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Supplementary Material
An econometric investigation of EU's Import Demand for Fresh Potato: A Source Differentiated Analysis focusing on Egypt
This supplementary material provides relevant information on the properties of the proposed model developed in this study and discusses the econometric results of the selected demand model specifications adopted for the three major EU import potato markets for Egypt. Table S1 gives an overview of the various model specifications derived from the Barten’s general differential model. It also gives the exact formulation for the implied and estimable demand relations as well as the derivation of the price and expenditure (income) elasticities in all (un)restricted cases.  
A. Note on the properties of the proposed model in the study
As explained in the paper, the CBS and Rotterdam demand specifications allow for testing the negativity of the Slutsky matrix through a Cholesky decomposition. Regarding the two other restricted cases  NBR and AID  and Barten’s general differential model (provided that the parameters 1 and 2 are positive), it is possible to derive global concavity (negativity) conditions by making use of the Cholesky decomposition (Cranfield and Pellow, 2004).  To do so, the matrix of compensated price effects (which are symmetric and respect the zero homogeneity condition) is given by   where E is a (n-1)(n-1) matrix of the eij terms, W is a (n-1)(n-1) matrix with wi terms on the diagonal. The negativity condition is satisfied if the two terms making up the compensated price effects are both negative semi-definite.  The first term E is negative semi-definite by applying the Cholesky decomposition  where A is a lower triangular matrix of appropriate dimension. The second term  is negative semi-definite as long as the parameter 2 is non-negative.  On the other hand, if the parameter 2 is negative, the matrix of compensated effects is negative semi-definite as long as the matrix E dominates the second right-hand side term. The negativity condition of the matrix of compensated effects is imposed on the selected demand model specifications if they are of the NBR or AID type. 
Due to a highly non-linear structure of the demand system NBR or AID which includes a Cholesky decomposition of its compensated marginal price effects, it might be impossible to generate a matrix A which is of full rank n-1. In such a case, lower diagonal elements of the matrix A are restricted to zero, implying a lower rank of A and hence a smaller number of price parameters to estimate. Then, matrices of price elasticities computed at the sample mean would be theoretically consistent as they will satisfy the laws of demand. 
The set of adopted unrestricted and restricted demand models are estimated by a maximum likelihood (ML) procedure applied to (n-1) import sources. Applying a ML estimation procedure to a system of n-1 demand equations such as the one given by expression (1) is attractive in the sense that it generates estimated parameters that are invariant with respect to the dropped residual equation (Barten, 1969). To select Barten’s general differential model or one of its restricted case specifications, and as suggested by Moschini et al (1994), we use a corrected LR statistic (denoted by LRC) which is adjusted for degrees of freedom and the size of the sample.  LRC is given by the following expression:  
 
where M is the number of equations, T is the number of time series observations, NU is the number of parameters in the unrestricted model specification (i.e. Barten’s general model), NR is  the number of  parameters in the restricted model specification. The null hypothesis of selecting one of the four restricted model specifications is not rejected if the LRC statistic is smaller than a critical 2 value with two degrees of freedom. 
To facilitate the presentation of the econometric results of the selected demand models, we adopt a similar formatting system for the three EU potato-importing countries by sorting import sources in the following order: 
Germany:  Egypt, Netherlands, France, Spain, Italy, Rest of the EU (RoEU) and Rest of the world (RoW). 
Italy:         Egypt, Netherlands, France, Germany, RoEU and RoW
UK:           Egypt, Netherlands, France, Spain, Cyprus, RoEU and RoW
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Table S1: Model specifications and implied demand elasticities
	Model
	Model specification
	Expenditure elasticity
    (iQ)
	Price elasticity

	
	
	
	Marshallian 
       (ij)
	Hicksian  
(ij)

	General Barten’s model
[1 and 2  0]
	
	

	

	


	Rotterdam
[1= 2 = 0]
	
	
	    
	

	
CBS
[1 =1 and 2 =0]
     

	
	
	
	

	
AID
[1 =2 =1]

	
	
	
	

	NBR
[1 =0 and 2 =1]

	
	
	
	


 Notes: The coefficient i is associated with the real income variable Q in the Rotterdam and NBR model specifications while the counterpart for the AID and CBS model specifications is the coefficient i .  On the other hand, ij and ij are price coefficients in the four restricted model specifications.


B. The econometric performance of each selected model specification 
The three tables below (Tables S3, S4 and S5) present the econometric results of the three selected demand models. The estimated parameters are the structural ones as they appear in each demand model.  The estimated coefficients of the Cholesky matrices A are not reported in this document but could be made available upon request from the authors. Note below that each of these three tables provide a detailed account on how each demand model has been estimated using the ML estimation procedure with the econometric software TSP 5.1 (Hall and Cummins, 2005).It should be stressed that the implementation of the Cholesky decomposition approach leads to highly nonlinear systems of demand equations which require to test different specifications in the TSP econometric program by changing the order of the equations and hence the residual non-estimated equation. This explains why the residual non-estimated equation differs among the three potato-importing countries.
Table S2 summarizes the descriptive statistics for each model’s variables including the dependent and explanatory variables. All the figures in this latter table are expressed in percentages. Estimated standard deviations exhibit large magnitudes, as is confirmed by the wide range of minimum and maximum percentages presented for each dependent and explanatory variable. This state of affairs occurs for the volume of imports and import prices of potatoes into Germany, Italy and UK which vary enormously for the time period 1994-2018. It also reveals that import prices of potatoes are characterized by a significant variability[footnoteRef:1].        [1:  To illustrate further this point, the table below provides standard deviations of import prices for each importing EU country (i.e. Germany, Italy. and UK). Note that these standard deviations can be interpreted in percentage terms as the mean values of each import price is normalized to unity.
] 

As far as Germany is concerned, the restricted CBS demand model is selected. This implies that a Cholesky decomposition can be directly applied to the Slutsky matrix of constant compensated price effects (denoted by elements ij). The CBS model for Germany has been estimated by ML estimation considering seven import sources. To respect the adding up constraint, a system of six equations is estimated econometrically.  The selected CBS model with the imposed negativity condition is based on an estimated A matric of rank 4. To respect the adding up constraint, a system of six equations is estimated econometrically and its econometric results are reported in Table S3. 
Looking at the values taken by R2 ranging from 0.2121 to 0.9243, the overall explanatory power of the estimated CBS demand model for Germany looks satisfactory. The various Durbin-Watson (DW) statistics indicate the absence of first order-autocorrelation among the estimated residuals. Regarding the estimated parameters, 13 out of 24 free parameters (almost 50%) are statistically different from zero at a significance level of at least 10%. Based on the two-step model selection procedure, the NBR specification has been the one adopted for the Italian import potato market. Table S4 presents the econometric results of the adopted demand model for Italy which includes six sources of import supply. The selected NBR with the imposed negativity condition includes an estimated A matrix of rank 2.  Due to the necessity of maintaining the adding up constraint, a NBR system of five equations was estimated using the ML estimation procedure. An examination of all the coefficient estimates combined with an analysis of the overall performance indicators (R2 and DW) reveals a somewhat mild performance of this estimated demand model for Italy. To support this latter point, let us mention that only three estimated parameters out of the fifteen free parameters are statistically significant.  In terms of explanatory power, two equations out of five have R2 equal to 0.0456 and 0.1276. The only satisfactory result for this NBR demand model for Italy has to do with the fact that the estimated residuals do not exhibit the presence of first-order autocorrelation.  
As a result of the two-stop model selection process, the demand model selected for the UK is of AID-type. The negativity condition has been imposed through Cholesky decomposition by assuming an estimated A matrix of rank 3.  The econometric results pertaining to the selected AID model are reported in Table S5. One-third (7 out of 21) of estimated parameters are statistically different from zero for a significance level of at least 10%.  In terms of overall econometric performance, the explanatory power of the demand system is quite satisfactory in the sense that the range of R2 is quite similar to that of Germany.  
Table S2: Statistics summary for dependent & explanatory variables of the selected models
Germany
	Import sources
	widln(qit)
	
	dln(pit)
	dln(Qt)

	
	Mean
	Std
	Min
	Max
	
	Mean
	Std
	Min
	Max
	

	 Egypt
	0.0019
	0.0483
	-0.1065
	0.0895
	
	0.0066
	0.2590
	-0.5490
	0.4387
	
	Mean:-0.0094
Std:0.2022
Min:-0.5728
Max:0.3297

	Netherlands
	-0.0062
	0.1383
	-0.4698
	0.2246
	
	0.0218
	0.3037
	-0.5594
	0.5187
	
	

	France
	0.0050
	0.0352
	-0.0590
	0.0746
	
	0.0077
	0.2901
	-0.4683
	0.5314
	
	

	Spain
	-0.0001
	0.0281
	-0.0655
	0.0436
	
	0.0145
	0.3372
	-0.6663
	0.6603
	
	

	Italy
	-0.0010
	0.0302   
	-0.0954
	0.0402
	
	0.0192
	0.2306
	-0.5253
	0.4270
	
	

	RoEU
	0.0004
	0.0406
	-0.0979    
	0.0605
	
	0.0053
	0.2274
	-0.4855
	0.5107
	
	

	RoW
	-0.0004
	0.0224
	-0.0494
	0.0474
	
	0.0042
	0.1462
	-0.3148
	0.2443
	
	


Italy
	Import sources
	widln(qit)
	
	dln(pit)
	
	dln(Qt)

	
	Mean
	Std
	Min
	Max
	
	Mean
	Std
	Min
	Max
	
	

	 Egypt
	0.0080
	0.0410
	-0.0653
	0.1468
	
	0.0122
	0.1913
	-0.5137
	0.3063
	
	Mean:-0.0089
Std:0.0965
Min:-0.2662
Max:0.1979 

	Netherlands
	-0.0054
	0.0173
	-0.0412
	0.0258
	
	0.0234
	0.2064
	-0.3289
	0.3587
	
	

	France
	0.0047
	0.0784
	-0.1382
	0.1693
	
	0.0117
	0.2984
	-0.5811
	0.4268
	
	

	Germany 
	0.0020
	0.0474
	-0.1353
	0.0979
	
	0.0035
	0.0474
	-0.7121
	0.4234
	
	

	RoEU
	0.0026
	0.0105
	-0.0216
	0.0227
	
	0.0043
	0.2591
	-0.5249
	0.5263
	
	

	RoW
	-0.0030
	0.0268
	-0.0956
	0.0532
	
	0.0208
	0.2360
	-0.5003
	0.3303
	
	


UK
	Import sources
	widln(qit)
	
	dln(pit)
	dln(Qt)

	
	Mean
	Std
	Min
	Max
	
	Mean
	Std
	Min
	Max
	

	Egypt
	-0.0078
	0.0314
	-0.0785
	0.0754
	
	0.0137
	0.1690
	-0.3432
	0.2455
	
	Mean:-0.0314
Std:0.3721
Min:-0.8505
Max:0.6824

	Netherlands
	-0.0129
	0.0648
	-0.0975
	0.1241
	
	0.0654
	0.3027
	-0.6789
	0.5408
	
	

	France
	-0.0024   
	0.1296
	-0.3042  
	0.3340
	
	0.0249
	0.3331   
	-0.7032
	0.6576
	
	

	Spain
	-0.0037
	0.0311
	-0.0833
	0.0738
	
	0.0130
	0.1752
	-0.2612
	0.4782
	
	

	Cyprus
	0.0089
	0.0822
	-0.3467
	0.0891
	
	0.0168
	0.2186
	-0.4542
	0.4502
	
	

	RoEU
	-0.0004
	0.1815
	-0.4324
	0.4678
	
	0.0419
	0.4187
	-1.1674   
	1.1646 
	
	

	RoW
	0.0047
	0.0514
	-0.0908
	0.0856
	
	0.0143
	0.1660
	-0.2452
	0.4159
	
	

	
	
	
	
	
	
	
	
	
	
	
	


Notes: All the figures are interpreted as percentages as all the dependent and explanatory variables are expressed in ln-differentiated terms.
Std: Standard deviation.
Min: Minimum.
Max: Maximum.








Table S3: Econometric results of the CBS demand model for Germany 
	Import sources 
	Estimated parameters

	
	i
	ij

	
	
	Egypt
j=1
	Netherlands
j=2
	France
j=3
	Spain          j=4
	Italy
j=5
	RoEU
j=6
	RoW
j=7

	 Egypt
	0.0127
(0.0396)
	-0.0935
(0.0328)
	0.0872
(0.0259)
	0.0205
(0.0167)
	0.0081
(0.0196)
	-0.0144
(0.0185)
	-0.0266
(0.0163)
	0.0187
(0.0162)

	Netherlands
	0.1039
(0.0411)
	
	-0.2064
(0.0292)
	0.0565
(0.0130)
	-0.0090
(0.0168)
	-0.0012
(0.0180)
	0.0317
(0.0137)
	0.0472
(0.1223)

	France
	-0.1066
(0.0211)
	
	
	-0.1056
(0.0135)
	0.0226
(0.0135)
	0.0470
(0.0124)
	-0.0150
(0.0105)
	0.0072
(0.0122)

	Spain
	-0.0181
(0.0308)
	
	
	
	-0.0714
(0.0219)
	0.0314
(0.0162)
	0.0266
(0.016)
	-0.0084
(0.0131)

	Italy
	-0.0296
(0.0290)
	
	
	
	
	-0.0554
(0.0208)
	-0.0062
(0.0125)
	-0.0011
(0.0122)

	RoEU
	0.0523
(0.0208)
	
	
	
	
	
	-0.0177
(0.0118)
	0.0072
(0.0122)

	RoW
	-0.0146 (0.0185)
	
	
	
	
	
	
	-0.0437
(0.0157)

	Log  L = 367.192              BIC= -307.554   Observations = 24   Sample : 1995-2018

	
Equation 1(Egypt)
Equation 2 (Netherlands)
Equation 3 (France)
Equation 4 (Spain)
Equation 5 (Italy)
Equation 6 (RoEU)
Equation 7(RoW): residual equation (not estimated)                                               
	R2
0.4579
0.9243
0.7447
0.2121
0.3742
0.8423
	DW
2.2459
2.2428
1.8308
2.4895
1.9162
2.8243

	
	


 Notes: the following CBS model has been estimated for Germany:  

 


Table S4: Econometric results of the NBR demand model for Italy  
	Import sources 
	Estimated parameters

	
	     i
	ij

	
	
	Egypt
j=1
	Netherlands
j=2
	France
j=3
	Germany         j=4
	RoEU
j=5
	RoW
=6

	 Egypt
	0.0813
(0.0950)
	-0.0006
(0.0045)
	-0.0012
(0.0045)
	0.0029
(0.1289)
	-0.0050
(0.0176)
	0.00114
(0.0056)
	0.0025
(0.0127)

	Netherlands
	0.0286
(0.0528)
	
	-0.0034
(0.0081)
	0.0059
(0.0145)
	-0.0148
(0.0190)
	0.0033
(0.0061)
	0.0101
(0.0125)

	France 
	0.7183
(0.1083)
	
	
	-0.0145
(0.0394)
	0.0256
(0.0429)
	-0.0068
(0.0144)
	-0.0130
(0.0196)

	Germany
	0.1201
(0.0937)
	
	
	
	-0.0642
(0.0539)
	0.0141
(0.0170)
	0.0443
(0.0207)

	RoEU
	0.0243
(0.0256)
	
	
	
	
	-0.0034
(0.0072)
	-0.0084
(0.0073)

	RoW
	0.0274
(0.0433)
	
	
	
	
	
	-0.0355
(0.0128)

	Log L = 284.899             BIC = -227.862                 Observations = 23              Sanple:1995-2017

	                                                                                                              R2                      DW
Equation 1(Egypt)                                                                             0.0456                1.7423
Equation 2 (Netherlands): residual equation (not estimated)
Equation 3 (France)                                                                           0.6351                2.0899
Equation 4 (Germany)                                                                       0.2902                1.9875
Equation 5 (RoEU)                                                                            0.1276                2.0147                                    
Equation 6 (RoW)                                                                             0.5457                1.9938


Notes: the following NBR model has been estimated for Italy;

 


Table S5: Econometric results of the AID demand model for the United Kingdom 
	Import sources 
	Estimated parameters

	
	i

	ij

	
	
	Egypt
j=1
	Netherlands
j=2
	France
j=3
	Spain          j=4
	Cyprus
j=5
	RoEU
j=6
	RoW
j=7

	 Egypt
	   -0.0270
(0.0226)
	-0.0045
(0.0073)
	0.0113
(0.0155)
	-0.0183
(0.0161)
	-0.0001
(0.0102)
	0.0166
(0.0179)
	-0.0153
(0.0133)
	-0.0055
(0.0123)

	Netherlands
	-0.0202
(0.0169)
	
	-0.0764
(0.0181)
	0.0097
(0.0168)
	-0.0102
(0.0170)
	-0.0143
(0.0196)
	0.0213
(0.0127)
	0.0588
(0.0188)

	France
	-0.0150
(0.0497)
	
	
	-0.0408
(0.0415)
	0.0238
(0.0215)
	0.0206
(0.0354)
	0.0018
(0.0105)
	-0.0132
(0.0182)

	Spain
	0.0236
 (0.0188)
	
	
	
	-0.0162
(0.0207)
	-0.0008
(0.0172)
	-0.0098
(0.0135)
	0.0138
(0.0177)

	Cyprus
	0.0984
(0.0460)
	
	
	
	
	-0.0822
(0.0455)
	-0.0624
(0.0261)
	-0.0022
(0.0205)

	RoEU
	-0.0207
(0.0393)
	
	
	
	
	
	-0.0583
(0.0294)
	-0.0021
(0.0150)

	RoW
	0.0080 (0.0245)
	
	
	
	
	
	
	-0.0496
(0.0263)

	Log L= 280.045         BIC -227.862                      Observations =24                      Sample : 1995-2018

	                                                                    R2            DW
Equation  1 (Egypt):                             0.1818          2.4499
Equation 2 (Netherlands):                    0.8776          1.5668
 Equation 3 (France):                          0.6394          2.3770
Equation 4 (Spain):                             Residual equation (not estimated)
Equation 5 (Cyprus):                           0.3620          2.4554
Equation 6 (RoEU):                            0.9024           2.0083
Equation 7 (RoW):                             0.5314           1.7313
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