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CHAPTER ONE

INTRODUCTION

b 7 Agriculture is purported to be the economic sector
closest to perfect competition except for the usual assump-
tion of complete mobility of factors of production and depen-
dence on weather, It is a biological 'industry' largely
affected by natural laws and physical factors ofer which
nobody has much control — weather and biological 'cycles!
being the prime examples, This makes the process.of produc-
tion in agriculture and agriculture-based industries discrete,
As against this, economic activity outside agriculture is
relatively mu;h more subject to managerial control because of
its non=biological production processes which are also conti-
nuous in nature, and also because of the short-period and
fully controlled amplitude of the cycle of production in

most of them,

1,2 The factors which affect agricultural production and

especially crop production can be classified into several

categorioa:l

1) environmental - relevant to geography, geology,
climate;

2) economic — relevant to market conditions, price
relationships, wages;

1 Oury, Berxnard : A Production Model for Wheat and Food-
%gg%ns in grance; North-Holland Publishing Co., Amsterdam,
» PPe (o



3) technological — relevant to the various forms of
technology involved;

4) institutional - relevant to law, tradition, and
government policy.

Associated with these factors arise uncertainties among
which the technological and sociological/institutional
uncertainties are of particular importance to non-agricul-
tural industries. In the case of agricultural production,
the farmer is primarily concerned with price and weather
uncertainties, Weather uncertainties result in wide and
irregular variations in the production co-efficients for a
given techniqgo; and are almest universally present in the
various lines of agricultural production, While it is possi-
ble to control soil moisture to a certain extent through
irrigation, variations in ether climatie¢ factors like tempe-
rature, sunshine, humidity, cloudiness, etc., are hardly
controllable, Therefore, there is a continuous effort at
understanding the relation between variations in weather and

crop production,

1.3 There have been two broad approaches to this question,
The first is to examine over long periods any periodicity -
cycle in agricultural production and relate it to weather
cycles or cycles in other natural forces that affect weather,
This would not only explain variations in farm production
over long periods, and, depending on the importance of
agriculture, in total natiional activity, but also may provide

a basie for general forecasts,



1,4 The success of this approach is contingent not only
on our knowledge of the weather factors determining yield,
but also on our ability to predict weather, Weather is
referred to as the collection of various conditions of
atmosphere including such phenomena as rainfall, snowfall,
hail, humidity, amount of sunshine, light intensity, atmos=-
pheric pressure and temperature, occuring during a definite
time period as contrasted with the term 'climate'! which is
taken to mean the longrun characteristicé of weaﬁher at a

2 The study of meteorological 'cycles'! has

particular place,
received attention of many authors, statisticiané and eéono-
mists as well as meteorologists — particularly economists,
owing to the possibility it seemed to offer of an explanation
of economic cycles by meteorological and cosmic events,
Inadequacy of reliable data is one major hindrance in such
studies, particularly in the presence of a bewildering number
of apparent 'periodicities’., Authors have tried to use
indirect daté such as pricés of agricultural products, varia-
tions in the levels of lakes, variations in the rate of
growth of trees and so on, Jevon's attempt at correlating
sun=gspot period and harvest fluctﬁations and the latter with
economic cycles is worth mentioning in this context.3 But
conclusions drawn from such studies could not be maintained

after further careful studies,

2 Stallings, James L, : A Measure of the Influence of
Weather on Crop Production; JFE, Dec., 1961,

3 Jevons, Stanley W, : Inveéti ations in Currency and
Finance (1é8h). ¢ d



1.5 Other efforts towards analysis of periodicities include
H.L. Moore's cosmic explanation relating commercial crises to
eight-year-cycle of planet Venus;h Sir Francis Bacon and
later Eduard Brueckrner's 35-year cycle (on the average)
relating long records of rainfall, temperature, pressure and
indirect informations, Sir W, Napier Shaw in 'Manual of
Meteorology! lists more than 100 cycles ranginé from one year
to 74k yearé which have been claimed at one time or another,
Most of these periodicities are of small amplitudes and do

not show great regularity as to length of the period., There
is no conclusive evidence that any of the periodicities
suggested are real, A4ll that can be said is that most of

our weather series are not strictly random series, but show

a -significant degree of serial correlation or interdependence
of successive observations, Whether this is indicative of a
hidden periodicity or merely the result of a persistent
tendency, it is impossible to say, Another kind of attempt in
this direction has also been made by Gilbert Walker and T,
Okada where they have tried to correlate weather conditions
in one region with subsequent weather conditions in some other
region with marked time lags between them, but without any

reliable and conclusive results.5

4 Moore, H.L, : Economic Cycles : Their Law and Cause
(1914),

5 Sanderson, Fved H, : Methods of Crop Forecasting; (Harvard
Univ, Press) . 1954, ppe 7. ®



1,6 Thus the identification of weather cycles has not been
easy or fruitful so far. Even if definite weather cycles or
inter-regional correlations could be established, the weather
forecasts based on them would necessarily be general in
character, But variations in crop-yield depend not so much
on some overall seasonal:or annual index of weather, but on
the weather performance at some crucial stages of growth of
specific varieties of plants, Therefore the second and the
growing line of attack has been on the identification and
specification of weather variables affecting the production
performance of a crop. The exercise can be two=fold: the
first and relatively simpler one is to explain the contri-
bution of weaﬁher to the variations of area under crops,6

and the second, to the variation in the yield of the crop,

The recent theoretical insights into the processes of plant
growth and the responses of plants to weather influences as
well as the efficient statistical methods have lent stremngth
and credibility to such exercises., The obstacles arising

out of lack of adequate data and co-ordination of the efforts
in various phases of the problem are also gradually removed
with growing co-operation among agronomists, plant ecologists,
plant physiologists, meteorologists, economists and

statisticians,

6 Correlation studies on acreage and factors like prevailing
prices, absolute change in yield per acre and weather factors
have been done by many economists, Leading among them are :
H.L., Moore (Forecasting the Yield and Price of Cotton; 1917);
R.H, Hooker (Correlation of Weather and Crops; Journal of the
Royal Statistical Society, 1907); L.H, Bean (The Farmers!
Response to Price; JFE, July 1929); S.M. Jacob (Correlation of
Rainfall and the Succeeding Crops with Special Reference to
the Punjab; IMD Memoirs, 1916).



W Such exercises, if successful will help in answering
a number of important questions; and a better understanding
and quantification of the weather~crop relationship would

have many applications,

1.8 It will help separate the impact of weather from that
of other factors — technological, economic and even institu-
tional, on year to year variations in production of crops.
This is necessary for judging the performance of the non-
weather factors on agricultural production, This is important
particularly with reference'to developing agricultural coun=
tries for the formulation of suitable agricultural policies.7
If the resultant increase in crop yields and production is
largely due to'favourable weather, an effective storage

8 if it is due to improved techno-

policy might be appropriate;
logy, policies aimed at cutting back production merit consi-
deration in certain types of economies, Identification and
evaluation of independent variables other than weather
requires an analysis of yield and production trends corrected

for weather = hence, the need of a 'weather-deflator'.9

1.9 A precise knowledge of the critical periods of plant

growth, through weather-crop research, would make it possible

7 Sharma, J.S, : Crop-Weather Relationships — Areas of Study;
Journal of Indian Society of Agricultural Statistics, Dec,1970.

8 Ray, S.K, : Weather and Reserve Stocks for Foodgrains;
EMW, Sept, 1971,

9 Stallings, James L. : A4 Measure of the Influence of Weather
on Crop Production; JFE, Dec, 1961,



to protect crops more effectively agalnst unfavourable
weather; and would provide the basic feed back to plant
breeders to develop varieties more suited to the relevant
pattern of weather as revealed in such studies, FPlanning

of croperotation and new cropping pattern would benefit from
the knowledge of weather=-crop relationships. The study of
the effects of weather on weeds, diseases and pests can give

advance warning for prophylactic measures,

1,10 Such studies might also provide basis for short-run
forecasting of crop-production., In the analysis of agricul-
tural supply or the assessment of expected yields over regions,
weather influgnce would appear as an explicit variable to
account for the variations instead of being treated as one
whose effect is caught in the error term of the estimating
function, Regional crop-yield assessment could be useful

both at the national and international level for the manage=-
ment of food-security system, planning of food imports amd
exports, early recognition of areas of developing food-

crisis and modification of food policies. An agricultural
supply function allowing for weather-inputs could also

provide the ingight into the economic logic governing resource
use and optimising behaviour of individual firms,l° The
weather=-crop research can also give a proper assessment of the

droughts; and through evaluation of risks associated with the

10 McQuigg and Doll : Economic Analyses Involvi Random
Weather Inputs; JFE, 1961, pp., 909, -



weather factors, it can help the farmer in assessing how far

crop-insurance helps in facing instability.ll

1,11 The present study proposes to review in subsequent
chapters, the studies made in the field of weather-crop-yield

relationships,

1,12 1In Chapter II, the general hypotheses regarding the
influence of weather are discussed along with some weather=
erop analysis models, It also deals with the statistical
basis for the specification of weather=-crop relationship and
the problems arising thereof, Finally, the construction,

uses and limitations of 'weather indices' are discussed,

1,13 1In Ghaﬁfer III, the attempt has been made to discuss
the different statistical exercises abroad in the field of

weather=crop relationship,

1,14 Chapter IV discusses the weather=-crop studies in India,
where the AICWS and the methodology adopted in the studies
are also discussed before going into the individual studies
and their fiﬁdings.

1,15 Chapter V consists of the concluding remarks,

11  Nadkarni, M.V, and P.K, Ghosh : Imstability im Rainfall
and Agricultural Yields in a Drought-prone District (Tumkur);
IJAE, Apr.-June, 1978,



CHAPTER TWO

THE GENERAL HYPOTHESES

2.1 Production of a crop is the resultant of acreage and
the yield per acre, which can be expressed as a function of

a number of controlled variables like fertilizers, pesti-
cides, irrigation, prices, etc,, and an uncontrollable variable
comprising various climatic factors like rainfall, temperature,
run of dry days, humidity, day-length, etc,. This uncen-
trollable variable varies according to some undetermined
natural laws and thus, causes, unexpected variations in yield
and acreage, and hence, in production; = the various climatic
factors enter into the production function as exogenous
variables. The productivity coefficients of the various
endogenous variables in the system differ over space and

time, because the magnitudes of the exogenous variables vary,

2,2 Even if the climatic factors follow some repeatitive
pattern, the production fluctuations would not be prqportional
unless the relative magnitudes of the effects of these factors
on production remain constant over time, The physical frame
of reference in agriculture is, however, not invariant with
respect to time; men can and do influence it through techno=-
logical advances. Theoretically and conceptually, it is
possible practically to eliminate the unexpected variations

in production due to natural factors, e.g., in an experimentaa

Plot or under 'hot house' conditions., Except for irrigation,
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however, most other controls are economically impracticable
and therefbre, in general, physical factors appear as con-

straints in the production surface,

2.3 In the subsequent sections, the general nature of
influence of individual climate factors will be discussed
first, to be followed by a brief summary of various attempts
at expressing the weather-crop relationship in the form of
'normal law of plant growth': Section-4 will deal with other
ﬁeather-crop analysis modelé. Section=5 will deal with the
statistical basis for the specification of the weather-crop
relationships and the problems that arise in the process,
Finally, construction, uses and limitations of the 'weather

index' as an alternative, will be discussed in Section-é.

II

2.4 Soil is the 'staging area' for plant growth and at any
location its quality is itself an expression of the climate

— the basic soil productivity being an expression of the inter-
action between atmosphere and the climate over a long period.l
Given the basic productivity and assuming no change in the
technology, crop output fluctuates because the relative magni-
tudes and the occurence of various climatic factors at different

stages of the growth of the plant vary from year to year.

1l Ray, S.K, : Weather and Reserve Stocks for F
EPW, Se;:t T oodgrains;
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These variations in magnitude and occurence neither follow
a unified pattern nor all of them appear as constraints in

the agriculture of a particular region, area or country,

205 Weather factors influence yield both directly and
indirectly.2 The direct influence comes about through the
effect on the structural characteristics of the crop, such as
stand, number of tillers, leaf area, number of heads per
plant, number of kernels per head and weight per kernel of
cereals., It may be necessary to go back one or more years, to
trace the meteorological causes of certain yield deficiencies,
In the case of crops, the weather during the maturing of the
seed may conceivably affect its viability and the yielding

capacity of next year's crop.

2,6 Weather conditions may exert an indirect effect on yield
in several ways. They may influence the rate of growth which
in turn may affect the structural characteristics of the crop,
This influence may itself be direct or indirect: a retardation
of the growth process appears to make for larger kernels in
certain cereal varieties; but it may also make it more likely
that the crop is overtaken by drought in the.critical stage

of heading, Weather conditions may influence crop yields by
favouring or checking the development of diseases and para-
sites, of weeds, etc.., They may indirectly affect the average

yield by causing variations in acreage too,

2 Sanderson, Fred H, : Methods of Crop Forecasting; Harvard
Univ, Press, Cambridge, 1954, (pp. 181~187),
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2,7 Climatic influences on plant growth can be reduced to
three basic elements.'3 light, temperature and moisture, Light
is essential to the plant because of its importance in the
process of sugar formation known as photosynthesis. The

sugar which is used to build up the tissues and organs of the
plant is formed in the leaves; the rate of growth is therefore
also dependent on the leaf area, In pragctice, the light
available to the crops is so abuandant that this factor is

often ignored in weather-yield studies,

2,8 Unlike moisture, heat or temperature is not used
directly by the plant; but is a necessary condition for growth.
Living plant thrives best at an optimum temperature of about
30%C to 35°C.h Below a certain temperature, all growth ceases,
Extreme temperatures may affect yield directly by injuring

the plant, or indirectly by retarding or hastening the growth,

and by affecting the water-balance of the plant by evaporation,

2,9 Water-balance, the third factor of vital importance for
the plant throughout its life-time, comes from rain or water
stored during rains., During sowing time the surface layers
of soil should have enough moisture for germination, The
period of vegetative growth requires water most — but, that
again ought to be punctuated by clear spells and sunshine for
optimum growth, A drought at this stage may result in the

3 Sanderson, Fred H, : Op,cit.

4  Ramdas, L,A, : Fundamental Facts of Crop Growth in relation
to Environment; JISAS, Vol, 22, Dec, 1970,
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plant wilting or dying, whereas a timely rain or irrigation

may result in a bumper yield., Similarly, too much of water
results in water-logging and stiffling of root-zones. Thus,

it is not the total rainfall, but its distribution during

the life-time of the plant that is impoertant, To maintain

its water balance, the plant must replace the moisture lost

by evaporation by a corresponding intake of moisture from the
soil, This balance may be disturbed (a) by lack of moisture

or (b) by excessive transpiration by high temperatures, exce-
ssive dryness of the atmosphere, or wind, The rate of evapo=
transpiration in certain instances is of equal importance in
controlling the water-balance of the plant as the soil moisture,
Moisture available for the absorption by the plant not only
depends upon the moisture-content of the soil, but also on the
compogsition and physical condition of the soil, characteristics
of the variety of the crop, the stage of development of the

roots of the plant, and so on.5

2,10 Precipitation may have a direct, mechanical influence
upon the yield in addition to the effect on the moisture-
supply; for instance, through injuring the flowers or by inter=
fering with fertilisation or by washing out nitrates from the
soil, The same holds true for other meteorological factors
such as high wind, hail or frost, Moreover, weather conditions
are, more often than not, responsible for plant diseases and

insect damages and growth of weeds,

2,11 However, the effect of a meteorological factor does

not only depend upon its total quantum; rather there is a

5 Sanderson, Fred H, : Op,cit,
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direct relation between requirements and the rate of growth

of the plant, When the rate of growth reaches a maximum,

the plant's requirements with respect to moisture, nutrients,
ete., wouid reach a maximum too. The requirements of plants
at the different stages of growth are different, These are
called the 'critical stages' such as the stages of germina-
tien, vegetétion and reprodﬁction; and the effect of a combi-
nation of weather conditions is dependent upon the time of its
occurence, Besides, the responses of different plants or
varieties to identical weather conditions may be quite differ-
ent, In studies of weather=-yield relationships for a given
erop, it must Pe assumed that, other things being equal, the
plant reacts in a definite and constant way to a given weather

factor,

2,12 Specification and quantification of the nature of
influence of the individual climate-factors on crops has a
technological as well as a statistical basis, Most of the
weather-crop hypotheses are based on trial and error, without
embodying well-substantiated theories of causation of yield,
Such purely empirical methods might be entirely admissible if
checked at every stage by tests of significance, and can even
give fairly reliable forecasting formulae, But they do not
take advantage of the insight whi;h can be obtained by deduc-
tive reasoning, Progress will be more rapid if the search for

forecasting formulae goes hand in hand with efforts to analyse
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the biological significance of the relationships found, The
analysis of the influence of successive causal factors on

the actual sequence of development of the plant may suggest
sources of yield-variation previously ignored, The causation
of yield can be understood only when the components of yield
are analysed, For instance, the yield per acre of cereals,

is the product of the number of plants per acre, the number

of heads per plant, the number of kernels per head and the
average weight per kernel., Each of these characteristics may
respond differently to a given weather factor, If the weather
conditions are studied in relation to each of these components
of yield per acre, it is likely that higher correlation would
be found than if final yield is used alone. Moreover, the
plant characteristics themselves are related to each other;
they are part of a complex balance. Some characteristics are
compensatory; others show a positive correlation with each

other and with final yield.6

111

2,13 Very little is known about the true relationship of
weather factors to plant characteristics and yield, and about
the way in which weather factors combine to influence growth
and yield.7 It is believed by some that the effect of all

environmental factors on yield is subject to decreasing

6 & 7 Sanderson,Fred H, : Op.cit. The whole of Section I1I,
on the discussion on the 'normal law of plant growth'!, is based
on it, (pp. 198-201), |
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returns, — with the line of relationship approaching the
optimum asymptotically, Others limit this 'Law' of growth
of the plant with respect to its environmenﬁ to"growth
factors! which are used directly by the plant, such as light,
water, hutrients, etc,. Still others believe that some or
all factors will injure the plant if applied in excessive
quantities, With regard to inter-relationship between
tgrowth factors', however, there is considerable evidence
ihat they are nét simply additive — the same weather condition
accompanied by others might become beneficial whereas it
could be injurious for the plant.taken alone or with still

others,

2,14 Considerable attention has been paid in weather-crop
research to what has been called the 'normal law of plant
growth', that is, the law according to which the living
substahce is formed when all factors are kept constant, If

the 'normal' meteorological requirements of a plant is known,
the fesponsé of the plant to variations in one or more of these
factors could be determined at every stage of the growthe-
cycle; abnormalities of growth caused by meteorolggical factors
could then be analysed and compared to final yields,

2,15 Most of the various efforts of expressing the empirical
knowledge of weather-crop relationship are confined to a
mathematical description of plant growth over time — they are
not concerned with explaining the causes of plant growth, or

the causes of deviations from normal growth., Curves of various
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types have been suggested to represent the growth law. Most
common is the logistic curve :
A
= o
1+ ¢85+ b0

where t » time and A # final yield of dry-matter (for t = ),

Y

There have been variations of this; but a more general mathe-
matical hypothesis of plant-growth which takes into account
the varying impact of environmental factors on plant-growth
and yield was formulated by Mitscherlich and Baule, Mitscher=-
lich's 'effect law of growth factors'! stateson the basis of
some‘exﬁerimental evidence that the éffect of any 'growth
factor' — which is defined as nutrient or meteorolégical
factor'-»on yield can always be represented by an exponential

curve such as @

Y=a(A=-e %)
where 'Y' is the yield;.'A' is the maximum yield obtainable
with grov}th factor 'X! px;eéent in unlimited quantity; and 'c!

is a constant representing the effect of growth factor 'x'loh

yield., Hence,
dy = c(a - Y‘) dx,

where Io is the initial yield obtained before the increase in
'x! takes place. Where several 'growth factors' are considered
simultaneously, the following reiationahip is sdggested to be

used -
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Y(1, veeeee, n) = A(L, eeeees, n)(1l-e €1%1)(1-0"%2%2)
ceove s e (l'e.cb’xh )

Baule suggested that the growth formula should, in addition, take
account of the fact that yield is also a function of time

since the growth process cannot be accelerated beyond a certain
point at each step of the growth cycle, even if unlimited or
optimum quantities of all meteorological and nutrient factors

are available., Hence, yield (dry-weight) is determined as a
continuous function in time of growth factors, with time

itself as an additional limiting facter during the growth cycle
of the plant :

Y(x' (t), t) = jtY[xi (t), x; () ¢ooeel mctm.l e-ctm.dt

where 'x' are growth factors measured in standardised doses,
and 'm' is a constant in the function representing the

influence of the time factor :

Y(t) = 1-0'°tm

The function I[xf(t}, t] gives the yield at any moment 't' of
the life cycle as well as the final yield (t = %), o

2,16 "The Mitscherlich - Baule hypothesis appears to be the
first attempt at rationalis$#ing the existing experimental
evidence on weather-crop and fertilizer=-crop relations into
one comprehensive mathematical system, While the particular

mathematical form of the proposed 'growth law' has been
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questioned, it indicates the aim for which quantitative
8

biology must strive? However, the weather crop studies
discussed below do not take into account this 'law'; rather
other models for weather=-crop analysis have beén cénstructed
in recent times, two of which are discussed in the folléwing

section,

IV

2,17 Weather-crop analysis models in recent times have
constructed as the product of two or more factors, each repre-
senting the fhgctional relationship between a particular plant
response (e,g. yield) and the variations in selected variables
at different plant-development phases.9 The overall effects as
expressed by the numerical values of the factors modify each
other but are not additive as in the case of a multivariate
linear regression equation, Such models do not require a
formulated hypothesis of the influence of the environmental
factors on the plant; and are practical research tools for the
analysis of crop responses to weather aﬁd climate variations
when only climatological datq are available. Conventional
statistical procedures are used in such models to evaluate

the coefficients relating croperesponses to climatolegical or

derived agrometeorological data, A typical model is Baier's

8 Sanderson, Fred H,, Op. cit., pp. 201,

9 Summariged in 'Crop-Weather Models and Their Use in Yield
Assessmenty; by Wolfgang Baier, WMO-Technical Note No, 151, 1977,
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model,lo where the primary objective is to analyse the daily
contribution of upto three selected agrometeorological
variables to the final or seasonal yield, although other crop
responses such as vegetative growth or reproductive develop-
ment are also considered. The crop-response to the input-
variables changes gradually during the life cycle of annual
crops as a function of bio-meteorological time, With the
response characteristic unknown and not predetermined, it is
assumed that a 4th degree polynomial, with biometeorological
time as independent term, is adequate for fitting the daily
weighing factors associated with the daily contribution of
each variable to the final yield, The three agrometeorological
variables chosen are solar energy, temperature, and soil
moisture (or evapotranspiration), which modify each other on
any particular day during the life-cycle of a crop and produce
a positive or negative effect on the yield, The basic
equation of the model is :

M

Y = > V, xV,xV
el 5 § 2 3

where Y # the dependent variagble like final observed cropeyield;
Vl, Vo Vj ® the functions of the selected independent agrometeo=~
rological variebles., Each V=function is of the general form :

Vj - (ult + uztz “ u3t3 + uhth‘ + (ust 4 u6t2 + u7t3 + usth) xJ

4 (ugt + ulotz "ullta 'Nllzth) xg

10 Detailed in 'Crop Weather Analysis Model-I'; International
Journal of Biometeorology, Vo,l7, No.4 (1973) = Inaccessible,



21

where Uy, Uy ceeee Uy, are coefficients which are evaluated
for each VJ in an iterative regressive analysis in which the
intercept has been suppressed, and xj in Vj represents a

specific variable which has been selected for analysis in a

particular run.11

2,18 Another model, known as the Factorial Yield Weather
Model (FYNM)1? has been proposed by Robertson in 1974 which
involves x=x summation of the products of several quadratic
functions for various weather elements, such as precipitation,
maximum and minimum temperatures, global radiation and evapo-
ration, Time is used as an indicator of advancing technology
and one function contains a term for the antecédant crop

condition :
A Fal

A
where Yt = yield estimated at time 't', of a given crop stage
P1 = Total preecipitation betwéen stages t and t-1i

Tl ® Average of the daily maximum temperature during the
period between stages t and t-l,

T2 % Average of the daily minimum temperature during the
period between stages t and tel,

Q = Average daily global radiation during the peried
between stages t and t=l;

and functions Vi» V,, ete,, are of the form :

11 It has not been possible to lay hands on the few applica-
tions of this model, Baier's model claims to have given the
closest estimates (C,D,=0,77) of wheat yields as obtained from
experiments conducted from 1953-62 at eight Canada Deptt, of
Agricultural Research establishments,

12 Baier, W.: Op,cit,
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A

Vi(¥gezs Bg) = by + by Yoo + bRy

. 2
Va(Ty) = P +PT) + PNy

2
V3(Tp) = qy + qTy + qpTp
V,(Q) = r, +1rQ + r2Q2

where b, p, q and r are regression co-efficients to be evaluated

for each crop period,

2,19 This model strives for assessing, at any time during

the crop-developmental period, the influence of past and current
weather on future expected yield, Both the models can be used
for both analysis of crop-weather data and prediction of yields,
But there are not many replication of this exercise for differ-

ent crops in different situation,

2,20 In practically all weather-crop studies, the greatest
handicap has been the inadequacy of the statistical data which
serve to describe the crop's environment, It is of particular
importance in the more freQuently adopted empigical-statistical
approaches where one or several variables are felated to crop-
responses such as yield, The statistical specification of the
agrometeorological variables is often difficult, and has to
rely upon the underlying agronomic research before including
them in the model, because the statistical approach does not

lead to an explanation of the cause and effect relationship,
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The co-efficients in such models and the validity of the
estimates depend to a large extent on the design of the
model as well as the representativeness of the input data.l3
More often variables are tested as to whether or not they
contribute to a high value of R? (the coefficient of deter=
mination) — those which do are selected, and at this stage,
agronomic research is sought to substantiate the original

selection.lh

2,21 The effect of meteorological variables on crop-responses
may be entirely different depending upon the area under consi-
deration, In the higher latitudes, for instance, temperature
and sunshine are serious limiting factors besides soil mois-
ture, and hence, the emphasis in their studies on thermc?
periodism and photo-periodism, i5 In India, however, temperature
and sunshine do not act as limiting factors for the crops which
are commonly groun.16 Similarly, precipitation by itself is
perhaps the most important growth factor; but the same preci-

pitation combined with high temperature, low humidity and low

13 Baier, W. : Op. cil.

14 Shaw, Lawrence H, : The Effect of Weather on Agricultural
Output: A Look at Mathodology; JFE, Vol, 46, Feb, 1964,

15 2Eeggrt of the National Commission on Agriculture; Part IV,
PPe “L)e

16 Ray, S.K. : Op,cit, An analysis of data pertaining to

about 50 meteorological stations of India, published in the
World Weather records, indicated that month-wise variations in
temperature over the years (30 to 90 years) were not significanmt,
excepting in some hilly areas — so also some factors like snow-
fall, intensity of light, etc,, "Seven to Nine hours of sun=
shine in clear seasons and 3=5 hours of sunshine during the
South-west monsoon period per dax, on an average, is expected
over a large part of the country”, (RNCA, Op.cit., pp. 24),
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gsoil moisture has different effects than when coilbined with
low temperature, high humidity and high soil moisture, The

relationships and inter-relationships are also complicated,

2,22 Many statistical problems arise in the process of
collection and maintenance of meteorological and phenological
records to be later used in the ultimate analyses, One is

the specification of an appropriate functional relationship
between the meteorological factor such as precipitation or
temperature with the crope-response such as yield, From
general observation it is known that too much as well as too
little of rain can be harmful, or for that matter, excessively
warm or excessf&ely cool weather retards plant growth, Hence,
a bell-shaped curve is a reasonable hypothesis, For simplifi-
cation, it has usually been assumed that the releﬁant range

is only the rising part of the curve and the relationship

has been approximated by a straight-line, But it is quite
possible that in reality the declining part is reached.l7
A solution to the problem is to use a quadratic functionm

= but unfortunately in all time series analysis the number of
observations is limited to around 30 or even less; and quadratic
functions in a multivariate regression model double the number
of independent variables used, thus reducing drastically the
available degrees of freedom, Moreover, once a general type of

functional relationship is decided, there is no assurance

that the general function will be equally appropriate to the

17 Shaw, Lawrence H, : Op,cit,
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different kinds of meteorological variables, Similarly, the
relationships may vary for different parts of the season,
18

different crops, different areas of the country,

2e 23 Assumption of independence between weather and techno~
logy is another serious problem, Drought-resistant varieties,
limited tillage combined with more effective weed control, etc.,
have done much to offset the adverse effects of unfavourable
weather, e,g,, a deficiency in rainfall in 1930 may have cut
crop yield by 25 per cent, but in 1980, it may cut yields by
10 per cent, So, it is reasonable to hypothesize that techno=~
logy and weather are not independent of each other, rather
there is an interaction between them which introduces a bias
in the estimates such that in the years near the present, the
yield-effect of meteorological factors is overestimated and

19

vice versa.

2,2 It is difficult to use unaggregated meteorokogical

data in a weather-crop medel for an area or a country; and
they, too, do not give accurate results, Therefore, aggrega-
tion (as averages) is usually done, But this again gives rise
to problems because the relationship between yield and meteo-
rological factors is not monotonic but more like in a belle
shaped curve, Assuming the optimum yield under such funce

tional relation is achieved at 4 units of a meteorological

18) Shaw, Lawrence H, : Op.cit.
19
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factor, and 3 units yield approximately the same as 5 units
(the two lying on two sides of the bell), a geographical
aggregation might lead to serious error, because if a unit
deviation in the meteorological factor causes a fall of 25
per cent in the yield in two divisions of a state, the aggre-
gate would still show the optimum, whereas the yield could,
in fact, be reduced by 25 per cent,

2.25 Besides these, there are other problems such as the
employment of different weighting schemes used to construct the
yleld average and the meteorological averages, A4 related
problem is of gggregating meteorological data over time — a
monthly average may be misleading if composed of 25 dry days
and 5 days of torrential downpour., The solution, of murse,
is to increase the number of meteorological variables by
using averages for shorter periods. But, this would multiply
the number of independent variables, thereby limiting the
available degrees of freedom. Another problem is associated
with the definition of 'time'; for the plant time is relative
to phenological developﬁent ﬁhereas meteorologlcal time is

usually calendar-time.zo

VI

2,26 The objective of the multiple regression studies has

been to estimate an equation which will measure the yield

20 Shaw, Lawrence H, : Op.cit,
Ray, S8.K. : Op.cit,
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effects of weather factors in any given year, Interest is
usually in combining all weather factors rather than isolating
weather variables in the equation; because all the regression
coefficients are rarely significant, Therefore, there have
been many suggestions of composite indexes of broad meaning,
especially to classify climates and draw their boundaries.21
The proposition is "that what can be done geographically to
distinguish dry climates from moist climates can be transposed
historically over years, and that an index which distinguishes
between excess or insufficient moisture from one location to
another in a given year should also measure effectively
weather variations in a given area from year to year and

provide immediately an operational tool in production analya:ls."22

2,27 Thronthwaite emphasized the importance of evaporation

as a climatic element, called the combined evaporation from the
soil surface and transpiration from plants as 'evapotranspiration"
which represents the reverse of precipitation.' Evapotranspira-
tion rises to a maximum in aw way that depends on environmental
climate, This maximum is called the 'potential evapotranspira-
tion', In his research, Thornthwaite'found that the rate of
evapotranspiration depends on four independent things : climate,
soil moisture supply, plant cover, and land management; and

from further experimental observations generalised the Van't

21  Oury, Bernard: A Production Model for Wheat & Foodgrains
in France; The major portion of this section is based on
Oury's summarisation .of composite indexes., (pp. 24=29)

22  OQury, Bernard,: Op,cit,, pp. 2W&.
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Hoff law of physics to give a moisture ratio that expresses
relative humidity or aridity during a given period in a given

location as follows @

m = = -1

where m ®» the moisture ratio; p # precipitation and

e ®» potential evapotranspiration, ?bsitive values of the

ratio imply that the precipitation is excessive, negative values
that ks it is deficient,

2,28 Recognising that temperature is the major factor for
evaporation, various resemrchers have suggested simpler
formulae substituting temperature for evaporation., Lang's
rain factor expressed as a ratio : I = P/T indicates thaﬁ
effectiveness of rain varies directly with precipitation (P)

and inversely with temperature (T). De Martonne suggested a

refinement of Lang's formula by adding the constant 10 to the
temperature to avoid negative values : I = P/T+l0,

2,29 Koppen suggested three other modifications for
delienating the dry climates, and possibly dry periods :

8P 2P P
I= , Im——, Ia=
5T + 120 T + 33 T + 7

Angstrom suggested a modification of De Martonne's index of
aridity after he found that index of éridity was proportionate
to the duration of precipitation which was in turn directly

proportionate to the amount of precipitation and inversely
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proportionate to an exponential function of temperature :

I = P/1.07T.

Oury suggested that a weather index or aridity index could
be computed with a comparable scale using monthly precipita-
tion and average monthly temperature; and a general formula

for any number of cumulated months would be

B
I = —— (Pi)xl%/— 2 (T1) + 10
n i=1 n i=l

2,30 Knetseh23 used drought index as an explanatory variable
in his yleld equations, He defined a drought day to occur

when the available moisture in the soil reaches a point of
zero-availability as measured by the differences between

daily precipitation and evapotranspiration, A weighted average
of the drought day intensity during a crop season, with the
weights based on the correlation between drought occurence

and yield, was used to calculate the drought index,

2,31 Hypothesising that meteorological variables are a
weighted function of time, Ram ]Jaxg;m+ and John P, Dell have
separately suggested a scheme of collapsing the weekly or
fortnightly observations on rainfall and temperature into a
single variable, if the relationship is assumed to be linear,

or a few composite variables when non-linear, which can be

23  Dubey, J,B, : Weather Indexes: A review of the methods of
Constructing Indexes of the Effects of Weather on Crops;
JISAS, XXII, 1970 (Dec.)

2k  Ram Dayal : Impact of rainfall on Crop Yield and Acreage;
IJAE, XX, 3, 65, J 8o
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used as explanatory variables in yield operations,

2.32 However, Stalling's work was "apparently the first which
actually provided 1ndexeé of the total influence of weather
upon the major crops in a form that could be used in aggrega-
tive production econometric model buildingfzs Others who have
also contributed in this direction are Glenn L, Johnson, Dale
E, Hathaway, Lawrance H, Shaw and Louis M, Thompson, It is
assumed that if time series of yields for particular crops

can be obtained from experimental plots in the areas where
these crops are grown and where as many variables as possible
have been held constant, the remaining variation in yields,
after any trends have been removed, can be considered due
mainly to weather, Any other variation not accounted for is
assumed to be randomly and normally distributed with an
expected value of zero, A weather index is then computed as

the ratio of actual yields to a fitted trend.26

2,33 A weather index, thus computed, can be used to measure
the technological change indirectly by deflating for the
influence of weather-variations in the same way a price=index
is used, No assumption with regard to the pattern of techno=-
logical change is necessary to be made and it can be applied

to different crops, different areas of the country and

25 Oury, Bernard : Op.cit., pp. 2k.

26 Stallings, James L. : A Measure of the Influence of
Weather on Crop Production; JFE, Dec,, 1961,
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different degrees of aggregation, The weather index approach
avoids not only the question of exact cause-effect relation-
ship, but is also devoid of the difficulties associated with
the statistical attempts a at measuring the influence of
weather and yet provides most of the answers.27 Aggregation
over time is not a problem here because the final variation in
experimental yield is used as the measure of the influence

of weather, Weather ig measured as the net effect of all
meteorological factors on yield; hence, the timing of rain-
fall or temperature is not a stumbling block., The growing

of the crop in ?he experimental plot would be done by making
all necessary and possible adjustments to changing rainfall
and temperature, etc., In addition, fully comparable weighting
system is used while computing the weather index for the
district or state or country, if there are such experimental
plots in sufficient numbers in the different agro-climatic

areas of a district and a state,

2,34 One limitation of this way of deriving an overall
weather index is that it can be useful in explaining factors
affecting variation in yield in the past; but it cannot be

of much use in forefasting yield in the future. And the other
more serious one is that the data sources limit such index to
those areas for which an adequate 'sample' of yield series is
available, A small sample-size may lead to an overestimation
of the effects of weather at highly aggregative levels, since
variation in crope-yield per acre is generally an inverse

function of the size of area under production,

27 Shaw, Lawrence H, : Op.cit,



CHAPTER THREE

WEATHER=-CROP STUDIES ABROAD

3.1 As was discussed in Chapter Two, hypotheses regarding
the response of plants to weather factors may be tested by
experimental or by statistical methods, In the experimental
method, weather factors as well as other factors are, at

least in principle, subject to rigorous control, Simulation
provides an insight into weather=-crop relationships, explains
why some factors are more important for yield than others,
suggests factors likely to have statistical significance and
provides the basis for new experiments on processes which

are apparently important but not yet sufficiently understoodf
But such experiments inside the laboratory or green-house

or field require elaborate equipments and a highly technical
staff for supervision and analysis; all of this is very
expensive and uneconomical, and suffers from other limitations
because of which statistical methods are often taken recourse
to, It is apparently impossible to reproduce exactly the
various weather conditions and the conditions in the field,
Moreover, the number of factors which ought to be studied
independently become only too large, whereas in thé statistical

method the inter-correlation: between the effects of indivie

1  Baier, Wolfgang : Crop-Weather Models and Their Use in
Yield Assessment; WMO Technical Note, 151, 1977,

32
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dual weather factors makes it possible to treat such a
complex of variables as one variable, There, it is the

task of the statistician to isolate, as far as possible,

the influence of individual weather factors, while holding
the other factors ‘'constant' at specified levels by means
of statistical analisis. Thé simulation approach, as a
practical research tool to investigate more thoroughly
specific plant-environment processes, may not altogether
replace the statistical approach; but certainly be a comple-

mentary to it,

3.2 The present chapter reviews the statistical research
done abroad, in cropeweather relations in three stages,

since the replication and findings of the experimental
researches carried out elsewhere are inaccessible, Section II
deals with some of the early studies in this direction
consisting of simple correlation analysis, to be followed

by the refined method of 'Regression Integrals' as suggested
by Fisher, in Section III; Section IV deals with a few of
the recent studies using regression-techniques to forecast

the yield,

II

363 Since there is a logical cause and effect relationship
between weather and crop yields, direct use of weather as a
means of forecasting crop-yields has been a challenge of

long-standing, Some of the earliest statistical enquiries
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into these relations consisted of simple correlation studies,
where the final crop-yield was charted against a single
variable, usually monthly or total rainfall during a growing
season; or temperature during supposedly critical months,

The equation of the form Y = a + bX, was used to estimate
such statistical constants as the coefficient of correlation
and standard error of the estimates.

3.4 R.H. Hooker,?

in 1907, was the first to apply formal
correlation methods to the study of weather=crop relationship
as a response to the hypothesis of Sir W, Napier Shaw that
the amount of precipitation received in the fall, about
seeding time, seemed to exert a considerable negative influ-
ence on the yield of winter wheat in Eastern England,
Hooker's study, which served as a model for many subsequent

investigations, involved the calculation of some 700 correla-

tion coefficients,3 based on a period of 20 years, between

2 Hooker, R,H, : "Correlation of Weather and Crops", Journal
of the Royal Statistical Society, No., 70, March, 1907,

3  The simple correlation coefficient, between the yield and
(1) the rainfall, and (2) the temperature is given as =

re= Z(:ny)/ \in €1 <2

Partial or net correlation coefficients are computed as

-» f -
\/(1 r13)(1 r23)
the effect of temperature is approximately eliminated; and

e12 =

, between yield and rainfall when

Py = ool
913 - L3 1;]%2 23 , between yield and temperature

when the effect of rainfall is approximately eliminated,
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the yields of ten crops and rainfall and temperature data for
successive overdapping eight-week periods separately, The
partial correlation coefficients between yield and rainfall,
after elimination of temperature effects, and between yields
and temperature, after elimination of rainfall effects, as
well as the multiple correlation coefficients between yield,
rainfall and temperature, are also shown for each period,
Among other conclusions drawn from this analysis, it was
found that absence of rain in September and October was more
important to wheat crop than rain or temperature at any

other period of the year, which was a strong evidence in
favour of 3ir Népier Shaw, The combined effect of rain

and temperature in winter seemed at least as great as the
autumn rainfall alone. With regard to temperature, Hooker
concluded that wheat likes a mild winter, a cold spring and
a dry July. All these conclusions were drawn from a comparae
tive study of the successive correlation coefficients and

the highest coefficient has been regarded as exercising the
most influence, Further, the choice of 8-week successive
periods is not only arbitrary, but also unrepresentative for, the
most critical period for wheat is shorter; besides raising

multicolinearity problems in a multiple regression analysis,

3.5 In 1910, A. Walterh investigated the effect of tempera-

ture and 'effective rainfall' on the yield of cane sugar in

L Walter, A, : The Sugar Industry of Mauritius, London,
191051; ggzccessible. Reviewed by Fred H. Sanderson, Op,cit,,
PP+ « °
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Mauritius (during 1892-1905) where he defined 'effective
rainfall' by the expression, I = Rt; where 'R! is the total
rainfall and 't', the percentage of rainy déyé, thus weighting
any amount of-réinfall by the number of days during which

it fell, Walter then computes the partial regression
coefficients and draws his conclusions which were of
questionable significance., This was probably because he
determined 6 constants from only 10 observations, Yet,
Walter's work was considered as a genious piece, remarkable

for its scope,

3,6 HeLis Moore’ is one of the most outstanding early
advocates of the methods of correlation as applied to crop

and price forecasting. In his 'Economic Cycles: Their Law

and Cause', Moore studied the cfitical periods with respect

to rainfail, of various crops in the State of Illinois, He
also gave formulae, based on weather records, to predict
cotton yields which claimed greater accuracy than the official
forecasts at a much later date, Henry A, Wallaco6 is another
of the firsts to make use of multiple regression metheds to

predict crop-yields from selected weather factors.7 The United

5 Moore, H.L, : 'Economic Cycles : Their Law and Cause!
(New York, 1914), - Inaccessible, -

6 Wallace, Henry A, : 'Mathematical Enquiry into the Effect
of Weather on Corn Yields in the Eight Corn Belt States';
USDA, Monthly Weather Review (1920). — Inaccessible,

7 Review from Fred H, Sanderson, Op,cit., pp., 214=215,
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States Weather Bureau, too, became interested in the study

of weather-crop relationships; and a Division of Agricultural
Meteorology was created in 1916 under the leadership of J,
wWarren Smith, which underteock a number of investigations of
the factors determining the yield of cereal.crops and cotton,
The idea of investigating systematically the effect of the
seasonal distribution of weather elements on crop=yields was

later taken up, with more refined methods, by R.A. Fisher.8

IIl

3.7  Fisher, guided by the consideration that in studying
the influence of a meteorological factor, not only its total
amount during a certain period be taken into account, but
also the manner in which it is distributed over the period
be noted, developed his technique of 'regression integrals’,

In its general form it is as follow39=

3.8 Let My, My, «..o M, Dbe 'k' meteorological factors
influencing the yield of the crdp.'y'. Let 'q' be the
subdivision of the year for each of ﬁhich roéofds of the
meteorological factors are available, The multiple linear

regression equation of the yield of the crop upon the 'k!

8 Fisher, R,A, : 'The Influence of Rainfall on the Yield of
Wheat at Rothamsted!'; Philosophical Transactions of the
Royal Society of London, Series B, 213 (1924),

9 _The entire formulation is borrowed from K,R, Nair and
P, Bose : 'Influence of Humidity and Temperature on the Yield
of Cotton'; Sankhya, Vol, 7, part-2, Nov, 1945,
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meteorological factors is written as =

q q q
Y = c‘* a . + a m + eos e e + Z_-_ a m XK} (l)
gzi 1n"1n g;i 2n"2n n=1 kn kn

where M1 Mysy eeee mlq’ Myys Mooy eeee ngq, Megs Moy oo
e mkq are the measurements of the meteorological factors
in the different intervals of time, If the subdivisions

of time were made infinitely small, we should replace the
linear regression function by a regression integral of the
form :

T T T
Y = C+ (ajmdt + cfam,dt + seee + (Camdt ..., (2)
o ) o

where m dt in general is the effect of the meteorological
factor in the element of time dt., The integral is taken
over the whole peried,

3.9 If Tor T3s Toy eeeey, T, Dbe a series of orthogonal
functions of time such that -

sTT. T, dt= 0 (rés), STT.2 dt =1, then,

° , o

we may represent the series of values of each of the meteoro=
logical factors as a time series. using the following ortho-
gonal polynomials,

o n

my = CoTe * Ty * Galp * eees Catn {.... (3)

. = €LOTo * €iclTl . GLZTZ * e ¥ G:an }
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T
where €, = §$mT - dt.

3 s
The regression values 8419 8429 eveey 84 for the meteorolo-
gical factors in (1) may be expected to lie on a continuous

time curve so that we may express the regression function in

(2) in the form —
= L
al JIOTO + 11T1 + £12T2 + e ¢ 0000

az = £20T° + £21T1 + £22T2 * sessnee XX (")

S S e S g S e

a = °Cl_coTo v LT+ LaTop® ceeees

T
where Jis = é aiTs' dt.

The degree of polynomials in (3) and (4) should be the same
and in practice seldom exceeds 4 or 5, Now, using the rela-

tions (3) and (4), the relation (2) stands as

Y = c+ (€ °clo % @11°511 *eeee #0000 )

+ (ezo oczo + 921 0621 * eoee +e2n Cﬁzn) * ocosce

+ ( eko ofko + le °£kl * ceee* ekndlkn) es e (5)

Now, the values Qlo, €115 esees €gs €qs +eos may be
obtained for each year by fitting orthogonal polynomials for
each meteorological factor, then correlating this series
with the yleld of the crop for several years, we can get
values of 0518(1 = 1 to k; 8 = 1 to n) as partial regression

coefficients using relation (5). By substituting these



ko

values in (4) we get values of a;, a5, .... &, which will
give the effect of fluctuations in each meteorological variable
at any point of time in the season on the yield of the crop

at the end of the season.lo

3.10 Fisher's original study concerns the yields of wheat on
13 plots at the B Rothamsted Experimental Station, under
continuously uniform treatment since 1852, thus providing

an exceptionally long, homogeneous series, He takes data for
60 years and fits orthogonal polynomials of the fifth degree ﬁ
to the sixty annual sequences of six-day totals of rainfall,
The effect of the amount and distribution of rainfall on the
yield of wheat was found to vary considerably, depending on
the manurial treatment., The average effect of rainfall
appeared to be harmful in all the plots — winter rainfall
being particularly damaging, The minimum damage was in May,

3,11 Tippett studied the net effect of the amount and
distribution of sunshine on the yield of wheat on one of the
13 plots studied by Fiéher in the same way; and found that
sunshine was beneficial throughout the year, Similar studies
have been carried out by Pallesen and Laude, Davis and

Pallesen, Davis and Harrell with regard to di fferent meteo=

10 For the sake of simplification of the computations, the
orthogonal and normalised polynomials in the model, may be

L} ]
replaced by the polynomials § . The values of € have been
tabulated by'Fisher and Yates, The procedure of using tabulated
values of ¥ is amplified in 'Methods of Statistical Analysis'
by Cyril H. Goulden (John Wiley and Sems, Inc., N,Y,)
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rological factors at different places. There have also been
some Indian studies adopting this method, which will be

discussed in Chapter Four,

3,12 Although Fisher's method possesses an elegance and a
conciseness in represeﬁting the average effect of a weather
factor on yield, it, too, has limitations. It does not
take account of joint effects between successive precipita=-
tions, It is assumed that the effect of precipitation at any 3
time is independent of the amount of precipitation at any |
other time, and hence, the additive relationships, Moreover,
the use of calendar periods calls for the criticism that
Fisher's contenti&h may be justified for a given crop-phase,
but ma} not hold good during the transition of the crop from
one phytophase to another such as vegetative development to
reproductive phase, There are critical phases, such as
'crown-root initiation' and 'tillering', lasting for two or
three weeks and with their oﬁn special weather optima,
Lastly, it requires a very long series of data for, it reduces -

the degrees of freedom considerably.ll

v

3.13 An abundant amount of literature grew up in the 1920's
following Henry A, Wallace. The 'Bean Method' of graphic |
multiple correlation, a logical eitension of ﬁhe simple

correlation dot-chart procedure, made curvilinear relations

11 Sreenivasan, P,S, : 'Studies in Agricultural Meteorology
of Some Field Crops'; Unpublished Ph,D, thesis at Mahatma
Phule Krishi Vidyapeeth, Rahuri (1970).
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developed with a statistical understanding of the effect of

a combination of variables on the yield. Notable among the
researchers at the time were J.B, Kincer, W.A. Mattice,

B.B, Smith, H.J, Henny and others. Most of the studies used
precipitation and soil mbisture as the principal explanatory
variables and tended to be limited to one crop in one climatic
area, Even while the correlations were significant and

fairly high, the relationship when used in subsequent years,
would not be the same as for the years included for the study,
and hence, for purposes of forecasting, they were misleading.
This was probably because, working with a 15 or 20 years
period data, several weather factors and mostly curvilinear
relationships, degrees of freedom were comparatively smaller,
Therefore, though the 'direct' procedure in estimating has not
been abandoned, the emphasis has shifted to 'indirect' or
supplemental weather approach, where considefable use of multi-
ple regression in estimating yield with reported condition
and/or yield, precipitation, or indices of weather as variables
is made, Thornthwaite, Shaw, Stallings and Palmer, as men-
tioned in Chapter Two made significant contributions in deve-
loping weather-indices in an attempt to incorporate crop

production and climatic data in econometric studies.

3.14 Three major sources of variability in yield of grain
over a period of years can be identified — (a) Technological
change, (b) Meteorological variability, and (c) Random

'noise', The technological change is reckoned as the most
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important source of variability and is often assumed to have
increased yields smoothly over time; therefore, years or

some other parameter of time are used as an independent

variable in the recent regression analyses, Random 'noise'

in yield-weather models is a combination of truly rahdom '
events including those technological and meteorological
influences not specifically included in the model, the aware-
ness of which is important especially while evaluating the
impact of actual or hypothetical changes in the input variables,

3.15 Richard Perrin used Palmer's drought index for an
intensive study -of yields of seleéted crops in the United
States and developed yield-weather relationships for corn

in Illinocis and Iowa, for winter wheat and grain sorghum in
Kansas and Nébraska, and fer sptin? wheat in North Dakeota,

His study used selected combinations from 26 variables for
Kansas winter wheat yields and was based on 1946-66 data, His

2

best equation, in terms of R”, contained variables for loca=

tion within State, a variable for time, and fall and spring

weather variables, which were based on Palmer index, He obtain-

2 of 0,82 and a standard deviation of 3,2 bushels per

12

ed an R
acre, roughly 15 per cent of recent yield levels,

13

3.16 Bernard Oury's ™’ study of wheat and feedgrain produc-

12  Perrin, Richard : Analysis and Prediction of Crop Yields
for Agrioaltural Policy Purposes; Unpublished Ph.D, thesis,

Iowa State University (Inaccessible; referred to in 'Forecasting
Wheat in Turkey', by Arthur Coffing,) -

13  Oury, Bernard : A Production Model for Wheat and

{;gggrains in France; North Holland Publishing Co,, Amsterdam,
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tion in France was the first that attempted to use the

De Martonne aridity index, The study was based on 1946-61
data, and used weather, technological, and economic variables
to develop models for yield, area and production of wheat

and feedgrains, He developed two series af to represent
weather data : one was a weighted average, weighted by produc-
tion for 30 stations scattered throughout France; the other was
a simple series from the Paris weather station since Paris
happens to be the centre of the wheat-growing region in France,
When compared, the two series gave very similar results; and
therefore, Oury -used the simpler series for his prediction
models, The equation finally selected for wheat-yield was :

(145.45) (1,6040) (4,5171)
(2,9861) (8.,9833)

where Y ~—> Average yield of all wheat, kg/hectare;

13 ——> ‘'winter effect' weighted for wheat acreage,
| | in d°c,
XL —> the aridity index average compounded
over 9 months cumulated (Oct, through June)

Xy1 = 3-year moving average of the price of wheat
deflated by wholesale price index;

and xhs —> 3-year moving average of nitrogen consumption,

t — values are given in paranthesis, which are significant

for all explanatory variables but one, x3. Oury obtained

an R = 0,91 with a standard deviation of 145 kgs, The
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final explanatory variadbles are chosen from among 9 environ-

mental variables, 20 price variables, 10 production variables
and 3 technological variables after running a series of regre-
ssions, Similar regression analysis was done for his acreage
model where, too, he obtains R® = 0.93 with a standard devia-
tion of 144,000 acres; and production model where R® = 0.91

and standard deviation = 797,000 tonnes,

3,17 John P, Dol1l*, in 1967, used Missouri corn yields

to show how a weather index could be constructed, He used

8 weeks of data for 37 Missouri weather stations for the

years 1930-63. ‘When the Index was coupled with a variable for
technology, where he used a cubic time=trend, it explained 90
per cent of the variations in corn-yields. He suggested that
about 66 per cent of the variation could have been explained
by weather alone, However, he did not perform any statistical

tests since his weather stations were not randomly selected,

3,18  Another study by Arthur Coffingl” in an attempt to
forecast wheat production in Turkey, also makes use of De
Martonne index, where the monthly weather data are converted
to an aridity index, and then the monthly index into 2- and

3= month cumulative index :
I, = (12py)/(Ty + 10)

I; = invi/ U

14  Doll, John P, : 'Estimating Weather Indices'; JFE,
Vol, 49, No, 1, Feb, 1967,

15 Coffing, Arthur : Forecasting Wheat Production in Turkey;
USDA Economic Research Service, Foreign Agricultural Economic
Report, No, 85, 1973.
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Qhere I1 —> monthly aridity index,
i —> monthly precipitation;
Ti —> monthly average temperature,
I. —> cumulative aridity index;
vy — statistical variance of I,
and U ——> the sum of the V.

To explain variations in wheat yields, area planted, and
production during 1948-68, separate sets of regression runs
are made and the final equations were selected., The final

equation for wheat-yield was :

Y = 883,9 - 2,03 X, + 11,15 X,, + 0,13 X
5 12 13
(2.93) (4.31) (3.04)
where Y ——> National Yields in Kg/hectare
& ——> Jan-Feb, aridity index for Ankara
112 ~——) May-June aridity index for Ankara

X)3 —> Fertilizer consumed in 1,000 metric tonnes,

2 obtained was

t — values are given in parantheses, The R
0.82 with a standard deviation of 104,3, It was found that
forecasts based on a set of weather data closely associated
with yields in a major component of the total, result in a

smaller standard deviation than do forecasts based otherwise,

3.19 Thus, a marked development in phases can be noticed
in the quest for an empirical-statistical relationship between
the weather and the crop., It started with the simple corre-
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lation analysis-studies to be refined into more elaborate
and complex analysis in terms of regression-integrals, and
finally, the multiple regression techniqueswgféwéﬁployod
with the objective of forecasting for the future, In the
latter cases, again, there seems to be a shift from employ-
ing weather factors directly as the explanatory variables,
to the use of weather-indices instead, which seems to have
improved the results at least in terms of the coefficient

of determination,



CHAPTER FOUR

WEATHER—CROP STUDIES IN INDIA

k1 Weather=-crop relationships have also fascinated Indian
authors for long.1 Though a few studies have been done by
agricultural scientists (notable being Harold Mann,? Kalamkar
and Satakopan,3 Kanitkar,h Kaul and Sidhus), India Meteoro-
logical Department has been the main centre of research for
such studies, Most of these studies are of empirical-statis-
tical nature emﬁioying the methods of correlation and regre-
ssion, and endeavouring to develop techniques for quantitative
crop-yield forecasts on the basis of 'long series of past

crop yield data and meteorological parameters'.6

1l Indian studies can be traced as far back as 1910 to

S.M, Jacob, 'On the Correlation of Areas of Matured Crops

and the Rainfall and Certain Allied Problems in Agriculture

?gglg?teorology'; Memoirs of the Asiatic Society of Bengal
B _

2 Mann, Harold H, : Rainfall and Famine — A Study of Rain-
fall in the Bombay Deccan; ISAE, Bombay, 1955,

3  Kalamkar, R.,J, and Satakopan, V., : Influence of Rainfall
Distribution on the Cotton Yields at Government Experimental
Farms at Akola and Jalgaon, IJAS, 1940,

igéoKanitkar, N.V. : Dry-farming in India; ICAR, New Delhi,

5 Kaul, J,L, and Sidhu D,S. : Composite Weather Index for
Response Studies; Symposium on Effects of Weather on Agricul-
tural Production, Calcutta, Feb, 1969,

6 Vaidyanathan, 4, : Influence of Weather on Crop Yields: A
Review of Agro-meteorologists' Research, IJAE, Apr,-June, 1980,
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b,2 In the subsequent sections of this chapter, the All
India Co-ordinated Crop-Weather Scheme (AICWS), which happens
to be the data base of the empirical studies, will be discussed
first, to be followed bx{ﬁritical evaluation of the studies

themselves.,

II

4,3 In pursuance of the recommendation of the Royal Commi-
ssion on Agriculture (1928), the India Meteorological Depart-
ment (IMD) commenced work on agricultural meteorology by
setting ﬁp a new and separate division of 'Agrimet'! in 1932,
The objective was to encourage proper scieﬁtific study of the
relation between weather and plants through (i) macroanalysis
of distribution and variability of rainfall, and estimation of
evaporation and crop-weather requirements, as well as through
(11) micro-studies of climatic variables in cooperation with
agricultural institutes and state agriculture departments
which would prévide a basis for the specification of the

variables in the macro-studies,

by bt Continuous series of district-wise estimates of

(a) areas sown to different crops and (b) crop-yield per
acre, were available from 'Season and Crop Reports' before-
hand, The IMD, too, had béen collecting systematié meteo=
rological data on rainfall, temperature and wind, etc,, at

a network of weather-reporting stations alongwith a denser



50

network of raingauge stations which recorded regular rainfall
in all states, The Agrimet started with examining the exist-
ing time-series and commenced some preliminary correlation
studies with the objective of exploring possibilities of

forecasting crop-yields as functions of weather factors,

L5 But, the available data suffered from serious draw=
backs and hence, did not prove useful for such studies, The
crop=yield data were not only scanty, but also were a subjec=
tive guess-work of revenue officials, Similarly, in the case
of weather-data, the observing stations were usually located
in easily accessible urban areas, far away from the actual

7

field environment,

L, 6 The Agrimet, then, turned to the more precise data
recorded at Agricultural Experiment stations, where although
the data were scanty, yet an analysis of variance always
brought out the very important fact that the yield-variability
from year to year (i.e.,, due to weather) was practically as
high as that attributable to all the factors combined, such as I
variety, treatment, manure, etc..8 But the insufficiency of

data led to the setting up of the Central Agrimet Observatory

7 It ought to be borne in mind that the purposes behind the
collection of the two different sets of data were different
- ong, collection of revenue; and the other, to predict
weather,

8 Sreenivasan, P,S. P Studies in Agricultural Meteorology of
Some Field Crops; Unpublished Ph.D, thesis at Mahatma Phule
Krishi Vidyapeeth, Rahuri (1970).
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in the Agricultural College Farm at Poona in 1933, to initiate
necessary investigations of the micro=-climates of the typical
crops and to evolve techniques for securing accurate estimates
of the periodical development or growth observations of
selected crops during their life-time. This provided the

basis for launching, in 1945, the All India Co-ordinated Crop-
Weather Scheme (AICWS) by the Indian Council of Agricultural
Research (also co-sponsored by ICSC and ICCC) for periodical
observations on the growth and development of crops in selected
fields at a network of Crop-Weather Observatéries situated at
important experimental farms in different states in India.9
The objective of the Scheme was "the collection of basic
meteorological and crop data in a farm environment with a
view to studying inter-relationships, with an attempt to study
the effect of individual climatic elements like temperature
and rainfall on crop=yield ....."10 The cropfchosen for the
study on all-India basis were paddy, wheat and jowar, to

which were added cotton and sugarcane in 1946 and 1947

respectively.ll

9 Ramdas, L.,A., : Crops and Weather in India, ICAR monograph,
New Delhi, 1960,

10 geport of the National Commission on Agriculture, Part IV,
PP. <,

11 Mallik, A.K., P Effects of Weather on Crop Growth and
Yield at Government Experimental Farm at Dharwar; Journal of
Biological Sciences, June 1958,
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L7 Under the AICWS, there were 125 observatories of

which 50 recorded detailed and systematic observations, on

a uniform basis, regarding the growth and yield of the selec-
ted crops as well as the meteorological factors experienced
by the crop during its life cycle., The scope and design
behind this endeavour was as follows: "At each station, two
varieties of the crop under observation are grown according

to the following lay-out plan, with six plots under each

variety,
vy v, v, vy vy v,
Yy Va V2 LY Vi Va

Vl = X Variety

v2 = JII variety,

The size of the plot is E%-acre. The sampling unit is 8 ft,
length made up of two parallel 4 ft. length (ultimate units),
in adjacent rows., Three such samples are selected by randomi=
sation from each half of the plot, giving 36 samples or 72
ultimate units, for each variegy. The two end plants of each

ultimate unit come under measurement,

4,8 "The height measurements are thus made on l44 plants
in all, for each variety, selected by randomisation, The
height is measured from the ground upto the base (junctura)
of the topmost fully opened leaf, The height values ....
represent the average of the heights, from the ground to the

Jjunctura of the topmost fully opened leaf, based on the
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measurements made on 144 plants of each variety selected by
randomisation, at a time when the height of the crop has
reached the maximum, The yield values, however, are based
on the yield of all the six plots of each variety, pooled

together."lz

L9 "The data are tabulated on standard printed forms,
according to standard weeks and periods of the 'Gowers Year',
The advantage of using 'Gowers Year' is that eaéh standard |
week of the year ax covérs the same’calendar dates every year
and it is, therefore, convenient to obtain normals for each
standard week, when data for a sufficiently large number of
years are accumulated. The tabulated data are promptly scru=-
tinized at the office of the Director of Agricultural Meteo-
rology and care is taken to ensure that the accumulating data

remain free of any serious shortcomings,

L,10 “After scrutiny, both the meteorological and the crop
data for each crop, for each year are represented pictorially
in cropeweather diagrams ..... Such diagrams summarise a
wealth of data depicted the life history of the crop from
sowing to harvest, indicating the dates of commencement and
completion of various growth phases such as germination,

tillering, or branching, elongation, flowering and yield.”13

12 Mallik, A.K, : Height and Yield of Kharif Jowar in
Relation to Rainfall during Vegetative Growth; IJMG, Vol,9,
NO. l", 1958a PPo 377.

13 Mallik, A.K. : Op.cit., JBS, 1958,
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4,11 Under the Scheme, in the above-mentioned design, a

huge mass of information was collected, though the collection
and publication of the data were rather fitful and incomplete,
The Scheme in its original form was discontinued from the late
sixties, The present position is explained thus : "In the
last two decades, large changes have taken place in the

country in Agricultural Production Technology. 0Old crop varie-
ties and the agricultural operations have also undergone sub=
stantial changes, To be in tune with and to cater to the need
of these new developments, the precision crop-observations

are being replaced by those requiring the recording of simple
observations on the growth, development and yield of important
crop varieties from all agrometeorological stations, — such
that enough data becomes available for analysis in a short
period of time ,..., The information cocllected from the net=-
work of observations is also being mapped for issue as an Agroe-
climatic atlas of India, The crop and meteorological data
under the crop=weather scheme are being published in the form
of crop-weather diagrams, which are a factual summary of the
week by week progress of the crop growth and the weather

conditions experienced by it.”lh

L,12 The major advantage that has decidedly accrued from the
scheme is that a network of more than hundred well=equipped

agrometeorological observatories all over the country have

14  Sarker, R,P, : Meteorology at the Service of Agriculture;
Mimeo, (1977), Pe 2 (Quoted by Vaidyanathan, op,cit,, p. 129),
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been recording data on sunshine, air temperature, (maximum,
minimum, dry, wet and terrestial minimum therometers), soil
temperature, wind, rainfall, evaporation from water surface

and evaporation from soil surface, 1’

4,13 Precipitation happens to be the principal climatolo=«
gical factor affecting Indian agriculture, because, although
geographically India falls within latitudes which encompasses
all the deserts in the northern hemisphere; it is the stra-
tegic location of hills and mountains that has saved her
from aridity.l6 Nature has been bountiful in bestowing the
countryside with all factors conducive to rich agricultural
economy except one : the crucial water supply which depends
mostly upon the whims of the rain-god.17 The origin of

natural water=-supply in India is primarily from four monsoon

currents -

(1) South-West monsoon from June to September
(ii) Post-Monsoon from October to December
(iii) Winter monsoon in January and February

(iv) Summer monsoon from March to May,

15 2l"Report of the National Commission on Agriculture; Part IV,
Pe ®

16 Sen, S.R. : Droughts in India : Certain Dimensional
Considerations; Symposium of Planning for Drought Areas,
New Delhi, Mar, 1969,

17 Ray, S.K., ¢ Weather and Reserve Stocks for Foodgrains;
EPW, Sept,, 1971,
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Of these, the South-West monsoon accounts for two=-thirds of

the annual precipitation for most areas and influences directly
more than 60 per cent of India's total foodgrain production.18
The uneven distribution of raihfall over India is due to wind
currents as well as due to the elevation and topography of

the land; and the pattern of rainfall distribution is prima-
rily responsible for differences in lgnd-use, cropping=pattern,
settlement and density of population in different parts of the
country, This does not, however, mean that efforts have been
or should be slackened to collect data with regard to other
agrometeorological factors, The empirical works on weather=
crop relations, to be discussed in the next section, show the
attempts in the direction of bringing out the effect of other

meteorological parameters like temperature, sunshine and

humidity on crop=response as well,

III

L,14 Studies in the field of weather-crop analysis in
India commenced as early as in 1910, However, there is no
evidence of any research in the direction of establishing
relationship between different facsts and stages of weather
and its impact on the different stages of crop=growth, as it

has been done in other countries where serious agronomic

18 Ray ] S. K. : Op’ cj-t.
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research is conducted.19 Research on crop-weather relation
in India has been essentially of a statistical nature where,
lately, the objective has been to investigate on drought
climatology and to develop techniques for issue of crop-yield

forecasts using meteorological parameters.zo

4,15 As pointed out in the last section, although other
meteorological factors are recognised and taken into account

- in such studies, precipitation or rainfall happens to be the
principal weather factor of concern for the Indian researchers,
Weather can be treated either as a single aggregate measure
of weather facto; or factors during the entire production
period, or at different periods of plantegrowth, 1In the
following review of the studies, it will be seen that in a
few early ones, the attempt has been to correlate weather
factors, mainly rainfall and its distribution, with the

areas sown as well as the crop-yield. The notion of an upper
and a lower limit to 'useful' rainfall, beyond which the
plant-growth is adversely affected, has resulted in a few
studies where the limits have been sought to be established
statistically by fitting a quadratic function with total

rainfall (or other meteorological facter) as an independent

19 Detailed in Chapter Three, In the studies abroad, there
have been attempts to evaluate the coefficients relating
crop-responses to climatological or derived agrometeorological
data, =k e.g,, the Baier's model, the FYNM model,

2 This was mainly due to the recommendation of the Planning
Commission in the latter half of 1967. (Report of the National
Commission on Agriculture, Part IV)
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variable. In another study, on the basis of general agro-
nomic knowledge, the relevant levels of rainfall, the number
of rainy days, etc., a single measure of 'maximum effective
rainfall' is calculated to be fitted into the analysis, But
mostly there have been studies where regression techniques
have been employed to analyse the crop weather relationships
using weather factors alone as the independent variables, as
well as some, where the weather factors along with certain
agronomic results are taken as the explanatory variables so
as to arrive at am forecasting formula,

L,16 In the very first study of its kind in India, S.M, Jacob?l

tried to correlate the area under matured crop with rainfall,
and also, specifically dealt with the effect of varying distrj-
butions of rainfall on the important crops, considered separa-
tely, in the Jullundur tehsil of Jullundur District in the
Dhoaba between Beas and Sutlej, taking into account data from
1886 to 1915, He correlated the areas sown (to all crops) to
rainfalls in August, September and October separately, too.

The nett or partial coefficients of correlation of area sown
with wheat in the well-irrigated area with rainfalls during
August, September and October were =0.79, =0,86 and =0,74

respectively; and that in the unirrigated area were + 0,57,

21 Jacob, S.M. : 'On the Correlation of Areas of Matured
Crops and the Rainfall and Certain Allied Problems in Agri-
culture and Methodology'; Memoirs of the Asiatic Society of
Bengal, 1910; and 'Correlation of Rainfall and the Succeeding
Crop with special reference to Punjab'; Memoirs of IMD, 1916,
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+0.72 and +0, 59 respectively. The equation expressing area
of wheat sown in the well-irrigated zone in terms of rainfall
departures from the mean rainfall of each month was arrived
at 3

S = 18,390 = 570 Rg = 750 R9 - 4,300 Rio

where Rn » the rainfall departure from the mean in the nth

month, To bring in the relative effects of August, September
and October rainfall (computed to be in the ratio of 2:3:1),

the regression coefficients are multiplied with their respective
standard deviations and appropriate correction for the number

of wells is also introduced, Finally, Jacob arrives at a
multiple coefficient of correlation equal to 0,89 between the
sown area of wheat and the weighted rainfall in the well-
irrigated region, and that of 0,77 in the unirrigated region,

4,17 The underlying assumptions in this analysis are that
rainfalls in the months considered are not correlated to each
other; and that all departupggﬁgf’yain above tth@egn are
beneficial and vice versa, The logic behind the weighting
device employed herein, as well as the presumption of linear
relation throughout is not comprehensible, Besides, obviously
acreage or areas sown depends not only upon the rainfall,

but also on other important factors, such as the crop-prices,v

the prevalent culture and above all the trend, which, for thé:

period considered in the study, was rising,

4,18 At the beginning of the AICWS, Mallik et al®? carried

22 Mallik, A.K, : 'Effects of Weather on Crop Growth and
(contd..,
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out some correlation studies to establish separate or inde-
pendent statistical relationship between the yield rate of a
particular crop and certain number of weather and agronomic
variables relating to the crop., The curiosity was to see

if short series, of say 10 years, may be utilized to make

some preliminary examinations and indicate conclusions. The
weather variables are rainfall or precipitation, number of hours
of bright sunshine and the number of clowdy days computed from
the number of hours of bright sunshine received, For this
purpose Mallik defines a standard or normal "Grower's Year"
for a crop where the period of plant growth is fixed in
calendar terms, He thereby ignores the variation, if any,

in the growth period for a crop from year to year arising out
of the changes in the datea of sowing of the crop, Given the
Grower's Year, he divides this into weeks, and observations of
the weéther variables separately for everyone of these weeks
are regressed against the yield rate, Similarly, he takes
some agronomic features like the number of plants, number of
tillers, height of the plant and the number of earheads or
flowers, and regresses each of these separately with the yield

22 (contd,)

Yield at Experimental Farm at Dharwar'; Journal of Biological
Sciences, Vol, 1/1, June 1958; 'Height and Yield of Kharif
Jowar in Relation to Rainfall during Vegetative Growth',
IJMG, Vol, 9/4, 1958; and Mallik, A.K,, et al : 'Preliminary
?g%gies in Crop-Weather Relationships'; IJMG, Vol, 11/4,
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rate of the crop. This sort of analysis is carried out for
wheat, jowar, cotton crops at Dharwar, where the number of
annual observations in each case was 9 (from 1946-47 to
1954=55); and kharif jowar at Dharwar, Parbhani, Jalgaon,
Akola and Nagpur where the procedure of substituting repli-
cation in space for replication in time is adopted., The

number of station-years in the latter case was 48,

4,19 From this type of simple correlation analysis, Mallik
draws the following types of conclusions : that 'unseasonal
rain and cloudy weather create conditions favouréble for
severe attack of rust in the case of wheat'; 'jowar crop at
Dharwar is rather susceptible to excessive‘rain during the
growing period'; 'spell of cloudy and rainy weather extending
over 3 consecuﬁive weeks during the growing season of cotton
appears to create conditions favourable for pests like shoot
bover and red-cotton bugs'; 'greater rainfall during the

four weeks preceding the braﬁching period, as well as during
the period, and more rainy days during branching increased the

number of branches', etc..23

L,20 It is difficult to see how Mallik can draw from these
sets of simple correlations such conclusions, In the first
place, no great significance can be attached to the corre-
lation between the rainfall in a particular week in the crop
season and the yield rate of crop; the yield would depend upon

the pattern of rainfall that precedes and succeeds that week's,

23  Ibid,



62

Even if in some sense rainfall in a particular week is crucial,
the magnitude of its impact on the yield cannot be judged

from such simple correlation exercises., Secondly, the parti-
cular agronomic characteristics of the plant growth will be
mostly dependent upon variations in the climatiec factor

from year to year, given, of course, the soil, the variety o:
the crop and other inputs. To take any of these agronomic
characteristics as independent variable does not help establish
any relationship between yield rate and weather, Nor does it
by itself say anything about how rainfall may be affecting a
particular growth feature of the plant, Consequently, one is
at best left with indications of a few possible relevant
factors (including rginfall in some weeks) for further care-
ful investigations, It has at the same time to be recognised '
that the variables that show statistically insignificant

simple correlation may not all be unimportant,

L,21 In another study by Cummings and Ray,zh where the

influence of rainfall on foodgrain production is analysed so
as to separate out the impact of the new agricultural strategy
on the agricultural production, rainfall indices have been

constructed; and assuming a relatively constant technology,

2k  Cummings, Ralph W, Jr., & S.K. Ray : '1968-69 Foodgrain
Production : Relative Contribution of Weather and New :
Technology'; EPW, Sept, 27, 1969; and 'The New Agricultural
Strategy: Its Contribution to 1967-68 Production; EFW,

Mar, 29, 1969,
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the yield is hypothesized to be a function of rainfall and

—

time, which serves as a proxy for &fégqu; The methodology
of constructing the rainfall indices for different crops

includes the following steps:

(a) rainfall data, reported for 31 major zones, are
combined into state averages by weighting each zone

by its cultivated area;

(b) the total quantity of rainfall affecting the crop
production (e,g, June-February, in case of wheat)
is calculated for each major crop-growing state; the
rainfall data being available for only particular
groups of months, the periodic specification for
rainfall is constrained by this,

(c) state rainfall figures are combined into all-India
averages by weighting each year's rainfall in the
crop-growing states by.tﬁié}croﬁ-production in that

=

year;

(d) the all-India averages are converted into percentages,
of the normal (=100), based on the average of crop-

production during 1959-62,

The linear regression fitted to the 1951=52 through 1966-67
data shows that a one unit change in the index of rainfall,
holding time as constant, can be expected to increase the
cereal yield by almost 2,5 pounds per acre (a total of
2,69,000 tonnes, when multiplied by the approximate area

sown),
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4,22 Recognising that both too much as well as too little
rainfall can be detrimental to crop-yield, a quadratic function
has also been fitted, which gives an 'optimal' production

rainfall index at 105.8; and the R2 obtained équals 0,907,

4,23 In yet another study,25 S.K. Ray has tried to analyse
the influence of rainfall (u) on area (A), production (Y)
and yield (y) for cereals as a whole and for rice separately,

where three relationships have been considered :
Ay or Y  ory, =a + ajt+ au hwid (1)
A, or Y, or y, = a  + ajt + aju + a3“§ . (2)
Log A, or log Y, or log y, = a, + a)t + a, log u, ... (3)

where 't' is a linear integral-valued time variable with
values 1, 2, 3 ,.. and 'u' is the rainfall index,

4,24 Equation (1) is linear in time and rainfall, The
quadratic term ug in eqn, (2) includes the adverse effect of
rainfall (too much or too little) and introduces a single
curvature in the regression-surface, Consistent results
would require as a, > 0 and a3 < O, Egn, (3) is the Cobb=-
Douglas type where variations due to rainfall is superposed
over an exponential growth=curve, 8ince marginal increase

in production is likely to decrease with increase in u, one

should expect a, to lie between 0 and 1,

25 Ray, S.K, : '"Weather and Reserve Stocks for Foodgrains';
EPW, Sept. 1971,
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4,25 The analysis shows that either of the two
equations, (1) or (3), can explain more than 90 per cent of
the variations in cereals area, production and yield, thereby
indicating a strong positive effect o{_fgig{g}}. Similar
| results were also obtained for rice. Eqn, (2) hardly improves
the value of R2 obtained otherwise; however, in all cases it

provides u and u2 coefificients with consistent signs,

L,26 The same method has& been adopted by Sanderson and Roy,26

where they have constructed rainfall indices for wheat, rice
and cereals separately taking the average of twenty years
(1957-58 to 1976=77) as base and have tried to project the
production into future, In the multiple lineor regression
carried out, a single factor, fertilizer, is used to serve
as a proxy for the package of modern inputs because a high
degree of inter=-correlation between fertilizer, the High
Yielding Varieties and irrigation was noticed, The results

for cereal, wheat and rice, respectively were =—
2

T = 211,78 + 5,00 x; + 12,27 X, with R® = 0,94
(6659) (13, 54&)

Y = 476,13 + 2,49 x + 20.49 x, with R® = 0,93
(2,58) (16,16)

Y = 277.80 + 6.67 x, + 7.31 x,  with R? = 0,87,

(6.23) (6.15)
where Y # yield of the crop; X » rainfall index for the
crop and X, ®» fertilizer use (kg/hectare); and the values

in parantheses stand for the t - values, With the equations,

26  Sanderson, Fred H, & Shyamal Roy : Food Trends and
Prospects in India; Allied Publishers Pvt,Ltd., 1980,
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the observed yields have been corrected for the effects of
weather; and the effect of technology in accelerating the
rate of increase in yields evaluated. X In case of rice, |

the weather-adjusted yields increase at a steady rate of -

@ 1.3%.

4,27 In evaluating Ray's rainfall indices, it can be pointed
out that the significant coefficients and the high values of
R2 obtained are not suffic¢ient to attach confidence on the
impressive results, because the highly significant trend-
variable may practically explain most of the variations,
Further, it is not clear why production figures used as
weights while computing the all-India average when area-
weights are used in getting the state averages from zonal

rainfall data,

L,28 Harold Mann?7 the celebrated pioneer of village surveys
in India, was deeply concerned with the frequency of droughts
and famines in the Deccan where he worked as Director of
Agriculture over a long period, He tried to examine rainfall
data in order to see if he could find out some regularity in
its changes over long years so that one could with some
confidence anticipate or predict droughts, For this purpose
Mann calculated what he calls 'the maximum effective rainfall!
during a season or year, for a long period of years from 1865
to 1938, The method of calculating 'maximum effective rain-
fall' precludes isolated rainfall leés than 0,1", but counts it

27  Mann, Harold H, : A Study of Rainfall in the Bomba
Deccan, 1é65-l938; ISAE, 1955, ’
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in a rainy season if it is continuous, Rainfall under 0.2"
is not counted in December and January and no fall at all

is counted in February, March and April, Also, in the first
half of May, no fall is counted unless followed by a rainfall
substantial enough for sowing within 10 days., At the commen-
cement of rainy season nothing is counted until there is a
practically continuous fall of over 1", During the growing
season, no rainfall below 0,1" is counted unless in immediate
continuation of other rain falls, If more than 2" of rain

falls in one day, all rain above that amount is excluded,

4,29 Plotting this on a timescale, Mann found fluctuation,
which however were so irregular that no basis for prediction

could be obtained,

4,30 The concept of 'effective rainfall' by its very nature
implies the rainfall affecting crop yield; As seen above,
Mann used different elements in the rainfall'pattern on the
basis of his knowledge about what may be effective for crop
growth, But ultimately this expected axa measure has to be
tested against actual yield performance in order to see if
the rainfall measure is devised was really 'effective', Mann
set out to do this Ehrough a detailed statistical analysis of
the components of the effective rainfall and the agricultural
production, The factors so taken into account wefe the
changes in the dates of commencement and cessation of the
rains, changes in the distribution of the 'effective rainfall',

relationship between the effective rainfali and the agricultufal
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production and the extent of correlation between the wetness
of soil, as determined by the amount and distribution of
rainfall, and the agricultural productivity. The technique

employed was that of simple correlation analysis,

4,31 Unfortunately, all these simple regressions had very
poor correlations with the agricultural productivity, thus
telling upon the effectiveness of the whole concept of
'maximum effective rainfall' and thence, the whole of his
analysis. His location of faint cyclic phenomenon in the
quantum of ‘'effective rainfall', too, seems to be of no parti-
cular significanée because, apbarently the 'effective
rainfall' was not really effective after ali, as his results
would show, Neither do his conclusions preclude the possibi-
lity of locating such cycles with a better index of effective

rainfall devised possibly in another way.

4,32 As indicated earlier, some regression studies also
involve measurement of weather factors and their impacts at
different stages of plant growth, Multiple lingar as well as
curvilinear regression techniques have been employed in such
cases to estimate the relationship between meteorological
factors and the crop-outcomes, In one such study, Sreenivasan

28

and Banerjee™ present the results of a linear multiple
regression of the yield of rabi jowar in Raichur on mean

maximum temperature, mean minimum temperature, total rainfall

28 Sreenivasan P.S. and J.R., Banerjee : 'Studies in the
{g;gcasﬁing of Yield by Curvilinear Technique'; IJMG, Vol.2b/l,
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and the number of rainy days, where the obtained multiple
coefficient of correlation was O.5h. In the same study,

the same body of observations is made subject to multiple
curvilinear regression29 which explains a much higher pro-
portion of the variations in the yield. The IMD unit set up
at the insistence of the recommendation of the Planning
Commission to 'develop techniques for issue of crop=-yield
forecasts! came up with forecasting formulae for the yields
of Kharif‘rice in 22 meteorological subdivisions and wheat
in 9 subdivision33° using the same technique. Two such ‘
studies31 are reﬁiew%ﬁg in the following paragraphs to illus-
trate the methodology.!?The first paper, by Das and Vidhate,
relates to wheat in Uttar Pradesh taken as a whole and uses

‘data relating to average yield per acre and average rainfall,

29 Ezekiel, M. & K.A. Fox : Methods of Correlation and
Regression Analysis; John Wiley & Sons Inc., 1959,

The starting point is the linear multiple regression of
standard types

Y = a, + alxl + a2x2 * eeee ¢ anxn‘ |
The postulation is that the relation between Y and each of the
independent variables may have different, and not necessarily
linear, forms, The true relationship would be =

Y=ay+a) Hx)+abb(Xy) + eee +al £(X)
The nature and shape of };(xi) are obtained by a process of

successive approximation using free-hand curves, The multiple
and partial correlation coefficients are then estimated by
feeding a free hand approximation of the curvilinear functions
into the second equation,

30 sarker, R,P, : Meteorology at the Service of Agriculture,
IMD Monograph, 1977, ppe 7.

31 Das, J.C, & 8,G. Vidhate : 'Forecasting Wheat Yield with

the Help of Weather Parameters — Part II, Uttar Pradesh';

IMD PPSR No,160, 1971; AND :
Morey, P,E, & Madnani, M,L. : 'Regression Equation for

(contd,..
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temperature (maximum, minimum and mean) and humidity during
the growing season from 1921 to 1966, The procedure of
selecting the significant meteorological factors is described

thus :

"To get the periods in which meteorological factors have
a significant effect on yield, the linear correlation
between yield and rainfall, temperature and humidity
have been worked out for overlapping periods of seven
days to ninty days of the crop growing season ....

All the correlations have been examined and from them
the periods in which a particular weather element is
significantly correlated with yield are marked out,

By using these factors, the multiple. correlation with
yield has been calculated, Some of the factors used
are not significant at 5% level. In order to find out
the combination in which the parameters used are all.
significant at at least 5% level ,,.. multiple corre=
lation coefficients of all combinations (are calculated)
dropping gradually one or more variables till a combi=
nation is found out where all parameters used are
significant.”32

4,33 All values are averaged for the whole state, The
increasing trend in yield observed since 1951, being assumed
to be due to various development programmes, are sought to be
taken into account by introducing 'a suitable time scale

linear variable in the regression analysis', The final

31 (contd)

Fozecastiggcﬁield of Paddy/Rice on the basis of Weather Para=-
meters an emical B Fertilizer - Tamilnadu' Met, Monograph
IMD, 1973 (Mimeo. ) ’ =

32 Das, J,C, & Vidhate, S,G. P Op.cit,, pp. 3
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regression includes seven variables which together explain

73 per cent of the observed variance in yield in 1921=65 and

70 per cent in 1951-65. The extrapolation shows that predicted
yields in 1966-70 are closer to the observed values when
computed from the regression for the longer time series (the
difference being within 4 per cent) than from the regression
for 195065 (where the difference is around 10 per cent),

4,34  The other paber by Morey and Madnani attempts a similar
exercise for kharif paddy in Tamilnadu taking into account
data from 1947 to 1970. Prompted by the large departures

in the estimated yield on the basis of technique developed

in 1970 from the reported yield, it is hypothesized that this
was due to increased use of fertilizer and the highryielding
varieties, Hence data relating to fertilizer use is used as
another parameter alongwith an independent technological

trend variable, The explanatory variables finally selected
for the regression are-the rainfall from 4th to 10th April;
range of temperature from 12th to 21lst June; average cloud
amount from 3rd to 9th July; average cload amount from 1l2th
August to 22nd August; fertilizer consumption and the techno=-
logical tremd. The variables together explain 9% 96,3 per cent
of the variations, Extrapolations for two succeeding seasons
show a difference between the reported and the estimated
yield to the extent of 6 per cent in the first year and 1 per

cent in the second.
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4,35 Similar exertises have been attempted for other regions
and other crops, the details of which are tabulated at the end
of this chapter. The regression equations are found to
explain the variations in the crop-yield to varying extents,
ranging from 68% to 97%. Extrapolations show that a few of them
did well in forecasting yields for at least a four-year period
beyond the time @ span of the series; but, this can be so only
in some years, in others it can be much wider. This is
because, in spite of a very high value of Rz, the predictive
power of the regression is uncertain, and fundamentally depen=
dant upon the exact specification of the functional form

which may change over time when constructed in a trial and
error method without any scientific logic at the base,
Therefore, this type of approach leaves one rather uneasy from
a methodological viewpoint especially when trying to under-
stand the nature of crop-weather relations, It does not
distinguish between irrigated and non-irrigated areas while
aggregating for a region or a state, whereas the impact of a
weather element, e.g., rainfall, is apt tovbe different in the
two cases, Similarly, averaging the values of meteorological
parameters over a region or a state as large and as varied

in climatic conditions as Uttar Pradesh is questionable too,
Besides, the approach to screening the explanatory variables
using R2 and tests of significance of the coefficients as the
basis, is highly empirical and lacks any underlying theory or

a consistent hypothesis,
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4,36 A few attempts have also been made using the 'regression
integral' technique of Fisher where the primary assuﬁption is
that the effect of any weather factor on a crop changes
gradually and continuously during the year; and therefore,

the weather factor is aggregated during shorter periods into
which the year is subdivided, Nair and Bo_se33 have tried to
relate the yieldvof cotton at Sarkhand (Sind) for the period
1931 to 1941 (1937 omitted) to humidity and maximum tempera-
ture for 4 months in a year, i.e,, from August to November,
without any significant conclusions., Kalamkar and Satakqpanjh
measure the influence of the rainfgll distribution on the
cotton yields at experimental farms at Akola and Jalgaon
taking 28 and 33 year's data respectively, Thayobqserve from
the regression coeffiéients that there is a general similarity
in the response for both the stations except towards the end
of the season, Their conclusion was that an additional inch
of rain in the 4th week of May has adverse effect as well as
heavy and continuous rainfall in the latter half of July and

the first half of August on the yikeld., Shaha and

33 Nair, K,R, and P, Bose : 'Influence of Humidity and
{gfgerature on the Yield of Cotton'; Sankhya, Vol., 7, Part 2,

They conclude, "On available evidence there is no significant
influence of temperature and humidity on the yields of cotton,
It must, however, be remembered that owing to scantiness of
material analysed here, any but large influence might well
remain undetected, "

34  Kalamkar, R,J, and Satakopan, V, : 'The Influence of the
Rainfall Distribution on the Cotton Yields at the Government
Experimental Farms at Akola and Jalgaon'; IJAS, Vol,10, 1940,
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Banerjee35 examine the influence of rainfall, humidity, sun-
shine, maximum and minimum temperatures on the yield of

cotton at Coimbatore, employing the same technique. Again,

like Kalamkar and Satakopan, they admit that the significance
of the meteorological factors could not be ascertained clearly,
except the stray . conclusions that more sunshine during the
crop period and more rainfall upto the middle of January were
beneficial to the cotton crop, and that minimum temperature
plays the most important role in explaining about 72 per cent
of the total variation in its yield. P,S. Sreenivasan,36 in
analysing the effects of the distribution of rainfall on
cotton yield in Madhya Pradesh, as well as on wheat yield

at Jalgaon and Niphad stations, adopts this technique along-
with other techniques of simple regression taking only crop
features/only meteorological factors/ selected weather as

well as crop featureg, as the independent variables; and
attempts a comparison of the different methods. Although

he finds a good agreement between the actual and the estimated
yield in all the methods, he concludes, that estimation of

yield from rainfall in selected periods is more reliable than

in the Fisherian method.

35 Shaha, S,K, & Banerjee, J,R, : 'Influence of Rainfall,
Humidity, Sunshine,Maximum and Minimum Temperature on the
Yield of Cotton at Coimbatore'; IJMHG, Vol, 26/4, 1975,

36 Sreenivasan, P,S. : 'Influence of Rainfall in the Yield
of Cotton in Madhya Pradesh', IJAS, Vol. 43/9, 1973; and
Studies in Agricultural Meteorology of Some Field Crops;
Unpublished Ph.D, thesis at Mahatma Phule Krishi Vidyapeeth,
Rahuri, 1970.
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4,37 In the more recent efforts of quantitative crop-weather
studies, however, crop-characters along with the meteorological
variables and the final yield are regressed. The amount of
variability in crop=-characters, and the simple as well as
multiple coefficients of correlation and regression between
the various character and the final yield are calculated. In
one such study,37 Sreenivasan finds that the number of ear-
heads has the highest positive correlation with the yield of
wheat (0,7971), which alongwith other characters such as the
germination per centage, maximum number of shoots per sample,
maximum height, etc., gives a multiple coefficient of corre-
lation equal to 0,8567. 1In the same study, the linear corre-
lation between the estimated and the actual yield was found

to be as high as 0.9602,

4,38 In this line, Sreenivasan38 develops a technique of
his own for the selection of meteorological variables to be
included in the regression analysis — "Different weather
factors often play the dominant role during the different
phytophases of the crop, Thus, during the germination phase
of wheat, which is normally sown under optimum soil moisture
conditions, the warmth in the soil may be the deciding factor
for this phenomenon. Similarly, during the next phase of

crown-root initiation, the rainfall may be the deciding factor,

37 Sreenivasan, P.S. : 'Crop Growth as an Indicator of the
Final Yields - Wheat Crop'; IJMG, Vol, 9/2, 1958,

38 Sreenivasan, P,S. : Unpublished Ph.D. thesis, Op.cit,
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Therefore, the trend in the linear correlation of the weather
factor series are worked out in the first instance, These
linear correlations are then evaluated for larger over=lapping
periods of two-weeks, three weeks, etc., and the optimum
lengths of the significant periods are determined., Thus,

for wheat in Madhya Pradesh, the significant meteorological
factors influencing the yield favpurably may be (i) three
weeks' pre-sowing rainfall; (ii) 3 weeks' rainfall at the
time 6f crown=root formation; (iii) températures at the
critical phase of establishment of the crop; and (iv) any
rain during grain formation. In addition to these factors,
the density of plant population may influence the yield
independently. Therefore, these five factors may be used

as independent variables to determine the yield by multiple

regression technique."39

In his analysis of data over 22 years (1947-'69) at Jalgaon
and Niphad stations, Sreenivasan selects the‘weather variables
to be — rainfall during standard week 17 to 23 (Rl), week

26 to 28 (R,), week 38 to 41 (Ry) and week 4k to 47 (R,)

as well as the maximum temperature in the A46th week (15).
Evaluating the contribution in the total variation in the
yield, he concludes that Rl’ R2 and R3 alone account for
two=third of the variation at k% Jalgaon. The inclusion of
rainfall during the crown=root initiation period raises the

multiple coefficient of correlation to 0,909 in Jalgaon and

39 1Ibid, pp. 152-153,
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to 0.837 in Niphad. In the case of the latter, it still

increases if the temperature in the 47th week is included,

to O, 900.

L,39  Sreenivasan, on the basis of the coefficients of
determination, concludes that his method, where he makes

use of selected weather elements along with crop-attributes,

was the most efficient not only because it explains more
percentage of the variation in the yield, but also because it

can give‘forecasts much early on the basis 6f wealker factors

and crop characteristics included in the model which can be
continuously improved with the march of the growing season

by taking into account the remaining factors. However, in
comparing and selecting one technique over another, it must

be remembered that a8 high R2 is not a sufficient basis,

Unless the underlying model is firmly grounded on a theoretically
sound and consistent hypothesis derived from the relative
disciplines, its utility for understanding crop-weather

relation remains doubtful, no matter how high the 2.40
Further, taking the crop characters to be influencing the
yield independently is highly questionable, because the

crop characters are themselves very highly influenced by the
weather factors. Thus, the multi-colinearity arising thereof
may not hinder the predictive nature of the model, but sheds

little light in understanding the crop-weather relationship,

b0  Ezekiel, M. & K.A. Fox : Op.cit., pp. 240-241,
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L, 4O  To sum up, crop-weather studies in India have been
decidedly statistical in nature, There seems to have been

no elaborate use of the precious AICWS data except in some
correlation studies to assess the strength of relationship
between some weather elements and certain crop features, The
forecasting models based on macro data, being highly empi-
rical in their approach, despite seeming to be quite good

for statistical predictions of yield, are of doubtful value
for understanding weather=-crop relations, The data collected
'uniformly' from such a large network of experimental
stations could very well have been utilized in the construc-
tion of weather-indices as suggested by Shaw and Stallings to
bring out the net impact of weather in the variations of

crop=yield, but surprisingly it has not been done,
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5.

Paddy/ Gengetic
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=-do-
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-do-

=-d0=-
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Bihar
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Table I (contd.)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
8. Paddy/ Madhya J.C. Das and 1951-1966 614,5 146,2 24 x}=1950.6o+26.45x2+19.57x3+7.47x .977 .955 -
Rice Pradesh M. Jayaram (16 years) (2.93)° (1.00)” (1.50
East +1,10X -23.27X6+62.54X7+3-91
: (1,263 (1.32)° (3.94)7 (1.83
Q. -do= Tamil Nadu P.E. Moray 1947 to 1970 1199.7 224,7 18.73 X}=1149-9611-69.015X2-40.526X3 .98 «963 Extrapolations
and M.L, (24 yrs) {1+ (3.33) agree within
Mowrani +45.91OX,++36.202X5+1 .419)(5 6% of the
(3072) (2058) (2.90) actuals
+21.157X7
(4.03)
10. =do-- Orissa J.C. Das 1926 to 1967 633.4 123.1 19 X}=—271 +89=8,80X +11.02X3+25.42X4 967 .936 Extrapolations
(42 yrs) _ (2.422 (9.81)° (6.92) agree within 7%
+28./+8X5-50.1+ +36,20 of actuals
(5.80)7 (7.55)° (11.76
11, =do= Vidarbha = Q= 1921 to 1967 T46,.6 126.2 17 X}=632.24+19.41Xé+7.74 +11.65X4 «918 .843 -
(47 yrs) (4,02)° (2,753 (3.30)
-34.78){54-10.34)(64-8.9
(9.43)7 (2415)° (5.01
12. -do= North Assam P.E. Moray, 1947 to 1967 991 86.94 8.77 X}=1390.4048+20.042X2+18.351X3 +93 .860 Extrapolation
G.Ramachan- (21 yrs) (3.27) < (3.11) agree within 5%
dra & S.G. -16.503){#-24.023)(5-15.660X6 of actuals
Vidhate (1.72) 7 (2.73) 2 (2.69)
+33.930.
(5.12)
13, =do- South Assam =-do- 1947 to 1967 993 89.60 9.01 X;‘=2501.89l+2+7494 =12.891X3+39. 144X, Extrapolation
(21 yrs) - 1£262(5) (S.zgg (2.85) ag;:;ee witgigl
+9, +14, =9, 10% of actuals
32535351 (1:88) 6 (3.18) 54 852
14, -=do- Sub Himala= J.C. Das 1947-1966
° yan West (20 yrs) X:=3945.33-2?8ig%xz+?{3fx .8267 .683)
B L] L ]
engal ~11.88X,+11,64%,-62. 33X 40,75
(1.34)7 (0.27)° (1.59)° (2.08
1
15, -3o=- Coastal An-  =do- 1904 to 1966 X,=1250,85+6,54X5=27 . 40Xz +30,0 .9106 .830) Extrapolations
? ° d?lraz Pradesh ° (63 yrs) L (1.15% (1.75)3 ?1 .5":’2)%L agrees within
=13,74X5=0,81Xg+1.25X7+1 . & 5% of the
(1026) (1010 (8073 (6077 actuals
! 1
16, =do= Tamil Nad -d o= 1904 to 1965 X =1515.66+26.23Xé+42.66X3-17.23xh
° o 4 (62 yrs) L (3033) (3065) (1003) .8819 ,778

-O.3 +O.L!6 +1-33
(1.07) (5.62) (5.58

17. =do- K -do- 1915 to 1964 X1=1335,3248, 36Xp~0, 18X3+6.81 .9643 ,930
! ° i b ° (§o5yr§) ' 1 (1.28% (.74)3 (1.11
-0, 20X -5o.z5x5+1.27xg }
(15123 (5.49)° (i5.86)
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Table I (contd.)
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18. Paddy/ Coastal J.C. Das, 1916 to 1964 12322 4 .
Rice Mysore A.K. Mehra (49 yrs) Xy=-3 95.90*?5?1%? %i:?g?B <G5! 0% Exﬁzngizgign
& M, L, -1, 46X),+2336. 23X5-41, 16Xg 24 of aotuals
Madnani (3.16)Y (2.06) ~ (2.06)
+0. 67%
(L4.49
19.  =do- Mysore -do- 1906 to 1964 12269537, 02+4704. 24X-78.31%,  .9241 .85, Extrapolati
Tnterior (53 yrs) 8 1. 260,225 D15 ] Mg%ézg);x : rés within
s . . =Ve. - f t 1
(5.32)" (3.56)° (2.16] (3.2)" oF sotuats
20, =-do- Mysore -do- 1941 to 1964 12262153, 87+51. 49Xp+59. 93X .9674 .936 Ext lati
Interior (24 yrs) “ (4.21)2 (2.42)3 # a;}::pxighign
South -42,89X) +4599. 71X5-83. 57Xg 14% of actuals
(2.19) " (1.75) (1.76)
+0, 76X
(9.51
-y -do- Konkan J.C, Das and 1906 to 1966 X}=101154.8+386.269x2+7536.376x3 .8701 ,757 In 98% of yea-
M,L.Madnanl (except '31, (3.20) 2,78) rs, the diff,
'37, '39 end -140.535%,~17.762%5+87, 894Xg between esti-
'43) (2,80) (2.75) (5.09) mated and re-
(57 yrs) ported values
is less than
10% -
22 -do- Madhya -do- 1906 to 1964 x}=429.539+33.735X2-u9.731x3 .9011 .811 1In 39% of
Maherashtra (except '31, (9.,11) (Lhel7) years, the di-
137 and '43) +9. 646X, fference is
(56 yrs) (2.24) less than 10%
23, Wheat Uttar J.C. Das and 1921 to 1965 715.3 79.7 11 x11=1278_.147+A.39ox2-31.485 .856 .734 -
Pradesh S.G. Vighate (45 yrs) (1.72) (5.75)
+25.913%,~21. 303X5-9. 073%¢
(3.74) (L. 23) (3.75)
-6, 090%7+6, 371Xy
(2,02)" (4.03)
’ .
24, =-do- P b T.6: D 1918-196 8570 131.0 15 =1083.338+4, 330X-4. 591X .9281 ,862 Extrapolations
. o — - (28 yrg)5 7 4 X1 (2.36)2 2.23)3 agree within
_10.872Xh+3,96X +0, 557%g 5% of the
(3.76) * (1,997 (6.41) aotuale
-10.124X+11,025
(5.01?X7 (10.‘l+5])§8
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26.

27.

28,

Wheat Heryana

-do=

-do=-

=do-

Gujarat

East

Ra jasthan

Himachel
Predesh

1618-1965
(48 yrs)

P.E. Moray, 1930 to 1968
G. Remachan- (3G yrs)
dran, S.G.

Vidhate

V.C. Bedekar, 1952-1969
G. Appa Rao, (18 yrs)
G. Remachan-

dran

V,C., Bedekar, 1952 to 1968
G. Appsrao (17 yrs)

and M, L.

Medhani

511.4

795

601-5

Table X (contd.)

201, 4

101.5

131.3

22 11 =2638. 934—15 45Z£3512 202Xy
(2.,00)
-7. 268l4+3 h48X5 11,142Xg
(2.02) " (1,92) (4.2h)
+21, 142Xy
(12 90)

39 X1--218 2223+6,295Xo+15, 608X,
(3.51) (5.98)
+4, 821X, +18, 841x -3 401x6
2.33)% (3.23)° (3.61)
+80.829
(31, 26;

12,7 X =1325,7+39,2X +4.8 32.0X
(2.075 (5. 13)(2.53)

-39 3x5-45 9 +33. X

(3.497 (1.870 (2.06

21.8 X =550, 5+15.0X +41, +65 6X
. (2. 1u (2. 30? (6. o)

(.07

82
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.9243 .854 Extrapolations
agree within
8% of the
actuals

.986 ,973 Extrapolations
agree within
3% of the
actuals

. 93 .860 -

.95  .897 -
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Table II

Variables used in the eguations in Table I

Sl.No, Dependent
of Equa= Variable
tion

1 X} -Yield
1b/acre
2 ~do~
3 ~do=
4 ~do=
. 5 ~do=

Explanatory variables (Figures in paran-
theses indicate p.c, of Variation accounted
for by the variable)

-----------------------

- June rainfall (10.4); X3-Occasion of
drought in July and August (25.8); X, -Rainy
days 16/9 to 15/10 (14.2); Xg- No.of weeks
in which rainfall was either less than 25%
or more than 200% of the normal during

1/10 to 28/10 (8.7); Xg-Technological Trend
Variable (16,4).

X,-Rainfall 13/6 to 23/6 (1k.4); X;-Rainfall
5/7 to 15/7 (16.0); Xh-0ccasions of drought
in July & August (12,2); XS-Rainy days

16/9 to 15/10 (20.0); R Xg-Techn, trend
variable (8.3).

X~ Rainfall 1/6 to 21/6 (14.1); X3~ Rainfall
7}7 to 13/7 (7.2); X),= Occasion of drought

in July and August (16,8); Xs- Rainy days

16/9 to 15/10 (20.9); Xg= Tech, Trend variable
(llOlF).

X, Rainfall 18/7 to 10/8; X3- (X,)? (29.7);
X, - Rainy days 2/7 to 31/8; 15- (Xh)2 (16, 4);
X - Rainfall 24/8 to 30/9 (16.3); Xy~ Mean
cloud amount 17/7 to 28/9 (6,5);

Xg- Occasion of drought 1/8 to 15/9 (8.0);
xg' Mean range of temp, in Sept, (4.3);

X)o~ Tech, trend variable (4, 2)

X,- Rainfall 26/7 to 24/9 (4b,2); X3- Mean
cloud amount 27/7 to 1/8 (9.6); Xh- Occasion
of drought 1/8 to 15/8 (15.8); X5~ Mean



84

Table II (Contd, )

range of temp, 22/9 to 19/10 (4.3)3 16- Tech,
Trend variable (5.9) .

6 Xi- yleld X,- Rainfall 1/7 to 21/7¢ X;=(X,)2(1l.2);

1b/acre X,- Rainfall during 30/7 to 2/8(10.4)y

X - Rainfall during 11/8 to 26/8 (14.0)}

X¢- Rainfall 3/9 to 14/9 (7.6); Xg- Reinfall
6/10 to 15/10 (12.8)j Xg- Tech. trend (17.0)
7 and -do- 32- Rainy days 24/6 to 5/7 (17.8); 13
rainy days* 4/7 to 6/7 (11.2); X,= Crop
rainy days 26/7 to 20/7(8.6)} 15- Crop rainy
days 2/8 to 2/9 (18.4); 16- Average maximum
temp, 9/8 to 12{9 (10,8); X~~ Average cloud

amount 17/9 to 10/10 (12.6); X4~ Crop rainy days
21/9 to 30/9 (9.0)

9 -do=- X,- Rainfall 4/4 to 10/4 (8.4); X4~ Range of
temp, 12/6 to 21/6 (6.9)4 X,- Average cloud
amount 3/7 to 9/7 (17.3)} 15- Average cloud

amount 12/8 to 22/8 (3.5); Xg- Fertilizer
data (53.4)3 X - Tech, trend variable (6,8).

10 -do=- X,= Rainy days 16/6 to 21/6 (5.2) 13- Rainy
days 11/6 to 22/8 (28.5); X,- Range temp,
19/9 to 25/9 (22.4)j Xg- Rainfall 1/10 to
7/10 (12.5); 16- Occasions of a tropical
storm affect the region during 10/10 to 18/11

(9.4)3 X7- Tech, trend (15.6).

* Crop rainy day - a day when the total preciptation is 5,0 mm

- Oor more in 24 hours and also a day when rainfall is equal to
or more than 3, 8 mm but less than 5.0 mm when it is separated

from a preceding crop raining day by not more than 2 dry days
(Das and Jayaram)

- Grop-
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Table II (Contd,)

11 xl-yield X.- Rainfall 1846 to 24/6 (10,5)j X,- Rainfall
1b/acre  21/7 to 4/8 (15.6)§ X4~ Rainfall 22?8 to 30/8
(13.3)3 X;= Occasions of drought 1/8 to 15/9
(21.3); Xg= Rainfall 25/9 to 9/10 (14.2);
X»- Tech. trend (9.4).

12 ~do=- Xz- Restricted rainy days 11/5 to 17/5 (22.7);

X,- Rainfall 21/7 to 27/7 (7.4); X,- Rainy days
days 3/8 to 9/8 (20.6); X.- Mean range temp,
8/9 to 23/9 (4.1); Xg~ Mean range temp. 5/10 to
11/10 (4.9); X 5~ Tech, trend ((26. 3)

13 -do-  X,- Rainfall 1/5 to 7/5 (21.7)} x3- Mean Max,
temp, 11/7 to 31/7 (47.8); X4~ Mean cloud
amount 17/7 to 25/7 (5.0); X5=- Rainfall 23/7
to 30/7 (5.4); Xg- Reiny days 2/10 to 8/10 (1.6);
Xo=- Mean max., temp. 6/10 to 12/10 (7.7).

14 ~do= 12- Restricted rainy days 16/6 to 15/75 13- (x )2
(12.4)§ Xy= Occasions during July to 15/9 when
weekly rainfall total didn't exceed 44 mm (a
sliding scale is used)(6.9)} X5~ Rainy days
16/9 to 15/10 (32.0)j X¢~ Mean Max, temp, 16/8
to 15/9 (8.7);j X,= Tech, trend (8.4).

15 =do= X, - Rainy days in July (9.4)j X3~ Occasions
in Aug, and Sept. when weekly rainfall total
did not exceed 8.8 mm (sliding scale used)
(13.3)§ X,~ Rainy days during Oct.i X5~ Mean
t'empo du ng Oct, (1305)‘ x6- (x4) (lol)‘
Xn 8x8 - Tech, trend (noticed twice, 1904-'20
and 1951‘66) (4507)0

16 -do-  X,- Reinfall 16/5 to 31/5 (35.8)j X;- Rainfall
16/6 to 30/6 (11.2)§ X,~ Mean Max, temp, during
July and Aug, (2.8)} x - Mean min, temp, during

Aug, and Sept, (7.2)} 16 and X~ Tech, trend
variable (20,8), -
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Table II (Contd.)

17 x%ineld, X,- Rainy days 16/4 to 15/5; 33-(x2)2(23.0);
1b/acre X,- Rainy days 16/5 to 15/6; x5-(x4? (11.3);
X4~ Occasions of flood and drought 16/6 to
31/8 (27.2); Xy- Tech, trend (31.5).

18 =do= ) Restricted rainy days 1/7 to 15/9 (36.0);
X3- Occasions of drought and flood during
Aug, & Sept, (25,2); Xh-Rainfall in June
(6.8); x5- Mean more temp, for July & Aug. ;
16-(1 ) (2.6); x7-Tech. trend (9.5)

19 =do= ;2- Mean max, temp, in July & Aug,; XB'(XZ)Z
(9.2); X,-Occasions of drought in Aug, &
Sept, (48.0); x5-Ju1y rainfall (5.%4); Xg"
Square of June to Aug, rainfall (2,4);
X7- Tech, trend (20.4),

20 -do= X,=September rainfall (22,0); 13-June rainfall
(20.4); X,-Occasions of drought in July &
Aug, (11.3); Xs-July and Aug, mean max, temp,
X6-(X ) (6.4); x7-Tech. trend (34.3).

21 ~do= Xz-Log. of rainfall during June to Aug,;
Xy-Mean temp, July & Aug.; Xh-(IB)Z;
X5-0ccasion of drought and flood during July
to Sept,; X6-Tech. trend,

22 =do~- X,-Rainy days in July; X3-0ccasion of drought
in Aug.; X)~Rainy days 16/9 to 30/9.
23 ~do~ X,=Rainfall 1/9 to 18/9; X,-Mean minimun

temp, 18/11 to 28/11; X, -Mean max. temp,
29/11 to 10/12; Xg-Mean max. temp, 13/12 to
27/12; Xg-Occasions when min, temp, during
Dec. & Jan, fall below 5°C; X?-Mean temp,
2/2 to 13/2; X4-Tech. trend,



Table II (Contd,)

24 X%fyield
lb/acre

25 ~do~

26 -do-

27  Xp-Yield,
1b/acre

-------------------------

X,-Rainfall 13/9 to 16/10 (16.1); X;-Mean

Max. temp, 22/12 to 20/1 (7.3); X, - Mean min,
temp, 2/12 to 29/12 (14,7); X5-Mean min, temp,
24/1 to 3/2 (3.2); Xg-Mean relative humidity
8/2 to 22/2 (13.1); X7-Occasions temp, being
less than 42°F (11.7); Xg-Tech, trend (20,1).

X,-Mean min, temp, 13/11 to 30,11(12.1); Xy~
Mean min, temp. 2/12 to 29/12 (8.4); X, -Mean
Max., temp, 22/12 to 20/1 (9.6); Xg-Rainfall
during Nov, to Mar. (8.2); Xg=Occasion of temp,
temp, falling below 42 F (16,8); x7-Trend (30.3).

X,-Rainfall 3/9 to 22/9 (22.1); Xy-Average
range of temp, 29/12 to 4/1 (2,6); Xg-Average
cloud amount 4/2 to 11/2 (16.8); X4=Occasion

of temp, falling below 45 F and rising above

95 F during Dec, to Feb, (7.5); X7- Trend (14,9)

X,-Rainy days 14/8 to 20/8 (6.3); X;-Mean
relative humidity 1/11 to 17/11 (19.4);
X)-Rainy days 24/11 to 19/1 (22,5); Xg=Mean
Max. temp, 30/12 to 8/1 (28.8); Xg-Crop rainy
days 23/30 to 2/12 (5.5); X,=Tech, trend

from 1967 (3.5).

X,-Rainfall 20/1 to 28/1; X;-Rainfall 25/10
to 2/11; xh-Average cloud amount 8/12 to
14/12; XS-Mean min, temp, during 24/2 to 1/3.
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Gengetict W, B.

Bihsr

Uttar Preadesh
(Rast)

Uttar Pradesh
(West)

Telangana (AF)

Table ITIT

Critical Periods when Weather Elements Significantly Affect Yield of Rice

Period

16th Sept. to 15th Oct.
July end August

June
16th Sept. to 15th Oct.

June

1st Aug. to 15th Sept.

24th Aug. to 30th Sept.
September

1st Aug. to 15th Sept,

26th July to 24th Sept.
27th July to 1st Aug.

July

11th to 26th Aug. &
6th to 15th Oct,

Favourable

Rainy days

Rain over Normsl

Rainfell

Rainfall

Rainfall

Unfavourable

Dry spell of
10 days or more

Rainy deys ex=
ceeding 8 to 10
days

Heavy rain in

Each rainy day increases yield by 11
lbs/acre. :

If dry spell continues for 3 weeks or more
yleld may reduce by 50%.

Every additional 25 m.m, of rainfall over
normal (23,6 mm) increases yleld by 18
1bs/acre.

‘Yield increases by 28 1lbs/scre in Bilhar

platesue end 16 1lbs/acre in Bihar Plains
for each rainy day.

the first 3 weeks

Absence of rain
in the first 3
weeks

Range of temperature

Rainfell

Cloudiness

Rainfall

Absence of rain
for 10 days or
more

Rainfall exceed-~
ing 8" in first
3 weeks

Yield reduces by 70% if rain is absent
for 21 days or more.

Tncreases yield by 8 1bs/acre for every
25 m.m, of rain during the period.

Tnereases yleld by 14 lbs/acre for each
0.6°C or 1°F increase in range of temp,

Yield reduces by 35% if rain is absent for
21 days or more.
Tncreases yleld by 6 lbs/acre for every

inch of rein during the period.

Bach data of cloudiness increases y;eld
by 29 1lbs/acre.

Each 25 m,m. of rain during the pericds
increased yleld by 19 lbs/acre,
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10.

11.

12,

(2) (3
Orissa 10
Vidarbha 11
Sub-Himslayan 14
W, B.

Coastal Andhra 15

Pradesh

Tamil Nadu 9 &

Kerala 17

Coastal Mysore 18

(Karnatska)

1st Oct, to 7th Oct,
19th Sept. to 25th Sept.
10t Qet. to  18% Negu.
18th June to 24th June
22nd Aug. to 30th Aug.

1st July to 15th Sept.

1st July to 15th Sept.
16th Sept. to 15th Oct.
October

to Sept.

Aug,

16 lMay end June

16th June to 1st Aug.

June

August & September

1st July to 15th Sept.

July end August

Rainfall

Range of tempera-

ture

Rainfall

Rainfall

Ralny days

Rainfall

More than normal
rainfall during
second half of
May and June 1in
Mercara & Bhag-
madala area

Restricted
rainy days

Normal maximum
temperature

Heavy vauw

Absence of rain
for 8 days or -
more

Dry spell for
2 weeks or more

Pry spell excee-
ding 3 weeks

Dry spell of 18
days or more,

Increase in yield by 24 lbs/asre for each
25 m,m., of reinfall,

Inorease in yield by 24 1lbs/acre for each
10F increase in range of temp,

Decreases ybdd by 10 Uas/a.:.vv..

Increases yield by 20 lbs/acre for each
25 m,m. of rainfsll,

Increases yleld by 20 lbs/asore for each
25 m,m. of reinfell,

If dry spell continues for 3 weeks or more,
yield reduces by 40%.
If dry spell contlnues for 3 weeks or more,

yield reduces by 12%.

Each reiny day increases yleld by 11
lbs/acre,

Increased yield by 20 lbs/acre for each
25 m.m, rainfall,

Dry spell for more than 4 weeks reduces
yleld by 15 to 20%.

Reinfall exceeding normel by 20% during

each period increases yield by 4O to 60
lbs/acre.

Yield may decrease by about 15%.

3 or more occaslion

of floods

More than normal
rainfall

Dry spell of 18
days or more
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- ek o wm  eme

1L,

15-

16,

17.

18,

Interior Mysore 16
(Karnataka)
North

Interior Mysore 20
(Kernataka)
(South

Konkan 21

Msdhya Lieha- 22
rashtra

Punjeb -

Haryana -

Aug, & Sept.

July to Sept.

June

July and August

September

18t July to 30th Sept.

June to Aug.

July to Sept.

July to Aug.

July

August

1st Aug., to 15th Sept.

25th Sept. to 9th Oct,
4th July to 31st July

3rd Aug. to 13th Aug.

19th June to 25th June

Rainfall

18 days and more

of dary spell

Mean mexlmum temp.

(about 30°C)

nainfell

Rainfall

Higher rainfall

Cloudiness

Normal mean temp.

Rainy days

Rainfall

Rainy days

Rainfall

Dry spell of 18
days or more

Dry spell,floos
on more than 30
occasions

Dry spell of 10
days or more

Absence of rein
for 10 days or
more

Reinfall

Increase of yield for each 25 m.m., of rain
- 25 lbs/acre.

If dry spell continues for 28 days or more,
yleld can decrease 40 to 50%.

Increase in yleld for each 25 m,m, of
rain - 60 1lbs/acre.

I dry spell continues for 13 days or more,
yleld decreases by 15-20%.

Yield increases by 50 lbs/acre for every
25 m,m, of rainfall,

Yield can reduce as much as 15%.

Relstionship logarithmie.

Yield increases by 34 lbs/scre for each
rainy day.

Dry spell of 3 weeis reduces yleld by 25%.

10 to 15% reduction in yield i1f 1t does not
rain continuously for 21 days or more,

For every 25 m,m. of rain during this
period, yleld may reduce by 21 lbs/acre.

Incresse in yleld by 8 lbs/acre for every
25 m,m. of rainfall,

Tnorease in yield by 38 lbs/acre for each
rainy day.

Increase in yield by 75 lbs/acre for each
25 m,m, of rain.

- _-_———————_---—--—_—_———-————-—-—-—_
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CHAPTER FIVE

CONCLUDING _REMARKS

5.1 Economists' interest in the analysis of weather=-crop
relationships is primarily due to the economic implications

of weather-variability. A4 precise knowledge of such relation-
ship would help separate the impact of weather from that of
other factors such as technological, economic and institutional;
and thence, the formulation of suitable policies concerning

not only agriculture, but also the national economy at large

of which agriculture constitutes a substantial part, An
agricultural supply function allowing for weather=inputs can
provide insight into the economic logic governing resource=

use and assessing the performance of other inputs,

542 In the foregoing chapters of the present study, the
attempt has been to review and evaluate researches made in this
direction, Specification of the true relationship of weather
factors to plant characteristics and yield has been a diffi-
cult task; and most of the hypotheses in this regard have been
based on trial and error without embodying well-=substantiated
theories of causation of yield, The empirical-statistical
analysis of the weather=crop relationship, both in India and
abroad, suffers from two basic handicaps: inadequacy of
representative statistical data and lack of a sound theore=
tical a priori basis to construct the model, Therefore,

trials have been made to combine all weather factors, rather

91
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than isolating them, in the form of composite indexes
especially to classify climates and draw their boundaries,
The expensive and uneconomical experiments have given way
to statistical methods for testing the hypotheses regarding
response of plants to weather factors, where the coefficient
of determination (Rz) is often computed to show the propor=-
tion of variability attributable to the weather elements,
Selection of these variables is done on a trial and error
basis again, looking at the R2. Lately, the effort has
been more directed towards predicting crop-response on the
basis of weather=factors adopting this technique, But, a
high value of R2 does not reflect the soundness of the
underlying hypothesis, nor does it mean that the same
formulation holds true for data in the preceding or the
succeeding years of the time=series, Forecasts based on
such statistical models might do well in cases for a few
years in immediate succession; but if the variations in the
observed and estimated values is 10 per cent or more, it
really does not tell much since the year to year fluctuations
in yield is rarely more than that, Therefore, agronomic
specification of the exact nature of relationship between
weather elements and the crop-response is needed to formu-
late a prediction-model in stead of mere statistical

exercises on the trial and error basis.

53 Another unique approach to measure the influence of

weather in agricultural productivity has been through
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construction of 'weather indexes' as proposed by Stallings
and Shaw. The essence of this approach is that when as

many variables as possible have been held constant, the
remaining variation in yields (after any trends have been
removed) can be considered due mainly to weather, The

index is computed as the ratio of actual yields to a fitted
trend, This approach not only avoids the question of exact
cause~effect relationship between yield and weather, but also
is devoid of the difficulties associated with the statistical
attempts such as the problem of aggregation or that of
defining 'time' in the context of plant phenology, etc..
Apparentlj it énswers the economists' questions, but is
limited in its explanation of only the past yields, Further,
it requires sufficient number of experimental plots in
different agro=-climatic areas to be really useful at a
national level., Surprisingly, in the Indian context there
seems to have been no effort to bring out the nett effect

of weather in the variations of crop-yield adopting this

method, since the AICWS data apparently seems to be ameorable

~

to such an exercise, The AICWS was commendable as a well=-

designed enquiry and it did generate a mass of crop-weather
information under controlled conditions for different parts
of the country, However, the quality of this data, and

its utility for analysis of weather=-yield relations remain

to be properly tested because, unfortunately, much of this

data remains unpublished, Particularly, the forecasting
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models based on them being highly empirical, need to be
examined as to their explanatory and pfedictive power, It
would be interesting to check them in more recent perspec=
tive taking into account recent data relating to yield as
well as the meteorological factors, A similar interesting
exercise can be done in constructing weather indexes as

suggested by Shaw and Stallings,
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