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1. The general method and the Ruhr case

In the "WP2, PLAN - Methodology", we developed a method to identify areas in the city suitable as new built-up areas or areas for increased density. Furthermore, a method to identify areas where new recreational green areas were needed.

In the Ruhr case, we only tested parts of this method as the areas in Ruhr were selected for specific reasons (to be detailed below).

2. The general method

2.1 Needs and possibilities of development in a city

The baseline data on the area forms the point of departure of the investigation and the analysis. They form, at the same time, the basis for comparing with the results of the scenarios of possible changes. The planning background and conditions will include data, maps and other information on urban form and structure, land use, actual problems, actual planning and larger projects as well as prognoses.

The object of the method presented is the question of locating urban functions and green areas. Basically, there will be three options of locating urban functions if an uncontrolled sprawl should be avoided: 1) locating new functions in satellite cities, 2) locating the new functions within the city border, thus increasing density, or 3) controlled expansion of the city border. 

The method presented focuses on investigation of the possibilities and consequences of locating inside the city border, primarily in the centre and local centres, around public transport nodes. The method might be used on the other possibilities as well. The increase of green areas relate to the location of urban functions.

As a first step, the present conditions should be studied in order to have a basis for the following decisions:

- Where in the city will there be room for development (new areas to built up or developed as green areas - or areas where the present density might be increased)?

- In which of these areas should the physical density be of high, medium or low density?


- Which functions in which areas?

In order to find the areas not fully exploited and to choose a desirable density, we need a method to define ‘density’. 

2.2 Analysis of density

First step is an analysis of potential areas for increased density - where. Next step is an evaluation, leading to the choice of density degree wanted - how high a density. First phase of this includes considerations of the functions (possible density dependant on actual or planned function (residence, industrial etc.) and of the location of the area, related to local centres and other functions to which the number of inhabitants within a short distance may be of importance.

A. Settling of density indicators

B. Analysis of existing conditions (potential areas for increased density)

C. Evaluation and pointing out high-dense areas
D. Considerations of the functions in the area in question 

2.2 A. Settling of density indicators

Density must be expressed or defined as a relation. We have chosen 3 indicators representing physical conditions and 2 representing population conditions.

* Floor space index (B%):  floor space / ground area

The indicator tells about the total mass of the building, related to total ground area. But it does not tell how high the building is, nor how much space is built up

* Ground space index:  built up area / ground area

The indicator tells how much built up area there is, related to the total ground (but not how high the building is)

* Open space index:  open space / floor space

The indicator tells how much open space there is, related to the building mass 

* Inhabitants / ground area or ha
* Dwellings / ha

Suitable also for comparing with examples of similar (or different) housing structures 

We use floor space index and ground space index as the basic indicators as they reveal the physical density. Dependant on the intention, we supplement with the other indicators.

To define “areas with low density” - or to settle an aim for density in a concrete area - you can use several methods of comparing (being aware of possible limitations in the legislation and other formal bindings) and you can create scenarios and evaluate the consequences. 

- Comparing existing conditions with maximum index according to planning decisions in force

- Comparing density in neighbouring areas in the city in question       

- Comparing with examples of other cities 

- Scenarios of possible changes

Data needed to calculate the density :

- ground area 

- built-up area

- floor space

- open space

- inhabitants

Ground area, built up area and open space can be extracted from GIS map. Floor space is not always available, as the number of floors may not be digitised. In that case, we have to estimate the number of floors from the height of the building. If the height is not available, we have to extract it from the satellite image.

The number of inhabitants will, in general, be available for the local administrative districts, but not always for each building or property. In that case, we use the local figures of average floor space per inhabitant (or information alike) to evaluate the number of inhabitants in the wanted area.

2.2 B. Analysis of existing conditions (potential areas for increased density)
Potential areas for increased density might include vacant areas as well as built up areas: 

a.  Vacant sites and new development in previously undeveloped areas

b.  Areas mature for conversion (to-day and within 20-50 years)

c.  Built-up areas with low density

d. Buildings containing unused floor space

a. Vacant sites and new development in previously undeveloped areas

Planned areas, not yet built up: density might be increased related to traditional density for that type of area (more dwellings per ha, higher B%). 

Gap sites might be rest areas f. ex. between built up area and road or river.

It might be relevant to consider covering infrastructure area or building up parking lots (possibly replaced with P-houses) and selected green areas (f. ex. with an inappropriate situation).

The process:

1. Pointing out all relevant areas at GIS map

2. First analysis of possibilities and desirability of development

3. Mark selected areas

Data needed:

- urban land use

- all roads - space - + parking lots

- green areas, incl. function

- churchyards, garden lots

- buildings

- administrative area defined by dominant urban land use

- property limits

b. Areas mature for conversion

Especially interesting are older or former industrial areas or harbour areas, where the buildings or the area are no longer fit for the original purpose. Local knowledge will be valuable for the identification. In a wider perspective (20-50 years, a conversion might be actual for any industrial (or other) area.

Possible density will, first of all, depend on the choice of future function of each area - residential, office etc. Some buildings and structures might be worth preserving and might be useful for new functions.

The process:

1. Pointing out all relevant areas 

2. First analysis of possibilities of development

- Preliminary settling of future functions in the area

- Buildings to tear down

- Buildings to preserve

- Potential floor space in new buildings, according to traditional B%

Data needed:

- all (potential) conversion areas

- (all industrial areas)

- buildings

- floor space, open space and ground space for the buildings in each administrative area defined by dominant urban land use

- property limits

- urban land use

- main roads

c. Built-up areas with low density

Any type of area (residential, industrial, office, centre, public, mixed use…) might include potential for increased density. F. ex. industrial areas often include open space meant for extension of the existing business or for storage. (60% of the industrial floor space built within the last 10 years in Aarhus is built within already built up areas with low density.) This should be considered. 

Residential areas in one local community are treated here as an example.

- Floor space index (B%) is chosen as the basic indicator as it describes the total mass of built up area related to total ground area. Ground space index is important too, as you have to find space for new buildings.

- Density intervals might be settled, as a point of departure,  according to existing maximum index for each type of area (more or less than x %)

- Further evaluating of the wanted future (maximum) B% will be carried out during the scenario phase

Residential areas, built up

We presuppose that the residential areas are defined as 3 or 4 types. For each type, it must be considered if increased density is (politically) wanted or practicable. 

Low-rise, low density

Possibilities to consider: Large lots or dwellings divided in two. Conversion of lots (for sale) to other purposes (common facilities).

Low-rise, high density 

In general no potential for changes.

High-rise, low density (shown as an example below)
Possibilities to consider:

Supplement with (lower) buildings for residence (or facilities).

High-rise, high density

Possibilities to consider in older blocks with inner yards: removing buildings in the yard, maybe substituting these with new buildings (but probably rather diminishing than increasing the density)

d. Buildings containing unused floor space

Roof conversion - or establishing roof floor upon flat roofs. - Possibility to consider - the process will not be treated here.
Result - Example on the process: High-rise, low density residential area

1. Calculate B% / ground space index for each area. (If not obvious, which areas are "low density", choose all high-rise areas and calculate B%.)

2. Define density intervals

3. Choose preliminary limit = "low density" and mark the areas

insert map 1: Density 3.1

with explanation

Data needed:

- all residential areas / high-rise, (low density)

- floor space, open space and ground space for the buildings in each administrative area defined by dominant urban land use

- urban land use

- main roads

2.2 C. Evaluation and pointing out high-dense areas
One parameter for choice of density is the location of the area. Density should be increased in urban areas located around centres and traffic hubs. Increased density in these areas should augment the number of potential customers or passengers so that already existing facilities should be used more efficiently. 

Thus, high-dense residence and office areas should be considered particularly around centres and traffic hubs - and maybe public parks (and other recreational areas). The recommended maximum distance to the centre and station is, as a point of departure, settled to 500 m = walking distance (~ 400 meter direct distance).

The process:

1. Identify centres, traffic hubs (and maybe parks and other recreational area)

2. Mark buffer zone around the centres etc. = 400 m

Data needed:

- Urban land use incl. centres

- (Public parks and recreational areas)

- Public transport information

- Railways

Result: potential area for increased density

The map will present the choice of potential areas for increased density and the "key areas", where density might be higher in the future than in neighbouring areas of similar function.

Combine the maps "density 1-4" and "density 5".

Insert Map 2: Density 5 - with explanation

Resulting map of potential areas for increased density, incl. high-dense areas

In case of missing local centres or missing public transport (nodes) it might be considered - in the overall planning process - to build up these facilities. 

2.2 D. Considerations of the functions in the area in question 

First, considerations on relevant use of the specific areas pointed out - related to the local need of functions, to the neighbouring areas and to the location in the city. Medium and lower density might be considered outside the high-dense areas in the centres according to the chosen land use. Possibilities of mixed use should also be considered.

2.3 Green structure, green areas

Green areas can be evaluated from a recreational, aesthetic, environmental, social etc. point of view. Green areas may also be used to structure the city morphology.

Green areas can be quantified according to area, to number of inhabitants, to accessibility etc. Before pointing out potential areas for greening, the existing situation should be evaluated so that urban areas with few green areas according to the inhabitants or where the areas have a low value can be prioritised. We have focused on area extension and accessibility. However, the quality and the functions of the existing areas + local needs should be evaluated. Among other things, the (partly) different functions of public versus private green should be considered. 

2.3.1 Indicators of greening
Quantification of green areas according to extension and accessibility is part of the evaluation of the existing conditions. Defining indicators is necessary for that purpose and will be used for the creating of scenarios.

A   Total green area (public (and private) green area) in relation to the total urban area 

B   Total public (and private) green area in relation to the number of inhabitants 

C   Number of inhabitants with less than 500 meters to a public park (or recreational area) 

D   Distance of inhabitants to green area outside the city border

Ad indicator C: Number of inhabitants with less than 500 meters to a public park. This distance (at the map ~ appr. 400 meter direct distance) is generally acknowledged as maximum distance for regular use. 

Data needed:

- Number of inhabitants at relevant level

- Area in square meter at relevant level

- Land use (nature areas, recreational areas, woods and forests)

- Urban land use (residential areas)

2.3.2 Evaluation of extension of green areas and accessibility

Via the maps we can evaluate extension and accessibility to green areas. Besides we considerate the size and the quality of the areas, the location of the area related to local needs, noise etc., the function of the areas in the urban structure (the areas may be used for creating urban structure), the needs of green corridors and other ecological considerations. 

The process:

1.  Evaluate accessibility to green areas inside and outside the city

2.  Evaluate extension of green area related to total ground area

3.  Evaluate - and mark - which urban areas / communities will need more green area (compared with other communities)

4.  Evaluate quality and functions of each green area + local needs 

Insert Map 3: Green 3

Distance of inhabitants to a public park (% of inhabitants within each local community with less than 500 m to a public park)

Data needed:

- urban public green area in sq. m.

- (private urban green area in sq. m.) 

- public parks and public recreational areas

- urban zone, city border

- Land use (nature areas, recreational areas, woods and forests)

- local communities

- inhabitants for each local community and adm. areas defined by dominant urban land use  (or per address)

   according to the type of area wanted (total city / local communities / adm. areas defined by dominant urban land use  / address

Available statistics often include only public green areas. An ortho photo can show all green areas, but will have to be digitised if used for calculations. Satellite images can also be used.  Access to public green areas can be evaluated by using GIS-tools. 

2.4 Alternative data collecting

It may be difficult to get all data needed for the registration and calculations described. Most data can be found in paper maps or reports, but may not be digitised. 

If satellite images are available much information can be derived from these, dependant of the resolution of the image: building type, building height, soil category. 

If no information is available it is also possible to register in the field. This is feasible, dependant on the size of the area or of the type of information looked for. 

Likewise information can be digitised, dependent on the volume of information.

If this is not possible the operations described above should be carried out without detailed calculations, but manually or as estimations.

3. The Ruhr case

Selection of the case areas

The process described above is the ‘ideal’ process where it starts from scratch. Often local decisions have already been taken, for example conversion areas already pointed put. In that case we select parts of the method described for the further treatment.

- In the Ruhr case we were looking for areas fitting the purpose of testing our method at the neighbourhood or street level. So we needed an area with open space for a new neighbourhood and a built-up area for increased density. Several potential conversion areas were pointed out and described by the local planners. After an inspection and a dialogue with the local planners we selected one area for a new neighbourhood. Next we decided to use part of the inner city as the municipality had made a preliminary plan for conversion of this area, well fit for the purpose.

Some of the methods to identify potential areas we used ‘the other way round’. As the area was the point of departure, we needed to point out the location of for example the closest shopping possibilities and other service, using the ‘buffer zones’ of 500 meter around the area. Furthermore we used the density indicator tools to find the potential of increased density in the city core area.

