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SUPPLY RESPONSE FOR ANNUAL CROP PRODUCTS IN GREEK AGRICULTURE: A COINTEGRATION ANALYSIS 





Abstract


Evaluation of alternative policy options cannot be undertaken without solid empirical evidence on the magnitude of the relevant elasticities.  The purpose of this paper is to estimate supply response parameters for the main annual crop products of Greece, testing for long-run equilibrium relationships of the relevant variables using cointegration analysis.  The empirical results show that the estimated supply models, with the exception of cotton, possess desirable statistical properties and the estimated supply elasticities are statistically valid.  The estimated elasticities are consistent with a priori expectations and they represent, with the exception of the long-run elasticity of cotton, the only complete set of annual crop supply elasticities available for Greece. 





1.	Introduction


The estimation of supply relationships in agriculture is of interest, both practically and theoretically.  Early research efforts devoted to supply response in various countries have been reviewed by Askari and Cummings (1976).  All studies of agricultural supply response up to now have concentrated on a limited number of products and no consistent application exists of cointegration analysis in all products of a country in order to see how reliable are supply response elasticities that have been obtained from traditional Nerlovian supply response models.  This paper attempts to test for cointegration in supply of all agricultural products of Greece. 


Practically, estimates of supply response parameters are important for evaluating alternative policy options.  A substantial part of the discussion on agricultural policy options is sometimes based on expert (often technical) opinion, rather than on specific estimates of the relevant supply and demand elasticities.  For instance, in the case of Greece, it is often claimed that the country lacks resources to expand livestock production.  However, such an assertion assumes a low supply response for livestock production, implying further that price policy is ineffective for increasing domestic production.  This paper claims that policy options should be analysed on the basis of emprical estimates of supply and demand elasticities and aims to provide a complete set of supply response elasticities for the majority of annual crop products of Greece.  


There are only a small number of rather dated or narrow-focused studies of supply response relationships in Greece (for annual crops) based on primal approach.  The study by Pavlopoulos (1967) provides a complete set of supply response elasticites but it is very old to be useful.  The study by Zannias (1981) covers only cotton, while Apostolou and Varelas (1987) cover a limited number of annual products, mainly cereals.  The study by Baltas (1987) covers only cereals. In certain cases the estimated models suffer from various statistical problems (mainly autocorrelation).  Efforts based on the dual approach using a profit function to estimate output supply and input demand elasticities in Greek agriculture have not been successful (see Mergos, 1991 and Mergos 1995) and the results cannot be used for policy analysis. 


Furthermore, recent advances in econometric techniques use the error correction form of dynamic specification since the first use of the error correction by Davidson et al. (1978).  Error correction models have been used extensively in, various fields (see e.g., Kunst, 1993a, Rossi and Schiantarelli, 1994), including agricultural supply response.  For example Hallam and Zanoli (1993) present an error correction specification testing for supply response in the UK pig breeding herd.  The correspondence of the notion of the long-run relationship of the error correction model to the statistical concept of cointegration has been explored by Engle and Granger (1987).  Cointegration theory can be regarded as the empirical manifestation of a long-run relationship between variables and provides a statistical framework which identifies and, hence, avoids the spurious regressions so easily specified and accepted with series which exhibit strong trend resulting in misleading conclusions.


This paper provides an analysis of supply response for the majority of Greek annual crop products using alternative dynamic models. The structure of the paper is as follows. The next section presents the methodology for dynamic supply response and for cointegration analysis.  The third section describes the specification of the statistical model and the data.  Then, the results of the empirical study of agricultural supply response for Greece are presented and discussed.  Finally the paper concludes with a discussion on the methodological findings. 





2.  Methodology


The need for a dynamic specification of the supply function is based on the premise that in most cases farmers may not be able or willing to adjust their production activities instantaneously in response to market changes. Time lags are inherent in many relationships between economic variables as a result of delayed or incomplete responses of economic agents to changes in economic or technical conditions.  


The traditional methodology of analysing dynamic supply response relationships is the well known Nerlovian partial adjustment model.  In general, econometric estimations of past supply response studies have concentrated on the stability aspects of single equations.  The use of new methods namely cointegration and the resulted error correction model makes possible to test for exogeneity and causality.  Previous studies assumed a supply function which was dependent on expected prices:


�EMBED Unknown���							                     	       (1)


where �EMBED Unknown��� is output at time period t, and �EMBED Unknown��� is expected price at time period t, and finally Ut is a well-behaved error term. The expected price is formulated at the end of the previous time period t-1 and determines the farmer's decision about the area that is allocated to the crop and results in the output level in period t.  According to the adaptive expectations model, �EMBED Unknown��� is formed according to the rule:


�EMBED Unknown��� 0 < b < 1  					           	       (2)


where b is the elasticity of expectations. Since people's notion of what is normal is based on past experience, past prices general govern expectations about the normal price level.  However, all past prices do not have equal influence; rationality dictates higher weight to be attached to more recent prices.  The adaptive expectations model can be derived by a Koyck distributed lag model with geometrically declining weights.  


�EMBED Unknown���					                             (3)


Combining the adaptive expectations model with the partial adjustment one and assuming that desired long-run equilibrium output is determined by expected price, the reduced form of the Nerlovian supply response model can be described by the equation bellow:


�EMBED Unknown���		                  (4)


The structural parameters represent the long-run effects (e.g. the long-run price effect is represented by b) and the reduced form compound coefficients represent the short-run effects.


The agricultural supply response models considered so far, although sound on theoretical grounds, may not provide reliable parameter estimates if adequate attention is not paid to the statistical properties of the series used in the empirical analysis. The suggestion from those who favour the use of cointegration techniques in applied econometric practice is to establish the integration properties of time-series variables at the outset of an empirical investigation.  In practice there is already some evidence which suggests that many variables, when viewed as univariate time series, appear to be integrated.  Additionally, to the extent that ARIMA(p,l,q) models seem to characterise many variables in the agricultural sector, and because Box-Jenkins ARIMA(p,l,q) models are 1st-order integrated variables (with order p autoregressive and order q moving average components), it follows that the growth in these variables can be described by stochastic trends.  Such variables may therefore be written as the sum of a random walk (with drift) and a stationary time series, e.g:


�EMBED Unknown���							                             (5)


where �EMBED Unknown��� is a random walk (with drift) and �EMBED Unknown��� is a stationary series.


The cointegration properties of time-series variables provide also a procedure for testing economic hypotheses and facilitating empirical investigation at the specification stage.  These potential uses derive from the view that economic theory proposes forces (such as market forces) which imply that some combinations of time series will not diverge from each other by too great an extent, at least in the long-run.


Exploiting the view that the statistical notion of 'cointegration' of time series corresponds to the theoretical notion of a long-run equilibrium relationship arguably gives rise to a means by which certain propositions from economic theory can be tested for example, for two series �EMBED Unknown��� and  �EMBED Unknown��� each of which are integrated of order one, I(1), and therefore each has infinite variance, if economic theory suggests a long-run equilibrium relationship:


�EMBED Unknown���0								                             (6)


then a linear combination of the two series is stationary.  Moreover, not only are the two series cointegrated but their cointegration is at least a necessary condition for them to have a stable long-run linear relationship because otherwise �EMBED Unknown��� and �EMBED Unknown��� will tend to drift apart without bound.  It is important to examine this statement; it suggests that the existence of a stable long-run relationship between two integrated variables implies that they are also cointegrated.


To establish that two variables (X,Y) are cointegrated, we must follow a two-stage procedure (the method can also be applied in the case of more than two variables).  First it is important to establish that the series of interest have the same basic statistical properties i.e. they are both integrated of order one I(1).  The second step is to determine a linear combination of those variables (cointegrating regression) which is stationary I(0) even though the individual series may not (Eq. 7).


�EMBED Unknown���							                      	       (7)


Granger (1986) reports a number of theoretical implications of cointegration; the most relevant of this analysis are:  (a)  If �EMBED Unknown��� are cointegrated, so will be �EMBED Unknown��� and �EMBED Unknown��� for any k where �EMBED Unknown���~ I(0), with a possible change in the cointegrating parameter;  (b) If �EMBED Unknown��� is an I(1) target variable and �EMBED Unknown��� is an I(1) controllable variable, then �EMBED Unknown��� and �EMBED Unknown��� will be cointegrated if optimum control is applied and (c) If �EMBED Unknown��� are cointegrated, there must be Granger causality in at least one direction, although cointegration does not determine the direction of causality.  It is conventional to employ the theoretically dependent variable, where this can be identified, on the left side of the cointegrated regression.  The relationship between cointegration and causation is explored by Granger (1988).


Three residual-based tests have emerged as the most popular choices in formal testing for cointegration: the 'cointegrating regression Durbin-Watson' (CRDW) test, the Dickey-Fuller (DF) test and the Augmented Dickey-Fuller (ADF) test.  All of these are tests for unit roots and hence of whether a series is I(1) against the alternative that the root is less than one and the series is I(0).  Typically, but perhaps unnecessarily, all three of these tests are carried out and the results reported.  Unfortunately, critical values for these tests have not been determined for all sample sizes and numbers of variables, although useful tables are provided by Engle and Granger (1987).  If the individual variables are I(1), and tests reject the hypothesis that e (Eq. 7) is also I(1) the hypothesis of no cointegration is rejected. Conventional test statistics for the cointegrating regression are typically not reported, in any case they may be biased (Engle and Granger, 1987).





3.  Specification and Data


Supply relations in this study are specified as single equations expaining changes in both area and yield per unit.  Despite the well knwon limitations of the primal approach to supply analysis, no alternative approach has produced valid results for deriving a complete set of supply elasticities (Mergos, 1995).  In addition, most studies using the primal approach, focus on changes in the scale of production, such as area planted rather than on quantity supplied.  Scale of production, being the prime economic decision variable, is assumed in such studies to closely represent 'planned supply'.  Also the focus on area rather than on quantity supplied is imposed by data availability because data concerning cultivated land is typically more readily available from agricultural censuses and surveys.  Focusing on area planted may, however, allow only a partial description of supply determinants.  Although yield variations are assumed, sometimes, to be determined primarily by uncontrollable exogenous influences such as weather, diseases, etc., they can also be a deliberate short-run response to changes in economic conditions.  Hence, when measurements of supply response to price changes is based upon an analysis of area, overall supply response is underestimated by the extent of the yield response becuse, �EMBED Unknown��� (where, �EMBED Unknown���:  elasticity of output with respect to price, �EMBED Unknown���:  elasticity of area with respect to price, �EMBED Unknown���:  elasticity of yield with respect to price).


It is  important to point out that the production process, as it has already been explained, is mainly influenced by market conditions in previous periods.  Thus, product prices, lagged by one or more periods depending upon the biological and technical characteristics of the production process has been introduced as an explanatory variable in all equations.  In addition to own prices, the prices of certain competitive products were also introduced in the specification of the supply equations. The prices employed are in real terms, using CPI deflator, in an index form with 1970 as the base year.  Data on prices are annaul weighted prices icluding income support at farm gate obtained from the Ministry of Agriculture.  Lagged dependent variables have also been used to introduce dynamic relations in the specification. 


Whenever possible, depending on availability, input prices as determinants of production costs have been introduced in the specification of supply equations, such as labour, fertilizer and land cost.  Input price data were obtained or constructed using time series data provided by the National Statistical Service.  


In addition some shift variables are included in the specification, such as a weather index, a time trend and certain binary variables.  An index of water availability, relative to temperature conditions, is calculated as: 


�EMBED Unknown���						                  (8)


where �EMBED Unknown��� is monthly precipitation for month i in millimetres, �EMBED Unknown��� is average temperature for month i in C, n is the number of months in the period and the constant 10 is added to temperature to avoid negative values.  These index formulas show that the higher the temperature and the lower the rainfall, the lower the aridity index, and vice versa.  The linear time trend was added to some regression equations in order to capture the effects of technical progress.  Three binary variables were incorporated into the models for capturing the effects of the accession of Greece in the EU (1980,1981) and the liberalization of the cereals market (1990).   


The general forms of the models that were used for the empirical estimation is a double-log, dynamic specification and is given bellow:  


�EMBED Unknown���		                             (9)


where �EMBED Unknown��� is the area panted, �EMBED Unknown��� stands for the price of output, �EMBED Unknown��� for the price of inputs, �EMBED Unknown��� for the price of the competitive products and D1,D2..Dn are the dummy variables.


�EMBED Unknown���	                           (10)


where �EMBED Unknown��� is the crop yield, �EMBED Unknown��� is the weather index and t is the time trend.





4.  Estimation Results


With the theoretical foundations of the model developed and specified in the previous sections, unbiased estimations of the parameters of the model are obtained through econometric estimations using the of OLS estimator.  Summary statistical test results for the estimated equations are given in Table 1 for unit root tests, and Table 2 for cointegration results.  Full details of the estimated equations are presented in the Annex.  The estimated models poses desirable statistical properties and the estimated parameters are consistent with a priori expectations.


As previously pointed out, in order to ensure that the variables of interest are cointegrated we must first establish that they have the same basic statistical properties.  In particular, they must be integrated of the same order.  To test the order of integration, we have used the Dickey-Fuller (D.F.) test and the Augmented Dickey-Fuller test (A.D.F.).  The Dickey-Fuller test tests the hypothesis that p is equal to unity against the alternative that p is less than unity in, 


Xt = p' Xt-1 + Wt 							                           (11)


where w is a random variable with zero mean and constant variance.  The above equation is reformulated, by subtracting Xt-1 from each side, as:


ΔXt = p' Xt-1 +Wt     							                (12)


where p' is equal to (p-1).  p' will be equal to zero if (X) has a unit root, and will be negative and significantly different from zero if (X) is stationary (i.e. constant mean and a finite constant variance).


The results of the D.F. and A.D.F. tests  (Table 1) proved that most of the series used in the models are integrated of order one I(1), the only exception is cotton (only the area equation) for which the variables used are proved to be I(2).


The second condition for cointegration is that there should exist some linear combination of the data series.  This linear combination is the residual from a static ordinary least squares regression:


�EMBED Unknown���						                                       (13)


This linear combination must be stationary I(0), even though the individual series for y and x are not.  In (13) above, b measures the long-run relationship between y an x, and z indicates divergences from it.  If there is indeed a stable long-run relationship between y and x, then divergences from it, i.e. z, should be bounded. In order to test for cointegration Johansen's approach was applied.  The results of this test are presented in Table 2.  Table 3 presents the short-run and long-run own price elasticities that resulted from the empirical estimations of the dynamic supply response models.


The literature on agricultural supply response analysis of the agricultural products of Greece is limited.  In most studies, the Nerlovian supply response model with some modifications has been used as the analytical basis. It is necessary to present, as an example, selectively results from studies using the Nerlovian model and which concern hard, soft wheat and barley in order to compare them  with the results of this study, that have been presented in Table 3. 


For cereals, the only study is the one by Baltas (1987).  In this study, two models were used resulting in two sets of elasticity estimates, the Nerlovian model and the rational expectations model.  The short-run own price elasticity was found to be around 0.311 and the long-run one approximately 0.70 (the long-run elasticity was not reported but can easily be calculated from the other results reported).  The application of the rational expectations model resulted in similar estimations (short-run elasticity between 0.177 and 0.233 and long-run between 0.9 and 1.060).  The results of the econometric analysis of soft wheat differed from those of hard wheat.  Using the Nerlovian model, the short-run own price elasticity was estimated to be 0.34-0.38 while the long-run one was 0.38-0.41.  The estimations of the rational expectations model were again slightly lower: the short-run elasticity 0.25 and the long-run 0.30-0.34.  For barley, the short-run elasticity was 1.603 and the long-run 3.625.  The estimations of the rational expectations model were similar to those of the Nerlovian ones: short-run elasticity was 1.335 and long-run 2.799.  Pavlopoulos (1967) impemented Nerlove's theoretical framework for several agricultural products in the Greek agricultural sector.  The short-run elasticities that he estimated for wheat (he combined soft and hard wheat into one variable) and barley were 0.43 and 0.51 and the long-run elasticities were 0.73 and 1.05 respectively.  In the present model we estimated short-run and long-run elasticities for soft wheat, hard wheat and barley.  The short-run own price elasticity for soft wheat was found to be 0.25 and the long-run 0.4.  The estimation results for hard wheat were different from those of soft wheat.  The short-run elasicity was estimated to be 0.38 and the long-run 0.8.  Finally, the short-run elasticity for barley was found to be 1.04 and the long-run 1.97.  The results for wheat and barley are summarized bellow:


�
Pavlopoulos (1967)


Short-run      Long-run�
Baltas (1987)


Short-run      Long-run�
Present Model


Short-run      Long-run�
�
Soft Wheat�
      0.43               0.73�
      0.36               0.39�
        0.25              0.40�
�
Hard Wheat�
      0.43               0.73�
      0.31               0.70      �
        0.38              0.80 �
�
Barley�
      0.51               1.05�
      1.60               3.62�
        1.04              1.97�
�
The importance of elasticity estimates in providing information about the likely impact of policy measures can be illustrated with reference to the Greek cotton, maize and sugar beet sectors.  Despite the fact that the price of cotton, maize and sugar beet will decrease (due to policies introduced by the CAP reform) their land allocation will remain unchanged because the own price elasticities are estimated to be high and more or less in the same level.  However, cotton production will continue to be in relatively high levels.  Hard wheat has export possibilities. Although policy decisions are usually taken with consideration to more than one policy objectives, an issue that this paper cannot explore further, the point made for the importance of estimated supply response parameters in predicting the outcome of policy choices is demonstrated. 





5.  Summary and Conclusions


Policy analysis of policy options is based on correct estimates of supply response parameters.  This paper explores the application of cointegration analysis in agricultural supply response and the correct estimation of supply elasticities.  Cointegration theory has a relatively recent history.  It can be regarded as the empirical manifestation of a long-run relationship between variables and provides a statistical framework which identifies and hence avoids the spurious regressions so easily specified and accepted with series which exhibit strong trend, resulting in misleading conclusions.  Cointegration analysis also, offers a set of easily implementable techniques for evaluating the specification of econometric models.


The empirical part of the paper estimates supply response relationships for a number of Greek annual crop products.  The statistical results show that the estimated supply models possess desirable statistical properties and the estimated supply elasticities are statistically valid.  


With regard to the set of estimated agricultural supply elasticities, the following can be said: a) The estimated short-run elasticities are reasonable and generally are in agreement with results of previous studies that have come to similar conclusions. However, previous studies cover only a limited number of products and they do not use consistent methods, hence this study provides the only complete set of annual crop supply elasticities available for Greece; b) The long-run elasticities obtained are consistent with a priori expectations for almost all products.  Moreover, the results of cointegration analysis have shown that there is a long-run relationship among the variables that have been used, a fact that ensures the credibility of the estimated long-run elasticities thus reinforcing the above results given by the econometric models.
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Table 1


Unit Root Tests for the Variables Used in the Econometric Analysis


VARIABLES�
D.F�
A.D.F.�
VARIABLES�
D.F�
A.D.F�
�
DDLCT


DDYCT


DLTP


DYTP


DLTV�
 -3.71   


-5.64  


-3.76  


-3.70  


-3.68 �
-3.75  (1)


-3.67  (1)


-4.99  (1)


-5.12  (1)


-4.67  (1)�
DLT


DYT


DLSB


DYSB


DLMZ�
-4.48  


-4.23  


-3.88  


-4.09  


-4.35�
-4.77  (1)


-4.22  (1)


-4.64  (1)


-3.35  (1)


-4.56  (1)�
�
DYTV


DLTC


DYTC


DLB


DYB�
-3.95  


-4.45  


-3.81   


-3.90  


-3.85  �
-3.78  (1)


-3.81   (1)


-5.56  (1)


-5.12   (1)


-4.55  (1)�
DYMZ


DPCT


DPTP


DPTV


DPTC�
-4.36


-4.93  


-3.74  


-3.78  


-3.80  �
-3.03  (1)


-3.74  (1)


-5.35  (1)


-4.93  (1)


-4.30  (1)�
�
DLPT


DYPT


DLTM


DYTM�
-5.12  


-5.61  


-4.66  


-3.93  �
-3.99  (1)


-4.37  (1)


-4.20  (1)


-4.49  (1)�
DPB


DPTM


DPWH


DPWS�
-5.30  


-5.86  


-4.55  


-3.78  �
-3.79  (1)


-4.60  (1)


-3.98  (1)


-4.13   (1)�
�
DLWS


DYWS


DLWH


DYWH�
-5.55  


-4.32  


-4.09  


-4.36  �
-3.79   (1)


-3.89  (1)


-3.98  (1)


-4.56  (1)�
DPMZ


DPT


DPSB�
-5.49  


-4.24  


-3.99  �
-4.01   (1)


-3.82  (1)


-3.78  (1)�
�
Notes: a. The variables are in first differences (letter D indicates the first differences), b. The numbers in brackets indicate the number of lags in ADF, c. Critical values for DF and ADF (with for the variables in differences: -3.6454,-3.6592).


�
Table 2


Cointegration Results


PRODUCTS�
LR Test Based on Trace of the Stoch. Matrix�
LR Test Based on Max. Eigenvalue of the Stoch. Matrix�
PRODUCTS�
LR Test Based on Trace of the Stoch. Matrix�
LR Test Based on Max. Eigenvalue of the Stoch.Matrix�
�
Cotton:        Area


                    Yield�
98.1234


97.6543�
44.3542


42.3560�
Tobacco:     Area


                    Yield�
94.4550


97.3450�
39.6790


43.3220�
�
Pulses:         Area


                    Yield�
55.7560


52.4540�
30.5570


29.4230�
Sugar Beet:  Area


                    Yield�
48.4550


49.6570�
28.5670


30.3040�
�
O. Cereals:   Area


                    Yield�
70.2550


69.8640�
38.5670


34.5500�
Soft Wheat: Area


                    Yield�
96.4530


95.3560�
41.3240


40.4030�
�
Barley:         Area


                    Yield�
75.6890


74.4560�
36.5430


33.8790�
Hard Wheat:Area


                    Yield�
95.1550


94.4540�
41.3090


40.3560�
�
Potatoes:     Area


                    Yield�
71.6540


97.5430�
34.5430


42.3450�
Maize:          Area


                    Yield�
97.4230


99.5690�
42.3210


45.3550�
�
Note: a) The maximum lag in the VAR=1, b) All the cointegration results proved r = 1, c) The critical values (95%) for the Trace of the Stoch. Matrix and for the Max. Eigenvalue of the Stoch. Matrix respectively are: i) 94.1550 and 39.3720 for Potatoes (yield), Tomatoes (herd), S. Wheat, H. Wheat, Maize and Tobacco, ii) 68.5240 and 33.4610 respectively for Cotton, Vegetables, O. Cereals, Barley, Potatoes (herd), and Tomatoes (yield), iii) 47.2100 and 27.0170 for Pulses. 





Table 3


Own Price Elasticities*


Products�
Short-Run�
Long-Run�
Products�
Short-Run�
Long-Run�
�
Cotton:        Area


                    Yield�
0.32


0.30�
0.62


0.60�
Soft Wheat: Area


                    Yield�
0.20


0.05�
0.30


0.10�
�
Pulses:         Area


                    Yield�
0.20


0.17�
0.40


0.32�
Hard Wheat:Area


                    Yield�
0.28


0.10�
0.55


0.25�
�
O. Cereals:   Area


                    Yield�
0.33


0.32�
0.58


0.55�
Maize:          Area


                    Yield�
0.49


0.38�
0.65


0.50�
�
Barley:         Area


                    Yield�
0.54


0.52�
1.05


0.92�
Tobacco:     Area


                    Yield�
0.50


0.25�
0.75


0.40�
�
Potatoes:     Area


                    Yield�
0.65


0.05�
0.95


0.15�
Sugar Beet:  Area


                    Yield�
0.35


0.25�
0.55


0.45�
�
* Note:  The functional forms used for the estimation of elasticities are given in tableA in the appendix.


�
Appendix A


Table A.  Estimated Equations for Annual Crop Products				


												  R2	  F-Statistic	 D.W.


Cotton: 	lnLCT=0.66+0.32lnPCT-0.12lnPF-0.13lnPSt-2-0.14lnPMZ+0.13D81+0.49lnLCTt-1  		 0.90	     20.4		2.10


		 	(4.49) 	   (2.54)     (-2.32)   (-1.98)	   (-2.32)    (2.98)         (3.05)


		lnYCY=0.34+0.30lnPCT+0.05lnPCTt-2-0.30lnPF-0.003lnPSB-0.17lnPMZ+0.13D81 +0.07lnT	 0.91	     15.1		2.01


			 (5.39) 	   (1.98)      (-2.02)	 (-1.85)        (-2.01)         (-1.88)      (3.15)       (2.22)


T.Pulses: 	lnLTP=0.11+0.20lnPTPt-1-0.06lnPF-0.14lnPPT-0.16D81+0.48lnLTPt-1				 0.99    	    419.59	2.01


		            (3.29) 	 (2.43)	       (-2.12)	(-2.11)	     (-2.85)      (3.98)	


		lnYTP=0.01+0.17lnPTPt-1-0.05lnPF-0.08lnPFt-1-0.05lnPPT-0.02lnPPTt-1-0.01D81 +0.42lnYTPt-1	 0.95	     29.81	2.01


			(5.06) 	 (1.99)	     (-2.25)      (-1.78)	    (-2.00)      (-1.98)	 (4.15)        (5.98)


O. Cereals: 	lnLTC=0.06+0.33lnPTCt-1-0.14lnPFt-1-0.04lnPT-0.08lnRLPt-1+0.08D81+0.75lnLTCt-1		0.99	     140.81	2.05    


			(3.89) 	 (2.20)	       (-2.10)      (-2.01)        (-2.00)         (3.00)       (4.21)


		lnYTC=0.18+0.32lnPTCt-1-0.12lnPF-0.14lnRLPt-1-0.26lnPCTt-1-0.05lnPWHt-1-0.12lnPSt-1-	0.99	     151.25	1.93


			(4.15) 	 (1.98)	      (-2.00)	(-2.25)        (-2.15)           (1.75)          (-1.68)


			-0.09D81


	                          (-3.15)


Barley: 	lnLBA=0.30+0.54lnPBAt-1-0.23lnPF�t-1-0.11lnRLP-0.09lnPCT-0.19D81+0.49lnLBAt-1		0.85	    12.90	2.12


			 (4.15) 	 (2.26)	      (-2.15)	(-2.24)         (-2.55)      (-4.15)       (3.88)


		lnYBA=0.34+0.52lnPBAt-1-0.12lnPF-0.09lnRLPt-1-0.07lnPCTt-1-0.44lnYBAt-1			0.88	    12.93	1.82			            (3.29) 	 (2.30)	         (-2.10)	(-2.25)         (-2.555)        (-3.00)


Potatoes: 	lnLPT=-0.01+0.43lnPPT+0.22lnPPTt-1-0.37lnPF-0.07lnPFt-1-0.22lnRLP-0.13lnPTM +0.32LPTt-1	0.98	    91.92	2.09	


		   	 (5.85) 	  (1.99)	         (2.05)	    (-2.25)       (-2.15)    (-1.80)        (-1.88)     (3.55)


		lnYPT=0.52+0.05lnPPT-0.03lnPFt-1-0.06lnRLPt-1-0.11lnPTM-0.04lnPTMt-1-0.11lnPTPt-1-	0.98	    86.77	1.96			   	(2.98) 	 (2.30)	     (-2.20)	 (-2.15)	        (-1.85)    (-2.00)             (-1.98)


  			-0.06D81									


			 (-3.05)


S. Wheat: 	lnLWS=0.15+0.20lnPWS-0.1lnPF-0.03lnRLP-0.09lnPS-0.19lnPCT-0.12lnPMZ+0.31lnLWSt-1	0.99	    73.58	2.06


		     	 (3.85) 	  (2.35)	       (-2.30)      (-2.10)	  (-1.85)      (-1.98)      (-2.20)        (3.05)


		lnYWS=0.21+0.05lnPWS-0.02lnPF-0.02lnRLP-0.12lnPMZ-0.05lnPCT-0.09lnPCTt-1 -0.16D81	0.94	    28.80	2.08


			 (4.05)     (2.15)	       (-2.05)       (-1.98)      (-2.20)         (-2.15)        (-1.99)       (-2.85)


H. Wheat: 	lnLWH=0.18+0.28lnPWHt-1-0.1nPF-0.06lnRLP-0.12lnPS-0.15lnPCT-0.15lnPMZ +0.50lnLWSt-1	0.98	    70.40	2.05


			  (4.22)	    (2.25)         (-2.15)      (-1.65)   (-1.85)      (-2.20)	  (-2.05)        (3.05)


		lnYWH=0.21+0.1lnPWH-0.05lnPF-0.03lnRLP-0.15lnPMZ-0.03lnPCT-0.1lnPCTt-1 -0.19D81	0.97	    40.50	1.98


			   (3.85)    (2.20)       (-2.15)       (-1.85)         (-1.95)     (-2.15)      (-1.95)       (-2.85)


Maize: 		lnLMZ=0.89+0.49lnPMZt-1-0.29lnPFt-1-0.18lnRLP-0.15lnPWH-0.15lnPCT-0.39D81		0.99	   269.00	2.02


			 (2.95)      (2.55)            (-2.15)     (-1.86)          (-2.05)      (-2.05)      (-3.05)


		lnYMZ=0.19+0.38lnPMZt-1-0.08lnPF-0.09lnRLP-0.18lnPCTt-1-0.14D81+0.6lnYMZt-1		0.99	   238.22	2.05


		              (3.55)      (2.10)      (-1.95)        (-1.85)        (-2.05)         (2.15)         (2.95)


Table (Continued)												R2	  F-Statistic      D.W.


														


Tobacco:	lnLTB=0.21+0.50lnPTBt-2-0.09lnPF-0.13lnPFt-1-0.07lnPFt-2-0.08lnRLP-0.05lnRLPt-1  -0.01lnPS+ 	0.97	    50.17	1.93


		     	(2.98)       (2.05)     (-2.00)     (-2.15)        (-1.85)         (-1.78)         (-2.00)       (-1.68)


 			+0.34lnLTBt-1							


 			 (3.22)	


		lnYTB=0.93+0.25lnPTBt-1-0.18lnPF-0.1lnPFt-1-0.15lnRLP+0.38lnYTBt-1				0.97	    65.12	2.18


			(3.35)      (2.25)         (-1.98)      (-2.02)       (-1.78)          (3.05)  			 


Sugar Beet: 	lnLSB=0.98+0.35lnPSBt-1-0.06lnPF-0.12lnPFt-2-0.13lnPPTt-1-0.54D81+0.37lnLSBt-1		0.96	    47.94	2.00


		            (4.05)     (2.85)           (-3.58)      (-2.65)         (-1.98)        (-4.65)       (5.55)


		lnYSB=-0.48+0.25lnPSBt-1-0.11lnPF-0.04lnPPTt-1+0.45lnYSBt-1					0.97	   164.35	1.99


			 (5.28)    (2.98)           (-3.15)      (-2.05)            (4.25)


Note:  a) Letter L indicates area cultivated,  letter P the price and Y indicates yield and b) the numbers in the brackets present the t-tests.





The variables are defined as: CT: cotton, TP: total pulses, TV: total vegetables, TC: total cereals, BA: barley, PT: potatoes, TM: tomatoes, WH: hard wheat, WS: soft wheat, MZ: maize, TO: tobacco, SB: sugar beet, F: fertilizers, S: seeds, RLP: labour, PTA: price index for crop products, D80: dummy variable for 1980 (accession of Greece in the EEC), D81: dummy variable for 1981 (accession of Greece in the EEC), D90: dummy variable for 1990 (liberalisation of the cereal market).
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