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Abstract
In this paper we analyze and forecast the number of tractors in Italy. The particular method consists of 4 stages:
identification, estimation, diagnostic checking and forecasting. It proves that the most suitable model is the General
Modified Exponential (G.M.E.) with I* order autocorrelation correction. So we expect that the forecasts of this model
will be the best.

Hepiinqyn
2TV epYooio. avTh XPHOLUOTOLEITOL Hio. HEDOOOG YPOVOCELPMY Yo, THY aviaivon kol Tpoflewn Tov apiOuod Twv ToKTEp
e Irodiag. H ovykexpiuevny uéfodog amoteleitor omo 4 otadia: avoyvapion, eKTiuncy, OloyvwoTIKOS EAEYYOS Kol
ovyKpion TV Tpofléwewy. Zvumepocuotika mpoxvmter ou N Levikny Tpomomomuévy ExOetixy (IT.E.) éxer v
KOADTEPT] TIPOTOPLUOYY 0T OEOOUEVD, GPO OVOUEVETAL VO, OOEL KOL TIG AKPLPETTEPES TPOPAEWELS.
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1. Introduction

Mar - Molinero (1980) used the Logistic curve to model the number (stock) of agricultural tractors in Spain
and introduced an autoregressive error term to model the effect of economic influences and government
policies. They followed many other papers with different methods with the same data.

In this paper we follow the same process for the number of tractors in Italy. First we present the General
Modified Exponential (G.M.E.) and its special cases i.e. the Logistic, the Gompertz and the Simple Modified
Exponential. Also the close related Bass model. Then we describe the identification methods, the estimation
method, the model parameters and various measures of fit like the R?, the S.S.R. and the Durbin — Watson
statistic. Next we test the residuals for autocorrelation and correct the models. Finally we take the forecasts
from these models and measure their accuracy with the usual measures and the model identification method
of Gregg et al. (1964). Then we review the estimation, model checking and forecasts produced from these
models. The data — 43 obs. (1961-2003) were taken from the data basis: http://devdata.wordbank.org/ (All
the calculations and diagrams were made with the use of the statistical - econometric package E-views 4.1).

2. The General Modified Exponential (G.M.E.)

The General Modified Exponential (generalized Logistic), Gregg et al. (1964), is given by:

yi = a/ (1+@xexp(-b(t-m)))" (1)

were a = upper asymptote, b = slope parameter, t = m = point of inflexion and ¢ is & power low parameter.
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Special Cases

1)o=1 Logistic y,=a/(1+exp(-b(t-m))) 2)
i) @ =0 Gompertz y,= axexp(-exp(-b)(t-m))) 3)
iii) ¢ = -1 Simple Modified Exponential y, = a (1-exp(t-m))) 4)

weret=1,2, ..., T=time.
Note that the Bass model: vy, = (a-bxexp(-ct)) / (1+dxexp(-ct)) (5)
when b = 0 gives the Logistic curve, while when d = 0 we have the Simple Modified Exponential.

3. Identification methods

The more elementary methods are the examination of the diagrams of the data, their 1% 2™ etc differences,
the transformed data (e.g. their logs) and their differences etc. Among the more accurate methods is the

method of Gregg et al. (1964) which we describe shortly next:

Greggs method.

A) Calculation of the Moving Average (MA) and the Slope(S) from:

MA = (Moving Average at year t) = (Yot Y1yt Ve Tyua)/S (6)

S = (Slope at year t) = (-2Xyio-Ye 1Ty 12 Xy2)/ 10 (7

B) Examination of the scatter plots:

Compute and plot If the result oscillates about a Then the curve suggested is:
against time straight line which is:
Slope Horizontal Straight line
Slope At an angle to horizontal Parabola
Slope/(Moving Average) Horizontal Simple Exponential
Slope/(Moving Average)” At an angle to horizontal Logarithmic Parabola
Logarithm of Slope Sloping down to the right Simple Modified Exponential
Logarithm of {Slope/(Moving Sloping down to the right Gompertz
Average)}
Logarithm of {Slope/(Moving Sloping down to the right Logistic
Average)’}
Log(S)-(p-1)/pxlog(MA) Sloping down to the right GME

where (p-1)/¢ is estimated from the regression: log(S) = a + bxt + ((@-1)/¢)*log(MA)

4. Model estimation

The model parameters were estimated with the non linear least squares algorithm, which requires initial
parameter values. The estimated parameters of the various models are shown in Table 1 together with the

usual econometric measures of fit i.e. R%, SSR, and the Durbin — Watson statistic.
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Table 1. Estimated parameters of various models

model a b c d f R? SSR DW
Logistic 1778,50 | 0,1010 16,5000 - - 0,9985 12860,270 0,6314
Gompertz | 1982,60 | 0,0600 12,0000 - - 0,9989 9683,1410 0,8109
GME 1895,00 | 0,3067 - 14,0579 | 0,0728 0,9990 8620,8420 0,9078
Bass 1857,6 799,33 0,08322 | 3,33267 - 0,9990 8388,7880 0,9275

From the inspection of this Table we notice the presence of high 1¥ order autocorrelation in the residuals, so
we move to the next stage.

5. Diagnostic checking

In this stage we test the fitted models for autocorrelation in the residuals and re-estimate them. The results
are shown in the next table:

Table 2. Estimated parameters of various models (with 1st order autocorrelation correction)

model a b c d f AR(1) R? SSR
Logistic | 1800,90 | 0,097 16,73 - - 0,654 0,999195 6317,2
Gompertz | 1972,09 | 0,061 12,40 - - 0,6 0,999201 6271,4
GME 1876,33 | 0,077 14,61 - 0,42 0,54 0,999238 5980,4
Bass 1853,26 | 0,084 - (d,=743,84) | (ds=3,4476) 0,54 0,999240 5965,4

6. Forecasting

The forecasting accuracy of the models is given by various statistical measures like those described below in

Tables 3 and 4.

Table 3.
model Logistic Gompertz GME Bass
RMSE 17,29 15,01 14,16 13,97
MAE 14,36 12,89 11,85 11,41
MAPE 1,84 1,27 1,23 1,11
Theil In. Cr. 0,0074 0,0065 0,0061 0,0060
Bias Prop. 0,0011 0,0001 0,0000 0,0000
Var. Prop. 0,0101 0,0001 0,0005 0,00025
Cov. Pr. 0,9888 0,9988 0,9996 0,9998
Table 4.
model Logistic Gompertz GME Bass
RMSE 14,82 15,14 14,04 14,07
MAE 11,57 13,02 11,49 11,47
MAPE 1,18 1,27 1,12 1,09
Theil In. Cr. 0,0063 0,0065 0,006 0,006
Bias Prop. 0,0019 0,0009 0,0000 0,0000
Var. Prop. 0,0012 0,0004 0,0004 0,0002
Cov. Pr. 0,9968 0,9987 0,9996 0,9998

From their inspection we conclude again that the G.M.E with 1* order autocorrelation correction has the best

fitting to the data.
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7. Conclusions

In this paper we use a time series method for the analysis and forecasting of the number of tractors in Italy.
The particular method consists of 4 stages: identification, estimation, diagnostic checking and comparison of
forecasts. In conclusion it follows that the General Modified Exponential (G.M.E) — with 1% order
autocorrelation correction - has the best fitting to the data, so we expect that its forecasts are also the best.
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Appendix
Figure 1: Original data Figure 3: Identification test-2
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Date: 01/10/08 Time: 1437
2 Sample: 1950 2030
5 Included observations: 43

Autocorrelation Partial Correlation AC PAC  Q-Stat Prob

1 0937 0837 40478 0.000
2 0.873 -0.044 76462 0.000
3 0807 -0.050 107.99 0.000
4 0740 -0.050 13513 0.000
5 0671 -0.044 158.08 0.000
6 0602 -0.048 177.04 0.000
7 0538 -0.005 19257 0.000
§ 0472 -0.052 204.88 0.000
9 0406 -0.044 21426 0.000
10

LSM
i

! 0.341 -0.046 221.06 0.000
! 11 0278 -0.038 22568 0.000
! 12 0214 -0.037 228.53 0.000
| 13 0150 -0.086 229.88 0.000
! 14 0.087 -0.047 230.48 0.000
! 15 0.025 -0.043 23052 0.000
! ' 16 -0.032 -0.034 230.60 0.000
! ! 17 -0.087 -0.027 23116 0.000
! | 18 -0.137 -0.027 23262 0.000
| |

i |

19 -0.183 -0.031 23533 0.000
20 -0.223 -0.009 23953 0.000
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Figure 5: Correlogram of D(Y) Figure 7: Forecasting the models with

autocorrelation correction
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