1.1.1 Density and distribution

Global densities

The Earth’s surface counts 511 185 932 km2 and 6 501 085 722 humans (estimation march 3rd 2006)
. So, the gross population-density is nearly 13 inhabitants per km2 (nearly 8 ha per person).
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	Fig. 1 Global density from <1 until >100 inhabitants per km2

	


However, people usually do not live in the sea. The net population-density on land is about 44 inhabitants per km2 (about 2 ha land per person), because about 29% of the Earth’s surface is land. So, the measure of density is most dependent on the kind of surface you take into account.

Gross and net density

Having excluded the oceans as tare surface to measure globally net human density on the Earth’s surface, the question arises if, on continental level, you should take all land into account, including the arctic areas, mountains, deserts, forests (continentally gross), or only the habitable land (continentally net). After all, for application in urban design, the aim is to compare inhabited areas. If so, what is habitable land? Looking at Fig. 1, many areas count less than 1 inhabitant per km2, mostly useless for agriculture and sustainable settlement. We can call that ‘tare surface’ on a continental level (see Fig. 2). The remaining ‘net surface’ with a higher (‘net’) density, usable for any form of settlement, we can call ‘habitable land’.
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	Fig. 2  Net, tare and gross on different levels of scale

	


However, most of these habitable surfaces are actually used for agriculture, some for urban concentrations. These urban areas sometimes count more than 5000 inhabitants per km2 (50 inhabitants per ha). Urban areas are most interesting to us if we would like to compare metropolises, conurbations, towns, districts, neighbourhoods and so on. Going on systematically with the interval boundaries 1-10-50-100 into 500-1000-5000 in the legend of Fig. 1, the legend units of highest density would become invisible on the scale of the map. Moreover, the intervals are not equal. That means the shown pattern is accidental. The pattern is changing by the choice of intervals. They are chosen to produce the most striking pattern, but if population grows, the chosen intervals may become insufficient to see any pattern. Moreover, on an urban scale we are most interested in subdivisions between 1000 and 10000. So, changing scale to visualise details we have to skip the lowest densities calling them ‘tare’.

A binary legend: net and tare surface

On any level of scale from the gross surface you can subtract relatively unused areas as ‘tare surface’, resulting in gross and net density. On a lower level of scale the net surface becomes gross surface from which you can subtract other kinds of tare. So, to compare densities properly, you have to distinguish levels of scale, each with its own legend (see Fig. 3) to determine gross and net density.

	 
	m nominal radius
	binary legend

	Name frame
	frame
	grain
	net 
	tare

	Global
	10 000 000
	1 000 000
	continents
	oceans

	Continental
	3 000 000
	300 000
	habitable lands
	lakes and waste lands

	Subcontinental
	1 000 000
	100 000
	urbanised areas 
	rural areas

	National
	300 000
	30 000 
	urban networks
	landscapes

	Subnationaal
	100 000
	10 000
	urban regions
	landscape parks

	Regional
	30 000 
	3 000
	conurbations
	town landscapes

	Subregional
	10 000
	1 000
	towns, quarters
	town parks

	Urban, local
	3 000
	300
	districts, villages
	district parks

	District
	1 000
	100
	neighbourhoods, hamlets
	neigbourhood parks

	Neighbourhood
	300
	30
	ensembles
	dispersed greenery

	Ensemble
	100
	10
	lots
	opening up (access) area

	Lot
	30
	3
	houses
	gardens, patios

	Dwelling
	10
	1
	living rooms, studies, bedrooms
	inaccessible space, wet rooms, circulation and storage spaces

	Room
	3
	0,3
	sitting areas, dinettes, beds
	walking area, cupboards, closets, windowsills

	Place
	1
	0,1
	action-surrounding space
	commodities

	

	Fig. 3  Fifteen levels of scale to distinguish 15 different kinds of density

	


(Sub)continental densities

On a European level of scale, adding an extra interval boundary of 200 inhabitants per km2, you can observe a central urbanised axis of more than 200, surrounded by ‘rural’ areas of less than 200 inhabitants per km2. However, at a regular distance within these ‘rural’ areas, there are some conurbations (London, Paris, Lyon, Milan, Munich, Prague, Berlin, Hamburg; see Fig. 5). Some of these do have the highest European density measured within a local radius of 30km.
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	Fig. 4 Continental densities
	Fig. 5 Subcontinental densities
	Fig. 6 Legend

	
	
	


So, there are not only different densities, but also different distributions, producing patterns interesting from a viewpoint of design.

1.1.2 National densities and distributions

Land use, the reciproque of  population density

The Netherlands as a whole counts more than 42000km2 (sea excluded) and 16300000 inhabitants, that is about 390 inhabitants per km2 (about 4 inhabitants per ha) with extremes ranging from 0 to 20 000 inhabitants per km2 if you take smaller areas into account.

The reciproque of  population density is land-use.  XE "use(spatial)" 

 XE "spatial use" The advantage of a land-use unit is that different destinations of use can be discerned. In the Netherlands, the land use is about 2700 m2 per inhabitant, roughly divided as 1500 m2 of agrarian land per inhabitant, 500m2 of water, 300 m2 of nature areas and forest, 300 m2 of urban areas and infrastructure, 100m2 industry and recreation.

Residential area, part of urban area

Of this 300m2 urban area, only about 160m2 are ‘residential areas’ XE "residential areas" . According to CBS’s definition of ground statistics
 XE "ground statistics" , these are homes with green areas, hardened surfaces and primary facilities, such as shops, schools for pre-school and primary education, as well as other residential facilities such as caravan camps, house-boat harbours, service flats, etc.
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	This figure shows the distribution of this residential part of the urban area, divided over 40 statistical (COROP XE "COROP areas" ) areas, expressed in the absolute sense and per inhabitant.according to  XE "CBS(1994)" CBS (1994) .

The residential area per inhabitant XE "residential area per inhabitant"  varies in space. In the west of the Netherlands, an average of about 100 square metres of residential area is available per inhabitant; in East Groningen, about 300 m2 ; and in a number of other places between those two extremes, about approx. 200 m2 per inhabitant
.

So, ‘norms’ for the number of m2 of residential area per inhabitant differ regionally. That also applies for other facilities, such as (daily) recreational areas or drinking water basins. Apart from variation in space, land-use norms also show a variation in time: they change.

So, the use of Planological Index Numbers XE "planological index numbers"  for the amount of space needed for facilities is relativised by these spatial and temporal variations.


	in dots of 100 m2 per inhabitant.
	

	
	

	Fig. 7 Residential area per COROP area
	

	
	


Population density divided by the number of occupants per household
If one divides the density of inhabitants by the local number of occupants per household XE "occupants per household" 

 XE "household(occupants)" , then one arrives at the local density of homes XE "density of homes" . However, since WWII, the number of people per household, especially in the towns, has dropped from about 5 to 2.5; and this number continues to fall. This, by the way, was the main reason for scarcity of housing in the later post-war period, and for the urban explosion after 1960. There are not only great variations in time in the number of people per household, but also large regional differences. The number of people per household is the lowest in the Randstad and here the numbers have decreased the most rapidly in the last 50 years. In Fig.  511 Sun, the urban areas in the Randstad in 1965 are compared with those in 1995.

During this period, the Randstad hardly grew in numbers of inhabitants (from 5.3 million to 6.1 million). The extension of urban area was caused, among other things, by fewer people living in one household (family dilution XE "family dilution" ).
Floor space is more reliable than the number of houses

The objects to be counted should be equal. That is why the floor surface XE "floor surface" , to be measured in m2 is much better a measure to get a ratio of climatised volume per earth area than the number of houses of different size (as often done). For example the Dutch housing policy Secretary of State 1973-1977 Van Dam XE "Dam, M. van"  approximately doubled the number of houses produced per year in the Netherlands by halving their floor surface. Coincidentally the demand of one person households for smaller houses was increasing. It was a great political succes, but few politicians realised that Van Dam did not increase the newly built floor surface (and building effort) substantially.

Drawing the real measure dot distribution

The regional spatial effect becomes obvious when you redraw the map in real measure units of 100,000 and 10,000 inhabitants, counting 300m2 per inhabitant (the approximate overall urban spatial use mentioned on page 3). In Fig.  511 Sun these are shown as circles with a radius of 3 and 1 km, respectively. Read: ‘3 km radius’ or ‘3 km in the round’ and say: ‘town’. Read: ‘1 km radius’ and say ‘district’ if part of a town or ‘village’ if separate. If circles overlap, then one has to conclude that the urban density is higher than the average national density. If there are about ten 3km circles (1 million people) within a radius of 10 km, then you can talk of ‘conurbations’ and draw them as one circle of 10km.

Growing conurbations by growing land use

According to this representation, the old situation of 1965 (Fig.  511 Sun) was characterised by three large and three small conurbations and only a few small (separate) towns. In 1990, the first thing that strikes one is the dilution of households: the conurbations had grown, sometimes even losing inhabitants into suburban settlements. One can call this form of expansion ‘deglomeration XE "deglomeration" ’.
 This drastically influences not only the built-up areas, but also the open areas in between.
 As soon as urban areas are no longer surrounded by rural areas of the same order of size as the urban area, a reversal in the image of the urban area occurs: the town is no longer situated in the countryside, but the countryside is now enters the town, a reversal pointed out by  XE "Tummers(1997)" Tummers and Tummers (1997,see Fig. 524 Sun)  
Fragmentation XE "fragmentation"  of urban and rural areas
The fragmentation XE "fragmentation"  of urban and rural areas on different scale levels can be visualised in the legend in Fig. 520 Sun.
 The figures shown in this table are not absolute. They can be interpreted with a tolerance of up to the previous or the next figure shown in that column. The legend units shown in red are represented as circles with a size that reflects the present average urban spatial use in the Netherlands of approx. 300 m2 per person: 160 m2 urban residential area, 60m2 working area
 and 80 m2 of infrastructure (a part of it lies outside the built-up area and therefore does not need to be regarded as an urban area).

Dry and wet infrastructure

For linear-shaped legend elements XE "linear-shaped legend elements" , a similar sort of semi-logarithmic series is possible. Fig.  shows nine levels of access.
 Something similar is possible for drainage (Fig. ). ‘Without information to the contrary’, in the (former) low peat areas, the legend units are considered to be completely filled with the named networks. In clay aeas the lowest orders with higher network densities disappear. In dunes, nature conservancy areas, and higher sandy grounds, even more lower orders disappear. In urban areas, ditches and drainage channels disappear. Their function is taken over by a relatively fine-meshed underground drainage network.

Distinguish existing and future population

Fig. 520 Sun shows a complete legend is given for representing the dispersion patterns in a stylised manner on a regional scale. On the basis of this, they can be compared. The estimated economic, cultural and/or managerial efforts XE "legend(efforts, existing, planned)"  needed to realise the areas drawn into the design can be indicated using different thicknesses of lines. This more or less reflects the importance of the element in the design. At the same time, this provides an elegant way of distinguishing existing areas from the new ones proposed (the ‘planning layer’ XE "planning layer" ). The thinnest lines represent existing areas XE "representing existing areas" . Apart from this, the legends are literally ‘open’ in the sense that the circular legend units can still be coloured with functional accents or identities. For the time being, the circles can be seen as ‘little magnifying glasses’ which conceal unfilled-in details of towns, villages, hamlets, landscaped parks, urban landscapes or urban parks. The drawings function as ‘colouring pictures’ that have not yet been filled in.

1.1.3 Regional distribution

Drawing the existing situation

To draw the existing situation in different plan layers, one layer, the number of inhabitants per municipality, can be shown according to actual CBS statistics in real measure circles of 100,000,10,000 and 1000 inhabitants (see Fig. 8).
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	Fig. 8 Population statistics per municipality, drawn as circles of 3, 1 and 0.3 km radius of 100 000, 10 000, and 1000 inhabitants (300m2/inhabitant). These circles represent the built-up area such a population needs at average in The Netherlands. Their location is roughly determined by the urban topography read from the map.

	


In such a pointillistic representation, a higher density than the current average in the Netherlands can be read off directly from overlapping circles. Dispersion within a municipality is quite accurately determined by the position of the built-up area on the map (see Fig. 8).

Adding existing local plans

To that has been added the capacity of existing municipal residential building plans, which, according to the New Map of the Netherlands 2000 XE "New Map of the Netherlands 2000" , is roughly estimated as being 570 000 inhabitants (see Fig. 9). This capacity has been aggregated with that of the existing built-up area to create a basic map for the year 2005, thereby making it possible to compare the designs. In this way, ten 1km units of 10 000 inhabitants (for example Amstelveen XE "Amstelveen"  and Nieuwegein XE "Nieuwegein" ) could be aggregated into one 3km unit of 100 000 inhabitants. In a simple way, this represents locally increasing urbanisation, as distinct from expansion in general.
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	Fig. 9 The year 2005: including existing plans
	Fig. 10 The year 2030: NRO5

	
	


Adding existing national plan NRO5

In Fig. 10 the remaining capacity of 5th Policy Document of Spatial Planning XE "5th Policy Document of Spatial Planning"  NRO5 (intermediary scenario for 2030) has been drawn onto this background as a reference. That figure shows the mapped images of the existing situation, the plans that, according to the New Map of the Netherlands, are being carried out, and the part that remains after being subtracted from that for NRO5, according to the EC intermediary scenario (ABF).

Interpreting plans

Fig. 11 shows the interpretation of NRO5 used in Fig. 10. In the same way other plans can be added.
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	Fig. 11 Interpretation NRO5
	Fig. 12 Interpretation OMA

	
	


In OMA, 7, 12 and 13 squares of 25 ha are converted into circles of 10,000 inhabitants (Fig. 12). Ten circles in the centre of Rotterdam, within a radius of about 3 km are aggregated to a circle with a radius of 3 km (100,000 inhabitants).

Adding complementary plans

OMA XE "OMA" ’s and TKA XE "TKA" ’s designs (see Fig. 12 and Fig. 13 respectively) are calculated back to the numbers of inhabitants from the design sketches, and, after subtracting the existing local plans, are distributed according to the topography of the drawings.
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	Fig. 13 Interpretation TKA
	Fig. 14 Interpretation Snozzi

	
	


Summarising and comparing with an alternative

Snozzi XE "Snozzi" ’s design is interpreted exclusively and globally from the drawing (Fig. 16). In H+N+S XE "H+N+S" ’s design, ABF estimated the capacity of the Green Heart to be 51 000 homes. This means about 100 000 inhabitants, represented as one dotted circle of 100 000 inhabitants in the middel of the summarising drawing of Fig. 15, because although a dispersion of 100 inhabitants (shown by small dots) might be possible, it is no longer visible or discernible. OMA, TKA and H+N+S’s designs could now be represented in one drawing (see Fig. 15). 
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	Fig. 15 Three complementary designs 2050
	Fig. 16 Alternative Snozzi

	
	


Snozzi’s design includes the entire Deltametropolis and is therefore drawn separately (see Fig. 16) The legends are restricted to units of 100,000 (3 km radius) and 10,000 inhabitants (1 km). In the background, units of 10,000 inhabitants have been divided into units of 1000 inhabitants (300 m), where the topography requires it. This has not been done in the design layer, which improves overall comparability XE "comparability(regional design)" .

A comparison of quantities and rough morphology
Fig. 17 compares NRO5 with five alternatives: developing the South flank only, the Green Heart only, the North flank only, developing these three together, or following Snozzi’s design.

	Context
	Population x 1000
	
	OMA, South flank
	
	H+N+S Green Heart
	
	TKA, North flank
	
	Total
	
	Snozzi

	recognisable on the map as:
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	Now present
	Existing plans
	NRO5-EC trend
	
	100 000
	10 000
	1000
	Inhabitants + existing plans
	
	100 000
	10 000
	1000
	Inhabitants, including existing plans


	
	100 000
	10 000
	1000
	Inhabitants + existing plans
	
	100 000
	10 000
	1000
	Inhabitants + existing plans
	
	100 000
	10 000
	1000
	Inhabitants + existing plans

	Name:
	2000
	2005
	2030
	
	 
	 
	 
	 
	
	 
	 
	 
	 
	
	 
	 
	 
	 
	
	 
	 
	 
	 
	
	 
	 
	 
	 

	Urban centre
	710
	700
	988
	
	1
	 
	 
	800
	
	 
	 
	 
	700
	
	 
	8
	 
	780
	
	1
	8
	 
	880
	
	 
	 
	 
	700

	Urban areas outside the centre
	2818
	2810
	2448
	
	 
	11
	 
	2920
	
	 
	 
	 
	2810
	
	 
	25
	 
	3060
	
	 
	36
	 
	3170
	
	9
	 
	 
	3710

	Urban green areas
	415
	410
	655
	
	 
	16
	 
	570
	
	 
	 
	 
	410
	
	 
	35
	 
	760
	
	 
	51
	 
	920
	
	 
	3
	 
	440

	Village centre
	1337
	1890
	2090
	
	 
	16
	 
	2050
	
	 
	 
	 
	1890
	
	 
	 
	 
	1890
	
	 
	16
	 
	2050
	
	 
	24
	 
	2130

	Rural living
	251
	400
	505
	
	 
	 
	 
	400
	
	 
	10
	 
	500
	
	 
	24
	 
	640
	
	 
	34
	 
	740
	
	 
	 
	 
	400

	Working area
	512
	380
	454
	
	 
	 
	 
	380
	
	 
	 
	 
	380
	
	 
	 
	 
	380
	
	 
	 
	 
	380
	
	 
	 
	 
	380

	Total
	6043
	6590
	7140
	
	1
	43
	 
	7120
	
	 
	10
	 
	6690
	
	 
	92
	 
	7510
	
	9
	27
	 
	8140
	
	9
	27
	 
	7760

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Fig. 17 Five alternatives for NRO5 and their population specified to their urban or rural context

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


It can be concluded from Fig. 17, that OMA already realises the NRO5 programme in the South wing, while TKA exceeds it already in the North wing. The three plans together exceed the NRO5 programme by 1 million inhabitants. Snozzi arrives at an extra capacity of over 600,000 inhabitants. These extra capacities are mainly achieved in urban areas outside the centre. Centres score lower than in the NRO5 design. To answer economical questions by this kind of representation further differentiation of the comparison into contexts of living and costs can be elaborated by calculation
.

1.1.4 Density or real measure dots distribution

Misleading density comparisons if the compared surfaces differ

Density measures XE "density measures(urban)"  are abstract ratios of objects per area. To compare different areas, in principle, their surface has to be exacly the same, otherwise very different values could appear (see Fig. 18).
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	Fig. 18 The same person at 1 or 2 m2 results in very different density values of 10000 or 5000 inhabitants per ha
	Fig. 19 Misleading image of densities applied on the different surfaces of COROP areas

	
	


For example, the statistical COROP areas, based on temporary socio-economic and administrative boundaries, differ too much in surface to allow any comparison of variables like density with surface as a factor (see Fig. 19, where Rotterdam has a lower density than some smaller suburban areas). 

A misleading regular GIS-grids

Even a regular, exacly equal square km grid applied in GIS-applications can produce misleading images. An occasional boundary could divide a concentration or not, leading into very different images and conclusions, loosing essential information and design qualities (see Fig. 20).

Data to compare contexts of living and their costs are lost in an average representation, while the easier to draw dot representation gives a more realistic image. Moreover, they can be counted per km2 and by doing so, immediately translated in more abstract densities, while the reverse is impossible.
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	Fig. 20 Two density interpretations of the same dispersion
	Fig. 21 Combinatorial possibilities of arrangement between emptyness and full coverage

	
	


From a viewpoint of design the grey values inbetween emptiness and full coverage give mathematically proven the most possibilities of arrangement (see Fig. 20, column in the middle) and thus the highest chance for high quality solutions. To find any other relation between density and quality is improbable. 

Mistakes using densities as a standard

While more advantages can be found in a representation of real measure dots distribution, density has the advantage to express an attribute of a site in one single number. That is why density is still very popular by administrators, developers and managers to formulate standards for design. 
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	Fig. 22 The Amsterdam harbour islands, developed as residential area

	


However, densities are boundary-sensitive. So, if somewhere high densities are reached and used elsewhere, the comparison could be very disappointing. The residential plans for Amsterdam harbour islands (see Fig. 20) reached very high densities, often used as reference that such densities can be reached without loss of quality. However, when taking the surrounding water into account by measuring the reached densities, their value would become much lower considering the effect of Fig. 18.

Comparing designs by real measure dots distribution

Such mistakes can not be made representing plans by real measure dots distribution.

	Normalisation into 4 visions of 50 000 new inhabitants within a square of 10x10km.
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	Zero variant
	TKA ‘residential’
	Hosper ‘recreation’
	H+N+S ‘nature’

	Fig. 23 Comparing plans for Almere Pampus

	
	
	
	


Three plans for Almere Pampus, normalised into the same capacity were represented that way. This representation gives a rough, but direct idea of the visions. For many kinds of specialists like travel engineers, housing specialists, civil engineers this representation gives necessary starting points for evaluation. For every desired square kilometre you also can find the population density or floor-space index (FSI), because every dot represents 1000 inhabitants, now drawn by a circle of 30 000 m2 floor space (100m radius net dots). If you like to count more or less than 30m2 floor space per person, then the circles have to be drawn only a little larger or smaller.

Extreme gross and net dots

In Fig. 8 the dots of 1000 inhabitants had a radius of 300m (about 30 ha or 300m2 per inhabitant). These dots represent the average urban area an inhabitant needs for all urban facilities in The Netherlands according to the figures mentioned on page 3. However, in Fig. 23 they had a radius of 100m (about 3 ha or 30m2 per inhabitant, the average floor space you appoximately need for living only).
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	Fig. 24 Gross and net dots

	


Within a district the gross dots of Fig. 8 would often overlap (see Fig. 24). Net dots already give some idea about the mutual arrangement of dwelling areas. In Fig. 23 the urban facilities other than homes have to be imagined in between the ‘net dots’. In Fig. 24 the allotment of a district quarter is drawn showing the surface other than dwellings like surrounding facilities like green areas, pavement, schools and shops. However, the gross dots overlap, showing there is more than that, apparently outside the local district. So, measuring the density of a district with district facilities only (district tare) will be higher than the density of a town including town facilties (town tare). The same applies for any level of scale you take into account.

Comparable surfaces in urban areas

By counting the digits XE "digits(m2 area)"  of the number of m2, we could name these categories with a useful tolerance by their nominal radius (see Fig. 25). For example, you can name an area with a surface between 10000 and 99999 m2 (5 digits): ‘R=100m’ (ensemble).

	Digits
	Min. area
	Max. area
	Min. radius
	Max. radius
	Nominal radius
	Gross
	Tare

	
	Smin
	Smax
	Rmin
	Rmax
	Rnom
	name of area
	including for example

	
	m2
	m2
	m
	m
	m
	
	subtracted on lower level

	10
	1000000000 
	9999999999 
	17841 
	56419 
	30000
	metropolis XE "metropolis" 
	landscape parks, metropolitan infrastructure and facilities

	9
	100000000 
	999999999 
	5642 
	17841 
	10000
	conurbation XE "conurbation" 
	town landscapes, conurbarion infrastructure and facilities

	8
	10000000 
	99999999 
	1784 
	5642 
	3000
	town XE "town" , town quarter XE "town quarter" 
	town parks, town water, town infrastructure and facilities

	7
	1000000 
	9999999 
	564 
	1784 
	1000
	district XE "district" , district quarter, village XE "village" 
	district parks, district water, district  infrastructure and facilities

	6
	100000 
	999999 
	178 
	564 
	300
	neigbourhood XE "neigbourhood" , hamlet XE "hamlet" 
	neighbourhood parks, small water, neighbourhood infrastructure and facilities

	5
	10000 
	99999 
	56 
	178 
	100
	ensemble XE "ensemble" 
	small public green area residential public space

	4
	1000 
	9999 
	18 
	56 
	30
	urban island XE "urban island" , property XE "property" , building complex XE "building complex" 
	pavement directly opening up building complexes, open space in private parcels (lots, plots)

	3
	100 
	999 
	6 
	18 
	10
	parcel XE "parcel" , plot XE "plot" , lot XE "lot"  or building XE "building" 
	gardens, unbuilt places, patios

	2
	10 
	99 
	2 
	6 
	3
	building segment XE "building segment" ,
	rooms, unbuilt spots

	1
	1 
	9 
	1 
	2 
	1
	building part XE "building part" 
	inaccessible  spaces

	
	
	
	
	
	
	
	

	Fig. 25 Ten different tare categories, ten different density measures

	


Though the range of surface difference is still a factor of nearly 10, this restriction is strict enough to get roughly comparable densities. However, even by that tolerance there are still ten different urban density measures to be confused. So, a gross density D100m is something else than a gross density D300m, but a net density D300m in this scale range is the same as a gross density D100m.

1.1.5 Metropolis density30km
For metropolis densities we refer to Van Susteren (2006). He compared 101 metropoles.

1.1.6 Conurbation density10km
The municiality of Amsterdam has an average density of 4400, the municipality of The Hague 6500 inhabitants per km2. Are these figures comparable? No. The administrative municiality of Amsterdam comprises more vast empty areas than The Hague. Such empty areas have to be subtracted as tare surface. In Fig. 26 and Fig. 27 the built-up municipal area is dotted, but if you count the adjacent municipalities with more than 50% commuters into the central city, comprising at least 15% of their working population (see conurbation definition page    ), then the densities of these ‘conurbations’ are lower (2700 and 3300 inhabitants per km2 respectively).
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	Fig. 26 Population and floor space of Amsterdam
	Fig. 27 Population and floor space of The Hague

	
	


Using population statistics per district and drawing dots representing 1000 inhabitants with a radius of 100m (30m2 floor space per inhabitant), you can get an idea of the diversity of densities within these average conurbation densities (see  Fig. 26 and Fig. 27).

Deriving density from a distribution of dots

In Fig. 27 a km grid is drawn. You can count the dots per grid cell to determine the local density per km2. However that depends on the location of the grid (see Fig. 20). It is better to make a mask of 1km2 and shovel that mask over the drawing to find the highest density. Multiplying that figure by 100 gives the density of inhabitants per ha. Dividing it by the average household size gives an estimate of the number of houses per ha.

You can also estimate the floor-space ratio (FSI: floor-space index) multipying the inhabitants by the used average (here 30m2 at home, but you have to add other floor space, say 30+20=50m2) per inhabitant. A hundred times FSI gives %floor space on a conurbation level. High densities indicate high rise buildings (at a smaller-scale map, the dots could be drawn piled-up to suggest high-rise). Inbetween home-dots you have to imagine the tare space for urban facilties. The largest of these are industrial areas, parks and natural areas like dunes.

1.1.7 Town density3km
Town densities are incomparable if you do not precisely define the boundaries of the towns compared. To determine the main national subsidies for municipalities the distance between buildings has to be less than 100m to determine the ‘built-up area’ as a factor in subsidy calculation XE "built-up area" . That mainly means excluding ‘open area XE "open area" ’ like agricultural areas, natural areas and parks larger than 100m in any direction as tare surface of higher order. The question if you have to include national or regional highways and waterways crossing the town and other facilities derived from Enclosure 2 Sun (see also Fig. 693 Sun) to calculate density has to be solved. 

1.1.8 District density1km
Many adminstratively bounded districts include such tare surfaces of higher order, not to be included to calculate district density. So, statistical figures about their total area are not reliable. 
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	Fig. 28 Inhabitants and surface of administrative districts in the municipality of Amsterdam
	Fig. 29 The figures of Fig. 28 excluding districts of more than 1000 ha and 20 000 inhabitants
	Fig. 30 The same figure as Fig. 29 concerning the municipality of The Hague

	
	
	


Fig. 28 shows the great difference in size of administrative districts in Amsterdam making these incomparable in principle. In Fig. 29 districts of more than 20 000 inhabitats are excluded. They should be subivided to be comparable with the smaller ones.

In the rough approach of Fig. 25 you should exclude also districts with a surface counted in m2 of more or less digits than 6, that is 2 counted in ha, but we can take an even rougher boundary. Excluding three districts of more than 3 digits (>999 ha) in Fig. 29 already gives an interesting view, but the question remains if you have to include urban highways and waterways crossing the district, town parks and other facilities derived from Enclosure 2 Sun (see also Fig. 693 Sun) to calculate density.

Rough boundaries of district density

In Fig. 29 and Fig. 30 the drawn line y=50*x (‘inhabitants= 50*ha’) represents the density of 50 inhabitants per ha. So, the slope indicates the density. In both municipalities there is a concentration of districts with a higher density above this line. If you draw a line from 0(0) into 20 000(50), then you get the line of density representing 20 000/50=400 inhabitants per ha. Below that line none of the districts appear. However, on lower levels of scale with closer fitting boundaries you may find higher densities. You can also estimate the floor-space ratio (FSI: floor-space index) multipying the inhabitants by the used average (for example 50m2) per inhabitant. A hundred times FSI gives %floor space on a district level.

1.1.9 Neighbourhood density300m
Boundaries

Subdividing a municipality in partial municipalities, districts and neigbourhoods (see Fig. 31) raises questions of financial responsibility for (re)arrangement and maintenance of public space. So, determining the boundaries of that units becomes increasingly important on lower levels of scale. The smaller the area, the more the boundary surfaces count in relation to the enclosed surface. That is why such boundaries are often drawn on the middle of a shared road or waterway. If they are drawn on one side, the other side has to pay for it.

Subtracting tare of a higher order

In the beginning, private plots are sold, also paying for the surrounding public space as designed. However, if their neigbourhood comprises surfaces used by adjacent neigbourhoods as well, the costs have to be shared (tare of a higher order). That applies on every level of scale, from national scale until common roofs and walls in buildings and common hedges in gardens. So, in the initial exploitation scheme of a district or neigbourhood, these surfaces have to be distinguished as tare of a higher order. A neigbourhood density calculation can use this financial distinction by subtracting such tare surfaces from the piece of map you take into account (the map cutting).

The result is a net neighourhood surface, which is, according to Fig. 25, the same as the gross surface of all ensembles involved (see Fig. 33). Politicians are still interested in the reached number of houses per ha, but they do not often distinguish these surfaces. By using the ‘net house neigbourhood density’ (in fact the average ‘ensemble house density’) you can name a higher figure than using the ‘gross house neigbourhood density’. However, as argued on page 4, floor space is more reliable than the number of houses to determine densities.
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	a
	m2 Map cutting

	
	
	b
	m2 Non district surface of higher order

	
	
	c
	m2 Common district surface

	
	
	d
	m2 Gross neighbourhood (a - b - c)

	
	
	e
	Number of houses

	
	
	f
	Gross house density per ha

(10 000 * e / d)

	
	
	g
	m2 Common neighbourhood infrastructure and facilities

	
	
	h
	m2 Net neigbourhood (d - g)

	
	
	
	=m2 gross ensemble surface

	
	
	i
	m2 Total floor surface

	
	
	
	

	Fig. 31 Partial municipality Osdorp of Amsterdam, divided in 5 districts
	Fig. 32 The 500x500m neigbourhood indicated in the middle of  Fig. 31
	Fig. 33 Primary figures to know on neigbourhood level

	
	
	
	


Non residential surface

There could be many (political, social, financial, technical, ecological, spatial) reasons to distinguish residential and non residential surface. Non residential initiators may have to pay more for their plots per m2, they may need more parking space or other public facilities, they do not contribute to the number of inhabitants supporting shops and so on. That distinction may be not primarily important to determine the total %floor space your design offers, but the distinction is often asked, especially if the non residential area is a substantial part of the total area. If you would like to take up that distinction in your density calculation, you need to specify more (see Fig. 34).

	h
	m2 Net neigbourhood (d - g)
	p
	Average dwelling occupation (inh./dwelling.)

	i
	m2 Total floor surface
	q
	Inhabitants per hectare ((e x p)/(h/10000))

	j
	m2 Non-residential surface
	r
	Net residential surface (h - j)

	k
	m2 Non-residential private surface (ca. 60% j)
	s
	m2 Housing floor surface (gf.+storeys.)

	l
	m2 Total private surface (k + u)
	t
	Net house density (10000 e/r)

	m
	m2 Ensemble public surface (h-l)
	u
	m2 Private residential surface

	n
	m2 Total built-up surface
	v
	m2 Public paved residential surface

	o
	%built-up, 100xGSR or GSI (100*n/h)
	w
	m2 Public green residential surface (r - u - v)

	
	
	
	

	Fig. 34 Secondary figures to know on neigbourhood level

	
	
	
	


Subtracting the non residential surface (j in Fig. 34), including the surrounding public space) from the net neighbourhood surface (h in Fig. 34, mentioned earlier in Fig. 33)produces a third surface you can take as a basis to name an even higher house density: the net residential neighbourhood surface (r in Fig. 34).

Private and public space

Both total residential and non residential surfaces have to be distinguished in private an public space. If you do not want to measure the proportion of public space in a ot yet designed non residential area (j in Fig. 34), you can take 60% as an approximation (k in Fig. 34), but you have to measure the private residential surface (u in Fig. 34) and the paved residential surface (v in Fig. 34) to check the third category, the green residential surface and water (w in Fig. 34).

Inhabitants per hectare

If you know the average dwelling occupation (p in Fig. 34) and the number of houses (e in Fig. 34) you can calculate the number of inhabitants on the gross neighbourhood surface (h in Fig. 34). If you know the housing floor surface (s in Fig. 34) and the average floor surface per inhabitant (for example 30m2) you can divide them to get the number of inhabitants supporting the facilities of the neigbourhood.
Built-up surface and building height roughly determine the floor space

The %built-up surface (100xGSI, Ground Surface Index) is an important part of private surface to determine the kind of environment your design produces (think about shadows). It is much work to measure that surface in a neighourhood, but a free downloadble brain scanning computer application called ImageJ may help, if you have a topographical map in TIFF. format.
 If you know the number of storeys you can roughly calculate the floor space by multiplying it by the built-up surface. However, some buildings cover open space loosing floor space to be subtracted.

Measuring and calculating

The Excel sheet below
 gives these measures of neighbourhood density in their mutual relationship to make calculation easy. But you still have to measure many surfaces from the map or drawing.
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	Hartman, W., H. Hellinga, et al., Eds. (1985)

	Fig. 35 An Excel sheet calculating of different kinds of density
	Fig. 36 Amsterdam Kinkerbuurt visualisation of surfaces per ha.

	
	


The urban development office of Amsterdam study group Kinkerbuurt from the sixties of previous century found an elegant way to visualise key factors of neighbourhood land use (Fig. 36).

Five kinds of density

Fig. 37 shows the output of the Excel sheet: there are five kinds of increasing density you can distinguish, dependend on what kind of surface you take into account.

	
	for example
	expressed as GSI

	% floor space on gross neighbourhood (i/d)
	114%
	1.14

	% floor space on net neighbourhood (i/h)
	117%
	1.17

	% floor space on net residential surface (s/r)
	119%
	1.19

	% floor space on a particular ensemble
	133%
	1.33

	% floor space on a particular town island
	140%
	1.40

	
	
	

	Fig. 37 The output of calculation: five kinds of density

	
	
	


If you do not only take the floor space, but also the housing density, then there are another five.

Private to be sold / public paved / green

The private surface P raises the profits to be maximised, the public space A-P the costs to be minimised. However, a high amount of green, parking space and easy acces by paved circulation space may increase the ground price per m2 of private lots. So, the proportion privat / public paved / green has to be optimised according to local context.

Politicians, project developers, housing corporations, professional colleagues or buyers often want to know the proportion of private plots to be sold, public paved and public green surface in the net residential area, determining qualitative and financial characteristics.

If three factors total 100%, you can visualise the proportion in a triangular graph earlier done in fig. 454 of Sun for three soil components. The Excel-sheet creates such a graph in a necessarily orthogonal way giving a cross in the appropriate cell (see Fig. 38) to be interpreted as a very rough rounded off indication.

	
	red
	
	
	
	
	
	
	
	
	
	
	
	
	
	In the Osdorp neigbourhood example of Fig. 32 the 46% net residential private ground to be sold and  27% pavement resulted in 26% public green are calculated in the Excel sheet of Fig. 35.

However, the graph with tree 100% corners rounds these figures off into 40/30/30. The surface public green and pavement are rounded off at the cost of  residential private ground to be sold. The graph is pessimistic about the profits.

So, this graph only can be used for a very rough comparison with other neigbourhoods, or has te be redrawn in a more precise triangular way like fig. 454 of Sun according to the real figures given as well.
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	Fig. 38 40% Residential private ground to be sold, 30% pavement and 30% public green

	


1.1.10 Ensemble density100m
Simplified dimensions

The division of a neigbourhood in ensembles mostly results in homogeneous residential or non residential areas. So, on this level that functional distinction will no longer play an important role. 

We can concentrate on basic formal surfaces as total area A, built-up surface B, floor surface F, private surface P, non-specified public surface A - P and average building height or average number of storeys S. The gross ensemble surface A is equal to the net neighbourhood surface (see h in Fig. 34). So, neigbourhood infrastructure and ~facilities are excluded, and there is only one basis for density: F/A (FSI). The coverage of the total surface A by buildings B/A (GSI) is a primary variable.

B multiplied by the average number of storeys S (if façades are vertical) produces the floor surface F.

Space Mate

If F = S * B, then F/A = S * B/A. To compare ensembles with different A, Permeta
 XE "Permeta"  draws a diagram
 called Space Mate, plotting F/A against B/A. In Fig. 39  both are given as percentage of B and F from the total area A. Moreover, the diagram is extended from 0 into 100%. So, B on the horizontal axis includes also unusual, mostly theoretical high densities.

In that diagram the %floor surface as a function of %built-up area appears as a straight line starting in the origin with a slope according to the average number of storeys. Any ensemble appears as a spot according to %F and %B (Fig. 39).
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	Fig. 39 Space Mate: floor surface as a function of built-up surface according to Permeta

	


In Fig. 39, 6 theoretical parcellations XE "parcellations(theoretical)"  are drawn on 1 hectare (approximately 1 quarter of a nominal ensemble R=100m). The 8 actual ensembles in Osdorp, Amsterdam West as measured by Permeta are given as numbers. They have all less than 20% built area, and the theoretical parcellations have more. For example, ensemble 6 has the highest %built surface, but not the highest %floor surface XE "%floor surface" .

Intensifying floor surface

Making plans to increase density in existing areas, political targets are often expressed in increasing FSI (%floor surface/100). The Space Mate is primarily made to visualise the qualitative effect of such operations. Permeta calculated many examples, real or made by students, on different spots in the diagram to show the effect. A computer programme shows different photographs of ensembles categorising them in clickable surfaces of the Space Mate.

To intensify the floor density you have to increase the building height or the average number of storeys (arrow crossing lines of floor density with the same number of storeys in Fig. 39) or without increasing the number of storeys you have to increase the %built surface (arrow parallel to lines of floor density with the same number of storeys in Fig. 39). By increasing the %built-up surface (decreasing open surface A ‑ B) more, one can cross the lines of floor density with average 3 storeys in horizontal direction even decreasing the number of storeys to 2 (draw it yourself).

Urban quality

Most design alternatives will appear on 50% built-up area (see Fig. 21). Then the potential of urban-architectural quality and the length of façades, where building and open space are connected is highest (structural quality). However, lower levels increase the potential of open space, afforded views and green space (form quality), higher levels increase the support for schools, shops and other population-dependend facilties (functional quality). So, there are at least three components of urban quality direcly related to the %built-up surface. 

More than 50% built-up area

Parcellations with more than 50% built area XE "built area(>50%)"  have seldom courts or streets larger than 10m width.
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	Novelli (1989) 
	

	Fig. 40 Ensemble in Venice 1: 5000; 200x200m
	Fig. 41 Auction Aalsmeer 1:25000; 1kmx1km

	
	


Such urban areas have no cars like Venice XE "Venice"  (Fig. 40) or they have internal traffic in buildings like the flower auction XE "auction" 

 XE "flower auction"  in Aalsmeer XE "Aalsmeer"  (Fig. 41). 
The use of open space

The elegantly simple and useful diagram by Permeta XE "Permeta"  and Meertens XE "Meertens"  is complicated without necessity by introducing %unbuilt/%floor XE "unbuilt/floor"  (OSR XE "OSR" ), or in formula: (A-B)/F. It is supposed that factor determines the use of open space: little unbuilt area compared to a large available floor space would give a pressure of floor-space users on the unbuilt area and for example a shortage of space for cars.

However, the intensity of use of public space (part of the open space) is not very dependend on use by local inhabitants. The traffic intensity of residential streets usually is 1% of its capacity (see fig ) The expectation of urban liveliness (intensity) by design is overestimated in districts other than for example the city of New York. In student plans, that overestimate is frequently represented by drawing too much people in suburban public space. A global calculation
 proves that you must be economical with the crowd pullers to get some lively places in the city. And to feed that, you need still a lot of quiet suburbs in the conurbation.

Empty streets

That calculation goes approximately this way. According to the ground usage statistics of CBS
, in The Netherlands we have approximately 1 billion m2 circulation area, whereas our population of about 16 millions (including home-bound children and elderly) is on the street at the most half an hour per person per day. This means that, on 100m2 public area through the daytime, at average you will see someone driving or walking approximately one minute within a quarter of an hour. Assume that you call a public space as ‘urban’ in contrast with ‘suburban’ if you come across someone on 100m2 for one minute long each minute (‘urban intensity’). How much public space can be then ‘urban’?

Stealing liveliness from the suburbs

You must make almost 2000m2 street elsewhere quieter for 100m2 urban intensity, but not too quiet, otherwise people cannot come to the urban space you want to make urban. That ends up then on 5% of the paved area. If you divide 3% of it concerning the districts, you keep still  2% for the concentration of urban crowd pullers. You should not subdivide urban crowd pullers too much; because you lure more people out of their house with bigger free choice-serving centres. You can at most try to make the public space so attractive, that people exchange the street to their television for a little bit longer than a half hour per day. Can a master plan contribute to that, or should you trust the architectural development?

Building height, number of storeys

Multipying the Built-up surface by the number of Storeys produces the Floor surface B x S = F (if all façades are vertical). So, the number of storeys S = F/B. If we make F = 100% of the Area A (FSR=1), then the Area is fully covered with one storey, half covered with two storeys, but  doubling the number of storeys again reduces the profit of open space (see Fig. 42). So, piling up storeys is subject of diminishing returns in terms of open space, while the visual impact of the high rise on open space increases.
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	Fig. 42 Diminshing returns of open surface by increasing high rise building
	Fig. 43 Progressively increasing Built-up surface by decreasing number of storeys on 100% F/A

	
	


The Built-up surface B is the complement of open surface. The %Built-up (of A) is dependend on the number of Storeys S if we keep FSR or %Floor surface (of A) constant. You can try different %Floor values yourself to change Fig. 43.
 The profit of open space does not increase much above 5 storeys (blue spot in Fig. 43).

Non-vertical façades

The Built-up area B is recognisable on the topographical map as the vertical projection of the building on the ground-level. However, for example a pyramid will have less floor space than a cube. So, F < S x B. The same applies for buildings with different heights, extended parts, internal voids and non-vertical façades.

1.1.11 Urban island density30m
The urban island XE "urban island"  is the best level to avoid coincidental differences that could disturb a reliable density comparison XE "density comparison" . An urban island is bordered by the axis of public infrastructure that opens up or encloses private properties in closest surrounding not intersected by other infrastructure. So it encloses no other public infrastructure than dead-end streets, opening up backyards and garages, water and green area only functional to the smallest publicly opened-up urban area.
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	Fig. 44 The urban island

	


An ensemble encloses several urban islands + ensemble infrastructure, a neighbourhood encloses several ensembles + neighbourhood infrastructure and so on. The %floor surface XE "%floor surface"  per area of an urban island is equal or higher than any other useful density measure by lack of urban tare, except the %floor surface XE "%floor surface"  of a particular plot (FAR XE "FARI" ).  XE "Jong(2001)" Jong (2001) made an interactive computerprogramme showing the behaviour of an orthogonal island changing any of the determining design measures (Fig. 44).
Multiplying urban islands into a neighbourhood

Any higher level of scale adds its own tare decreasing the density. The programme shows in a next window the considerable surface occupied by dry and wet infrastructure on every higher level (Fig. 44).
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	Fig. 45 Adding dry and wet infrastructure

	


Green surfaces and surfaces for amenities are not yet shown in this window. It should be clear that such infrastructure of higher order should not be counted in the density of the lower order when they lack in other locations to compare. On this level of scale these surfaces are location factors by which the external context of the urban island differs, but not its density. They become comparable by density measures on a higher level of scale.
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� � HYPERLINK "http://www.census.gov/ipc/www/world.html" ��http://www.census.gov/ipc/www/world.html� 


� Tot het woongebied worden gerekend terreinen, die voornamelijk voor het wonen bestemd zijn, incl. primaire voorzieningen als winkels, scholen voor kleuter- en basisonderwijs en bijkantoren van o.a. banken, alsmede groenstroken, straten, parkeerplaatsen, grachten smaller dan 6 meter, erven, tuinen, trapveldjes en speelplaatsen. Wanneer woonwijken in bos zijn gesitueerd, wordt het gehele terrein als woongebied aangemerkt, d.w.z. indien er van een stratenpatroon sprake is. Lintbebouwing van overwegend niet-agrarische woningen wordt tot het woongebied gerekend zodra de afstand tussen de huizen onderling minder dan 50 meter bedraagt met een minimum van 5 woningen. Bij blokbebouwing mag de onderlinge afstand tussen de woningen maximaal 100 meter bedragen. Tot het woongebied worden eveneens gerekend woonwagenkampen (exclusief wrakkenopslagplaatsen > 0,1 ha), woonboothavens, service flats, studentenhuisvesting, woningen c.q. flats voor ziekenhuis personeel en studenten en bejaardenhuizen. Terreinen worden pas tot woongebied gerekend, nadat de woningen zijn opgeleverd.


Sociaal-culturele voorzieningen Hiertoe worden gerekend onderwijs (excl. kleuter- en basisonderwijs, dat wordt gerekend tot woongebied), internaten, conferentieoorden, ziekenhuizen, sanatoria, verpleeghuizen, psychiatrische ziekenhuizen, inrichtingen voor zwakzinnigen, verzorgingstehuizen, kerken, kloosters, musea (ook voor het publiek toegankelijke kastelen), excl. openluchtmusea, schouwburgen, bioscopen, concert- en congresgebouwen; culturele centra, wijkgebouwen, verenigingsgebouwen, jeugdsociëteiten en sociale werkplaatsen. Ook de bijbehorende voorzieningen zoals parkeerplaatsen en tuinen worden tot de sociaal-culturele voorzieningen gerekend. Bossen behorend bij deze voorzieningen worden als bos aangemerkt als zij 1 ha of groter zijn.


� Delfstoffenwinning Hiertoe worden gerekend de terreinen die in beslag genomen worden, voor het winnen van grondstoffen bij zowel diepte- als oppervlaktewinning, zodra met de proefboring en met de exploitatie is begonnen. Ook tot een lokatie behorende gebouwen, opslagplaatsen van winningsprodukten alsmede van afvalstoffen (bijv. mijnsteenbergen, uitgezonderd de beboste mijnsteenbergen van 1 ha en meer) worden eveneens hiertoe gerekend. De ontstane gaten in het terrein worden tot delfstoffenwinning gerekend, zolang dit de hoofdfunctie is. Zodra een gedeelte van het terrein een andere hoofdfunctie krijgt wordt het tot de desbetreffende categorie gerekend, zoals water met een recreatieve hoofdfunctie, dagrecreatieve objecten en terreinen, water en agrarisch gebruik. Terreinen, die al wel in concessie zijn gegeven (veen, grind enz.) maar waar de winning nog niet daadwerkelijk is begonnen worden niet tot de delfstoffenwinning gerekend. Tot grondstoffen worden gerekend aardgas, aardolie, gesteente, grind, klei, leem, mergel, veen, zand (niet de winning in bestaande meren, plassen en rivieren) en zout.


Bedrijfsterreinen Hiertoe worden gerekend bedrijven en terreinen (inclusief de bijbehorende op- en overslagterreinen, parkeerterreinen, magazijnen, dienstwoningen, werkstraten en kantoorgebouwen, vloeivelden e.d.) zoals fabrieken, haventerreinen, veilingen, tentoonstellingsterreinen, veemarkten (al dan niet overdekt), groothandelscomplexen, opslagterreinen voor de handel (ook grondverwerkende bedrijven) en garages (incl. parkeergarages). De reeds door deze bedrijven aangekochte, gehuurde of in erfpacht genomen reserve- en uitbreidingsterreinen worden eveneens tot de bedrijfsterreinen gerekend, voor zover deze grenzen aan bestaande bedrijfsterreinen en voorzover deze al zijn onttrokken aan het oorspronkelijke gebruik. Niet tot deze categorie behoren braakliggende al dan niet bouwrijpe bedrijfsterreinen, terreinen waarop door bedrijven een optie is genomen, maar die nog niet zijn uitgegeven, havenbekkens, tichelgronden van steenfabrieken en niet meer in gebruik zijnde bedrijfsterreinen.


Dienstverlenende sector Tot deze categorie behoren bedrijfsterreinen in de dienstverlenende sector zoals winkelcentra (ook al wordt daar boven gewoond), banken, verzekeringsmaatschappijen, ministeries, gemeentehuis (stadskantoor), kantoor openbare werken enz., grenskantoren (douane enz.), provinciehuis, politiebureaus, brandweerkazernes, rechtbanken, gevangenissen, goederenmarkten (indien twee of meer dagen per week voor dit doel in gebruik), bedrijven in de horecasector, garages van busmaatschappijen, laboratoria. Niet tot deze categorie behoren zijn de laboratoria, welke vallen onder de categorie 'sociaal-culturele voorzieningen' (onderwijs, ziekenhuizen, gerechtelijke laboratoria), 'overige openbare voorzieningen' (waterleidingbedrijven, waterzuiveringsinstallaties) en 'industrie'.


Overige openbare voorzieningen Hiertoe worden gerekend nutsbedrijven (gas, water, elektriciteit, stadsverwarming en centrale antenne-inrichtingen) inclusief de daarbij behorende terreinen, waterzuiveringsinstallaties en vuilverbrandings- installaties, alsmede de slibvelden, vloeivelden (behalve die behoren bij industrie) en opslagplaatsen, opslagterreinen ten behoeve van Rijk, Provincie en Gemeente (o.a. gemeentewerf) m.u.v. opslagterreinen voor het onderhoud van wegen, opslagterreinen van slib (bijv. baggerspecie en havenslib), militaire objecten, zoals munitiedepots, kazernes, mobilisatiecomplexen, radarposten en schietbanen exclusief de militaire oefenterreinen (deze worden tot natuurlijk terrein gerekend).





� Jong () 


� � HYPERLINK "http://team.bk.tudelft.nl/Databases/2004/GebruiksaanwijzingImageJ.doc" \o "External link to http://team.bk.tudelft.nl/Databases/2004/GebruiksaanwijzingImageJ.doc" \t "_blank" �http://team.bk.tudelft.nl/Databases/2004/GebruiksaanwijzingImageJ.doc�


� Downloadable from � HYPERLINK "http://www.bk.tudelft.nl/urbanism/TEAM" ��http://team.bk.tudelft.nl� Publications 2003.


� PERMETA architecten (2002) Spacemate. FSI-GSI-OSR als instrument voor verdichting en verdunning (Amsterdam) Bureau Parkstad / TU-Delft, Faculteit Bouwkunde: 79.


� Preceded by the graduation work of Meertens, R. (2000) Density? (Delft) DUT Faculty of Architecture.


� Jong, Taeke M. de (2004) Grenzen van Stedelijkheid (Zoetermeer) http://team.bk.tudelft.Netherlands/ > Publications 2004


� CBS is the Dutch national bureau of statistics.


� � HYPERLINK "http://team.bk.tudelft.nl/" ��http://team.bk.tudelft.nl/� > Publications 2006 > %Built-up.xls





� Hoeveel agrarisch gebied, natuurgebied en stedelijk gebied heeft Nederland per inwoner?


Wat is 'woongebied' volgens de definitie van het CBS?


� Hoe varieert de hoeveelheid woongebied volgens de definitie van het CBS per inwoner over Nederland?


� Noem twee redenen waarom men voorzichtig moet zijn met planologische kengetallen voor grondgebruikscategorieeen.


� Met welke factor kan men uit de plaatselijke inwonerdichtheid de plaatselijke woningdichtheid afleiden? Hoe heeft de woningbezetting zich na de oorlog ontwikkeld? Wat was hiervan de oorzaak?


� Teken in eenheden van 100 000 inwoners op de schaal van landelijk gemiddeld stedelijk ruimtegebruik het proces van deglomeratie.


� Welke agglomeraties en steden waren in de Randstad in 1965 nog als afzonderlijke eenheid op de kaart herkenbaar?


� Geef de namen van relatief bebouwde en onbebouwde gebieden in een semi-logaritmische morfologische reeks tussen 30km en 10m.


� Geef de namen van ontsluitingswegen in een semi-logaritmisch-morfologische reeks tussen 30m en 10km.


� Geef de namen van waterlopen in een semi-logaritmische reeks tussen 30m en 100km.


� Hoe kun je in een gestyleerd regionaal plan de planlaag onderscheiden van de reeds bestaande gebieden? Geef een voorbeeld van functionele inkleuring van legenda-eenheden voor bebouwd en onbebouwd gebied in een gestyleerd regionaal plan.
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