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Introduction

The following work comprises a scientific examination about the usage of climatic phenom-
ena in the design of urban spaces. With regards to the content, the work is not exclusively 
focusing on how to use various climate phenomena in particular constellations, but is there-
by always involving the aspect of human thermal comfort as most relevant indicator for an 
efficient urban climate based design.

Urbanisation and rapid growth including constantly increasing spatial densification as well 
as high motorization rates identify nowadays cityscapes and thereby noticeably modify ur-
ban climate and microclimate contexts with serious negative environmental impacts. Heat 
waves constantly develop to be stronger and at once endure longer: an aspect which especial-
ly causes the increase of heat related diseases and the occurrence of heat stress. As a result of 
spatial densification, wind flows and conditions in urban areas will become more and more 
unstable, which is due to rapidly wind changes and turbulences. In terms of the growing mo-
torization rate, pollution will constantly increase and with it, the percentage of dust particle 
concentration in the air. Besides, the urban air becomes more and more dry, while humidity 
will constantly decrease. Hence, in terms of a sustainable city development and especially 
with regards to the human comfort and health, these problems will turn out as one of the 
most relevant future aspects in urban planning and design. 

In fact, designing urban climate on a greater city area scale can significantly influence urban 
climate conditions in general, however on the urban microclimate level, which is correlated 
to the humans` directly felt environment, it is much harder to notice these changes. There-
fore, it is necessarily important to focus urban climate design more on the microclimate level 
as it concerns the actual perceptible part in the humans´ immediate environment. Especially 
in terms of creating comfortable and livable environments for humans as well as responding 
to humans´ everyday needs as primary characteristics of the planning professions like land-
scape architecture or urban design, it is only logical to establish climate design as indispens-
able designing layer besides physical attractiveness, functionality and composition.
Thereby, it is important, to first understand the urban space microclimate context in order to 
know how to regulate and affect climate conditions in smaller areas on a design based level 
and therewith achieve to provide better environments for humans. Because when people 
don´t feel themselves thermally comfortable in an urban outdoor surrounding, it is unlikely 
that spaces will be used independent of physical design features.

The following work is divided into four chapters. In order to get into the topic of urban mi-
croclimate, the first chapter comprises an introductive part about urban climate in general 
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and its differences compared to a rural climate.  Based on that, the second part deals with 
the negative effects, which develop from urban climate as well as possibilities and chances 
(in terms of planning and design) to reduce and handle these effects within urban areas. The 
third part of this Master´s Thesis covers the aspect of the human thermal comfort as an in-
dispensable topic of climate design and its importance in planning. In order to show how to 
handle the described urban climatic phenomena while planning, the concluding chapter of 
this work comprises a practical examination with the topic. Thereby, it was chosen an urban 
area within the city area of Munich, Germany, which can be understood as prime example 
for urban climate problems and therewith marks an appropriate “test area” to implement 
planning and design methods to improve local climate conditions.
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1. Urban Climate

Climate is a very powerful aspect, which influences our behaviour and habits in everyday life 
decisively, no matter in which part of the world we live. If it is warm, life is predominantly 
displaced outdoors and concentrated on areas with a comfortable, exhilarant temperature. In 
regions with an averaged colder climate on the other hand, there is rather the need to shelter 
and protect from the prevailing local weather and wind conditions in order to feel warmer. 
We buy clothes according to local climate conditions and even certain jobs as well as outdoor 
activities are relaying to respective local conditions.

Local climate in general comprises on the one hand a number of physical aspects as for ex-
ample surface conditions and is on the other hand characterized by factors like temperature, 
moisture content of the air, air quality, precipitation, wind and insolation. Erell et. al. 2011: 
3) By this, local climate is defined as average of weather conditions, which are recorded over 
a longer period in the respective region. As defined by the World Meteorological Organiza-
tion (WMO), the typical period thereby adds up to 30 years. Climate in a wider sense can 
be understood as a state, including a statistical description of the climate system (Ding et al. 
2001: 787).  
Speaking about an urban climate as a particular “type” of climate, it is rather difficult to 
classify it by a certain location, as the term “urban” has different definitions according to 
the respective national census definition, which varies significantly from country to country 
(Erell et. al. 2011: 3). However, these distinctive definitions about the term “urban” accord 
with one certain aspect: the anthropological influence. Hence, on a global valid level, an ur-
ban area can be generalized as region or area which is characterized by man-made elements 
like buildings, roads, parking areas, factories etc. and therewith creates around and above it a 
modified climate with which it interacts (compared to a rural or natural environment)  (Giv-
oni 1989: 1-2). In the following, the spatial spread of urban climate and microclimate should 
be referred to this definition of the term “urban”.

Urban and rural climate differ significantly from each other. As already stated above, this is 
due to the anthropological intervention in urban areas. Primarily this comprises on the one 
hand the usage of different, “unnatural” materials, but also the modification of surface condi-
tions on the other hand. While a natural, rural environment is characterized by vegetation as 
well as loose and generally permeable soil, urban areas in contrast are predominantly  defined 
by a highly compact and impermeable surface (Landsberg 1981). The man-made structures 
thereby increase respectively decrease effects of particular climate phenomena decisively and 
cause significant local climate changes, while in comparison the climate in naturally grown 
environments changes in a relatively subtle process. Thereby the main differences and im-
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pacts which can be noticed in an urban characterized environment (compared to a rural en-
vironment) are explainable by meteorological factors such as occurring cloudiness and wind 
speed as well as “unnatural” physical aspects like building structures or street design. How-
ever, the main difference, which furthermore affects the human comfort, are a significantly 
higher air temperature on the one hand and the higher wind speeds on the street level on the 
other hand. These are mainly caused by variations in the radiant balance within an urban 
space, which include the heat exchange between the ground and the buildings, air flows as 
well as general heat generations (Baruch 1998).

The lowest part of the urbanized area atmosphere is the so called urban boundary layer (Fig-
ure 1.). By definition, this layer is primarily affected by the directly built up terrain of the ur-
ban area and thereby covers the entire air volume above the city. Thereby it extends to about 
ten times the height of the urban area's buildings. The urban boundary layer is divided into 
four sub-layers: the so called mixed, surface, roughness and urban canopy layer. When we 
are talking about urban climate problems on an overall view, it is usually done with regards 

Figure 1. Layers of the urban climate (Erell et al. 2011)
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to all these sub-layers. However, when concerning urban design and planning  issues, climate 
aspects are exclusively discussed on the lowest level of the urban canopy layer: the urban 
canopy layer. 
The urban canopy layer extends from the ground level up to the height of objects like trees or 
buildings. To this, is is characterized by a relatively high level of heterogeneity, as the canopy 
layer's conditions vary significantly from point to point. Design parameters like certain pro-
portions of space, thermal and optical qualities of materials as well as the use of vegetation 
describe exemplary aspects that modify climate conditions at this scale (Erell et al. 2011: 15-
17)

When talking about urban related climate phenomena and problems, in the literature there 
are predominantly mentioned three key aspects, which are also considered to kindle global 
warming: urban heat island, urban wind field and urban radiation and sunshine.

1.1.1 Urban heat island (UHI) 

In 1820, Luke Howard, who is often named as “father of meteorology” in the literature, was 
the first, pointing out the fact about significant temperature differences between London's 
city area and its rural surrounding regions (Landsberg 1981: 4-5). In connection with that 
it was also the first time the so called Urban heat island (UHI) phenomenon has been men-
tioned in the literature. 

The UHI is defined by Erell et al (2011) as follows: “Under certain weather conditions a sub-
stantial difference in temperature may be observed between a city and its surrounding rural 
areas. When isotherms are drawn for the area in question, the city is apparent as a series of 
concentric, closed lines of higher temperature, with maximum values recorded at or near the 
densest part of the urban area.” The difference is made by the temperature, which has been 
measured in the same place in the past and nowadays (Erell et al. 2011: 66). 
As however the distinction into the “urban” and “rural” areas nowadays is not so definite 
and as areas within the city are partly agriculturally used, defining the transition between the 
urban centre and its real natural surroundings becomes more and more difficult (Figure 2.). 
When talking about temperature differences, the biggest elevation differences of 3-5C or even 
up to 8-10C can be observed during a clear sky night. Temperature differences during the day 

Figure 2. How temperature changes in urban environment (Erell et al. 2011)
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however usually only come up with 1-2C (Landsberg 1981), as the sun radiation is so strong 
that the air  temperature in rural and urban areas reaches a relatively similar level. At night 
however, the materiality which defines an urban environment by buildings or pavings, starts 
to radiate the heat, which was saved during the day. In contrast to an urban environment, a 
natural environment doesn't heat up that strong and in return  also cools down significantly 
faster.
The warming and raising of air temperatures in urban environments is thereby not equally 
equivalent to all the sealed and overbuilt areas, but is dependant on the characteristics of 
different used materials. 
The solar energy is composed of UV-rays, visible light and infrared energy, while 5% com-
prises the UV spectrum, 43% the visible light and 53% the infrared energy. Thereby all the 
wavelengths of the sun’s energy contribute to the urban island formation. In terms of the solar 
reflectance, especially the material colour plays an essential role: the lighter the material is, 
the more the surface reflects sunlight and the less the material heats up. In urban areas how-
ever, the percentage of materials with a lower albedo like asphalt or roof materials is relatively 
high, which explains the heat and temperature differences compared to rural areas. Another 
aspect is the material heat capacity. For instance, materials like steel and stone have a much 
higher heat capacity than rural materials like sand and soil. As a result, they can absorb more 
heat during the day and in return cool down slower during the night (Reducing Urban… 
2008: 8). In fact, the metropolitan area cores can absorb and store twice the amount of heat 
compared to their rural surroundings (Christen, Vogt 2004). 
Besides sealed and overbuilt areas, an urban environment however should also provide a cer-
tain percentage of green spaces and vegetation areas in order to balance the urban climate. As 
a reduction of trees in urban spaces causes the temperature to rise (Reducing Urban… 2008: 
7), vegetation has an indispensable meaning in terms of cooling and regulating local climate 
conditions. Besides that, vegetation also provides shade and at the same time intercept the 
solar radiation. Thereby it blocks incoming longwave radiation from the sun and outgoing 
radiation emitted by the surfaces (Erell et al. 2011: 73). The air temperature itself is reduced 
by the so called process of evapotranspiration, where plants release water to their surround-
ing air and thereby dissipate the ambient heat (Reducing Urban… 2008: 7). In addition, soils 
which are not covered or overbuilt can also contribute to evaporating the air. In this regard, 
paved or overbuilt areas have a relatively low capability, as water is directly lead into the rain-
water systems.
Speaking of materials, overbuilt areas and green spaces as UHI related aspects, it is also nec-
essary to consider the physical constitution means the urban geometry and density of a city. 
The urban geometry primarily influences in how far heat can be absorbed respectively the 
air can be cooled subsequently. In addition, it also affects wind flow, energy absorption and 
given surface ability to emit long-wave radiation back to the atmosphere. For instance, build-
ings set up in a row turn into compact thermal masses and thereby cannot release absorbed 
heat very fast at night. Although buildings can cast shade during the daytime , the sun energy 
is reflected and absorbed by the building walls, which further lowers the city’s overall albedo 
(Reducing Urban… 2008: 9).

Besides the prevailing physical conditions, the aspect of human activity also  significantly con-
tributes to the UHI effect and is thereby modifying the urban atmosphere in different ways. Es-
pecially increasing industrial emissions and exhaust fumes from vehicles affect the The UHIs´ 
intensity dramatically. Heat leaving the houses in the winter as well as air conditioning waste 
heat in the summer raises the temperature generally. To this, the high CO2 emission concen-
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tration in urban areas does not allow the heat to leave the near-surface atmosphere (Erell et al. 
2011: 75). With the constant increasing of the UHI effect, the energy consumption in return 
gets further raised - a vicious circle. In terms to avoid buildings to heat up in the summer, there 
will be more and more the need for cooling systems in the future. Although during the winter 
the UHI effect is supposed to have a positive effect for the local surroundings, it still cannot be 
considered as positive aspect in terms of a healthy environment (Reducing Urban...2008:13). 

Not least, the local weather conditions as well as the geographic location contributes to the 
increasing or decreasing of those factors. Weather for example influences the amount of solar 
radiation that can be absorbed by urban areas. When it’s cloudy during the daytime, the solar 
radiation is considerably small. During the night in return a clouded sky doesn't let the heat 
to radiate. Geographical aspects however, play an important role when speaking about wind 
activities in a certain region or area. Although relatively warm and comfortable summer 
nights in predominantly colder regions or considerably warmer city centers in the winter are 
sometimes considered to be welcome side effects of the UHI, it is neither good for the envi-
ronment nor for the human health. 

As already mentioned in the beginning of the chapter, the UHI effect primarily plays a nega-
tive role for global warming. On the one hand, urban heat contributes noticeable to tempera-
ture trends in terms of a large-scale measurement, while on the other hand urban areas are 
among others largely responsible for worldwide produced greenhouse gases. In principle, the 
denser an urban area or city is, the more greenhouse gases are emitted. Consequently, most of 
the greenhouse gas emissions are related to the busy urban areas and contribute to both, local 
and global-scale weather and climate modification (Erell et al. 2011: 100-101).
Besides the contribution to global warming effects, the UHI aspect means an enormous risk 
to the human health. Increased daytime temperatures, reduced night time cooling as well as 
air pollution thereby involve problems like general discomfort, respiratory difficulties, heat 
cramps and exhaustion, non-fatal heat stroke and heat related mortality. The health risk of 
children and elderly people for instance has already increased significantly on the cause of 
the UHI effect (Reducing Urban… 2008: 14). Especially the lack of relief in air temperatures 
during the nighttime is strongly correlated with increased mortality during heat waves. Some 
studies even suggest that these oppressive nighttime temperatures may be more significant 
than high maximum daytime temperatures (Kalkstein 1991). 

It is rather difficult to avoid urban heat island effects nowadays, when around  54% of the 
world's´ population is living in urban areas (World’s population… 2014). As city growth and 
inhabitant density will predictable increase in the future, it is inescapable to develop solutions 
and strategies in terms of handling the UHI effect in a forward-looking way. The most obvious 
approach of course would be to develop appropriate strategies to reduce emissions generated 
by human activities. However, in terms of urban design and planning the described aspects 
like urban vegetation and materiality thereby hold the most promising potential. As already 
mentioned before, an increase of trees and vegetation does not only help to cool down the 
air temperature significantly, but does also protect from solar radiation and thereby a heating 
up of the surfaces. In summertime, only 10-30% of the sun’s energy reaches the directly area 
below a tree, which is also due to the process of photosynthesis and the partly reflection back 
to the atmosphere. In the winter the percentage is about 10-80%, depending on the type of a 
tree (Huang et. al 1990). In combination with the evapotranspiration effect, shading can even 
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reduce the peak summer air temperatures significantly (Reducing Urban… 2008: 3). Thereby, 
various studies (Akbari et. al 1997)(Simpson McPherson 1998) show measured temperature 
differences as follows: 

-  Peak air temperatures in tree groves that are up to 5 degrees cooler than compared to open, 
vegetation free areas
-  Air temperatures over irrigated agri cultural fields that are 3 degrees cooler than air over 
bare, vegetation free ground
-  Suburban areas with mature trees that are 2 to 3 degrees cooler than new suburban areas without trees.
-  Temperatures over grass sports fields that are up to 1 to 2 degrees cooler than over bordering areas 
Besides vegetation in urban spaces, also the buildings can contribute to reducing heat sig-
nificantly by increasing the amount of roof greening. Green roofs are capable to reduce air 
temperatures the same way like trees. For instance, it can help to keep buildings cooler, as 
they reduce ambient air temperatures and thereby avoid heat flowing through the roof into 
the building. In return, the reduced temperatures around the green roof can also achieve, that 
less heat (which is emitted by the buildings) will be transferred to the air above, which can 
also contribute to keep the urban air temperatures lower (Reducing Urban… 2008 ).  
In addition to the usage of vegetation as an efficient tool to reduce the UHI effect, also a 
thoughtful handling with surface materials can be a way to reduce heat in an urban environ-
ment. Thereby, so called cool roofs could be one reasonable option. In comparison to “green” 
materials, cold roofs work with high reflective materials. These are predominantly white or 
with a lighter colour and show relatively high albedo data. Thereby, the coolest roof mate-
rials can have a solar reflectance of more than 65%. These materials can also provide a high 
thermal emittance, in order not to heat up too much (Reducing Urban… 2008: ). In return, 
traditional roofing materials have a relatively low solar reflectance of simply 5-15%. Besides 
roofing, it is also possible to work with these “cool” materials in urban spaces, as for instance 
in terms of paving. Cool pavements are thereby called materials, which do not absorb so 
much heat during the day and in return stay cool like this during the night. To this they also 
feature a higher albedo in terms of  reflecting solar radiation (Reducing Urban… 2008: ).  

1.1.2 Urban wind field 

Regional winds are generated by climatic distinctions in the atmospheric pressure, which is 
due to the uneven distribution of solar radiation, temperature differences and air density all 
over the world. These respective air masses, called gradient winds, flow up to several hundred 
meters above the ground. Their speed thereby differs slightly by the respective distance to the 
earth’s surface. Near the ground level, the wind masses experience different forms of friction, 
which on the one hand explains a generally lower wind speed compared to higher levels in 
the atmosphere and on the other hand the appearance of turbulences. Turbulences thereby 
differ significantly between rural environments and urban areas. In a rural environment, 
wind predominantly encounters natural structures like vegetation and landscaped surfaces, 
which generally helps to increase the wind speed near the ground.  In urban characterized ar-
eas however, wind and wind speed is affected by completely different physical circumstances 
(Baruch 1998:257-259) which makes for divergent wind modifications. The wind conditions 
on street level depend on the gradient wind speed. 
Urbanization has a noticeable influence on the local wind speed and its near-surface direc-
tion of flow. On the one hand this is mainly attributed to the urban heat island effect and 
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on the other hand to a constant change in surface roughness, which results in a complex 
urban wind field structure. Even under ideal weather synoptic conditions, an appearance of 
irregular air flows is still likely due to diverse local factors which influence the urban wind 
distribution (Santamouris 2013: 100). Urban street-wind directions however, are primarily 
influenced by the general regional wind directions. Under certain meteorological conditions, 
the average wind speed in the city can be even higher, compared to rural areas. 
Within the urban-canopy layer, wind speeds happen to be extremely variable. Especially the 
variety in urban elements influence the velocity of wind at street level considerably. Thereby 
aspects like orientation or width of the street as well as height, density and distribution of 
high-rise buildings among low-rise buildings have a significant impact on local urban wind 
conditions. Furthermore a higher roughness in the urban surface increases the resistance and 
reduces the wind flow at the urban canopy layer. The so called roughness elements of a city 
are thereby mainly buildings, which reduce the speed though their sharp edged structures 
and stiff materials. The urban wind field aspect is pointed out by Munn (1970) as follows: 
“Urban space is not randomly distributed in space, but is organized into city blocks, with 
street forming corridors in between for the wind flow. The airflow above and around the 
buildings remains at lower overall speed and higher turbulence, due to the friction by the 
housing. The characteristics of urban wind field are lower average wind speed, but higher 
speed variations and turbulence, compared to the wind flow over the rural areas.” 
Although in rural areas wind also encounters the roughness of the element, it is not as rigid as 
in urban characterized environments, which explains the relatively soft turbulences (Santam-
ouris 2013). Gould (1972) points out that in the urban areas the wind turbulence may reach 
up to 30%, while in rural areas it is only 10%. Although the overall wind speeds at the street 
level are not so high, the percentage of turbulences is almost 3 times higher.

Figure 3. Schematic section showing typical pattern of air-flow over an isolated build-
ing, depicted as streamlines (top) and general flow zones (bottom) (Erell et al. 2011)
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Urban wind conditions and turbulences imply a very complex local wind field structure. 
Due to inhomogeneous wind flows and resulting air exchange, urban ventilation marks one 
of the most serious problems. The generally poor ventilation conditions in especially  dense 
urban centers and spaces have a significant impact on the concentration of air pollutants on 
the street level (Baruch 1998: 256-257). This primarily results in serious effects on the human 
health and comfort. Although the high turbulence rate might have a positive effect in warmer 
regions, it can also create an uncomfortable environment in colder regions. Another negative 
effect of the urban wind field is the lack of ventilation with regards to the interaction with the 
buildings: in addition to the aspect of the urban heat island this also implies a higher energy 
demand in terms of a sufficient cooling.     

Finding an appropriate solution for modifying and improving urban wind speed and turbu-
lences, there are two essential aspects which should be considered in urban design planning: 
the average height of the housing complexes and the distance between them. Having wider 
streets and at the same time a low variation in the height of buildings could lower the wind 
speed in urban areas significantly (Baruch 1998: 261). Orientating streets towards the wind 
direction in addition, intensifies the strength of the wind, increases ventilation around build-
ings and furthermore decreases friction and turbulences (Baruch 1998: 261-263). However 
implementing this modification strategies as well as achieving noticeable results is rather 
difficult, as wind directions are changing constantly and future city planning hardly leaves 
space with regards to the ongoing urbanization process.

1.1.3 Urban radiation and sunshine 

The earth’s surface is gaining heat from short wave solar radiation and in return loses it 
through outgoing longwave radiation. Thereby, the absorbed heat is radiated the whole day 
long, while the heat gaining process itself, is exclusively taking place during the daytime. In 
rural areas, the ground temperature is usually much higher than the one of the air above. The 
absorbed radiation raises the temperature of the soil as well as the temperature of the water 
content of the soil. Thereby, the directly surfaces´ temperature of the ground gets reduced. 
This can be explained due to the solar energy expanding into deeper layers in the ground 
during the daytime. At nighttime in return, it starts to move back towards the ground’s sur-
face. The energy which is not absorbed by the surfaces is reflected back to the atmosphere 
without a drastically increase in the air temperature (Baruch 1998: 266-267).  
The urban area radiation however, differs significantly from the one in a rural environment. 
In dense built up areas, the greater percentage of incoming solar radiation is primarily ab-
sorbed by roofs and vertical surfaces. The higher the buildings are, the less radiation reaches 
the ground. Thereby, the percentage of solar radiation, which is absorbed or reflected by the 
roofs is strongly depending on the usage of respective materials. A remarkable part of the 
incoming radiation gets reflected by the walls, while in return it either gets partially absorbed 
by other walls or even gets reflected again. Vertical surfaces are thereby usually blocked from 
incoming solar radiation, which explains the significantly little heat loss in the long wave ra-
diant exchange between building walls. In the end of this solar radiation bouncing progress 
only a little part finally reaches the ground level. As the incoming solar radiation thereby re-
mains predominantly in the level above and around the height of the buildings, consequently, 
heat loss in dense urban environments result from a cooling effect near the ground's surface. 
However, the absorbed heat may not influence the temperature within the direct ground 
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layer, it still affects the air of the urban dome and though downwinds to the ground surfaces 
(Baruch 1998: 268). 
Although the amount of solar energy absorbed in rural and urban areas is the same, the 
thermal results show a different picture. As the solar radiation's impact within an urban envi-
ronment differs significantly from “natural” respective rural conditions, especially during hot 
summer seasons the human's comfort moving within urban outdoor spaces is remarkably 
influenced. In rural areas, the main heat stress for the human body results exclusively from 
the direct exposure to the sun. In urban areas however, the human body is not directly ex-
posed to the solar radiation. The thermal load therewith correlates to the lower wind speeds 
near the ground level. As the general air temperature in urban areas is higher than in rural 
areas, the human body cannot discharge a proper amount of heat to the urban atmosphere 
and thus is exposed to a higher heat load than he would be in a rural surrounding (Baruch 
1998: 268-270). 

Besides the thermal load aspect as urban related problem, also the higher percentage of air 
pollution resulting from various sources like industries, traffic or domestic heating displays 
a relevant aspect when talking about urban radiation. Pollutants and particulate material are 
able to absorb and scatter incoming sun rays. In terms of local urban weather measurements, 
this effect cannot be left unconsidered, as it causes significant differences in sunshine within 
the urban environment. This effect usually only can be noticed in mountainous areas. For 
example, in urban industrial areas a sunshine loss of 10 up to 20% is possible (Landsberg 
1981: 53). 
Terpitz (1965) compared the solar energy received on a horizontal surface in Trier, Germany 
(a city with less air pollution) and Köln, Germany (a industrial influenced city with a higher 
percentage of air pollution). The study showed, that during the cold season less radiation was 
received in the city area of Köln than in the urban area of Trier. For example, in december, 
a difference of around 25% of incoming solar radiation was noticeable. The summer season 

Figure 4. How vegetation influences solar radiation (Brown, Gillespie 1995)
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however didn't show that high divergences (Terpitz 1965). Pollution not only forms a hardly 
permeable layer for solar radiation, but is in return also preventing heat to leave to the atmo-
sphere and is thereby supporting the greenhouse effect.  

1.2 Green areas impact to urban climate problems. 

Considering the issues resulting from the urban climate aspects stated in this chapter, it is 
readable that the cities whole physiognomy, the urban “hardware” primarily contributes to 
the intensification of this climatic problems. In terms of future city growth and the ongoing 
process of urbanization as well as densification it is however difficult to consider an urban 
geometry modification as a promising solution to cope with urban related climate problems 
in an efficient and forward-looking way.  However, working with urban software aspects like 
materiality describes rather a promising way to provide effective contributions to urban cli-
mate modifications. Besides alteration in building materials, “green materials” and vegetation 
can be thereby the right promising answer (Figure 4.). 

Mitigating the urban heat island and reducing solar radiation by intercepting incoming ra-
diation before it reaches the ground, using the absorbed energy for photosynthesis as well as 
evaporation processes are thereby just the most obvious potentials vegetation is capable to 
provide. By using solar related absorbed energy for photosynthesis, a decrease of tempera-
ture in the plant’s immediate surrounding is generally noticeable. However, the efficiency of 
this way of energy transformation shows relatively low results (Givoni 1991). Therefore the 
evaporation process is more effective in cooling the surroundings, as it “consumes” the ma-
jor part of the absorbed solar radiation. During the transpiration process itself, soil water is 
transported to the leaves and released to the surrounding air. The intensity of transpiration 
thereby is directly correlated to the photosynthesis process, since it happens only when leaf 
pores are open in connection to  CO2 absorption. This exclusively happens on daytime, when 
climatic conditions for photosynthesis are ideal (Bonan 2002). By cooling the leaves and the 
air around the plant, the process of evaporation is not only generating moderate tempera-
tures, but is also humidifying the surrounding air. The overall result shows, that planted areas 
are noticeably cooler than non-planted areas in the immediate environment (Baruch 1998: 
307). Besides these physical processes, trees and shrubs can additionally provide a cool sur-
rounding by shading ground surfaces with a particularly higher heat capacity.  As a result of 
reduced long-wave radiation on the one hand and lower surface temperatures on the other 
hand, humans are generally less subjected to radiation heat load.

Besides the vegetations` capability to modify radiation and heat related climatic aspects with-
in an urban environment, also the wind field aspect can be handled by a respective use of 
“green materials”. However, this is primarily dependant on the vegetation type and compo-
sition, which is used in the green spaces of urban areas. Grassy areas for example, only pose 
a little friction on the airflow. Bushes in return are able to block quite well airflows in near-
ground layers. Trees in general though can imply the biggest impact on near-ground wind 
flows, depending on the type and composition density. Single isolated trees, spread around a 
green space may already concentrate and channel the airflow  below the canopy and by that 
modify and improve ventilation conditions near the ground. However, dense planted trees 
even multiply this effect and reduce the wind speed noticeably. For instance, in stormy areas, 
this kind of “tree belts” describe an essential design feature (Baruch 1998: 307).



15

In addition to positive climatic effects, vegetation and urban green spaces also serve the  
social and psychological needs of citizens. Parks and other green areas create a feeling of 
“community” within predominantly anonym urban areas. Especially in lower-income city 
parts, green spaces as platform for social interaction is essentially important, as living is often 
limited to dense housing complexes. Besides, they can cover recreation and entertainment 
functions, but thereby always play a different role, dependant on the respective part of a city 
(Baruch 1998: 324). In this regards, parks and other green areas not exclusively help to mod-
ify the physical climate conditions, but also play a big role when speaking about the social 
climate between different people groups.
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2. Urban Microclimate Modification

By Oke (1988) urban climate can be explained by following spatial scales: the macro-, meso-, 
local/urban- and micro-scale. Besides dimensional aspects, they differ additionally in char-
acteristical aspects when speaking of respective occurring climate phenomena.
The macro-scale is generally used for describing air masses and pressure systems which are 
related to the overall weather conditions and therewith deals with phenomena that are viewed 
on a bigger spread of hundreds of kilometers. While large urban areas may in fact influence 
such weather patterns, this scale principally does not resolve detailed features of a city. The 
meso-scale describes a terrain in order of a magnitude of 10 and up to 200 km, whereas urban 
areas and their internal climatic effects are already clearly identifiable. At a local scale, a reso-
lution of single kilometers or less can already clearly reflect man-made objects such as build-
ings, which - in the context of a city or a town - describe the urban fabric. This scale, which is 
also used for investigating urban climate, ranges between 100 and 50 km. The last scale - the 
so called micro scale - is considered from a spread of 1 cm up to 1 km. At this scale, the local 
climate is modified by respective design parameters like proportions of certain spaces, used 
materials or, for instance, vegetation.

Figure 5. Physical factors influencing outdoor microclimate experience  (Lenzholzer 2015)
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Hence, when speaking about microclimate, it basically concerns the climate of generally 
small spaces within an urban environment. To this, their respective climates differ signifi-
cantly from their direct surrounding areas and microclimatic aspects like air temperature, 
wind flow and radiation balance may already range from a few centimeters up to several 
kilometers. Thereby, the conditions are on the one hand influenced by the physical nature of 
the surroundings and on the other hand by the climate of the surrounding region (Erell et al. 
2011: 47). The microclimate scale is also the scale, in which humans are sensible exposed to 
local climate conditions and experience them under different conditions and constellations: 
walking in an open space on a windy winter day, leaning into the wind, we feel the face get-
ting numb with the cold. Stepping quickly into a bus shelter where the air is calm, we at once 
feel the climate being more calm than it was outdoors. The human body interprets particular 
microclimates as comfortable or uncomfortable, which is why he is willing to spend more 
time in certain environments than in others(Figure 5.). 
When a regional climate interacts with the variety of local landscapes, a multitude of unique 
microclimates develope. In terms of “designing” urban climate, this variety of individual mi-
croclimates makes it though difficult to develop a climate strategy on an overall city level. 
When planning with urban climate it is therefore more reasonable to act on the microclimate 
level, as respective conditions are easier to capture and to handle.

2.1 Radiation modification 

The earth’s climate is a solar powered system. However, the incoming radiation is reaching 
the earth’s surface unevenly, it is the most important factor for keeping the earth's climate 
system running (Figure 6.). It thereby drives a variety of the earth’s important processes like 
photosynthesis, fuels evaporation, melting ice and snow as well as warming. In total, the 
overall absorbed solar power per square meter describes an average of 240w. Although the 

Figure 6. Sun radiation and how it changes (Lenzholzer 2015)
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Table 1. List of albedo, emissivity and thermal conductivity of different materials 
(Lenzholzer 2015)

sun is heating up the earth by constant radiation, it doesn’t get hotter, which is due to keeping 
the temperature balance by either radiating absorbed heat or reflecting a certain percentage 
of the incoming solar radiation back to the atmosphere (Lindsey 2009). 
When modifying urban microclimate with regards to solar radiation, it is necessary to first 
understand the different physical properties of sunlight. Sunlight always travels in a straight 
line and doesn’t waver until it is intercepted or deflected by an object. Thereby, we count the 
sunbeams to be exactly parallel, as we can derive from shadows casted by objects in different 
places in the landscape. 

Radiation can be classified into two types: the solar radiation (originating straight from the 
sun) and the terrestrial radiation (as radiation emitted from objects on earth). Solar radia-
tion is thereby differed into visible radiation, so called light and invisible radiation, what we 
know as infrared light. Although they feature the same characteristics, they differ noticeable 
with regards to their respective effect on the microclimate. Most of the visible solar radiation, 
which is received by vegetation, gets absorbed. Only a small percentage of 10% each is either 
reflected or transmitted. In return, about 30% of the infrared solar radiation is transmitted 
through the leaves,  40% is reflected and only 20% is absorbed (Brown, Gillespie 1995: 47-48). 
This is explainable, as leaves primarily need visible light to grow. The transmitted infrared 
light although still is responsible for heating shaded areas underneath the plant. 

However terrestrial radiation is non-visible, it is though significantly sensible. The higher an 
object’s temperature is, the higher gets the percentage of the overall emitted terrestrial radia-
tion (Brown, Gillespie 1995: 97-98). 
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All the radiation moves in straight lines, which makes it possible to calculate within a reliable 
absorption-radiation geometry. Modifying the radiation in urban space has limitless options, 
as every single object has its individual characteristics in reflecting, absorbing or transmit-
ting radiation. In this respect, some of them also have a higher significance for microclimate 
modification than others. Speaking of objects within an urban environment, solid structures 
like building materials (hard landscape elements) and vegetation (soft landscape elements) 
describe the most relevant ones. These main urban landscape elements primarily react to so-
lar radiation by their physical characteristics like size, heat storage capability or transmissiv-
ity as well as their respective location and orientation within the urban context. It’s possible 
to intercept radiation before it is reaching an object by placing another object on the path. 
The amount of absorbed and reflected radiation is thereby adjustable by the usage of different 
materials (Brown, Gillespie 1995: 112). 

Table 2. Characteristics of selected trees commonly used in design (Brown, Gillespie 1995)
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Hard landscape elements show a big variety in their characteristics, which makes them high-
ly valuable in terms of solar radiation modification. First, solid structures (like for example 
walls) have the ability to shade; only 10% of the solar radiation gets transmitted (for example 
on a sunny day). In addition, the different materials provide a wide albedo spectrum, starting 
from asphalt (about 5-15%) and ending with a white paint (about 50-90%). Depending on its 
age, snow for example can also range from around 40%-95%. The generall plants´ albedo in 
return is not that high. The albedo of a deciduous tree for instance is only about 5-15% high. 
When choosing hard landscape elements it’s also important to keep all the elements' respec-
tive characteristics into consideration. Thereby, asphalt and concrete show a good example. 
Due to the material's albedo difference, 
In the morning time, the human body senses solar radiation less on asphalt than on concrete, 
which can be explained by the material's albedo difference. Thereby, the concrete's surface 
reflects a significantly higher amount of the incoming solar radiation than the asphalt. As 
the surfaces then aren't so warm yet, the general amount of terrestrial radiation is obviously 
smaller - hence the overall amount of received radiation per person is unsignificantly small. 
After the sunset however, the radiation which has been absorbed during the daytime, will be 
emitted considerably higher by the asphalt than by the concrete. Considering this data, it is 
important to analyze, at what time of the day spaces with respective materials are used, in 
order to  be able to react and taking this into consideration, when creating an overall micro-
climatical comfortable environment for people (Brown, Gillespie 1995: 113-114).  
In comparison to the so called hard elements, vegetation like deciduous and conifers can 
provide different features in terms of a microclimate modification. A tree’s leaf generally lets 
infrared radiation through, however branches and twigs don´t. If trees consisted exclusively 
of leaves, around ¼ of the received solar radiation would go through and cause the surface 
underneath to heat up significantly. 
The intercepted radiation is depending on the species, as some show a bigger amount of in-
terception capacity in the summer with a leafy crown than others in a leafless state during the 
winter (Brown, Gillespie 1995: 114). Following plant characteristics additionally affect solar 
radiation:

The amount of radiation transmitted through the leaves is 20%, 50% is absorbed and 30% of 
solar radiation is reflected.
leafing in spring and dropping in autumn (specific characteristics depending on a plant type)
The size of the plants
The transmissivity of the canopy in different seasons (Brown, Gillespie 1995: 117).

Vegetation has a flexibility and ability to change during the year, which can be seen as clear 
benefit in comparison to the urban solid elements. In addition, plants also provide a rather 
smoother respective more natural solar radiation modification. Landscape elements can af-
fect the terrestrial radiation in a microclimate by their ability to absorb respective hold solar 
radiation and emit it. In this way they can change the microclimate. Although longwave 
radiation (terrestrial radiation) can not be seen by the human eye, it still describes a signifi-
cant component for microclimatic design, as it is warming up spaces when sun doesn’t shine 
(Brown, Gillespie 1995: 117-118).
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2.2 Wind modification 

Next to the solar radiation, wind is another very important aspect in terms of modifying  
local microclimate. Wind is defined by the movement of different air masses, which gener-
ally move from high pressure areas to lower pressure areas. By that, an additional  pressure 
difference is generated, which in the end explains the appearance of wind. Generally the 
winds´ speed thereby is not remaining constant, which causes the occurrence of turbulences. 
Thereby, wind is also responsible for mixing temperature differences as well as modifying the 
humidity concentration within the air or even distributing particulate materials. In addition, 
it is responsible for carrying away heat from people and buildings and thereby influences 
respective balances their energy budget (Brown, Gillespie 1995: 123-125). 

Wind aspects like direction and speed are highly variable. They either change according to 
the season or even time of the day. Wind hardly blows from exclusively one certain direction. 
In fact, on any given day, it can occur from any and every direction. This however makes it 
difficult to handle wind by blocking and at the same time not creating a total windbreak from 
all sides. Only on a regional scale it is possible to determine a predominant wind direction in 
connection with the respective season  (Brown 2010: 80-81). In the winter for example, wind 
in northern locations usually blows from the north. With regards to a general consideration, 
this fact is a definite initial point for locating and orientating winter wind breaks. Although 
knowing this region based wind characteristics, it is hard to calculate wind within each re-
spective landscape. However, it is still possible to approximately derive certain local wind 
conditions and properties from that (Brown, Gillespie 1995: 126). Compared to radiation 
based climate modification, which can revert to detailed measurements, a wind related mod-
ification can not be referred to similar empirical value. However, it is still possible to predict 
wind by empirical value data. Objects in the landscape affect the wind in a variety of ways. 
Thereby the landscape elements´ key characteristics are size, location, orientation, porosity 
and proximity (Brown, Gillespie 1995: 128-129). 

The aim of modifying wind within an urban environment is to create a thermally comfort-
able climate for the citizens. Wind can provide a significant “cooling” for different objects. 
It removes heat from respective objects until they reach the same temperature as the wind. 
However, it is not possible to cool things down below wind temperature. If an object is moist 
or wet though, evaporative cooling can still definitely lower its temperature to below the sur-
rounding air temperature (Brown 2010: 146). 
Modifying wind speed should be done according to seasonal climate or weather conditions. 
Especially in areas with extraordinarily warm weather conditions, air movement describes an 
indispensable aspect. Although it is possible to slow wind down to a nearby standstill niveau, 
it is more difficult to increase wind speed up to a sensible level. Naturally it is simply possi-
ble to increase wind speed by 20 percent (Brown 2010: 79). Reducing wind speed has many 
different aspects to consider. As wind is and unpredictable climatic phenomenon, there is 
no distinct right and wrong answer when designing, but there are certain possibilities to get 
close to that. Windbreak is anything upwind that reduces the wind speed. Its most important 
characteristics are size, location and porosity (Figure 7, 8. )(Brown, Gillespie 1995: 129-130). 
Designing a dense windbreak has a more significant effect on wind speed than for example 
porous windbreaks. However, porous windbreaks have a generally smaller effect on the wind 
speed itself, the affected area is still bigger than the area with a dense windbreak. Creating an 
intimate and very calm space may result in the occurrence of more turbulences with regards 
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to the greater surrounding area. 
In addition, the usage of different landscape elements can also achieve significant results 
speaking of wind modification. Trees can have a significant effect on wind conditions in 
urban environment. The larger and denser a plant is, the more it can affect wind conditions. 
Deciduous trees thereby have a significant effect in the summer season, during the winter 
however the effect is less due to the missing leaves. Evergreen plants in return can provide 
a wind modification the whole year. Especially in the winter time they can play an essen-
tial role. Shrubs also show a similar effect on wind, however the scale in which they can be 
“applied” is different as they are rather used in smaller areas and spaces (Brown, Gillespie 
1995: 131). Using landforms in the design can also provide changes of local wind conditions, 
although using them in combination with vegetation like shrubs and trees can additionally 
increase the effect of vegetation on wind (Brown, Gillespie 1995: 130). 

Figure 7. How row of cedar trees influence wind speed (Brown, Gillespie 1995)

Figure 8. How solid wall influences wind speed (Brown, Gillespie 1995)
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2.3 Temperature, humidity and precipitation modification

As the possibility to modify air temperature and humidity by design is rather small, it is 
only taken rarely into consideration. In order to have a rudimental noticeable change in air 
temperature and humidity, it needs a considerably smaller space. In completely isolated ar-
eas, it is more likely to receive results in temperature changes, however isolated areas are 
a rather uncommon spatial type. Local air temperature changes are usually dissipated by 
the air movement. Air humidity modification is achieved the same way like air temperature 
modification. If there is a air movement resulting from wind or turbulences, humid air mixes 
up with dry air masses. 
Precipitation modification with regards to rain can be achieved by the overhead structures. 
Snow precipitation for example can be primarily modified by wind. Wind distributes snow 
in various directions, which is why windbreaks become redundant. In terms of snow distri-
bution, snow dropouts describe one possibility to keep some places clean from snow by gath-
ering it in lower places. As snow has also a good thermal isolation, a modification in terms 
of concentrating and piling it in certain places can be also a worthwhile modification option 
(Brown, Gillespie 1995: 140-142). 
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3. Human thermal comfort

The prior purpose of microclimate design is the creation of thermally comfortable spaces in 
terms of the users needs respective his demands on his immediate environment. 
In order to make us feel warm on the coldest winter days and cool during the summer, tem-
peratures in indoors can be regulated well all-season either by air conditioning or heating. 
However, along with technological changes, people's general expectations and demands on 
comfort have significantly changed, as the usage of outdoor spaces gains importance no-
ticeably and so do the requirements on the outdoor comfort (Cooper 1982). When people 
are not feeling thermally comfortable within a certain space, it is unlikely the space is used. 
Although people are usually not consciously aware of effects that design can have on the so-
lar radiation, wind, humidity, or air temperature within a space, still thermally comfortable 
spaces are usually the most well-loved and well-used outdoor places in an urban environ-
ment (Brown 2010: 1-2). Generally it is good to create spaces, which are working as thermal-
ly comfortable areas, independant on the season or atmospheric conditions. In some cases 
however, it is more appropriate to react to specific conditions in terms of particular activities, 
time of day or season of the year. To this, it is also important to estimate ahead, which effect a 
certain design will have on the thermal comfort of people using the site. However, when de-
signing an area with regards to the thermal comfort, it is easier to work with an existing area, 
as the measurement basis has a distinct form . Another important aspect, is the global loca-
tion and cultural correlation, which the designed area is connected to. People from different 
parts of the world generally also have a slightly different sensation when talking about ther-
mal comfort. However, generally seen, the human body marks the most important requisite 
instrument for measuring thermal comfort. People use and judge a certain place instantly, 
depending on if it is warm enough or not. For determining that and having a rational answer, 
it is likely to use respective thermal comfort models. Thereby, air temperature describes one 
of the simplest models for thermal comforts. For indoors this works well, as we know that a 
comfortable temperature averages out at about 20 degrees, while we already feel too warm 
with a temperature of 25 degrees and too cold with 15 degrees. This model however, can’t be 
applied similarly to outdoors, as the factors' conditions like wind, radiation and humidity 
are completely different. Overall the interaction of respective climatic elements outdoors is 
considerably more complex than indoors, why it is necessary to take more aspects into con-
sideration when measuring human thermal comfort.
Another thermal model describes the calculation of energy, which is received and emitted by 
the human body. In general, a person feels thermally comfortable in an outdoor environment 
as long as the energy which is received nearly equals the lost energy. The metabolic energy 
created by the human body is directly connected to a person’s activity level. The more the 
body has to work, the more energy it emits. Thereby, according to different activities, a spac-
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es' climatic conditions might be perceived thermally different. When we are simply sitting 
in a sunny place, we might feel thermally comfortable. If we however would do sports like 
running, we rather would experience the same space as too warm. Hence, when designing a 
space with regards to the thermal comfort it should be appropriate for the expected activities.
Radiation, which the human body either absorbs or by which it gets heated up, is either re-
ceived directly from the sun or else over the terrestrial way through different objects. Howev-
er, the human body predominantly absorbs terrestrial radiation, while an absorption of solar 
radiation tends to be less relevant. This however, is also strongly depending on the clothing 
we are wearing. By design, it is possible to modify the amount of radiation received by a per-
son. 
The human body loses energy by evaporation. This primarily happens through breathing, 
when moisture in the lungs evaporates or else through the precipitation on the skin. As for 
turning water from liquid into vapor a lot of energy is needed, the potential of cooling is high. 
When the weather is warm and the air humidity concentration low, the human body is able 
to release heat easier than in a colder weather with a relatively high humidity. In this case, the 
water inside the human body is not able to change its temperature as fast as needed, what re-
sults in a thermally uncomfortable state for the person. In the case of high humidity, the wa-
ter doesn’t change its temperature as fast as needed and people feel thermally uncomfortable.
Energy also gets lost through convection processes, when wind is carrying away heat from 
the human body. Convection is thereby depending on the respective air temperature and 
wind speed conditions within a space as well as the condition of the human body itself. If the 
air temperature differs significantly and the wind speed is relatively high, the body will lose 
its temperature faster. If in return, the air temperature is constant, no cooling will occur. 
Besides this aspects and the mentioned factors clothing and activity, also received energy by 
food for instance can influence the human thermal comfort significantly. In terms of micro-
climate design, the last named aspects can hardly be affected. 

Radiation and wind though can be modified to receive desired results, humidity and air tem-
perature modification however describe rather difficult aspects in changing thermal condi-
tions in a sensible way ((Brown, Gillespie 1995: 63-71).

Figure 9. Person thermal energy budget (incoming and leaving energy) 
(Brown, Gillespie 1995)
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Methodology

Integrating microclimatic aspects or using climate phenomena in design requires an exten-
sive investigation and analysing of the respective area and its materiality. 
In terms of an overall climatic city development, it is generally sensible to have a climatic 
masterplan. However, to a certain degree, microclimatic designs of urban spaces must be 
considered detached from a citywide planning and worked through individually on a context 
based level. The aim is, to improve the local environment and respective microclimatic con-
ditions by reducing climatic problems on the one hand, and, on the other hand, provide us-
er-based options to choose between different thermally comfortable situations. Nevertheless, 
open space designs should still definitely follow the basic citywide climate concept.
In terms of that, the described climatic concept of the following practical part of this work is 
based on a methodological approach, which is structured by five significant categories. The 
respective aspects of these five categories are defined in the following, while their practical 
application is explained in direct connection to the investigated area in Munich, Germany 
and its design concept (see posters “Methodology”).

Main characteristics
In the run up of working out an adequate design proposal, it is important to define main goals 
with regards to prime climatic aspects. With regards to the stated climatic aims above, the 
following aspects describe generally valid climate goals: an open space area should provide a 
sufficient cooling for its direct surroundings as well as a good ventilation and air conditions 
in connection with a thermal comfort and variable climate conditions for its users. In terms 
of a well-working climate design, these factors should be always kept in mind, when figuring 
out design methods.

Analysis
Analysing the current state of a potential design area, should provide an overview of average 
climatic parameters derived from the past. This not only helps to get a general idea of the cur-
rent climate state, but also describes the basis for its forward-looking development. In terms 
of examining the respective climatic parameters, computer generated models can be useful 
tools, as they are able to provide relatively accurate  results. The more exact and extensively 
the analyses work is, the easier it gets to react and work on a new design.

Mapping local climate conditions
After analysing the respective local climate of a potential design area, the different climatic 
phenomena get mapped by their spatial occurrence within the area as well as their individual 
properties. By this, it is possible to draw out certain zones within different characteristics and 



28

climatic constellations. 
Zoning the areas by their characteristics and usage
After differentiating spaces within the overall area by their characteristics, the next step de-
scribes an analyses of potential usages of the respective “zones” and thereby figuring out their 
thermal comfort as well as an adequate microclimate concept. 

Design proposals
The categorization of the different spaces by their climatic characteristics and usages provides 
an extensive working basis for the formulation of a design proposal.

Testing
Climate model “tests”, which were already performed in the analyses stage, can be repeated 
as a concluding phase on the final design in order to investigate the accuracy of the expected 
effects. The “testing” therefore describes a potential sixth category of the used methodology. 
As it however would go beyond the scope of this work, it was purposely left out in the follow-
ing practical part. 
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Design project

The following part of this work comprises a practical application of the examined theoretical 
aspects concerning climatic influences within urban spaces, resulting problems as well as de-
sign related solutions. The aim is, to implement this knowledge onto a practical example by 
developing a climatic concept for an urban space. The selected project area thereby describes 
a green corridor within the western city area of Munich, Germany. It is characterized by a 
linear structure as well as a relative flat landscape with predominantly open grass areas. As an 
area within a relative dense urban structure it is proper for showing and “testing” exemplary 
design solutions in connection to a local climate modification.

The design project’s structure is related to the previously defined methodology. The analyses 
part starts with an introductive overview of the design area, its context as well as general local 
characteristics (Analyses - location, context). The second part of the analyses work compris-
es an examination of local wind conditions (Analyses - wind). In terms of a so called CFD 
analyses, local characteristics like wind direction and speed were investigated. The conclud-
ing part of the analyses is then describing local sun and shade conditions (Analyses - sun 
radiation) as well as a heat radiation analyses (Analyses - heat radiation) with regards to the 
area’s materiality. The generated results about current climate conditions then form the basis 
for purposive modifications approaches. In the course of the concept, the area is differed by 
its differently characterized area types respective zones (Main concept), which are in return 
defined by their  thermal comfort conditions and usage possibilities. Wind, sun/shade and 
heat radiation thereby turned out as main climate aspects.
The last part of this practical examination is the concept’s implementation onto a final design. 
As defined central area within the overall climatic concept, the so called central square with 
its climate pavilion is  exemplary shown in detail.
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Design project posters

1. Analysis - location, context
2. Analysis - wind
3. Analysis - sun radiation, shade
4. Analysis - heat radiation
5. Methodology part 1
6. Methodology part 2
7. Methodology part 3
8. Concept - main
9. Concept - wind, ventilation, surrounding cooling
10. Concept  - vegetation
11. Concept - sun radiation, heat radiation and -conduction
12. Design plan - 1:1000
13. Design plan - 1:200
14. Design climatic pavilion
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Discussion

Main purpose of the project was to understand how much it is possible to change microcli-
mate of the urban space by design. To make variety of the options for the users that big range 
of thermal comfortabilty levels would be covered. By doing it the main purpose was not to 
use extra energy to achieve that, but by the techniques in design that it still decreases negative 
urban climate effect in the surroundings.

Arriving the goals of my project - creating a diverse microclimatic environment, rising the 
quality of urban environment and quality for users using the climatic phenomens should be 
important part when designing the urban spaces. It is simple when the urban space is not 
comfortable for the users they might not simply take full profit out of it. 

Applying the microclimatic design approaches to the design is not impossible task for the 
landscape architects. As the design could always influence microclimate on its way, but not 
always the way we want it to be. There is a lot of information available, but not so much about 
together working solutions. Usually there is designs which just have one purpose, but the 
spaces which could give different options there is not so many. Sometimes there has to be 
taken big compromises between design and functionality in climatic design which might not 
be attractive always, but when explained to users, they might rather would take more com-
fortable urban space than having very modern design. 

Every project and its solutions are unique for its location as well as my work. There is even 
possible to find even more design opportunities when this location would be different and 
the climate it is influenced by. This why it is very hard to find right answer in microclimatic 
design. There is many solutions to this problem, but not always the 100% working one. 

Reducing the urban climate effect often mentioned solution is to plant more trees and vegeta-
tion to the cityspace. Reducing the amount of covered surfaces and increasing the amount of 
vegetation is the right answer to many problems, but taking a full profit out of it and changing 
the microclimate in urban spaces should be a part of each project. Work needs much more 
location based analysis and knowledge of the materials and shapes, how they could achieve 
the wanted result, but in the end the creator could be happy not just offering a well designed 
space but also taking account of user’s full comfort by staying in the urban space with all kind 
of weather. 

As there is saying: “There is not a bad weather, there is just wrong clothes”. The microclimatic 
aspect in urban space design should be also taken into second level and offer so many oppor-
tunities to feel comfortable in urban space that we just would need one clothes.  
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Summary

An urban environment changes the local climate considerably. The respective climatic condi-
tions thereby result in significant environmental problems within nowadays cities. Air tem-
perature as well as surface temperatures in sealed urban areas increase constantly with the 
problem of the urban heat island. This is not exclusively affecting the city's temperatures, but 
is thereby especially influencing the citizen's everyday lives. Additionally, an urban area´s 
materiality is affecting incoming solar radiation by forming complex environmental struc-
tures. In certain urban situations, sun rays often don't reach the grounds surfaces at all, while 
in other areas they cause an extreme heating up of the surfaces, which in return again in-
creases the UHI effect. 
Besides that, wind describes an unpredictable aspect within the urban climate, as it is highly 
variable and therefore difficult to control. As wind flows often vary significantly between the 
extremes, they are not only creating uncomfortable conditions for the people, but also affect 
ventilation processes of cleaning the air from dust.

Modifying urban climate by design has limitless options. However, it is unlikely to fully solve 
climatic problems especially on an overall city scale, it is definitely possible to improve the ur-
ban microclimate and make it more comfortable for the people. Microclimate modification 
can include aspects like sun radiation, humidity, precipitation and temperature. However, 
working with sun radiation may achieve the most promising results. As the sun's movement 
describes a constant factor in terms of rhythm and seasonal insolation, it is easier to react 
with a respective design.
Although wind is an unpredictable factor within the local climate, a modification can still 
show noticeable results.

Therefore, it is important to establish urban microclimate modification as inherent part 
when facing urban climate problems. Especially with regards to creating thermally com-
fortable surroundings, it can provide more attractive outdoor spaces by responding to 
the user's individual needs. The solutions thereby can be adapted to the individual us-
age of the respective space. Thereto, the design project area in Munich exemplary shows 
different options to modify urban microclimate on a local scale. Its modification rang-
es from simple design solutions up to more complex space concepts and creates a varia-
tion of different experienced microclimates. This work is thereby not exclusively giving a 
theoretical overview of the urban climate topic and its problems itself, but is also showing 
different options how to use microclimate in design and planning. By investigating the lo-
cal climate situation as well as most relevant factors, the area´s concept shows purposive 
how to potentially improve different situations and how to react to conditions on site. 
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As since last decades the environmental topic as well as rapid climate change became more 
and more crucial, this work is considered as a contribution to the current discussions. Also 
with regards to the ongoing growth of urban environments, the field of landscape architec-
ture will inevitable face climatic planning issues. Therefore it is necessarily important to raise 
the general awareness for these urban related climate problems. Design will not just simply 
satisfy functional and aesthetic requirements, but will also show more and more responsi-
bility for the environment, its people and health. A higher percentage of green spaces and 
vegetation within city areas is one of the most obvious and sensible solutions reacting to the 
stated problems within nowadays cities. 
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Summary in Estonian:

Linnakeskkond muudab kohalikku kliimat märkimisväärselt. Seeläbi põhjustavad tänapäe-
va linnades vastavad kliimatingimused vähemärgatavaid, kuid siiski keskkonnaprobleeme. 
Suletud linnaruumides tekib ‘soojus saare efekt’, kus kasvav õhu- ning eripindade temperat-
uur on suureks probleemiks. See ei mõjuta ainult kogu linna üldtemperatuuri, vaid ka elan-
ike igapäeva tegemisi. Lisaks mõjutavad linnakeskkonnas kasutatavad materjalid sissetule-
vat päikesekiirgust moodustades komplekseid keskkonnastruktuure. Teatud olukordades ei 
ulatu päikesekiired maapinnanigi. Vahel põhjustab aga päikesesoojus pindade äärmuslikku 
ülekuumenemist, mis toob endaga kaasa UHI-efekti kasvu.
Tänu oma varieeruvusele on tuul linna kliimas ettearvamatuks aspektiks, seega ka raskesti 
kontrollitav. Kuna tuulevood kõiguvad tihti äärmuste vahel, tekitab see ebamugavusi elani-
ke igapäevaeludes ning mõjutab ka tuulutusprotsessi, mis omakorda tagab õhu puhastamist 
tolmust.
 
Linna kliima muutmise võimalused disainimise teel on piiritud. Linna mikrokliima paren-
damine ning kasutajasõbralikuks muutmine on teostatav, kuid täielik kliimaprobleemide 
lahendamine ülelinnalisel tasandil on pea et võimatu. Mikrokliima ümberkujundamine 
sisaldab endas päikesekiirguse, niiskuse, sademete aga ka temperatuuri aspekte. Ent just 
päikesekiirgusega töötades võib saavutada enim paljutõotavaid tulemusi.  Päikese liikumine, 
mis kirjeldab päikesekiirguse pidevat hooajalist rütmi, on abiks vastava disaini loomisel.
Vaatamata tuule etteravamatuse faktorile kohalikus kliimas, võib selle kujundamine siiski 
näidata märkimisväärseid tulemusi.
 
Seepärast peakski linna kliima probleemide lahendamise lahutamatuks osaks saama linna 
mikrokliima modifitseerimine. Luues termiliselt mugavaid ning sobivaid ruume, saab pak-
kuda enam atraktiivseid väliruume, lähtudes vastava kasutaja isiklikest vajadustest. Münhe-
nis asuv projektala näitab suurepäraselt erinevaid võimalusi linna mikrokliima muutmiseks 
kohalikul tasandil. Muutuste ulatus varieerub lihtsatest kujundusvõtetest keeruliste ruum-
iliste kontseptsioonideni, mis pakuvad erinevaid mikrokliima kogemusi. Käesolev töö pa-
kub peale linna kliima taustateooria ning sellega kaasnevate probleemide ka erivõimalusi 
mikrokliima kasutamiseks disainimisel ning planeerimisel. Kohaliku kliima olukorra ning 
asjakohaste tegurite uurimise tulemuseks on projektala kontseptsioon, mille eesmärgiks 
on pakkuda võimalusi erinevate situatsioonide parendamiseks ning kohalike tingimustele 
reageerimiseks.
 
Aina kiirenev kliimamuutus on olnud viimase kümnendi olulisim ning aktuaalseim teema. 
Seega saab arvestada käesolevat tööd kui panust antud probleemi kästilusse. Pidevalt kasvava 
linnakeskkonna tõttu on kliima planeerimise probleemide lahendamine saanud maastikuar-
hitektuuri lahutamatuks osaks. Seepärast on tingimata oluline tõsta üldist teadlikkust linna 
kliimaprobleemide valdkonnas. Disain ei rahulda mitte ainult funktsionaalseid ning esteetili-
si vajadusi, vaid näitab ka aina enam vastutust keskkonna ning selle inimeste ja tervise suhtes. 
Reageerides päevakohastele probleemidele tänapäeva linnades on rohealade ning taimestiku 
osakaalu suurendamine üks ilmsemaid ja arukamaid lahendusi.
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