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1.1 Introduction

Human species

In my life the world population doubled and in the rest of my life that could happen again. In my life the surface for food production decreased substantially. When I was born I could count on 0.2 ha corn area per person, but now it is 0.1 ha. The productivity per ha. may be doubled, but that increase in efficiency stagnated and caused erosion, pollution and did not stop the exploitation of smoking forests on poor soils, a very temporary solution for desperate farmers. It tempered the reports of hunger in our journals for a while.

Other species

From the 1.6 million species we know we probably lost approximately 100 000. That amount increases every year with at least 1000 species, but that increase will increase if we only think about the consequences of climate change. Evolutionary successful new life forms emerge approximately 1 per year. Still no technical university is able to design life forms with the complexity and fascinating beauty of any species, but most humans do not sleep less by the awareness of loosing these miracles.

Environmental problems

These are the only two environmental problems we face: declining human health (taking hunger into account) and biodiversity. All other problems are derived from these two. And they are negatively related one way: improving health will increase the human population and its demands, decreasing space for nature. 

Enough energy 

I do not worry so much about the derived problem of energy consumption in the long term quantitatively. The sun delivers more than 5000 the amount of power our world population and biosphere use together. Photovoltaic cells catch that power 10 times more efficient than plants do and they are 10 times cheaper than 30 years ago.

However, the decrease in price stagnates since it nears the economic efficiency of fossil fuels. Why? No one can convincingly explain to me eventual technological boundaries responsible for that stagnation. That dissipation of technology now already lasts longer than the improvement of the steam engine heralding the industrial revolution (a minor revolution compared to what we can expect from solar energy). There may be socio-economic reasons related to the division of capital and protected knowledge. Anyhow, a major change from fossil into bio fuels would be an ecological and human disaster in its competition on space with agriculture and nature.

Space

I do worry about space. Urban design, the division of space is supposed to be my first profession, ecology my second. Recently the urban population passed the rural one in numbers. From a viewpoint of space that is not bad. Sprawl of a still increasing world population is worse than locally high densities leaving substantial surfaces for nature and efficient agriculture. Millions of years our human species lived in numbers to be counted in millions with sufficient space, now they have to be counted in billions. We passed the point we could live without large-scale technology. Concerning these numbers of people we are condemned to technological solutions and regional division of tasks to reach an optimal scale for such solutions.

Spatial division of tasks

On which level of scale we can find an eco-technological optimum of different tasks if long distance transport is no longer an environmental problem from an energetic and environmental point of view? Birds, butterflies whales and eels divide their seasonal tasks over continents. Some regions are more suitable for agriculture, others for urbanization. Why not growing our coffee on an other continent more suitable to do so than ours? Should we process our waste locally in autarkic communities or should we centralise that task if that is cleaner, consuming less space? Permacities delegate their task to suitable regions offering a proper scale. Some tasks we could divide world wide, some per continent, some per region and so on. Steekelenburg (2001) graduated on these three alternatives for agriculture.

Completeness of life

On the other hand, from the individual point of view living in a mono-functional environment with a single task for humankind is boring, demolishing the completeness of life evolution shaped us for in millions of years. Our awareness of and competence for all aspects of life fades if we are faced with just one job. The autarkic ideal of Permaculture (Mollison, 1988) tries to restore that completeness, but with the contemporary numbers of people we cannot sustain that ideal for everybody. This study tries to find a sustainable midway by formulating and calibrating spatial human rights on a fair distribution of space. It is just a first attempt for discussion. In the next paragraphs I will give some backgrounds.

Spatial human rights

A.      Any human has a right on untilled natural ground within a nominal radius of x from her or his place of residence measuring at least a nominal radius of x/3; x being {100, 300, 1000, 3000, 100 000 metre}.

B.      Agriculture has to be located in areas with highest supply of water, minerals and sunlight. Towns and untilled natural areas have to be located in areas with fewer minerals.
C.      Any human has a right on all necessary sources of contemporary living within a nominal radius of 30km. These sources, logistic facilities included, have to give access to products of 2000m2 agricultural land per person. This land should be accessible within a nominal radius of 1000km concerning the risk of stagnating logistics in cases of disaster like war.

D.      Any human has a right on 300m2 residential area in a radius of 10km, work and services included.

To explain these preliminary principles I will start with the first requirement of A: the right on greenery without buildings or agriculture at a distance of 100 metre measuring a surface with a radius of at least 100 metre ( 1002 ≈ 30000m2), mostly called public greenery and playgrounds, here named ‘ensemble green’. The second requirement of A is the right on greenery without buildings or agriculture at a distance of 300 metre measuring a surface with a radius of at least 300 metre ( 3002 ≈ 300000m2), mostly called neighbourhood park. And so on. I will do so in section 1.3
To explain requirement B I need to say something about ecology, the science of the distribution and abundance of species on global levels of scale, which I will do in section 1.4. To explain requirement C I have to say something about distribution and density on continental until urban levels of scale, which I will do in section 1.5. To explain requirement D I have to say something about distribution and density on urban levels of scale, which I will do in section 1.6.

But before I start to do so, I have to explain what nominal measures mentioned in different requirements are, which I will do first in section 1.2.

1.2 Nominal measures

The reach of scale of an object of study has an upper and lower limit, here called frame and granule, best indicated by their approximate radius R and r.

The distance between frame and granule determines the resolution of the study (sketch, drawing, blue print), the extent to which the study goes into detail compared to its largest measure drawn.

Scale paradox

The reach of scale is important, because conclusions on a specific level of scale could be opposite to conclusions drawn on another level of scale (scale-paradox, see Fig. 1).
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	The scale paradox XE "scale paradox"  means an important scientific ban on applying conclusions drawn on one level of scale to another without any concern (read quark discoverer and Nobel prize winner Gell-Mann, 1994: ‘The quark and the jaguar’).

That does not yet mean conclusions on one level of scale could never be extrapolated into other levels. Fig. 1 only shows the possibility of changing conclusions by a change of scale. And it demonstrates the possibility of a reversal of conclusions already by a factor 3 larger radius.

And there are 10 decimals between the earth and a grain of sand.

That gives approximately 22 possibilities of confusing conclusions.

	
	

	Fig. 1 The scale paradox
	


If a scale paradox can be demonstrated for concepts of difference and equality as such, it applies to any distinction of spatial categories or classes.

For example, it is valid for the distribution of any legend unit in a drawing: complete de-concentration on one level of scale leaves unimpeded a concentration on the adjacent levels of scale (see Fig. 9).

The same kind of argument on spatial articulation of scale could be developed for temporal distinctions. What seems true or right in terms of weeks may be false or wrong in terms of months.

Many spatial orders of size possibly causing confusion

In Fig. 1 confusion of spatial scale XE "confusion of scale" 

 XE "scale(confusion)"  is already possible by a linear factor 3 difference in level of scale (approximately 10 in surface). That is why for spatial design and management I articulate orders of size by a linear factor of approximately 3. So, to avoid any confusion, I need to distinguish at least 22 levels of scale, beginning with the global context and preliminary ending with that of the physical chemistry of materials (see Fig. 2).
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	Continental(3000km)
	Subcontinental(1000km)
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	Sub national(100km)
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	Super material(3mm)
	Material(1mm)
	Sub material(<1mm)

	

	Fig. 2 Levels of scale to be aware of in any spatially relevant study

	


Nominal values of a radius to name levels of scale

Levels of spatial scale are often named by the ratio of a drawing to reality like ‘1:100’. However, it depends on the size of the drawing what kind of object I have in mind. On an A4 paper 1:100 I can draw an object of approximately 10m radius (30m2 surface); on an A2 paper it could show an object of 30m radius (300m2 surface). That is why I prefer to name the order of size by its approximate radius R in supposed reality chosen from the set {… 1, 3, 10, 30, 100m …}.
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	An ‘elastic’ element from the nearly logarithmic series {… 1, 3, 10, 30, 100 …} is used as the name (nominal value XE "nominal value" ) of the order of size of an urban, architectural or technical category ranging between its neighbours.

To be more precise: the ‘nominal’ radius R=10 is the median of a chance density distribution of the logarithm of radiuses between (rounded off) R=3 and R=30, with a standard deviation of 0.15.

I chose a series of radiuses rather than diameters because an area with a radius of {0.3, 1, 3, 10km} fits well with {neighbourhood XE "neighbourhood" , district XE "district" , quarter XE "quarter" , and conurbation XE "conurbation" } or loose {hamlet XE "hamlet" , village XE "village" , town XE "town" , and sub-region} in everyday parlance.

They fit also very well to a hierarchy of dry or wet connections XE "connections(scale)"  according to their average mesh widths (Jong, 2006).

	
	

	Fig. 3 Names and boundaries of urban categories
	

	
	


Moreover, a radius immediately refers to the most indifferent directionless form of circles or globes indicating both surfaces and volumes by one linear value. 

1.3 The state of distribution of open areas

If you give the green surface in a neighbourhood, district or town the same size of radius as the average walking distance XE "green surface(average walking distance)"  to reach it (‘standard green structure XE "standard green structure" ’ SGS as I will call it), then in each case approximately 10% of the surface is green (see Fig. 4).

	[image: image3.png]Open area within

* Landscape 100km

* Landscape park 30km

» Urban landscape 10km
~== Town park 3km
© District park 1km
o Neighbourhood park 300m
Ensemble green 100m

radius
30km
10km
3km
1km
300m
100m
30m





	[image: image4.jpg]Beschikbaar groen in de stad

m? groen per woning
0-25

RIVMMC/dec03/0873





	
	

	Fig. 4 ‘Standard green structure’ SGS XE "green structure’" 

 XE "standard green structure’" 
	Fig. 5 m2 Green per dwelling XE "green per dwelling"  ranging from 0 until more than 400 m2 (RIVM, 2003 XE "RIVM, 2003" )

	
	


In a town (R=3km, surface 30km2) of 100 000 people that is approximately 30m2 /inh. town park.

In a district (R=1km, surface 3km2) of 10 000 people that is again 30m2 /inh.district park.

In a neighbourhood (R=300m, surface 0.3km2) of 1000 people that is again 30m2/inh. neighbourhood park.

If that approach is continued to the ensemble greenery, any inhabitant would have 120m2 green at their disposal or approximately 300m2/dwelling. In Dutch terms that is near to a maximum (see Fig. 5), but also an easy to handle target standard XE "target standard(green surface per inhabitant)" . The usual standards changing in time (see Fig. 6) could be expressed in percentage of this standard green structure SGS.

Standards of green areas changing in time

The development of norms establishing the area of greenery per inhabitant XE "greenery per inhabitant"  in towns reflects the changing ideas about urban extensions in the Netherlands: from new towns XE "new towns"  (‘bundled deconcentration’ XE "bundled deconcentration" ) with low densities in the sixties, to compact cities XE "compact cities"  to save the open landscape in the seventies and eighties, and a renewed desire for green residential areas XE "green residential areas"  in the nineties (see Fig. 6).
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	Fig. 6 The development of greenery norms XE "greenery norms"  in the Netherlands
(using Zoest, 2007)

	


Large green areas far away or smaller ones close-by?

Now you can work out how much any town deviates from that standard and which level of scale has a relative (dis)advantage. It raises the fundamental question if a town prefers more large green (easy to maintain) at great distance (little public support) or more small green at small distance deviating from the standard. It determines largely the green identity of an otherwise equal amount of green surface per inhabitant.

1.4 State of distribution and density

Intensity of use

However, some 20 years ago Jong (2006) XE "Jong (1985)"  found the intensity XE "intensity(use)"  of urban use XE "use(intensity)"  in The Netherlands was highest in shops (135 hours/m2year). After shops came offices, social-cultural facilities, schools, home and garden (48 hours/m2year). The other hours of the year (counting 8760 hours) in the urban surface may be available for other species depending on the conditions we leave them by design and use (distinguished by time scale). Some species accept or even welcome our presence like that in step vegetation (for example greater plantain XE "greater plantain" , rats XE "rats" , mosquito’s XE "mosquito’s" , sparrows XE "sparrows" ). Could we welcome more rare species in our towns by creating ecotope cities or as Tjallingii (1996) XE "Tjallingii (1996)"  stresses ecological conditions XE "conditions(ecological)" ?
Urban dynamics on different levels of scale

The optimal division of space can not be understood without a selective study of dynamics as the primary driving force behind it (see Fig. 7).

	within last
	urban change
	within last
	urban dynamics

	millenium
	Mediaeval, Industrial, Modern towns
	week
	alternating work and weekend

	century
	economic development, globalisation
	day
	intensity of use, transport

	decade
	groundworks, building activities
	hour
	sunlight and precipitation

	year
	seasons
	minute
	human activity

	month
	migrations, flowering periods, trade
	
	

	
	
	
	

	Fig. 7 Urban dynamics on different time scales XE "urban dynamics(time scales)" 

	
	
	
	


However, apart from these time scales, this study focuses on spatial scales XE "scales" 

 XE "spatial scales" .
Distribution and abundance of organisms 

According to some internationally authoritative text books (Andrewartha, 1961 XE "Andrewartha, 1961" ; Krebs, 1994 XE "Krebs, 1994" ; Begon; Harper et al., 1996 XE "Begon, Harper et al., 1996" ) ecology is at least the science of distribution XE "distribution"  and abundance XE "abundance"  of organisms XE "distribution and abundance of organisms" :

Andrewartha (1961) XE "Andrewartha (1961)" , cited by Krebs (1994) XE "Krebs (1994)" : Ecology is the scientific study of the distribution and abundance of organisms XE "abundance of organisms" 

 XE "distribution and abundance of organisms" .

Krebs (1994) XE "Krebs (1994)" : Ecology is the scientific study of the interactions that determine the distribution and abundance of organisms.

Pianka (1994) XE "Pianka(1994)" : Ecology is the study of the relationships between organisms and the totality of the physical and biological factors affecting them or influenced by them.

Begon, Harper et al. (1996) XE "Begon, Harper et al. (1996)" : Ecology is the scientific study of the interactions that determine the distribution and abundance of organisms, populations and communities.

Kolasa and Pickett (1991) XE "Kolasa(1991)"  seem to be the only ecologists fully aware of scale articulation.

Urban ecology adds the distribution of human artifacts (including human institutions) as an important factor. It studies the density, distribution and mobility (distribution in time) XE "mobility(distribution in time)"  of urban components XE "urban components"  (form XE "form"  and morphogenesis XE "morphogenesis" ), understood by their separations XE "separations" , connections XE "connections"  and operations XE "operations"  (structure XE "structure"  and organisation XE "organisation" ), their use XE "use"  and impact XE "impact"  (function XE "function" , eufunction and dysfunction included).

Density, distribution and form

Fig. 8 shows that different states of distribution XE "states of distribution"  in the case of the same density XE "density" : 100 spots on the same surface. So, abundance XE "abundance"  (in a standard surface or volume called density XE "density" ) and state of distribution XE "state of dispersion"  are different concepts. In the case of the same density different states of distribution are possible after all. Fig. 8 also shows a designers concept of form XE "form"  or shape XE "shape"  supposing state of distribution. Change of distribution like processes of accumulation (concentration XE "concentration" ) or distribution (deconcentration) on different time-scales could be named as morphogenesis XE "morphogenesis"  even if there is not yet change of abundance (growth XE "growth"  or decline XE "decline" ).
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	Fig. 8 States of distribution XE "dispersion" 

 XE "states of dispersion"  of 100 specimens in the same density on one level of scale
	Fig. 9 One million people in two states of distribution XE "states of dispersion(scale)"  on two levels of scale

(‘accords’ C30kmC10km ; C30kmD10km ; D30kmC10km and D30kmD10km)

	 
	 


Fig. 9 shows that morphological categories like concentration and deconcentration could have different meanings on different levels of scale. There are states of distribution XE "dispersion(scale)"  to be described as concentrated in a radius of 30km (C30km), but in the same time deconcentrated in a radius of 10km (D10km) and the reverse (D30kmC10km).

Form

Form as a primary object of design supposes state of dispersion (see Fig. 10 and Fig. 11) XE "state of dispersion" .
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	 XE "RPD (1966)" 

	Fig. 10 States of dispersion R=100m
	Fig. 11 Accumulation XE "accumulation(urban)" , Sprawl XE "sprawl(urban)" , Bundled Deconcentration XE "bundled deconcentration"    R=30km (RPD, 1966)

	
	


Urban sprawl

Urban sprawl XE "urban sprawl"  in a radius of 10km hardly influences the surrounding landscape if the inhabitants are concentrated in a radius of 30 (the two variants above in Fig. 9 ).

However, the urban sprawl in a radius of 30km breaks up the surrounding landscape XE "landscape"  in landscape parks XE "landscape parks" . By that condition the sprawl within a radius of 10km is important again: the landscape parks are broken up further into town landscapes. In The Netherlands until 1983 DC was the national strategy (‘Bundled deconcentration’, in Dutch ‘Gebundelde Deconcentratie XE "gebundelde deconcentratie" ’ from the Second National Plan of Spatial Policy (NRO2), RPD (1966) XE "RPD (1966)" ), after the third National Plan of Spatial Policy (NRO3), RPD (1983) XE "RPD (1983)"  the policy changed into  CC (Compact town XE "compact town" ’, ‘Compacte Stad XE "compacte Stad" ’), but turned out in practice as CD and even DD. The result of both strategies was disappointing (see Fig. 12.
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	Fig. 12 Urban sprawl in the Randstad, The Netherlands

	


1.4.1 Global densities10 000km
 XE "densities(population, global)" The Earth’s surface counts 511 185 932 km2 and 6 595 634 233humans (estimation May 17th 2007)
. So, the gross population-density is nearly 13 inhabitants per km2 (nearly 8 ha per person).
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	Fig. 13 Global density from <1 until >100 inhabitants per km2 Bosatlas(1996)

	


However, people usually do not live at sea. The net population-density XE "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.

1.4.2 Gross and net density

Having excluded the oceans as tare surface XE "tare surface"  to measure globally net human density XE "density" 

 XE "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 XE "density(continentally gross)" ), or only the habitable land (continentally net XE "density(continentally net)" ). After all, for application in urban design, the aim is to compare inhabited areas. If so, what is habitable land XE "habitable land" ? Looking at Fig. 13, 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. 14). The remaining ‘net surface’ with a higher (‘net’) density, usable for any form of settlement, we can call ‘habitable land’.

	Higher level
	
gross


	
	net
	tare

	Lower level
	gross
	

	
	net
	tare
	

	

	Fig. 14  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. 13, 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’.

1.4.3 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’ XE "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. 15) to determine gross and net density XE " density(gross and net)" .

	 
	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
	neighbourhood 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. 15  Fifteen levels of scale to distinguish 15 different kinds of density

	


1.4.4 Misleading densities

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 exactly the same, otherwise very different values could appear (see Fig. 16).
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	Fig. 16 The same person at 1 or 2 m2 results in very different density values of 10000 or 5000 inhabitants per ha
	Fig. 17 Misleading image of densities applied on the different surfaces of COROP areas

	
	


For example, the Dutch statistical COROP areas XE "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. 17, where Rotterdam has a lower density than some smaller suburban areas). 

A misleading regular GIS-grids

Even a regular, exactly equal square km grid applied in GIS-applications XE "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. 18).

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. 18 Two average density interpretations of the same distribution
	Fig. 19 Combinatorial possibilities XE "combinatorial possibilities"  of arrangement between emptiness and full coverage

	
	


From a viewpoint of design the grey values in between emptiness and full coverage give mathematically proven the most possibilities of arrangement (see Fig. 18, column in the middle) and probably the highest chance for high quality solutions. On page 24  referring to Fig. 19 we try to find other relations between density and quality, depending on the definition of quality. 

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. 20 The Amsterdam harbour islands, developed as high density residential area 

Citydisk (2001), Google Earth (2007)

	


However, densities are boundary-sensitive XE "densities(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 XE "Amsterdam harbour islands"  (see Fig. 18) 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. 16.

House density: population density divided by the number of occupants per household
If one divides the density of inhabitants by the locally average 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 (see Fig. 30). 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. During this period, the Randstad hardly grew in numbers of inhabitants (from 5.3 million to 6.1 million). Fewer people living in one household among other things caused the extension of urban area (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.

1.5 Regional distributions and densities

1.5.1 (Sub)continental densities3000km, 1000km
On a European level of scale, adding an extra interval boundary of 200 inhabitants per km2 compared to Fig. 13, 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 XE "conurbations"  (London XE "London" , Paris XE "Paris" , Lyon XE "Lyon" , Milan XE "Milan" , Munich XE "Munich" , Prague XE "Prague" , Berlin XE "Berlin" , Hamburg XE "Hamburg" ; see Fig. 22). Some of these do have the highest European density measured within a local radius of 30km.
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	Fig. 21 Continental densities
	Fig. 22 Sub-continental densities
	Fig. 23 Legend  Bosatlas(1996)

	
	
	


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

1.5.2 National densities and distributions300km, 100km
Distribution and abundance of people

Open space XE "open space"  in the Netherlands is reduced by 12.5% urban and rural built area for approximately 16 300 000 inhabitants with ample 300 m2 average built area per person XE "built area per person" . If these inhabitants were concentrated in 16 conurbations XE "conurbations"  of 1 000 000 inhabitants each within 10km radius (see Fig. 9 ) - regularly dispersed over the country - 10 open large landscapes with a free horizon XE "horizon(free)"  of 30km radius would be available as open space (see Fig. 24). They would be accessible within 10km from everybody’s house. In empty spaces of that measure bears and eagles could find their habitat and the weekends could be filled by survival journeys XE "survival journeys"  we now look for in other countries once a year (see Fig. 25).

Landscapes

However, agriculture and urban sprawl XE "urban sprawl"  have filled the potentially open landscapes. If we name an area of 30km radius still a landscape XE "landscape"  as long as there are less than 1 000 000 inhabitants, The Netherlands then still have 10 landscapes (see Fig. 24 ). But not for long, because there are landscapes with nearly 1 000 000 inhabitants and great pressure of urban sprawl. The size of spots in Fig. 24 meets the average urban density XE "density(urban)"  in The Netherlands. So, where they overlap the density is higher than average.
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	Fig. 24 Built and open space in The Netherlands in reliable scale dots

	


Keeping landscapes open

From Fig. 24  and Fig. 9 we can conclude that concentration XE "concentration(conurbation, region)"  within conurbations (R=10km) does not help much in keeping landscapes open. However, regional concentration (R=30km) does. Regional de-concentration breaks landscapes up into landscape parks or urban landscapes like happened in the Green Heart XE "Green Heart"  of Randstad XE "Randstad"  (recently named Green Metropolis or Deltametropolis XE "Deltametropolis" ). However, de-concentration within conurbations (R=10km) could help making biotope cities XE "biotope cities" . What kind of biotopes are they? Denters (2007) gives an overview.

Possibilities of size

Form, size and structure of components are conditions for the function of open areas XE "open areas(function)"  though urban functions on their turn can be the historical cause of form and structure. The landscape consultancy H+N+S XE "H+N+S"  in Utrecht visualised the functional charge XE "functional charge"  for nature as a function of size and altitude in Fig. 25 . 
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	Fig. 25 Possibilities for nature by size and altitude

	


In Fig. 26  they summarised possibilities of human recreation as well.
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	Fig. 26 Possibilities for recreation XE "recreation(open space(size, altitude))"  by size and altitude

	


The smaller the area the less animals XE "animals(size(habitat))"  could find a habitat XE "habitat(animals)" , but that is not the case for botanical biodiversity as far as their distribution is not dependent on animals.

1.5.3 Regional distribution30km
Drawing the existing situation

To draw the existing situation in different plan layers XE "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. 27).
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	Fig. 27 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. 27). Based on that effort Fig. 24 was drawn.

Adding existing local plans

In addition to that the capacity of existing municipal residential building plans has been added, 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. 28). 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 R=1km units of 10 000 inhabitants (for example Amstelveen XE "Amstelveen"  and Nieuwegein XE "Nieuwegein" ) could be aggregated into one R=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. 28 The year 2005: including existing plans
	Fig. 29 The year 2030 according to VROM (2001)

	
	


Adding existing national plans of the fifth National Plan of Spatial Policy

In Fig. 29 the remaining capacity of 5th National Plan of Spatial Policy XE "5th National Plan of Spatial Policy"  (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 XE "ABF" ).

Land use, the reciproque of  population density

 XE "densities(national)"  XE "land use" 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 local 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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	Fig. 30 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 Planning Index Numbers XE "planological index numbers"  for the amount of space needed for facilities is put in perspective by these spatial and temporal variations.

	in dots of 100 m2 per inhabitant.
	

	
	

	Fig. 30 Residential area per COROP area
	

	
	


1.6 Urban distributions and densities

1.6.1 Metropolises30km
 XE "metropolis density30km" 

 XE " density(30km, metropolis)" Tokyo-Yokohama XE "Tokyo-Yokohama"  is the largest metropolis, counting nearly double the number of inhabitants of the next five between 15 and 20 million. New York XE "New York"  covers the largest area.  However, the way the areas are counted may differ making the comparability doubtful. The sources differ and the figures change rapidly. Van Susteren (2005) XE "Susteren (2006)"  compared 101 metropolises on many aspects using different sources.

1.6.2 Conurbation distribution and density10km
Amsterdam and The Hague

 XE "conurbation density10km" 

 XE "density(10km, conurbation)" The municipality of Amsterdam XE "Amsterdam(density)"  has an average density of 4400, the municipality of The Hague 6500 inhabitants per km2. Are these figures comparable? No. The administrative municipality of Amsterdam comprises more vast empty areas than The Hague. Such empty areas have to be subtracted as tare surface. In Fig. 31 and Fig. 32 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, then the densities of these ‘conurbations’ are lower (2700 and 3300 inhabitants per km2 respectively).
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	Fig. 31 Population and floor space of Amsterdam using CityDisk, 2001
	Fig. 32 Population and floor space of The Hague

using CityDisk, 2001

	
	


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 XE "densities(diversity)"  within these average conurbation densities (see  Fig. 31 and Fig. 32).

Deriving density from a distribution of dots

In Fig. 32 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. 18). 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 XE "floor-space ratio"  (FSI XE "FSI" : floor-space index XE "floor-space index" ) multiplying 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 surface XE "%floor surface"  on a conurbation level. High densities may suggest high rise buildings (at a smaller-scale map, the dots could be drawn piled-up to suggest high-rise). However that conclusion is put into perspective on page 25. In between home-dots you have to imagine the tare space for urban facilities XE "tare space for urban facilties" . The largest of these are industrial areas, parks and natural areas like dunes.

Comparing designs by real measure dots distribution

Mistakes as with coloured density-surfaces can not be made representing plans by real measure dots distribution XE "dots distribution(real measure)" .

	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. 33 Comparing plans for Almere Pampus (Jong, 2001)

	
	
	
	


Three plans for Almere Pampus XE "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 XE "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 XE "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. 24 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 16. However, in Fig. 33 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. 34 Extreme gross and net dots

	


Within a district the gross dots XE "dots(gross)" 

 XE "gross dots"  of Fig. 27 would often overlap (see Fig. 34). Net dots XE " dots(Net)" 

 XE "net dots"  already give some idea about the mutual arrangement of dwelling areas. In Fig. 33 the urban facilities other than homes have to be imagined in between the ‘net dots’. In Fig. 34 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 XE "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 XE "district tare" ) will be higher than the density of a town including town facilties (town tare XE "town tare" ). The same applies for any level of scale you take into account.

1.6.3 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 to calculate density has to be solved. 

1.6.4 District density1km
 XE "district density1km" 

 XE "density1km(district)" 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. 35 Inhabitants and surface of administrative districts in the municipality of Amsterdam
	Fig. 36 The figures of Fig. 35 excluding districts of more than 1000 ha and 20 000 inhabitants
	Fig. 37 The same figure as Fig. 36 concerning the municipality of The Hague

	
	
	


Fig. 35 shows the great difference in size of administrative districts in Amsterdam XE "Amsterdam"  making these incomparable in principle. In Fig. 36 districts of more than 20 000 inhabitants are excluded. They should be subdivided to be comparable with the smaller ones.

Excluding three districts of more than 3 digits (>999 ha) in Fig. 36 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 to calculate density.

Rough boundaries of district density

In Fig. 36 and Fig. 37 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 XE "floor-space ratio"  (FSI XE "FSI" : floor-space index XE "floor-space index" ) multiplying the inhabitants by the used average (for example 50m2) per inhabitant. A hundred times FSI gives %floor surface XE "%floor surface"  on a district level.

1.6.5 Neighbourhood density300m
Boundaries

 XE "neighbourhood density300m" 

 XE " density(300m neighbourhood) Subdividing a municipality in partial municipalities, districts and neighbourhoods (see Fig. 38) raises questions of financial responsibility XE "financial responsibility"  for (re)arrangement and maintenance of public space XE "public space(maintenance)" 

 XE "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 XE "plots(private)"  are sold, also paying for the surrounding public space as designed. However, if their neighbourhood comprises surfaces used by adjacent neighbourhoods 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 XE "exploitation scheme"  of a district or neighbourhood, these surfaces have to be distinguished as tare of a higher order. A neighbourhood density calculation can use this financial distinction by subtracting such tare surfaces from the piece of map you take into account (the map cutting XE "map cutting" ).

The result is a net neighbourhood surface, which is, according to Fig. 15 the same as the gross surface of all ensembles involved (see Fig. 40). Politicians are still interested in the reached number of houses per ha XE "number of houses per ha" , but they do not often distinguish these surfaces. By using the ‘net house neighbourhood density’ XE "density(net house neigbourhood)" 

 XE "density(gross house neigbourhood)"  (in fact the average ‘ensemble house density’ XE "density(ensemble house)" ) you can name a higher figure than using the ‘gross house neighbourhood density’. However, as argued on page 11, floor space is more reliable than the number of houses to determine densities.
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	Fig. 38 Partial municipality Osdorp of Amsterdam, divided in 5 districts using CityDisk (2001)
	Fig. 39 The 500x500m neighbourhood indicated in the middle of  Fig. 38
 using CityDisk (2001)
	Fig. 40 Primary figures to know on neighbourhood level

	
	
	
	


Non residential surface

There could be many (political, social, financial, technical, ecological, spatial) reasons to distinguish residential and non residential surface XE "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 surface 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. 41).

	h
	m2 Net neighbourhood (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. 41 Secondary figures to know on neighbourhood level

	
	
	
	


Subtracting the non residential surface (j in Fig. 41), including the surrounding public space) from the net neighbourhood surface (h in Fig. 41, mentioned earlier in Fig. 40)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. 41).

Private and public space

Both total residential and non residential surfaces have to be distinguished in private and public space XE "private space" 

 XE " public space" . If you do not want to measure the proportion of public space in a not yet designed non residential area (j in Fig. 41), you can take 60% as an approximation (k in Fig. 41), but you have to measure the private residential surface (u in Fig. 41) and the paved residential surface (v in Fig. 41) to check the third category, the green residential surface and water (w in Fig. 41).

Inhabitants per hectare

 XE "inhabitants per hectare" If you know the average dwelling occupation XE "dwelling occupation"  (p in Fig. 41) and the number of houses (e in Fig. 41) you can calculate the number of inhabitants on the gross neighbourhood surface (h in Fig. 41). If you know the housing floor surface (s in Fig. 41) 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 neighbourhood.
Built-up surface and building height roughly determine the floor space

The %built-up surface XE "%built-up surface"  (100xGSI XE "GSI" , Ground Surface Index XE "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 XE "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 XE "neighbourhood density" 

 XE "density(neighbourhood)"  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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	Fig. 42 An Excel sheet calculating different kinds of density Jong (2003)
	Fig. 43 Amsterdam Kinkerbuurt visualisation of surfaces per ha. using Hartman and Hellinga (1985)

	
	


The urban development office of Amsterdam XE "Amsterdam"  study group Kinkerbuurt XE "Kinkerbuurt"  from the sixties of previous century found an elegant way to visualise key factors of neighbourhood land use (Fig. 43).

Five kinds of density

Fig. 44 shows the output of the Excel sheet: there are five kinds of increasing density you can distinguish, dependent on what kind of surface you take into account.

	
	for example
	expressed as FSI

	% 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. 44 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 XE "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 access by paved circulation space may increase the ground price XE "ground price"  per m2 of private lots. So, the proportion private / 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 XE "public green surface" 

 XE "public paved surface"  in the net residential area, determining qualitative and financial characteristics.

1.6.6 Ensemble density100m
Simplified dimensions

 XE "ensemble density100m" 

 XE "density100m(ensemble)" The division of a neighbourhood 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. 41). So, neighbourhood infrastructure and ~facilities are excluded, and there is only one basis for density: F/A (FSI XE "FSI" ). The coverage of the total surface A by buildings B/A (GSI XE "GSI" ) is a primary variable.

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

Spacemate

If F = S * B, then F/A = S * B/A. To compare ensembles with different A, Permeta XE "Permeta"  (2002) draws a diagram called Spacemate XE "Space Mate" , plotting F/A against B/A. In Fig. 45 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 XE "%floor surface"  as a function of %built-up area XE "%built-up surface"  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. 45).
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	Fig. 45 Spacemate: floor surface as a function of built-up surface according to Permeta, 2002

	


In Fig. 45, 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 XE "Osdorp" , Amsterdam West XE "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 XE "density(increasing)"  in existing areas, political targets are often expressed in increasing FSI (%floor surface/100). The Spacemate 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 Spacemate. However, it is mathematically predicable that the possibilities of allotment will appear halfway (see Fig. 19).

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. 45) 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. 45). 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. 19). Then the potential of urban-architectural quality and the length of façades, where building and open space are connected is highest (structural quality XE "structural quality" 

 XE "quality(form, structure, function)" ). However, lower levels increase the potential of open space, afforded views and green space (form quality XE "form quality" ), higher levels increase the support for schools, shops and other population-dependent facilities (functional quality XE "functional quality" ). So, there are at least three components of urban quality directly related to the %built-up surface XE "quality(%built-up surface)" 

 XE "%built-up surface(quality(form, structure, function))" .

More than 50% built-up area

Allotments with more than 50% built area XE "built area(>50%)"  have seldom courts or streets larger than 10m width.
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	Fig. 46 Ensemble in Venice 1: 5000; 200x200m

Novelli (1989)
	Fig. 47 Auction Aalsmeer 1:25000, ha grid of 1kmx1km, one building nearly covering a district using CityDisk, 2001

	
	


Such urban areas have no cars like Venice XE "Venice"  (Fig. 46) or they have internal traffic in buildings like the flower auction XE "auction" 

 XE "flower auction"  in Aalsmeer XE "Aalsmeer"  (Fig. 47). 

The use of open space

The elegantly simple diagram by Permeta XE "Permeta"  is complicated without necessity by introducing %unbuilt/%floor XE "unbuilt/floor"  (OSR XE "OSR" ), or in formula: (A-B)/(F/A). It is supposed that factor determines the use of open space: few unbuilt area compared to a large available floor space is supposed to 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 dependent on use by local inhabitants. The traffic intensity of residential streets usually is 1% of its capacity. The expectation of urban liveliness XE "liveliness"  (intensity XE "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 (Jong, 2004) 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’ XE "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 XE "crowd pullers" 

 XE "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

 XE "building height" 

 XE "storeys" Multiplying 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. 48). So, piling up storeys is subject of diminishing returns in terms of open space XE "open space" , while the visual impact of the high rise XE "high rise"  on open space increases.
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	Fig. 48 Diminshing returns of open surface by increasing high rise building Jong, 2006
	Fig. 49 Progressively increasing Built-up surface by decreasing number of storeys on 100% F/A Jong, 2006

	
	


The Built-up surface B is the complement of open surface. The %Built-up (of A) is dependent on the number of Storeys S if we keep FSR XE "FSI"  or %Floor surface (of A) constant. You can try different %Floor values yourself to change Fig. 49. The profit of open space does not increase much above 5 storeys (blue spot in Fig. 49).

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 XE "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 XE "voids"  and non-vertical façades XE "façades" .

1.6.7 Urban island density30m
 XE "urban island density30m" 

 XE "density(30m Urban island)" 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. 50 The urban island Jong, 2001

	


An ensemble XE "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 computer programme showing the behaviour of an orthogonal island changing any of the determining design measures (Fig. 50).

Multiplying urban islands into a neighbourhood

Any higher level of scale adds its own tare decreasing the density XE "tare decreasing the density" . The programme shows in a next window the considerable surface occupied by dry and wet infrastructure XE "infrastructure"  on every higher level (Fig. 50).
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	Fig. 51 Adding dry and wet infrastructure Jong, 2001

	


Green surfaces XE "green surfaces"  and surfaces for amenities XE "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.

1.6.8 Urban details10m influencing density

Many questions (Uytenhaak, 2006) about the influence of urban details of a closed building block on density like built width and length, the building depth, the width and length of court, the width of streets, the width and length of island, the built-up surface, the %built-up, the average height of storeys, the number of storeys, the date and hour of sunlight
, solar angle limits, the outer wall ratio limit and the surface of outer wall are answered quickly by experimenting with all these measures in a downloadable spreadsheet (see Fig. 52). These parameters can be changed easily to find their influence on density. By experimenting with this spreadsheet you are warned for dark buildings, courts or streets changing them.
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	Fig. 52 The %built-up spreadsheet Jong, 2006
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	Fig. 53 FSR(Built width) Jong, 2006
	Fig. 54 FSR(Number of storeys) Jong, 2006

	
	


Many graphs like Fig. 53 and Fig. 54 can be constructed according to their hidden suppositions about these parameters.

1.7 Conclusion

Even in a densely populated area as the Netherlands the spatial human rights as suggested in the introduction can be reached. However, developing possibilities like this requires a careful scale articulation and design. Applying density standards on different surfaces could lead to false conclusions. Apart from density measures the more precise distribution of legend units like inhabitants (from which house density, and more reliable: %floor surface can be derived for comparison) is important to find these possibilities by design. Distribution approaches the concept of ‘form’ in design but it can not be represented properly by coloured surfaces like density dividing quantities by different surfaces can do. To serve that purpose it has to be represented in scale reliable gross and net dots. Net dots give a proper representation on urban scales, gross dots on regional scales. That pointillistic representation makes proper scale articulation possible, necessary to control open space and spatial human rights on any level of scale. The deviation of a regular distribution of open space over different levels of scale substantially determines the identity of an urban area.

1.8 References

Andrewartha, H.G. (1961) Introduction to the Study of Animal Populations (Chicago) University of Chicago Press

Begon, M.; Harper, J.L.; Townsend, C.R. (1996) Ecology (Oxford) Blackwell Science

Bosatlas (1996) XE "Bosatlas (1996)"  De Grote Bosatlas; voor mavo/havo/vwo (Groningen) Wolters-Noordhoff

CBS (1994) XE "CBS (1994)"  Bodemstatistiek 1989 ('s-Gravenhage) Staatsuitgeverij / CBS publikaties

CityDisc (2001) Street guide CDRom (Den Haag) CityDisk - Topografische Dienst

Denters, T. (2007) The Urban District, a biogeographical acquisition In: Jong, T.M. de; Dekker, J.N.M.; Posthoorn, R. [eds.] Landscape ecology in the Dutch context: nature, town and infrastructure (Zeist) KNNV-uitgeverij

Jong, T.M. de (2001) Ecologische toetsing van drie visies op Almere Pampus (Zoetermeer) Stichting MESO

Jong, T. M. de (2001) XE "Jong, T. M. d. (2001)"  Standaardverkaveling 11.exe (Zoetermeer) http://team.bk.tudelft.nl/ publications 2003

Jong, T. M. de and D. J. M. v. d. Voordt, Eds. (2002) XE "Jong, T. M. d. and D. J. M. v. d. Voordt, Eds. (2002)"  Ways to study and research urban, architectural and technical design (Delft) DUP Science.
Jong, T. M. de and H. Priemus (2002) XE "Jong, T. M. d. and H. Priemus (2002)"  Forecasting and Problem Spotting in: T. M. d. Jong and D. J. H. v. d. Voordt Ways to research and study urban, architectural and technical design (Delft) DUP
Jong, T. M. de (2004) Grenzen van Stedelijkheid (Zoetermeer) http://team.bk.tudelft.Netherlands/ > Publications 2004

Jong, T.M. de [ed.] (2006) Sun, wind, water, earth, life and living; legends for design. (Delft) TUD Faculteit Bouwkunde Publicatiebureau

Jong, T. M. de (2006) XE "Jong, T. M. d. (2003)"  Density.xls (Zoetermeer) http://team.bk.tudelft.nl/ > Publications 2006
Hartman, W.; H. Hellinga; et al. [eds.] (1985). XE "Hartman, W., H. Hellinga, et al., Eds. (1985)."  Algemeen Uitbreidingsplan Amsterdam 50 jaar. (Amsterdam) Amsterdamse Raad voor de Stedebouw

Kolasa, J.; Pickett, S.T.A. [eds.] (1991) Ecological Heterogeneity. (New York) Springer-Verlag; Ecological Studies
Krebs, C. J. (1994) Ecology The Experimental Analysis of Distribution and Abundance (New York) Harper Collings College Publishers
PERMETA architecten (2002) Spacemate. FSI-GSI-OSR als instrument voor verdichting en verdunning (Amsterdam) Bureau Parkstad / TU-Delft, Faculteit Bouwkunde, preceded by the graduation work of Meertens, R. (2000) Dichtheidsstudie in: Stouten, Paul [ed.] (2000) Nieuw Stedelijke woonvormen (Delft) DUT, Faculty of Architecture.

Pianka, E.R. (1994) Evolutionary ecology (New York) Harper Collins College Publishers
RPD (1966) Tweede Nota Ruimtelijke Ordening (Den Haag) Staatsuitgeverij

RPD (1983) Structuurschets Stedelijke gebieden (Den Haag) RijksPlanologische Dienst; Derde Nota Ruimtelijke Ordening
Mollison, B. [ed.] (1988) Permaculture. A Designers' Manual (Tyalgum Australia) Tagari Publications
Novelli, I. [ed.] (1989) XE "Novelli, I., Ed. (1989)"  Atlante di Venezia (Commune di Venezia) Marsilio Editori  ISBN 88-317-5209-X.

Steekelenburg, M. van (2001) Self sufficient world (Den Haag) VROM, RPD

Susteren, A. van (2005) Metropolitan World Atlas (Rotterdam) 010 Publishers

Tjallingii, S.P. (1996) Ecological Conditions: strategies and structures in environmental planning (Delft) PhD Thesis Technische Universiteit Delft Faculteit Bouwkunde

Uytenhaak, R.H.M. (2006) XE "Uytenhaak, R.H.M. (2005)"  Dichtheid en Ruimtelijke Kwaliteit (Delft) DUT Faculty of Architecture.

VROM (2001) Ruimte maken, ruimte delen Vijfde Nota over de Ruimtelijke Ordening (Den Haag) Ministerie van Volkshuisvesting, Ruimtelijke Ordening en Milieubeheer
Zoest, J. van (2007) Driving forces in urban ecology In: Jong, T.M. de; Dekker, J.N.M.; Posthoorn, R. [eds.] Landscape ecology in the Dutch context: nature, town and infrastructure (Zeist) KNNV-uitgeverij
� � HYPERLINK "http://www.census.gov/ipc/www/world.html" ��http://www.census.gov/ipc/www/world.html� 


� CBS is the Dutch national bureau of statistics.


� � 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.


� see � HYPERLINK "http://www.jgiesen.de/sunshadow/" �http://www.jgiesen.de/sunshadow/�





PAGE  
1

_1203918554.doc
[image: image1.png]nwoners per km?

| minderdan1 Arbes
B -0

] 10-50

B 50-100

I 100-200

I 200 of meer

Stad met

O meer dan 5 miljoen inwoners

O 1 miljoen - 5 miljoen inwoners
O 500000 - 1 miljoen inwoners







_1240902162.xls
Grafiek1

		1960		1960		1960		1960		1960		1960		1960

		1970		1970		1970		1970		1970		1970		1970

		max.		max.		max.		max.		max.		max.		max.

		RIGO		RIGO		RIGO		RIGO		RIGO		RIGO		RIGO

		VINAC		VINAC		VINAC		VINAC		VINAC		VINAC		VINAC

		Almere		Almere		Almere		Almere		Almere		Almere		Almere

		max.		max.		max.		max.		max.		max.		max.

		SGS		SGS		SGS		SGS		SGS		SGS		SGS



building complex

ensemble

neighbourhood

district

town

conurbation

region

Standards of green area

m2/inhabitant

20

20

20

8.5

4.55

8.5

14.5

12.8

13

13.25

15

13

30

30

15

15

55

20

47

220

56

220

30

30

30

30

30

30



Standards

		Standards

						surface								radius						distance

				R(m)		ha(min.)		ha.max.				max.		r(m)		max.		r(m)				English Nature

		conurbation		10000		10000		400		100000000		4000000		5642		1128		3000				10000

		town		3000		60		400		600000		4000000		437		1128		1000				5000

		district		1000		20		60		200000		600000		252		437		300				2000

		neighbourhood		300		2		20		20000		200000		80		252		100		280		300

		ensemble		100		0.4		2		4000		20000		36		80		30		280

		building complex		30		0		0.4		0		4000		0		36		10		280

														Standards

				R(m)		ha		inh.		inh/ha				1960		1970		max.		RIGO		VINAC		Almere		max.		SGS		Recreatievogel

		region		30000		282743		10000000		35														220		220		30		500

		conurbation		10000		31416		1000000		32		314				13		13				20						30

		town		3000		2827		100000		35				9		15		15		15		55		47		56		30		50		55

		district		1000		314		10000		32				20		9		13		30		15						30

		neighbourhood		300		28		1000		35				20		5		13		30								30

		ensemble		100		3		100		32				20														30

		building complex		30		0.3		10		35

														69		40		54		75		90		47		56				50		55





Standards

		



building complex

ensemble

neighbourhood

district

town

conurbation

region

Standards of green area

m2/inhabitant




_1203794652.doc
[image: image1.png]E19; Ad|

() Leterwou
© 1000 inhabitants
P
9
-g < uigbuurt
>
e W ¢ (E30,E10.A4
09/ r - Stompw
) 3
7 R o
- dam
..
@ ) | Wilsween 4
e %0 E30;AlI2 =]
— S D &=
i - | L
2e o R £ 5
o, b SER O
D
? g { piZoetermeer
: = T P, EB
&3 L &
‘ ] ‘ A
X /, \ N7
L)
+ P -
Ter Heijde 7/
[ 2
Manster if P
AT
4 Fijnacker
Kulig st
\ Nogrdeinde
3 Honselersdijk
(303
BUEL P P,
js-Gravenzande
L Na@Biijk
i P Beckel &n-Rodenrijs
>
Bergséhenh
Qude Leede
10 GHUDIET N b amn
9 Natliar e








