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“MOVING MEDIAN”
A METHOD OF AUTOCORRELATION SOLUTION

ELEFTHERIOS GIOVANIS

ABSTRACT

In econometric theory an important problem of estimation is the appearance of autocorrelation
and of course the solution of it so that we will be able get off the problem of the antocorrelation from the
old model ant to conduct to a new econometric model to forecast the prises in the future as abhways
something like that can be possible.
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INTRODUCTION

This work is constituted by the first chapter in which we will present the
methodology in its theoretical form and in the second chapter, where is analyzed the
repetitive method of moving median for the solution of autocorrelation. This method
does not constitute an original discovery, after it is based exclusively on the estimate
of p with the method of two steps of Durbin' in combination with the repetitive
method of Cochrane — Orcutt’. Consequently it constitutes an alternative method of
exemption of model from the problem of autocorrelation. We will examine three very
simple econometric models, as it is not interest for us the study of the econometric
model, but the existence of autocorrelation and the solution of it. The first model
receives the private consumption of United States America as dependent variable and
the personal disposable income as independent variable. The second model examines
once again the private consumption and the income, but this time concerns the Greek
economy and more specific the rural sector. The third and the last model examines the
demanding quantity of fertilizers as dependent variable and the price of fertilizers as
independent variable. The demanding quantity concerns the quantity that demand the
farmers. These sizes concern once again the Greek rural sector.

1. J. Durbin, «Estimation of parameters in Time-series Regression models», Journal of the Royal Statistical
society, ser. B, vol.22, pp 139-153.

2.Guzarati N. Damodar, "Basic Econometrics", McGraw - Hill International Editions, Economic Series,
Third Edition, New York 1995, pages 430-433.
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CHAPTER ONE: MOVING MEDIAN- A THEORETICAL APPROACH

The methodology, as it was also reported just previous is based exclusively on
the estimate of p with the method of two steps of Durbin (Kintis 1982) in combination
with the repetitive method of Cochrane - Orcutt. (Guzarati, 1995). The first step that
we make is receive the p. Let’s suppose that we have the following econometric
model.

Yt = bo + b1Xt (1)

We suppose that model (1) presents autocorrelation. In order to find the p we
are taking first the moving median. If the data concern four-month periods, then we
will take the moving median of four periods, after the one year is constituted by four
four-month periods. If the data concern share, then it is obvious that we will take the
moving median of five periods. If the data concern years then we can take the moving
median of four or the five or even seven periods , a subject that is a matter of empiric
and is also based on the chance. Let’s take the moving median of four periods for
equation (1) The model it ill be:

AY: = b, + b1AX: + b2 AYe1 + b3 AXer (2)

AY, = moving median of variable Y
AX, = moving median of variable X
AY,, = moving median of variable Y with a time lag
AX,, = moving median of variable X with a time lag

Consequently the p results from the factor of variable AY,_, , that is
concretely factor bz Next step is henceforth to find the new variables. For factor Y we
have:

Y*=AY, +p*AY,, and X*=AX, + o *AX,
, Where symbol * express the multiplication

Because the new variables Y” and X” have lost the first price we have to find
the first price with the following transformation:

Yi1-p> nu Xl,ll_pz

, where Y, is the first price of variable AY: of model (2) and no variable Yt
of model (1). Similarly for variable X,. This transformation is known as Prais-
Winsten transformation.

3. Guzarati N. Damodar, "Basic Econometrics", McGraw - Hill International Editions, Economic
Series, Third Edition, New York 1995, pages 427-428.



The new model will be the following:
YtA = bo + b1Xt A (3)

Until now the process concerned the method of two steps of Durbin. Now we
run the new regression (3) and if the model presents again autocorrelation, then we
are taking again the moving median not of variables of equation (1), but the moving
median of variables of the new equation (3). This precisely is the point that concerns
the repetitive method Cochrane - Orcutt (Kaskarelis 2000). Finally we achieve to
exempt the model from the existence of autocorrelation and we wish to forecast for a
period after (Christou 2001). The new model will be:

YtA = bO/\ + b1Xt A (4)

. bo . .
where constant term by” results from the fraction 1—, while b; remains the
-p
same. Let’s suppose now  that our data are thirty and we want to make the
forecasting for the period 31.

Y =bor + biXc M + & (5) , where ezt = *e30

,but ez = Y30” - bor - biX30 ",
Consequently the forecast for the variable Y will be:
Y3" = bor + biXs N + o* g3
where for period 31 we know the price for variable X, after it is the

independent variable, or with other words is the variable of means and we want to see
how much it will affect the variable of objective Y in period 31°*.

4. Halkos Em. George, Academic lessons the period that I was a student in the fourth semester
in February - June 2001, University of Thessaly, Department of Economic Sciences.



CHAPTER TWO: MOVING MEDIAN- SOME EMPIRICAL
APPROACHES

2.1 Model of consumption and income in the economy of United
States America.

2.1.1. The method of two steps of Durbin

In this part we will analyze the equation of demand for the United States
America. We will analyze the model and we will exempt it from the autocorrelation
with the method of two steps of Durbin, with the repetitive method Cochrane - Orcutt
and finally with the repetitive method of moving median that we propose in this work.
The data concern the time period 1981-1990. The data are separated in four-month
periods. (Table 1, Annex). The equation is:

PCE = b, + b1 PDI (1)

,where PCE = personal consumer expenditure
PDI = personal disposable income

The regression equation is

LnPCE = - 1,63 + 1,19 LnPDI

Predictor Coef SE Coef T P
Constant -1,6254 0,1765 -9,21 0,000
Cc7 1,18989 0,02190 54,33 0,000
S =0,01132 R-Sg = 98,7% R-Sg(adj) = 98,7%

Analysis of Variance

Source DF SS MS F P
Regression 1 0,37843 0,37843 2951,22 0,000
Residual Error 38 0,00487 0,00013

Total 39 0,38330

Durbin-Watson statistic = 1,04

We preferred the logarithmic model, as it is statistically more significant
(Guzarati 1995), so for the variables separately - t statistic-, as in the total, statistical
F(Papadimitriou 1989). The price DW is 1,04 and is smaller than the prices 1.246 and
1.344 which are the prices dL and dU respectively for k=40 and in level of statistical
significance 0.01, as in level 0.05 is dL and dU 1.442 and 1.544 respectively. As
becomes comprehensible price DW that resulted from the above regression it falls in
the region where is rejected the hypothesis Hy = does not exist autocorrelation, and
the model presents positive autocorrelation. (Guzarati D., 1995). Moreover the price
1,19, that is also the bent and as is the MPC- the marginal propensity to consumption-
is erroneous, according to the economist Keynes, after if the disposable income



increases at one unit , then the consumption will be increased more than a unit, at
1,19. The MPC should oscillate between the zero and the unit. (Keynes M. John,
2001). Afterwards we will apply the method of two steps of Durbin. We run the
following regression in order to find the p.

LnPCE:; = b, + b1 LnPDI; + b, LnPCE¢1 + b3z LnPDI

,where PCE¢1 = personal consumer expenditure with a time lag
PDIi1 = personal disposable income with a time lag

The regression equation is

LaPCE = - 0,112 + 0,165 LnPDI + 0,873 LnPCE. - 0,025 LnPDI

Predictor Coef SE Coef T P
Constant -0,1121 0,2130 -0,53 0,602
PDI 0,1650 0,1387 1,19 0,242
PCE 1 0,8734 0,1075 8,13 0,000
PDI 1 -0,0252 0,1339 -0,19 0,852
S = 0,006471 R-Sg = 99, 6% R-Sg(adj) = 99,6%

Analysis of Variance

Source DF SS MS F P
Regression 3 0,35894 0,11965 2857,19 0,000
Residual Error 35 0,00147 0,00004

Total 38 0,36041

Durbin-Watson statistic = 1,81

The g is the parameter of variable LnPCE¢1 , which is 0,873. Then we obtain
the new variables LnPCE”" and LnPDI", where

LaPCE” = LnPCE + o* LaPCE,,
LaPDI”™ = LaPDI + o* LaPDI,, (Table 2, appendix)

Because the first prices will be missing we will find them with the Prais-Winsten
transformation

The regression equation is

PCE” = 0,00675 + 0,983 PDI*

Predictor Coef SE Coef T P
Constant 0,006748 0,004113 1,64 0,109
PDI" 0,982563 0,003470 283,17 0,000
S = 0,009703 R-Sg = 100,0% R-Sg(adj) = 100,0%



Analysis of Variance

Source DF SS MS F P
Regression 1 7,5490 7,5490 80187,22 0,000
Residual Error 38 0,00306 0,0001

Total 39 7,5526

Durbin-Watson statistic = 2,40

If we see the tables of DW we will realise that the model was exempted from
the autocorrelation. Also the model is statistically very significant as it appears from t-
statistics and F- statistic as the interpretation of model is very important after R-Sq
(adj) is equal with 100,0%. Next step is to make forecast for the period 1991-1. As we
reported in the first chapter the parameter by, the inclination remains the same, but
what changes is parameter by, which is the constant term. The new factor by * is equal

with the fraction bo . Consequently we have 0,00675 _ 0,053.
1-p 1-0,873

Hence the new model which will be estimated is the following:

LaPCE” = 0,053 + 0,983 LnPDI*
The forecast for period 1991-1 has the following steps
1° PCE”" = 0,053 + 0,983 PDI* + . , where 19911 = 0* £1990-4

2° €1990-4 = PCE 19904 - 0,053 + 0,983 PDI”1990.4 = 3251,8 — 0,053 —
0,983*3529,5 = -217,753.

30  The forecasting for PCE” of period 1991-1is:
PCE"1991.1 = 0,053 + 0,983 PDI” + &:"1991.1 => PCE”1991.1 = 0,053 + 0,983%
3514,8 + 0,873*(-217,53) = 3265,2

The actual price is 3241,1, while the predicted price is ,according to the
method of two steps of Durbin ,3265,2, which means that the forecasting is not
reliable.



2.1.2. The repetitive method of Cochrane — Orcutt

In this part we will analyze the model of consumption that we just analysed in
the part 2.1.1., but now the analysis will be with the repetitive method Cochrane -
Orecutt. First step is to find the p. This results if we run the regression

PCE=b,+bi PDI (1)

and take the residues. After we have made this process we will run the following
regression:

U, = bo + biU¢s

Factor b, of the the variable U1 is the p, where variable U; are the residues
which resulted from equation (1) and the variable U, are the residues with a time
lag.

The regression equation is

U:=-0,00014 + 0,480 Uy

Predictor Coef SE Coef T P
Constant -0,000145 0,001614 -0,09 0,929
Ut 0,4805 0,1453 3,31 0,002
S = 0,01008 R-Sg = 22,8% R-Sg(adj) = 20,7%

Analysis of Variance

Source DF SS MS F P
Regression 1 0,0011106 0,0011106 10,93 0,002
Residual Error 37 0,0037583 0,0001016

Total 38 0,0048689

Durbin-Watson statistic = 1,98

Hence the p is equal with 0,480. As with the method of two steps of Durbin
we will calculate with the precisely same way the new variables PCE* and PDI" as
well as the first missing prices. The new variables are presented in table 3 in the
Appendix.

The regression equation is

LnPCE” = 0,0140 + 0,982 LaPDI* (2)

Predictor Coef SE Coef T P
Constant 0,013955 0,005900 2,37 0,023
PDI 0,982058 0,002512 390,98 0,000
S =0,01071 R-Sg = 100,0% R-Sg(adj) = 100,0%



Analysis of Variance

Source DF SS MS F P
Regression 1 17,535 17,535 152869,23 0,000
Residual Error 38 0,004 0,000

Total 39 17,539

Durbin-Watson statistic = 2,24

Consequently from price DW we conclude that the model was exempted from
the autocorrelation. We are proceeding now to the forecast once again for period
1991-1 The new model that will be estimated will be:

LnPCE” = 0,027 + 0,982 LnPDI*

bo _ 0,014

as —
1-p  1-0,48

= 0,027

b

The forecasting for the period 1991-1 has the following steps.
1° PCE”" = 0,0140 + 0,982 PDI™ + . , where e19911™ = @* €1990.4

2° €1990-4 = PCE"1990-4 - 0,027 + 0,982 PDI"1990.4 = 3251,8 — 0,027 —
0,982%3529,5 = -214,1.

30 The forecasting for PCE” of period 1991-1 is:

PCE"1991.1 = 0,0140 + 0,982 PDI™ + &:991.1 => PCE”1991.1 = 0,027 +
0,982* 3514,8 + 0,528*(-214,1) = 3338,5.

And with this method the forecast is not reliable.



2.1.3. The repetitive method of moving median.

In this part we will see once again the model of consumption in the ecomy of
U.S.A. with the repetitive method of moving median. First step is to find the p
running the regression (2) of the first chapter.

LnAY: = bo + b1LnAX; + b2 LnAYw1 + bs LnAX1  (2)
,where Ln= the logarithm and A= the moving median

The p is the parameter b, of the variable L.nAY,, . In the table 1 are
presented the four-monthly data. For this reason we will take the moving median
term of four periods, where in the case in this case there are the four four-monthly
periods. When we say that we will take the moving median of four periods we mean
the following: For 1982-1 we take the median term on periods 1981-1/ 1981-4, which
price is (n + 1) /2, where n = the observations which in the case are 4-monthly. The
price is between the 2nd and in the 3rd period (n + 1) /2 = (4+1) /2 = 5/2=2.5. The
price that will result from the mean of the second and the third price is the new price
that we will take. For period 1981-2 we will have the median of periods 1981-2/1982-
1, and with the same way we find all the others.. (Table 4,appendix).

The regression equation is

LnAPCE, = 0,006 + 0,225 LnAPDI; + 0,958 LnAPCE.; - 0,183 LnAPDI

Predictor Coef SE Coef T P
Constant 0,0062 0,1662 0,04 0,971
LnAX, 0,2250 0,1247 1,81 0,081
LnAY,_; 0,95755 0,07968 12,02 0,000
LnAX, -0,1831 0,1263 -1,45 0,157
S = 0,004238 R-Sg = 99,8% R-Sg(adj) = 99,8%

Analysis of Variance

Source DF SS MS F P
Regression 3 0,286193 0,095398 5311, 46 0,000
Residual Error 31 0,000557 0,000018

Total 34 0,286750

Durbin-Watson statistic = 0,96

The p is the price of parameter of the variable LnAPCE, ; and is equal with
0,958. Now we take the new variables LnPCE” and LnPDI*

, where LnPCE” = LaPCE + o* LaPCE_,
LaPDI" = LaPDI + o* LaPDI, , (Table 5, appendix)

Because the first prices are missing we will find them ,as we reported above,
with the transformation Prais-Winsten.
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The regression equation is

PCE” = 0,00374 + 0,981 PDI*

Predictor Coef SE Coef T P
Constant 0,003742 0,001669 2,24 0,032
PDI 0,980594 0,003272 299,65 0,000
S = 0,006245 R-Sg = 100,0% R-Sg(adj) = 100,0%

Analysis of Variance

Source DF SS MS F P
Regression 1 3,5020 3,5020 89790,53 0,000
Residual Error 34 0,0013 0,0000

Total 35 3,5033

Durbin-Watson statistic = 1,60

The new model is:

LnPCE” = 0,089 + 0,981 LnPDIA

where 20 = 000374, eq
1-p  1-0,52

The forecasting for period 1991-1 has the following steps.
1° PCE”" = 0,089 + 0,981 PDI* + & , where e1991.1" = @* £1990-4

2° €1990-4 = PCE 19904 - 0,089 + 0,981 PDI"1990-4 = 3251,8 — 0,089 —
0,981*3529,5 = -210,72.

30  The forecasting for PCE” of period 1991-1is:
PCE"1991.1 = 0,089 + 0,981 PDI™ + &:"1991.1 => PCE”1991.1 = 0,089 + 0,981*
3514,8 + 0,958*(-210,72) = 3246,2.

The actual price is 3241,1, while the predicted is according to the repetitive
method of moving median is 3246,2, which means that the forecasting is much more
reliable in this case in relation with the other two methods that we saw previously.

11



2.2 Model of consumption and income in the Rural economy of
Greece

2.2.1 The method of two steps of Durbin

In this part we will analyze the same model that we analyzed and previously,
only that this time we will receive the consumption and the income of Greek economy
and concretely the rural sector for the period 1960-1994 and will make the forecasting
for the year of 1995. The data are presented in table 6.

The regression equation is

PCE = - 1878 + 0,956 PDI

Predictor Coef SE Coef T P
Constant -1878,3 654, 6 -2,87 0,007
PDI 0,95647 0,01163 82,22 0,000
S = 876,6 R-Sg = 99,5% R-Sg(adj) = 99,5%

Analysis of Variance

Source DF SS MS F P
Regression 1 5195174279 5195174279 6760,59 0,000
Residual Error 34 26127303 768450

Total 35 5221301582

Durbin-Watson statistic = 0,9

This time we obtained the linear and no the logarthmic model. We observe
that it exists positive autocorrelation. Hence it will be supposed that we solve the
problem of autocorrelation. Afterwards we will apply the method of two steps of
Durbin. We run the following regression in order to find the p.

PCE: = b, + b1 PDI; + b2 PCE¢1 + b3z PDI4

,where PCE.1 = the personal consumer expenditure with a time lag
PDI:1 = the personal disposable income with a time lag

The regression equation is

PCE = -1024 + 0,970 PDI + 0,524 PCE_1 - 0,513 PDI_1

Predictor Coef SE Coef T P
Constant -1023,9 699, 9 -1,46 0,154
PDI 0,96986 0,02415 40,16 0,000
PCE 1 0,5242 0,1546 3,39 0,002
PDI 1 -0,5129 0,1507 -3,40 0,002
S = 1782,1 R-Sg = 99, 6% R-Sg(adj) = 99,5%

12



Analysis of Variance

Source DF SS MS F P
Regression 3 4400467475 1466822492 2397,94 0,000
Residual Error 31 18962770 611702

Total 34 4419430246

Durbin-Watson statistic = 2,02

The g is the parameter of variable LnPCE¢1 , which is 0,524. Then we obtain
the new variables LnPCE”" and LnPDI", where

LaPCE” = LaPCE + o* LaPCE_

LaPDI” = LaPDI + o* LaPDI, (Table 7, appendix)

The regression equation is

PCE* = - 1194 + 0,967 PDI*

Predictor Coef SE Coef T P
Constant -1194,1 528,0 -2,26 0,030
PDI" 0,96652 0,01910 50,061 0,000
S = 752,2 R-Sg = 98,7% R-Sg(adj) = 98,7%

Analysis of Variance

Source DF SS MS F P
Regression 1 1448826548 1448826548 2560,91 0,000
Residual Error 34 19235395 565747

Total 35 1468061942

Durbin-Watson statistic = 2,08

The final model is:

LnPCE” = 0,089 + 0,967 LnPDI*

bo _ -1194
1-p  1-0,524

, where = -2508

1° PCE” =-2508 + 0,967 PDI" + . , where e199s" = o* e1994

2° 1994 = PCE 1994 - (-2508) + 0,967 PDI 1994 = 52911 — (-2508) —
0,967*58548 = -1196,916.

30  The forecasting for PCE” of period 1995 is:

PCE"1995 = -2508 + 0,967 PDI" + .M 1995 => PCE”"1995 = -2508 + 0,967*
58646 + 0,524%(-1196,916) = 53575,6.

The actual price is 53570 while the predicted is according to the method of
two steps is 53575,6, which means that the forecasting is vey reliable.

13



2.2.2. The repetitive method of Cochrane - Orcutt

We are proceeding now to the method of Cochrane - Orcutt. As we saw previously,
we will regress once again the equation of consumption for the Greek rural sector, in
order to obtain the residues and to run the regression of residues.

The regression equation is

U¢=-16 + 0,519 Uy

Predictor Coef SE Coef T P
Constant -16,0 128,8 -0,12 0,902
Uelq 0,5189 0,1503 3,45 0,002
S = 761,8 R-Sg = 26,5% R-Sg(adj) = 24,3%

Analysis of Variance

Source DF SS MS F P
Regression 1 6920989 6920989 11,92 0,002
Residual Error 33 19153353 580405

Total 34 26074342

Durbin-Watson statistic = 2,07

The p is equal with 0,519. I’'ll take the new variables PCE" and PDI* (Table
8,appendix).

The regression equation is

PCE = 36239 + 1,07 PDI

Predictor Coef SE Coef T P
Constant 36239 1354 26,76 0,000
PDI -1,0747 0,1867 -5,76 0,000
S = 8082 R-Sq = 49,4% R-Sq(adj) = 47,9%

Analysis of Variance

Source DF SS MS F P
Regression 1 2164627228 2164627228 33,14 0,000
Residual Error 34 2220741697 65315932

Total 35 4385368925

Durbin-Watson statistic = 0,42

We observe from the statistical DW that it still exists positive autocorrelation. We
retake the new variables (table 9, appendix) with the same process.

The regression equation is

U:=-169 + 0,782 U1

Predictor Coef SE Coef T P
Constant -169,4 842,5 -0,20 0,842
Ueq 0,7822 0,1058 7,39 0,000
S = 4984 R-Sg = 62,4% R-Sg(adj) = 61,2%

14



Analysis of Variance

Source DF SS MS F P
Regression 1 1358296115 1358296115 54,68 0,000
Residual Error 33 819732620 24840382

Total 34 2178028736

Durbin-Watson statistic = 1,24

The regression equation is

PCE = 8407+0,732 PDI

Predictor Coef SE Coef T P
Constant 8407,4 803, 7 10,46 0,000
PDI -0,73234 0,084906 -8,62 0,000
S = 4817 R-Sg = 68,6% R-Sg(adj) = 67,7%

Analysis of Variance

Source DF SS MS F P
Regression 1 1723964389 1723964389 74,30 0,000
Residual Error 34 788865744 23201934

Total 35 2512830133

Durbin-Watson statistic = 2,34
The autocorrelation was solved and the final model is:
PCE = 38564,22+0,732 PDI

where 20 = 3856422 _ o0 0)

1-p 1-0,782

The forecasting for period 1995 is:
1° PCE” = 38564,22 + 0,732 PDI™ + &, , where e1995" = @* e1904

2° e1994 = PCE”1994 - 38564,22 + 0,732 PDI" 1994 = 52911 — 38564,22 —
0,732*58548 = -28510,3.

30  The forecasting for variable PCE” of period 1995 is:

PCE" 1995 = 38564,22 + 0,732 PDI™ + g 1995 => PCE”"1995 = 38564,22 +
0,732* 58646 + 0,782%(-28510,3) =59197,8.

The actual price is 53570, while the predicted according to the repetitive
method of Cochrane - Orcutt it is 59197,8

15



2.2.3. The repetitive method of moving median.
As we saw in the part 2.1.3 the methodology of the moving median we will run once
again the equation (2) that we saw in the first chapter and is the following:

AY:=b, + b1 AX; + bz AY:1 + b3 AX1 (2)

The difference is that in that case we examine the variables that we just analysed in th
precedents two chapters. In the part 2.1.3 we took the moving median of four periods,
because the data was concerning four-monthly periods. In our case where we examine
in th specific part the data are annual (table 6, appendix). However we will prefer to
take the moving median of four periods, four years. The process is acquaintance. The
moving medians of variables PCE and PDI are presented in the table 10, appendix. So
in order to find the p we have:

The regression equation is

PCE = - 789 + 0,919 PDI + 0,728 PCE.; - 0,654 PDI..,

Predictor Coef SE Coef T P
Constant -788,9 548, 9 -1,44 0,163
PDI 0,91949 0,02993 30,72 0,000
PCE 1 0,7281 0,1230 5,92 0,000
PDI 1 -0,6541 0,1215 -5,38 0,000
S = 492,4 R-Sq = 99,8% R-Sg(adj) = 99,8%

Analysis of Variance

Source DF SS MS F P
Regression 3 3319763901 1106587967 4563, 38 0,000
Residual Error 26 6304821 242493

Total 29 3326068722

Durbin-Watson statistic = 1,25

Hence the p is equal with 0,758. With the known process we are finding the variable
PCE” and PDI" (table 11, appendix).

The regression equation is

PCE* = - 362 + 0,946 PDI*

Predictor Coef SE Coef T P
Constant -362,3 408, 3 -0,89 0,382
PDI 0,94576 0,02437 38,81 0,000
S = 491,3 R-Sg = 98,1% R-Sg(adj) = 98,0%

Analysis of Variance

Source DF SS MS F P
Regression 1 363494795 363494795 1506,07 0,000
Residual Error 29 6999232 241353

Total 30 370494027

Durbin-Watson statistic = 1,26
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The statistic DW is 1,26 and it is bigger than the price 1.133 and a litlle
smaller than the price 1.263 , which are the prices dL and dU respectively for k=30
and in level of statistical significance 0.01, as in level 0.05 are dL and dU 1.352 and
1.489 respectively. As becomes comprehensible statistic DW that resulted from the
above regression it falls in the region where is rejected the the hypothesis Hy= does
not exist autocorrelation, and the model presents positive autocorrelation in level
0.05, while in level 0.01 it is unknown if we have autocorrelation or not. For this
reason we will run again the last model in order to to calculate the p and then to create
once again the new variables PCE” and PDI*. We should notice that at the repetition
we do not take again the moving median of the new variables, but we run the model:

PCE:= b, + b1 PDI; + b2 PCE.1 + b3 PDI4

So we apply the method of Durbin. The only transformation that we are doing is when
we are taking the moving median of the initial actual variables. The new variables
PCE” and PDI* are presented in table 12, in the appendix: The equation is:

PCE = 26 + 0,920 PDI

Predictor Coef SE Coef T P
Constant 26,5 231,6 0,11 0,910
PDI 0,92046 0,02172 42,38 0,000
S = 448,9 R-Sg = 98,4% R-Sg(adj) = 98,4%

Analysis of Variance

Source DF SS MS F P
Regression 1 361933288 361933288 1796,07 0,000
Residual Error 29 5843913 201514

Total 30 367777201

Durbin-Watson statistic = 1,55

The final model is:
PCE =43,26+0,920 PDI
Cwhere 22 = 20 _ 4306
I-p 1-0,399

The forecasting for period 1995 is:
1° PCE" = 43,26 + 0,920 PDI" + &, , where e199s" = @* e1994

2° e1994 = PCE 1994 - 43,26 + 0,920 PDIM 1994 = 52911 — 43,26 —
0,920%58548 = -996,42.

17



30 The forecasting for variable PCE” of period 1995 is:

PCE"1995 = 43,26 + 0,920 PDI™ + &:M199s => PCE” 1995 = 43,26 + 0,920%
58646 + 0,339%(-996,42) =53659,8.

The actual price is 53570, while the predicted price according to the repetitive
method of moving median is 53659,8. Consequently, we observe that with the this
method the divergence in that case is almost 89 , with the method of Durbin is almost
5, while with the method Cochrane - Orcutt is almost 6.000. Hence, in the previous
case the method that we propose was the most optimal. In that case it could be best,
but the method of Durbin is more reliable by a little, as the method of Cochrane —
Orecutt loses its reliability.
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2. 3 Model of price and demanding quantity of fertilizers in the
Greek rural sector

2.3.1 The method of two steps of Durbin

In the last part we will see the price and the demanding quantity of fertilizers in
the Greek rural sector. The data are annual and are concerning the period 1960-1993.
(Table 13, appendix). The forecasting will become for the year of 1993. The method of
Durbin is:

The regression equation is

Q=534+0,322P

Predictor Coef SE Coef T P
Constant 534,11 25,18 21,21 0,000
P 0,3224 0,1098 2,94 0,010
S = 62,92 R-Sg = 35,0% R-Sg(adj) = 30,9%

Analysis of Variance

Source DF SS MS F P
Regression 1 34111 34111 8,062 0,010
Residual Error 16 63348 3959

Total 17 97459

Durbin-Watson statistic = 1,00

, where Q = the demanding quantity of fertilizers
P =the price of the fertilizers.

What makes us impression is that when the price is increased then the
demanding quantity is also increased, while according to the law of demand it would
be supposed that the demanding quantity must to decreased, so it would be supposed
that must exist reverse or negative relation between the price and the demanding
quantity. However the reality does not always going according to the theory. In our
case because the production is increased each year and when is increased the demand
for more fertilizers, explains that even though the increase of price of fertilizers may
conduct initially to the decreasing of the demanding quantity, but the increasing of the
production, that can be owed either in the subsidies either in favourable
meteorological circumstances, was perhaps been greater than the increasing of the
price, therefore the demanding quantity for fertilizers final was increased. We observe
that exists positive autocorrelation. Hence it will be supposed that we must solve the
problem of autocorrelation. Afterwards we will apply the method of two steps of
Durbin. We run the following regression in order to find the p.

Q:=bo+ b1 P: +b2Qe1 + b3 Pt

, where Q = the demanding quantity of fertilizers with a time lag
P =the price of the fertilizers with a time lag
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The regression equation is

Q =315 - 0,720 P + 0,424 Q.1 + 1,08 Py

Predictor Coef SE Coef T P
Constant 314,9 113,06 2,77 0,016
P -0,7202 0,5437 -1,32 0,208
Q1 0,4244 0,2184 1,94 0,074
Py 1,0755 0,7097 1,52 0,154
S = 49,01 R-Sq = 56,5% R-Sg(adj) = 46,5%

Analysis of Variance

Source DF SS MS F P
Regression 3 40549 13516 5,63 0,011
Residual Error 13 31228 2402

Total 16 71778

Durbin-Watson statistic = 2,56

The p is the price of the parameter of the variable Q,, and is equal with
0,424. Now we take the new variables Q" and P*, where

Q" =Q+e*Q,
P* =P + o*P, (Table 14, Appendix)

After we found the new variables we run the following model:

Q” =bo + b1 PA

The regression equation is

Q* = 341 + 0,115 P/

Predictor Coef SE Coef T P
Constant 340,79 19,69 17,31 0,000
P" 0,1151 0,1315 0,88 0,395
S = 50,37 R-Sq = 4,6% R-Sg(adj) = 0,0%

Analysis of Variance

Source DF SS MS F P
Regression 1 1942 1942 0,77 0,395
Residual Error 16 40593 2537

Total 17 42536

Durbin-Watson statistic = 2,03
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The final model is:
Q* =592 + 0,115P*

bo _ 341 _
1-p  1-0,424

, where

The forecasting for period 1993 is:

1° Q" =592 + 0,115 PDI™ + & , where e1993” = @* 1992

2° 1992 = Q1992 - 592 - 0,115 P"1992 = 628 — 592 — 0,115%549,3 = -27,17.
30 The forecasting for the variable Q”of the period 1993 is:

QMoos = 592 + 0,115 PA + e 903 =>  QPMioo3 = 592 + 0,115% 549,8 + 0,424%(-
27,17) =644,75

We seeing that in that case the forecasting demanding quantity is 644,75, as the
actual is 509. Afterwards, in the model the variable P is statistically insignificant, as it can
be seemed from the t-statistic.

2.3.2. The repetitive method Cochrane — Orcutt

In this section we will analyse the method of Cochrane - Orcutt. As we saw
previously we regress once again the equation of the demanding quantity of fertilizers
for the Greek rural sector, in order to take the residues and to run the regression of
residues.

The regression equation is

Ut=4,6 + 0,386 Ut_1

Predictor Coef SE Coef T P
Constant 4,62 12,89 0,36 0,725
Ut 1 0,3864 0,2237 1,73 0,105
S = 52,93 R-Sq = 16,6% R-Sq(adj) = 11,0%

Analysis of Variance

Source DF SS MS F P
Regression 1 8362 8362 2,98 0,105
Residual Error 15 42031 2802

Total 16 50393

Durbin-Watson statistic = 1,76

The p is equal with 0,386. The new variables Q" and R™ are presented in the
table 15 in the apppendix.
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The regression equation is

Q =359 + 0,139 P

Predictor Coef SE Coef T P
Constant 358,82 19,56 18,34 0,000
P 0,1386 0,1248 1,11 0,283
S = 49,87 R-Sq = 7,2% R-Sg(adj) = 1,4%

Analysis of Variance

Source DF SS MS F P
Regression 1 3068 3068 1,23 0,283
Residual Error 16 39795 2487

Total 17 42862

Durbin-Watson statistic = 1,98

We observe that the autocorrelation was solved. And in this case variable P is
statistically insignificant. The final model that will be estimated is the following:

Q7 = 584,7 + 0,139P*

359
l-p  1-0,386

, where 592

The forecasting for period 1993 is:

1° Q" =584,7 + 0,139 PDI™ + & , where e1993" = o* e1992

2° e1992 = Q1992 - 584,7 + 0,139 P 992 = 628 — 584,7 — 0,139*549,3 = -33.
30 The forecasting for the variable Q" of the period 1993 is:

Q"1993 = 584,7 + 0,139 P" + e:™1993 => Q%1993 = 584,7 + 0,139* 549,8 +
0,386*(-33) = 648,38.

And with the method of Cochrane - Orcutt the forecasting is not reliable.
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2.3.3. The repetitive method of moving median.

As we saw in the part 2.1.3 the methodology of moving median that we will
run once again is the equation (2) that we saw in the first chapter and this is below:

AY:=b, + b1 AX; + bz AY1 + b3 AX1 (2)

The difference is that in that case we examine the variables that we just saw in
the precedents two parts (2.3.1. and 2.3.2). In the department 2.1.3 we took the
moving median of four periods, as the data are concerning four-month periods. In that
case where we examine in this part the data are annual (table 13, appendix). However
we will prefer to take also the moving median of four periods, four years. The
process is the known. The moving medians of variables PCE and PDI are presented in
the table 10,appendix. Consequently in order to find the p we have

The regression equation is

AQ =190 - 2,59 AP + 0,701 AQ_1+ 2,94 AP_1

Predictor Coef SE Coef T P
Constant 189, 6 106, 8 1,78 0,109
P -2,5900 0,9295 -2,79 0,021
o1 0,7006 0,2090 3,35 0,009
P 1 2,9440 0,9658 3,05 0,014
S = 26,30 R-Sg = 80,7% R-Sg(adj) = 74,2%

Analysis of Variance

Source DF SS MS F P
Regression 3 25969, 9 8656, 6 12,51 0,001
Residual Error 9 6225,8 691, 8

Total 12 32195,7

Durbin-Watson statistic = 2,43

Hence the p is equal with 0,701. With the known process we are finding the
variables Q" and P* (table 16, appendix).

Q” =216 - 0,230 PA

Predictor Coef SE Coef T P
Constant 216,23 35,28 6,13 0,000
P" -0,2302 0,5376 -0,43 0,676
S = 56,12 R-Sq = 1,5% R-Sg(adj) = 0,0%

Analysis of Variance

Source DF SS MS F P
Regression 1 577 577 0,18 0,676
Residual Error 12 37798 3150

Total 13 38376

Durbin-Watson statistic = 1,24
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The final model:

Q=722-0,230 P

bo _ 216 _
1-p  1-0,701

, where

The forecasting for period 1993 is:

1° Q7 =722-0,230 PDIM + & , where e1993" = o* e

2° e1992 = Q1992 - 722 - (-0,230) P 1992 = 628 — 722 + 0,230*549,3 =32,4.
30  The forecasting for the variable Q” of the period 1993 is:

Q"1993 = 722 - 0,230 P™ + e:1903 => Q%993 = 722 - 0,230% 549,8 +
0,701*(32,4) =617.

The actual price is 509, while the predicted according to the repetitive method of
moving median is 617. Consequently, we observe that with this method the divergence
,in the case that we just now examined , is smaller in combination with the method of
Durbin and with the method Cochrane — Orcutt . Also the sign of the variable P is
negative, which means that agrees with the Law of demand. So the model is more reliable
than the other two. However the forecasting and with this method is unreliable.

CONCLUSSIONS

In this project we suggest a new method of autocorrelation solution. This is the repetitive
method of moving median. From the empirical approaches we concluded that the
repetitive method of moving median can lead us to more reliable results than the others
methods do. Of course this method is a empirical method and we have to test it in many
applications to see if can hold a long time of application under different circumstances.
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APPENDIX

TABLE 1
YEAR PCE PDI YEAR PCE PDI
1981-1 2475,5 2783,7 1986-1 29224 3227,5
1981-2 2476,1 2776,7 1986-2 29479 3281,4
1981-3 24874 2814,1 1986-3 2993,7 3272,6
1981-4 2468,6 2808,8 1986-4 3012,5 3266,2
1982-1 2484 2795 1987-1 3011,5 3295,2
1982-2 2488,9 2824,8 1987-2 3046,8 3241,7
1982-3 2502,5 2829 1987-3 3075,8 3285,7
1982-4 2539,3 2832,6 1987-4 3074,6 3335,8
1983-1 2556,5 2843,6 1988-1 31282 3380,1
1983-2 2604 2867 1988-2 3147,8 3386,3
1983-3 2639 2903 1988-3 3170,6 3407,5
1983-4 2678,2 2960,6 1988-4 3202,9 3443,1
1984-1 2703,8 3033,2 1989-1 3200,9 3473,9
1984-2 2741,1 3065,9 1989-2 3208,6 3450,9
1984-3 2754,6 3102,7 1989-3 3241,1 3466,9
1984-4 2784,8 3118,5 1989-4 3241,6 3493
1985-1 2824.9 3123,6 1990-1 3258,8 3531,4
1985-2 2849,7 3189,6 1990-2 3258,6 3545,3
1985-3 2893,3 3156,5 1990-3 3281,2 3547
1985-4 2895,3 3178,7 1990-4 3251,8 3529,5
TABLE 2

YEAR LnPCE" LnPDI" YEAR LnPCE" LnPDI®
1981-1 3,80000 3,86000 1986-1 1,02161 1,03939
1981-2 0,99265 1,00479 19862 1,02217 1,04265
1981-3 0,99699 1,02036 1986.3 1,03000 1,02551
1981-4 0,98543 1,00680 1986.4 1,02280 1,02590
1982-1 0,99827 1,00352 1987-1 1,01700 1,03645
1982.2 0,99481 1,01843 1987-2 1,02895 1,01236
1982-3 0,99854 1,01065 1987-3 1,02825 1,04013
1982-4 1,00838 1,01063 1987-4 1,01959 1,04349
1983-1 1,00239 1,01339 1988-1 1,03721 1,04348
19832 1,01490 1,01820 1988.2 1,02837 1,03379
1983.3 1,01218 1,02353 1988.3 1,03013 1,03843
19834 1,01527 1,03228 1988-4 1,03397 1,04338
1984-1 1,01191 1,03936 1989-1 1,02450 1,04321
1984-2 1,01731 1,02893 1989-2 1,02744 1,02879
1984.3 1,01026 1,03150 1989-3 1,03542 1,03922
1984-4 1,01687 1,02616 1989-4 1,02678 1,04268
1985-1 1,02165 1,02336 1990-1 1,03194 1,04706
1985.2 1,01791 1,04285 1990-2 1,02726 1,04145
1985-3 1,02547 1,01416 1990-3 1,03422 1,03850
1985-4 1,01290 1,03028 1990-4 1,01919 1,03313
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TABLE 3
YEAR | LaPCE* | LaPDI" YEAR | LaPCE* | LaPDI"
losl1 | 685000 6,96000 losel | 15416 4,20863
log1o | 406363 4,12188 1086 | 15837 421788
los13 | 406806 4,13647 los63 | 16962 420725
Log1q | 405829 4,12816 lo86.q | 16848 420658
Logn | 406815 4,12414 Logrq | 16514 421636
losaa | 406714 413711 log7o | 17695 4,19575
logrs | 07164 4,13351 log73 | 418083 421709
losaa | 408362 4,13406 log7a | 17590 422575
logaq | 408337 4,13733 Logs | 19337 423168
logso | 409853 4,14366 lossa | 19132 422718
logss | 410305 4,15221 losss | 19554 423254
Logsg | 11139 4,16587 logsq | 420221 423994
loga | 11382 4,18066 loso.1 | 19672 424385
logan | 12296 417976 080 | 19942 423293
logas | 12129 4,18654 logo3 | 420834 424075
logag | 12984 4,18589 L9894 | 420366 424603
logsq | 13890 | 418509 19001 | 420888 425336
logs.o | 414078 4,20521 19900 | 420628 425204
logss | 15177 4,18475 19003 | 421322 425064
logs.a | 14517 4,19676 19904 | 420090 424546
TABLE 4

YEAR | LnAPCE” | LaAPDI® | YEAR | LnAPCE® | LnAPDI*
1981-1 1986-1 7,96256 | 8,062435
1981-2 1986-2 7,970495 | 8,060725
1981-3 1986-3 7,9755 | 8,071845
1981-4 1986-4 7,984505 | 8,087745
1982-1 7,816715 7,93571 | 1987-1 7,99656 | 8,094685
1982-2 7,8152 | 7941455 | 1987-2 8,0074 8,09236
19823 7,81452 7,93805 | 19873 8,01036 8,0958
1982-4 7,818615 7,04089 | 1987-4 8,01602 | 8092035
1983-1 7,822325 | 7946935 | 19881 8,026585 8,09059
1983-2 7,832345 | 7,948315 | 1988-2 8,031125 8,1049
1983-3 7,843015 7,95089 | 19883 8,03957 | 8119065
1983-4 7,855595 | 7,956925 | 1988-4 8,051335 | 8,126575
1984-1 7,87148 7,96726 | 1989-1 8,05807 8,13061
1984-2 7,88553 | 7983325 | 1989-2 8,066745 8,13893
1984-3 7,897655 8,00526 | 1989-3 8,0715 8,14858
1984-4 7,90926 | 8022735 | 1989-4 8,07239 8,14971
1985-1 7,91857 | 8,034065 |  1990-1 8,07863 | 8148705
1985-2 7,92648 8,04257 | 1990-2 8,083745 8,15477
1985-3 7,93908 | 8,045925 | 1990-3 8,086465 | 8,163985
1985-4 7,9506 | 8,057195 | 1990-4 8,08008 | 8171415
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TABLE 5

YEAR | LnAPCE” | LnAPDI® | YEAR | LnAPCE" | LnAPDI®
19811 losel | 034589 0,34364
19812 loseo | 034236 0,33691
19813 10863 | 033977 0,34967
19814 losea | 034398 0,35492
Logq | 224000 2,28000 LogTq | 034740 0,34663
losao | 032679 0,33904 log7o | 034670 0,33765
Log3 | 032756 0,33014 Log7s | 0:33927 0,34332
Logra | 033230 0,33624 LogTa | 034210 0,33626
loga | 0:33209 0,33956 loss1 | 034724 0,33842
Log3 | 033856 0,33515 Loggn | 034166 0,35411
log3s | 0:33963 0,33640 logss | 034575 0,35457
Log3a | 034199 0,33997 Logga | 034943 0,34851
loga | 034582 0,34453 logo.1 | 034489 0,34535
logan | 034465 0,35069 logo.n | 034711 0,34981
logas | 034332 0,35723 10893 | 0-34356 0,35149
logas | 034331 0,35370 loso.q | 0-33989 0,34337
Logsq | 034150 0,34828 19001 | 0-34528 0,34128
logs. | 0,34049 0,34594 1990 | 034442 0,34831
logs3 | 034551 0,34114 19003 | 034224 0,35172
Logs.q | 034496 0,34920 19004 | 034225 0,35032

TABLE 6

YEAR PCE PDI YEAR PCE PDI

1960 22662 25420 1978 61486 66271

1 28954 31488 9 56603 61840

2 28793,5 30882,5 1980 637856 67897.6

3 32668,6 35130,6 1 62616,2 664752

4 344823 37868,3 2 67362 71064

5 385258 425548 3 60334 63824

6 39966,8 432788 4 64152 69140

7 39413 43585 5 64785 69861

8 35431 40292 6 55831 58646

9 38231 42802 7 56579 58750

1970 41300 45355 8 60876 65317

1 44496 49000 9 63000,8 676678

2 50428 55244 1990 53562 58535

3 62580 68271 1 62628 67319

4 57184 61546 2 53250 59017

5 54678 59702 3 50504 55376

6 59663 64601 4 52911 58548

7 47705 53362 5 53570 58646
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TABLE 7

YEAR PCE" PDI® YEAR PCE" PDI®
Logo | 192854 216324 Lo7g | 36488,6 383093
|| 170791 18167, o | 243843 27114,0
, | 136216 14382,8 Logo | 341256 354934
5 | 175808 189482 | | 291925 30896,9
4 | 173640 19459,9 5 | 345511 36231,0
5 | 204571 227118 5 | 250363 26586,5
o | 197793 20980,1 4 | 325370 35696,2
S| 184704 20906,9 5 | 311694 336316
o | 147786 174535 o | 218837 22038,8
o | 196652 21689,0 S| 273236 28019,5
1970 | 212670 229268 g | 312286 34532,0
| | 228548 252340 o | 311018 334417
, | 271121 29568,0 1990 | 205496 23077,1
5 | 361557 39323,1 | | 345615 36646,7
4 | 243921 25772,0 , | 204329 237418
5 | 247136 274519 5 | 226010 244511
o | 310117 33317,2 4 | 264469 29531,0
S | 164416 19511,1 s
TABLE 8
YEAR PCE" PDI® YEAR PCE" PDI®
1060 | 193533 21708,7 1978 | 287674 10614,4
|| 137979 49749 o | 488305 ~7280,7
, | 218844 -1959,5 Logo | 388918 33985
5 | 19669,1 2920,2 || 486347 “4342,0
4 | 236567 12271 , | 446842 1730,4
5 | 238651 3058,2 5 | 543682 102958
o | 282604 1105,9 4 | 434473 25716
- | 30380,7 1554,8 5 | 479751 2252,0
g | 317429 51672 o | 334274 14219,0
o | 2522438 774 S | 41650.1 2417,8
1970 | 271934 712,5 g | 403714 4040,8
| | 294384 1694,7 o | 447342 4578
, | 3042438 4137,0 1900 | 523356 120425
5 | 316632 106515 | | 356246 6267,0
4 | 499205 296607 , | 520233 11196,7
5 | 443576 44905 5 | 41520.1 6178,7
s | 383829 23318 4 | 367781 790,8
S | 164416 19511,1 s
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TABLE 9

YEAR PCE" PDI? YEAR PCE" PDI?
1060 | 12057.1 135245 Lo7s | 112161 | 215756
|| 13364 -12001,3 o | 263344 15581,1
5 | 110944 58499 1980 | 7063 9092,0
5 | 25555 44525 || 182213 26999,6
4 | 82755 10565 , | 66519 5125,8
5 | 53655 20986 5 | 194251 11648,9
o | 95979 34973 4| 9314 10622,8
- | 82811 2690,0 5 | 139993 ~4263,0
g | 79852 -3951,3 s | 159108 124579
o | 4018 48182 S| 1301 87015
1970 | 4677 104,6 g | 78010 5931,5
|| 81731 11375 o | 1316338 3617,7
5 | 74040 2811,7 1990 | 173534 11684,5
5 | 78710 74164 | | 53018 15684,2
4 | 251599 17990,1 , | 241649 160975
5 | 53198 3064,2 5 | 8379 25771
o | 3895.2 58434 4 | 3094 5622,6
5 | 209580 ~15840,3 s
TABLE 10
YEAR PCE PDI YEAR PCE PDI
1960 1978 57170,5 62151,5
1 9 53684 58981,5
2 1980 545955 59816,5
3 1 59044,5 64055,5
4| 2887375 | 3118525 2 60194,3 64868,8
5| 30731,05 | 3300655 3 63200,9 671864
6| 3357545 | 3649945 4 64989,1 68769.6
7| 36504,05 | 4021155 5 63848 67444
8 39246,3 42916,8 6 62243 66482
9 39689,9 434319 7 644685 69500,5
1970 37422 | 419385 8 60308 642535
1 36831 41547 9 56205 58698
2 39765,5 440785 1990 58727,5 62033,5
3 42898 471775 1 619384 66492,4
4 47462 52122 2 582814 631014
5 56504 617575 3 58095 62927
6 59882 64908,5 4 57939 63168
7 55931 60624 5 51877 57196,5
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TABLE 11

YEAR PCE" PDI® YEAR PCE" PDI®

1960 Lo7g | 16452,7 18017,2

) o | 120639 137352

5 Logo | 155135 16878,0

R | | 192990 20509,1

4 | 197785 21361,9 5 | 172099 18236,4

5 | 97110 10303,7 5 | 193794 19961,9

o | 112032 12470,7 4 | 1897838 19857,9

- | 120611 13640,0 5 | 165359 17379,7

g | 126714 13642,8 o | 157617 173828

o | 111186 12188,5 S| 191556 21101,6

1070 | 85278 10320,1 g | 133749 136571

|| 95878 110158 o | 123008 11921,5

, | 129525 138323 1900 | 178103 193014

5 | 139487 15088 4 || 1918438 21332,0

4 | 162323 17776,8 , | 131902 14694,9

5 | 219517 23812,7 5 | 15666,1 169892

o | 187471 19949,0 4 | 1564538 173571

S | 123369 133706 5 | 164527 18017,2

TABLE 12

YEAR PCE" PDI® YEAR PCE" PDI®

1960 1o7g | 115303 126824
) o | 54992 65463

5 1og0 | 107001 113976

5 || 131091 13774,8

4 | 1813638 19588,9 5 | 95096 10053,3

5 | 18193 1780,3 5 | 125127 12685,6

o | 73286 8359,5 4 | 112464 11893,1
S| 75910 8664,1 5 | 89634 9456,4

g | 78590 8200,5 o | 91638 104483

o | 60627 6745,0 S | 128667 141659
1970 | 40914 5456,9 g | 57318 5237,6
|| 61852 6898,1 o | 69642 64723

, | 91270 9437,0 1900 | 129023 145447

5 | 87807 9569,3 | | 120785 13630,8
4 | 106667 11756, 5 | 35355 61835

5 | 154750 16719,7 5 | 104032 111259

o | 99884 104478 4 | 93950 10578,5

- | 48568 5410,9 5 | 115303 126824
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TABLE 13

ZHTOYMENH
ETH ITOXOTHTA TIMH
AITTASMATON|AITTAAMATOQN
1975 4381 453
1976 4823 532
1977 505,3 55,5
1978 582,5 56,7
1979 581 68,1
1980 526 100
1981 527 11,2
1982 590,7 11,2
1983 640,2 1494
1984 611,2 1531
1985 709,9 165,3
1986 665,8 195,5
1987 555,4 233,7
1988 648,8 275,2
1989 649.5 2754
1990 695,3 319,2
1991 652,1 417,5
1992 628 5493
1993 509 5498
TABLE 14
YEARS Q" P
1975 396,480 41,000
1976 296,546 33,993
1977 300,805 32,943
1978 368,253 33,168
1979 334,020 44,059
1980 279,656 71,126
1981 303,976 68,800
1982 367,252 64,051
1983 389,743 102,251
1984 339,755 89,754
1985 450,751 100,386
1986 364,802 125,413
1987 273,101 150,808
1988 413,310 176,111
1989 374,409 158,715
1990 419,912 202,430
1991 357,293 282,159
1992 351,510 372,280
1993
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TABLE 15

YEARS AQ” AP?
1975
1976
1977
1978
1979 493,80 54,35
1980 543,90 56,10
1981 581,75 62,40
1982 553,50 84,05
1983 526,50 105,60
1984 558,85 111,20
1985 615,45 130,30
1986 625,70 151,25
1987 660,55 159,20
1988 687,85 180,40
1989 610,60 214,60
1990 602,10 254,45
1991 649,15 275,30
1992 672,40 297,30
1993

TABLE 16

YEARS Q” P
1975 403,900 41,760
1976 313,193 35,714
1977 319,132 34,965
1978 387,454 35,277
1979 356,155 46,214
1980 301,734 73,713
1981 323,964 72,600
1982 387,278 68,277
1983 412,190 106,477
1984 364,083 95,432
1985 473,977 106,203
1986 391,779 131,694
1987 298,401 158,237
1988 434,416 184,992
1989 399,063 169,173
1990 444,593 212,896
1991 383,714 294,289
1992 376,289 388,145

1993
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