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ABSTRACT. Using the weather data as independent variables and yield data as dependent variable,
multiple regression equation has been derived to forecast the yield of paddy at Chinsurah, a station in
West Bengal, India. The data utilized is that of Coordinated Crop Weather Scheme. An estimate is
also made of change in the final yield when the weather parameters change by five per vent from their
normal value. The agreement between the estimated and actual yield is good. An yield forecast is
also made using 1969 and 1972 weather data with the help of derived regression equation. The agreement
between actual and forecast yield is found to be good.

The present study is undertaken to investigate the

L. Introduction : feasibility of estimating paddy yield from cgzlbined

Weather has long been recognised as a major control effects of individual weather elements, viz., temperature,
over the growth and yield of crops. But the precise sunshine, evaporation, rainfall and n

S : nfal umber of rainy
manner in which this influence is produced on crop is days at Chinsurah, a station in West Bengal.

not very well understood. Weather affects crop growth

differently at different phenological phases. dThtircfot; 2, .Method and material
large variation in yield from year to year and place N ; ;
place ::gﬁz;:ﬂ? due :g t.h:r weathgr parameters. Chinsurah is one of the stations under Coordinated

¥ (2221'01) u‘_Neatger Schclme.l I:l is situated approximately

tries including Canada, US metres above sea level and is at a latitude of 22° 52'N

¥ SAS liml?:dcita, C"lt;p:::“‘m -y involveﬁ in crop-weather and longitude of 88°24’ E in West Bengal. West Ben

stadies for different crops (rice, wheat, soyabean, corn, is one of the States where paddy is grown traditionally

sorghum, etc). The main workers are Thompsen (1969), in vast area.

Baier (1973), Lomas (1973), Haun (1982), Das et al. Al :

(1971), Appa Rao et al. (1977), Huda et al. (1975) and The actual and reliable meteorological and yield data

Subbaramayya et al. (1980). used are taken from the Agricultural Meteorology Divi-

' L sion of IMD, Pune, which has conducted experiments

Although there are numerous studies utilizing the and collected data on the crop growth and vield of paddy

e ilinear and multiple regression techniques, at Chinsurzh, West Bengal State Government’s farm,

our present knowledge is still insufficient and we do not ~ under the All India Coordinated Crop Weather

know the exact manner in which various weather ele- Mean ove

ments influence and control different crops, crop growfl of daily re

and resulting yield, and suns
(41%)

Scheme.
r 'days (standard meteorological weekwise)

adings are used for the analysis of temperature
hine and total weekly value’ (7 days standard




416 UFENDRA SHANKER anp B.R.D. GUPTA

meteorological weekwise) for rainfall, number of
rainy days and evaporation. The paddy yield in kg/ha is
used as dependent variable while weather elements are
used as independent variables in multiple regression
analysis. It is assumed that high level farm technology
on paddy land is used, therefore, in this model, no tech-
nological term is included.

2.1. Method of analysis

In the present study, first of all, for all the weather
elements nine points moving averages are calculated.
Then the mean crop yield is linearly correlated with
temperatures (maximum, minimum and mean), sun-
shine, evaporation, rainfall and number of rainy days
for different overlapping periods, ranging from one week
to nine weeks.

Those periods which give high correlations for a parti-
cular weather element called “sensitive periods”, are
selected for the analysis. The yield is assumed to be
directly related to the weather elements. It is assumed
that the effect of weather elements on paddy yield in
each period is independent of the effect of weather
elements ipn other time period. Different weather ele-
ments are selected and these periods are subjected to
linear multiple regression analysis with yield as depen-
dent and weather element as independent variables.
The regression equation has the form :

Y=a+ blx1+b2xa + ...... +b&x§ ...... (2. 1)
where, a, by, b,,. . ., b are all constants and x;, x,, .. ..,
x; are the weather elements during different phenological
periods of crop growth, Yis the yield. Numerous combi-
nations and permutations are tried. The combination
which gives significant and high multiple correlation
coefficient, is selected.

3. Phenology of the paddy crop and distribution of climatic
variables

3.1. Phenology of the paddy crop

The paddy growing season covers an approximate
period %f l%Sg:iays from 25 June to 15 December.
This period is divided into 25, seven days periods for
analysis purpose. The whole paddy growth season can
be grouped into three phases :

(i) Establishment phase, (i7) Vegetative phase and
(iii) Maturity phase.

These phases may be further subdivided into seven phe-
nological stages

(a) Sowing and emergence stage,

() Nursery stage,

(¢) Transplantation stage,

(d) Tillering stage,

(e) Elongation stage,

(f) Flowering stage, and

(g) Harvesting stage.

3.2. Distribution of climatic variables

The crop at Chinsurah is rainfed of the autumn season
characterized by monsoon rainfall. The period up to
first week of October is of low water deficit because
evapotranspiration losses are low and rainfall is high.
This period is highly favourable for vegetative growth.
The period after first week of October is of increasing
water deficit, because evapotranspiration losses are
more and rainfall is less. This period is good for flower-
ing and some rainfall is quite useful. The distribution of
climatic variables is discussed in the following lines.

3.2.1. Maximum, minimum and mean temperatures

The average maximum weekly temperature during the °
paddy growing season varied from 32°C to 26°C. The
minimum temperature from 26°C to 12°C and mean
temperature from 29°C to 19°C. The period covering
26th week to 43rd week is characterized by stable tem-
perature. During the period from 44th week to 50th
week the maximum temperature vary little while the
minimum temperature decreases rapidly. The mean
temperature during the season shows a decreasing trend.

3.2.2. Rainfall and rainy days

The total amount of rainfall fluctuates from year to
year. The average weekly total rainfall during the period
from 26th week to 40th week varies from 77 mm to 45
mm. The highest weekly rainfall of 77 mm is in 28th
week. The average total number of rainy days is
between 2 and 4 days per week.

3.2.3. Sunshine and evaporation

The average sunshine value during the paddy growing
season varies from 5 hr/day to 9 hr/day. The rate of
evaporation decreases from 26th week to 40th week and
rising trend is observed in succeeding period.

4. Result and discussion

4.1. Crop weather relationships of paddy based on
correlation technique s

The object of the study of crop weather relationships
using simple correlations is to get some idea as to how a
particular weather element influences the final yield
during different phenological periods of crop growth.
It is an obvious expectation that the same weather
element is not influencing the crop growth and the
final yield uniformly in the same sense throughout the
phenological phases of the crop growth. The present
study very well confirms this obvious experience. The
important partial correlation coefficients obtained during
different phenological phases at Chinsurah have been

summarized in Table 1 and detai : i
following lines, nd details are given in the

At Chinsurah, the yield is negatively co i
maximum temperature during gﬂowegng grtzl:;ed ‘%ﬁg
cqrrplatlons are relatively larger and signiﬁcaﬁt with
n;x}lmu.m temperature in the vegetative phase. This
clealy indicates that the decreasing temperaturé in the

OWring stage and vegetative phase have a beneficial
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TABLE 1

Coefficient of correlation between paddy yield and weather elements
at Chinsurah

Phenological phases
Py et

Weather elements £ Estab- Vegetative phase Matul@
lishment —-——A——— stage
phase Tiller- Elonga-

ing tion

stage . stage
Maximum temperature 0.30 0.26 0.31 —0.57
Minimum temperature 0,50 0.57 0.56 0.11
Mean temperature 0.23 0.42 043 —0.13
Sunshine 0.31 0.50 0.38 0.14
Evaporation 0.20 0.46 —0.18 0.39
Rainfall —0.63 —0.42 —0.57 —0.26
—0.19 —0.31 —0.43 —9.18

Number of rainy days

Actual, estimated and predicted yields for different

X, is average mean temperature during 1 October
to 14 October,

X; is average sunshine during 20-26 August,

X4 is total rainfall during 8-14 October,

X is total rainfall during 30 July to 19 August,

Xs is total rainfall during 13 August to 14 O:tober.

The equation accounts 86 per cent of the variation of
the independent variables with multiple correlation
coefficient of 0.93. All the partial correlation coeffi
cients are significant at 5 per cent level, some of them
are significant at one per cent level also. The fi 1l met-
eorological parumeters included in the equation are
given above and the brief discussion of the same is
given below.

The beneficial effect of increasing minimum temp:zra-
ture during the vegetative growth stage (10 September
to 7 October) is observed. If the minimum temperature is
5 per cent more than the normal value, the yield increase
by 24 per cent.

An increase in rainfall by 5 per cent from normal value

effect on yield. The mean temperature has positive cor-
relation with yield during vegetative phase. The negative
correlation in the tillering stage between sunshine and
yield is significant. Rainfall and rainy days are negatively
correlated with sunshine. In this particular case the
correlations are in the same sense, hence all of them

reduces the yield about 2 per cent. The yield incre.ses
by about one per cent with a decrease in the rainfall
from normal value by 5 per cent during 8 October to 14

October.

With an increase in sunshine duration by 5 per cent

add towards a better yield.

4.2. Multiple regression equation

The derived regression equation is :

Y= —715.05-1-41.17X,-3.68X, —8.82X, —0. 54X,
—0.18%, —0.11 X,

where, Y is estimated yield,

X; is average minimum temperature during

10
September to 7 Oct .ber., :

from the normal value during the period 20 August to
26 August, the decrease in yield is less than 2 per cent,

If the average duration of sunshine decreases by 5
per cent of the normal value, the increase in yield is
about one per cent.

The actual and estimated yields show a very good
agreement as shown in Fig. 1. All the estimated yielis
are within + 10 per cent of the actual yields in 86 per
cent cases, The extreme departure of the estimated
yield from actual yield is 18 per cent in 1963.
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The equation is tested with an independent data set
for the year 1969 & 1972 and results are shown in Fig. 1.
It is observed that the errors are 3 per cent in 1969 and
6 percentin 1972.

S. Conclusions

The equation derived is valid for Chinsurah and for
the autumn paddy crop only. The weather element
(rainfall) is useful for yield forecasting during establish-
ment and vegetative phases. The actual estimated and
forecasted yields agree very well. The equation has
considerable forecasting value as the observations of
weather elements required for the purpose, are much
before the completion of the crop.
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