
. 
6. Recommendations for Planning

.

.

Planning and zoning that is sensitive to climate will consistently make decisions in practice based 
upon knowledge of their consequences and interconnections. When restricted to a respective local 
area of application, this can be carried out only using the legal instruments named in the Federal 
Building Law – specifically, the guidelines of the land use plan, the legally-binding parameters of the 
site plan, the process and realization plans, and with agreements in an "urban development contract." 

Since there is no definitive instrument that works on its own towards securing a healthy urban 
climate, it follows that the sum of the depictions and parameters in the comprehensive planning 
product must consider climatic requirements. At the same time, the principle outlined in § 9 (1) of the 
Federal Building Law must be observed, which states that all imposed constraints must be justified 
from an urban development perspective.

With respect to the requirements of planning actions, the following goals of climate-sensitive planning 
should be pursued:

●     Improvement of living conditions relative to climate comfort / bioclimate
●     Improvement in ventilation of developments
●     Support of fresh-air provision through local wind systems
●     Reducing the release of air pollutants and greenhouse gases
●     Reporting and proper evaluation of current or expected pollution
●     Proper reaction to pollution situations by adjusting land use concepts 

Since the development of the urban climate (as described in Chapter 2) is based predominantly on 
the transformation of green space and vegetation into the built city, a focus of climate-sensitive urban 
planning lies in the preservation and reclaiming of natural vegetation. 
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. 
6. Recommendations for Planning

.

.

6.1.4    Roof Greening

In addition to larger and smaller green spaces in the city, roof greening can also reduce urban 
climatic deficits in relation to humidity and the thermal milieu (HOESCHELE et al., 1974). There are 
also advantages to roof greening from the perspective of building design. Roofs in cities and towns 
offer reserves of surfaces, largely unused up until the present day, that can be employed for the 
creation of green spaces (Figure 6/4a - 6/4e). While residential, office, and industrial buildings 
present themselves for greening in built-up areas, garages and auxiliary buildings located in more 
rural areas typically exhibit flat or low-angle (up to 15 degrees) roofs.

On these kinds of roofs it is almost always possible to install multiform vegetation at comparatively 
small expense.

Although these roofs are not always actively useable, e.g. as greened seating spaces, greened roofs 
in contrast with monotonous gravel, bitumen, or sheet metal surfaces can continually improve the 
climate, filter pollutants, and save heating energy.

A measurable long-distance effect cannot be attributed to greened roof surfaces; however, the effect 
of many small individual roofs in a city does add up significantly.
 

Climatic Effects

The positive thermal effects from roof greening are found predominantly in the reduction of 
temperature extremes throughout the year (KOLB, 1989). Figure 6/5 shows an example of the 
temperature characteristics of various construction materials for roof surfaces on a summer day with 
intense sunlight.

While gravel roofs and black bitumen pasteboard heat up to between 50°C and 80°C, the maximum 
temperatures on greened roofs amount to roughly 20°C to 25°C.

On clear winter nights the temperature of non-greened roofs can sink as low as -20°C. The annual 
fluctuation in temperature thus amounts to about 100 degrees. Greened roofs cool in winter only to 
slightly below 0°C, so that the annual fluctuation amounts to only 30 degrees.

In summer a large part of the sunlight that a green roof receives is converted to evaporate water (cf. 
Chapter 2.4). The evaporation of 1 liter of water at normal air pressure requires 2,250 kJ without a 
rise in temperature. The same amount of energy, however, can heat 100 m3 of air by 18 degrees 
Celsius. Green roofs are altogether an effective measure for the protection of underlying spaces 
against summer heat. In winter, the vegetation and the roof substrate reduces the amount of 
escaping heat and thus increases the heat insulation of the building below.
.

Effects on Water Resources

All open areas of vegetation are capable of storing surface water. According to the type of vegetation, 
water from precipitation is retained for various durations in the upper layers and then flows out, minus 
the amount lost in evaporation and transpiration. Table 6/2 below shows the proportion of rainwater 
that is carried off by drainage (i.e. discharge factors).

80% to 100% of the precipitation on standard roofs is carried off by drainage, whereas the amount is 
only 30% on green roofs. The remainder is released back into the air via evaporation and thus 
contributes decisively to reducing the lack of humidity in the city that results from soil capping. A 
further advantage of roof greening is the delayed release of precipitation water, which substantially 
relieves the city drainage system and reduces the danger of flooding (OHLWEIN, 1984).
.

Kind of the surface  Discharge factors 
.
Roofs (> 15 degrees of inclination) 1,0 
Roofs (< 15 degrees of inclination) 0,8 
Gravel pouring roofs 0,5 

. 

 

Fig. 6/4a: Example of a green roof 
(parking garage for the Stuttgart city 
hall)

..

Fig. 6/4b: Example of a green roof 
Office for environmental protection of 
Stuttgart)

..

Fig. 6/4c: Example of a green roof 
(Chamber of Commerce and industrie 
Stuttgart)

..

Fig. 6/4d: Example of a green roof 
(Swabia center Stuttgart)

..

Fig. 6/4e: Example of a green roof 
(College of music in Stuttgart)

..
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Roof gardens 0,3 
.  
Concrete surfaces 0,9 
Footpaths with plates or cinder 0,6 
Play- and sports fields 0,25 
larger gardens 0,1 
Parks, allotment- and settlement gardens 0,05 

Table 6/2: Discharge factors for various surfaces, DIN 1986 (1978)
 

Legal Bases

According to § 74 (3) 2. of the State Building Ordinance (LBO), municipalities enact a statue for the 
entire municipal area or a portion thereof requiring that facilities for retaining precipitation water must 
be constructed in order to relieve drainage systems, avoid danger of flooding, and preserve water 
resources. Even though aspects of water efficiency are of primary concern here, measures of this 
type also work against soil capping and its disadvantageous climatic consequences.

Roof greening can be established as legally binding in a site plan. The roof form (flat roof) is based 
on § 74 LBO and the greening on § 9 (1) 25 BauGB, which empowers the municipality to require 
planting on parts of built facilities.

As with every other regulation, this can only be implemented after fair consideration of all affected 
interests (§ 1 (6) BauGB). To be considered, for example, are fire protection, humidity and corrosion 
protection, and the costs of the planting inclusive of potentially higher construction costs resulting 
from the additional burden on the roof. These must be incorporated in the reasoning for the site plan.

Following are examples for these types of regulations:

"Greened flat roof; the roof surfaces are to be planted and maintained with a dirt layer of at least 40 
cm. Exceptions can be made for light fixtures, glass sections, and terraces, if these serve the 
building’s purpose of use and are subordinated (§ 9 (1) 25. BauGB)."
or:
"Flat roofs (0 to 15 degrees inclination) are to be planted over a proportion of at least 60% of the roof 
surface – with the exception of surfaces for technical roof systems – with a substrate layer of at least 
8 cm of grasses, soil-covering plants, and wild herbs, and are to be so maintained (§ 9 (1) 25. 
BauGB). Exceptions for solar energy facilities can be allowed."

Regulations for roof greening can also be issued as localized construction specifications according to 
§ 74 (1) 1. LBO.

The regulatory possibilities for defining the purposes, placement, and design of roof surfaces and 
facilities according to the design specifications of the LBO also support the goal of erecting solar 
energy apparatuses (in the form of collectors or photovoltaic devices) when these are intended for 
long-term effective use (BUNZEL et al., 1997).

Conflicts between the interests of solar energy use and the goals associated with roof greening are 
seldom to be expected, since those roofs best suited for solar devices (i.e. inclined roofs) are not 
suited for planting. Figure 6/4a, incidentally, shows a photovoltaic device installed on a green roof. 

Fig. 6/5: Temporal temperature 
gradients of flat roofs with various 
exterior surface materials on a sunny 
summer day (from GERTIS et al., 
1977)
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. 
6. Recommendations for Planning

.

.

6.1.3    Avoidance of Soil Capping; Green Spaces and Water

The urban climatic consequences of soil capping have already been described in Chapter 2. The 
degree of soil capping within a development is defined by the proportion of property area that has 
been built over. Relevant structural data include:

●     Buildings
●     Other built structures and edifices in the sense of § 14 of the BauNVO
●     Garages, parking lots, and traffic-oriented surfaces with water-impenetrable linings

The 1990 Federal Building Use Ordinance (BauNVO) specifies maximum values for the proportion of 
capped area in a developed property and thus influences a significant parameter of the urban climate.
Detailed information about limits on soil capping is found in BUNZEL (1992).

A large number of smaller green spaces with their sum effect can contribute to a reduction in the 
thermal burden or the heat-island effect, as long as these green spaces are closely networked and 
exhibit a sensible arrangement from the perspective of the urban realm (e.g. corresponding with main 
ventilation corridors).

The planting of trees and shrubs along streets leads to a reduction of ambient heating (especially in 
built-up areas) and thus serves to balance out overheated city structures. Large-crown trees and their 
corresponding shade create comfortably-shaded spaces. On the other hand, plantings can lead to a 
reduction in wind velocity and thus reduce the removal of pollutants. Outside of built-up areas, forests 
and strips of planting create (under some circumstances) hindrances for cold air flow (cf. Chapter 
6.2.2).

A measurable long-distance climatic effect is created only by very expansive green spaces of sizes at 
least 50 hectares. The effect of smaller green spaces, meanwhile, is based on the "placeholder 
effect" of displacing other land uses unfavorable to the urban climate.
.

Legal Bases:

The regulatory possibilities named in Section 6.1.1 come into question here, as their validity depends 
considerably on the need of urban development to fulfill greening functions. The establishment 
according to § 9 (1) 3 BauGB of minimum sizes of property to be developed can work against an 
undesirable densification of the built environment and soil capping.

A clause for the preservation of trees, shrubs, and water can be established in a site plan for existing 
bodies of water and their plant cover (§ 9 (1) 25.(b) BauGB). Bodies of water can be depicted 
according to § 5 (2) 7. BauGB in a land use plan or confirmed according to § 9 (1) 16. BauGB in a 
site plan.

In a site plan it can also be established that parking lots and garages outside of coverable property 
areas can only be constructed underneath the surface (§ 9 (1) 4 BauGB and § 12 (4) BauNVO) or 
that they may not be constructed on non-coverable property areas (§ 23 (5) BauNVO).

According to § 19 (4) BauNVO, surfaces for parking lots and garages (including underground 
garages) inclusive of their access roads are taken into account in the determination of the permissible 
surface area. The BauNVO makes a limited provision for possible exceptions for these types of 
structures. The municipality will have to deal with the question of regulations deviating from this 
standard in individual site plan processes, on the one hand to leave as much uncapped surface area 
as possible, and on the other to preserve through concentrated building and parking connected open 
spaces that are especially important for the urban climate.

According to § 74 (1) 3. of the State Building Ordinance (LBO), it is possible to establish localized 
construction specifications for the design and usage of unbuilt surfaces on developed property. 
According to this, further specifications for the greening of construction sites and for parking areas 
can be reached. Rulings according to § 74 LBO can be decided upon together with the site plan. 

. 

 

Fig. 6/2a: Section from the soil capping 
map of Stuttgart (taken from 
BODENVERSIEGELUNG IN 
STUTTGART, 1989) 

 

Fig. 6/2b: Compact city development 
with small green portion (Stuttgart 
West) 

 

Fig. 6/2c: Compact city development 
with small green portion (Stuttgart 
West) 
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Fig. 6/2d: Green railway tracks in 
Stuttgart 

 

Fig. 6/3a-b: Before and after a 
greening measures

 

Fig. 6/3c: Green measure at a 
shopping street
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. 
6. Recommendations for Planning

.

.

6.1.2    Benchmarks for Describing "Green" Uses

A quantification of the climatic effects of green areas in urban planning has already been made – as 
far as possible on the basis of secure knowledge – in Chapter 2. This will also play a role in the 
following recommendations for planning.

Various attempts have been made along the lines of green planning to quantitatively describe the 
vegetation potential of a land area. In this process, the non-uniformity of conceivable vegetation 
forms (e.g. grass, forest, potato fields, cornfields) must be considered from a climatic perspective 
(Figure 6/1b). In addition, it must be remembered that a living plant continuously changes: It 
germinates, grows, has rest and vegetation periods, loses its leaves or keeps them for many years, 
ages, and finally dies (GROSSMAN, 1989).

Various models assume that the ratio of vegetation to surface area of a property should be expressed 
through a standard defined "plant-quantity number." In this context the "green volume number (GVZ)" 
and the "surface function number (BFZ)" were introduced by POHL et al. (1984).

The example of the "phyto measurement number (PMZ)" according to SCHERER (1973) (see 
GROSSMAN, 1989) allows the principle of the plant-quantity calculation (phyto measures) to be read 
in the form of a defined hierarchy (Table 6/1).
 

Open ground 0,5
Lawn 1,0
Meadow 1,5
Shrub to 1 m height 2,0
Small wood to 1 m height 3,0
Hedge to 2 m height 4,0
Needle wood to 3 m height 4,5
Leaves wood to 3 m height 5,0
Needle wood 3 m to 5 m height 6,0
Leaves wood 3 m to 5 m height 7,0
Coniferous trees to 10 m height 8,0
Deciduous trees to 10 m height 9,0
Coniferous trees over 10 m height 11,0
Deciduous trees over 10 m height 14,0

Table 6/1: Phytomass numbers for various forms of vegetation
 

The allocation of "phyto measures" per square meter of undeveloped property area to the specified 
vegetation forms should concurrently describe their efficiency relative to various bio-ecologic 
components, including dust filtration effect, evaporation, wind protection, and shade provision.

From an urban climatic perspective it should be noted that no absolute measurement value can be 
conceived. The various specified properties cannot be considered valid when detached from a 
concrete local situation and a specific problem definition. For example, grass areas (with a PMZ of 
only 0.5) that cool off strongly during the night exhibit a significantly large local climatic use as 
components of cold-air production areas (cf. Chapter 6.2.1). On the contrary, the forest (which itself 
should be protected), being a hindrance to airflow, has the disadvantageous property of restricting 
ventilation. This "disadvantage" however, is exactly the factor that produces the dust filtration effect of 
the forest. In the case of a lee-producing planting (cf. Chapter 3.4.2) or in the example of a "corked 
obstacle" as in Figure 6/12, the attainment of both desired and unintentional effects points out the 
difficult handling of overall climatic pros and cons.

.

.

.

Fig. 6/1b: Farmland for cold air pro-
duction 

  

  

 

                                                     
.

HOME SITEMAP LINKS IMPRINT DOWNLOAD
Climate Booklet for Urban Development Online

© Ministry of Economy Baden-Württemberg in cooperation
with Environmental Protection Department of Stuttgart

  

file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/kap_2/kap_2-1.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/kap_3/kap_3-4-2.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/index-1.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/sitemap.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/kap_8/links.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/imprint.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/download.htm


.   



. 
6. Recommendations for Planning

.

.

6.1       Preservation and Acquisition of Green Space

6.1.1    Landscape and Open-Space Control Plan

"Have reverence for the plants; by them everything lives!"
(Saying above the entrance to the Botanical Garden in Berlin)

As GROSSMAN (1989) explained, this should not only be the saying for the Botanical Garden, but 
should also guide our interaction with the plant kingdom in daily life.

The trend of continually growing displacement of green space as a result of overdevelopment and 
proliferation of the built environment, especially in areas of dense population (in spite of decreasing 
overall population!), must be combated by means of nature protection and landscape preservation 
(MUERB, 1992). Along these lines the Nature Protection Law of Baden-Württemberg demands that 
both the open and the developed landscape, as a basis for life and as a realm for human recreation, 
be protected, cared for, structured, and developed so that the efficiency of ecosystems and the 
usability of natural resources (earth, water, air, climate, animal and plant life) are lastingly secured.

Landscape plans and open-space control plans serve to realize the goals of nature protection and 
landscape preservation. They comprise an assessment of the natural conditions as well as the land 
use requirements of the area in concern. The natural potentials to be studied include climate and air 
hygiene along with an ecological evaluation of the established conditions and conflicts of land use.

The elements contained in the landscape plan are incorporated into the land use plan. Depictions in 
the landscape plan or open-space control plan are, as far as necessary and suitable, transferred to 
site plans and made legally binding through corresponding regulations.

For this, the following regulatory options taken from § 9 (1) of the Federal Building Law come into 
consideration:

No. 10  Properties (and their uses) to be kept free of development,

No. 15  Public and private green spaces such as parks, continuous
           allotments, sport and recreation facilities, tents, pools, cemeteries,

No. 18 (a) Agricultural property and
           (b) Forests,

No. 20  Property or measures for the protection, care, and development of
           earth, nature, and landscape 

No. 25 (a) Planting of trees, bushes, and other plants,
           (b) Preservation of plants, trees, bushes, and water

In the context of interference/balancing regulations for nature protection, the new § 9 (1 a) of the 
Federal Building Law (BauGB) establishes the regulatory possibility for equalizing measures or 
quantities of property in the sense of § 1 a (3) of the BauGB. These can be established either directly 
on the properties where the natural or landscape interference is to be expected or at other locations, 
whether in the remaining application area of the site plan or in another site plan.

In the context of land use planning, the new § 5 (2 a) of the BauGB allows those areas designated for 
equalization in the sense of § 1 a (3) of the BauGB to be assigned to those areas where interference 
in nature or landscape is expected.

The system of integrated landscape planning includes the landscape plan and open-space control 
plan (on the level of zoning), the elements of the landscape master program (on the level of the 
Baden-Württemberg state development plan) and the landscape master plan (on the level of regional 
planning). Different manifestations of climate correspond to this scale as it refers to spatial planning. 
Elements for "green" planning that is also sensitive to local climate can be included at each of these 
levels, linking up to the implementation of an individual site plan (cf. Chapter 6.2.3 "Green corridors")

.

.

. 

 

Fig. 6/1: Central-city green space
. 



                                                     
.

HOME SITEMAP LINKS IMPRINT DOWNLOAD
Climate Booklet for Urban Development Online

© Ministry of Economy Baden-Württemberg in cooperation
with Environmental Protection Department of Stuttgart

  

.   

file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/kap_6/kap_6-1-2.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/index-1.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/sitemap.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/kap_8/links.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/imprint.htm
file:///W|/Klimafibel/KF-Offline-23-11-07/Climate_Booklet/download.htm


. 
6. Recommendations for Planning

.

.

6.1.5    Façade Greening

The greening of façades does not result exclusively for reasons of climate and building design but 
also from reasons of aesthetics. For example, a façade overgrown with wild vines reflects the 
individual seasons in the changing colors of its leaves (Figure 6/6a).

Climbing plants are best suited for façade greening. These are to be distinguished between those 
that grow by clinging (e.g. ivy, climbing hydrangea), by twining (e.g. honeysuckle, hops), by sending 
out tendrils (e.g. clematis, grapevines), and those that require artificial support (e.g. climbing rose, 
blackberry vines). The advantage of climbing plants is that the use of a small horizontal ground 
surface can yield a large amount of biomass. Table 6/3 gives an overview of multi-year climbing 
plants and their characteristics.
.

Climatic Effects

Façade greening exhibits the following positive attributes:

●     Improvement of heat insulation via an air cushion between the building and its surroundings
●     Decrease in heat loss via wind braking
●     Decrease in heat loss via changes in radiation (i.e. sunlight) conditions
●     Transformation of wind energy to heat
●     Cooling effect via evaporation as well as absorption and reflection of sunshine by leaves
●     Production of humidity via evaporation
●     Protection of the façade from strong temperatures, UV rays, and hard rains

Studies such as those carried out by KIESSL and RATH (1989) have produced the following results 
(Figure 6/7):

Radiation burden from the sun:
A façade fully covered by greening is protected from intense solar radiation in summer and can reflect 
or absorb in its leaf cover between 40% and 80% of the received radiation, depending on the amount 
and type of greening. If it is so desired that solar radiation reaches the outer wall in winter (cf. 
Chapter 3), climbing plants that lose their leaves in winter must be used (e.g. wild grapevines,
Figure 6/6a).

Wind conditions:
The leaf cover of a green façade changes substantially the airflow conditions on the outer surface of 
the building. A dense greening produces a calm air cushion next to the outer wall, where the average 
wind velocity rests below 0.5 m/s.

Surface temperatures:
The leaf cover changes the balance of radiation at the outer wall. The corresponding air cushion and 
evaporation also produce a change in the thermal conditions. On sunny summer days the daily 
temperature amplitude of a greened wall is reduced by up to 30 degrees Celsius in comparison with a 
non-greened wall. In winter the surface temperature of a wall covered with evergreen plants stays 
about 2 degrees higher than a non-greened wall. On average, surface temperatures in summer are 1 
to 2 degrees lower for greened walls, depending on the orientation of the wall.

Heat loss:
A façade with a fully-developed, dense growth of evergreen plants exhibits a reduction in heat loss of 
roughly 6%. This underscores the critical point that a green façade contributes to heating insulation 
but does not replace an optimal structural insulation.

Air humidity inside the greening:
Changes in air humidity from greening are as a rule less than may be generally expected. Air 
humidity is between 2% and 8% lower in winter and between 4% and 20% higher in summer versus a 
non-greened wall.

Hard rains:
Green façades represent an effective protection against hard rains. A fully-developed leaf cover 
reduces the load of driving rain on an exterior wall to zero.

  

 

Fig. 6/6a: House grown-over with wild 
vines in fall (Stuttgart)

..

Fig. 6/6b: Façade Greening in Stuttgart
..

Table 6/3: Multi-annual climbing plants 
and criteria for their selection in façade 
greening, Source: KIESSL and RATH, 
1989

. 
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In general it is to be noted that façade greening improves the microclimatic conditions around a 
building itself; however, no long-distance effects are to be expected.

Problems are also frequently mentioned in connection with façade greening, especially building 
humidity and wall damage. In response, the above-mentioned studies found no disadvantageous 
effect of humidity, but rather spoke of a humidity protection effect on building components via the 
protection against rain provided by the green cover. Damages from greening are as a rule not to be 
expected in the presence of intact brickwork and plaster. To what extent a problem can arise for tall 
buildings from the large biomass required to cover its exterior (i.e. weight on the façade) has not yet 
been conclusively researched.
 

Legal Bases

Façade greening can be established as legally binding in a site plan in the same manner as roof 
greening and under the same conditions (cf. Chapter 6.1.4).

Example for this type of regulation:
"A third of the façade surface is to be greened. Technically founded exceptions can be allowed (§ 9 
(1) 25 BauGB)."

The option of decreeing localized (i.e. related to building law) construction specifications for the 
exterior design of structural features according to § 74 (1) LBO remains unchanged. 

Fig. 6/7: Schematic representation of 
microclimatic parameters for greened 
and non-greened façades as well as 
qualitative variations in profile of the 
significant measured variables in 
summer and winter 
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. 
6. Recommendations for Planning

.

.

6.2.3    Green Corridors

In addition to the importance of green spaces for reserving fresh air corridors, their function as 
dividing elements in the developed landscape must be given special consideration. The effectiveness 
and expansiveness of green spaces go hand in hand. Sufficient proportions of green space have a 
climate-regulating function. In general, the provision of meadows with a thin cover of trees and shrubs 
is especially favorable.

Green belts are particularly suited for the separation of residential areas from emitting industrial and 
commercial areas as well as heavily-trafficked roads. They function as spacers, aid air exchange, and 
dilute air pollution (cf. Section 6.3.3). In addition, similar to a filter they hold back powdery pollutants. 
Green breaks do not only represent a dividing element of urban design, they also signify interruptions 
in the heat islands characteristic to built-up areas, which supports small-scale air exchange 
processes between the city sections they divide and between areas with differing temperatures.
 .

Legal Bases

From an urban climate perspective, the realization of a sensible arrangement of built and unbuilt 
(green) spaces requires a coordinated interlinking of landscape plans / land-use plans and open-
space control plans / site plans (cf. Section 6.1.1). Climatic and air-hygiene maps represent – as 
described in Chapter 5 – an indispensable technical basis in this regard.

  

 

Fig. 6/14a: Green belt
..

Fig. 6/14b: Aeration potential of the city 
center of Freiburg in the annual 
average (RÖCKLE & RICHTER, 2003)
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. 
6. Recommendations for Planning

.

.

6.2.2    Fresh Air Supply

When cold-air production areas lie in or near the catchment areas of valleys and vales leading to 
developed areas, natural paths for the supply of fresh cold air are thereby provided, since cooler air 
continually flows towards lower topographical areas. The intensity of flow depends upon the size of 
the catchment area, the angle of slope inclination, the width of the valley, and the degree of freedom 
from obstruction. Cleaner fresh air can only be supplied by local air flows when the environment (in 
the form of the surrounding area and larger parks in cities) is intact and not excessively burdened by 
pollution.

Potential hindrances for cold air flow include: Narrowed sections of valleys, dams, noise protection 
barriers or walls, rows of trees perpendicular to valley alignment, and blockages from larger buildings 
or entirely enclosed urban structures. Cold air stalls when it encounters hindrances; its temperature 
drops strongly and air exchange is reduced in the area in front of and behind the hindrance (leading 
to danger of early or late frost or strengthened fog production). It is mostly the emanation of heat 
above built-up areas that leads to a reduction in the range and effect of cold air flow.

Also to be considered under this aspect are sections of road that run in the direction of cold air flow, 
even when they can be favored as hindrance-free corridors for air exchange near the ground. In the 
case of roads perpendicular to valley alignment, the thermal behavior of the narrow strip of road plays 
a subordinated role, whereby the hindrance effect of relief-altering measures (e.g. road dams and 
noise protection edifices) dominates.

Cross-municipal planning must take care that regional cold-air production areas can fulfill their special 
function. This includes the restriction of development on open areas and, where necessary, artificial 
foresting.

As long as slopes angled towards a city are already forested or foreseen for forestation, a sufficiently 
large surface in each case is to be kept open between the edge of the forest and the built-up area in 
order to ensure the daytime flow of especially valuable cold air out from the forest.

Valleys and other gorge-like features important for the supply of fresh air are to be maintained as 
fresh-air corridors and should be kept free of development to a particularly large extent. 
Perpendicular-standing buildings in lower valley areas represent a substantial hindrance. Large 
changes of elevation in the lengthwise profile of a valley are also to be avoided. Groups and rows of 
trees perpendicular to valley alignment are likewise obstructive for air exchange near the ground. As 
far as necessary in individual cases, a hindrance of the cold air flow can be overcome by thinning or 
clearing these trees. If necessary, a desired change in air flow direction can be accomplish by 
foresting in the shape of a cork at a different location. Urban structures should not intrude into valleys.
.

Legal Bases

The reservation of fresh air corridors can be secured through corresponding land use depictions and 
regulations in zoning codes and plans (e.g. as green spaces, sport and recreation facilities, or areas 
for agriculture). The establishment of minimum sizes for building lots (§ 9 (1) 3. BauGB) along the 
lines of Section 6.1.3 can also support the ventilation of an area.

In the explanatory report accompanying a land use plan (§ 5 (5) BauGB) or in the basis for a site plan 
(§ 9 (8) BauGB), the local climatic importance of the affected areas to provision of fresh air for 
developed locales is particularly to be addressed.

  

 

Fig. 6/8: Ventilated city
..

Fig. 6/9: Dam as obstruction; a bridge 
does not impede cold air flow

. 

Fig. 6/10: Row of trees as obstruction; 
building as obstruction 

. 

Fig. 6/11: Hillside buildings 
. 



Fig. 6/12: "Corking" 
. 

Fig. 6/13: Redirection of cold air flow 
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. 
6. Recommendations for Planning

.

.

6.2.1    Cold Air Production

Proportional to their size, green open spaces – that is, meadows, fields, fallow land, and cultivated 
areas with low vegetation cover – produce 10 to 12 m3 of cold air per square meter per hour as a 
result of their nightly cooling. When the cold air does not flow elsewhere, this raises the upper 
boundary of the cold air layer by 0.2 m per minute. Thus a cold air layer 12 meters thick can arise in 
the span of an hour. The high cold-air productivity of green open space is connected with the 
characteristic that cold air flowing away from these areas is only slightly constrained by flow 
hindrances.

Forest areas likewise function as nightly cold air producers. A forest will cool a larger volume of air 
than an equivalent area of open space; however, the air does not reach the low temperatures of the 
open space. The upper surface of the canopy in a deciduous or evergreen forest shields the forest 
floor from the atmosphere, so that the central layer of the forest is neither as strongly heated during 
the day nor cools as much during the night as the layer of air above an open area. This balancing 
effect on the daily variation of air temperature allows forests near urban areas to produce cold air 
during the day as well for the benefit of the developed area. Forest areas on northern and eastern 
slopes, which are subject to lesser sun exposure, are especially favorable for daily cooling.
.

Legal Bases

The graphical and regulatory options discussed in Section 6.1.1 come into consideration here in 
principle. The establishment of areas for agriculture or forests must make sure that land- and forest-
related economic interests are dealt with. Areas in construction sites to be kept free of development, 
as a rule, can only be established for reasons of urban planning. These include the layout of the local 
and landscape images, the securing of views on slopes, and the requirements of sufficient ventilation. 
The concretely-established land use on these areas is then directed towards the respective urban 
development goal.

.
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