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ABSTRACT

The study was undertaken to investigate the impiaateather variables on crop productivity of whe@tincipal
components of the weather parameters spread oeecrip growth period were employed to forecast whyggd(s) in
northern zone (Ambala, Yamuna Nagar and Kurukshdisgricts) of Haryana. Zonal weather models galve tlesired
predictive accuracy and provided a considerable rompment in the district-level wheat yield predicti

The results indicate the possibility of district«¢ wheat yield prediction, 4-5 weeks ahead ohidnwest time, in Haryana.
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INTRODUCTION

India has a well-established system for collecggcultural statistics. The primary responsibility collection
of data regarding the area under different cropd @noduction of crops is that of the State Govemise
The official forecasts (advance estimates) of majereal and commercial crops are issued by theciirate of
Economics and Statistics, New Delhi. However, thalfestimates are given a few months after theahdtarvest of the
crop. This makes these statistics unusable fompignand management purposes. Hence, there issideoable scope for
improvement in the conventional system. Reliabkeddyiforecasting within the growing season wouldbé@mamproved

planning and more efficient management of crop petidn, handling and marketing.

Various organizations in India and abroad are eedag developing the methodology for pre-harvestdasting
of crop yield using different approaches. The mmsthmonly used models are based on empirical staishodels.
The processes determining crop growth are compiexfiaal yield is governed by a number of factdree main factors
affecting crop yield are agricultural inputs andatveer parameters. Use of these factors forms allraggory of models
for forecasting crop yield. In many previous stadigield forecasting models have incorporated #&sesf weather
predictors {Bal (2004), Bazgeeet al (2007), Esfandiaryet al (2009) and more specifically; temperature
(Battset al. (1997), Wheeleet al. (2000), Penget al. (2004)) and rainfall (Mkhabelat al. (2005)). Azfaret al. (2015)

have used principal component analysis for musteeld forecasting.
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The purpose of this study was to develop zonaldyiebdels using time series data on weather parasnete
crop yield by following principal component anakysor obtaining pre-harvest wheat yield forecastthe northern zone
of Haryana. The work was initiated to develop fating models on agro-climatic zone basis by coingithe data of
various districts within the zone so that a longgnies could be obtained in a relatively shorteiopgeand that provided the
basis to use multivariate statistical analysis. @hmphasis has been given to see the forecastifigrpance of the zonal

yield model for district-level yield estimation diog the period(s) of model development and modstlrtg.
Study Region and Data Used

District-level wheat yield data of the past 34 w&t980-81 to 2013-14) were collected for northeone in
Haryana and the same were used to carry out limaartrend analysis and then computing the disteieel trend, based
on yield TY = a + bt, where TY= Trend yield, a= Intercept, b= Slope and t = Year. The weather data viz., rdinfa
maximum temperature and minimum temperature wetkeated from India Meteorological Department (IM@nhd

different meteorological observatories in Haryatades
Computation of Weather Parameters

Weather data starting from thé& fortnight of November to 1 month before harvestewatilized for the model
building (crop growth period:$1November to 18 April). The various fortnightly weather parametersre computed as

follows:

15

D TMXi

i=1
Average Maximum Temperature (TMX) = 15

15
D TMNj
=1

Average Minimum Temperature (TMN) = 15

15

D ARF
Accumulated Rainfall (ARF) =*=1
where TMX = i"" day maximum temperature
TMN = ™ day minimum temperature
ARF=k" day rainfall
i,j,k = daily meteorological data

Statistical Methodology

The use and interpretation of a multiple regressmmalel often depend explicitly or implicitly on tlssumption
that the explanatory variables are not stronglgriefated. In most regression applications, thdaggtory variables are
not orthogonal. Usually the lack of orthogonaliyniot serious enough to affect the analysis. Howénesome situations,
the explanatory variables are so strongly inteteeldhat the regression results are ambiguous. tUsulsh situation, the
estimated values of the coefficients are very sieesio slight changes in the data and to the aidibr deletion of

variables in the equation. To overcome the prolémulticollinearity observed among the weathemadtte zonal wheat
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yield models were developed within the frameworkPaincipal Component Analysis (PCA). Principal campnts P
(i=1,2,....) were obtained as P = kX, where P andr&X tae column vectors of transformed and the oaigirariables,
respectively and k is the matrix with rows as tharacteristic vectors of the correlation matrixTiRe variance of Hs the
i characteristic rook; of the correlation matrix Ris were obtained by solving the equation }R-=0. For each, the

corresponding characteristic vector k was obtamedolving |Rxl| k=0

RESULTS AND DISCUSSIONS

PCA offers a considerable improvement over leastasgp estimates in the presence of multicollingarit
The procedure consists of finding the eigen rooid aigenvectors of the correlation matrix of expkany variables.
The most frequently used convention is to retandbmponents whose eigenvalues are greater thatJader this study,
first ten eigenvalues of the correlation matrixnafather variables suggested ten factor solutiogersialues and percent

variance explained by different PCs are presemtdcble 1.

Table 1: Eigen Values and Variance (%) Explained byifferent Principal Components
Components 1 2 3 4 5 6 7 8 9 10

Bigenvalue | o) | 348 | 267 | 233 | 207 | 194 | 173 | 136 | 124 | 1.06

(% variance
explained) (18.17) | (12.90)| (09.89)| (08.62)| (08.28)| (07.20) | (06.40) | (05.03) | (04.61)| (03.94)

Regression modelda step-wise regression method (using SPSS) witteel oy taking yield as the dependent
variable and principal components and trend yisltha regressors. The finally selected zonal whiedd relationship on

the basis of highesidj-R? and lowest standard error (SE) of estimate afelkasvs:
Yieldes;=-2.93 + 1.08 *TY + 0.77 PC; - 0.81* PC, +0.85* PG
R?= 0.880, adj.R=0.875 & SE= 2.64
where Yields;- Model predicted yield
TY - Linear time-trend based yield
PG - i" principal component score (i = 1,2,...,10)
R?- Coefficient of determination
SE - Standard error of yield estimate

The above zonal yield model was used to obtain twietd forecasts at a district level in the northeone of
Haryana. Trend yield is an important parameter appe in the model, indicating that most of theiahility in yield is
explained by TY, which is an indication of techmgital advancement, improvement in
fertilizer/insecticide/pesticide/weedicide used andreased use of high yielding varieties. The nhqutedicted yields

along with observed yields and per cent relativdat®ns are as given below:
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Table 2: District-Specific Wheat Yield Estimates Abng with Percent
Deviations from Observed Yield(s) 4ihg Zonal Yield Model

Ambala Kurukshetra Yamunanagar
Districts/ Obs. | Fitted Obs. | Fitted Obs. | Fitted
Years Yield | Yield | RD(%) | Yield | Yield | RD(%) | Yield | Yield | RD(%)
(a/ha) | (g/ha) (a/ha) | (a/ha) (g/ha) | (g/ha)
2010-11 36.08] 41.12 -13.96 4472 4945 -10/58 45.570.21 9.57
2011-12 48.61| 43.54 10.34 54.38 51.93 4.51 53.64.5648 18.80
2012-13 42.06| 42.3( -0.5§ 46.57 50.66 -8.77 43.32.151| 2.85
2013-14 46.31| 43.27 6.56 48.18 51.64 -5.85 45.31.048 5.09
Average absolute deviation 7.86 7.43 | 9.08

Percent Relative Deviation (RD%) = 18((observed (obs.) yield — fitted yield) / obserwaeld]

The results inferred that there is a considerabfgdvement in the district-level wheat yield forstsaon the basis

of zonal models and also showed good agreementwétbbserved yield(s) in the northern zone of ldaay
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