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WINTERS’ MODEL IN PREDICTING THE YIELD OF PARTICULAR CROPS USING
NEURAL NETWORK TECHNOLOGIES

At the practical construction of economic efficiency forecasts of the enterprises' activities in the
agro-industrial complex, it is often necessary to take into account the seasonality and cyclically of
the initial data. This is especially true for the productivity indicators of different grain crops, which
have a stable oscillatory component. In this situation, in order to obtain more accurate forecast
estimates, it is necessary to correctly display not only the trend but also the oscillatory component.
With a sufficient amount of initial data, the constant seasonal feature fluctuations are traditionally
identified using additive seasonal models, and more dynamic changes that depend on the trend are
researched on the basis of multiplicative models. In particular, autoregressive and Box-Jenkins
models can be applied [1].

In our research, to identify the features of changes in yield indicators, used data from statistical
reports of Ukraine, which are in the public domain [2, 3]. To predict the yield of rye, used the
Winters' model (of exponential smoothing with multiplicative seasonality and linear growth) based
on a sample of actual data from statistical reports for an 8-year period. It was anticipated that this
model is most convenient for a small volume (n = 8) of initial data with an oscillatory component.

The most important advantage of this method is the facility of updating seasonal factors as new
datasets become available. At the heart, this forecasting method is defined four equations:

S, = H(D”cr_”)‘f' (1—a)(S,_y — Ge_y),

Level estimate: ~¢ (1)
Trend estimate: G¢ = B(Se —Se—1) + (1 — }'5')6;_1’ 2)
Scasonal estimate: €t = ¥ (De/Se) + (1 —¥)cey , 3)
Forecast for 1 periods ahead: Feesr = (St + GeTCesry , (4)

where v is a smoothing factor for the seasonality. o and f are smoothing factors for the level and
trend, respectively [4].

At the initial stage of applying Winters' method to calculate the multiplicative coefficients of
seasonality in cycles with different adaptation parameters « , we used the regression equation:

X, = 22,1679 + 0,8988

obtained as a result of the performed regression analysis based on the initial data samples.

The forecasting accuracy by the Winters' method depends mainly on the a indicator, therefore,
the optimal value of this indicator was selected. The yield forecasting results showed in Figure 1.

Overall, the graph analysis showed that Winters' multiplicative seasonality exponential
smoothing model is preferable over the regression model. At the same time, a noticeable
insignificant discrepancy between the predicted data relative to the initial one may be due to the
influence of not only various production, economic and meteorological factors, but also other
unaccounted factors. Taking it into thought, in this research, artificial neural network technologies
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were used to predict crops taking into account hidden factors. In particular, a neural network model
was built for predicting the yield of rye-based on the data of the previously mentioned time series
using multilayer perceptrons (MLP). The squares sum function was used for calculating the error.
At the initial stage of training the network, from 2 to 8 hidden neurons were used, as activation
functions at the input, identical and logistic (Identity and Logistic) were used, and at the output,
only identical functions. The efficiency of the constructed neural network was determined by its
performance indicators (for the magnitude of the correlation between the initial and predicted data)
and the error magnitude at the training and control stages.
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Fig. 1. The results of yield rye forecasting in Ukraine by used regression and Winters' methods

Summing up, it should be noted, that the error magnitude for the constructed neural network
model did not exceed 8.3%. This indicates the need for further continuation and expansion of the
research, in particular, the making of neural networks capable of taking into evaluation the possible
influence of other abiotic factors on yield indicators.
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