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Abstract

Berlin's built environment is changing due to urban growth and a resulting high demand for new living space,
whilst its impact on the microclimate is widely neglected. Berlin's environment is already challenged by the
urban heat island at the city center. Climate Change and increasing urban density will exacerbate this in the
future. Hence, the dissertation investigates in environmental densification strategies in terms of urban form
recommendations and reflects on applicable measures to mitigate the urban heat island effect.

The core focus of the analysis is the Berlin block as the predominant central typology. Based on one block
analyzed through fieldwork, the climatic behavior of different notional block configurations was
computationally simulated to evaluate the impact of both horizontal and vertical densification strategies. The
results evidence that a sensible placement of vertical building mass can help to maintain the initial
microclimatic conditions and preserve space to apply cooling strategies.
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1. Introduction

Cities are a main contributor to Climate Change (CC) because they host a concentration of
human activities, which cause greenhouse gas (GHG) emission leading to global warming
(Houghton, 1990). Also, urban areas are enormously growing, and 66% of the world’s
population is predicted to be urban by 2050 (United Nations, 2014). Thus, the urban impact
on CCis likely to grow as well. On the other hand, cities are places of innovations with a high
potential to mitigate CC (UN-HABITAT, 2011). How can our cities develop to mitigate their
ecological footprint? One well-known concept is to maintain a compact city while coping
with the huge demand for new living space. This implies densification of the present urban
structures within the inner city, such as closing urban gaps between existing buildings.
Compact cities are considered to be more resource efficient than sprawling cities (Falk,
2011), as they rely on existing infrastructure and require less energy.

On the other hand, dense urban structures tend to be warmer or even overheat during the
summer with considerable numbers of casualties. This phenomenon is generally called
urban heat island (UHI) effect and will intensify due to CC and urban growth in the future.
Further, it has been proven that urban structures influence urban microclimates (Baruch
Givoni, 1998). The urban microclimate is determined by the characteristics of its immediate
surroundings such as urban material or geometrical features of buildings including shape,
density and orientation. Finally, urban designer and architects influence urban forms and
can indirectly improve outdoor comfort conditions.


http://www.nceub.org.uk/

2. Context

In Berlin, the UHI-effect primary occurs towards the city centre with a growing thermal load
at the densely built-up areas, which is clear visible in the maps provided by the Senate.
Currently, about 8 to 12 tropical nights occur with temperatures higher than 20°C (fig. 1).,
preventing the human body to recover from the heat during the day. Especially elderly are
suffering from extreme heat events in the summer, which already happened in 1990 and
2006 leading to increased mortality rates reaching up to 67% (Gabriel and Endlicher, 2011,
p2044-2050). The mean numbers for 2010 are illustrated in the line graph (fig. 2). The
uncomfortable climate conditions mainly occur at the compact block typology (fig. 4), which
also accommodates the majority of the population (fig. 3). The Berlin block still offers high
potentials to provide new living space in the centre to cope with the growing demand.
Berlin’s population is predicted to grow by 7,5% from 2014 till 2030 (Senate, 2016).
Densifying the historical blocks would be a very sustainable strategy to enhance their
thermal performance and prevent urban sprawl, but this could at the same time also
intensify the UHI-effect. This dissertation explores exactly this contradiction by investigating
in densification strategies through urban form evaluation from a climatic point of view.
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Figure 1. Number of Tropical Nights Figure 2. Daily deaths (all causes) and daily maxima of
(minimum air Temperature >= 20°C) UTCl in 2010 compared to mean values for 2000-2010
source: adopted from FIS-Broker (n.d.) source: edited from Scherber (2014)
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3. Research Question and Hypothesis

Present tendencies to neglect climatic consequences due to the immediate arrangement of
new constructions in Berlin are very questionable. Therefore, the following research
guestion occurs: “How can Berlin's urban blocks be densified and mitigate the urban heat
island effect at the same time?”

This is accompanied by the hypothesis: “Particular urban form and heat reduction strategies
applied to the Berlin block can reduce the urban heat island effect and at the same time
provide new living space.”

4. Precedence

Overall, Berlin’s environmental qualities stem from being a green city. Trees play an
important part by mitigating extreme weather events, because they provide shade, increase
evaporation for cooling and areas for infiltration. Berlin seems to be partly aware of the
growing CC challenges and introduces certain sustainable approaches, such as the biotope
area factor, maintenance of a compact city and UHI mitigation strategies. One key study on
UHI mitigation is the GEOnet analysis initiated by the Senate Department for Urban
Development and the Environment, which poofs that trees reduce the temperature by 10°C
and high albedo by 8°C at one typical dense Berlin block. Further, a completely permeable
courtyard can achieve a reduction of up to 11°C (Hermann et al, 2011). This are promising
findings, but not covering the full potential of changes in urban form and density, and their
impact on the urban microclimate.

5. Fieldwork and Analytical Studies

One typical block was chosen and analysed in details during initial fieldwork, which
prepared the following analysis enormously. This block is characterised by a green courtyard,
an urban public street and belongs to a less dense block type, which makes it possible to
investigate in further densification approaches.

5.1 Methodology

First of all, the simulations relied upon an abstract, simplified version of the existing block
identified through the fieldwork (fig. 5). Hence, its dimensions and environmental factors
have been adapted. This abstract situation delivered the possibility to apply certain design
guideline on a wider range of block types enabling the applicability of heat mitigation
strategies on an urban scale. That is why the ENVImet analysis evaluates an ensemble of
nine identical blocks comparing the temperature difference of horizontal and vertical
densification configurations at one typical day in summer (fig.5). Further, solar, light and
wind studies in Diva-for Rhino, Autocad-CFD and Ladybug (plugin for Rhino) specify in details
the performance of a chosen vertical extension approach for different orientations and for
the winter season. The future climate data used for the climate analysis are based on the
IPCC intermediate A1B scenario and derived through Meteonorm at the centrally located
weather station “Alexanderplatz” in Berlin. Furthermore, theoretical background knowledge
explored through intensive research, was applied in the design process.



Figure 5. Fieldwork block abstraction, densification configurations and chosen vertical extension approach

5.2 Analysis

Overall the ENVImet simulations proof that the narrow urban canyon captures the long-wave
radiation during the night, whereas the spacious, green courtyard is more likely to release the
heat during night. When concentrating on the urban form (without greenery) and comparing
both vertical and horizontal mass extensions in ENVImet, the vertical ones reduce the amount
of heat received during the days in all cases. This always results in an airT reduction of 1 to 2K
at the pedestrian level at 2 p.m. On the other hand, higher buildings allow less wind to enter
the problematic canyon and also the daylight factor drops down. To cope with this
disadvantages a one-side vertical extension with an offset for the newly added storeys on top
of the existing building has been evaluated (fig. 6 &7).
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Figure 6. Mean radiant temperature and air temperature at 2p.m. and 4a.m. in ENVImet
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Figure 7. Daily average global solar radiation in kWh/m? for July and December (two orientations)
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6. Results and Recommendations

The dissertation proofs that through a sensible vertical elevation of the existing block
typology, Berlin can provide central living space without detrimental effects on the
microclimate. This primarily includes the maintenance of sky view factors to ensure for
instance the initial daylight and wind conditions at the pedestrian level. That can be
achieved through an offset for the newly added storeys. Moreover, a vertical densification
approach indirectly mitigates the UHI effect, because it can offer two of the most efficient
cooling measures to take place, which are trees and permeable surfaces. Hence, a further
horizontal expansion of sealed surfaces through the filling of open gaps or compressed
courtyards can be bent forward. In addition, horizontal gaps encourage the through air
movements a temperature balance between the problematic canyon and courtyard.

Moreover, a protection against the direct solar radiation during the summer is achieved by
considering only one site extension towards south and east of a narrow canyon. Thus, the
existing building underneath and the urban canyon behind receive both slightly less solar
radiation than before. In contrast to that, the courtyard is still exposed towards solar
radiation after the suggested densification approach. That is why green facades are highly
recommended for the south-facing walls and high albedos in general for all facades.
However, the private courtyard offers a sunnier place as well as a block corner compared to
the canyons itself. The scenery changes through winter as the trees are leaving their leaves
allowing the sun to warm up the ensemble whereas the offset does not interfere with this
advantage.

Figure 8. Key factors for urban climatology

7. Conclusion

Choosing the right measures at the right place after understanding the impact urban form
has on the microclimate, a variety of comfortable microclimate can be achieved for all
seasons. This has also been explored through literature review, because the success rate of
cooling measures often depends on the urban geometry and arrangements. Even if the
dissertation could not consider all factors in details such as constructional limitation of the
vertical added mass or a wider analysed spectrum of H/W ratios, the outcome still evidences
a valuable contribution to the ongoing discussion about Berlin's future development.



Emphasising on the potential to interlink scientific knowledge into urban design guidance
for real-world planning to create comfortable outdoor conditions for the future.

Figure 9. Proposal impressions showing the added storeys with constructional support and roof gardening
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