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Abstract This paper describes four methods used to produce dasymetric popu-

lation density grids combining population data per commune with CORINE Land

Cover, a map available for all countries of the European Union. An accuracy

assessment has been carried out for five countries for which a very reliable 1-km

population density grid exists; the improvement, compared with the choropleth map

per commune, ranges between 20% for the weakest result in Finland and 62% for

the best result in the Netherlands. The best results are obtained with a method using

logit regression to integrate information from the point survey LUCAS (Land Use/

Cover Area frame Survey); however, performance differences between methods are

moderate. The dasymetric grid is distributed free of charge by the European

Environment Agency, for non-commercial use.

Keywords Population density � Dasymetric mapping � Downscaling �
CORINE Land Cover (CLC) � Land Use/Cover Area frame Survey (LUCAS)

Introduction

Many European countries produce detailed geo-referenced population data, but few

of them make such data available to the research community. Member states of the

European Union (EU) provide Eurostat with population data per commune, which is

too coarse for many studies linking population with the environment; the area of

communes is very heterogeneous, but is mostly between 10 and 100 km2. This

paper describes four areal interpolation methods applied to produce a dasymetric

(downscaled) population density layer with 1-ha resolution. The techniques we use

can be called ‘‘dasymetric mapping’’ or ‘‘downscaling’’ a term used more often in
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environmental studies (Bierkens et al. 2000). The European Environment Agency

(EEA) distributes the dasymetric population grid, free of charge for non-commercial

purpose, through its data warehouse (http://dataservice.eea.europa.eu/). In 2008 it

was downloaded 1636 times; this indicates the interest that it has raised. As

Langford (2007) points out, complex methods to produce dasymetric population

maps are a major obstacle for many users. The target of this paper is to help

overcoming such inconvenience by documenting the method applied to obtain the

grid distributed by EEA.

Examples of the application of dasymetric population maps include the damage

assessment of natural disasters, such as floods (Tralli et al. 2005). Fine-scale

population data are not essential to assess damage caused by natural disasters with a

geographically smooth distribution, but are important for more localized events.

Chen et al. (2004) conclude that downscaled population data make little difference

to assess the damage caused by an earthquake but considerably improve the

assessment of damage from hailstorms.

The layer presented in this paper has some conceptual differences with the

worldwide products LandScanTM population density grid (Dobson et al. 2000;

Bhaduri et al. 2002) and the Gridded Population of the World (GPW) of the Center

for International Earth Science Information Network (CIESIN 2005): in our case the

area covered is smaller but the spatial resolution is finer. LandScan refers to the

‘‘ambient population’’, a time-weighted average of the number of people in a given

area, while our grid locates each person in his/her dwelling at the time of a

population census or register.

The best way to produce a gridded map of population density is collecting

individual data with coordinates of the dwellings and counting the number of people

in each cell of the grid (bottom-up approach). A few European countries, grouped in

the European Forum for Geostatistics (EFGS: http://www.efgs.ssb.no/), have pro-

duced bottom-up grids, in most cases with a resolution of 1 km; however, the

distribution of the grids is limited by confidentiality rules (http://www.statistik.at/

web_en/statistics/regional/regional_breakdown/statistical_grids/).

An alternative solution when the bottom-up approach cannot be used or the data

are not accessible is downscaling available data. There is a range of possible

approaches for downscaling; Eicher and Brewer report three alternative solutions all

based on dasymetric mapping principles:

• The binary method (Langford and Unwin 1994) assigns the whole population to

one land cover class (usually urban or artificial land cover).

• The three-class method attributes some density to agricultural and forest classes.

• The limiting variable method attributes first the same density to all land cover

classes in each administrative unit; densities are then modified by applying

thresholds to each land cover class and redistributing the excess to other classes.

In the case study conducted by Eicher and Brewer, the limiting variable method

gave the best results.

Mennis (2003) applied a method to downscale population data from census tracts

to a 100-m grid to five counties in south-east Pennsylvania. In this example, three

land cover classes are considered: high-urban, low-urban and non-urban. The
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method attributes to each land cover class a population that depends on the area of

the land cover class and on a ‘‘population density fraction’’, a factor that is estimated

from a sample of census tracts that only contain one of the three land cover classes.

Other methods (Langford et al. 1991; Yuan et al. 1997; Briggs et al. 2007) use a

regression model to obtain the population density of each class; coefficients are

applied later to adjust the total population assigned to each administrative unit and

make it coincide with the known population (pycnophylatic constraint). Wu and

Murray (2005) use a cokriging method in a small test area in Ohio. This method

gives a variance of the estimated density in each location, but presents

computational problems for large data sets.

Some authors have produced more precise downscaled population density layers

using street and road networks in a small area, such as a county (Xie 1995). A

similar approach is adopted by Reibel and Bufalino (2005) and by Mrozinski and

Cromley (1999), who assume that the population is concentrated in a buffer around

a road network. Chen et al. (2004) also use street buffers from StreetWorksTM to

downscale the population in the area of Sydney.

Another approach to the downscaling problem is based on the EM algorithm

(Expectation–Maximization, Dempster et al. 1977). We present below the results of

the EM algorithm applied to the EU data. An alternative method, that we call here

CLC-iterative, is applied by Gallego and Peedell (2001). The resulting dasymetric

map has been assessed by Thieken et al. (2006), who conclude that the map gave

realistic population figures for the areas flooded in Germany in the flood events of

1999 and 2002; however, they find that the method overestimates the population in

non-urban land cover classes. The International Committee on Aviation Environ-

mental Protection has used this population grid to assess the impact of noise around

airports (Vinkx and Visée 2008). The European Commission (EC) has also used it to

compute indicators of accessibility to services in rural areas (Dijkstra and Poelman

2008).

Bracken and Martin (1989, 1995) produced population density grids for the UK,

based on the censuses of 1981 and 1991. The problem they tackled was different:

their starting point was a detailed database of population for Enumeration Districts

(ED). A population-weighted centroid of each ED was known, but no land cover

data were available. The approach consisted of distributing the ED population from

the centroid to neighbouring pixels with an adaptive kernel function. Martin (1996)

highlights the importance of the pycnophylatic constraint for these surface models.

Martin (1998) also analysed the design of EDs optimizing its compatibility with

different applications, to minimize the need of downscaling.

Table 1 gives the main characteristics of some existing population grid maps. In

general maps are more accurate if the units of the initial census data are smaller.

Data

The area covered by the study is EU27 (the 27 Member States of the EU):

approximately 4.3 million km2 with 480 million inhabitants. Some overseas

territories are excluded. Population data from the 2000/2001 round of censuses were
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provided by Eurostat for nearly 115,000 communes. ‘‘Commune’’ refers to the EU

Local Administrative Units, level 2 (LAU2). Country equivalences can be found at

http://ec.europa.eu/eurostat/ramon/nuts/introannex_regions_en.html.

The average commune area per country ranges from less than 15 km2 in

Slovakia, Czech Republic and France to more than 1500 km2 in Sweden. Table 2

gives a coarse description of the size of communes in the EU. For example, 6.2% of

the communes have an area of more than 100 km2, accounting for 32.6% of the

population and 49.4% of the total area.

The land cover map used is the 1-ha resolution raster version of CORINE Land

Cover 2000 (CLC). CLC has been produced, with common rules in all EU countries

(EEA-ETC/TE, 2002), by photo-interpretation of Landsat ETM? (Enhanced

Thematic Mapper) satellite images. The nomenclature of CLC has 44 classes,

which were simplified for this work, and the minimum mapping unit is 25 ha.

Smaller patches are included in polygons labelled with the dominant land cover

type. If there is no clearly dominant land cover type in a polygon, it is coded as

‘‘heterogeneous’’; this occurs in 11% of the EU area. CLC can be also downloaded

from the EEA warehouse (http://dataservice.eea.europa.eu/), where researchers can

find a large number of data sources for Europe. For a high number of communes

(29%), CLC does not report any urban area because they do not contain any urban

patch larger than 25 ha. These communes require a separate treatment for popula-

tion mapping.

Table 1 Comparison of some population density grids

Grid Landscan EFGS national

grids

UK (Bracken

and Martin)

EEA-JRC*

Coverage World 1.4 mill km2,

62 mill inhab.

245,000 km2,

60 mill inhab.

4.3 mill km2

480 mill inhab.

Location concept Ambient population Census address Census address Census address

Latest Ref date 2007 2006 1991 2000/2001

Cell size 3000 (*800 m) 1 km2 200 9 200 m 100 9 100 m

Approx average population

per unit in the raw data

[100,000 inhab.** 45 inhab. 300–400 inhab. *4000 inhab.

* The grid presented in this paper

** Landscan metadata are not very explicit on this point

Table 2 Heterogeneity of

commune sizes in the EU
Commune area

(km2)

% Number

communes

%

Area

%

Population

0–10 36.6 5.4 14.6

10–100 57.2 45.3 52.8

100–500 5.7 28.3 27.3

[500 0.5 21.1 5.3
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LUCAS (Land Use/Cover Area frame Survey) covered in 2001 the 15 countries

that were Member States at that time (EU15). It was based on a sample of points

with a two-stage systematic design (Delincé 2001; Bettio et al. 2002). Primary

Sampling units (PSU) were selected with a systematic grid of 18 km without

stratification. Each PSU was a cluster of 10 points following a 5 9 2 rectangular

pattern with a 300 m step. LUCAS has a double nomenclature: land cover and land

use. For this work, we have only considered the land use class ‘‘residential’’. The

residential points in LUCAS were 2.4% of the sample; thus, the area with residential

use in EU15 was estimated at approximately 75,000 km2.

Downscaling methods compared

An iterative method to estimate land cover coefficients (CLC-iterative)

This method was used for the first version of the population density grid. We give

brief indications on the approach; more details can be found in (Gallego and Peedell

2001). Communes have been stratified in each of the 272 NUTS2 regions in EU27.

‘‘NUTS’’ stands for ‘‘Nomenclature des Unités Territoriales Statistiques’’. Each

NUTS2 region usually contains 100–1,000 communes, with an area between 2,000

and 50,000 km2 and a population between 500,000 and 5,000,000. The strata were

defined as follows:

1. Dense communes: population density higher than twice the average density in

the region;

2. Less dense: population density lower than twice the average density in the

region, but urban area is large enough to be reported in CLC;

3. Sparse population: No urban area in the commune is reported by CLC.

The model assumes that the population density in each grid cell can be expressed

as

Ycm ¼ UchWm ð1Þ
Where Ycm is the density of population for land cover type c in commune m that

belongs to stratum h. The coefficient Uch depends on the land cover class. Wm is a

factor that ensures that the total population attributed to pixels in each commune

matches the known commune population (Pycnophylatic constraint, Tobler 1979).

Wm ¼
XmP

c ScmUch
ð2Þ

Where Xm is the population in commune m and Scm is the area of land cover c in

commune m. The same pycnophylactic constraint formula is applied to the other

methods mentioned below.

This model implies two simplifying assumptions:

(a) the population density is supposed to be the same for all pixels in the same

commune and same CLC class.
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(b) the ratio between the population density of two land cover classes is constant

for all communes in the same stratum.

Coefficients Uch were estimated with an iterative algorithm with the following

scheme:

1. Pretend first that we only know the population data at regional level (NUTS2).

2. Disaggregate regional data with CLC using a given set of coefficients Uch. In

the first iteration the coefficients are subjectively chosen.

Consider now the communes and compute the population X0m attributed to the

territory of commune m in step 2.

3. Compare X0m with the known population per commune Xm and compute the

disagreement.

4. Modify the coefficients Uch to reduce the cumulated disagreement and restart

step 2 until the results become stable.

Straight parameter estimation from LUCAS (CLC-LUCAS simple)

A CLC class, for example ‘‘arable land’’, is generally not pure, mainly because of

scale limitations: an arable land polygon may contain patches of non-arable land

smaller than 25 ha. If we zoom into a fine scale, a small percentage of the class

‘‘arable land’’ is residential. Overlaying the LUCAS sample (approximately 96,000

points) on the CLC map, we can estimate the proportion of each CLC class with

residential use. This proportion was used as a proxy of the population density

(except for the urban-dense class), assuming that the residential area per person is

approximately homogeneous in each commune. A set of coefficients was derived for

a version of the downscaled density map, called here ‘‘CLC-LUCAS simple’’. For

the ‘‘urban dense’’ class the coefficients were based on those of the CLC-iterative

method.

Logit regression on LUCAS data (CLC-LUCAS logit)

An analysis of the commune coefficients Wm computed with the previous methods

shows that they slowly grow with the average density of the commune Dm, i.e.

population density in a given CLC class tends to be slightly higher in communes

with higher average density. We have used a logit regression to model the

proportion of residential land pcm (that we assume proportional to the population

density) as a function of Dm. The logit function logit pð Þ ¼ log p= 1� pð Þð Þ is

frequently used to model probabilities or proportions avoiding predicted values

outside the interval [0,1].

logit pcmð Þ ¼ log pcm= 1� pcmð Þð Þ ¼ aþ
X

c

bcJc þ c log Dmð Þ þ ecm ð3Þ

Where Jc is an indicator function of CLC class c. (1 if the point is in class c and 0

otherwise).
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The stratification used for the CLC-iterative method was modified later to obtain

a better fit.

• Stratum a: communes with some ‘‘urban dense’’ CLC class.

• Stratum b: communes with some CLC artificial area, but no ‘‘urban dense’’.

• Stratum c: communes without any CLC artificial area.

Some CLC classes were excluded from the logit regression because they had too

few residential points; the urban-dense class was excluded because the residential

area was not a good proxy of the population density. Thus, for the ‘‘urban dense’’

class we needed a complementary rule. We first attributed a population density for

the other land cover classes and the remaining population of the commune was

attributed to the class ‘‘urban dense’’. To avoid abnormally high-density values,

thresholds were imposed to each CLC class. If there were a sufficient number of

CLC-pure communes (only one class in the commune), the threshold was the 90th

percentile; otherwise a subjective choice was made.

The grid produced with this method is the version 4 distributed by the EEA.

Figure 1 illustrates the difference between the choropleth map (homogeneous

density in each commune), the downscaled grid and the reference data in the area of

Innsbruck (Austria). Readers can notice that the grid cell size is different in the

dasymetric map (1 ha) and the reference data (1 km2). Finer resolution reference

data are often considered confidential by National Statistical Offices, but its

publication becomes acceptable for less accurate model-derived dasymetric maps.

Fig. 1 Illustration of choropleth, dasymetric and reference density maps in the area of Innsbruck
(Austria)
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EM algorithm

Flowerdew et al. (1991) have proposed to apply the EM algorithm to estimate

disaggregation coefficients. The EM method (Dempster et al. 1977) assumes an

underlying probabilistic model. We have followed the suggestion of Flowerdew

et al. assuming that the population Xmc in land cover class c for the commune m
follows a Poisson distribution. The algorithmic details are out of the scope of this

paper.

Results and validation

We omit in this paper the values of the coefficients obtained with each algorithm

and give instead the average population density attributed to each aggregated CLC

class (Table 3), which are easier to interpret.

The performance of the disaggregation procedures has been compared with the

help of reference data provided by five National Statistical Offices. These national

reference data were obtained by aggregation of individual dwellings on the basis of

the 2005 population census (bottom-up) and presented as 1-km resolution grids in

national cartographic coordinates. Unfortunately, these five countries do not

adequately represent the variety of landscapes and settlement structures in the EU

and were only chosen due to data availability at the time of writing this paper.

Northern Ireland, possibly the whole UK, and Slovenia might be added in the near

future, but doubts on the representativeness will remain. It is unlikely that

Mediterranean countries or countries in the former Eastern Block (except Estonia)

will provide reference data in the near future.

The five gridded maps (choropleth per commune and four downscaled maps)

were first produced as raster grids in the EU standard Lambert-Azimuthal Equal

Area projection (Annoni et al. 2001) with 1-ha resolution, then re-projected into the

national coordinates and generalized to 1 km2 with the same geometry of the

reference grid. The disagreement indicator was computed as:

Table 3 Average population density attributed to CLC classes with different methods

CLC class Area

(km2)

Choropleth (non

disaggregated)

CLC-

Iterative

CLC-

LUCAS

simple

CLC-

LUCAS

logit

CLC-

EM

Urban dense 5840 2504 8241 10739 15388 8067

Urban discontinuous 130571 738 2550 1973 2225 2272

Infrastructure. 31694 976 314 780 352 2250

Agriculture 1571318 106 36 51 34 28

Heterogeneous 449523 118 60 91 66 48

Forest 1381860 58 8 11 5.9 1.7

Natural vegetation 517328 40 7 2.3 1.1 0.4

Open spaces and water 261933 45 6 0 0 0.4
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Dm ¼
X

j
Yj;m � Yj;ref

�
�

�
� ð4Þ

Notice that the maximum theoretical value is twice the population. The values

obtained for the disagreement are reported in Table 4. This table indicates that

downscaling commune-level population density significantly reduces the disagree-

ment with reference data, but is far from eliminating it because the heterogeneity of

population density for areas in the same commune and same land cover type in CLC

is not captured by any of the methods. The improvement is similar for all

disaggregation procedures, except in the Netherlands. The best results are obtained

with the introduction of LUCAS data with a logit model to tune the behaviour of

CLC classes. This method, however, presumes that suitable point survey data are

available. If such LUCAS-like data are not available, our empirical results suggest

that the CLC-iterative method is better, in particular for densely populated

countries.

A brief analysis of the disagreement

The reason why the Netherlands have a different behaviour in Table 4 can be

understood, to some extent, by comparing the densities estimated for different CLC

classes. For this purpose we have looked into the 1 km2 cells of the reference data

that are ‘‘quasi-pure’’, in the sense that a CLC class covers more than 80% of the

area.

Table 5 reports some average densities for the Netherlands (densely populated)

and Finland (scarcely populated). All methods underestimate the population

attributed to ‘‘urban discontinuous’’ but the underestimation is smaller for the CLC-

iterative and the CLC-LUCAS-logit methods. Better results obtained from these two

methods in urban classes are decisive in the Netherlands, because the urban class

has a strong weight. The opposite happens for agricultural and forest classes, all

methods tend to overestimate the density in these classes. In many cases the

methods that behave better for urban classes, behave worse for agriculture and

forest. The consequence is that total disagreement per country with different

methods is similar in thinly populated countries.

All methods overestimate the population in agricultural, heterogeneous and forest

areas. The overestimation is often smaller for the CLC-EM method, but this

approach heavily overestimates the population in the class ‘‘infrastructure’’. The

Table 4 Disagreement of different dasymetric maps with reference data in 5 countries (in millions)

Dasymetric map Austria Denmark Finland Sweden Netherlands

Country population 8.03 5.35 5.18 8.88 15.99

Communes (choropleth) 8.96 6.08 6.79 12.48 18.72

CLC-iterative 4.55 4.07 5.44 8.05 7.13

CLC-LUCAS simple 4.39 3.97 5.06 8.09 9.03

CLC-LUCAS logit 4.35 3.95 5.03 8.07 7.08

CLC-EM 4.50 3.98 5.12 8.08 9.29
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reason being that the EM algorithm attributes a high density to this class because it

appears mainly in very populated communes.

Discussion and further research

Population data of the 2000/2001 censuses have been merged with CLC to produce

four versions of a fine-scale dasymetric map. The point survey LUCAS has been

used to tune the downscaling coefficients. The validation by comparison with a

reference population density grid, available for five countries, has shown that the

inaccuracy of the homogeneous density representation per commune is substantially

reduced thanks to the introduction of CLC. The validation results suggest, however,

that:

• The downscaling is far from perfect.

• The density attributed to non-urban classes is generally overestimated.

• The inaccuracy of the different methods tested changes only moderately.

This confirms the observation made by Martin et al. (2000): the quality of the

land cover map, and more generally, of the proxy variables available, is more

important than the choice of the downscaling algorithm.

The results reported in this paper relate to CLC. For example, when we talk about

population in agricultural land, this refers to the area reported as agriculture by

CLC. Part of the inaccuracy that cannot be removed with the reported methods is

due to limitations of CLC, in particular to the relatively coarse scale (minimum

mapping unit of 25 ha). The dasymetric map is formally homogeneous (1-ha

Table 5 Average population density in different types of 1 km2 cells of the Netherlands and Finland

according to the dominant land cover type

CLC type Reference

data

Choropleth (non

disaggregated)

CLC-

iterative

CLC-

LUCAS

simple

CLC-

LUCAS

logit

CLC-

EM

Netherlands

Urban 5331 1640 4614 4125 4725 3775

Infrastructure 340 1194 268 1081 600 2495

Agricultural 75 282 90 139 101 87

Heterogeneous 104 332 154 218 166 129

Forest and natural vegetation 27 365 30 55 38 28

Finland

Urban 3358 1252 2970 2708 3108 2484

Infrastructure 135 980 107 486 184 1823

Agricultural 9 17 15 13 14 10

Heterogeneous 18 11 13 10 14 13

Forest and natural vegetation 0.2 3 0.7 0.4 0.4 0.1
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resolution grid), but its quality is not: it is poorer in the areas where communes are

larger, and the size of the communes is extremely heterogeneous. This limitation is

inherent to the initial data and may be overcome if the efforts of the EFGS lead to

more homogeneous quality in the data provided by National Statistical Offices.

The communes are polygons, and CLC is also originally defined as a set of

polygons. In a small area it would have been more logical to build a vector layer of

polygons defined by intersection of communes with CLC. In a large area the

computational advantages of a raster layer have determined the choice of a grid

output. However, the impact of the conversion to raster might be important for small

communes and needs to be investigated; in particular for approximately 1300

communes smaller than 1 km2 (100 grid cells). Their total area is tiny, but they

account for more than 1% of the total population.

Ongoing and future research can be mentioned in two different directions:

improving the dasymetric map and developing additional applications.

Improvements might be achieved with an adaptation of the limiting variable

method (Eicher and Brewer 2001), in particular to limit the density overestimation

in non-urban classes. The geographical analysis of the residuals of the logit model

can give additional hints to locally modify the parameters to compute the

dasymetric maps. Positive residuals suggest that the proportion of land with

residential use for a given CLC class is higher than in other areas with similar

average population density. This may be due to a higher amount of scattered houses

in the landscape or to different criteria applied by the photo-interpreters to delineate

CLC polygons.

The comparison with bottom-up reference data indicates that the population

density can be very different for different grid cells in the same commune and the

same CLC class. Such heterogeneity is difficult to catch with the land cover data we

have used. The way to improve the results should be introducing new information

layers: Satellite images of night-time light emissions (Briggs et al. 2007) might be

part of the answer, although the coarse resolution of the available night-time light

products is probably a serious limitation. Another limitation is the unclear link

between night-time light and night-time population.

The EEA has recently launched a study to produce a EU-wide soil sealing

information map from satellite images. This layer should have a better spatial

resolution than CLC (pixels of 30 m or smaller) and should become, when

available, a useful input for population mapping. The EU urban atlas (http://www.

gmes-gseland.info/com/promo/200709_EuropUrbAtlas.pdf is producing a detailed

land cover map for 185 urban areas. This should be also improve the population

density grid.

The grid would be more useful for social applications if demographic information

(age, sex) could be added, but these data are not available to Eurostat at commune

level. The modification of the method to produce an ‘‘ambient’’ or a ‘‘day time’’

population grid may be another major evolution.

The number of downloads of the data set from the EEA data service suggests that

this data layer is being widely used, although the projects for which the layer has

been downloaded are not recorded. We mention a few examples:
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Assessing the human pressure to the environment in the Natura-2000 network

(Weber and Christophersen 2002), that provides a GIS-based description of

protected areas in the EU (http://ec.europa.eu/environment/nature/natura2000/),

although its completeness has been contested (Rosati et al. 2008) and updates

should follow. Most Natura-2000 sites are smaller than a commune; therefore,

population data per commune are not sufficiently detailed. If a study focuses on one

specific site, it may be easy to produce an accurate population data layer for the

neighbouring area, but for studies involving the whole Natura-2000 network in the

EU or a large number of sites, the grid presented in this paper is being used.

The recently launched Geoland2 project (http://www.gmes-geoland.info/) is also

using the population density grid to stratify a sampling area frame for land cover

change estimation. The principle is that a high population density is likely to

generate a change from natural or agricultural to artificial land, while a too low

population density may be linked with agricultural abandonment.

The European Forest Fire Information System (Barbosa et al. 2008) is using the

population layer to quantify the impact of population density on forest fire risk, even

if it is likely to be less important as a risk factor in Europe than social and climatic

issues.

The studies of the International Committee on Aviation Environmental

Protection mentioned at the beginning of this paper (Vinkx and Visée 2008) have

lead to the project of an EU noise map that has produced at the moment a prototype

viewer for large agglomerations (http://noise.eionet.europa.eu/). The downscaled

population density will be used to quantify the impact of noise on the population.

As final conclusion we can say that the population grid presented in this paper

has significant limitations, but will hopefully provide a useful tool for researchers

that study the relationship of European population with the environment.
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