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Abstract: Territorial classifications play a critical role to include the space dimension in official statistics oriented to policies. Economic, social and geographical differences in different areas of the same country or in a region are usually statistically significant. Policy makers would like to monitor these differences for policy planning and understand the effectiveness of  interventions.

The Mediterranean region is an interesting case to study territorial classifications as very different countries and rural/urban areas in per-capita terms meet the Mediterranean see. A study on data at country level will be done in this paper to understand the effectiveness of classifications' proposed to explain income differences.
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1. Introduction

Population living in rural areas is expected to have a different per-capita income profile with respect to urban one. The rural-urban classification adopted by statisticians should be suitable to highlight the difference and adequate to satisfy the needs of politicians to monitor the trends.

The Mediterranean region is an interesting case study due to the geographical homogeneity of the area on the one hand, compared to the economic differences on the other hand. In this paper, a per-capita income model is studied for the whole area, under the data availability constraint. Time series data, yearly or with higher frequency, are not available for all the countries and parametric estimates have to adequate to them. That is why a common panel assumption data is necessary and is expected to be a satisfactory solution for the objective of the paper.  

After several models specifications, estimations and diagnostic checking, different rural-urban classification variables will be introduced, one by one, in the best model selected, to test the effect on the goodness of specification and fitting.

2. Mediterranean region and data available

The Mediterranean area is politically subdivided in 24 countries, each of them with specific and hierarchical administrative subdivisions that work as a further constraint to the statistical analysis (Pizzoli at al., 2008). Among these countries, there are 8 members of European Union (EU), 2 city-states (Gibraltar, Monaco) and 3 countries with a limited political status: Gibraltar under the sovereignty of the United Kingdom, North Cyprus recognised only from Turkey and Palestinian Territory occupied by Israel.

Economic differences in the region become evident with an indicator of per-capita income (Figure 1).

Figure 1: Per-Capita GDP in the Mediterranean Countries – Year 2006
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Source: World Bank and National Statistical Offices

Data availability, in terms of number of variables and frequency of observations, is also not homogeneous in different countries. The following list of variables are selected based on this data constrain.

Table 1: List of Variables Adopted in Panel Estimation

	Variable
	Definition

	gdppc
	Gross Domestic Product (GDP) per-capita (current US$)

	gcf_pc
	Gross capital formation (% of GDP)

	electric_power
	Electric power consumption (kWh per-capita)

	energy_use_kg
	Energy use (kg of oil equivalent per-capita)

	agricultural_la
	Agricultural land (% of surface area)

	for_density
	Forest density (forest area over surface area)

	primary_complet
	Primary completion rate, total (% of relevant age group)

	mobile_and_fixe
	Mobile and fixed-line telephone subscribers (per 100 people)

	internet_users
	Internet users (per 100 people)


Data have been selected from international sources (United Nations, World Bank, FAO, EUROSTAT  and CIA websites) and national statistical offices.

At a national level, GDP, Population, Population Growth and Surface area, data have been extracted from World Bank, United Nations and CIA websites, while for Agricultural land has been used FAO data source. The rest of the variables are from UN and EUROSTAT. Missing data are for southern Mediterranean countries, Balkan countries and city states.

Yearly time series from 2000 to 2007 are selected for the model. A preliminary statistical analysis of the data is the following:
Table 2: Summary Statistics (missing values were skipped)

	Variable
	Mean
	Median
	Minimum
	Maximum

	gdppc
	12,899.2
	6,198.4
	907.4
	70,670.0

	Electric_power
	3,477.2
	3,114.2
	489.0
	7,944.6

	Energy_use__kg
	1,987.1
	1,642.0
	370.3
	4,551.1

	pop_density
	1,030.1
	92.5
	3.0
	16,769.2

	for_density
	0.18
	0.13
	0.00
	0.62

	gcf_pc
	248,429.0
	103,245.0
	18,664.9
	1,477,000

	Primary_complet
	0.62
	0.90
	0.57
	1.00

	Mobile_and_fixe
	0.86
	0.93
	0.01
	1.82

	Internet_users
	0.20
	0.15
	0.01
	1.60

	agricultural_la
	0.37
	0.40
	0.00
	0.76

	Variable
	Standard Deviation
	C.V.
	Skewness
	Ex. kurtosis

	gdppc
	14,119.3
	1.095
	1.619
	2.605

	Electric_power
	2,178.8
	0.627
	0.342
	-1.167

	Energy_use__kg
	1,179.9
	0.594
	0.443
	-1.027

	pop_density
	3,368.7
	3.270
	4.196
	16.462

	for_density
	0.2
	0.964
	0.755
	-0.317

	gcf_pc
	290,589.0
	1.169
	1.748
	3.103

	Primary_complet
	0.5
	0.745
	-0.550
	-1.602

	Mobile_and_fixe
	0.5
	0.625
	-0.081
	-1.464

	Internet_users
	0.2
	1.027
	2.249
	11.033

	agricultural_la
	0.2
	0.628
	-0.084
	-1.305


Several statistics (coefficient of variation, skewness and kurtosis, mean over median) suggest that gross capital formation per-capita (gfc_pc) has a similar probability distribution of GDP per-capita (gdppc) and it could be a good explanatory variable in the model.
Table 3, for the same variables showed above, presents the correlation matrix. 
Table 3: Correlation Coefficients (missing values were skipped). 5% critical value (two-tailed) = 0.1417 for n = 192
	Gdppc
	Electric_power
	Energy_use__kg
	pop_density
	for_density
	

	1.0000
	0.8411
	0.8577
	0.7112
	-0.0142
	gdppc

	
	1.0000
	0.9365
	0.1945
	0.4350
	Electric_power

	
	
	1.0000
	0.0804
	0.4271
	Energy_use__kg

	
	
	
	1.0000
	-0.2852
	pop_density

	
	
	
	
	1.0000
	for_density

	
	
	
	
	
	

	gcf_pc
	Primary_complet
	Mobile_and_fixe
	Internet_users
	agricultural_la
	

	0.8457
	-0.3415
	0.4358
	0.6525
	-0.3088
	gdppc

	0.8013
	-0.1443
	0.8163
	0.5807
	-0.0842
	Electric_power

	0.8097
	-0.2550
	0.7129
	0.6506
	-0.0874
	Energy_use__kg

	0.5813
	-0.3205
	-0.1202
	0.4367
	-0.4033
	pop_density

	0.1894
	-0.0515
	0.4542
	0.2697
	0.1807
	for_density

	1.0000
	-0.1296
	0.3979
	0.6981
	-0.0816
	gcf_pc

	
	1.0000
	-0.1388
	-0.1224
	0.4810
	Primary_complet

	
	
	1.0000
	0.4362
	-0.0730
	Mobile_and_fixe

	
	
	
	1.0000
	-0.1329
	Internet_users

	
	
	
	
	1.0000
	agricultural_la

	
	
	
	
	
	


Electric power, energy use and gross capital formation are strongly correlated with gross domestic product per-capita but also each other. These relationship will affect the model specification.
3. Rural – Urban Classification

Definition of what is rural and what is not isn’t simple: in fact, there is not a universal definition. The mostly used variable for defining “rural” is population density: a territory is rural if population density is below 150 inhabitants per square kilometre (OECD, 1994). 
Several territorial classification variables are calculated on available data, based on the following criteria to discriminate between rural and urban areas: 

1. Single indicator (population density is the default indicator);

2. Two combined indicators (population and agricultural density);

3. Multivariate clustering (two or three clusters).

Two clusters (rural – urban) seems to be a logical territorial subdivision but a previous empirical study suggested three as the optimal number of clusters (Pizzoli et al., 2007b). With the first two criteria a dummy variable (1 for rural and 0 for urban) has been generated from the continuous variable and both of them have been tested in the model. With the third criteria two dummy variables have been generated making use of all available variables in the dataset: 1 for rural and 0 for urban in the first case; 2 for rural, 1 for intermediate; 0 for rural in the second case.

Table 4: List of Rural-Urban Variables Adopted in Panel Estimation

	Variable
	Definition

	Rural_urban2
	Composite indicator 2*: real continuous number between 0 (purely urban) and 1 (purely rural)

	Rural_urban3
	Composite indicator 3**: real continuous number between 0 (purely urban) and 1 (purely rural)

	Agr_for
	Agricultural and forest land (% of surface area)

	Rural_urban21
	Binary variable: 1= Composite indicator 2*>0.5 (rural); 0=otherwise (urban)

	Clus12
	Cluster analysis 1: 1=rural, 0=urban

	Clus22
	Cluster analysis 2: 1=rural, 0=urban

	Clus23
	Cluster analysis 2: 2=rural, 1=intermediate, 0=urban

	Clus32
	Cluster analysis 3: 1=rural, 0=urban

	Pop150
	Binary variable: 1=Pop_density<150 (rural), 0=otherwise (urban)

	Pop200
	Binary variable: 1=Pop_density<200 (rural), 0=otherwise (urban)

	Pop250
	Binary variable: 1=Pop_density<250 (rural), 0=otherwise (urban)

	Pop_density
	Population density (total population over surface area)


* The composite indicator is a linear combination of population density and agricultural land. 
** The composite indicator is a linear combination of population density with agricultural and forest land.
Dealing with rural-urban classification of administrative areas, it has to be emphasised that no one is purely rural or urban and the label that is assigned to an area has to be intended as “mainly” rural or in terms of probability of inclusion one or more rural areas (Pizzoli at al. 2008; Pizzoli at al. 2007a).  

4. Panel Model

As briefly mentioned in the introduction, the proper statistical framework suitable to simultaneously parametrize territorial homogeneity and heterogeneity in terms of wealth production and distribution, is the panel modelization. Panel approach is useful to model the sectional time invariant unobserved heterogeneity among a subset of statistical units (i.e. countries or regions) with specific individual fixed effects parameters. In this kind of models the local intercepts 
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 are treated as unknown parameters that represent a particular realizations of stochastic processes, through the identification and the parametrization of one or more probabilistic regimes. Considering the limited availability of data in terms of temporal dimension, only the static panel modelization will be estimated For every country i and annual observation t, the fixed effects model is defined as follows

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1)
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or in compact form

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (2)
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where D is a dummy-variables matrix in diagonal form useful for the identification of per-unit intercepts 
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Model (2)

 is usually defined OLS-dummy variables estimator or within estimator. The last one is defined applying a linear operator that computes the differences between the observations and the mean within every longitudinal units.

In this context is also considered the random effects parametrization to compare the results in terms of diagnostics and goodness of fit. Finally categorical variables are introduced to test several rural-urban classifications. The random effects modelling is necessary because some classification variables produce multicollinearity in the fixed one. The model is specified in the following way

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (3)
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where all 
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, in this occasion, are treated as a random sample derived from a statistical distribution.

Three statistical tests have been considered for the diagnostic analysis of the model (Baltagi, 2008).  The first one is to verify the null hypothesis of just one intercept in the model:
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The statistic is the following:
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where 
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 are the squared residuals of pooled model (the model estimated with only one common intercept) and 
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the squared residuals of within estimator (the not constrained model). It is distributed as 
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The second one, the Breusch-Pagan test, is considered to verify if individual effects are random. It is based on Lagrange multipliers and its null hypothesis is the following
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The statistic used in this test is
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where 
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are the residuals of pooled model and it is distributed as 
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The Hausman test controls the consistency of GLS estimator (random effects). It verifies the null hypothesis of no correlation between the individual effects and k-regressors. The statistic is the following
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that is distributed as 
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under the null hypothesis.
5. Results

Several panel models for per-capita GDP are estimated, with fix and random effects, introducing available variables. The best starting model that include all 24 countries is the following. 

Table 5: Fixed-Effects Estimates. 192 observations. 24 cross-sectional units. Time-series length = 8. Dependent variable: gdppc
	 
	Coefficient
	Std. Error
	t-ratio
	p-value
	

	const
	4021.13
	298.172
	13.4859
	<0.00001
	***

	gcf_pc
	0.035737
	0.0011157
	32.0310
	<0.00001
	***


*** indicates significance at the 1 percent level

This is the diagnostic checking of the model:


Mean of dependent variable = 12899.2


Standard deviation of dep. var. = 14119.3


Sum of squared residuals = 3.87401e+008


Standard error of the regression = 1523.08


Unadjusted R2 = 0.98983


Adjusted R2 = 0.98836


Degrees of freedom = 167


Durbin-Watson statistic = 0.35623


Log-likelihood = -1666.11


Akaike information criterion = 3382.23


Schwarz Bayesian criterion = 3463.66


Hannan-Quinn criterion = 3415.21

Test for differing group intercepts:
 
Null hypothesis: The groups have a common intercept

 
Test statistic: F(23, 167) = 112.524

 
with p-value = P(F(23, 167) > 112.524) = 2.93402e-089

The estimated model is satisfactory from a statistical point of view: it presents a very good fitting (adjusted R2 = 0.99) except for Gibraltar (Figure 2). As expected, a strong relationship between the gdp per-capita and gross capital formation, a key variable for economic development, has been found. 

The F test statistic strongly rejects the null hypothesis of a common intercept and a pooled model can be used. The list of unit specific intercepts added to the common component is the following:

Table 6: List of Estimated Per-Unit Constant (best fixed effects model)

	Albania
	183.12
	Lebanon
	1597.72

	Bosnia and Herzegovina
	642.94
	Turkey
	1543.27

	Croatia
	-556.69
	Algeria
	-255.98

	France
	8482.10
	Tunisia
	294.29

	Greece
	2458.49
	Morocco
	-37.91

	Italy
	6647.99
	Syrian Arab Republic
	449.01

	Montenegro
	737.87
	Egypt, Arab Rep.
	457.21

	Slovenia
	266.05
	Libya
	3192.52

	Spain
	-632.43
	Gibraltar
	35416.71

	West Bank and Gaza
	57.82
	North Cyprus
	2616.28

	Israel
	6226.72
	Cyprus
	6845.63

	Malta
	4065.26
	Monaco
	15809.03


Figure 2: Fitted and Actual Plot by Observation Number (best Fixed effects model) 
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The specification and fitting of the model improve introducing some omitted variables only partially available in the dataset, with the trade-off of loosing three countries. 

The accepted models, after inclusion of a territorial classification variable, are the following:

Table 7: Random-Effects (GLS) Estimates, Dependent variable: gdppc

	Variables
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8
	Model 9
	Model 10
	Model 11
	Model 12

	const
	1.177e+04* 
	2078  
	1.388e+04**
	2.888e+04**
	1964  
	587.4  
	-699.7  
	2060  
	3335  
	3902  
	3902  
	-1655  

	
	(6660)
	(2743)
	(5384)
	(2434)
	(2875)
	(2554)
	(1953)
	(3083)
	(3116)
	(3432)
	(3432)
	(1171)

	Electric_power
	2.332**
	2.515**
	2.471**
	1.361**
	2.291**
	2.382**
	2.562**
	2.152**
	2.124**
	2.206**
	2.206**
	1.317**

	
	(0.4566)
	(0.4561)
	(0.4425)
	(0.2552)
	(0.4597)
	(0.4598)
	(0.4527)
	(0.4770)
	(0.4606)
	(0.4633)
	(0.4633)
	(0.3098)

	gcf_pc
	0.02968**
	0.02963**
	0.02975**
	0.03170**
	0.02995**
	0.02983**
	0.02942**
	0.03007**
	0.03012**
	0.03013**
	0.03013**
	0.03189**

	
	(0.001541)
	(0.001541)
	(0.001523)
	(0.001420)
	(0.001556)
	(0.001552)
	(0.001550)
	(0.001575)
	(0.001572)
	(0.001563)
	(0.001563)
	(0.001364)

	Primary_complet
	-1400* 
	-1454**
	-1410* 
	-1385**
	-1553**
	-1527**
	-1639**
	-1475**
	-1651**
	-1594**
	-1594**
	-1456**

	
	(725.7)
	(724.1)
	(716.7)
	(628.6)
	(725.1)
	(725.3)
	(727.0)
	(730.9)
	(729.9)
	(724.3)
	(724.3)
	(626.7)

	rural_urban2
	-2.023e+04**
	
	
	
	
	
	
	
	
	
	
	

	
	(9223)
	
	
	
	
	
	
	
	
	
	
	

	agr_for
	
	-8256**
	
	
	
	
	
	
	
	
	
	

	
	
	(3795)
	
	
	
	
	
	
	
	
	
	

	rural_urban3
	
	
	-2.121e+04**
	
	
	
	
	
	
	
	
	

	
	
	
	(6704)
	
	
	
	
	
	
	
	
	

	rural_urban21
	
	
	
	-2.938e+04**
	
	
	
	
	
	
	
	

	
	
	
	
	(2277)
	
	
	
	
	
	
	
	

	clus12
	
	
	
	
	-5311* 
	
	
	
	
	
	
	

	
	
	
	
	
	(2747)
	
	
	
	
	
	
	

	clus22
	
	
	
	
	
	-4399* 
	
	
	
	
	
	

	
	
	
	
	
	
	(2592)
	
	
	
	
	
	

	clus23
	
	
	
	
	
	
	-3618**
	
	
	
	
	

	
	
	
	
	
	
	
	(1627)
	
	
	
	
	

	clus32
	
	
	
	
	
	
	
	-4878* 
	
	
	
	

	
	
	
	
	
	
	
	
	(2822)
	
	
	
	

	pop150
	
	
	
	
	
	
	
	
	-5981**
	
	
	

	
	
	
	
	
	
	
	
	
	(2804)
	
	
	

	pop200
	
	
	
	
	
	
	
	
	
	-6728**
	
	

	
	
	
	
	
	
	
	
	
	
	(3168)
	
	

	pop250
	
	
	
	
	
	
	
	
	
	
	-6728**
	

	
	
	
	
	
	
	
	
	
	
	
	(3168)
	

	pop_density
	
	
	
	
	
	
	
	
	
	
	
	7.602**

	
	
	
	
	
	
	
	
	
	
	
	
	(0.7281)

	n
	168
	168
	168
	168
	168
	168
	168
	168
	168
	168
	168
	168

	lnL
	-1696.840
	-1695.602
	-1681.906
	-1542.283
	-1705.651
	-1709.109
	-1704.978
	-1706.702
	-1702.301
	-1702.288
	-1702.288
	-1572.574


Standard errors in parentheses

* indicates significance at the 10 percent level

** indicates significance at the 5 percent level

From the previous models it is possible to select the best ones:

Table 8: Selected Models in Order of Efficiency (from left to right)

	Variables
	Model 3
	Model 4
	Model 12
	Model 10
	Model 8

	Common constant
	1.388e+04**

(5384)
	2.888e+04**

(2434)
	-1655

(1171)
	3902

(3432)
	2060

(3083)

	Electric_power
	2.471**

(0.4425)
	1.361**

(0.2552)
	1.317**

(0.3098)
	2.206**

(0.4633)
	2.152**

(0.4770)

	Gcf_pc
	0.02975**

(0.001523)
	0.03170**

(0.001420)
	0.03189**

(0.001364)
	0.03013**

(0.001563)
	0.03007**

(0.001575)

	Primary_complet
	-1410*

(716.7)
	-1385**

(628.6)
	-1456**

(626.7)
	-1594**

(724.3)
	-1475**

(730.9)

	rural_urban3
	-2.121e+04**

(6704)
	
	
	
	

	rural_urban21
	
	-2.938e+04**

(2277)
	
	
	

	pop_density
	
	
	7.602**

(0.7281)
	
	

	pop200
	
	
	
	-6728**

(3168)
	

	clus32
	
	
	
	
	-4878*

(2822)

	Observations (n.)
	168
	168
	168
	168
	168

	LnL
	-1681.906
	-1542.283
	-1572.574
	-1702.288
	-1706.702

	Sum of Squared Residuals (SSR)
	4.88177e+009
	9.26198e+008
	1.32836e+009
	6.22241e+009
	6.55809e+009

	Within' variance
	2.13143e+006
	2.11962e+006
	1.22789e+006
	2.11962e+006
	2.11962e+006

	'Between' variance
	2.82017e+007
	4.27112e+006
	5.34775e+006
	2.95296e+007
	2.87653e+007

	Akaike information criterion
	3373.81
	3094.57
	3155.15
	3414.58
	3423.4

	Schwarz Bayesian criterion
	3389.43
	3110.19
	3170.77
	3430.2
	3439.02

	Breusch-Pagan test
	444.824 

(9.64932e-099)
	191.885

(1.23305e-043)
	241.866

(1.54097e-054)
	428.273

(3.86083e-095)
	393.72

(1.28226e-087)

	Hausman test
	2.58374

(0.629706)
	9.05077

(0.0286234)
	83.7637

(2.77464e-017)
	30.7333

(9.67368e-007)
	


Parameters’ standard errors and tests’ p-values in parentheses

** indicates significance at the 5 percent level

The best selected model with random effects is the following:

Table 9: Random-Effects (GLS) Estimates. 168 observations. 21 cross-sectional units. Time-series length = 8. Dependent variable: gdppc

	 
	Coefficient
	Std. Error
	t-ratio
	p-value
	

	const
	13884.5
	5383.99
	2.5789
	0.01080
	**

	Electric_power
	2.47096
	0.442472
	5.5845
	<0.00001
	***

	gcf_pc
	0.0297517
	0.00152334
	19.5305
	<0.00001
	***

	Primary_complet
	-1409.84
	716.739
	-1.9670
	0.05088
	*

	rural_urban3
	-21209.6
	6703.8
	-3.1638
	0.00186
	***


* indicates significance at the 10 percent level

** indicates significance at the 5 percent level

*** indicates significance at the 1 percent level

This is the diagnostic checking of the model:


Mean of dependent variable = 11864.4


Standard deviation of dep. var. = 11040.6


Sum of squared residuals = 4.88177e+009


Standard error of the regression = 5455.91


'Within' variance = 2.13143e+006


'Between' variance = 2.82017e+007


theta used for quasi-demeaning = 0.902803


Akaike information criterion = 3373.81


Schwarz Bayesian criterion = 3389.43


Hannan-Quinn criterion = 3380.15

Breusch-Pagan test -

 Null hypothesis: Variance of the unit-specific error = 0

 Asymptotic test statistic: Chi-square(1) = 444.824

 with p-value = 9.64932e-099

Hausman test -

 Null hypothesis: GLS estimates are consistent

 Asymptotic test statistic: Chi-square(4) = 2.58374

 with p-value = 0.629706

The decomposition of total variance imputes about 93% of dispersion to the differences between countries and the remaining to the inner variability. The Breusch-Pagan test gives a good response for the significance of random effects, while the Hausman test displays consistency and efficiency of the GLS estimator. As for the fixed effects model, Gibraltar’ results show a low quality fitting of the data available (Figure 3).

Gross capital formation is still significant as in the fixed effects model. A further variable becomes strongly significant in the model: electric power consumption. This is a good proxy of energy consumption in the economy for production use and suggests a high level of total final consumption by households, associated to a high level of per-capita GDP. The introduction of a rural-urban classification variable in our best model is statistically significant and clearly highlighted the expected inverse relationship between per-capita income and rurality.

Figure 3: Fitted and Actual Plot by Observation Number (best Random effects model) 

[image: image24.emf] 0 10000 20000 30000 40000 50000 60000 70000 8000013579111315171921gdppctime series by groupActual and fitted gdppcfittedactual


6. Conclusions

Even if the paper's results highlight a cross-sectional heterogeneity among the Mediterranean countries (Table 5), that is a main feature of panel models, the diagnostic analysis and fitting show that a common model for the available data is a satisfactory solution. 

Several rural-urban classification variables are significant in this panel data approach. The fixed effects model estimated on the total region (24 countries) is based on a limited number of regressors due to the data constraint. Excluding three countries more regressors become significant in the model.

Comparing the significativity of classification variables a composite indicator, such as a combination of population density with agricultural density (i.e. rural_urban3 in this paper), undoubtedly improve per-capita income explanation.
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