraph for
every rainfall zone would have to be with the agricultural universities.
because of the highly technical nature of the measurements of various.
weather elements involved, the responsibility of soil moisture measuring
stations should be that of the State Departments of Agriculture. They
should also take steps to publish the soil moisture data,

Evapotranspiration Measurements

13.3.7 Evapotranspiration like soil moisture is a very important
factor in crop growth, At present the data available on this element
relate to computed values using theoretical considerations. The concept
was introduced by Thornthwaitel in the USA, who utilised an

1 Thornthwaite, C.W., 1948, An approach toward a rational classification of
Climate,—Geographical Review, USA, Vol. 38, No. 1.
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empirical approach involving temperature and length of day. Penmanl
in 1948 developed a theoretical equation combining energy balance and:
aerodynamic considerations. The equation contains terms involving

temperature, pressure, wind, radiation and saturation vapour pressure:
deficit. The energy balance and aerodynamic combination is now in

extensive use in many parts of the world. Slatyer (1967) of Australia.
has also made significant contributions to this approach. Meteorological
parameters are measured according to established standards. On the-
plants side the basic idea has been that a turf when maintained saturated

with soil moisture could represent the maximum loss of water through.
the processes, of evaporation and transpiration; which would take place-
from a given area of land. The mathematical equations have usually
been checked against the direct measurements of evapotranspiration
from such turfed surfaces. In some places, an estimate of evapotrans-
piration is made also on the basis of evaporation from water surfaces of”
various dimensions, the most standard being the 120 cm diameter USA
pan with a depth of 30 cm. A Russian tank has even dimensions of as.
large as 5Smdiameter and about 2m depth. The general observation is.
that the evapotranspiration from any cropped area may be approximately
taken to be 7 to 8 tenths of evaporation from a free water surface of a
large expanse. The equations which have been developed on aero-
dynamic and energy considerations give a better idea of the evapotrans-
piration than this approach. In the absence of direct measurement on
various kinds of plants and soils, computation from theoretical? con-
siderations is the only recourse to arrive at a gross picture of water loss
due to evapotranspiration. But how far this would remain tenable under
various kinds of growth of plant communities as represented by various.
plants, orchards and plantation crops as also by the various field crops.
is difficult to guess.

1338 Hohnel in Austria had tried to estimate evapotranspiration
from potted forest saplings towards the close of last century (1878-
1880). These data were utilized by Horton3? in the USA to build up a
relationship between the evapotranspiration and the height and girth of a
given tree. On transpiration alone, Briggst and Shantz in the USA

1 Penman, H, L., 1948. Natural evaporation from open water, bare soil and grass.
Proceedings of the Royal Society, London, A193 ; 120—146,

2 Rao,K. N,,C.J. George and K, S.Ramasastry, 1971. Potential Evapotranspiration
over India, Prepublished Scientific Report No. 136, India Meteorological Depart-
ment.

3 Horton, E. R. 1923, Rainfall interception Monthly Weather Review, Washington
51 : 571—81.

4 Briges, L I. and Shantz, H. L., 1914, Relative Water requirement of Plants. Plant
Journal! of Agricultural Research (Washington), ITI(1) : 65,
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studied upto 55 species and varieties (1913-16) to determine the Water

requirements of crops. In India, JW. Leather! made equally extengye

studies on water requirements of potted plants in the beginning of g

‘century (1910-11). The study of single plants in small pots has poy

given way to lysimeters of large sizes which can permit the growth of

plant communities which are comparable in growth and height with the

crops found under field conditions. The depth of lysimeters is also pot

a limiting factor so as to make the cropped area within it pot boupd,

Extensive studies of evapotranspiration should be undertuken in different

parts of the country under varying conditions of soil moisture in

differeat soils and using as many plant species as possible representing

field, orchard, plantations and forest plants. It is only then that a real
idea of evapotranspiration under plant conditions could be had. These

studies would make it possible to indicate the contribution of individual
factors like transpiration from plant surfaces and evaporation from soil
surfaces in a planted area as compared with the evaporation from bare
soil and evaporation from free water surfuce. Asa first step fundamental
research should be conducted at all the agricultural universities and the
Central institutes of the ICAR as well as at the Forest Research Ins-
titute, Dehradun on this subject. Once the studics made at  these
centres result in certain standard procedures, a wider network of eva-
potranspiration centres throughout the country will have to be planned
to obtain an idea of actual evapotranspiration through direct measure-
ment under different climatic and odaphic conditions. IMD has planned
a network of about two dozen evapotranspiration stations which would
take up observations with certain selected plants on a common methodo-
logy; but these evapotranspiration centres are being set up on the basis
of whatever work has been possible at one single station, namely, the
Central Agricultural Meteorological Observatory, Poona. The pace of
setting up of these stations need not be interferred with, but this should
also ot be a reason to stall the study which is being suggested by us in
various research centres because we are keen that the observations on
evapotranspiration must be tried after involving as many plant species
and as many different soil moisture conditions as possible. When tlhls
is done, the time would be opportune for establishing evapotranspiration
stations at least at every district headquarter.

Phenology

13.39 Phenology is a field of science which relates 10 lht_? study
of recurrence of an event in the life history of living being, be it plant

- =
1 Leather, J. W., 1910. Water requirements of Crors in India, Memoirs of the Depart-
ment of Agriculture, India. (chemical series), 1(8).
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or animal. Britain has been systematically collecting data on the migra--
tion of birds for several decades. In India one is familiar with the
appearance of cuckoo in advance of the south-west monsoon. It has
always been considered by farmers as a precursor to the onset of the
monsoon. Studies on tagging birds have also been taken up by a few
orinthologists. Insofar as plants are concerned, the IMD arranged
a study of observations on the flowering of certain selected plants, i.e.,
mango, neen, babul and tamarind. Phenological observations have been
continued by the IMD for many years. In the case of mango, the
severity of winters during December determines the  intensity of flowering
around February insofar as north is concerned, for the bearing naturally
depends on the intensity of flowering. The severity of winters is asso-
ciated with the number of western disturbances which pass through the
north-western parts of the country. In the rear of the western disturbances.
which move across the northern parts of the country, temperatures are
considerably lowered. Whether it is merely the effect of temperature
or the associated precipitation which encourages subsequent flowering
of mango needs further examination. Such studies could throw light on
certain weather phenomena at crucial times which could give an early
idea of the yield which is to be had from acroporatree. For thisreason, '
it is desirable that the mnetwork of phenological observatories in the
country should also be strengthened so that there is atleast one in each
taluk. As the observation needed for study is the noting of the time
of occurrence of a particular phenomenon like flowering or any other
characteristic of plant growth, the collection of such statistics should not
present much difficulty. What is to be guarded against is that the selec-
tion has to be of nature-grown plants. In the case of cultivated plants,
breeding for a particular purpose (including earliness or lateness)
artificially, changes the natural biological rhythms. Therefore,
if cultivated plants are to be selected,itis to be ensured that the net-
work of these phenological stations must take observations on the same
variety of plants so that the data collected does not suffer from non-
comparability. There should not be any difficulty for such a simple
observation to be recorded at taluk headquarters. The responsibility
for collecting and publishing the results of these observations should lie
with the State Departments of Agriculture, who should make these
available to other user interests.

Pests and Diszase
13.3.10 The sporulation in the case of fungus diseases or hatching

of eggs in the case of insects is very much controlied by the temperature
and humidity conditions. Similarly, the growth, specially in the early
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period, of the pathogens as well as insects, is greatly controlled by these
two elements. In laboratory, the measurements are usually made
under petridish conditions. These, however, do not have any relevance
to the field conditions and, therefore, when the results are applied to field
-conditions, these often fail.  Although it appears obvious that many of the
pests and discases are weather controlled, the quantitative evidence under
field conditions becomes very difficult. Clear examples of the influence
of weather on pests and diseases are rare but one of the pests which
-could illustrate the role of weather is represented by the wheat rusts. It
is now well known that it is the trajectory of upper level winds which de-
termine the outbreak of rust epidemic in different parts of the country.
The IMD has attempted to collect data on the incidence of pests and
-diseases in a qualitative manner e.g., whether a pest or disease has been
noticed in a particular year at a particular agricultural research station
and whether the incidence has been low, medium or high. The data are
available on a number of crops for many years, but these are qualitative.
The Commission on Agricultural Meteorology of the World Meteoro-
logical Organisation has addressed itself to this vital problem of study
of weather in relation to diseases and pests of various crop plants including
potato blight, apple scaband wheat rusts, They have prepared reviews
of existing methods and indicated their practical applications and the
-criteria which could be adopted for warnings of disease and pests.
The subject is largely in an exploratory stage. The IMD has also
-drawn up a scheme to intensify studies on diseases and pests of crop
plants as related to weather. However, we would like the involvement
of all the agricultural universities and the Central institutes of the
ICAR in this task, There has to be a get together of the plant
Pathologists, entomologists and the agricultural meteorologists to
determine a basic line of approach towards which all the efforts of
country should be directed. The responsibility for organising such a
common approach should rest with the ICAR. The study should not
only include the relationship between the weather and various pests and
diseases under field conditions but also—a surveillance service based
on meteorological observations. These studies should prove useful
in forecasting the epidemics so that the farmers could take timely
control measures,

Meteorology in relation to Orchards, Plantations and Forests

13.3.11 Eflforts have been made in the IMD to study the micro-
climates obtainable in various crops including sugarcane and betelvine,
These two crops represent the conditions obtainable with tall plants
.and fruit plantations, It will be interesting to note that under the
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conditions of any afternoon in clear season, the micro-climate which is
found under the conditions of a tall crop like sugarcane is very different
from what obtains in the open. In the open, ground surface is the
hottest near noon and temperature decreases with height in the airlayers
with which plants are primarily concerned. What happens in a sugarcane
field is that the hottest surface exists just over the canopy of leaves and
temperature decreases with height both above and below the canopy.
In other words, a dense crop like sugarcane indicates a condition in which
the active surface is shifted from the ground to the canopy and within
the crop the temperature increases  above the ground surface until the
canopy height is reached. Whereas there are unstable conditions in the
open, stable temperature conditions persist within a sugarcane crop.
What happens in the case of sugarcane is also applicable to thickly
populated orchards. The utility of sucha knowledge can very well be
imagined from a simple fact that whereas dusting and spraying under
unstable conditions  would mean a wastage of chemicals, the stable
conditions represent their efficient utilization, If a farmer is aware of the
distinction, he can modify his strategy so as to make the best use of the
costly plant protection chemicals. Micro-climate found within a field
can also be utilised to control the pests and diseases once it becomes
known what is the density of plants which is conducive or otherwise for
their proliferation. A knowledge of the mircro-climate of plant com-
munities can also helpto determine the density which is necessity to
optimum growth and yield. The same objective could very well apply to
orchards and forests.

13.3.12 While a2 good number of agrometeorological observatories
in the country have been located on the farms, the observatories in or-
chards, plantations and forests are not adequate. We recommend that
this lacuna should be removed as quickly as possible. As far as
orchards are concerned, a beginning could be made in the gardens and
plantations located in the research institutions. In the second stage, an

attempt should be made to have at least one such observatory in every
district.

Forest Meteorology

13.3.13 A knowledge of the forest-climate interaction is essential,
as the WMO have pointed out, for understanding and assessing the
extent of modification of climates due to the conversion of tropical and
sub-tropical forest areas into agricultural lands. In arid and semi-arid
regions particularly, denudation of forests may affect the water-balance
of the country. Very little work has been done in India on forest-climate
interaction. In Chapter 44 on Forest Ecology and Wildlife Manage-
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ment, we have referred to a study on the climatic deterioration resuiting
from disforestation. Other studies in this field are available in the
annotated bibliography on forest influences and watershed manage-
ment research in India published by the FRI in 1970. However, a
coordinated effort is necessary to review, assess and plan the future work
in this direction. We recommend that the IMD should in consultation
with the Forest Research Institute, Dehradun and the State Forest
Departments review and assess the present position in the country and
draw up a long term research programme in forest meteorology. The
network could be determined by the Forest Research Institute, Dehradun
keeping in view the ultimate objective of establishing one which would
give representation to forest conditions in different agro-climatic regions.
of the country.

Hill Meteorology

13.3.14 The pattern of farming in hill and mountain areas is.
different from the one followed in the plains. Cultivation in hilly areas.
is possible in valleys and over slopes. Plots are usually small and over
slopes these are arranged in terraces girdling the hill at various points of
itselevation. Fruit or plantation drops and paddy are commonly grown
in such areas. The choice of fruit or plantation crops as also of the field
crops, other than rice, varies according to region. Temperate fruits of
various kinds are the speciality of the belt comprising Kashmir, Himachal
Pradesh and West Uttar Pradesh Hills, Tea is common in the Hima-
layan West Bengal and Assam. Pineapple is the fruit grown in Megha-
laya, Manipur and Tripura. Tea, coffee, rubber, cashewnut, pepper,
cardamom, clove and nutmeg are the specialities of the southern hills
while coconut and arecanut are usually grown on flat lands in the valley.
The common arable crops are rice, maize, small millets and potato.
Despite this kind of choice being available, there is a temptation to give
preferential treatment to paddy and fit it in all kinds of elevations dis-
regarding the fact that water needed is really available for this crop only
in the valleys. This brief description is meant to illustrate that there
is no scientific pattern of cropping most suited to different elevations.
The micro-climate over hills varies very widely depending upon various
factors. The hill facing the ascending side of the monsoon winds is
cooler, has more moisture and is, therefore, more lush green than the other
side over which the wind descends. The duration of sunshine varies
widely over small distances due to the directional orientation in general
and due to the shadow eflfect of nearby hillsin particular. Moreover,
there is the valley effect where the valley acts as a pool for cold air and is
covered with fog. The sequence of horticultural plantations as well as.
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arable crops requires to be determined after takinginto account all these
meteorological considerations and the knowledge in India at present
on these aspects is meagre. There is, therefore, a need to pay greater
attention to research work as well as agricultural developmental work
specially directed to the problems of hill areas.

Meteorology in Relation to Livestock Production

13.3.15 The application of meteorology to livestock production
can be studied in three ways. These are : (a) how the micro-climate
obtainable in a particular place affects the productivity of different
kinds of apimals (b) how micro-climate obtainable in paddocks and
barns affects the health of animals kept there and (¢) what is the contri~

_bution of meteorological factors in the spread of animal pests and
diseases. Animal Husbandry scientists at various centres including the
Indian Veterinary Research Inostitute, Izatnagar, have made several
studies in relation to climate, Some of the prominent research institutes
are also having their own meteorological observatories, but in the context
of the livestock production and its future plans, the present meteorological
set up exclusively for livestock is very inadequate. There is need for all
the institutions dealing with animal research and dairy, piggery and
poultry organisations to arrange for meteorological observations which
are considered essential for their work. There is also need for conduct-
ing micro-climatic studies within the paddocks and barns, which will give
an idea of the level of animal comfort thatis conducive to higher
production. The general purpose meteorological observatories should
not, however, be confused with the observatories which are to be set up
for productive animals., Just like crops, it is very necessary that the
observatories are set up in the very environment in which the animals are
reared and confined. The responsibility for setting up and maintaining
these should rest with the respective institutions and departments.

Weather and Animal Diseases

13.3.16 Studies in recent years have shown practical links between
current weather and the epidemiology of diseases of farm animals, A
review of the work in this field given in a recent technical note of WMOQO
on ‘Weather and Animal Diseases! covers subjects like the wind-borne
types such as fowl pest and foot and mouth disease and parasitic and
fungal diseases etc. Among the conclusions, it is stated that much can be
done with existing systems of weather recording with small cost-benefit
1 Smith, L (P.), 1970. Weather and Animal diseases, WMO Technical Note No. 113,

World Meteorological Qrganisation (WMOQ) Geneva, Switzerland.
4—133Deptt. of Agrl./76
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ratios. Details are given in the annexes to this publication of the predic-
tion systems which are now in use or under operational test in the
United Kingdom. Work in this field in India seems to be limited, but the
importance of the subject from the practical economic point of view is
considerable.  Research needs the combined efforts of animal husbandry
scientists and meteorologists.

Remote Sensing Techniques

133,17 The World Meteorological Organisation has drawn
attention to the use of remote sensing techniques in providing means of
rapidly collecting a variety of agro-meteorological data. As examples,
reference is made to (i) large scale colour photography supplying sup-
plementary information on the condition of crops, pastures and forests,
{ii) large differences in vegetation cover, physiography and drainage
patterns provided by remote sensing images. It is desirable to examine
the extent of application and usefulness of these techniques for utilisation
in this country. We have dealt with this briefly in Chapter 61 on Statis-
tics—Remote Sensing Techniques.

4 DROUGHTS

13.4.1 Departures from normal rainfall occur frequently but when
eficiencies are large, widespread and/or prolonged, drought conditions
set in. Definitions of drought vary widely with the area of interest.
More than 60 definitions have been listed in a report on assessment of
drought. Palmer (USA) defines drought as an interval of time, generally
o the order of months or years in duration, during which the actual
moisture supply at a given place consistently falls short of the climatically
expected moisture supply. The US Weather Bureaun defines drought
as a period of dry weather of sufficient length and severity to cause at
least partial crop failure. In a report to the Administrator, National,
Oceanic and Atmospheric Administration on the influence of weather and
climate on United States grain yields, prepared in December 1973, the
definition of agricultural drought is given as follows : “A combination of
temperature and precipitation over a period of several months leading
to a substantial reduction in yield (bushels per acre) of one or more of the
major foodgrains (wheat, Soyabean, corn). A “Substantial reduction”
is defined as a yield (bushels per acre) less than 909, of the yield expected
with temperature/precipitation equal to long term average values”. But
rainfall, while it may be a major criterion, does not give the complete
picture and a lower rainfall that would be fatal to crops in one region might
be sufficient for growth in another. Besides rainfail, factors like inten-
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sity of evaporation, sunshine, soil, stage of crop growth efc. have also to
be taken into account. Thornthwaite defines drought as a condition
in which the amount of water needed for transpiration and direct evapora-
tion exceeds the amount available in the soil. Some of the other de-
finitions in use are :

(i) According to the British Rainfall Organisation a partial drought
is a period of more than 28 days with a very small rainfall per
day and absolute drought is a period of at least 15 consecu-
tive days during which the rain does not exceed 0-25 mm.

(i) The objective method for specifying drought suggested by the
Australian Bureau of meteorology is to specify the minimum
water need for a particular purpose. Drought occurs when rain-
fall during an interval is less than the minimum water need.

(iii) In USSR drought is defined as a period of ten days with a
total rainfall not exceeding 5 mm.

Drought classification

13.4.2 Droughts may be broadly classified into the following three
types :

(i) Meteorological drought : It is a situation when there is
significant (more than 25 per cent) decrease from normal
precipitation over an area.

(i) Hydrological drought : Meteorological drought, if pro-
longed, results in hydrological drought with marked
depletion of surface water and consequent drying up of
reservoirs, lakes, streams and rivers, cessation of spring
flows and fall in ground water levels. Hydrological
drought may be reflected in depleted snowmelt due to poor
snow-fall in an earlier season and this may resultin
curtailment of power generation and affect industry as well
as agriculture.

(i) Agricultural drought : It occurs when soil moisture and
rainfall are inadequate during the growing season to sup-
port healthy crop growth to maturity and cause extreme.
crop stress and wilt.

Drought studies in India

13.43 Drought is an occasion when the rainfall for a week is haif
of the normal or less, when the normal weekly rainfall is 5 mm or more.
Agricultural drought is a period of 4 such consecutive weeks in the period

,from middle of May to middle of October or 6 such consecutive weeks
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during the rest of the year. Seasonal drought occurs when the actual
seasonal rainfall is deficient by more than twice the meal deviation.
Subramanyam and co-workers made use of the aridity-index of Thornth-
waite and drought years were classified as moderate, large severe or
disastrous according as the departure of the yearly aridity index from the
climatic normal value was less than 1/2 o between 1/2 o and o, between
cand 20, or above 2 ¢ respectively, ¢ being the standard deviation
for the set of data employed. The Drought Research Unit of the
IMD at Poona, has tried to evolve a drought index on the basis of rain-
fall departures, monthly rainfall deciles, water periods etc. Employing
Thornthwaite’s water balance technique, and using potential evapot-
ranspiration values computed! for 300 stations from Penman formula-
tion, areas of arid and semi-arid climatic zones were demarcated.?
Saurashtra-Kutch region of Gujarat, the western half of Rajasthan and
parts of Haryana are in the arid zone where there is constant water deficit.
Conditions very close to aridity prevail in the rain-shadow tract along the
leeward side of the Western Ghats from Nimar in Madhya Pradesh
through the districts of Khandesh, Ahmednagar, Sholapur (Maharash-
tra), Gulbarga, Bijapur, Raichur and Bellary (Karnataka) to Ananta-
pur, Kurnool and Mahbubnagar districts (Andhra Pradesh), A small
area within this tract around the Anantapur—Bellary chord also has con-
ditions of aridity. Semi-arid regions comprise areas where precipitation
meets only one-third to two-thirds of the evapotranspiration needs.
These regions cover almost the entire Peninsula east of the Western

Ghats and extend to portions of West Madhya Pradesh, West Uttar
Pradesh, Haryana and Punjab. Semi-arid conditions occur in parts of
Gaya, Patna and Monghyr districts of Bihar. On the lines of work done
in the USA by Palmer, computations involving detailed hydrologic
accounting were carried out for different meteorological sub-divisions
for the period 1901—1969. The drought climatology? of the country thus
prepared shows that on an average, drought may be experienced over
large areas on 20—25 per cent occasions in each of the months of the
Kharif season. For identification of drought areas, IMD has defined
drought as a situation occurring in any area in a year when the annual
rainfall is less than 75 per cent of the normal. When the deficiency of
rainfall is above 50°per cent of the normal, it is termed as ‘severe drought’.

1 Ibid,2 (p.27).

2 Rao,K.N.,C.J. Georgeand K. S. Ramasastry, 1972. Agro-Climatic Classification of
India, Meteorological Monograph, Agrimet No. 4, India Meteorological Depart-
ment, Poona.

3 George, C. J., K. S. Ramasastri and G. S. Rentala, 1973, Incidence of Droughts in
India, Meteorological Monograph, Agrimet No.5. India Meteorological Depart=
ment, Poooa
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Areas where drought has occurred in 20 per cent of the years during
the period are considered ‘drought areas’, and where it has occurred in
more than 40 per cent of years, as ‘chronic drought areas’. This de-
finition of drought does not however, take into account the distribution of
rainfall so important from the point of view of agriculture. In view,
however, of the differences in cropping patterns and distribution of rainfall
from region to region, it is difficult to qualify the definition of drought
with sufficient exactness by introducing this element and needs detailed
study. Using the annual and south-west monsoon rainfall departures from
normal during the period 1901 to 1960 for about 500 stations drought
areas have been identified by the IMD. The Irrigation Commission
accepted this approach and in their Report (1972) indicated the drought
and chronic drought areas as follows :

() drought areas (20 per cent probabi- Guijarat, Rajasthan and adjoining
lity of rainfall deficiency of more parts of Punjab, Haryana, West Uttar,
than 25 per cent of normal) Pradesh and West Madhya Pradesh.

Madhya Maharashtra, Interior Mysore,
Rayalaseema, south Telangana and parts
of Tamil Nadu.

a small portion of north-west Bibar and
adjoining eastUttar Pradesh.

a small portion of north-east Bihar and
adjoining portion of West Bengal.

(ii) chronically drought affected areas West Rajasthan and Kutch.

(40 per cent probability of rainfall
deficiency of more than 25 per cent

of normal.)

13.4.4 Thus, most of the areas identified as susceptible to drought
fall within the arid and semi-arid zones mentioned above. Chronically
drought affected areas are identical with the intensely arid zone.
All the districts which comprise the drought zone are not equally vulner-
able tocrop failures as protective irrigation has been developed in some
of the districts or taluks. As such those of the districts/taluks which enjoy
a minimum percentage of irrigation should appropriately be excluded
from the list of drought affected areas.

Drought Prediction

13.4.5 The question whether drought can be predicted from rainfall
or drought data series over an area from a knowledge of trends, perio-
dicity etc. is of considerable importance. Rainfall series of stations in
the country generally exhibit random nature and have shown no signi-
ficant trend on the whole. Some of the long rainfall series have been
tested for periodicity also but none of significance has been noted. In
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addition, spectral analysis! of Palmer Drought Index series, referred to
earlier in this Section, available for a number of meteorological sub-
divisions has been tried. These show some relation to quasi-biennial
oscillation and in some cases to sun-spot cycles. The amplitude of the cycle
1s, however, too small to be of significance. We are not alone in arriving
at such results. Professor H. E. Landsberg, President, WMO Com-
mission for Special Applications of Meteorology and Climatology in his
lecture in Geneva in June 1974 on ‘Drought’ has expressed almost iden-
tical views in this regard as may be seen from the extract reproduced
below?2: .

“Data analysis of long records of precipitation in various parts of
the world did not indicate any radical one-sided trends but rather
fluctuations which might persist for several years. Spectral analysis
revealed no well-defined cycles of rainfall anywhere but a widespread
irregular rhythm of two to three years was in evidence. The analysis at
the same time did not preclude entirely the presence of a weak rhythm
in the 11 to 13 years spectral band which might identify with, the solar
cycle. This point required further exploration™.

13.4.6 The problem of quantifying drought still remains. The
water balance technique is a useful approach as it takes into account
precipitation, evapotranspiration and soil moisture storage and attempts
to arrive at a balance between water gain and waterloss. Actual obser-
vational data are lacking and water balance and other computations
would have to depend for a long time to come on data calculated from
theoretical  considerations.

13.4.7 The Indian National Committee for the International Hy-
drological Decade has set up a sub-committee on Water Balance to make
an assessment of water of the Indian river basins and to recommend
broad outlines of future work including research studies to be under-
taken. The work of this sub-committee should prove useful in the
drawing up of definition of drought and future programmes of
research. '

13.4.8 It should be clear from the above that the approach of
trends, cycles, periodicity etc. is not feasible for forecasting drought. A
statistical study of rainfall or drought series could help in evaluating
probability of different rainfall amounts of drought values and useful
in indicating the risk of low rainfall and attendant drought in the various
areas of the country. However, comprehensive and systematic study
1 Rao,K. N,,C.J. George, P. E. Moray and N. K. Mechta, 1973, Spectral Analysis of

Drought Index (Palmer) for India, Indian Journal of Meteorology and Geophysics

Vol. 24, No. 3, pp.- 257—270.
2 Landsberg, H.E., 1974, Drought—Summary of Lectures and Discussions, Geneva

June, 1974. ' WMO Bulletin, XXIII (4) : 226




. CLIMATE AND AGRICULTURE 39

of all past droughts by dynamic and synoptic—climatological methods
both for a better understanding and for forecasting droughts is an urgent
need. We recommend that this important project may be taken up
jointly by the IMD and the Indian Institute of Tropical Meteorology
in cooperation with ICAR. We have also dealt with some aspects of
drought forecasting under Extended Range Forecasting later in this
Chabter.

5 WEATHER BULLETINS FOR FARMERS

13.5.1 Besides rainfall, other weather phenomena such as occur-
rence of abnormally low or high temperatures, cloudiness, high winds,
hail, etc. are of importance to agriculture for protection against frosts,
regulation of spraying of pesticides and protective measures against
wind or hail damage. : :

Present Service

13.5.2 The IMD initiated an experimental programme of issuing
farmers’ weather bulletins in the 1930’s. A regular weather service for
farmers on a regional basis commenced operation in 1945. This consists
of bulletins of actual and expected weather for each district for2 or 3
days, issued daily by the five regional meteorological centres (RMC) at
Bombay, Calcutta, Madras, New Delhi and Nagpur and meteorological
centres (MC) at Jaipur, Lucknow, Gauhati, Hyderabad, Bangalore and
Trivandrum. Similar Centres are proposed- to be started at Srinagar,
Bhubaneshwar, Patna and Ahmedabad. Warnings of adverse
weather such as cyclonic storms, strong winds, heavy rains, hail, frost
etc. are also included in these bulletins. These bulletins are translated
into local languages and broadcast by various regional stations of All
India Radio in their rural programmes. The bulletins are broadcast in
the rural programme for the farmers through about 1,50,000 community
radio sets all over the country.

Crop Weather Calendars

13.5.3 For the guidance of the Meteorologists who issue these fore-
casts, statewise crop-weather calendars in respect of each major crop
for each climatologically homogeneous zone have been prepared by the
agricultural Meteorology Division of the IDM in consultation with the
crop specialists of the States. The crop-weather calendarst! were first

1 1962, Weather and Indian Farmer, India Meteorological Department, Poona.
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prepared in the 1940’s and are now being revised to take into account
the requirements of newly introduced varieties of crops and changes in
cropping practices. The calendars depict the normal dates and duration
of various phases of the crop and indicate the weather conditions of sig-
nificance in each phase and a forecast of which will be of use to the far-
mers. While compiling the calendars, requirements given by the State
authorities have been interpreted in terms of practical forecasting capabi-
lities. In orderto enhance their utility, we would suggest that separate
calendars should be prepared for early, normal and late sown varieties
of each crop in different zones. We are aware that compilation of
calendars for varietal differences in crops would pose serious problems
as inter-annual variations in weather cannot be adequately allowed for,
Nevertheless, a start in this direction is desirable, For preparation of
the calendar, informationin respect of individual research farms all over
the country may be useful, It would also be necessary to include in the
crop-weather calendars information on crops like soyabean, safflower,
sunflower, cow-pea, etc. which have assumed increasing importance in
recent years,

Limitations and Required Improvement

13.5.4 The bulletins for farmers issued daily give only meteoro-
logical information in a general way and, in addition, include forecast on
the type of weather likely to be experienced in the different districts of 2
meteorological region. From the farmers’ point of view such a bulletin
could not be of much use because it gives no indication of the steps the
farmer should take in the light of a particular type of forecast valid for the
next 24 or 48 hours. He would particularly need advice on the
following :

(i) whether he could sow a particular crop when the requisite
rainfall may be expected;
(i) whether he should delay his sowing operation because the
rainfall is not likely to occur;
(iii) whether he should resort to lmgatlon to save his standing
crop because of expectation of a drought spell;
(iv) whether frost is expected and if so what measures he should
adopt to save his crop; and
(v) whether humid weather is expected around the flowering
time so that he could take plant protection measures in
order to save the crop at such a crucial time from the effects
of certain diseases oOr pests etc.
It does not take time to realise his difficulty and therefore, before a par-
ticular weather bulletin is framed and issued for broadcast on the All
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India Radio, a joint discussion among the plant scientists, agricultural
meteorologists and the forecasters is considered essential. A suggestion
was put forward by the IMD to the State Departments of Agriculture
that at the time when the forecast is being drafted they may send their
representatives for discussions. This task has become simpler after the
formation of the State Meteorological Centres in recent years. There is
close collaboration and coordination between the officials of the Depart-
ment of Agriculture and the scientists of the agricultural universities and
the respective State Meteorological Centre in the States of Karnataka and
Tamil Nadu in the preparation of the daily weather bulletin. We strongly
recommend that a common pattern on an all India basis for a daily/joint
discussion between the plant scientists and meteorologists should be
drawn up on the basis of the experience of these two States and that this
should be compulsorily extended to all the States. Joint daily meetings
between plant scientists and the meteorologists has recently taken another
very useful direction. The latter half of 1975 saw the launching of the
SITE programme (through which the television facilities have been
extended to a network of about 2,500 stations spread all over the
country), which includes also a feature advising farmers on agricultural
operations in relation to weather. For this purpose, an Agricultural
Meteorologist of the India Meteorological Department and represen-
tative of the ICAR everyday sit with the forecaster at the Northern
Hemispherical Analysis Centre of the IMD at New Delhi and decide how
the forecast should be oriented and telecast so as to be useful to farmers.
In the light of the anticipated weather, the nature of operations the farmer
should undertake with regard to sowingetc. or plant protection measures
are all spelt out in the telecast programme. This is a welcome develop-
ment and we hope that in course of time it will become a regular daily
feature.

Improvement in Dissemination

13.5.5 Farmers’ weather bulletins are at present translated into
regional languoages and integrated into the rural programmes broadcast
over stations of Ali-India Radio, wusually once a day. The bulletins
should preferably be broadcast by AIR twice a day in the morning and
evening during periods of high listener preference. Similar broadcasts
could be made on television wherever such coverage is available. Dis-
trict agricultural officers may be assigned the responsibility of regularly
listening to farmers’ weather bulletins and sending to the Directors
of Agriculture and the IMD offices in each State, periodical reports of
their evaluation on the effectiveness of the bulletins and give their sug-
gestions for improvement. They should particularly highlight instances
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when the operational farmers’ weather bulletin helped or failed to help
in protecting crops from the adverse effects of weather. This kind of
feedback is necessary for effecting improvements in the agricultural weather
service. The IMD should evaluate each year the performance of the
farmers’ weather bulletin service and present the same at conferences
of agriculturists at the State level for discussions between scientists as
well as the users, The ICAR should consider convening such periodical
conferences for evaluation of weather service to farmers and for their
improvement,

13.5.6 An important problem concerns the communication faci-
- lities available at present for the dissemination of weather forecasts and
warnings for agriculture. It is recognised that the present position is very
inadequate and needs significant improvement but the setting up of an
exclusive communication network for the purpose does not appear feasible
at present. '

Weekly Crop-Weather Bulletins

- 13.5.7 While the above arrangements serve the daily needs, it is
necessary thateach State should prepare a weekly crop-weather bulletin
containing a descriptive statement on week’s weather and crops, tempera-
ture and rainfall of observatories in the State and a forecast of weather a
week ahead. The responsibility for the compilation and issue of the
weekly bulletin should be that of the Director, Bureau of Economics and
Statistics of the State and where such an organisation is not responsible
for agricultural statistics, it may be of the Director who performs similar
functions. In the preparation of the bulletin the Director will ‘e
assisted by the local Meteorologist, the representatives of the Director
of Agriculture and the local agricultural university. The weekly
bulletin should be issued on the same day in the week as that of the weekly
weather report by the IMD. While enabling a close watch to be kept
on week’s weather and agricultural conditions, it will also help educate
its agricultural community in getting acquainted with weather and
agriculture in a more intimate manner. An effort in this direction has
already been made by Karnataka, whose weekly bulletin farmat etc. is
given in Appendix 13.1— Statement X as a sample.

6 EXTENDED RANGE FORECASTING

13.6.1 Forecasts of weather for two days with outlook for sub-
sequent two days are at present issued with reasonable degree of confi-
dence. For longer periods say a week, 2 month and season, the problem
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continues to be one of great complexity. A few countries issue such
forecasts but the general solution has defied attempts so far. The need
for such forecasts for agriculture is, however, very pressing. It may be
relevant to state that the forecasting of monsoon rainfall a season in
advance, formed one of the important recommendations of the Indian
Famine Commission even earlier than 1880. A brief reference to the
efforts made in India is given in the subsequent paragraphs.

Ssasonal Forecasting—India

13.6.2 India has been issuing seasonal forecasts of monsoon rainfalf
for over 80 years and the method followed for the last 50 years is the
correlation approach. Factors likely to be associated with Indian rainfall
have been examined on global basis but only a few factors have shown
significant correlation and fewer still have maintained their original
significance. The factors thus selected have been fitted into a linear
regression equation which is used for prediction. The factors and the
regression equation are periodically examined for significance and new
factors introduced to maintain significance, as and when necessary.
Three seasonal forecasts are issued every year covering (i) the southwest.
monsoon meonths of June to September (i) August and September and
(iu) the winter months of January to March. For (i) and (ii) the
areas covered are the Peninsula and northwest India and for (iii) north-
west India only. Details including areas covered, factors employed,
dates of issue etc. are given in Appendix 13.1—Statement XI. As the
formulae have varied, only the actual performance against the fore-
casted value has been verified and it is found to be about 70 per cent.
While the performance is not striking, it cannot be regarded as unsatis-—
factory either. The forecasts are, however, of limited utility as they cover
vast areas and the multiple Correlation Coefficients (CC) of the regression:
equations are in the range of 0.68 to 0.75 only.

Long Range Forecasts

13.63 A helpful approach for prediction of rainfall a year ahead
or for longer periods could be by detection of trends and/or periodicity
in long term records of rainfall, Studies of a number of stations in the
country have with minor exceptions (Konkan) not revealed any
significant trends or periodicity. A quasi-biennial oscillation of nearly 2
years has been noticed in rainfall series over many stations in the country.
These and indications of eleven-year periodicity akin to sun-spot cycle:
in same cases have, however, small amplitudes, not large enough to-
have significant influence on the rainfall regimes regions. One would,
therefore, have to try other methods.
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Dynamic Climatological Techniques

13.6.4 With availability of large-sized electronic computers and
magnetic data storage facilities in the IMD, development of medium
and long range forecasting techniques should be attempted with high
priority. This could be done (i) by intensive correlation studies involving
examination of a large number of factors—surface, upper air and possibly
-extra-terrestrial, (i) by deriving statistical and semi-empirical formulations
for smaller areas and for smaller intervals of time and (iii) by use of
-dynamic climatological methods. In the third method, a set of derived
meteorological parameters like vorticity, vergences, wind shears, vertical,
motion etc. have to be computed from average and daily data. These
parameters have to be used with known and tested physical relations and
Prognostications attempted. Statistical analysis of derived parameters from
such prognostic studies may then be tried. For medium range forecasts
Numerical Weather Prediction (NWP) techniques should be evolved for

forecasting  precipitation, temperature anomalies, etc. upto 5 to
7 days.

‘World Weather Watch

13.6.5 Under the World Weather Watch (WWW) project of the
‘World Meteorological Organisation, the world meteorological centres
.at Washington, Moscow and Melbourne would be preparing forecasts for
extended periods ranging from 5 days to a month or more, with the aid
of large computers. The regional Meteorological Centre of WWW at
New Delhi has facilities to obtain these forecasts from the world meteoro-
logical centres on fast telecommunication channels. It also receives
global meteorological data as well as cloud imagery relayed from
orbitting meteorological satellites round the clock. An IBM 360/44
.computer has been installed at this Centre and should be used for experi-
mental extended range forecasts for India and neighbourhood upto 5 days
with the aid of thelarge amount of data obtained through WWW
channels.

Monsoon Experim:nts

13.6.6 Our knowledge of many aspects of the Indian southwest
monsoon on which a large part of Indian agricultural production
depends is even now far from complete. A special experiment (MONEX)
has been planned as a part of the Global Atmospheric Research
Programme (GARP) jointly by the World Meteorological Organisation
(WMO) and the International Council of Scientific Unions (ICSU).
“The first phase of the programme started during the monsoon of 1973
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in collaboration with USSR and four research ships of USSR and twor
of India participated in this phase. The study will be intensified during
the first GARP Global Experiment (FGGE) to be conducted jointly
by WMO and ICSU during 1977. A Geostationary Meteorological
Satellite (GMS) is planned to be launched by USSR over the equator at
70° E and will keep a constant watch over the weather over India and the

surrounding areas with capability to relay pictures of developing cyclones
or advancing monsoon clouds once every 20 minutes. A variety of
new techniques are being evolved to obtain data on winds, temperatures,

humidity etc. from all over the globe during GARP. With the help of
these technological developments and large computers it should be
possible to obtain more definite knowledge of the physical processes of the
Indian SW Monsoon by the end of this decade and develop reliable tech~
niques for medium range and long range forecasts of its advance, pul-

sations and withdrawal for the use of agricultural community,

13.6.7 In view of the large and complex problems involved we
strongly recommend that research into the various aspects of the subject
including those outlined above should be given priority. The entire
range of subjects could be grouped under Extended Range Forecasting
and work distributed among the IMD, Indiap Institute of Tropical
Meteorology, and other interested institutions. Sufficient funds should
be made available by Government and an advisory group should be
set up under the chairmanship of the Director General of Observatories,
with membership from Meteorological Department, ICAR, IARI and
Agricultural Departments of the States to periodically review and draw
up concerned programmes for speedy implementation.

7 CROP WEATHER RELATIONSHIP

137.1 A number of research institutes and organisations are at
present engaged in the study of crop-weather relationships. Certain
biochemical aspects of crop-weather relationships have been referred to
in Section 3. The IMD is studying various aspects of drought, forecast-
ingof crop yields, dry farming etc. A Crop Weather Studies Unit has been
set up in the Directorate of Economics and Statistics in the Ministry of
Agriculture and Irrigation to concentrate on the publication of long term
comparable data on crops and weather, derivation and computation of
rainfall indices, analysis of crop weather relationship between weather and
crop productionetc. The IARS and the IARI are engaged in experimen-
tal work on crop weather relationships. Some of the agricultural
universities have also been engaged on studies in this important field,
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Weather Parameters and Crops

13.7.2 Crops are greatly dependent on weather during the periods
of growth and particularly in the critical phases like germination, flower-
ing, seed setting, manuring etc. For healthy growth and good yields,
certain optimum conditions of rainfall, temperature, wind, sunshine,
soil moisture etc. are essential. However, the problem is complex and
much work would have to be done to arrive at dependable relationships
in quantitative form between these factors and yields of crops. Such
studies are being actively pursued in many countries. In the USA
crop yield studies are made using regression techniques, both linear and
curvilinear. In addition to weather factors, technological trend is used
both in its linear and quadratic forms. In the USSR crop yield forecasts,
using curvilinear techniques, are issued. Besides weather parameters,
soil moisture, stage of crop development, soil type and evapotranspiration
are also considered. Instrumented aircraft are employed to obtain
information on acreage as well as on the state of growth of the crops.
Ninety per cent success has been claimed. Research work in this field
is being done in Canada and Australia also. In India data collected
under the All-India Coordinated Crop Weather Scheme introduced in
1945 have been statistically analysed using the techniques of regression,
Fisher’s response curves, fitting of probability distribution of meteorolo-
gical factors and Ezekiels’ curvilinear regression. The studies have
brought out the relatively large dependence of crop growth and yield
on rainfall and its distribution in various phases compared to other
meteorological parameters. At Niphad  (Maharashtra), Dharwar
(Karnataka) and Powerkheda (Madhya Pradesh) rainfall above normal
in the month preceding sowing and in germination phases has been found
to have beneficial influence on wheat yield. At Niphad and Jalgaon
(Maharashtra) an idea of the final yield of wheat could be had from the
nature of germination and shoot growth when the crop is two months
old. An early study on the influence of rainfall distribution on cotton
yields at Akola and Jalgaon has shown that an additional inch (2. 54 cm)
of rain in the fourth week of May has an adverse effect. Heavy and
continuous rainfall in the latter half of July and the first half of August
affects the yield adversely asit gives rise to weeds and water logging and
delays weeding and interculture operations. Heavy rain at the end of
September or the early part of October damages the cotton crop by
causing the shedding of bolls. These and various other studies were
carried out with data from experimental stations over limited periods.
They were also severely conditioned by non-availability of uniform data
over long periods. Added to these are the diversity of farming practices
in the country which limited the extension of field experimental results
for assessment of overall crop yields,
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Crop Yield Formulation

13.7.3 After the droughts of 1965 and 1966, the IMD on the re-
commendation of the Planning Commission set up a unit in the latter
half of 1967 for investigations on drought climatology and for develop-
ing techniques for issue of crop yield forecasts using me.teorol_ogical
parameters. The work involved detailed statistical analysis to isolate
the critical periods in weather factors which have significant  association
with cropyield. These are combined to derive linear regression equations
and used for forecasting yields of crops. In the case of rice,
the distribution of rainfall during the crop growing season is found to be
the most crucial weather parameter; temperature plays only a minor
role. For wheat, pre-season precipitation and distribution of
temperature during crop growing season are¢ important. Minimum
temperature between 5.6°C and 7.2°C and maximum temperature not
exceeding 21.1°C are generally conducive to better wheat yield. Critical
periods when weather elements significantly affect yields of rice are
given in Appendix 13.1—Statement XII. Formulae have been developed
for 22 sub-divisions of the country for quantitative yield forecast of rice,
6 for yield of wheat, 2 for yield of bajra and 5 for jowar in dry farming
area. Tentative forecasts for kharif rice are framed in August, September
and October and final forecasts in November. -Work on similar lines is
being carried out at the IARS on the basis of data from six experimental
stations. It has been found that rainfall during the period January to
April has contributed significantly to the yield of the wheat crop. A study
of the response of yield to rainfall indicated thatin unirrigated tract the
rainfall was beneficial to the growth of the crop during the entire crop
season, while in the irrigated tract the rainfall during the months of
December and March had a damaging effect on the crop.

13.7.4 In the case of rice, the rainfall in July is beneficial to the crop
while in August it has some adverse effects. Similar studies were also
conducted in respect of jowar, cotton, groundnut and barley. It was
noticed that about 90 per cent of the variation in yield was explained
by the variation in rainfall in the case of cotton and groundnut while this
variation was of the order of about 45 per cent for jowar and barley.

Crop Yield and Rainfall Distribution

13.7.5 The Institute of Agricultural Research Statistics, New
Delhi, has carried out linear regression analysis with yield as the depen-
dent variable and total rainfall during the five crop growth phases as
independent variables. About 47 per cent of the variation in wheat
yield was due to variation in the rainfall during each period. Rainfall
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during pre-sowing, flowering and grain formation period was more im-
portant and effective as compared to rainfall in other periods. In Raipur
district of Madhya Pradesh, the total rainfall for the months of June
and August does not have much effect on rice production, but the total
rainfall during the months of July and September has greater influence
on the crop yield. During the month of July a deficiency of the order
of 16 per cent in rainfall showed an adverse effect on crop production,
while the corresponding percentage in the month of September was of the
order of 13 per cent. The above findings have been confirmed from the
physiological point of view also. Computation showed that a deficiency
of the order of 16 per cent or more might be observed once in three years.
This could happen for two consecutive years once in sixteen years. The
data were also examined to study the pattern of occurrence of rainfall
with the help of Markov Chains for the crop season—June 1 to September
30. Probabilities of a day being wet or dry depending on weather
conditions on the previous day were thus computed.

Rainfall Indices

13.7.6 It has been observed that there are considerable variations
in the amount of rainfall received within a State or even a district.
Further, there are variations in the amount of rainfall received within
a crop season in a particular area. The Directorate of Economics &
Statistics of the Union Ministry of Agriculture and Irrigation, have ini-
tiated the compilation of rainfall indices for different crops and groups
of crops. The actual rainfall in a particular month or session is expressed
as the percentage of the normal. Only those regions/States are con-
sidered where the crop is grown to an appreciable extent. Further, only
the period of the growing season—from preparatory tillage to harvesting
—is studied. In the case of rice, rainfall indices for 9 States, account-
ing for about 90 per cent of the total production of rice, have been worked
out by weighting the individual State/Sub-Division during 1964-65, which
was a normal year. Similarly, for wheat, rainfall indices have been cons-
tructed for the period September-April for 6 States, accounting for about
92 per cent of the total production of wheat in the country. For ali the
foodgrains considered together the rainfall indices for each of the four
seasons viz. monsoon (June-September), post-Monsoon (October-
December), Winter season (January-February) and summer (March-May)
have been constructed by combining the indices for 12 States accounting
for about 90 per cent of the total production of foodgrains in the coun-
try. These indices have been compiled from 1950-51 onwards. It
is proposed to correlate yields/production with these indices to enable (i)
an assessment of the effect of rainfall on the yield/production of individual
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crops, and (ii) forecasting of crop yield/production at different stages
during a cropseason. A limitation of this method is that equal weightage
has been given to the monthly rainfall during the entire life cycle of a
crop. Further, a month may be too long a period to adequately cover
the life cycle of acrop. Itis, therefore, suggested that (i) periods smaller
than a month should be considered for construction of rainfall indices;
and (ii) a system of weights should be developed on the basis of ex-
perimental data to combine the rainfall indices during the different
phases of crop growth. A study should be conducted to determine the
variability in weekly, fortnightly and monthly indices.

Contribution of Technology to Crop Production

13.7.7 It is generally difficult to isolate the contribution of technolo-
gical development and favourable weather to increased crop production.
However, taking into account the available data, which is scarce, it may be
possible to arrive at an estimate of their relative magnitudes. Such a
study could profitably be undertaken in rainfed areas of the country.
Studies on crop-weather relationships by the IMD indicate that in the case
of rice-yields the percentage variation accounted for by technology varies
from 4 to 46 per centin different regions. The percentage variationin the
yield of rice accounted for by the technology alone for some of the sub-
divisions of the country is given in Appendix 13.1—Statement XIII.
The upward trend due to advances in technology—improved seeds,
fertilizers, pesticides, etc. is discernible in many areas especially after 1950,
In the case of Tamil Nadu and Andhra Pradesh, an earlier technological
trend is noticed from 1906 to 1920 presumably due to extension of
irrigation facilities.

Physiological Response of Crops to Weather

13.7.8 For a better understanding of the crop-weather relationship
it is pecessary to assess the physiological response of crop to weather.
Towards this objective, firstly intensive measurements of micro-meteo-
rological parameters would have to be made for an assessment of water
balance and energy budget in crop environment. These experiments
spread over a relatively short period of about five years have to be re-
plicated in space and time at a number of places close to one another.
These measurements have then to be evaluated in laboratory experi-
ments under controlled conditions. Secondly, climatic data collected
- from meso-scale network have to be applied to solve practical problems
of a farm area of several hundred to several thousand hectares. Data
thus collected should be used to (a) explain fluctuation of yield, (b) select
times of planting and harvest and (c) guide irrigation scheduling and
5—133Deptt, of Agril./76
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other cultural operations. Thirdly, data collected on macro-scale could
be used in development of formulae for forecasting crop yield.

13.7.9 Crop weather studies by the IMD should be intensified and
forecast formulae developed on a district-wise basis taking into account
such additional factors as soil moisture, irrigation, consumption of fer-
tilisers, and area under high yielding varieties. Further, such relation-
ships would have to be continually revised to suit the changing conditions.
13.7.10 Efforts should be made to collect detailed data on acreage,
yield, etc. according to (a) varieties, (b) irrigated and unirrigated, and
(¢) various cultural practices like drill sown, transplanted, broadcast,
etc. so that it may be possible to arrive at more precise crop-weather re-
lationships. Efforts should also be made to attempt forecasts of acreage -
under crops on the basis of climatological march of weather and other
factors like prices of competing crops.

8 WEATHER MODIFICATION

Basic Considerations

13.8.1 Even during rainless spells in the monsoon, the atmosphere
has as much precipitable water in some places as during active periods
and extensive clouds may pass over a region without precipitation.
Cloud seeding is the technique by which clouds could be induced to pre-
cipitate on such occasions. In 1938, the feasibility of rain stimulation
and hail suppression through the introduction of artificial
sublimation nuclei into super-cooled clouds was established by Findeisen,
on theoretical grounds. Interest in the work remained obscure till
1948 when Schaefer used dry ice particles as artificial ice crystals to sti-
mulate rain on a deck of super-cooled altocumulus clouds and Vonnegut
found that silver iodide particles, being similar in crystal structure to ice
were, more effective than dry ice at temperature below 3°C. Since the
mechanism of formation of rain in ‘warm’ clouds (above 0°C tem-
‘perature) is through coalescence of water droplets, use of hygroscopic
nuclei like common salt and Calcium chloride which aid the production
of large size water droplets, are found to be effective. Seeding is best
done from aircraft flying inside the cloud. It can also be done, butin a
less effective manner, from nuclei generators located on the ground.
Condensation nuclei, mostly silver iodide or dry ice (solid carbon dioxide),
have been used to seed clouds in the temperate countries. Hydroscopic

nuclei, mostly common salt or Calcium Chloride, have been employed
in the tropics.
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Cloud Seéding Experiments

13.8.2 Beginning in 1947 cloud seeding experiments have been
carried out in Australia, USA, Japan, USSR and Israel and the results are
summarised below :

.

(i) Australia : Experiments have been conducted in five loca-

tions since 1947, Of these at only one location was a sig-
pificant increase in rainfall noted. At three locations there
was definite decrease while in the fifth region there wasan
increase of only 4 per cent in the precipitation.

(i) USA : Cloud seeding on strict scientific lines was begun

in 1952. Preliminary results of some of these indicated
increase in  precipitation. The experiments carried out
in Florida for drought alleviation, indicated that nearly
50 per cent of the total rainfall came from seeded clouds.
But instances of decrease in precipitation following seeding
have also been reported. Dynamical cloud seeding of in-
dividual clouds by massive injection of seeding material
by pyrotechnic devices have been conducted since 1964
in Florida, California and the Carribean. The technique
is an improvement of the normal cloud seeding methods
in that it aims at the release of latent heat of fusion by freez-
ing the supercooled water droplets above the freezing level
in clouds, thus inducing the cloud to grow and deposit
its rain content. The growth can be vertical as well as
lateral and the results could be spectacular. In a recent
experiment on drought mitigation in Florida by dynamical
cloud seeding, it was estimated that the benefit-to-cost
ratio was as high as 31:1. Rainfall of about 100,000
acre was attributed to the seeding.

f(iii) Japan : During the period 1947 to 1960, cloud seeding

trials have been carried out by major universities. About
20 per cent increase in precipitation in a five-year ground
based experiment was reported. The trials of warm and

- cold seeding carried out from 1961 to 1967 have led to
mixed results.

(iv) USSR : Rain making is considered as a proven success in

the USSR where the total number of personnel working
in the field runs into thousands.' The experience gained
in the field of rain making is now being made use of for
the purpose of fighting forest fires. The experimental and
operational cloud seeding projects in USSR make use of
both conventional and dynamic seeding techniques.
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Thunderstorm dissipation project was started in the early
sixties. The powders used for seeding clouds are finely
powdered cement and Cupric Oxide. Seeding operations
were accomplished from aircraft by flying at heights
ranging from 6 to 12km. Ordinary aircrafts were used for
flying in the lower height range and jet aircraft in the higher
height range. About 200 clouds were seeded over a
period of 5 to 6 years. The amount of cement used for
seeding ranged from 5 to 10 kg in Cumulus Congestus and
to 40 kgin a thunder cloud. Within 10to 20 minutes of
the injection of material into Cumulus Congestus, the cloud
either dissipated or transformed into altocumulus. In
the case of thunder clouds, the dissipation took place within
30 minutes of seeding. In both the cases, the material
was introduced from the top of the cloud. Better results
were noticed when the top of the cloud consisted of super-
cooled drops. The cloud tops ranged in temperature
from 20°C to 35°C. Experiments conducted in the winter
stratus clouds (clouds top—18°C) whose depth varied from
2to 3 km indicated negative result.

(v) Israel : In the trials conducted from 1961 to 1966; positive
increase in precipitation has been noticed every year. An
overall increase of 18 per cent was indicated. For the
interior areas alone, the increase was 29 per cent,

Artificial Rain-making Experiments

13.8.3 With the aid of ground based Silver lodide generators
experiments were conducted by some private companies on the Western
Ghats during the year 1951-53. Seeding with the aid of aircraft was also
attempted by afew State Governments. There was, however, no attempt
on the part of any of the rain makers to conduct experiments on a scientific
basis to answer the question whether the showers that occurred after
the seeding cloud have occurred even without it. The first conference of
scientists to consider the problems of artificial rain-making in India was
held at Delhi in 1953 and on its recommendations, a Rain Research Unit
was started in 1955 at the National Physical Laboratory, Delhi; It is now
a part of the Indian Institute of Tropical Meteorology at Poona. Ex-
periments using warm cloud seeding have been conducted, on rando-
mised basis, from ground, 4 monsoon periods at Jaipur (1960-63), 6
monsoon periods at Agra (1960-65) and 9 monsoon periods at Delhi
(1957-61 to 1963-66) in the plains of north India. The seedings were
also carried out from aircraft during the monsoon period (1962) at Delhi.
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Orographic clouds were seeded for two summer seasons (1964-65) over the
Munnar hills in South India. An increase of 20 per cent in the season’s
rainfall could be attributed to the ground based cloud seeding. Cold
cloud seeding from ground based generators has been conducted at Delhi
for three successive winter seasons. The number of seedable occasions
available being small in each winter, the experiments will have to be
continued for some more seasons before dependable conclusions become
possible. A scheme for conducting ground based seeding experiments
near Madras and seeding to the leeward of the Western Ghats by using
common salt in a finely powdered form has been sanctioned. In this
year (1975), cloud seeding was tried in Madras area and in Karnataka
also.

13.8.4 Hai! suppression Another field of interest in weather modi-
fication in India is hail suppression. Extensive damage by hail is
caused to horticultural crops like apple orchards and rabi wheat in the
ripening stage in  Punjab, Haryana, Himachal Pradesh, Jammu &
Kashmir and part of Uttar Pradesh during the winter, pre-monsoon and
post-monsoon seasons. The method used for suppressing hail is over-
seeding, which aims at production of more ice crystals to serve as potential
hail-stones which together with the naturally created ones grow only
to a limited size thereby considerably reducing the damage, The seeding
is done with the help of aircrafts or by firing rockets to release seeding
material into clouds. In USSR where the most spectacular results
of hail supression have been reported, estimates of the benefit-to-cost
ratioare said to vary from 5:1 to as much as 17:1 depending on the
region. While demonstrable evidence is available for an increased sti-
mulation of rainfall in the seeded areas, the possibility of indiscriminate
seeding lcading to a decrease in rainfall over the target area also exists.
The position regarding hail suppression seems much less convincing.
Since the synoptic meteorologist is unable to forecast the occurrence of
precipitation or hailstones from any given unseeded cloud, clouds have to
be selected by random sampling for seeding, thus increasing the difficul-
ties in assessing the results of cloud seeding. Use of computer models,
along with the use of radio-active nuclei, observations by radar and by a
ground observation network in the target area could aid in the acquisition
of reliable data to ascertain the efficiency of seeding.

13.8.5 Development of Seeding Agents : Apart from the con-
veational silver iodide the IITM, Poona has succeeded in developing mix-
ture of AGI and some iodates which are capable of producing
glaciation at temperatures close to 0°C., The ashes of ‘khair’ plants
grown in Haryana have also been found to be effective as seeding agents.

13.8.6 Economic Aspects : The increase of 10 to 20 per cent in
precipitation in situations where rain would have fallen in the natural
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course is indicated by the ground based seeding experiments in India.
Cloud seeding will be of some value in rclieving drought and can lead to
significant improvement in crop yields, if carricd out successfully at critical
periods. It has been estimated that a 1 per cent increase in precipitation
in hydroelectric catchments will compensate the cost of the cloud seeding
operations, while in purely agricultural regions increases of as much as
5 per cent in precipitation may be required to pay off for the operations.
As mentioned earlier, the technique of dynamic cloud seeding holds

promise as a reliable method of producing artificial rain when suitable
clouds exist.

WMO'’s Views

13.8.7 In connection with the above it is relevant to refer here to
the statement issued in June 1974 by World Meteorological Organisation
(WMO) in Geneva. While survcying the present position they empha-
sised that weather modification was still largely at the research stage and
operations should be undertaken only after the most careful study by
experts of the particular situation on the understanding that the desired

end-results may not always be achieved. The full statement is given in
Appendix 13 -1—Statement XIV,

Future Plans

13.8.8 The 1972 drought focussed thc attention of Government
and scientists to initiate weather modification experiments in the country
at an early date. The Union Minister of Science and Technology held
a meeting with scientists in May, 1973 to discuss the feasibility of existing
techniques as a result of which it was recommended that experiments should
be undertaken during the next two to three years using both the inexpen-
sive ground based seeding technique developed in India and the sophisti-
cated dynamical cumulus modification techniques developed in USA,
Keeping in view the WMO statement, we recommend that it is essential
and urgent to strengthen both the research and operational aspects of the
present organisation in the IMD and the Indian Institute of Tropical
Meteorology to enable them to conduct further trials and experiments
for the next two to three years to arrive at dependable conclusions.

9 RESEARCH, EDUCATION AND TRAINING AND INTERNATIONAL
COOPERATION

Research

13.9.1 Several problems involving research, analysis and invmﬁgﬁﬁon
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in the field of agrometeorology have been mentioned in the preceding
Sections. In addition some more are indicated below.

Mathematical Simulation Modelling

13.9.2 Inrecent years investigations are in progress on mathematical
simulation modelling in agrometeorology for the quantitative evaluation
of the effects of agrometeorological factors on the conditions and produc-
tivity of agricultural crops. This is a welcome development. The pre-
sent state of work in this field needs review for application of such models
to Indian data and conditions, IMD in consultation with ICAR should
work out a joint programme of study using this approach,

Production Functions for Crop Yields

13.9.3 The Planning Unit of the Indian Statistical Unit, New Delhi,
has been engaged in studies on production functions for crop yields with
dated inputs of irrigation water. For studying economically optimal use

" of water it is necessary to know the shape of the crop response function

to different quantities of water used by the crop throughout its growth
cycle. An important factor in this is the soil moisture release curve which
is used as an indicator of actual yield. Evapotranspiration data are im-
portant in all these studies but lack of actual observational data has neces-
sitated the use of computed values based on a number of assumptions.
According to a paper on wheat (1) prepared by the Planning Unit, the
resulis seem encouraging even after use of computed values of evapotrans-
piration. It is desirable that such studies are extended using actually
observed evapotranspiration values which are becoming available at
some stations and in their absence use of recent computed values.

Irrigation Evaluation

13.9.4 A study (2) has been made on the estimation of direct returns
from supplemental irrigation of a monsoon rice crop as part of a broader
objective to determine whether irrigation water in Raipur district of
Madhya Pradesh might be profitably reallocated to a wheat crop during the
arid months of the year, The analysis is detailed and uses probability

1 Minhas, B. 8., K. S. Parikh and T. N. Srinivasan, 1973. Towards the Structural of a
Production Function for wheat Yields with Dated Inputs of Irrigation Water.  Dis-
cussion paper No. 59, Planning Unit, Indian Statistical Institute, New Delhi,

2 Thomas F. Weaver, 1968, Irrigation Eluation under Monsoon Rainfall Patterns—
A case study for Raipur District. Madhya Pradesh, India. Cornell International
Agricultural steiopment Bulletin 10, New York State College of Agriculture.
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considerations. Pan evaporation data have been used as a first approxi-
mation of paddy evapotranspiration.  The estimated water need during
September—OQctober stress period is a minimum of 17 ¢cm and maximum
usable of 33 cm. The general conclusion on the basis of conditions as
prevalent at the time was not favourable for reallocation hypothesis. It
would be uneconomical to allocate water applied as supplemental irriga-
tion on monsoon paddy to irrigated dry season wheat. It has been ob-
served in the preface to this study that the author and his family lived
in the area for fifteen months and collected the requisite data after careful
scrutiny and checking. This considerably enhances the value of the study.
Studies of the above type are desirable for a proper evaluation of irrigation
and yield relationship of crops.

Agroclimatalogical Maps

13.9.5 During the past few decades, considerable volume of agro-
meteorological data have been collected and some of it has also been
published. The time seems opportune to carefully examine and review
the feasibility of preparation and publication of an agroclimatic atlas giv-
ing at least essential agroclimatic maps. Requests for such maps
are also reported to be on the increase as there is at present no such suita-
ble Atlas. It is understood that the IMD has plans for publication of
such an atlas. The contents of the proposed atlas should be worked out
in detail in consultation with ICAR and Directorate of Economics and
Statistics, Ministry of Agriculture & Irrigation so that it would serve as
a source of reference fo a wide class of users. The stress in the Atlas
would no doubt be on maps having a close bearing on agriculture. In this
connection it may be mentioned that the Commission for Agricultural
Meteorology of WMO at its Sixth Session held in October, 1974 has ap-
pointed a Rapporteur on Agroclimatic Maps! to examine the problems
of different scales and to make proposals for the specifications of agro-
climatic maps. It would be very desirable that the specification drawn
up by the IMD should conform as far as practicable with those of

WMO.
Education and Training

139.6 In our Interim Report on the Establishment of Agrometeo-
rological Divisions in Agricultural Universities, we have recommended
as follows :

(i) A Division of Agricultural Meteorology should be started
in every agricultural university and certain other selected uni-

1 Abridged Final Report. 1975, Sixth Session of Commission for Agricultural Meteo-
rology, Washington 14—25 October, 1974. WMO No. 402, Secretariat of the World
Meteorological Organisation, Geneva, Switzerland.
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versities and central institutions which have the requisite
facilities. _ )

(i) The Agrometeorology Division should deal with meteorologi-
cal research of biological mature and also feach agricultural
meteorology at all the levels. .

(iii) ICAR should establish and finance the Agrometeorological
Divisions in the Universities and also draw up the qualifications
for staff and syllabi for the various courses.

(iv) Every Agrometeorological Division should have a well-equipped
first class field observatory.

13.9.7 We have recommended the opening of a large network of soil
moisture, phenological and other types of observational stations. With
such large numbers, inservice training of staff in practical observational
work assumes considerable significance. The need is for training of
lower level staff consisting of undergraduates and Secondary School
Certificate holders who will be required to man large number of rain-
gauges, soil moisture and other observational stations. The inservice
training should be arranged by the concerned organisations in consulta-
tion and cooperation with the agrometeorology division of the IMD.
Specialised training as required should be arranged in consultation with
the IMD. In all these training programmes, cooperation and coordi-
nation between State agricultural organisations and IMD are
essential.

International Cooperation

1398 The World Meteorological Organisation is a Specialised
Agency of the United Nations Organisation and the Commission for
Agricultural Meteorology is one of its eight technical commissions.
The permanent representative of India on the World Meteorological
Organisation is the Director General of Observatroies of the IMD. The
technical commissions held their meetings once every four years. In
the past a representative from the IMD used to be deputed to attend
the meetings. The Commission for Agricultural Meteorology held its
Sixth Session in Washington from October 14—25, 1974. The subjects
discussed included methods in agricultural meteorology, meteorological
factors and agricultural production, modification and control of the agri-
cuitural environment, drought and agriculture, meteorological 'aspects
of soil degration and fertility, forest meteorology, weather forecasting for
agriculture, weather and climate and food production, economic benefits
of agrometeorological services and training and symposia in agricultural
meteorology. One of the major ifems was climate and food production.
The importance of the subjects discussed both from the meteorological
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and agricultural points of view needs no emphasis. Rapid developments
are taking place in science and technology and international meetings
afford valuable opportunities for mutual exchange of views and discussions.
In a field so vital as agricultural meteorology we recommend that every

effort should be made *o depute agrometeorologists also to the Commis-
sion’s meetings.

10 ORGAMISATION OF METEOROLOGICAL OBSERVATORIES AND
RAINGAUGES FOR AGRICULTURE

13.10.1 The India Meteorological Department has a wide network
of about 500 synoptic observatories for recording various weather obser-
vations. Besides, there are a number of hydrometeorological observa-
tories for collection of basic hydrometeorological data for planning river
valley and fiood control projects. In addition, there are about 50 agro-
meteorological stations maintained by different State agriculture depart-
ments that provide on a routine basis simultaneous meteorological and
biological information regarding growth and yield of important crops
as well as weather experienced by the crops during their life cycles.
Another 70 auxiliary agrometeorological stations recording meteorological
observartions in farm areas are maintained by State and Central agricultural
institutions. There is also a network of about 4400 raingauge stations
maintained by the various State Governments whose data are received
or arranged to be received by the IMD at Poona. Besides, there are about
3600 raingauges maintained by railways and other official agencies in
different States, whose data are at present not being published in the State
Rainfall Tables.

13.10.2 Meteorological data and forecasts cater to several cate-
gories of interests. The network density of meteorological observatories
varies according to the requirements of the user interests, To meet the
increasing demands for weather data for operational purposes and for
research into various aspects of agriculture including also animal hus-
bandry, horticulture, forestry, fisheries etc., there is need for a complete
and early review of the existing network by the respective State and Central
elepartments and organisations concerned. The programme for future
‘meteorological network for agriculture including animal husbandry, fores-
try etc. should have unified development under three broad headings viz.,
(a) micrometeorological observatories in selected areas for the understand-
ing of the basic physical interaction between the plant and its environ-
ment; (b) meso-scale climatic network designed to provide farmers infor-
mation to improve their agricultural operations and (¢) macro-scale
regional networks designed for better weather forecasting capability., The
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rainfall organisation in the country will have to be considered along with
these. We have recommended elsewhere in our Report that there should
be well-qualified agricultural personnel even at tal}lk level.' The obser-
vatories to be opened should be manned by quah‘ﬁed agricultural staff
to ensure the accuracy and reliability of the observations. We have already
referred to the need for soil moisture observations from each taluk at least.
The rainfall organisation is now reviewed with suggestions for its im-

provement,

Rainfall Registration in India

13.10.3 It should be clear from the preceding sections that rainfall is
vital to agriculture. Rainfall statistics are obviously, therefore, extremely
valuable to agricultural scientists, planners and administrators. The
IMD were recently consulted about the present set-up of rainfall
organisation in India, The following are the main points : -

(i) Rainfall registration in India is governed by the 1890 Rainfall
Resolution of the Government of India. In accordance with
this Resolution, the subject of rainfall registration in the country
was brought under the technical control of the IMD; the various
State Governments are responsible for the following items :
(a) the maintenance and inspection of all raingauge stations
under their control; (b) the recording and collection of rainfall
data from these stations; (c) the regular publication of such
data for the use of the public; and (d) the supply of special prin-
ted statements of daily and monthly rainfall in prescribed forms
to the IMD for the compilation of the two annual publications
viz, the ‘Daily Rainfall of India’ and ‘Monthly of Annual Rain-
fail of India’. The Director General of Observatories, IMD
is responsible for (i) the technical advice to the State Governments
on all matters connected with the rainfall registration, such as
selection of sites and installation of raingauges, methods of rain-
fall observation, inspection of raingauge stations, etc. and (ii)
the compilation and issue of consolidated rainfall data for the
whole of India, (¢) rainfall observations are recorded in the country
at the observatories and at raingauge stations maintained by
the States or their agencies. Raingauge stations whose data
are published in the printed Rainfall Tables are classed as “Re-
porting stations”., The number of such stations at present is
over 5000. The distribution is shown in Appendix 13.1—
Statement V of the number of stations from each State whose
data are received or arranged to be received by the India Meteo-
rological Department at Poona. This number is 4399 and does
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not include the raingauges maintained by the IMD. Rainfall
is recorded daily at all the raingauge stations in the country at
0830 hrs IST and represents the total for the preceding 24 hours
and at many departmental observatories, twice or more.

(ii) There is a total network of over 8000 raingauge stations spread
all over the country, Out of these, there are about 5000 stations
whose records are generally available in published form and/or on
punch cards; others are non-reporting stations as stated above.

(iif) Out of the 5561 raingauges inspected, only 2.1 per cent function
without any deficiency. Most of the raingauges suffer from
some instrumental defect or the other; exposure conditions of
raingauges are also not in conformity with the standards laid
down by the IMD.

(iv) Implementation of reports of the Inspecting Officers of the IMD
has been carried out only in 10.5 per cent cases.

(v) Publication of rainfall data is in arrears anywhere up to 10 years
or sometimes even more.

13.10.4 It is clear that the arrangements envisaged in the Rainfall
Resolution have not worked and are not working satisfactorily. The
quality of data cannot be also said to conform to standards because of
instrumental and exposure defects and lack of adequate checking. Printed
data are lagging behind and in the data printed, the IMD has to state
the following types of lacunae :

(i) The total of daily rainfall values as computed do not tally with
the monthly totals printed.

(ii) The heaviest daily rainfall in each month given in the tables is
not tallying with the heaviest picked up from daily values due
to ecither shift of line in printing or misprint.

(iii) The monthly totals of rainfall and rainy days shown in the end
of Daily Tables do not tally with the corresponding totals given
in the Monthly and Annual Tables.

13.10.5 The India Meteorological Department was also asked whether
(in view of the unsatisfactory state of rainfall instruments, their ox-
posure and statistics) it was not appropriate that the Department takes
up the direct responsibility of all matters pertaining to rainfall organisa-
tion. The Department has stated that, though the arrangement between
it and the States concerned with regard to the Rainfall Registration in
the country has not worked so satisfactorily, it is nof practicable to
take up the entire job of rainfall registration. However,” in order to
. provide uptodate and accurate printed rainfall data collected according
to national standards of instruments and exposure, a scheme entitled
‘Reorganisation of Rainfall Registration in India’ has been drawn up. The
main features of the scheme are
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@ All raingauges (about 4000) to be procured, inspected and
installed departmentally.

(ii) Payment to Rainfall Observer @ Rs. 10 p.m. at par with Class
V part-time departmental observatories. Payment is to be
made by the Department.

(iii) Issue of Monthly Rainfall Bulletin by the Department.

(iv) Publication of monthly and annual rainfall data to be done
departmentally.

While noting the action which the India Meteorological Department is
proposing to take under its scheme entitled “Reorganisation of Rainfall
Registration in India”, it is suggested that :

(i) all the existing 8000 raingauges in the country should be brought
within the purview of the scheme;

(ii) all of them should belong to the category of “Reporting Rain-
gauges’”, and

(i) all the arrears of rainfall data should be printed most expeditiously.

13.10.6 We have given considerable thought to the future of rainfall
organisation in the country. Water is a major natural resources and
maintenance of proper statistics is essential to meet the requirements of
agricultural departments, irrigation departments, etc. The present
arrangements which were introduced more than eight decades ago are in
bad shape and particularly so during the past two decades or more. The
exposure and maintenance of the raingauges are extremely unsatisfactory.
Of the existing raingauges, hardly two per cent satisfy the standards.
Checking of rainfall data for their accuracy is extremely limited. Hardly
ten per cent of the recommendations of inspectors have been implemen-
ted. The Director General of Observatories is no doubt the technical
adviser to States on rainfall registration but his manifold functions leave
him little time for this field due to circumstances beyond his control,
The problems involved in organising the rainfall registration of the country
which already has eight thousand raingauges and which may increase in
pumber rapidly in the future, are considerably complex, The future
proposals of the Director General of Observatories outlined above
can only meet partially the needs of the situation. We are, however,
concentrating here on the requirements for agriculture.

13.10.7 As a basic policy we recommend that agrometeorological
observational organisation including raingauges as required by State
Departments of Agriculture should be directly under their respective
control. The State Departments of Agriculture should meet the finances
needed for the maintenance of the organisation and make provision in
their budgets accordingly. In line with this policy, every State should
review their requirements immediately and draw up programmes for
speedy implementation.
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13.10.8 There is increasing demand from many sources for improved
and expanded network of raingagues. Daily and short period rainfalls
show large differences even at short distances, While States may
review the position in this regard taking all aspects into consideration,
we recommend as a first step that there should be at least one raingauge
in each Block. The number of Blocks is at present about 5100 while the
number of reporting State raingauges is 4400. About 700 new rain-
gauges would have to be set up early.

13.10.9 Rainfall recording is done by a variety of officials revenue,
police etc. But the current data of the reporting raingauge stations are
most needed urgently by the Departments of Agriculture for crop weather
seasonal reports, for use of other State and Central departments etc. We,
therefore, recommend that the State raingauge network should be placed
under the charge of the Director of Agriculture who will take over all the
functions and responsibilities of the State Rainfall Registration Authority.
We have recommended above that every block area must have at least
one raingauge. Also, as Block Development offices will have qualified
scientific personnel, they should be in charge of the raingauges in their
respective areas regarding obscrvational work, maintenance of equipment,
supervision and related work. This would involve shift of all the existing
gauges to the Block Development offices which should be done in a phased
manner because of the problems involved, These mainly are :

(i) The approval for the new sites should be obtained from the
Director General of Observatroies, who is the technical adviser
Rainfall Registration in the country;

(ii) Constructional works at the new site for the erection of rain-
gauges should have to be arranged;

(iii) Unsatisfactory equipment should be replaced by standardised
new instruments; and
(iv) Examination of the applicability of the existing rainfall normals
for the new site.
In order to speed up action on all these, coordinated and cooperative
action with the Director General of Observatories is essential. It should
be emphasised that rainfall record is a compilation of scientific measure-
ments made according to national and international standards and unless
taken in the prescribed manner usefulness of such rainfall data will be
considerably vitiated.

13.10.10 It has been recommended elsewhere inTthis Report that
the State Agricultural Departments will have planning units to look after
planning, progress and evaluation of agricultural programmes. This
unit will also take over the work of preparing the rainfall data in the form
required for publication in State Gazettes as at present. This will enable
the State Departments of Agriculture to use the data in their extension and
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planning work with least delay. The daily rainfall data of States should
be published after preliminary scrutiny within six months after the month
to which they relate to. With the large volume of data coming in, the
planning unit should have facilities for getting the basic data punched on
cards according to standard format as prescribed by the Agricultural
Department after discussions with India Meteorological Department.
This arrangement will ensure uniformity, speedier processing, checking
for reliability of data and supply.

13.10.11 As the plaoning unit is to deal with rainfall and meteoro-
logical data which wil! be required by the State Agricultural Departments,
we recommend that there should be a qualified Agricultural Meteorolo-
gist to handle all this scientific material in this unit. At the Centre, the
collection, compilation and analysis of the data should be done in the
Directorate of Economics and Statistics. The Directorate should have
a person qualified and experienced in Agricultural Meteorology as well
as statistics to be in charge of this work so that the meteorological data
could be properly analysed and prescribed in a form uscful to all the
concerned interests.

13.10.12 The Meteorological Department has all the necessary
facilities and competence in the matter of checking whether the equip-
ment and data conform to standards etc. They shou!d continue to exer-
cise this responsibility so that all rainfall data recorded in the country
will have uniformity in standards. The above proposals would involve
considerably increased work to the India Meteorological Department
and they should be provided the necessary additional staff so that the
existing State rainfall organisation may be placed on firm scientific basis.

11 SUMMARY OF RECOMMENDATIONS

13.11.1 The rmain recommendations are summarised below :

Climate

1. Present rainfall normais (1901—50) which are more than two decades.
old should be revised and published early. Normals of stations computed:
with records for shorter periods should be reduced to the same period
as those with complete records.

| (Paragraph 13.2.4)

2. The method of working of district normals should be reviewed.
Percentage departures from normal of rainfall for the various meteoro-
logical subdivisions should be worked out for all the years from the begin-
ning on a uniform basis and using the latest normals.

(Paragraph 13.2.4)
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3. Frequency distributions of daily rainfall should be prepared for
all taluk stations and published.

(Paragraph 13.2,7)

4, Weekly totals of rainfall of all statlons with data of at least 20 years

should be published.
(Paragraph 13.2.8)

5. A good network of snowfall recording stations should be organised.

Studies on the contribution of snow to river flow should be undertaken.
(Paragraph 13.2.10)

Claciology

6. IMD, Geological Survey and other concerned departments should
draw up coordinated programmes of work in the field with a view to

understanding their role in Indian weather.
(Paragraph 13.2.11)

Rainfall Variability

7. Whenever normals of rainfall of a station or area are computed,
they should always be accompanied by their respective standard deviations

and values of Coeflicient of Variation.
(Paragraph 13.2.13)

8. ‘Breaks’ in rainfall should be analysed for taluk areas and published

for general use.
(Paragraph 13.2.19)

Temperatures

9. Frequencies of daily maximum and minimum temperatures, heat
and cold wave spells and duration in hours of temperaturesin different

ranges should be prepared and published.
(Paragraph 13.2.20)

10. Reference publications (i) Climatological Tables of Observatroies
in India (1931—60) and (ii) Climatological Atlas of India (Abridged)

should be reprinted early as copies of these are not readily available.
(Paragraph 13.2.21)

Wind

11. Averages of hourly wind data and frequencies of speeds in different
intervals and durations should be published for all the stations for

which data are available.
(Paragraph 13.2.24)
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12, Complete series of rainfall of all the stations in the country with
records of 70 years or more, percentage departures from normal of all the
meteorological subdivisions should be published to facilitate detailed

studies of trends and periodicity in Indian rainfall.
(Paragraph 13.2.26)

Climate Change

13. The problems concerning climatic change and prediction should
be taken up as a research project by the Indian Institute of Tropical Meteo-
rology, Poona in cooperation with India Meteorological Department and

ICAR etc. |
(Paragraph 13.2.28)

Agrometeorology

14. ICAR should examine the feasibility of inclusion in their future
programmes of research biochemical studies for a fuller understanding
of crop weather relationships.

(Paragraph 13.3.2)
15. There is urgent need to go in for phytotrons at all the agricultural
universities to have clearer ideas on crop weather relationships under
controlled conditions.
(Paragraph 13.3.4)
16, Fach one of the ramfall zones into which the country has been
divided (vide Chapter 14) should have at least one fully equipped agromet
observatory.
(Paragraph 13.3.5)
17. Every taluk should have at least one soil moisture measuring
station. The total for the country would be about 3000 and this network
should be built up by the State Agricultural Departments during the next
few decades. They should also arrange for the publication of these data.
(Paragraph 13.3.6)
18. Studies of evapotranspiration under varying conditions of soil
moisture in different soils and using as many plant species as possible
are urgent and this work should be started at all the agricultural univer-
sities, the central institutes of ICAR and the Forest Research Institute
Dehra Dun. Based on the results of these studies, a suitable network
of stations, one at least in each distrigt, for actual observational measure-
ments should be started.
(Paragraph 13.3.8)
19. The network of stations recording phenological observations

should be cxpanded so that there is at least one station in each taluk. The
6—133 Deptt. of Agrl/76
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selection has to be of nature-grown plants as far as possible.
(Paragraph 13.3.9)
20. ICAR should organise a joint meeting of plant pathologists,
entomologists and agricultural meteorologists for organising a unified
approach to the study of problems of pests and diseases. These will
not only include the relationship under field conditions between weather
and pests and diseases but also steps for starting a surveillance service based

on meteorological factors which should be helpful in forecasting and
controlling the epidemics.
(Paragraph 13.3.10)
21. Meteorological observatories in adequate numbers should be
set up in orchards, plantations and forests.
(Paragraph 13.3.12)
22. India Meteorological Department in consultation with Forest
Research Institute, Dehra Dun and State Forest Departments should
draw up a long-term research programme in forest meteorology.
(Paragraph 13.3.13)
23. All institutions and organisations dealing with animal research
and dairy, piggery and poultry should arrange for meteorological observa-
tions needed for their work and conduct micro-climatic studies within
paddocks and barns.

(Paragraph 13.3.15)
24. Research studies should be undertaken with a view to forecasting
anjmal diseases. .

(Paragraph 13.3.16)
Droughts

25. Comprehensive and systematic studies of all past droughts by
dynamic and synoptic climatological methods should be undertaken as
a joint project by the India Meteorological Depariment and the Indian

Institute of Tropical Meteorology, Poona, for developing techniques for
forecasting them.

(Paragraph 13.4.8)
Crop Weather Calendars

26. Existing crop weather calendars should be brought up-to-date.
Separate calendars should be prepared for early, normal and late sown
varieties of each crop in different areas of the country. They should

also be prepared for crops like soyabean, cow-pea, safflower, sunflower
etc.

(Paragraph 13.5.3)
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Weather Bulletins

27. Weather bulletins for farmers should include advice on agricul-
tural operations and should be prepared daily after joint discussions bet-
ween forecasting officer and agricuitural officer deputed by local agricul-
tural department to make them purposeful. In the light of Karnataka
and Tamil Nadu experience this arrangement of joint daily discussions
in preparation of operational weather bulietins should be compulsorily
extended to all States. The trial SITE programme of weather broadcasts
for farmers issued after joint discussions of representatives from ICAR,
Agricultural Meteorologist and the weather forecaster should become a

- regular feature.
(Paragraph 13.5.4)

28. IMD should evaluate each year the performance of weather bul-
letins for farmers and discuss at conferences of agriculturists at State
level. ICAR should consider convening of such periodical conferences
for evaluating weather service to farmers and for their improvement.

(Paragraph 13.5.5).

29. Every State should issue a weekly crop weather bulletin containing
description of week’s weather and crops in the State and outlook for a
week ahead. The responsibility for the compilation and issue should
be that of the Directorate of Economics and Statistics with cooperation
from the local Meteorologist, the Director of Agriculture of the State

and a representative from local agricultural university.
(Paragraph 13.5.7)

Extended Rangz Forecasting

30. Research into various aspects of ‘Extended Range Forecasting”
should be given priority and work distributed among the IMD, Indian
Institute of Tropical Meteorology, Poona and other interested insti-
tutions. An advisory working group may be set up with the
Director General of Observatories as Chairman and membership from
IMD, ICAR and State Agricultural Departments to periodically assess

and review the speedy implementation of programmes of work,
(Paragraph 13.6.7)

Crop Weather Relationships

31 (i) Crop weather studies in progressin the IMD should be intensj-
fied and formulae developed on a district-wise basis.

(i) Detailed data on acreage, yield etc. according to varieties, irri-

gation, cultural practices etc. are essential for crop weather studies and
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th_ese should be compiled in standard format by Directorate of Econo-
mics and Statistics. Formulae for forecasts of crop acreage should be
developed using climatological factors.

(Paragraphs 13.7.9 and 13.7.10)

Weather Modification

32. The research and operational aspects of the present organisation
for weather modification in the India Meteorological Department and
Indian Institute of Tropical Meteorology should be strenghtened
to conduct further trials and experiments to arrive at dependable
conclusions,

(Paragraph 13.8.8) -

Research Education and Training

33. Work in the field of Mathematical Simulation Modelling should
be reviewed and attempts made with data avajlable in India. IMD in

consultation with ICAR should work out a joint programme of study
using this approach.

(Paragraph 13.9.2)

34. Production functjons for crop yields should be worked out using

techniques of analysis developed in the Indian Statistical Institute and in

the paper on irrigation evaluation under monsoon rainfall canditions.

(Paragraphs 13.9.3 and 13.9.4)

35. The present position regarding agroclimatological atlas should

be reviewed and as soon as feasible, a detailed and comprehensive atlas
should be prepared.

(Paragraph 13.9.5)

36. Inservice training of staff for manning various types of Agromet

observatories should be arranged by the State agricultural organisations
in cooperation with IMD.

(Paragraph 13.9.7)

37. Agricultural Meteorologists should be deputed to meetings of

the Commission of Agricultural Meteorology of World Meteorological

Organjsation.

(Paragraph 13.9,8)

Observational Organisation

38. As a policy, the observational organisation needed by State
Departments of Agriculture etc. should be controlled and maintained by
them. They should provide all the finances needed for the purpose.
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Every State should immediately review their observational requirements

and the organisation needed by them for necessary action.
) (Paragraph 13.10.7)

39. Every Block should have at least one raingauge and they should

be located in Block Development Office.
-' : (Paragraph 13.10.8)

40. Rainfall Organisation in the States which is primarily needed
by the State Agricultural Departments should be placed under their direct
- control; they will examine the present locations etc. of raingauges and take
action to shift them to block offices in consultation with and cooperation
of the Director General of Observatories who will continue to be technicat
adviser on all matters concerning meteorological observations.
(Paragraph 13.10.9}
41. Departments of Agriculture will have a planning unit for dealing
with planning, progress and evaluation of agricultural programmes.
Each unit must have a qualified Agricultural Meteorologist who should
look after all matters pertaining to meteorology including the rainfall
organjsation, He will arrange for the collection, scrutiny, checking, pro-
cessing and publication of the data and for supply of data to all concerned.
At the Centre, these items of work should be handled by the Directorate
of Economics & Statistics. As these form basic data for analysis they
should also be punched in prescribed formats in consultation with India

Meteorological Department.
(Paragraphs 13.10.10 and 13.10.11)

42, The proposals regarding reorganisation of State rainfall organi-
sation will involve considerably increased work to the India Meteorological
Department and they should be provided with additional staff for the

purpose.
(Paragraph 13,10.12%
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APPENDIX 13.1

(Paragraph 13.2.1)

Statement I—Average latitudinal position of Depressions Crossing Different Longitudes
from 92 to 75°E during July and August—based on data of 80 years from
1891 to 1970.* .

Longitude’E number  average
which latitudinal  standard
crossed position deviation
different
longitude "N)

92 . .. . . . . - 6 1931 206
91 - - . - . . . . 13 20-50 1.75
S0 . . . . - . . . 51 2070 1:45
89 . . - . N . . . 112 2090 1-36
88 . . . - . . . . 180 21-09 1-27
87 . . . . . . . . 225 2125 1-34
86 . - . . . - . . 218 21-59 1-38
85 . . . . . . . . 208 21 94 1-46
&4 . . . . . . . . 196 22-29 1-48
83 .. . . . . . . . 185 2266 1:31
82 . - . . . . . . 169 2303 1-30
81 . . . . . . . . 153 2336 130
80 . . . . . . . . 129 2361 133
79 . . . . . . . . 109 23 -89 1:39
78 . . . . . . . . 87 24-19 1-51
7 . . - . . . . . 66 2436 1-42
76 . . . . . . . - 59 24 68 1-46
75 - - . . . . . . 49 2471 1-44

*From an unpublished report by R. Suryanarayana. Indian Institute of Tropical
Meteorology, Poona.
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_ (Paragraph 13.2.3}
Statement II—Normals of Rainfall (Cm) for Meteorological Sub-Divisions of the Country

S. Meteorological Season Jan-Feb Season Mar-May Season June-Sept Season Oct-Dec
No. Sub-Divisions Anpnual Jan Feb ST P Mar Apr May ST P Jun Jul Aug Sep ST P Oct Nov Dec ST P

300 3 3 8 3 3 7 35 45 15 53 38 40 47 178 59 29 23 17 69 23

15 Madhya Pradesh
(West) . . 105 1 1 2 2 1

1 Bay Island
2 Assam (including

Manipur and :

Tripura) 252 2 4 6 2 8 21 34 63 25 48 45 40 32 165 65 14 3 1 18 .7
3 Sub-Himalayan

West Bepgal . 311 2 3 12 33 49 16 67 68 57 50 242 75 16 1 L 17 5
4 Gangetic = West |

Bengal . . 144 1 3 4 3 3 4 i1 18 12 24 32 32 21 109 76 11 2 L 13 9
5 Orissa . . 149 1 3 4 3 2 4 ) 13 9 21 35 34 24 114 76 13 4 1 18 12
6 Bihar Plateau . 137 2 3 5 4 2 2 5 9 7 20 36 35 22 113 82 8 2 L 10 7
7 Bihar Plains . 120 1 2 3 2 1 2 5 8§ 7 17 31 31 23 102 85 6 1 L 7 6
8 Uttar Pradesh

(Bast) . . 102 2 2 4 4 1 1 1 3 3 10 30 30 19 89 87 4 11 6 6
9 Uttar  Pradesh

(West) . . 9 2 3 s 5 1 1 1 3 3 9 29 29 17 84 8 3 L 1 4 4
10 Punjab including

Delhi . . 62 3 3 6 10 2 1 1 4 6 5 18 17 10 50 81 1 L 1 2 3
11 Himachal Pradesh —Not available— .
12 Jammu and

Kashmir . . 102 10 10 20 20 11 8 5 24 24 6 17 17 8 48 47 3 2 5 10 10
13 Rajasthan (East) a9 1 1 2 3L L 1 1 1 7 24 23 i1 65 94 1 L L 1 1
14 Rajasthan (West) 31 1 1 2 6 L L 1 1 3 3 10 11 4 28 9% L L L L —

L

1 2 2 13 35 29 18 9 9% 3 2 1 6 6

AINLTINONOV ANV HIVHITO
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S. Meteorological

No. Sub-Divisions Annual

Season Jan-Feb. Season Mar-May Season June-Sept
Jan Feb ST P Mar Apr May ST P Jun Jul Aug Sep ST

Season Oct-Dec.

P Oct Nov Dec ST P

16 Madhya Pradesh

(East) . . 143
17 Gujarat Region 97
18 Saurashtra and

Kutch . . 48
19 Konkan . . 287
20 Madhya  Maha-

rashtra . 92
21 Marathawada . 80
22 Vidarbha . . 109
23 Coastal Andhra

Pradesh . . 100
24 Telangana . 9
25 Rayalaseema . 68
26 Tamil Nadu . 102

27 Coastal Karnataka 326

28 Interior Karnata-

ka (N) . . 69
29 Interior Karnata-

ka (S) . . 124
30 Kerala . . 301
31 Arabian Sea

Island . . 155

2 3 5 5 2 2 2 6 6 19 43 39 22 123
L L L — L L 1 1 1 13 40 24 16 93
L L L — L L 1 1 2 7 21 10 7 45
L L L — L 1 4 1 62 108 63 37 270
1 L 1 1 1 2 3 3 15 28 18 16 77
1 1 2 3 1 1 2 4 5 14 17 14 20 &5
1 2 3 3 1 1 1 3 3 17 34 26 18 95
1 1 2 2 1 2 5 8 8 10 15 15 17 57
1 2 3 3 1 2 2 5 5 13 24 19 19 75
1 1 2 3 1 2 5 8 12 6 8 10 13 137
4 2 6 6 2 5 7 14 14 6 7 10 11 34
L L L — 1 3 n 15 5 84 110 63 28 285
L L L — 1 3 5 29 13 9 13 10 13 45
L 1 1 1 1 5 10 16 13 18 31 21 14 84
2 2 4 1 5 11 25 41 14 67 68 42 24 201

3 1 4 3 1 4 15 20 13 34 28 21 15 98

86
96

94
94

B4
81
87

57
82
54
33
87

65

68
67

63

L I |

19

6
11
19
18

10

15
31

16

—

=0 NN

13
21
48
26
15

23
55

13

12
11
33
31
47
27

19
18

21

$T==S5easonal Total LeLessithan 1 cm. P=Percentage

L

TINLTNDNMOV ANV dLYHWITD
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Statement TlJ—Normals of Rainy Days for Meteorological Sub-divisions of the Country

{Paragraph 13.2.3)

S. Meteorological

Season Jan-Feb

Season Mar-May

Season June-Sept

Season Oct-Dec

No. Sub-divisions Annual Yan Feb ST P Mar Apr May ST P JunJul Avg SepST P Qct Nov Dec ST P
1 Baylslands . 141 2 2 4 3 2 5 15 22 16 21 19 20 20 8 57 i5 12 7 34 25
2 Assam (including

Manipur and

Tripura) . 114 2 3 5 4 5 1 15 31 27 18 19 17 14 68 60 7 2 08 10 9
3 Sub-Himalayan

West Bengal 199 08 2 3 3 2 6 13 21 21 18 19 18 15 70 70 6 09 03 7 7
4 Gangetic  West

Bengal . 72 1 2 31 4 2 3 6 10 14 11 15 15 11 52 74 5 1 02 6 8
5 Orissa 72 09 2 3 4 1 3 4 g 11 11 16 15 12 53 74 6 2 04 8 11
6 Bihar Plateau n 2 2 4 6 2 2 3 7 10 10 17 17 11 55 77 4 09 04 5 8
7 Bihar Plains 54 1 2 3 5 09 1 3 5 9 7 13 13 9 42 80 3 05 03 4 5§
8 Uttar Pradesh

(East) . . 48 1 2 3 6 08 06 1 2 6 5 13 13 8 39 81 2 04 05 3 6
9 Uttar Pradesh

(West) 44 2 2 4 9 1 0% 1 3 7 4 12 12 7 35 791 03 08 2 5
10 Punjab (including

Delhi) . . 32 2 2 4 13 2 1 1 4 13 3 B 7 4 22 6% 06 03 1 2 6

11 Himachal Prades 73 6 4 10 13 6 4 4 14 19 6 15 14 8 43 58 3 07 3 7 9
12 Jammu and

Kashmir . 54 5 5 10 20 6 5 4 15 28 4 7 8 4 23 42 2 1 3 6 11

13 Rajasthan (Bast) 34 08 061 3 05 04 0O 2 6 4 11 10 5 30 8 07 03 04 1 13
14 Rajasthan (West) 17 05 061 6 04 03 0O 1 6 2 5 5 2 14 82 03 01 0206 6
15 Madhya Pradesh (West)49 1 092 4 07 04 O 2 4 7 14 13 S 42 85 2 09 06 3 7
16 Madhya Pradesh

(East) . . 67 1 2 3 5 1 1 1 3 6 9 18 17 11 55 81 3 09 035 4 7

ST=S8easonal Total

P=Percentage
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APPENDIX 13.1—Statement III (Centd.)

S. Meteorological Scason Jan-Feb Season Mar-Ma;
v y Season June-Sept Seas -
No. Sub-Divisions AnnualJan Feb ST P Mar Apr May ST P Jun Jul Aug Sep ST P Oct N:\[: (I))c:cnescT P
17 Gujarat Region 43 02 02 04 1 01 02 ¢4 07 2 5 15
18 Saurashtra and 12 7 39 92 105 01 2 4
Kutch . . 23 02 02 04 2 1 01 04 06 3 3 9 6 3
2t 92070 .
19 Konkan . . 93 02 01 03 0 01 04 1 1 2 17 27 24 16 8 91 5 i g-; :s 7
20 Madhya Mabha- 7
rashtra . ., 49 04 02 06 1 03 09 2 3 6 8§ 13 10 9 40
o) Murathwada . 45 05 05 1 2 06 ©91 3 6 8 li 9 9 37 W3 208 5 oo
22 Vidarbha .55 09 1 2 4 1 09 1 3 6 9 15 12 9 45 8 3 1 06
23 Coastal Andhra 8
Pradesh . . 53 06 08 1 3 07 2 3 6 10 6 10 9 9 34
63 7
24 Telangapa . 54 04 1 1 3 09 2 2 5 8 8 14 11 10 43 79 4 203 6 10
25 Rayalaseema . 41 06 04 1 2 04 1 3 4 12 4 6 6 7 23 57 6 4 1 11 2
26 Tamil Nadu . 53 2 1 3 5 1 3 4 8 16 4 4 6 6 20 37 9 9 4 22 :
37 Coastal Karnataka 112 02 01 03 0 04 2 5 7 7 23 28 25 16 92 8 9 4 08 14 o
28 Interior Karna- 12
@ka(Northy . 47 02 02 04 1 06 2 4 7 14 7 10 8 8 :
29 Interior Karna- 33 68 6 206 9 19
faka(South) . 67 04 904 08 1 07 3 6 10 15 9 13 11 9 4
63 9 4 1 14 20
30 Kerala . . 126 1 1 2 2 3 7 10 20 15 23 24 19 13 '
31 Arabian  Sea 7% 62 14 9 3 2 21
Islands . . 87 2 08 3 3 09 2 7 10 11 17 15 12 10 54 63 9 7 3 19 22
ST==Seasonal Total P-=Peroentage

17
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APPENDIX 131 (Contd.)
(Paragraph 13.2.3)

Statement 1V—*Coefficient of Variation (%) of Monthly, Seasonal and Annual Rainfall for 31 Meteorological Sub-divisions of India

Sub-Division Jan Feb Mar Apr May Juoe July Aug Sep ©Oct Nov Dec Annual Jan- Mar- June- June- Oct
Feb May Sept Oct Dec

1. North Assam . 75 56 59 34 30 17 18 21 22 41 90 110 8 38 22 8 37

2 South Assam . 134 73 64 37 35 19 21 20 22 46 107 151 9 57 2 10 9 38
3 Sub-Himalayan

- ]

West Bengal . 118 85 86 58 27 24 27 28 27 67 184 205 12 63 26 13 12 82
4 Gangetic West
Bengal . . 117 111 108 73 44 41 28 23 26 6% 149 200 13 86 36 14 15 62
5 Orissa . . 121 104 106 77 55 42 26 24 22 65 135 220 11 81 42 12 13 53
6 Bihar Plateau . 112 92 108 83 60 46 25 18 29 83 168 203 11 70 45 12 12 72
7 Bihar Plains . 106 90 120 103 55 49 27 26 35 91 196 241 14 66 43 16 15 8l
8 Uttar Pradesh
(East) . . 99 107 140 166 86 59 36 25 43 128 230 146 18 70 72 20 20 104
9 Uttar Pradesh
(West) . . 84 89 99 112 75 68 31 33 61 147 203 121 19 56 59 22 23 98
10 Haryvana . 91 97 111 163 127 82 41 51 87 193 251 131 28 62 76 k3| 32 114
11 Punjab . . 79 86 92 107 86 73 38 43 104 208 200 102 26 52 54 32 33 9
12 Himachal Pra-
desh . . 68 64 71 64 58 61 26 31 67 122 166 88 16 43 39 21 22 67
13 Jammu and ‘
Kashmir . 57 59 50 48 53 56 33 82 82 103 139 75 16 38 28 26 26 62

14 Rajasthan West 130 162 174 166 146 81 54 74 107 na. 220 184 42 105 99 43 na. 650
15 Rajasthan East 101 124 168 221 135 78 40 50 72 na. 170 152 28 81 99 30 45 437

TANLINOMOV aNVY FLVAITD
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APPENDIX 13.1—Statement 1¥ (Contd.)

Sub-Division Jan Feb Mar
16, Madhya Pra-

desh (West) 114 110 131
17 Madhya  Pra-

desh (East) 127 8 120
18 Gujarat . 262 176 275
19 Saurashtra and

Kutch 195 193 336
20 Konkan - 236 295 187
21 Madhya Maha-

rashtra 184 188 175
22 Marathwada 199 165 176
23 Vidarbha . 143 120 124
24 Coastal Andhra

Pradesh . 135 166 180
25 Telengana 180 139 152
26 Rayalaseema 152 190 205
27 Tamil Nadu 109 117 89
28 Coastal Kar-

nataka . 188 321 136
29 Interior Kar-

nataka (North) 187 189 134
30 Interior Karna-

taka (South) . 139 186 104
31 Kerala . . 111 107 66

Apr

151

125
i8S

469
246

114
140
155

920
97
92
57
87
68

53
39

May June July
130 53 29

102 47 23
225 7t 46

258 9] 53
209 36 29

102 37 28
147 46 41
129 46 29
42 29
85 41 29
68 35 78
47 21 38
mz- 22 27
52 25 32
40 30 30
67 26 30

Aug

35

25
59

70
36

36
48
kK]

28
30
59
37
35
51

38
44

Sep

50

4
73

96
47

39
46
43

32
42
37
35
51
k!

38
47

Oct

114

85
190

226
100

.70
87
103
50
72
49
37
45
51

43

Nov Dec
172 153
137 169
194 229

- 223 286
147 240
125 179
151 183
152 181
69 131
115 212
72 141
48 82
80 177
117 206
76 141
4 - 67

29

Based on data for 1901—1950.

Annual Jan- Mar- Jung- June- Oct

Fcb May Sept Oct Dec

18 7% 78 18 19 83
13 75 6] 13 13 68
29 163 170 29 29 146
I5 13 19 36 36 17

16 188 174 16 17 86
18 145 67 17 18 59
25 119 88 25 26 70
20 86 78 19 20 73
16 106 54 18 18 36
20 97 58 20 21 o4
21 109 49 28 26 40
14 77 32 18 14 28
12 162 83 4 13 39
18 127 38 19 18 54
15 107 29 19 16 37
12 69 40 18 15 24

9L
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CLIMATE AND AGRICULTURE 77

APPENDIX 13.1 (Contd.)

(Paragraph 13.2.4)

Statement V—Number of Raingauges—Statewise—baving published Normals and Num-
ber of Reporting Raingauges for which Rainfall Data are received or
arranged to be received by IMD at Poona.

State/Union territory , Jo of raingauges

having pub- reporting

lished .
normals

1. Assam . . . . . . . . . 86 114
2. Arunachal Pradesh . . . . . 3 40
3. Andhra Pradesh . ; .. 226 551
4. Bihar . . . 230 449
5. Gujarat . . . . . . . . 110 239
6. Haryana (including) Delhi) . . . 43 76
7. Himachal Pradesh . 71 73
8. Jammu & Kashmir . . . . . . 36 76
9. Karnataka e e 160 391
10. Kerala . R . . . . . 78 122
11, Madhya Pradesh . . - 254 332
12. Maharashtra . . . . . 225 282
13. Manipur . . . . - 4 16
14. Meghalaya . . . - 7 10
15. Mizoram . . 8 7
16. Nagaland . - . . . . . . . 6 —
17. Orissa . . . . . . . - . 110 258
18, Punjab . . . . . . . . . 45 105
19. Rajasthan . . . . . . 194 416
20. Tamil Nadu . . . . . . . . 220 342
21, Tripura . . . . . . . - 9 14
22, Uttar Pradesh . . . . . . . 274 33
23. West Bengal . . . . . . 129 142
total . . 2488 4399

Source .— Observational Organisation as on Janu~
Department, New Delhi. N

Published in Memoirs of the I~ ~ent Vol. XXXI,
Part III, 1962.

"ndia Meteorological

Reporting station means rain

arranged to
be received at Poona.



APPENDIX 13.1 (Conid.)

Statement VI—Intercorrelation Coefficients (X10 2)

(Paragraph 13.2.14)

May Jun

Jul

Apr Aug Sep Monsoon Annual
: . season
EAST UTTAR PRADESH
April . . 100 05 23 T 06 21 ~16 -05 ~-19
May . 100 - 12 06 =17 -14 07 -14
June 100~ 06 12 -11 a8 26
July - 100 -10 00 60 53
August 100 | 15 45 48
September 100 53 13
Monsoon Season . 100 76
Annual . . : 100
MADHYA MAHARASHTR _
April . . N 100 =26 07 03 ‘L 25 02 03 03
May 100 -61 =21 -13 17 =27 o1
June . . 100 -14 -08 -06 34 27
July 100 07 01 54 16
August . 100 15 56 02
September 100 57 06
Monsoon Season 100 25
Annual .

. . TAMIL 100
April 100 04 17 08 03 07 01 15
May . 100 10 -14 -13 08 ol 37
June . 100 08 -01 29 37 34
July . 100 29 05 61 -17
August 100 -19 46 08
September 100 58 24
Monsoon Season 100 17

Annual . -

100

8L
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APPENDIX 13.1 (Contd.)

- Statement VII—Intercorrelations between Sub-divisions

June to September

(Paragraph 13. 2. 14)

32 Kerala g . .

- {
c 5 53l i 2y 3 : %3 3£ 3 E ¢ gl g 3 23 z 8
5 § 42 * = 8 8§ § L B & &3 £ & o g P2 0% 0, %8
< < g =g M A .3e 3= & o, £ B R % S22 Sg g 2 . %% 5 =28 § § 3 3 ¢
Em BT o« v . "B T8 = 8 €8 EE - =B § 5 g€ % =SS % g 2@ 008 — T% 53-5% .
£ £ g 22 % 2 E 4% 33 ¢ % ES ez B oy ¥E zE ¥ 5% % 35 E O§ EE s 5 .E i 8E 5 ¢
5 2 5% G385 & & 4f BE £ & ZaAd » d 38 48 & a2 % 2212 5 88 g 2 '@ 33 ES ES S
>3 4 s 6 1 8 .9 10 11 12 13 14 15 18 1 18 19 2o 2 2! 24 25 2 27 2 29,30 3 2
‘ 100 —51 35 —44 —37 22 —07 —06 —15 —22 —25 —27 —20 —20—-20 —02 —21 —20 02 —23 =206 02 I6—03 IS —09 —30 e T Y R
. 2 North Assam 100 05 —-20 —31 —25 08 —14 —°15 —-29 —+16 —30 —29 —21—23 —.10 —28 —-17 03 —33 —-21 -:-~03 02 05 SO1T 13— 02 — 36 =I5 —30 —28 3
- Assam _ ‘ be 4 = 1
| ‘i :z:;imalayan vt 100 —08 —15 08 54 10 04 —16 —:20 —14 —03 —12—09 —27 —18 —05 23 —20 —l4 02 14 1T—1i 28 16— 2306 00 —03 4
Benea! il o0 21 61 S2—07 0 22 16 312 IS 10 —11 16 2 —04 10 06 —01 13 —26'16 7 0L 05 — 06 —12 03 ° 5
3 Gangiivest Heoky 100 —28 —0L 04 18 31 29 33 47 29 11 38 24 2203 22 24 0 05—03—0 -8 —vy2 B 20—05—12—15 6
7 B . 1-00 44 20. 2522 10 1010 04 05 097 21 04 —12 —-05 —13 —21 —05 — 44 —-37 —27 — 15 — 04 —35 —:08 10 7
7 Bihar Plateau .. 100 44 21 —-04 —-14 —06 —07 —29—+13 —17 —-12 —17 17 —25 — 20 G W 1T BN L el S 56 — ’
8 Bihar Plains 100 59 20 06 31 12 —02 -28 33 17—20 20 -14 11 !21 08 29 37 28 27 04 —-14 07 08 9
> i Pt 100 54 -40 57 13 23 43 37 49 15—01 27 I8 .25 22 29 28 29 32 23 =09 30° 21 1|0
g 100 <72 61 15 62 48 38 77 46 00 SO 38 ' 40 35 29 34 15 21l 40 I8 37 22 11
2 puras ‘ 100 3,2 68 45 25 -3 53, 05 48 43 14605 42 51 19 27 52 31 Y37 46 12
e Adesh. 100 19 45 50 44 62 46 06 43 42 [ 43 04 35 43 17 29 32 22 32 {1 13
13 Himachal Pradesh. 100 06 —-06 32 32 —03 —02—07 —04 (02 00 14 16 02 —-15 11 —-04 —-02 — 20 14
14 Jeamaand KO < 100 53 28 80 66 14 54 48 139 11 -39 46 25 28 40 30 30 07 15
e 100 44 63 38 16 55 49 .54 02 32 38 29 35 31 26 32 13 16
16 East Rajasthan 100 32 09 10 35 24 23 13 14 3¢ 11 —04 20 01 08 —-11 17
i . ¢ 100 -54 08 54 42 47 04 32 41 23 34 49 25 40 26 is
o 100 28 -5 57 .19 27 32 28 29 20 29 25 23 00 19
" 0 St s 1-:00 27 -3 27 12 37 30 45 23 06 28 [l —-12 20
20 Saurashtra and Kuich 100 <77 0 17 38 56 29 20 58 52 29 .14 2]
i Wi 100 62 06 -47 55 42 37 50 66 -4l 13 22
22 Madhya Maharashtra 100 —-08 61 70 51 47 33 59 33 .01 23
23 Marathwada = T ‘;::) 7392 5095 _;)33 _—51;) n oo
24 Vidarbba .=« " 100 - g 4 ! ; 39 02 25
. 25 Coastal Andhra Pradesh HmR B m s ow o
2% Telangana . gom e n w w o
it . 100 15 33 .53 .37 og
28 Tamil Nadu ‘ . e | gg ;; :62 2
29 Coastal Karnataka ; @
* 30 Interior Karnataka North 5B
31 Interior Karnataka South R

79-80



APPENDIX 13.1 (Contd).
' (Paragraph 13.2.17)

Statement VIII—Percentage Departure (from normal) of rainfall in the Meteorological Sub-Divisions of India during twelve break periods.

18—29 21-;25 22—29 23—26 18—22 17—21 28 uly 4—15 211 23—27 7—-10 Mean

Meteorological 24—29
Sub-Division August July  Auvgust  July August August July —3 Aug Auvgust July  August July

1951 1954 1954 1955 1956 1962 1963 1964 1964 1966 1966 1967  Dep.
North Assam . 481 465 462 B3 160 166 +9 +104 427 +22 498 4105 473
South Assam . . 4308 4150 +246 4118 —15  +166 —44  +127 440 —I 4211 +170  +123
Sub-Himalayan West .

Bengal . . . 497 476 43 4123 461 4125 +47 4109 464 428 4265 +230 +102
Gangetic West Bengal . —45 —44 —47 419 428 419 —2 +9 —40 51 —43 11 —7
Orissa . —54 -0 —65 —63 —S5 -3 -—47 =51 —37 -—14 —73 =31 =51
Bihar Plateau . . —75 —49 .54 —42 —5§ +15 —37 —54 -—69 —73 —40 —49 —44
Bihar Plains . ., —15 454 —14 428 4126 4211 435 421 —33 © —52 435 449 437
Fast Uttar Pradesh —~65 433  —67 —28 0 +246 -—-32 428 —B85 —8 - =55 —38 —I3
West Uttar Pradesh : ; .

Plains. . . . —88 49 —85 93 453 —5 —43  —10 —85 —97 —54 37 —45:

Hills —60 +23 +87 —74 31 452 42 —46 —61 —46 +27 4105 —2
Punjab . . . =75 15 ~98 91 435 4169 —81 —I —63 —63 —98 +29 28
Himachal Pradesh =,  +1 —17 422 -5 —36 —31 +17 57 —19 —18 —63 —32 —26
Jammu and Kashmir , —26 —80 9% —75 —33 35 —13 -—28 —5% —32 —92 —95 55
West Rajasthan . —100 55 —100 —100 —97 0 -9 -—92 —99 —50 —100 —77 80
East Rajasthan —i00 —77 —90 -9 —8 —46 66 —81 —99 —92- —100 -—I5 —34
West Madhya Pradesh -9 -5 -9 —-59 -9 63 —67 81 —80 —92 —92 -8 —80
East Madhya Pradesh —89 -39 41 -39 -8 —51 =39 75 —73 -9 76 —T74 —64
Vidarbha . —55 51 —89 —51 -9 —6 —95 —6 —70 -9 —98 —9%6 —17
Gujarat Region |, -9 —57 -8 81 44 ~34 -7 65 —97 92 100 91 —76
Saurashtra and Kutch, —99 —77 94 79 _—97 77 _—80 —76 —9% —82 —100 —69 —85
Konkan . . . —65 —18 31 4108 —76 —58 —54 43 —70 —87 —73 56 —40
Madhya Maharashtra . —65 —41 —67 —53 —5 —53 —79 —44 —55 --56 —10 —68 59
Marathwada . —100 44 —99 455 —8 +11 —89 41 +13  —43 ° —100 —100 —44

FENLTININOV ANV ILVIITD
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APPENDIX 13.1—Slatement VIII (Contd)

Metcorological

24--29 18—29 2]1—25 22--29 23—26 18—22

17--21

28July 4—15 2—I11 23—27 7—10 Mean
Sub-Division August  July  August July August August  July —3 Aug. August  July August July
‘ 1951 1954 1954 1955 1956 1962 1963 1964 1965 1966 1966 1967  Dep.
Coastal Andhra Pradesh +3 +31 +26 —3 +11 —14 5 —46 —57 —65 —6 —90 —18
Tclangana . —47 —7 -93 —355 —383 —36 —62 —43 —79 —B88 —94 97 65
Rayalasecema +13 +357 —69 +13 77 +13 126 -+243 4-85 +64 —95 —77 +50
Tamii Nadu . +359 +123 40 —44 -+138 494 +71 4303 +128 4121 4108 —I1 494
Coastal Karpataka . —388 +19 91 +74  —87 +54 —61 <478 —72 =60 —B84 12 27
Interiot Karnataka .
Neorth . . . —353 442 =51 —13 —85 —21 —88 4140 —I5 —44 100 —73 —30
Interior Karnataka South —66 -9 —41 —50 —97 —63 —66 4100 —1 —25 —95 —55 -39
Kerala . . +18 —29 —05 —17 —88 —81 —76 444 —-24 31 —71 —44 —41

(4]
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CLIMATE AND AGRICULTURE

APPENDIX 13.1 (Contd.)

83

(Paragraph 13.2,18)

Statement IX—Spatial Distribution of Rainfall during Break (expressed as percentage)

Meteorological Sub-Division

Category of Distribution

Wide- Fairly
spread Wide-  Scattered Isolated  Dry
spread

North Assam , . . . 55 28 13 4 -
South Assam . . . . 62 24 12 2 —_
Sub-Himalayan West Bengal . | 87 9 3 1 —
Gangetic West Bengal . . ° 13 17 22 42 6
Orissa . . . . . 1 19 K} ! 43 6
Bihar Plateau , . . . 17 11 36 24 12
Bihar Plains . . . . 27 19 25 18 11
East Uttar Pradesh , . . 9 17 24 30 20
West Uttar Pradesh : Hills ©  , . 17 28 s — 20

Plains . ., = 10 10 19 38 23
Punjab . . . . . 4 7 17 27 45
Himachal Pradesh . . . 29 18 15 19 19
Jammu & Kashmir . . — 5 11 22 62
‘West Rajasthan ., ., — — 8 7 85
East Rajasthan . . . 1 1 12 26 60
‘West Madhya Pradesh . 1 5 21 50 23
East Madhya Pradesh . . 6 15 39 26 14
Vidarbha 1. . . . % 4 6 10 42 38
Gujarat Region ., . . — 2 34 16 48
Saurashtra and Kutch . —_ —_ 8 35 57
Konkan . . . . 41 17 27 7 8
Madhya Maharashtra |, . 4 6 28 56 6
Marathwada , . . o 6 — 30 —_— 64
Coastal Andhra Pradesh |, . — 9 30 42 19
Telangapa , , ., 2 10 25 21 42
Rayalaseema . 4 13 16 25 42
Tamil Nadu . . 4 7 45 36 8
Coastal Karnataka . . 54 12 16 — 18
North Interior Karnataka 5 4 28 37 26
South Interior Karnataka . 6 19 31 21 23
Kerala , .. 25 16 21 15 23

7—133Deptt of Agri/76.



APPENDIX 13.1
(Paragraph 13.5.7)
Statement X—Format For Weekly Crop Weather Report
Government of
Department of.

WEEKLY CROP WEATHER REPORT

(for the weck ending Wednesday to be issued on Saturday)
Week No. From D/ to D/ Issued on DJ
I Summary of weather conditions 1 during the week under report

(This information has to be furnished by the Meteorologi