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Forecasting of wheat yields on the basis of weather variables
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ABSTRACT

The data from 1970 to 1959 of Mehzana district of Gujarat state, wers
usedlor fitling a pre hasvast forecast model for wheat yield based on weather
parameters using slepwise regression technigue. Models based on original
wealhar variables with week wise and crop stage wise approach and the
generaled variables taking week number and correlation cosfficient as weight,
were 1ied. Amaong ths different approaches, the model based on generated
wea'her varables (correlation coefficient as weight ) was Identified on the
basis of R? values [0.943) and the simulated torecast errors{<6%) which can
predict the wheat vield at the end of 127 week alter sowing.
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Weather 1s a major facior affectmg

crop production in India. Early forecast of

crop yield may help the planners in deciding
the polices. Therefore. an attempt  has been
made to guantify the effect of weather
parameters and technological advancement

on wheat crop tor Mchsana district of

Gujarat State. The district falls under North
Gujarat Agro climatic  Zone and has the
highest .arca of about 6%,000 ha
{Anon..1975) under wheat crop.

MATERIALS AND METHODS

Wheat crop 1s grown during Novern ber
to March in rabi season. Time serics aata
on weather parameters (X, = maximum
temperature ("C). X, = mimmum
temperature ('C), X, = marning relative
humi v (%) X, =evening relative humidity
(%), X, = wind speed (kmh™) and X, =

bright sunshine hours) from 1970-71 to
[908-89 were collected from  the
observatory situated at Main Wheat
Research Station, Viapur in Mchsana
district. Wheat productivity data of
Mehsana district for the same periods were
collected from the published reports of the
Dircctorate of Agriculture. Gujarat State,
Alimedabad (Anon. 1970-T1 ta 1995-99),
Following four different approaches
(models) were studied,

Model- I (standard week wise approach)

W
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Madel —IF (crop stage wise approach)

. X, cR +dT ... (ii)
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where, i = 1, 2......p (X, weather
vadables), j=1,2, .............wors ( w-
weeks after sowing(1-18) and s-stage of
crop(1-6)), Y = productivity (kg ha”'), X,
are the values of 1" weather variables in j*
standard week{w) or crop stage(s) L.e. std.
week 46 to 48 sowing to crown root
imitiation stage(s,), std. week 49 to 51
crown root imitiation to initiation of tillering
stage(s,), std. week 52 to 2 tillering to
jointing stage(s,), std. week 3 to 5 jointing
to flowering stage(s,), std. week 6 to 8
flowering to milking stage(s,) and std. week
9 1o 11 milking to soft dough stage(s,) ). R
= rainfall (mm), T = time trend, a_ b ¢
and d are regression coefficients, J

Madel- 11l (by taking week number as
wisight

T E b, Q. +cR+dt.....Lii)
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Model- IV (by taking corrclation
coefficients as weight)
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Where Zij~= ( E] e X 21 v and

W=

XX T B

Zij and Q. are the generated first and
second order variables, r. = correlation
coefficient between 1 and 1" weather variable
for w" week and = correlation coefficient
between wheat yield and 1"  weather
varable

Using these approaches the forecast
models were fitted based on step wise
regression technique (Draper and Smith,
1966) and simulated forecast errors were
worked out for the subsequent years which
were not included in fitting the model.

RESULTS AND DISCUSSION
Week wise approach (Model [)

District average wheat yield was
regressed on weekly weather data along
with time trend and rainfall The results
indicated that time¢ trend (T) and wind
speed(X,,,,)} in 9" week after sowing
(Table 1) have significant influence on
wheat yield in all four periods ( 12, 14,16
and 18 weeks after sowing). As the period
was extended from 12 to 16 weeks, the wind
speed of 13" week(X ., ). maximum
temperature of 16" wcck{fx{ﬂn}. morning
relative humidity for 13" and 16" weeks
(X,,,;and X_. ) and sunshine hours of 17%
week(X,,,,) entered in the step wise
regression model and their regression
coefficient were significant. The coefficient
of determination (R*) was comparatively
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Table 1: Variables selected. coefficient of determination and range of forccast errors in

week wise approach (Model J)

Variables selected R2 and simulated forecast errors (%)
F0-T1 F0-71 T0-71 T0-71 T0-71
to81-92 | to92-93 | to93-94 | to 94-95 | to 93-96

(I} 12 weeks model

T, X, R? 0.826 (0,800 07482 {8035 0.796
Range of | 3.45- 122- [077- | 029- (.99 -
Errors 1241 10.19 7.01 828 G.04

(I1) 14 weeks model

T, X oand Xy R® 0870 | 0870 | 0870 |0.890 | 0882
Range of | 0.38 - 042— [034- | 038- 0.07—
Errors 443 T4l 718 722 2.54

(111} 16 weeks model

T Ky K antd X

ﬁ.}iﬁ,mand Xi*l\ R: {1.930 04931 0.931 0.941] 0.942
Range of | 0.27- (.33 - 0.67- |0.75- .90 -
Errors .36 1.67 1.79 137 1.%1

(IV) 18 weeks model

T, X, 1675505 and X,

oXeand X, X, | R 0969 | 0969 | 0969 |0974 | 0.974
Rangeof | 043 0.65- 0.77- 065 a7
Errars 3.36 324 358 336 313

low for 12 week period model, and showed
mereasing trend as the periods beyond 12
weeks after sowing were added in the
madels, The simulated forceast errors were
higher in 12 week model and consistently
lowerin 16 week model i all sets and hence,
the model of 16% week was selected as a
pre-harvest forecast model,

Y = 1579.72+30.01 T+ 1626 X,
745X, +460X,, +17665X,,

318 316

-131.41 X_ ., (R=0.942)

All the regression coefficients except

513

for max, temperature were significant or
highly significant. The model accounted for
about 942 per cent of total variation in
wheat vield. The simulated forecast crrors
were in the range of 0.9 1o 1.81 per cent
for the years 1996-97 to 1998-99, Thus, the
model is found to be rehable for forecasting
the wheat vield at the end of 16" week after
sowing.

Crop stage wise approach (Model IT)

In crop stage wise approach two sub
models were fitted based on original data
of weather variables. The first model
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Table 2:  Variables selected, cocfficient of determination and range of forecast errors in
stage wise approach (Madel II)

Variables selected R*=and simulated forecast errors (%)

70-7] T0-71 0-71 10-71 T0-T71
1091-92| t092-93 | t093-94| 1094-95| t095-96

(I} 4 stage model

T. (X0 X, &X,) | R? 0.707 | 0.692 | 0,681 | 0677 | 0.694
Range of | 037 - | 1.38- 2.09- (1.59- (.78 -
Errors 11.26 13.5] 1498 9.84 g.16
(I} 6 stage model
T.(X,, X, & X)) |R? 0692 | 0676 | 0659 | 0681 0.663
Range of | 7.09- | 2.69- 2.06 - .49 .- 2.76-
Errors 1837 13,44 11.02 12.42 743
consisted of first four stages (from Generated weather variables - Week
germination {s,) to flowering stage(s,) i.c. number as weight (Model 111)

46 std. week to 3% std. week) and the
second having six stages (sowing (s, to
dough stage(s, i.e. 46 std. week to 120
std, week.

The forecast models based on
generated weather vanables (Model [11) by
taking week number as weight were fitted
to the data (Sowing to 12 ™ week period
The results indicated that time trend re. 46 std. week to 3" std. week) and 1t

minimum temperature of jointing stage(s,) was found that only the time trend vanable
and flowering stage (s,) and wind speed in was selected in the model and the R2 value
jointing stage were found to have significant of different sets were about 46 to 34
influence on wheat yield in model based on percent (Table 3). The simulated forecast
first four stages. In the model based on first errors were also high as compared to the
six crop stages, time trend, wind speed of model of same period in week wise approach
third and sixth stages and sunshine hours of with original weather variables (Table 1),
third stage were found to have significant Thus. generated weather variables approach
influence on wheat vield. However, the R? taking week number as weight was not tried
values for both the models in different sets for the other periods.

were low (£71%) and the simulated forecast

P Generated  weather variables -
errors were higher (up to 18.57%) than the

Correlation coefficient as weight (Maodel

week wise approach. Therefore, these )
models were not considered suitable as the
pre-harvest forecast models The eriginal weekly weather vanables

were given weight by taking correlation
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Table 3: Variables selected, coeflicient of determination (R ) and range of forecast
errars in generated weather variable approach.

Variables selected R- and simulated forecast errors (%)
70-71 70-71 70-71 T0-71 70-71
10 91-92 | to92-93 | tp93-04 1 (o 94-95] 10 95-96

Week number as weight

(Miudel [T

(1) 12 weeks model

T R? 0578 0.511 1459 0517 0.3
Rangeof | 381- 7.70- 6.37- 8.29- i 78 -
Errors 19.43 ¥ 1135 13.57 1184

Corr, Coeff. as weight

(Model TV)

(11 12 weeks model

Ty o R N R 0,941 (1942 (1939 0.942 (943
Rangeof | (.49- 0,84 - th15- (.68 - 16 -
Errors i 558 Gl 5.20 iy

(i) 14 weeks model

Ty o o i R (1428 (1928 0,028 04936 0,436

Q452 Rangeof | 0.51- 1.52- 1.92- 4] - h15-
Errors 473 460 428 302 381

(iii) 16 weeks model )

TO 0,0 R? 0,947 0947 0.946 0952 0.952
Rangeof | 0.19- .44 - 0.15- .22 - Al -
Ermors 3400 312 326 205 1.28

(iv) 18 weeks model

g B NE ¢ CR 2 R? RS 04l a1 (922 1422
Rangeof | (2] 12- (3 - .22 .44 -
Errors 3.0 371 371 213 211

coefficients between weather variables and
wheat vield and the models (Model 1V)
were fitted for 12, 14, 16 and 18 weeks
periods. The results indicated that models
of all weeks 1 all sets aceounted more than
91 per cent of variation in wheat yield and
the simulated forecast errors were below 6
per cent in all the sets (Table 3). However,
locking to the R? values and earliness of
forecast, 12 weeks model based on 1970-

71 to 1995-96 data was selected wlich 15
as under

¥ =198992 + 28 14T -053 (¥
097 Q, +1.48Q°

R

(R*=0.943)

The model included time trend which
had highly significant positive regression
coefficient indicating increasing trend of
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technology over years, cross product (i.17)
of maximum temperature and after noon
relative humidity (Q° ) showed negative
significant influence on wheat yield, cross
product of maximum temperature and wind
speed (Q°.,) . cross product of minimum
temperature and after ncon relative humidity
{(Q7.,) both these have positive and
sipgnificant influcnee on wheat yield. All
these cross products were given linear
weight (j=1) by correlation cocfficients
(5 The proposed model accounted for
about 94.3% variation in wheat vield. The
simulated foreeast errors were below 6 %
in all the years. Pandey and Singh (1993)
for U.Py, Raja (1978) for some districts of
Gujara# state, Chaurasia and Minakshi
(1997) gnd Appa Rao (1983) have reported
forecasgmg models for predicong  wheat
vield based on chimatic variables. The
present findings are on similar line,

Thus, bath the proposed forecast
models (1 and 2), can be used as a pre
harvest forecast model, However, model (2)
can be prefered to that of model (1) as it
forecasts 3-6 weeks before the harvest of
the wheat crop in the distriet.
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