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Forecasting rice yields in Gangetic West Bengal
using rainfall and agricultural technology
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ABSTRACT. The traditional method of linear multiple regression has been employed systematically to develop
regression models to forecast rice yields in Gangetic West Bengal by using direct and derived parameters of rainfall
introducing technological trend and extending the series subsequently every year. The analysis of variance revealed
that all regression models were highly significant at 1 %;. The yields estimated by the models for all sample years lay
within -+ 10%,. The regression models explained more than 80 par cent of total variation in yields with 'multiplc

correlation coefficients exceeding 0.90,

1. Introduction

The impact of weather and climate on food produc-
tion is of vital importance. According to McQuigg
(1975), there are three major sources of variability in
yields of grain in a region over a long series of years.
These are identified as (i) tcchnological change,
(if) meteorological variability and (iii) random “noise’.
The technological change in yields creeps in due to the
recent advances in agricultural technology. A suitable
linear time scale dummy variable is introduced in crop
yield models to account for the technological trend.
Among meteorological parameters, rainfall, tempera-
ture of the soil and air, soil moisture etc are some of
the important elements which affect crop yields signi-
ficantly. The impact and contribution of random
‘noise’ is very little.

An agroclimatic study of the relationship between
crop yields and weather parameters is carried out with
the help of empirical-statistical multiple regression
models. These models are generally employed for
making quantitative crop yield forecast on operational
basis. Multiple regiession models have been develcped
by Das et al. (1971), Sreenivasan et al. (1973),
Chowdhury et al. (1981), Rao et al. (1978, 1984) and
many others to forecast the yields of principal ciops of
India. Similar technique has been utilised in the present
study to develop linear multiple regression models to
forecast yields of rice crop in Gangetic West Bengal
where it is generally grown during June to November.
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Rainfall is the most important weather parameter
that affects 1ice crop in this region where irrigation plays
a miner role. The water requirement of the crop is
mainly fulfilled during monscon season. Monsoon
rainfall constitutes about 76%, of the annual rainfall
and July‘f/Augusl are the rainiest months (IMD 1962)
Depressions ard low przssute areas (surface and uppm:
air) are the prominent synoptic systems which cause
active to vigorous monsoon conditions. In September,
monsoon depressions generally intensify into cyclonic
storms. In addition to these, other 1ain prc;ducing
systems include trcughs in mid-latitude westerlies in
the middle and upper troposphere which on extending
well southwards cause active monsoon conditions
(Srinivasan er al. 1972). Moreover, the geographic
Iccation of Gangetic West Bengal is favourable to the
fall of rain from the rain bearing systems traversing
over it during monsoon period, which make it, essen-
tially, a rainfed area. The aim of this study is, therefore
to investigate and establish relationship between lainfal-l
ard rice yields in this region by using multiple regiession
technique. Impact of agricultural technology on rice
yields has also been examined critically and a modified
model has been developed by using technological trend
as an independent variable.

2. Data

A data series of 23 years, from 1958 to 1980, has been
used in the present study to develop regression models.
The average rice production and arca figures of ten
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TABLE 1

Basic and modified models to forecast rice yields in Gangetic West Bengal

Model Data Multiple regression equation M.C.C. Percent r—-ﬂ'h‘w«--f -
saries variation Compu- Tabula-
ted ted
S o s (%)
Basic 1958-8) Ye=558.191 -1.235X, ~31.637X, +42.595X, ! 9.457X, 0.91 83 21.17 4.58
(.12 3,50 (5.36)  (2.19) o '
Modifisd 1958-80 Ye=597.029 -1.034X, -3).591X,-42.025x, -7.525X, -27.325X 0.92 85 G
Q. (3.8 (5.38)' (L1 (L1 ' 00

Ye—Estimated vield (kg/ha), X',—Total rainfail (mm)during 13 to 17 July (Transplantation), A,
(Active tillering), Xy —Rainy days during 21 to 28 August (Elonz |

to 6 October (Flowering).

( : ,—Crop rainy days during 3 to 10 August
won) and X, —Restricted rainy days during 11 September

*Note : Student’s -values are indicated within brackets.

districts, Murshidabad, Burdwan, Nadia, Birbhum,
Bankura, Purulia, Midnapur, Hoogley, 24-Parganas and
Howrah were cxtracted from Season and Crop Reports
and the Agricultural Situation in India published by the
State Government and the Economic & Statistical
Adviser, Ministry of Agriculture, Government of
India respectively. Average of these districts was used in
the regression analysis. Similarly, average daily rainfall
data based on daily rainfall of seven observatories at
Berhanpur, Burdwan, Krishnanagar, Bankura, Purulia,
Midnapur and Alipore well distributed over the region
under study was used in the regression analysis for the
crop growing period from June to October.

The daily and monthly data of direct as well as
derived parameters of rainfall was used in the study. The
daily derived parametcis include

(1) Rainy Days (RD)- - Days when the rainfall was
 equal to or more than 2.5 mm.

(2) Restricted Rainy Days (RRD)— Number of
" rainy days except when preceded by a day
having 50 mm or more rainfall.

(3) Crop Rainv Days (CRD)— Number of days when
the rainfall was 5 mm or more. But a day
having rainfall 2.8 mm was considered as
a crop rainy day with a gap of two or less non-
rainy days.

It is well known that_the inﬂgcncc of rainfall on crop
yields is clos:ly associated with the role of actual
and potential evapotranspiration in a regton. There-
fore, derived paramcters .based on rainfall, aclulal and
potential cvapotranspiration were alslo uced in the
regression anelvsis. Of the monthly derived parameters,
P—pPy and P[Py were used, where, P and Pp denote
monthly  rainfa!l and potcntial evapetranspiration
respectively. The former shows the excess ol deficit
rainfall, whereas latter is termed as precipitation effi-
ciency ratio. Monthly Py values computed by Rao
et al. (1971) have been utilised in the present study.

Steyaert et al. (1981) and Achutuni er al. (1982)

sugzected the use of agroclimatic indices, viz. Yield

Moisture Index (YMI) and Generalised Monsoon
Index (GMI) for the qualitative assessment of drought
related food shortages, particularly of rice crop.
These indices, monthly as well as cumulative, were
used in the regression analysis. Climatic normals of
1901-1950 were utilised to obtain the monthly rainfall
weights and the ciop coeflicients were computed by the
method given by Doorenbos and Pruitt (1975),

3. Method

The traditional multiple 1egression technique has
been employed to develop yield forecasting models.
Firstly, & basic model has been developed by using
direct and derived parameters of rainfall, without
introducing technological trend, from a data series
of 23 years, from 1958 to 1980.

Secondly. a modified model has been obtained
by intreducing an assumed technological trend in the
basic model keeping other independent variables
constant. The development of modified model was
intended to improve the forecast of rice yields, parti-
cularly higher yields since 1983, by superimposing the
impact of agricultural technology in the form of linear
time scale dummy variable.

Lastly. medified model has been updated every
year by extending the series up to 1981, 1982, 1983,
1984 and 1985 to obtain updated modszls 1. 2, 3, 4 and
5 respectively. While developing updated models, it
was assumed that the same sensitive periods and
variables remain significant in  the subsequently
extended secries also. The advantage of developing
updated nodels lies in their ability to ensure the
stability of regression coefficients and the validity
of 1egression models as confirmed by Student’s *#° and
*F* values respectively. These may suitably be termed as
dvnemic regression models.

The models have been verified with independent
data for the years up to 1985 outside their sample
series. The pesformance of the models has been examined
critically by computing percentage departures of
estimated and forccast yield figures,
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Fig. 1. Actual, 5 years’ moving averages and estimated yiclds (Basic modzl)

4. Results and discussion
4.1. Sensitive periods and parameters

Out of all the optimum periods, the sensitive periods of
statistical and phenological significance were selected for
the regression analysis. Rainfall during 13 to 17 July,
CRD during 3 to 10 August, RD during 21 to 28
August and RRD during 11 September to 6 Octeber
emerged significant and useful to the crop. The sensitive
‘periods  represent transplantation, active tillering,
elongation and flowering stages respectively as per the
appropriate crop calendar.

4.2. Basic model

The basic model obtained from a data series of 23
years (1958-80) is shown in Table I. It may be seen that
all the independent variables are significant at 577 as
confirmed by Student’s t-test. The model successfully
accounts for 839 of total varjation in rice yields with a
multiple correlation coefficient of 0.91. The analysis of
variance proved that the model was highly significant
at 1% when its computed F-value of 21.17 was compared
with the tabulated value of 4.58.

The percentage departures of estimated yields for all
sample years lay within 4 109{. The' verification of the
basic model carried out for the subsequent 5 years
outside the sample size up to 1985 is shown in Table 2.
The percentage departures of forecast yields for 1981
and 1982 lay within -+ 10% whereas they exceeded for
remaining years, due apparently to the abnormal
increase in reported yie!ds since 1983. Theactual and 3
years moving average yields alongwith those estimated
by the basic model are shown in Fig. 1.

|

4.3. Modified model

The average of the yields during 1958-80 was 1190
kg/hba with standard deviation and coefficient of
variation as 118 and 10 per cent respectively. The
abnormal increase of yields in" 1983, 1984 and 1985 to
1500, 1595 and 1545 kg/ha respectively was, presumably,
dueto recent advances in agricultural technology caused
by the use of high yielding varieties large scale use of
fertilizers, better irrigation facilities, use of insecticides
and improved management practices. This is termed as
the technological trend and is presumed due to the
combined impact of these factors. This necessitated the
need to modify basic model by introducing technological
trend as an independent linear time scale dummy
variable.

A careful examination of 5 years’ moving averages
in Fig. 1 would indicate that the yields tend to increase
gradually since 1975. The trend is mild up to 1980 and
rises steadily upwards thereafier. A linear time scale
dummy variable was introduced in the basic model to
account for technological trend.

A modified model,-as shown in Table 1, was obtai-
ned with multiple correlation cocfficient as 0.92.
It accounted for 85%, of total variation in yields. RRD
and technological trend emerged significant at 107,
whereas other independent variables remained signi-
ficant at 5% as confirmed by their r-values. The
analysis of variance was carried out and the mcdified
model was found to be highly significant at 19 as
seen from a comparison of the comuted F-value of
18.66 with the tabulated value of 4.34.
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TABLE 2

Percentage departures of rice yields forecast by basic and
modified models

Yield (kg/ha) of years

—A - S—

1981 1982 1983 1984 1985
Actual 1257 1228 1500 1595 1545
Basic model
Forecast 1302 1193 1204 1339 1313
7, dep. L4 —3 20 16 15
Modified model
Forecast 1376 1313 1336 1490 1489
"5 dep. 9 +7 —11 —7 —4

The pcrcentage departures of the yields estimated
by the medified model for all sample years were within
tolerable limits (- 10%) as shown in Fig. 2. Verifi-
cation cf this model for subsequent § years, from 1981
to 1985, outside the sample series showed encouraging
results. Percentage departures of forecast yields for
all years, except 1983 (—11%), lay within +10% as
shown in Table 2. The model. therefore, tends to fore-
cast higher yields successfully and shows improvement
over ‘basic model, as it takes into account the impact
of agricultural technology on rice yields in Gangetic

yields estimated by (a) Basic

b 7 B 1 ‘87 ss

and (c) Updated model 4

West Bengal. Fig. 3 shows the actual yields and those
estimated by the modified model.

4.4. Updated models

The updated models are shown in Table 3. All
updated models, except 3, were able to explain more
than 80 per cent of total variation in yields with multiple
correlation coefficients exceeding 0.90 and were highly
significant at 19 as confirmed by their computed and
tabulated F-values obtained from the analysis of
variance. The yields estimated by them, for all sample
years, lay within - 10% as shown in Fig. 2 for updated
model 4. Fig. 4 shows the actual yields and those esti-
mated by the updated model 4.

5. Conclusion

(i) Multiple regression technique is a formidable
tool to develop empirical-statistical crop yield forecast-
ing models using weather and technological parameters.
A systematic methodology was adopted to develop N
basic, modified and updated models to forecast,
quantitatively, rice yields in Gangetic West Bengal,
from a data series of 23 years (1958-80) of direct and
derived parameters of rainfall, with and without techno-
logical trend and subsequently extending the series
every year up to 1985,

(ii) The basic model explained 83 per cent of total
variation in yields with multiple correlation coefficient
as 0.91. All independent variables emerged significant
at :5%.
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Fig. 3. Actual and estimated yields (Modified model)
_TABLE 3
Updated models to forecast rice yields in Gangetic West Bengal
Percent F-valuz
; : § variation = —— ——A ————
Updated model Multiple regression equation M.C.C. Computed Tabulated
(2
Model 1 (1958-81) Ye—=604.661-+1.244X,-+27.493X,--37.914X,+9. 140X, + 13.794X, 0,908 82.56 16.98 425
Model 2 (1958-82) Yo—6)4.726 1 1.244X, - 27,501 X, -37.916X, +9.132X, ~13.314X, 0.999  82.62 18.00 4.17
Model 3 (1958-83) Ye—605.5231.207X, + 25.350X, - 35.042X, - 10.703X,+-36.217x, 0.884  78.22 14.33 4.10
Mode! 4 (1958-84) Ye—605.789 +1.315X,+23.499X, 1 35.470X, +10.544X, + 42.331X, 0.911 83.11 20.60 4.01
Model 5 (1958-85) Ye—586.668 - 1.33X,+25.430X,-37.196X,+ 10.328X,+39.853x,  0.925 85.57 25.99 3.99
TABLE'4 TABLE 5
Computed Student’s /-values of independent variables Percen of i
in updated models e mﬁ mr;gedsylelds Seenemt
Degrees Tabu- o7
Updated . . . rof ,]mc;d ' Year r—_—#ﬁfie_mrturil/:) of updaled___u_ﬁ
model X, P ¢ B o d"::_.' a}"?{" Model I  Model2 Model 3 Model 4
1 3.36 3.07 4.93 2.13 1.04 18 2.10 1982 —1 — — o
2 3.66 3.27 5.09 2.58 1.22 19 2.09 1983 10 10
3 2.88 2.45 3.84 2.48 322 20 2,09
4 3.27 2.32 3.90 2.45 4.56 21 2.08 1984 =l —38 ~2
5 3.32 2.64 423 2.59 5.40 22 207 1985 —11 —11 —1 2
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Fig. 4. Actual and estimated yields (Updated model 4)

Appa Rao, G, Sarwade, G.S., Jaipal, Sarker, M.B., Joseph

(/i) The modified model, obtained from introducing
technological trend in basic model, explained 85 per
cent of total variation in yields with multiple correla-
tion coeflicient as 0.92. The yields forecast by it lay
mostly within -109,.

(iv) All updated models, except for 1958-83, ex-
plained more than 80 per cent of total variation in
yields with multiple correlation coeflicients exceeding
0.90. All independent variables, except technological
trend in upated models 1 and 2, emerged significant
at 5% and revealed stability of regression coefficients.
The updated models forecast rice yields mostly within
tolerable limits of statistical significance.

(v) The analysis of variance confirmed that all
regression models were highly significant at 17%,. The
models estimated vields within --10°%] for all sample
years.

(vi) The satisfactory performance of updated models
suggests that these forecast, successfully, rice yields in
Gangetic West Bengal from the direct and derived
parameters of rainfall and agricultural technology.
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