Population density grid of EU-27+, version 4

Summary of the downscaling method

For further details, send a mail to Javier.gallego@jrc.it
Grid main characteristics

Geographic coverage: EU27+Croatia. Islands included only if close to the mainland. 

Resolution: 100m (1 ha pixels) 

Projection: Lambert-Azimuthal equal area (INSPIRE-recommended) 

Downloadable from http://dataservice.eea.europa.eu/dataservice/ or by request from Javier.gallego@jrc.it 
Data used: 

Population by commune

Commune boundaries 

LUCAS-2001 point data. (used to tune the coefficients of CLC classes).

CLC-2000 reclassified into 9 classes (table 1). 
	grouped 

class
	CORINE

Class
	Label

	1
	111
	Continuous urban fabric

	2
	112
	Discontinuous urban fabric

	3
	121, 133, 14
	Other urban

	4
	122-124, 131-132
	Low population artificial

	5
	21, 22, 23
	Agriculture 

	 6
	241-243
	Heterogeneous

	 7
	244, 31
	Forest

	 8
	32
	Natural vegetation

	9
	33, 4, 5
	Bare land, wetland and water


Table 1: CLC Nomenclature aggregation
We consider the land cover class according CLC (LCi) and the average population density Dm of the commune m that contains the point. We assume that, excluding the CLC class “urban dense” (
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 is approximately proportional to the proportion of the territory with residential use. 
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A more precise expression is provided by logistic regression: 
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Where Jc is an indicator function of CLC class c. (1 if the point is in class c and 0 otherwise). 

For non-urban classes, the values of pcm are generally small, so that the logit function is close to the simple logarithm and the model (1) is similar to a multiplicative model:
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A value γ=0 would suggest that the population density in a given CLC class does not depend on the average density of the commune; In this model the higher population density in certain communes would be explained only by the larger area of more populated land cover types, while the same land cover type in different communes would have approximately the same density with random variations. A value γ=1 would correspond to a population density in each CLC class that would be is proportional to the average density of the commune. 

An analysis of the available data shows that the behaviour of this model is slightly different for communes that have some CLC class “urban dense” and for communes in which this class is absent. The explanation can be that the absence of the “urban dense” class in CLC usually indicates that the urban nucleus (or nuclei) of the commune do not reach the CLC size threshold (25 ha), but it still exists: it has been integrated in a “heterogeneous” polygon or in another dominant class (agricultural, forest…). Therefore the probability that a LUCAS point, that appears to be agricultural or forest in CLC,  falls in residential areas is increased. Communes without any artificial area reported in CLC are also a separate type. We have run the model (1) separately for these three types of communes (strata) 

· Stratum a: Communes in which the CLC class “urban dense” is present. 

· Stratum b: Communes with some CLC artificial area, but no “urban dense”. 

· Stratum c: Communes without any CLC artificial area.  

Geographical positioning of the land cover information in CORINE and of LUCAS points is not perfect. As a consequence, a residential LUCAS point in an urban area, but close to the boundary, can wrongly appear to fall in another class (agricultural, forest, etc). In order to limit the disturbances due to relative mislocation, we have excluded for the logit regression the LUCAS points that are less than 100 m far from CLC polygon boundaries. The classes “artificial no residential” and “natural vegetation” have been removed because, having no or very few residential points, they prevented the logit algorithm from converging.   

Table 2 reports the parameters obtained for the logit regression (1). We can make several comments on this table: 

· The residential density for a given CLC class strongly depends on the of the average population density of the commune (α=0.67) for communes without any artificial area. The dependence is much smaller, but still significant (α=0.23, α=0.18) for communes with CLC artificial areas. 

· The central columns of table 2 provide information on communes in which the class “urban dense” is absent, but there is some other artificial area. If we take as a reference the residential density in the class “urban discontinuous”, for the same type of commune, the residential density is approximately 34 times lower for the CLC class “agricultural”, 19 times lower for CLC “heterogeneous”, and more than 160 times lower for CLC “forest”. For communes with some “urban dense” class these ratios become around 65, 34, and 175. This indicates that the rations estimated in section 4 were generally underestimated. The ratios for the other classes (artificial, natural vegetation) are based on a small number of residential; points and are consequently weaker. 

· These remarks are valid for CLC and cannot be directly extended to other land cover maps, especially if they have a different spatial resolution, although the methodology can be applied to re-estimate ratios. 

· The residential density (proportion of the territory with residential use) is a proxy for population density, but they are not exactly proportional for several reasons, in particular the average residential surface per inhabitant may be larger in agricultural or forest areas than in discontinuous urban areas. It has to be also taken into account that LUCAS points are coded as residential if they fall on secondary houses, where people are generally not censed. 

	Communes
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	α
	-9.2
	1.0 e-4
	-7.3
	6.4 e-4
	-7.9
	3.5 e-4

	γ
	0.67
	
	0.23
	
	0.18
	

	β: Urban disc.
	
	
	5.9
	354.4
	6.7
	799.5

	β: Other artificial
	
	
	3.8
	42.7
	4.5
	91.9

	β: Agricultural
	2.8
	17.3
	2.4
	10.5
	2.5
	12.4

	β: Heterogeneous
	3.6
	36.8
	2.9
	18.2
	3.2
	23.8

	β: Forest
	0.2
	1.3
	0.8
	2.2
	1.5
	4.6


Table 2: Parameters obtained for the Logit model.

More than 94% of the communes covering 85% of the territory do not have “CLC-urban dense” class 
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For the communes in which the CLC class “urban dense” is present we need a different strategy, since the approach described above does not attribute any specific density to the CLC urban dense class. We first attribute a population density 
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 for the other land cover classes (c(2, i.e. excluding urban dense) by simply averaging the densities 
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 for the same land cover class c in neighbouring communes without urban dense class. The remaining population of the commune 
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 is attributed to the class “urban dense with a density 
[image: image16.wmf]m

m

m

S

X

Y

1

1

1

¢

=

¢

. This provisional computation attributes in some cases an unrealistic value for the density 
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 compared with the density 
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 attributed to the class c=2 “urban discontinuous” (notice that the procedure computes a value of 
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 even if the class c=2 does not exist in the commune m). We have introduced the rule that the density  
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  should be between 4 and 10 times higher 
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. These boundaries are somewhat arbitrary and may need to be reviewed.  

Some anomalies and correcting actions
Some anomalies appear in the results obtained with the methods reported above, in particular the density attributed to non-urban classes is too high for a certain amount of communes.  We have considered anomalous an attributed density beyond a certain threshold (table 3) for each CLC class. Thresholds have been selected on the basis of observation of communes with estimated Ycm values laying in the queues of the distribution. In strata A and B the most frequent explanation seems to be that dense urban areas have been photo-interpreted in CLC as discontinuous and the density in these areas has been underestimated with a consequent overestimation of the density in non-urban areas. Some corrections have been applied by reallocating some population to a different class in order to stay within the threshold as far as possible. In stratum C densities for agricultural, forest and natural vegetation classes have been brought within thresholds, as far as possible, by allowing a density up to 800 inh/km2 in the heterogeneous class. After reallocations the number of anomalies is reduced, interpreted as a consequence of the limitations of CLC for which densities had to be above the thresholds of table 3. 
	Land cover class

	 Urban dense
	150,000

	Urban discontinuous
	20,000

	Other urban 
	5,000

	Artificial no residential
	1500

	Agricultural 
	40

	Heterogeneous 
	200

	Forest and agroforestry
	15

	Natural vegetation
	5


Table 3: thresholds applied for the density in different CLC classes.
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